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PREFACE 

 
 

We are very pleased to introduce the proceedings of the Eleventh International Conference on 
Microwaves, Antenna Propagation and Remote Sensing (ICMARS-2015) was held on 15~17 
Dec 2015 at Jodhpur, Rajasthan, INDIA, organized by the International Centre for Radio 
Science (ICRS) 
 
The conference was highly successful, we had received more than 125 papers on all the 
subjects related to Microwaves, Antennas, Propagation and Remote Sensing. The 75 presented 
papers maintained the high quality work suggested by the reviewers.  
 
Major conference themes were: Microwave Component Devices and Circuits; Remote Sensing, 
Propagation & Microwaves; Antenna, Analysis Synthesis & Measurements; and Microwave 
Application. Along with this, a special session on Planetary Exploration was organized to raise 
visibility on topics of focused interest in a particular scientific or applications area. 
 
The Proceedings of ICMARS-2015 will be useful for the Scientific Community in the areas of 
Microwaves Remote Sensing, Antenna, Propagation and various Microwaves related 
Applications. It is hoped that these proceeding will be of great help to the Researchers, 
Teachers and Students and will create interest in them to work in the related fields. These 
Proceedings provide the permanent record of what was presented. They indicate the state of 
development at the time of writing of all aspects of this important topic and will be invaluable 
to all workers in the field for that reason. 
 
We hope that these papers which are part of the Proceedings will motivate younger 
generation to take up the carrier in these fields related to Microwaves. 
 
 
 
 
 
 

 
Prof OPN Calla 

Chairman, ICMARS-2015 
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Secretary, ICMARS-2015 
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Microwave Sensing of Convective 
Phenomena in the Tropical Region 

 
Animesh Maitra  

S. K. Mitra Centre for Research in Space Environment 
Institute of Radio Physics and Electronics, University of Calcutta 

Kolkata 700009, India  
 

Convective phenomena associated with wind gusts, heavy precipitation, severe lightning and 
hails, are frequently observed in the tropical region. At a tropical location like Kolkata 
(22.570 N, 88.370 S), in the eastern part of India, strong convective events mostly occur in the 
pre-monsoon period due to intense heating of the dry land surface. During the monsoon 
period, convective events are associated with low-pressure areas originated in the Bay of 
Bengal. Also, a good part of convective rain is linked to the monsoon trough related to the 
Intertropical Convective Zone (ITCZ). 
 
The study and forecast of the convective processes are important as it affect human livings, 
aviation, agriculture, satellite and terrestrial communications. Also, the study of convective 
processes has long term implications in the climate change scenario. Convective rain has 
many distinctive features that require a comprehensive study to understand the roles of 
different atmospheric parameters in initiating and sustaining the convective processes. 
Microwave sensing of the atmosphere, both passive and active, provides very effective tools 
to study the various features of convective processes in the atmosphere. 
 
At the Institute of Radio Physics and Electronics, University of Calcutta, several microwave 
instruments have operated during the last ten years for a variety of atmospheric observations 
that include precipitation, atmospheric water vapour, cloud liquid water, temperature profiles, 
supported by ground based measurements of atmospheric electric field, raindrop size 
distribution, aerosols and other meteorological parameters. The microwave measurement 
system comprises: (i) Multi-frequency Microwave Radiometer (RPG-HATPRO) operating at 
two frequency bands, 22.24-31.4 GHz and 51.26 -58 GHz, (ii) Micro Rain Radar (MRR) 
operating at 24.1 GHz to measure the vertical profile of raindrop size distribution up to a 
height of 6 km, (iii) Ku-band satellite signal receiving system that monitors co-polar and 
cross-polar components of a plane polarized signal. The propagation effects such as, 
attenuation, scintillation and depolarization of Ku-band satellite signals can be studied using 
the system.  
 
The major studies carried out related to the convective process include: (i) short-term 
prediction of convective rain, (ii) investigation on the roles of  atmospheric water vapour and 
cloud liquid water content in initiating the convective processes, (iii) identification of the 
signature of atmospheric electric field due to impending convective clouds, (v) revealing the 
signature of convective processes in the temperature profiles of the boundary layer, (iv) 
discerning the effects of strong convective precipitation on Ku-band satellite signal 
propagation. 
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R&D Opportunities in Country vis-à-vis Role 
of CSIR-CEERI in Microwave Tubes 

 
 

SN Joshi 
CSIR-Central Electronics Engineering Research Institute, Pilani  

snjoshi_15@yahoo.com, snjoshi@ceeri.res.in 
 
 

After the successful inventions in various areas centuries back, research and development is 

being carried out in different areas as well as technologies are being developed around the globe 

, based on past inventions made by scientists. 

 

Research and Development activities were initiated in the country after establishment of Council 

of Scientific & Industrial Research (CSIR) in 1942 and this was the only organization looking 

after R&D of different user agencies. However, later on, as per the need of the country, other 

R&D Agencies like ISRO, DRDO, DAE, NCSM, etc. were established independently, which 

were part of CSIR earlier. 

 

In addition to above, research & development is also being carried out at IISc. Bangalore; TIFR 

Mumbai; Physical Research Laboratory Ahmedabad; all IITs; almost all NITS; Central & State 

Universities; some of the private universities & colleges. In addition to CSIR, DAE, ISRO, 

DRDO other agencies like DeitY, DST etc. also support research and development to a large 

extent. 
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Dielectric Resonator Antennas: A Review 
 

Dhaval Pujara 
Deputy Director, Academic Development & Research Cell, 

Nirma University, Ahmedabad – 382 481 
E-mail: dhaval.pujara@nirmauni.ac.in 

 
In past few years Dielectric Resonator Antenna have gained much attention from the 

researchers world over.  

When a dielectric material is placed on a conducting plane and provided proper feeding 

without any protecting shield, it starts radiating. Such configuration acts as antenna and is 

called a Dielectric Resonator Antenna (DRA). A DRA is fabricated from low-loss microwave 

dielectric material, the resonant frequency of which is predominantly a function of size, 

shape, and material permittivity. The impedance bandwidth of DRA is a function of the 

material’s permittivity and aspect ratio. It has been reported that, DRA offers high gain, 

especially high impedance bandwidth (BW), high radiation efficiency, compact size and 

importantly minimum conduction losses which prevail in microstrip patch antennas at high 

frequencies.  

The present review paper describes the basic structure and radiation properties of Dielectric 

Resonator Antennas. Comparison between the DRAs and Microstrip Antennas (MSAs) is 

made and is discussed at length. Several bandwidth enhancement techniques prevailing in 

DRAs are also covered in the paper. Finally, some of the state-of-art DRAs and future 

research scopes in the field of DRAs are discussed. 
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Remote sensing using GNSS bistatic radar of 
opportunity  

 
Valery Zavorotny 

Physical Science Division of NOAA, Earth System Research  Laboratory, Colarado, USA  

 
 
In the past decade there has been considerable interest in using signals of opportunity such as 
those from Global Navigation Satellite Systems for remote sensing of ocean, land, snow and ice. 
GNSS-reflected signals, after being received and processed by the airborne or space-borne 
receiver, are available as delay correlation waveforms or as delay-Doppler maps. These bistatic 
signals collected from the ocean surface can be used for altimetric or wind-scatterometric 
purposes complimenting traditional monostatic radar techniques. Similarly, information about 
soil moisture, snow depth and vegetation can be inferred from GNSS reflected signals. The 
existing research has shown that GNSS reflectometry has the potential to be a low-cost, wide- 
coverage technique for studying Earth’s environmental processes. 

 
In the first part of the talk an overview will be given to above applications of GNSS bistatic 
reflectometry, whereas in the second part of the talk will focus on the measurements of ocean 
surface roughness, wind speed and direction using both aircraft and orbital bistatic radars. A 
theoretical forward model which relates the delay-Doppler map to the bistatic radar cross section, 
and then to statistical characteristics of the wind-driven waves will be discussed. Algorithms to 
retrieve wind speed and wind direction using delay-Doppler maps processed from the data 
collected by the GPS software receiver onboard the NOAA Gulfstream-IV jet aircraft will be 
demonstrated. Finally, experiments in current and future space-borne GNSS bistatic radar 
missions such as planned Cyclone Global Navigation Satellite System (CYGNSS) mission will 
be discussed. 
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Geospatial Solution In Disaster 
Management: Past, Present And Future 

 
 

Aishwarya Narain 
Formerly, Scientist Space Applications Centre, ISRO 

Ahmedabad 380058 
(email: aishwarya1946@gmail.com) 

 
 
 
 

 A disaster management support program (DMSP) at ISRO has been undertaken at 
Space Applications Centre, ISRO under the 10th plan (2002-2007). The program 
addressed the various stages of disaster like pre-disaster planning, during and post 
disaster. The program   is being continued into the subsequent plan periods including 
the present 12th Plan of the Government of India. An integrated approach of using 
Remote sensing and Communication system like disaster warning Radar system and 
many other portable communications systems with satellite link developed at the 
Space Applications Centre of ISRO were found very suitable. The remote sensing 
applications were started with the use of   Landsat data and aerial photos and later 
made use of the all weather Synthetic Aperture Radar. For example in flood damage 
assessment it was assessment in terms of the extent of flooding and progressive 
inundation using multidate data from Radarsat-1 Canadian Space Agency (CSA). 
Today with the launch of RISAT in 2012 by ISRO, an all weather indigenous 
capability to monitor and assess disasters in near-real time has been achieved. 
Bhuvan, a web based geoportal launched by ISRO to showcase the capabilities of 
Earth Observation from Indian Remote Sensing Satellites  has enhanced the outreach 
of remote sensing observation for natural resources besides disasters amongst the 
users and decision makers.    
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Utilization of Microwave Spectrum for 
Remote Sensing of Earth and Planets 

Prof. OPN Calla 

Director, International Centre for Radio Science, Jodhpur 

opnc06@gmail.com 

 

The Microwave spectrum is part of the electromagnetic spectrum that ranges from 3 GHz to 30 
GHz. This portion of EM spectrum has unique properties for remote sensing of earth and planets. 
These waves can give target information in day as well as night, these waves can penetrate 
clouds and so they give the information about target in all weather conditions. These waves can 
penetrate vegetation and so one gets information of the soil below the vegetation. These waves 
have capability of penetrating dry soil. The depth of penetration reduces with increase of 
moisture content in the soil .The microwaves are sensitive to moisture present in soil, snow and 
vegetation. 

Thus we can measure soil moisture, wetness of snow and monitoring health of vegetation 
as well as the soil moisture which is very important for agriculture. These unique properties of 
microwaves are utilized for Remote Sensing of Earth and planets. In case of earth microwaves 
are utilized for remote sensing with the help of Passive sensors that are Imaging and Non 
Imaging Radiometers and another type of sensors that are Active sensors that include Non 
Imaging Radars that includes Scatterometers, Altimeters .Other Imaging Active sensors which 
include Synthetic Aperture Radar and Side Looking Radars. 

 
These frequencies are utilized for remote sensing of earth and planets. In case of earth for 

those application where we need cloud free pictures/images of SNOW. Over Himalayas mostly 
are cloud covered area and so for study of Cryosphere one need microwave sensors to study 
earth for monitoring of snow, its depth ,extent of snow and the variability of extent can be 
monitored. The surging glaciers can be monitored as well as the cryosphere application where 
layered information of Snow pack will help in study of layering of snow and this will lead to the 
avalanches and their studies. Thus microwave sensors can be used for study of land application 
that includes soil moisture, Crop identification and condition Assessment, Flood Mapping, Snow 
mapping, Geological and geomorphological Mapping, Forest Cover and Species Identification, 
Urban Land Use and Land Cover Studies and Delineation of Hydrocarbon Bearing Structure. 

 
The microwave sensors can also be used for study of Ocean Salinity and other 

Oceanography applications it  includes Sea State Measurements, Inference of Bottom 
Topography in Shallow Sea, Ocean Circulation Studies in relation to Monsoon, Determination of 
Geophysical oceanic parameters, Detection and Measurement of Oil Spill over oceans and Ocean 
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Geoid Studies. Microwaves can also be used for atmosphere applications that includes Indian 
Monsoon Studies, Moisture/ temperature profiles and Precipitation Measurements: Microwave 
Sounder can be used for monitoring of Minor Constituents of Atmosphere. 

 
As microwaves have unique properties they can be used for remote sensing of planets. 

The first heavenly body close to the earth is MOON. The microwave sensors have been used to 
map the Far side of Moon which is not visible from earth. Using Chandryaan-1 Mini-SAR data 
the frozen water in craters of moon at poles has been detected.  

 
The microwave remote sensing can also be used for detecting presence of water in the 

Mars surface below sand dunes. The radiometric study will provide inputs regarding presence of 
ice/snow on POLAR CAPS and also the presence of water under sand dunes, Water Vapor in the 
Martian Atmosphere and the vertical Profile of sand dunes. The water vapor in Martian 
Atmosphere will be detected by MENCA in MOM-1 and will be validated by microwave 
radiometer operating at 22.325 GHz or at 183.31 GHz proposed on MOM-2.  

 
The planet Venus which is covered by gaseous clouds has been studied using Microwave 

Remote Sensing. Similarly the satellite of Saturn Titan has been studied using microwave 
Sensors on board Cassini. The physical and electrical parameters of venetian surface and interior 
will be studied using four frequencies microwave radiometers operating at 2.7,6.93,18.0 and 37.0 
GHz. Using models porosity, density of surface will be estimated. Using above parameters we 
can generate 3D model of Venus. BT at different frequencies can give the temperature profile at 
2.7 GHz (upto 50 cm) and 37 GHz will give surface information. 

 
Thus this microwave spectrum can be used very successfully for remote sensing of earth and 
planets. 
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0.22 THz TWT for Ultra Wideband Communication System  

Vishnu Srivastava 

Microwave Tubes Division 
CSIR-Central Electronics Engineering Research Institute, Pilani-333031, India. 

vsceeri@gmail.com 
 

Because of low atmospheric attenuation over a large bandwidth around 0.22THz, this band is highly demanding for ultra 

fast high data rate communication. Compact devices for efficient high power generation and amplification at 0.22THz 

frequency band are urgently needed. Present solid-state devices (SSDs) cannot be used at frequency above 0.1THz for 

power more than 10mW. Vacuum electronic devices (VEDs) like travelling-wave tubes (TWTs) can deliver high output 

power with good efficiency and gain over wide bandwidth at 0.22THz frequency band for communication. Because of 

small dimensions of parts of the RF circuit at THz frequencies, MEMS technologies are used for fabrication of RF 

structure and field-emitter array (FEA) cathode for such devices.  These devices are named vacuum microelectronic 

devices (VMDs) needing fusion of vacuum tube technology with semiconductor (MEMS) technology. Significant efforts 

are being carried out to develop compact 0.22THz TWTs for meeting our future ultra wide band communication systems, 

and many other challenging applications such as security, medical imaging, remote sensing, etc.  
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Measurements of soil moisture, snow and 
vegetation with GPS Interferometric 

Reflectometry 
 

Valery Zavorotny  

Physical Science Division of NOAA, Earth System Research  Laboratory, Colarado, USA  

 

Not only the GNSS signals themselves present an opportunity, but also GNSS-R receivers of 
opportunity exist and can be used for remote sensing. For example, signals routinely recorded by 
GPS receivers installed to measure crustal deformation for geophysical studies can be used for 
remote sensing of soil moisture, snow and vegetation in the vicinity of their antennas. This 
technique exploits interference of direct and reflected signals causing the composite signal, 
observed using signal-to-noise ratio (SNR) data, to undulate with time while the GPS satellite 
ascends or descends at relatively low elevation angles. The dielectric permittivity of the medium, 
(or snow pack height) changes the phase of the scattered signal, and thus the phase of the 
interferometric oscillation. Currently, thanks to the initiative of the EarthScope Plate Boundary 
Observatory (PBO) soil moisture, snow and vegetation products obtained with these techniques 
are available from the PBO H2O(vegetation) GNSS geodetic stations across Western USA. The 
retrieval error of the bare soil moisture due to surface roughness in these interferometric 
techniques has been reported at 3-4% level. The talk will present the overview of this technique 
and discuss recent results obtained  with it. 
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A Review of Antenna Measurement and its 
latest Techniques 

R.K.Malaviya 

Secretary, ATMS, INDIA 

secretary@atmsindia.org 

 

'The First Horn Antenna was developed long back in 1896 by Sir J. C. Bose, 
but, this development could not step up till world wars. Due to the development 
of radars it necessity of developing of directive antenna was felt and to prove 
the design the antenna measurement was started.  

But the commercially available instruments and its techniques came into being 
in the year 1960. The work started more and more and the errors creeping in due 
to this techniques were spotted and the remedies were thought off. This lead to 
the development of indoor facilities like anechoic chambers. Further, two school 
of thought lead to different techniques (i) generating plain waves from using 
conic sections and carrying out the measurements in plain wave zone and (ii) 
carrying out measurement in the field generated very near to radiating antenna. 
Thus, compact range and near field system came into being. As time is passing, 
the necessity to use higher and higher frequencies is felt modifications in both 
techniques have been carried out and holographic method are being utilized in a 
compact range for terra hertz frequencies. " 
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Abstract— Digital predistortion of a baseband signal is a well-
known method of power amplifier (PA) linearization used to 
reduce adjacent channel interference (ACI) in a non constant 
envelope modulation system. This paper discusses the application 
of digital baseband predistortion linearization to radio frequency 
(RF) power amplifiers (PAs). The preliminary demonstration 
study is performed using two-tone signals and later applied to a 
16-QAM signal. The linearization algorithm was applied to an 
RF amplifier at 850 MHz.  In the preliminary test for the two-
tone signals, the 3rd and 5th order distortion were reduced below 
the noise floor yielding an IMD/ACPR of 35 dB. The observed 
ACPRs for a 16-QAM signal were found to be -26.63 and -28.47. 
 
Keywords— adjacent channel leakage power ratio; digital 
predistortion; Inter modulation distortion; linearization; power 
amplifier. 
 

I. INTRODUCTION 
 

Power amplifiers are indispensable components in a 
communication system and are inherently nonlinear. It is well 
known that there is an approximate inverse relationship 
between the PA efficiency and its linearity. Hence, nonlinear 
PAs are desirable from an efficiency point of view. The price 
paid for higher efficiency is that nonlinearity causes spectral 
re-growth (broadening), which leads to adjacent channel 
interference. It also causes in-band distortion, which degrades 
the bit error rate (BER) performance. Newer transmission 
formats, such as code-division multiple access (CDMA) and 
orthogonal frequency-division multiplexing (OFDM), are 
especially vulnerable to PA nonlinearities, due to their high 
peak-to-average power ratio, corresponding to large 
fluctuations in their signal envelopes. In order to comply with 
spectral masks imposed by regulatory bodies and to reduce 
BER, PA linearization is necessary. This paper proposes 
optimizations that facilitate the design of a cost-effective and 
high-performance adaptive digital baseband 
predistorter.While 2.5G EDGE and 3G WCDMA voice 
waveforms used simpler modulation schemes that exhibited 
less than 3.5 dB of peak-to-average power ratio (PAPR), 
advanced WCDMA (or HSPA) waveforms exhibit PAPRs in 
excess of 6 dB and modern 4G (LTE,WiMax) use more 
complex signal constellations resulting in PAPRs of up to 12 
dB [1]. Such a high PAPR mandates higher linearity 
requirements from the RF physical layer, which is in sharp 
contrast to the stronger demand for increased power efficiency 
and maximization of the handset battery life. These 
conflicting requirements can be tamed by resorting to the use 
of RF front-end amplifiers in their most power-efficient 

regime, while using signal predistortion schemes to achieve 
the desired linearity. 

The nonlinear gain and phase distortions of RF amplifiers 
are a strong function of the envelope fluctuations in an RF 
signal [2,3]. Consequently, most digital baseband predistorters 
are implemented as a function of the amplitude of the 
baseband input. In the case of the complex-gain lookup table 
(LUT) predistorter [4,5], the most significant bits (MSBs) of 
the signal magnitude can be directly used to address the 
physical memory containing the LUT entries. For example, 
the first seven MSBs can be used to address an LUT with 128 
entries [6]. The precise amplitude computation requires a 
square-root operation, which is not directly amenable to 
efficient hardware implementation, especially at very high 
processing rates. A square-root approximation proposed in [7] 
has a performance close to the ideal amplitude calculation. 
But in addition to the squared magnitude computation, the 
square-root approximation requires additional LUTs and a 
linear interpolation calculation. Other practical digital 
baseband predistorters [4] have been implemented as a 
function of the instantaneous envelope power I2 + Q2, where I 
is the in-phase, Q is the quadrature component of the complex 
baseband signal. 

In this paper the linearizer creates a predistorted version of 
the desired modulation. The predistorter consists of a complex 
gain adjuster, which controls the amplitude and phase of the 
input signal. The amount of predistortion is controlled by two 
nonlinear work functions that interpolate the AM/AM and 
AM/PM nonlinearities of the power amplifier. Note that the 
envelope of the input signal is an input to the work functions. 
The function of the envelope detector is to extract the 
amplitude modulation of the input RF signal. The delay line in 
the upper branch compensates for the time delay that occurs as 
the envelope passes through the work function. Once 
optimized, the complex gain adjuster provides the inverse 
nonlinear characteristics to that of the power amplifier. Ideally 
the intermodulation products will be of equal amplitude but in 
anti-phase to those created as the two tones pass through the 
power amplifier.Simulation and results are examined based on 
Motorola’s MRF9742 PA, an operating frequency of 850 
MHz and an average input power level of 13 dBm for two-
tone and 16 dBm for corresponding QAM analysis. 

II. PREDISTORTION TECHNIQUE 
 
Fig. 1 shows the predistortion function F that cascades with 

power amplifier that has shown with G function. F and G are 
complex gain functions which model the predistortion and PA.  
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                  Figure  1. Cascade of predistorter and power amplifier 

 
The predistorter exhibits inverse gain and negative phase 

characteristics to that of the power amplifier. Both the PA and 
the predistorter (here being memoryless) may be implemented 
or represented using a number of models like the Polynomial 
model, Saleh model, Ghorbani model, Rapp model, White 
model, Weiner model, Hammerstein model, Volterra series, 
etc., the model being chosen based on the relevance of 
application. 

 
Figure 2. Predistorter conceptual diagram, showing that the combination of 
the predistorter and PA transfer functions results in a linear output. 

 
The function of a predistorter is to introduce distortion that 

is the inverse of the power amplifier distortion. The resulting 
transfer function of the system from the predistorter input to 
the amplifier output would ideally consist of a linear gain and 
0° phase shift. Fig. 2 shows a diagram of the predistorter 
concept as it applies to an AM-AM characteristic of a PA. 

Following the two-tone test of a PA, if the input signal is 
assumed to be a sinusoidal input, a two-tone input with equal 
amplitudes is of the form, 
 
x = v cosω1t + v cosω2t.    (1) 
The most common representation of a nonlinear PAis a 
polynomial or power series such as 
y=a1x + a2x2 + a3x3 + ………anxn.   (2) 
Here, “ a1 x ” is the desired output, and the rest of the terms 
are by-products. 
When this signal is passed through the third order nonlinearity 
of the form given in (2) the output is 
y = a1(vcosω1t+v cosω2t) + a2(v cosω1t + v cosω2t)2 

 + a3(v cosω1t + v cosω2t)3   
 (3) 
Y= a2v2 + (a1v + 9a3v3/4) (cosω1t+ cosω2t)  + a2v2[1/2 
cos2ω1t + ½ cos2ω2t + cos(ω1-ω2)  + 
cos(ω1+ω2)+a3v3[1/4cos3ω1t + 1/4cos3ω2t +3/4cos(2ω1- 
ω2)t + 3/4cos(2ω1 + ω2)t ]     (4) 

According to (4), small amplitudes result in negligible 
distortion. However, as the input drive level surges, we can 
observe an increase in the strength of the distortion products. 
The second term in (4) also shows a nonlinear increase in the 
amplitude of the fundamental frequency components. The 
cross-modulation terms, or terms carrying the various sums 
and differences of input harmonics, are collectively known as 
Inter-Modulation Distortion or IMD, since they smear or 
distort the original input spectrum. Two kinds of distortion 
terms can be observed in (4). The even order terms, or the 
terms having an even sum of harmonics, fall outside the band 
of interest, and are collectively termed as out-of-band 
distortion, while the odd order IM products that interfere with 
the frequencies of interest constitute the in-band distortion. 
Out-of-band spectral components are collectively termed as 
spectral re-growth, and quantified using Adjacent channel 
Leakage power Ratio (ACLR or ACPR). ACLR is commonly 

used to specify linearity specifications in terms of the 
allowable spectral re-growth.Thus the ‘F’ here is nothing but a 
polynomial work function of the form given in (2). In this 
paper we have two such work functions one to take care of the 
I (in-phase) component and the other to take care of the Q 
(quadrature) component. The work function can take on 
various mathematical forms. The simplest to implement is the 
polynomial representation, whereby the coefficients are 
adapted to create the inverse nonlinearity to that of the power 
amplifier. The work function-based predistorter has limited 
capability in reducing the level of intermodulation distortion. 
The envelope modulation is the input parameter for generating 
the complex gain function. 
The digital predistorter thus consists of a complex gain 
adjuster along with a polynomial-based work function. The 
standard look-up table has been replaced by a work function 
for ease in implementation. The output signal from the power 
amplifier is subtracted from the input reference signal. If 
properly aligned, the resultant error signal will consist of only 
the distortion generated by the power amplifier. The resultant 
error signal would be used to update the LUT entries or 
equivalently the polynomial coefficients. The work function 
coefficients can then be optimized so as to minimize the error 
signal. The input to the work function is the squared envelope 
of the incoming signal. A group delay is required to 
compensate for the delay from the envelope detector. 
 

III.DPD MODEL EXTRACTION 
 
In this work the predistorter comprises of a complex gain 

adjuster which controls the amplitude and phase of the input 
signal. The amount of predistortion is controlled by two 
nonlinear work functions that interpolate the AM/AM and 
AM/PM nonlinearities of the power amplifier. The 
coefficients of the “I” work function are denoted as Alpha_3rd, 
Alpha_5th, etc., and those of “Q” function as Beta_3rd, 
Beta_5th, etc., The envelope of the input signal is an input to 
the work functions. 

IV.SIMULATION RESULTS 
Simulation was carried out using Agilent ADS with an input 

two-tone signal at 850.02 MHz and 849.98 MHz and an 
average input power of 13 dBm. The 11th order work 
functions operate at baseband and can be implemented using 
Digital Signal Processing. The 3rd to 11th order coefficients 
of the work functions are so optimized in order to locate the 
optimum coefficients which will reduce the 3rd to 11th order 
intermodulation distortion products. 
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Figure 3. Spectrum before and after Predistortion 
 
The AM-AM and AM-PM characteristics of the PA are 

infact the real and imaginary parts of the work function F and 
are shown on the figure below. 

 
Figure 4. Interpolated nonlinearities of the PA 

 
 
 
The resulting error signal that should contain only 

distortion, if the power amplifier output signal is amplitude 
and phase aligned with the input signal before subtraction is 
then obtained. The optimum values of Alpha_I and Alpha_Q 
are obtained for which the error is minimum and is maximum 
uncorrelated with the input signal. Inorder to suppress the IM 
component at a particular frequency say 850.15 MHz we 
introduce a pilot carrier to our existing design which inturn 
leads to localized suppression of IM component at the 
frequency of the pilot as shown below. 

 

 
Figure  5. Error Signal 

 
Figure 6. Effect of introducing a Pilot tone at 850.15 MHz 

 
Figure 7. Optimized Predstorted output 

 
The finally obtained result after optimizing the design at its 

best further concentrating on the 3rd and 5th order terms 
specifically provides us with an IMD suppression of around 
35 dB for a two-tone case as shown Fig.7.The same when 
applied to a 16-QAM modulated RF signal of frequency 850 
MHz, input  power of 16.3 dBm and a symbol rate of 24.3 
KHz the spectra of the input, output and error obtained were 
shown in Fig.8. 

 

 
               Figure 8. Spectrum of a  Predistorted !6-QAM Signal 

 
V. CONCLUSION  

 
This paper has presented the approach of digital 

predistortion to RF Power amplifiers. The idea was first 
applied to a design that was actuated with a two-tone signal. 
Initially on applying an RF  signal of frequency 850 MHz and 
an average power of 13 dBm, the IMD suppression of around 
15 dB with respect to the carrier was seen. On further 
optimizing to reduce the 3rd and 5th order terms considerably, 
the overall impact brought down the IMD level to 35dB with 
respect to the carrier. The concept was further extended to a 
16QAM modulated signal. 
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Abstract – We propose a 4 element Microstrip 
Logarithmic Array Antenna with a DGS (Defected 
Ground Structure) rectangular slot etched ground 
plane as DGS. The bandwidth 2.17GHz with respect 
to center frequency 13.575GHz. The percentage 
bandwidth of 15.985% and the average gain of 
2.4dBi are achieved.  

Index Terms: Microstip Logarithmic array, DGS, 
Ku Band

I.   INTRODUCTION 
Depending upon its design parameters, the 

LPDA can be operated over a range of frequencies 

having a ratio of 2:1 or higher, and over this range its 

electrical characteristics like gain, feed-point 

impedance. This is not true of any Multielement 

Directive Array Antenna, for either the gain factor or 

the front-to-back ratio, or both, deteriorate rapidly as 

the frequency of operation departs from the design 

frequency of the array and because the antenna 

designs discussed earlier are based upon resonant 

elements, off-resonance operation introduces 

reactance which causes the SWR in the feeder system 

to increase. The log-periodic array consists of several 

dipole elements which each are of different lengths 

and different relative spacing’s.The log-periodic 

dipole array (LPDA) consists of a system of driven 

elements, but not all elements in the system are 

active on a single frequency of operation.  

Fig.1. (a) The Top View of LAA, (b) Bottom view of LAA (ground 

plane). 

Logarithmic Array Antenna has been 

designed by additional drilling suitable slots on 

the ground plane as DGS (Defected ground 

11th International Conference on Microwaves, Antenna, Propagation & Remote Sensing 
ICMARS-2015, Jodhpur, INDIA, Dec. 15 – 17, 2015

5

mailto:ankithcn@yahoo.com
mailto:rakshajoshi@yahoo.in
mailto:karthik76sachin@gmail.com
mailto:saidivi25@gmail.com
mailto:srinivas.tvk@gmail.com
mailto:hsrami@gmail.com


Structure). Ground plane consists of a rectangular 

slot of length 6mm and width 0.6mm. 
II. ANTENNA DESIGN

The antenna is fabricated on substrate of 

FR4_epoxy with relative permittivity (εr) is 4.4 

and the thickness of 1.6mm. The length and width 

of the Microstrip Logarithmic Array Antenna and 

dimensions of substrate and ground plane are 

calculated using the formulas given in [1].  

III. SIMULATED RESULTS

 Fig.2 Simulated return loss versus frequency 

Fig.3 Impedance Match 
Simulated s11 can be seen from fig.2 

reflection co-efficient is very less at resonance 

return loss of the antenna is less than -10dB from 

12.49GHz to 14.66GHz with 2.17GHz bandwidth 

and minimum of -18dB reflection co-efficient 

which satisfies the Ku band.  

DGS effect can be clearly observed, 

Since bandwidth has increased 1.160GHz to 

2.17GHz. 

DGS has improved impedance matching, 

DGS reduces the loss so, Impedance match of 

this antenna clearly illustrating that the frequency 

of the interest is very near to point 1. Smith chart 

can be seen in fig.3.  

The radiation pattern of the proposed 

antenna showing the Gain total at 12.4GHz and 

14.7GHz is 1.98dBi and 2.92 dBi respectively. 

Fig.4 Gain total at 12.42GHz. 
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Fig.5 Gain total at 14.7GHz. 

VSWR plays an important role in antennas 

performance generally VSWR<2 is considered as 

good characteristic in our proposed antenna we 

have achieved VSWR < 2 over the operating 

frequency. This can be seen in fig.6 

Fig.6VSWR of proposed antenna 

IV. CONCLUSION
We have designed Microstrip 

Logarithmic Antenna Array for 2.17GHz 

Bandwidth DGS has increased the characteristic 

more efficiently. The Antenna is in fabrication 

and will be forwarded to measurement. At the 

time of conference we will present the measured 

result. 
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Abstract—High Resolution imaging satellites require better 
location accuracies of the order of 5 – 10 meters. Star sensor in 
the present satellites (Cartosat-2/2A/2B) is providing the 
accuracy of the order of 50 meters.   The present paper  
addresses the simulation results bringing out the improvement in 
actual Attitude Determination (AD) accuracy which in turn will 
improve the location accuracy by using two sensors 
measurements at the same time simultaneously. In earlier 
satellites, the two star sensors measurements were using 
sequential time wise to determine the Attitude of satellites; in this 
paper we are addressing the improvement of attitude by using 
the two star sensors measurements simultaneously at same time 
of reference. The basic concept of evolving the single virtual star 
sensors derived from the two physical star sensors in the 
common frame of reference. This paper addresses the centroid 
uncertainty, mounting quaternion’s uncertainty effect on the 
final measurements. The paper also addresses the bore sight 
separation between two star sensors more and more to improve 
the accuracy in AD determinations. 
 
Keywords— SS –star sensor, AD-Attitude determination, Qs-
Quaternion’s, FOV-field of view, VSS-Virtual Star Sensor. 
 

I. INTRODUCTION 
 

 Star sensor provides measurement vectors 
in Star sensor frame which are then used for 
determining attitude using QUEST method. 
With the SS(star sensor) FOV(Field of view) 
of 20o X 20o , about  10  stars are available 
for AD. With the centroid uncertainty of 
1/10th pixel order, the overall accuracy is of 
the order of   arc seconds. In the present 
simulations, two star sensors with wide bore 
sight separation (60 o apart) are considered . 
All the 10 star vectors from SS1 and SS2 
respectively are transformed to common 
body frame using the sensor mounting 
definition. It is assumed that all 20 vectors 

are available at the same observation time. It 
is similar to the condition where a Virtual 
Star sensor having FOV of 80o with 20 star 
vectors is available for attitude 
determination. The next section discusses 
about the star sensor simulation and the 
observed accuracies.   

 

II. STAR SIMULATION CASES 
 

●  The basic underlying principle is that 
when the measurement vectors are 
separated wide angle   instead of small 
angles, then accuracy will improve. VSS 
(virtual Star Sensor – is a concept) 
converts the SS1 vectors and SS2 vectors 
to the common body frame and gives the 
attitude. 

The following cases are studied under 
virtual star sensor case. 
●   Two star sensors (SS1 and SS2) 

information take at same instant (same 
reference count time) and combine them 
under VSS formulation and process them 
will give the better accuracy (better the 
sample rate, good the attitude). 

● Uncertainty in centroid (line, pixel 
number) introduce error with one sensor 
(SS1 or SS2), but not effects in case of 
derived with both the sensors as VSS, the 
final error will be reduces (case-2). 

● The effect of SS mounting uncertainty 
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error with respect to satellite body will 
influence the final AD determination 
(case-3).  

III. METHODOLOGY DESCRIPTION

The satellite body attitude QIB(inertial to 
body) from gyro sensors  taken as input to 
determine the Look direction of (Right 
Ascensions , Declination ) Star Sensor Bore 
Sight. From Star Sensor Look direction, the 
sight able stars will be determined in ECI 
frame. Where Qbs is  body to sensor 
quaternion’s  and Qis  is inertial to sensor 
frame  refer eq(1) 

Qis = Qib X Qbs    ------------------ (1). 

  Stars around the FOV of SS bore sight wrt 
ECI frame multiplied with DC matrix of 
QIS (inertial to sensor, by taking the SS 
mounting into consideration)to get the XYZ 
in sensor frame.  

( ) )2.......(..........* EciSF XYZMDCMXYZ =  

)2...(........../// aZFYVXU −==  

Now XYZ in Sensor Frame will be 
converted in to Line Number, Pixel  
Number by camera pin hole principle 
equation with Focal length taken into 
consideration refer  eq(2) abd eq(2a). 
The Line number and pixel number 
introduced with centroid uncertainty of 
1/10 arc seconds(case -2) to see the effect of 
centroid uncertainty in the attitude 
determination. Where RF is random 
function, L,P unc is uncertainty and L,P org 
is observed Line and Pixel values.    

)3.......(..........,*, orgunc PLRFPL =
From uncertainty Line number, Pixel 
converts to XYZ in the Sensor Frame. The 

XYZ in the Sensor frame becomes the 
observed vectors for attitude computation.  

The SS frame XYZ used to derive the 
angles between the identified stars. The 
angles between the 5 stars determined taken 
in to consideration with magnitude in 
ascending order from bright to dim stars. 
With the available 5 stars angular 
separations in sensor frame values set will 
be searched in the ECI Angular Star Data 
base in order to identify the stars in ECI 
frame. Angle will be the same across the 
frames. Once the angles are matched, and 
then get the proposed star vector in ECI 
frame as Reference vectors.  

With the Observed vectors in Sensor 
frame and Reference vectors in ECI frame 
used to determine the attitude of sensor by 
QUEST method. 

( ) )4.......(..........*Re obsf XYZQDCMXYZ =
Derive the error with respect to expected 
star sensor attitude versus determined star 
sensor attitude. 
 The mounting uncertainty will be 
introduced in the mounting matrix(case-3), 
introduced with the  observed vector in 
sensor frame in order to study how the 
mounting   uncertainty effects in attitude 
determination. 
The VSS governing principle as following 
explain nation 

( ) )5.......().........1.(*1)1( ssVssQsbV obsssbody =
( ) )6.......().........2.(*2)2( ssVssQsbV obsssbody =

( ) )7........())........21(.(*)( ssssbodyVSQibV obseciref +=

The VSS virtual star sensor is the concept 
where the star sensor is assumed to be the in 
the common body frame(case-1). The 
observed vectors in sensor frame and 
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reference vectors in ECI frame, 
converted into body frame to derive 
the attitude in body frame . The SS1 
observed vectors converted in to 
body frame by eq(5) with SS1 
mounting and the SS2 observed 
vectors converted to body frame by 
eq(6) .The combined SS1 and SS2 
observed vectors take as total 
observed stars by VSS as extended 
FOV with bore sight separations 
between the two sensor.The attitude 
of spacecraft will be determined by 
eq(7) .   With wide separation 
( 60/120 degrees bore sight separation)  will 
improve better accuracy. 
 Five stars from SS1 and five stars from SS2 
will be taken as ten vectors converted into 
common body frame to determine the VSS 
attitude. The centroid uncertainty of any star 
sensor will be compensated in VSS sensor 
usage. There is a considerable improvement 
in VSS in case of centroid uncertainty, but 
mounting uncertainty is not shown that 
much improvement. 

IV. RESULTS AND DISCUSSION

Observations   
The observations from above Table 1.0  as 
follows:- 
Case 1: Increase in Bore sight separation 
angle 60 deg between two star sensors to 
120 deg improves the accuracy in VSS 
formulation( more separation , more 
accuracy) 
Case2 : Pixel uncertainty(centroid 
uncertainty) 1/8 th compared with the 1/16th 
will gives the better accuracy , Centroid  
uncertainty  can be absorbed in VSS 

Case 3: Mounting uncertainty of 50 arc 
seconds will create the error in  the star 
sensor  measurements. Mounting 
uncertainty increase the noise in star sensor 
measurement. Mounting uncertainty cannot 
observed in VSS. 
Change in Focal length effect on SS will be 
minimal in accuracy improvement as it not 
effect in cross axis. The bore sight accuracy 
does not depend on the FOV(20deg*20deg) 
but only on the number of pixels and the 
centroid accuracy. 
Figure1.VSS 1/10th centroid pixel uncertainity

case Sensor Centroid 
Uncertainity 

Mounting 
uncertainity(3Axis 
q1(y),q2(r),q3(p) ) 
(arc seconds) 

Bore sight 
separation 

Worst 
Error- 
in 
(Y,R,P) 

Reference 

2 SS-1 1/10 pixel 10 60.0 +/- 
40.0 
arc 

Figure 4 

2 SS-2 1/10 pixel 10 60.0 +/- 
40.0 
arc 

Figure 5 

2 VSS 1/10 pixel 10 60.0 +/-10.0 
arc 

Figure 1 

1 SS-1 1/16 pixel 10 120.0 +/-30.0 
arc 

1 SS-2 1/16 pixel 10 120.0 +/-30.0 
arc 

1 VSS 1/16 pixel 10 120.0 +/-5.5 
arc 

Figure 2 

3 SS-1 1/16th 50 60 +/- 
40.0 

3 SS-2 1/16th 50 60 +/-45.0 
3 VSS 1/16th 50 60 +/-60.0 Figure 3 

11th International Conference on Microwaves, Antenna, Propagation & Remote Sensing 
ICMARS-2015, Jodhpur, INDIA, Dec. 15 – 17, 2015

10



Figure 2 : VSS ONE 1/16th uncertainty of centroid one 1/16th 
pixel(bore sight 120 deg) 

Figure 3: VSS ONE 1/16th Uncertainity of centroid 
With Mnt Uncetainity 50 arc seconds  (bore sight  
60 deg) 

Figure4. SS1 1/10th centriod pixel uncertainity(bore 
sight:60 deg) 

Figure5.SS2 1/10th centriod pixel uncertainity 
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V. CONCLUSION 

         The star sensor gives the spacecraft 
attitude with the accuracy of 10 arc sec 
across the bore sight and 40 arc seconds 
along the bore sight. The star sensor identify 
the stars with angular separation 
method(two angles between three stars are 
unique in the universe , so you can avoid 
duplicates and exactly identifying the real 
stars) and determine the attitude by quest 
method.  
          The star sensor measurement accuracy 
will be improved by taking the two star 
sensor with wide separation between them. 
When the two star sensor measuring the star 
vectors with wide separation between the 
vectors and combine them in the virtual star 
sensor with the common frame, like convert 
the vectors of stars of two star sensor to 
common body frame, then we can see the 
effect of star sensor separation improves the 
accuracy.  
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Abstract— This paper presents band rejection characteristics of 
UWB monopole antenna. Circular dumbbell structure is etched 
as defect on the radiating patch which disturbs the shield current 
distribution in the patch. The circular parts of dumbbell increase 
route length of current which behaves like a inductance (L) and 
the slot part accumulates charge and increases the effective 
capacitance (C). So, the effective inductance increases with 
increase in circular etched area of the unit lattice and the 
capacitance will vary with strip slot gap. This L-C characteristic 
is widely used as a band rejection for different applications such 
as antennas and microwave circuits. The dimensions of radius 
and slot width are 2.7 mm and 0.35 mm, respectively. The return 
loss is reduced to 12.5 dB at 5.5 GHz with a notch band from 5.07 
to 5.81 GHz for band rejection of IEEE 802.11a wireless local 
area network (WLAN) which is the spurious stop band in the 
original antenna. 

Keywords— Monopole antenna, Circular dumbbell,  Inductance,
Capacitance, Band notch

I. INTRODUCTION 
Ultra-wideband is a radio technology pioneered by Robert 

A. Scholtz. In 2002, the Federal Communication Commission 
(FCC) and the International Telecommunication Union Radio 
communication Sector (ITU-R) define UWB in terms of a 
transmission from an antenna for which the emitted signal 
bandwidth 3.1 to 10.6 GHz [1]. An UWB technology is very 
popular for high data rates in many fields and various 
applications. In the industrial UWB system, a low-cost 
antenna is required with omnidirectional radiation patterns 
and large bandwidth [2]. Planar monopole antennas are well 
known for a simple structure, low cost and omnidirectional 
radiation pattern. Therefore, planar monopole antennas are 
extremely popular to be used in different UWB applications 
and also increase in research activity. Many different planar 
monopole antenna geometries have been characterized in [2]–
[5].  

Within UWB frequency ranges, a narrowband services 
IEEE 802.11a wireless local area network (WLAN) is 
overlapped in the frequency band from 5.15-5.85 GHz; there is 
a possibility of interference with UWB systems. To avoid the 
serious effect caused by the frequency interference from 
WLAN (5.15–5.825 GHz) and WiMAX (5.25–5.85 GHz) 
systems. This band is notched by adding a split-ring resonator 
(SRR) [5],[6], a multi resonator load [7] in the antenna 
structure, the unwanted frequencies can be suppressed. 
However, a complex structure is used to generate and control 

the stop band property, so the fabrication cost of the antenna 
will be increased for practical applications. 

In this paper, a printed UWB monopole antenna with a 
band-notched performance is presented. Here, a circular 
dumbbell shape is etched in the radiating patch for making a 
notch. The circular parts of dumbbell increase route length of 
current which behaves like a inductance (L) and the slot part 
accumulates charge and increases the effective capacitance 
(C). Using L-C characteristics in the radiating patch, the 
antenna will create a band notch from 5.07 to 5.81 GHz for 
band rejection of IEEE 802.11a wireless local area network 
(WLAN). 

Fig. 1  Geometry of the proposed antenna 

II. ANTENNA DESIGN
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The geometry of the band notch UWB monopole antenna is 
depicted in Fig. 1. The proposed antenna is printed on the 
roger RT/duroid 5880 substrate of thickness 1.575 mm and 
permittivity 2.2. The excitation of the monopole antenna is 
done by a 50 Ω CPW transmission line feeding with a strip 
width Wf and a gap of distance g. CPW transmission lines 
suffer less loss than microstrip feed lines and due to the print 
antenna circuitry on one side of a printed-circuit-board (PCB) 
substrate material, therefore CPW is the preferable way to 
feed the antenna and integrate it with active devices. Hence, a 
simple monopole antenna fed by CPW with a shape based on 
a almost half-periodic sinusoid is proposed here. By curving 
the lower edge of the radiating patch, the current path of the 
monopole is affected and the lower frequency will varies [8]. 
The band reflection coefficient can be adjusted by the distance 
(d1 and d2) between the upper edge left/right side of the 
ground plane and the bottom of the radiating patch. The final 
optimized dimensions of the designed antenna are shown in 
Table I. 

The circular dumbbell structure is etched in the radiating 
patch which disturbs the shield current distribution in the 
patch. This disturbance will affect the characteristics of the 
patch in terms of capacitance and inductance. The effect of the 
defected patch structure (DPS) behaves like an L-C resonant 
circuit and the effective inductance increases with increase in 
circular etched area. Therefore, the stop band is generated 
within UWB frequency ranges. 

TABLE I 
DIMENSIONS OF DESIGN ANTENNA 

Parameters Dimensions (mm) 
L 30 
W1 10.7 
W2 10.7 
Wf 3 
d1 0.5 
d2 0.5 
g 0.3 
r 2.6 
t 0.35 

. 

III. RESULTS AND DISCUSSIONS

In this section, the function of the UWB monopole antenna 
is affected by changing geometrical parameters. Here, the 
parametric studies of this proposed antenna are done by 
changing one parameter at a time and fixing the others. To 
better understand the effects of various parameters on the 
impedance bandwidth and notch characteristics of the 
proposed UWB antenna, three-dimensional electromagnetic 
(EM) simulator Ansoft High-Frequency Structure Simulator 
(HFSS) 15 software was used to simulate the design while 
changing the values of different parameters to view the effects 
of the changes.  

Fig. 2 and Fig. 3 show that variation of reflection 
coefficient (S11)  by changing the value of d1 and d2 without 
notch and with notch, respectively. The band-notched 
characteristic is mainly controlled by the radius of the circular 
dumbbell shaped structure. For the different values of radius 

(r), the frequency band stop or notch bandwidth also varies 
simultaneously, as shown in Fig. 4. At r = 2.6 mm, UWB 
monopole antenna showing a WLAN (5.07 to 5.81 GHz) band 
notch for UWB application. 

Fig. 2  Variation of reflection coefficient of conventional Antenna with 
respect to the d1 and d2 

Fig. 3  Variation of reflection coefficient of proposed antenna with respect to 
the d1 and d2 

Fig. 4  Variation of reflection coefficient of proposed antenna with respect to 
the r 

The simulated radiation patterns of the proposed antenna at 
3.5 GHz, 6.5 GHz and 9 GHz are shown in Fig. 5. The solid 
line and dotted lines denotes E-plane (zx-plane) and H-plane 
(yz-plane), respectively. The radiation patterns indicating that 
the antenna actually radiates over a wide frequency band. So, 
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it can be seen that the radiation pattern in zx-plane are nearly 
omnidirectional for the three frequencies.  

Fig. 6 shows the comparison gain with and without circular 
dumbbell shaped slot in the same antenna. Hence, it is clear 
that using circular dumbbell shaped slot in the radiating patch 
the band notch is formed from 5.07 to 5.8 GHz and gain of the 
proposed antenna is decreased up to -3.5 dB at 5.5 GHz. 

 

 
(a) 

 

(b) 

 
(c) 

Fig. 5  Radiation pattern of the proposed antenna at (a) 3.5 GHz, (b) 6.5 GHz 
and (c) 9 GHz. (solid line E- plane and dotted line H-plane) 

 
Fig. 6  Gain comparison with and without circular dumbbell slot in the 

monopole antenna.  

IV. CONCLUSIONS 
In this paper, ultra wideband CPW-fed monopole antenna 

with band-notched suitable for UWB applications has been 
proposed. Here, the circular dumbbell shaped structure is used 
to create stop band from 5.07 to 5.89 GHz (WLAN). The 
simulation results showing that the antenna band rejection can 
be formed at the radius of the circle (r) 2.6 mm, which 
satisfies the requirements of UWB communications. The 
antenna has advantages of low cost and easy design. The 
function of the UWB monopole antenna is affected by 
changing geometrical parameters. The parametric studies of 
this proposed antenna are done by changing the radius of 
dumbbell shape slot. At the notch frequency, the current is 
concentrated on the edges of the interior and exterior of the 
slot. As a result, the desired good attenuation near the notch 
frequency can be produced. 
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Abstract — This paper presents a compact microstrip antenna for 
frequency agility using pin diodes. The frequency agile antennas 
are found in the literature review with various levels of design 
complexity to achieve desired radiation parameters for a given 
application. In this paper, a novel approach for design of a 
reconfigurable rectangular microstrip patch antenna (RRMSA) 
with inset feed is presented. The antenna is designed for 
multiband frequencies which includes Wi-Fi (2.4 and 5.6 GHz) 
and C Band (4 -8 GHz). The proposed antenna also generates 
narrowband and wideband combination by switching the PIN 
diodes on the ground slot. The main features of rectangular 
microstrip antenna are FR-4 substrate with dielectric constant of 
4.4, loss tangent 0.02, and height of substrate 1.6 mm. The 
antenna size is 45 mm × 45 mm × 1.6 mm. The design technique 
is based on reactive loading by cutting U - slot and switches are 
employed to shift the operating band by varying the electrical 
length of the slot on the radiating patch. Pin diodes are used as 
RF switches. The performance of the antenna is simulated using 
ANSYS HFSS (High Frequency Structure Simulator). 

Keywords: Inset feed, microstrip antenna, multiband 
reconfigurable antenna, pin diodes. 

I. INTRODUCTION 

 
HE wireless communication services are evolving towards 
multi-functionality. The multi-band antenna is one of the 
most important elements used in modern wireless 

communication [1] to serve multi-functionality. It is 
incorporated into many multimode receiver designs. But in 
multiband antennas the designed multiband frequencies cannot 
be altered [2]. Hence, the multiband antennas are limitation to 
dynamic spectrum management. Reconfigurable antennas 
provide the solution to the dynamic spectrum allocation. 
Reconfigurable antenna is able to modify one, or a 
combination, of its fundamental properties depending upon the 
adopted techniques [3]. A radiating element can allow (i) 
frequency agility, which allows tuning to a different working 
frequency. (ii) Pattern agility, which allows changing radiation  

pattern. (iii) Polarization agility. The reconfiguration is 
achieved by changing the path of surface current on radiating  
element or changes in the antenna structure. The literature 
survey shows that the reconfigurable antenna can be achieved 
by employing RF switches like pin diodes [4] to design 
reconfigurable antenna in an array arrangement. The paper in 
[5] describes the design of antenna to sense the entire band 

and then adjust its bandwidth to select suitable multiband for 
communication. The reconfigurable antenna also uses optical 
switches, mechanical alteration and smart materials [6] to 
attain the desired reconfiguration in antenna properties. [7] 
Describes the design approach to reconfigurable antennas and 
the implementation of coplanar waveguide CPW fed 
reconfigurable antenna. Different types of antennas like 
monopoles, spirals and patches are used to design frequency 
agile reconfigurable antenna. One of the advantages of using 
patch reconfigurable antenna for Wi-Fi and C band (4 - 8 
GHz) is small planar structure, able to set working frequencies 
and bandwidth with tuning facility and reduction in noise and 
interference problems which may exists in multiband and 
wideband environment. It adds substantial degree of freedom 
and functionality and also reduces the space consumed by 
using one antenna. Despite these advantages the topic of 
reconfigurable antennas is relatively new and it finds wide 
applications in software radios. This paper proposes a simple, 
compact reconfigurable patch antenna which can cover 
preselected frequency bands in relatively wide bandwidth.  

The paper is organized as follows the introduction to 
reconfigurable antenna, classification  and its literature survey 
is  described in section I. Section II briefs about the proposed 
antenna structure, radiation parameters and surface current 
distribution on the radiating element for different 
configuration. Section III discuss about the results. Section IV 
discusses the conclusion and future scope of the proposed 
design. 

II. ANTENNA DESIGN

Microstrip patch antenna consists of dielectric substrate, 
with a ground plane on the other side. Due to its advantages 
such as low weight, low profile planar configuration, low 
fabrication costs and capability to integrate with microwave 
integrated circuits technology, the microstrip patch antenna is 
very well suited for applications such as wireless 
communications system. The proposed antenna makes use of 
the slots embedded in the printed patch. When these slots are 
cut at an appropriate position inside the patch, and when they 
are of nearly half wavelength for finite ground and quarter 
wave in length for monopoles antenna, a resonant mode near 
the patch resonance is introduced and yields the multi-band 
microstrip antenna (MSA). This paper proposes the use of pin 
diodes as a RF switch. For the reconfigurable frequency agile 

T 
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antenna the pin diodes are placed at the center and sides of slot 
to vary the current path on the slot and hence vary the 
effective length of the slot to realize different configuration of 
working frequency. So, the surface current travels different 
path when the diode switches from ON/OFF or vice-versa. 
Hence, it results in different resonant frequencies for 
switching of diodes. The   horizontal slot is placed in the 
ground plane as shown in fig 1b.The switching elements i.e 
PIN diodes 4, 5 and 6 are place over the slot in the ground 
plane. 

In proposed frequency agile reconfigurable rectangular 
microstrip patch antenna, different switching states of pin 
diodes (ON/OFF) are used to achieve eight configurations of 
multiband antennas. Fig 1(a) shows the top view of the 
proposed antenna.  

Fig.1 (a):  Top view of reconfigurable RMSA.

Fig1(b) shows the back view of the proposed antenna to 
realize finite ground and monopole for the same structure 
which helps to tune the antenna from narrowband to wideband 
for different frequencies and vice-versa. This is achieved by 
changing the position of switching elements (ON/OFF) on the 
ground plane. 

Fig. 1(b):   Bottom view of reconfigurable RMSA.
The proposed antenna consists of a patch with optimized 
length Lp 28.2 mm and a patch width Wp 32 mm designed for 
resonating frequency of 2.4 GHz. A inverting U slot on 
radiating patch with slot length 27 mm and slot width 1.5 mm 
to obtain the resonance at 5.6 GHz generating a dual band 

behavior. The reconfigurable multiband behaviour is realized 
using three switching elements 1, 2 & 3 respectively. The 
ON/OFF condition of switching elements govern the effective 
length of slot. Depending on the length of slot the working 
frequency is reconfigured. Also either monopole or finite 
ground structure is realized by changing switching condition 
of 4, 5 & 6 respectively. Other  resonances below –8 dB are 
observed due the mutual coupling between the patch and slot 
resonance which can be neglected.  

The PIN diodes, SMP1320-079 from Skyworks Solutions 
Inc are used as switches .In computer simulation ,these diodes 
are modeled using resistance, inductance and capacitance 
(RLC) boundary condition which gives a resistance of 0.9 Ω 
in ON state  and a capacitance of 0.3 pF in OFF state. 

    Table 1 below shows the optimised dimension of the 
proposed reconfigurable frequency agile antenna.  

Table 1 Reconfigurable RMSA Antenna Dimensions 

Sr. 
No 

Parameter Value 
(mm) 

1. Width of Patch (Wp) 32 
2. Length of Patch (Lp) 28.2 
3. Width of Ground (Wg) 45 
4. length of Ground (Lg) 45 
5. Width of Feed Line (Wf) 1.5 
6. Length of Feed Line (Lf) 20 
7. Slot Length (SL) 14 
8. Slot width (SW) 6.5 

III. RESULTS AND DISCUSSSION

Different configurations of working frequencies and 
bandwidth are realized as PIN diodes are switched from ON to 
OFF or OFF to ON. 

Table 2:  Configurations of  PIN diodes to tune multiband 
behaviour. 

Impedance Bandwidth (S11 = -10dB) 

S. 
N
o 

Configurations f 
(GHz) 

BW 
MHz D1 D2 D3 D4 D5 D6 

1 OFF OFF OFF ON ON ON 2.23 
5.13 

100 
400 

2 ON OFF ON ON ON ON 2.33 
4.43 
5.55 
6.81 

100 
120 
200 
80 

3 OFF ON OFF ON ON ON 4.01 
5.44 
6.81 
7.12 

100 
200 
500 
800 

4 ON ON ON ON ON ON 4.27 
5.48 

800 
800 

5 ON ON ON OFF OFF OFF 4.25 
4.92-6.56 
wideband 

170 
1640 
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6 OFF ON OFF OFF OFF OFF 4.01 
4.85-5.65 
wideband 

400 
1700 

7 ON OFF ON OFF OFF OFF 4.39 
5.09 
5.58-6.56 
7.44 

500 
600 
980 
450 

8 OFF OFF OFF OFF OFF OFF 2.29 
4.71-6.56 
7.44 

50 
1850 
280 

The simulated return losses of the reconfigurable RMSA for 
different configurations are as shown below in fig 3. 

Configuration 1: 

Fig.3a. Simulated Reflection Coefficient for reconfigurable RMSA 
configuration 1. 

Configuration 2: 

Fig.3b. Simulated Reflection Coefficient for reconfigurable RMSA 
configuration 2. 

Configuration 3

Fig.3c. Simulated Reflection Coefficient for reconfigurable RMSA 
configuration 3. 

Configuration 4

Fig.3d. Simulated Reflection Coefficient for reconfigurable RMSA 
configuration 4. 

Configuration 5: 

Fig.3e. Simulated Reflection Coefficient for reconfigurable RMSA 
configuration 5. 

Configuration 6:

11th International Conference on Microwaves, Antenna, Propagation & Remote Sensing 
ICMARS-2015, Jodhpur, INDIA, Dec. 15 – 17, 2015

18



Fig.3f. Simulated Reflection Coefficient for reconfigurable RMSA 
configuration 6. 
 
Configuration 7: 
 

 
 
Fig.3g. Simulated Reflection Coefficient for reconfigurable RMSA 
configuration 7 
 
Configuration 8: 
 

 
 
Fig.3h. Simulated Reflection Coefficient for reconfigurable RMSA 
configuration 8. 
 
 
 
The simulated return loss of the proposed antenna is shown in 
Fig 3a-3h for different configuration. The designed antenna 
resonates at the different multiband frequencies. Hence 
reconfigurable multiband behavior is achieved. 
    

IV. CONCLUSION 
 
       A compact planar reconfigurable multiband rectangular 
microstrip antenna with inset feed has been proposed for the 
Wi-Fi application with resonance at 2.4 GHz and 5.6 GHz in 
configuration 1 and other configurations supporting C Band 
applications (4 - 8 GHz) respectively. The main features of 
this antenna are it is simple and avoids the need of parasitic 
elements, stubs, vias and design in impedance matching or 
feed design for reconfiguration of frequency. This reduces the 
load of filter banks at the front end in trans-receivers to select 

a good quality band for communication. The inset feed 
overcomes the disadvantage of coaxial feed having a 
protruding structure which is a hurdle for planar integration.  
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Abstract- A new approach for reconfigurable multiband antenna 
is illustrated.  The designed antenna shows frequency, 
bandwidth and directivity reconfigurable property it is working 
for four distinct frequency bands due to the switching property 
of PIN diode. Initially without connecting any diode it is working 
for four operating frequencies and after connecting four diodes 
it is working for different four bands with different 
configurations. Antenna is working for various frequencies of C-
band and X-band. The proposed antenna consist of four circular 
slots three in patch and fourth in ground .   

Antenna is compact in size with dimensions 40 × 40 × 1.67 
mm3 including the ground plane and  FR-4 substrate (εr= 4.6) of 
thickness h=1.6 mm is used in it. The illustrated antenna is 
designed and simulated using the electromagnetic (EM) 
simulation software CST microwave studio. The main advantage 
of this antenna is that the designed structure is simple compared 
to other proposed reconfigurable antennas and substrate used is 
also inexpensive so cost for making this antenna will be low. 

Index Terms— Circular slots, DGS, Multiband, microstrip 
feed line, resonance frequency, reconfigurability, slit, slot. 

I. INTRODUCTION 

There is a developmental trend in wireless communication 
system that demands the use of antennas capable of accessing 
services in various frequency bands [1], sometimes with the 
use of a single antenna [2]. The increasing demand for 
modern mobile, satellite and wireless communication systems 
in the world make many researchers worked hard in order to 
improve the performances and enhance the application of the 
Microstrip Patch Antenna (MSA). Reconfigurable antenna 
will be an attractive feature in the modern wireless 
communication system because it enables to provide a single 
antenna to be used for multiple systems [3]. A reconfigurable 
antenna modifies the antenna’s operating frequency, 
bandwidth, directivity, gain and polarization in some 
desirable fashion. In this way, a single antenna replaces 
multiple antennas, for achieving multiple goals [4]. 
    Researchers reported various reconfigurable antennas in 
[5–10], such as a switchable planar fractal structure [5], 
selective directors [6, 7] and the annular slot with switchable 
shorting points [8]. In addition, in some pattern-
reconfigurable antenna designs that stem from the spiral 
structure [9–10], the length of the spiral arm is changed in 
order to provide a wide variety of radiation patterns. The 
antennas presented in [11, 12] can also provide multiple 
radiation patterns by using switchable feeding networks to 
improve their performances in diverse environments. A 

pattern-reconfigurable antenna can also be designed by using 
the alternative reflectors. For example, in [13], four switches 
are used to configure the reflection states of the four side 
walls of a reflector antenna, so as to adaptively form the 
radiation patterns.  

This paper proposes a tetra band antenna for wireless 
communication systems.  Bandwidth, frequency and radiation 
reconfigurability is achieved in this antenna with various 
circular and rectangular slots in radiating patch and defective 
ground. The structure is containing four PIN diodes and with 
their various ON/OFF switching configurations four 
resonating bands are received in each switching configuration 
condition. The designed antenna is working for multiple 
frequencies of C-band and X-band in all switching condition 
of diode. Antenna designed is planar in structure so its 
fabrication is easy and cheaper. The structures are designed 
with microstrip technology and suitable for various wireless 
communication applications. 

This paper is organized as follows. Section II explains the 
geometry of proposed reconfigurable antenna, Section III, is 
including the simulated results of proposed antenna design 
these results are also compared in it. Finally, the paper is 
concluded in Section IV. 

II. RECONFIGURABLE ANTENNA DESIGN

This antenna is designed and simulated on FR-4 
dielectric substrate that having dielectric constant (εr=4.6) 
and height of the substrate is 1.6 mm. The CST simulation 
software is used for designing and simulation of the proposed 
antenna.  

The proposed antenna structure is shown in Fig.1(a-b) 
There are two circular rings and four rectangular slots on 
radiating patches which are responsible for four resonating 
bands. For improving the return loss and other antenna 
parameters slots in ground are also cut. In ground one 
cylindrical and four rectangular slots are cut. Here we are 
using DGS because DGS changes the current distribution in 
ground plane and due to this the inductive and capacitive 
property of antenna are varied and according to that the 
parameters are improved.   
    The antenna is compact with dimensions 40 X 40 mm2. 
The antenna is operating on four bands and these bands are 
achieved due to the circular rings on radiating patch. With 
one circular slot it is operating for one band and with second 
circular slot we got another band.  
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(a) 

(b) 
Fig. 1 Reconfigurable antenna (a) Front view (b) Back view 

TABLE I 
 DIMENSIONS OF RECONFIGURABLE ANTENNA 

Antenna 
parameter 

Value Antenna 
parameter 

Value 

W 40mm W4 17mm 
L 40mm W2 6mm 
L2 4mm W3 7mm 
L3 7mm D diode 
L4 4mm r2 10mm 
r1 6mm R3 14mm 
S1 2mm S2 2mm 
Wg 17mm Lg 10mm 
rG 6.5mm 

Feeding to the proposed antenna is given by microstrip 
line feeding. Dimensions of feeding line are mentioned in 
TABLE I. Fig.1 (a-b) shows the front view and back view of 
proposed antenna. For getting the reconfigurable condition 
four diodes are attached in it two diodes between inside rings 
and two between outside ring and circular slot. Four 
conditions are considered in it first when all diodes are ON, 

second when all diodes are OFF, third when inside diodes are 
ON and final is when outside both diodes are ON all results 
measured according to these conditions are explained in next 
section. Dimensions of antenna are mentioned in TABLE I as 
per the notations mentioned in Fig. 1.  

III. SIMULATION AND RESULTS

Computer simulation tool an electromagnetic simulation tool 
is used for designing and simulation of proposed 
reconfigurable antenna. CST is widely used for designing 
tunable filters, patch antennas, wire antennas, and other 
microwave devices and RF/wireless antennas. Results 
measured here are S11 parameters, VSWR, Gain, directivity 
beam-width and other radiation parameters. 

(a) 

(b) 
Fig. 2 Compared results of reconfigurable antenna (a) Return loss (b) 
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The computer simulation is done for four cases the return 
loss and VSWR for all four is compared in Fig.2 (a-b). as 
from graphs it is clear that in all four cases the antenna is 
working for four resonant conditions, VSWR condition for 
any antenna for its operating is VSWR ≤ 2 this condition is 
satisfied by all four conditions for their individual tetra-band. 
These four cases are first case when all diodes are ON, 
second case when all diodes are OFF third when D1 and D2 
are ON and last when D3 and D4 are ON. Radiation patterns 
of these four cases are shown in Fig.3 (a-d). Resonating 
frequencies, return loss, bandwidth and directivity of all cases 
are compared and mentioned in TABLE II.   

 
TABLE II 

 COMPARISON OF FOUR CONDITIONS OF RECONFIGURABLE 
ANTENNA 

 
Antenna  
structure 

 
Resonant 

frequencies 
(GHz) 

 
BW 

(MHz) 

 
Return 

loss 
(dB) 

 
Directivity 

(dBi) 

All diode 
ON  

 
6.2 
7.7 

10.728 
11.88 

 
200 
370 
478 
277 

 
-15 
-22 
-25 
-11.3 

 
2.1 
3.6 
6.6 
6.3 

All diode 
OFF 

6.15 
7.6 

10.36 
11.57 

219 
358 
400 
500 

-17 
-41 
-16 
-16 

1.7 
3.8 
7.3 
5.6 

D1 and 
D2 ON 

6.15 
7.69 
10.4 
11.8 

183 
358 
423 
419 

-18 
-31 
-17 
-14.5 

2.2 
3.4 
6.9 
5.6 

D3 and 
D4 ON 

6.2 
7.5 

10.68 
11.72 

215 
358 
575 
200 

-14.5 
-20 
-25 
-12 

2.2 
4.4 
6.8 
5.6 

   
 

 
 
 

(a) 

 
(b) 

 

 
 

(c) 
 

 
 

(d) 
 

Fig. 3 Radiation pattern of antenna (a)All  diodes OFF  (b)All  diodes ON (c) 
D1 and D2 ON (d) D3 and D4 ON 
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IV. CONCLUSIONS 

A reconfigurable antenna with compact and planar 
structure is proposed in this paper. Antenna parameters like 
operating frequency, bandwidth and radiation parameters of 
proposed antenna are reconfigured using PIN diodes in this 
paper. Reconfigurable antenna is compact with overall size 
40 X 40 X 1.67 mm3. FR-4 material with dielectric constant 
4.6 is used as substrate in it. For improving the return loss 
and other characteristics of antenna DGS technique is used. 
Antenna has wide range of applications first two bands are 
working in C-band and second two bands have applications in 
X-band. X-band and C-band have various applications in 
Radiolocation, navigation, wireless communication, RADAR 
and satellite applications and these applications are widely 
used in industry, military services, biomedical and radiology.  
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Abstract- A 2×1 microstrip patch antenna array operating at Wi-
Max and WLAN is proposed in this paper. Presented antenna 
array have two distinct frequency bands with resonant 
frequencies 3.5GHz and 5.5GHz. Using array antenna the 
directivity, gain and return loss at these frequencies is improved. 
Designed array antenna is compact in size with complete 
dimensions of 82 X 48 X 0.087 mm3 including the ground plane. 
Fr-4 substrate of 4.6 dielectric constant is used for this antenna 
and as this substrate is easily available and economical so this 
antenna is more advantageous for us. Array structure is 
simulated using the CST electromagnetic (EM) simulation 
software. This array antenna is suitable for dual-band wireless 
communication applications. 

Index Terms— Array, microstrip feed line, resonance 
frequency, rod-shaped parasitic element, slit, slot. 

I. INTRODUCTION 

Recently, the development of communication 
technology is highly increased and indicating still continues 
to grow. Advancement in technology is increasing, the 
wireless communication systems such as WiFi (Wireless 
Fidelity) and WiMAX (Worldwide Interoperability Mobile 
Access). As WLAN and WiMAX have applications in 
everyday life with a variety of advantages, such as to provide 
communication services at anytime and anywhere to the 
users. Those phenomenon is clear by the increasing demand 
for cellular phone service, wireless internet access, 
teleconference .Now a days, there is huge demand by the end 
user for integrated wireless digital applications. Antennas 
which are used in these applications should be low profile, 
light weight, low volume and broad bandwidth [1]. These 
requirements are completed by microstrip antenna. An 
antenna should be low-profile, could be planar or non planar 
surfaces, simple and economical to manufacture, 
mechanically robust when mounted on rigid surfaces [2]. 
When the particular patch shape and mode are selected they 
are very versatile in terms of resonant frequency, polarization, 
pattern and impedance. 

Single microstrip antenna has various advantages; as 
well it also has several disadvantages like low gain, narrow 
bandwidth with low efficiency. An antenna array is an 
efficient means to detect and process signals arriving from 
different directions. Compared with a single antenna which 
has limited directivity, beam-width and bandwidth, an array 
antenna have its beam pattern modified with an amplitude 
and phase distribution according to the weights of the array. 
After preprocessing the antenna outputs, signals are weighted 

and summed to give the antenna array beam-pattern [3]. In 
single element antenna, the radiation pattern is usually very 
broad and due to which the directivity is obviously relatively 
low. As because of broad radiation pattern the power radiated 
by antenna is dissipated in all other directions too other than 
the required one so this affects the gain and directivity of 
antenna. For minimizing this problem beam-width of antenna 
should be narrower and this can be done by two methods first 
by enlarging the size of the radiating element thus increasing 
the directivity. Second way to enlarge the antenna without 
changing the size of the individual elements is to assemble 
the radiating elements in a geometrical configuration known 
as an “array” [4]. This technique is used in paper for the 
improvement of antenna parameters.  
   In this paper, an antenna array is dicussed for Wi-Max and 
WLAN applications. Firstly a microstrip patch antenna with 
dual band is designed then array of that antenna is designed 
for improving directivity gain beam-width and other antenna 
parameters. A T-slot is cut into patch for improving the return 
loss at particular frequencies. The designed array is small in 
size and compact. Antenna is designed using microstrip 
technology and as it can be easily fabricated and installed for 
suitable applications. 

This paper is organized as follows. In Section II, geometry 
of array antenna is explained. In Section III, the simulated 
results of proposed array antenna design are presented and 
compared; finally, the paper is concluded in Section IV. 

II. TRI-BAND ANTENNA DESIGN

An antenna array of 2X1 elements is shown in Fig.1. The 
array is designed after designing a single microstrip patch 
antenna and then two same antennas are used and connected 
using quarter wave transformer technique. Feeding two both 
antennas is provided using microstrip line feeding technique. 
The impedance at main input port should be half of input at 
input lines connected to both antennas only then proper 
feeding will be provided to both antennas. The dimensions 
indicated in Fig.1 are mentioned in TABLE I. Geometry 
shown in Fig.1 (a) is the front view of array and back view of 
array is shown in Fig.1(b).      
   Defective ground structure helps in improving the results of 
any antenna as due to DGS the current distribution in ground 
plane is disturbed and due to it its inductive and capacitive 
property is changed and so the antenna parameters are 
improved. All the dimensions are explained in table and 
ground plane is of dimensions 25×15.77×0.035mm3. 
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(a) 

(b) 
Fig. 1 Proposed antenna Array design (a) Front view (b) Back View 

TABLE I 
DIMENSIONS OF ARRAY ANTENNA DESIGN 

Antenna 
parameter 

Value Antenna 
parameter 

Value 

W 48mm W3 52.5mm 
L 82mm L3 15 

L1 19 mm W4 1.5mm 
W1 25mm W5 25mm 
L2 9.5mm L5 15.77mm 
W2 10.5mm W6 9mm 
S1 13mm S2 5mm 
S4 12mm S3 1mm 
S5 5mm 

III. SIMULATION AND RESULTS

As antenna array is used for improving the characteristics 
of any antenna so is done in this paper. For design and 
simulation of this antenna CST microwave studio EM 

simulation software is used and various results are found and 
compared like, S-parameters, current distributions, VSWR, 
Gain, Directivity, beam-width and other radiation pattern 
parameters.   

The simulation is done firstly for single element as shown 
in Fig.(2-a). As it is clear from first diagram that return loss 
of single element in not much better while the next figure is 
showing the return loss of array antenna and there is 
improvement in it as in Fig. (2-b). Fig. (2-c) shows the 
VSWR of proposed array and as it is clear from graph that 
VSWR for both the operating frequencies is less than 2 which 
is a required condition.  

Current distribution of antenna at both resonant frequencies 
is shown in Fig.3 (a-b). the current distribution shows that 
how at both resonating frequencies the current distribution is 
different and maximum current at any point is explain that 
due to defects at that point antenna is resonating at that 
particular frequency.  
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Fig. 2 Simulated results of proposed antenna structure (a) Return loss 
for single element (b) Return loss for array antenna (c) VSWR for array  

 

 
 

(a) 
 

 
 

(b) 
 

Fig.3 Surface current distribution of Array antenna structure at (a)3.5 GHz 
(b)5.5GHz 

 

The radiation patterns of dual-band antenna array are 
shown in Fig.(4-5). Fig.4(a-c) explains the radiation pattern at 
3.5GHz of single element and  multiple element that how 
after array the directivity and beam-width of antenna is 
improved. For single element directivity is 7.2dBi and its half 
power beam width is 66.6 deg. While after array its 
directivity is improved to 8.6dBi as shown in Fig.4(a-b). 
Fig4.(c) showing the gain of antenna which is 5.2dB and 
other parameters are explained in figure itself.  
 Fig.5(a-c) explains the radiation pattern at 5.5GHz 
for single and antenna array both. At first the directivity is 
9.2dBi is low and directivity for same structures array is 
10.2dBi. Gain at this resonant frequency is 7 dBi as shown in 
Fig.5(a). other radiation pattern parameters are shown in 
figure. Side lobe level at this frequency is very good as lower 
side lobe level indicates that this particular antenna is not 
dissipating power in any other direction so its beam-width 
will be narrower and so the directivity will be improved. 
 
 

 
 

(a) 
 

 
 

(b) 
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(c) 

Fig. 4 Radiation patterns at 3.5GHz (a) Directivity single element (b) Array 
structure (c) Gain 

 

 
 

(a) 
 

 
 

(b) 
 

 
(c) 

 
Fig. 5 Radiation patterns at 5.5GHz (a) Gain (b) Directivity single element 

(c) Array structure 

IV. CONCLUSIONS  

In this paper, a new array antenna is approached for dual-
band applications. The array antenna is showing the 
improvement in directivity gain return loss beam-width and 
other parameters for Wi-Max and WLAN. Currently this 
antenna is designed for 2×1 elements in future for further 
improvement in antenna characteristics multi-element 
antenna array can be extended and even for reconfigurability 
condition PIN diodes and RF/MEMS diodes can be attached 
so that a single antenna can be used for multiple frequency 
operations. For one element of array the return loss is 
improved using the T-Slot cut in patch and two operating 
bands are achieved using the step structure of microstrip 
patch antenna. As the structure is designed using FR-4 
substrate so this is cheaper and better than many other 
antennas and it can implemented for practical applications.  
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Abstract— This paper presents the analysis of Ku-band data
reception chain and its sub systems for GISAT data acquisition. The 
remote sensing satellites launched by ISRO so far revisit the same 
area once in every 2 to 24 days and acquire images of a 
geographical strip (swath) at different spatial resolution (360 meter 
to better than 1 meter). GISAT will provide near real time pictures of 
large areas of the country, under cloud free conditions, at frequent 
intervals. That is, selected Sector-wise image every 5 minutes and 
entire Indian landmass image every 30 minutes at 50m spatial 
resolution. 

The Geo Imaging Satellite (GISAT) is an Earth Observation mission 
operating from Geo-synchronous Earth Orbit (GEO). Geo-
synchronous orbit provides an excellent opportunity for monitoring 
the earth and this orbit has been extensively used for meteorological 
observations. From GEO platform, it is possible to have continuous 
imaging of the full earth disc or the area of interest and thereby 
improving the temporal resolution. GISAT is configured to take 
advantage of this orbit to produce high spatial and spectral 
resolution images with a short turnaround time.  

The specific focus of this paper is to present a new, enhanced 
functionality of data reception from GISAT at NRSC Ground Station, 
the frequency band from 12.25GHz to 12.45 GHz with centre 
frequency as 12.35 GHz in Ku- band. GISAT Payload is configured 
to address these new requirements. 

Keywords— GISAT (Geo Imaging Satellite, Satellite), ISRO, Ku-
Band, NRSC. 

I. INTRODUCTION 
In order to meet the GISAT data reception requirements it is 
proposed to establish suitable antenna system with Ku band 
reception capability having G/T of 38dB/deg K along with 
associated tracking and control system. The Ku- band signal 
in the range of 10.7 GHz to 12.75 GHz will be received from 
GISAT Satellite [1]. The proposed station is required to have 
auto tracking capability in Ku band. The mount is EL Over 
AZ, with Cassegrain feed configuration. The antenna is driven 
in AZ & EL axis by using servomotors (each axis) and drive 
system. It tracks the satellite with high precision tracking and 
pointing accuracies. The above antenna system is capable of 0 
to 140 deg continuous travel in Azimuth and 0 to 90 deg 

continuous travels in Elevation axes respectively. The feed 
will have the capability for adjustment of polarization as well. 
A typical Remote sensing satellite Ground station is shown in 
figure1.1. Basically a Ground station Links the Space segment 
with the Ground segment. An Earth Station receives signals 
from satellite; it consists of tracking chain and Data chain.  

The tracking chain is used to track the Satellite and align the 
Antenna in the direction of the satellite correspondingly to its 
antenna moments. The data chain is used for the reception of 
the data. The Ground station makes use of microwave 
frequencies and especially of X- band (8.2 to 8.4 GHz) and S- 
band (2.2 to 2.3 GHz) for the data acquisition. The ground 
station system configuration is explained with reference to the 
block diagram in Figure.1.1.  The system consists of a 
diametric parabolic reflector antenna with cassegrain  

Figure 1.1 Ground Station Block diagram 

Feed mounted over an Elevation over Azimuth driven pedestal. 
The feed and front-end system realizes single channel 
monopulse signal tracking and data reception in X -Band 
frequencies. The sum and difference channel signals from the 
front-end system are fed to a five channel synthesized down 
converter are driven to the control room, wherein, after the 
amplitude equalization, the sum channel is fed to the data 
demodulation while the difference channel signal is fed to the 
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tracking receiver. The data and clock signals from the 
demodulator and Bit synchronizers are fed to the archival 
systems during the pass. The tracking video output, 
corresponding to the antenna offset information in Azimuth 
and Elevation axes, from the tracking receiver is fed to the 
antenna control unit. The antenna control unit has several 
operational modes to control the antenna movement. The unit 
drives the antenna in auto track mode during the satellite pass 
with programme tracking mode operating as backup. The 
servo system [3] is a dual drive system with torque bias 
arrangements to avoid antenna backlash during tracking.  
 
The challenges involved in development of GISAT data 
reception ground station in Ku-band. Objective is to transmit 
high resolution imagery data from Geo stationary satellite to 
the earth stations. The proposed data rate from the imagery 
payload is likely to be 200 MBPS. The Frequency band from 
12.25 to 12.45 GHz with centre frequency as 12.35 GHz in 
Ku- band is allocated by ISRO. The spacecraft location is 
decided as 93.50 east.  For receiving the imagery data ground 
station antenna diameter is planned as 11 mtr. The incoming 
data from Camera Electronics (CE) is in digital form. A 
modulation scheme suitable for digital data transmission as 
QPSK with 7/8 Forward Error Correction (FEC) is selected. 
The end to end link is designed for 1*10-8 Bit Error Rate. The 
spacecraft EIRP downlink is specified as 45dBW, in a fair 
weather condition the link will provide almost error-free data 
transmission. The communication payload will transmit the 
data at 200 Mbps to the ground station [5]. 
 
 
One of the major challenging work is to down load Ku band 
satellite data at NRSC Ground station, which is a new 
development, because till now the ground station able to 
receive data in L-band, S-band and X-band  Sun synchronous, 
polar orbiting satellites, this is the first time it is going to 
support Ku-band data reception with Geo synchronous 
satellite. With this background, the ISRO has taken the next 
logical step of going in for a national semi-
operational/operational satellite based remote sensing system. 
Such a system besides consolidating expanding and refining 
the efforts will make direct contributions to the generations of 
resource information in a number of areas such as, the mission 
objectives are arrived at to tap the new functionalities not 
covered by existing Polar observation missions, like fast 
revisit capability of any location within satellite visibility, real 
time monitoring, multispectral and Hyper spectral imaging 
and inclusion of moderately high resolution IR channels. 
 

II. SCOPE OF THE MISSION  
An easy way The GEO Imaging Satellite (GISAT) will be 
placed in geostationary orbit of 36,000 km to 
facilitate continuous observation of Indian sub-continent, 
quick monitoring of natural hazards and disaster. GISAT will 
carry a GEO Imager with multi-spectral (visible, near infra-
red and thermal), multi-resolution (50m to 1.5 km) imaging 

instruments. It will provide pictures of the area of interest on 
near real time basis including border areas [14].  
 
The conflicting requirements of high temporal and spectral 
resolutions and short re visit time are met by various operating 
modes, made possible by a highly agile spacecraft. The prime 
applications of this mission are [1]:  
 
A. To map Indian land mass and coastal areas with high 

spatial resolution, multispectral Visible and Near IR 
(VNIR) imaging for quick monitoring of disasters, natural 
hazards & calamities, episodic events and any short-term 
events during the Sun shine period.  

B. B. To map the Indian subcontinent and the Earth disk 
visible from GEO in Thermal Infrared (TIR) bands for 
meteorological applications on 24 hour basis.  

C. To generate Hyper spectral imageries in VNIR and 
Shortwave Infrared (SWIR) bands to generate spectral 
signatures / fingerprinting for agriculture, forestry, 
mineralogy,   oceanography and other such remote 
sensing applications over a limited area. 

To comply with the conference paper formatting requirements 
is to use this document as a template and simply type your text 
into it. 
 

3. KEY MISSION PARAMETERS 
All GISAT mission is planned with four remote sensing 
instruments (imaging cameras namely Mx VNIR, HyS VNIR, 
HyS SWIR, Mx LWIR) on-board covering VNIR to LWIR 
spectral bands with different swath and resolution. There are 
many features and capabilities built into the instruments to 
meet user requirements.  
 
GEO Imaging Satellite (GISAT) is planned as Earth 
observation mission providing continuous imaging of Earth 
disk or region of interest from geostationary orbit. The Prime 
applications of the mission are disaster monitoring of Indian 
landmass and coastal areas during Sun-shine periods, 
meteorological observations of Indian subcontinent and Earth 
disk on 24 hour basis, and scientific studies related to 
agriculture, forestry, oceanography, mineralogy, etc. over 
limited areas. 
 
The imaging instrument is based on optical telescope with 
large-sized mirror which collects energy received from Earth. 
Collected energy is focused onto the focal plane where it is 
dispersed spectrally, integrated using photosensitive detectors 
and subsequently digitized and processed in electronics chain. 
Digital data is modulated and transmitted over RF link to 
ground for data products generation. Two-dimensional image 
generation is planned with an agile satellite carrying out East-
to-West slewing and North-to-South stepping. It may be noted 
that earlier INSAT and Kalpana missions employed scan 
mirror mechanism, which will be too bulky for GISAT mirror 
sizes. Spacecraft scanning can be achieved by having agile 
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satellite system based on Cartosat-2 series, with suitable 
modifications to cater to GEO operational requirements.  
 
Following sub-sections provide system-level description of 
the payloads as well as performance analysis. Goals of the 
GISAT payload are given in Table 1.1. 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Table. 1.1. 

 
 
4. GROUND SEGMENT 
The ground segment system performs three distinct functions: 
 

(a) TTC networks, (b) Mission and spacecraft operations 
control; (c) Image Data reception and product 
generation 

 
Payload data reception systems will be implementing at 
National Remote Sensing Centre. At present station having 
capability for acquiring imagery data in X-band and S-band,  
Now for this satellite the challenging task is acquiring data in 
Ku-band, with the new designed Ku-band feed. 
 
An Expression of interest (EOI) floated to the users to work 
on this data reception and simultaneously NRSC also 
developing the Ground station elements. 
 
The detailed EOI is given below; 
 National Remote Sensing Centre (NRSC-ISRO), 

Hyderabad has undertaken the task of establishment of 

Ku- band Ground station at NRSC, Hyderabad (Lat: 
17.06o and Long: 78.21o ) and intends to entrust the task to 
an outside party on turn-key basis. 

 This request-for-proposal document is for the supply and 
commissioning of one Ku-band Ground station system 
and describes all aspects of the system, which helps to 
understand the scope of work, design, development, 
quality assurance and acceptance test requirements of the 
proposed Ground station [1]. 

 
The proposed Ground station is envisaged to have the 
following important features: 

Description Specifications 
Frequency Range 10.7 GHz to 12.75 GHz. 

Reflector  Min 9 mts Dia, Aluminium 
alloy 

Feed configuration                   Cassegrain,  Mono pulse , 
Receive only, Two port 

Reflector  Surface Accuracy  Better than 0.3mm RMS  
Sub-Reflector Surface 
Accuracy  Better than 0.05mm.  

Polarization 
Linear, Simultaneous Vertical 
and  
Horizontal, orientable. 

Antenna in Ku-Band  G/T  Better than 38dB/degK @ 
20deg Elevation (at 11.8 GHz). 

Antenna Mount   EL over AZ 
Servo Drive Motorized Drive 

Operational Modes   Manual/ Slew/Auto Track/Step 
Track/Program track mode. 

Azimuth Travel range 

0 to 140 Deg Continuous 
If required in future, any 
azimuth angle should be 
settable from the initial angle 
to point to the other satellite at 
any of the orbital slots ranging 
from 480E to 1150E and an 
inclination of ± 5  deg, without 
disturbing the pedestal.  

Elevation Travel range 0 to 90 Deg Continuous 

 Velocity (Az and El axis) 
Min: 0.05deg/sec 
Max: 0.25deg/sec 

Travel Limits  

Hardware and Software Limits 
for Azimuth CW, AZ CCW, 
Elevation UP, EL Down. 
CW and CCW Polarization 
limits. 
 

Polarization Travel 
± 55Deg, CW and CCW, 
Motorized, Remote Control 
and Manual Control. 

Pointing Error (RSS Peak)  
Max. 1/5th of the 3dB beam 
width at operational Wind and 
occasional Gust. 

Tracking Error (RSS Peak) 
1/10th of the 3dB Beam width 
at operational wind velocity 
and occasional gust 

Angle Display Resolution Azimuth Position, Elevation 
Position  
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In 0.001deg resolution. 
Polarization display Resolution 0.01deg. 
Feed VSWR 1.3:1(Max) 
Radiation pattern and 
Side lobe levels 

As per ITU- R Rec. 580-5 

First side lobe level Min. 14 dB below main lobe 

Cross polarization Isolation 33dB minimum within 1dB 
Beam width. 

LNA System 

Tri - redundant configuration. 
Mode of operation: 2 LNAs 
Active,  
1 LNA Redundant. 

Input Signal for tracking 

1. Beacon signal. 
2. Wide band QPSK 
modulated Carrier. The Beacon 
tracking receiver to work in 
AFC mode for this input 
tracking signal. 

L-band IF frequency 950MHz to 1750MHz. 
Spurious at Receive IF port at 
nominal output power Less than  - 65dBc 

Spurious(signal independent) Less than  - 75dBc 

Modulation Type 

QPSK with convolution 
coding. 
FEC 7/8 and RS (255,239) 
decoders  

Data rate 
Min. 228 Mbps  
Option 1: up to 250Mbps  
Option 2: up to 320Mbps  

BER Performance BER of 1X 10-8 @ 7dB Eb/No 

 Wind Speed 
Operational: 70kmph, Min 
Survival (on stow):       
200Kmph, Min 

Pressurization 9 to 30 g/cm2, Nominal 
Pressurization Leakage rate 200cc / Hour, Max 
Ambient Temp. 
Outdoor units 
Indoor units 

0 to +60 deg C, Min 
0 to +50 deg C, Min 

Humidity 95% RH at 400C 

Monitoring and control 
Local / Remote (Ethernet 
interface with TCP/IP 
Protocol) 

5.0 SYSTEM DESCRIPTION 

Ku-band Remote sensing ground station consists of RF, Servo 
and Mechanical systems. The ground station shall have Ku 
band G/T of 38dB/deg K. The antenna diameter can be 
minimum 9m to meet the G/T requirements. The signal is 
received by the Antenna System and after low noise 
amplification; it is down converted to 720 MHz IF 
frequencies. All antenna parameters should meet the specified 
limit over the operating frequency range.  

The servo system is required to have auto tracking capability 
in Ku band. The mount is EL Over AZ, with Cassegrain 
configuration. The antenna is driven in AZ & EL axis by 

using servomotors (each axis) and drive system. It tracks the 
satellite with high precision tracking and pointing accuracies. 
The above antenna system is capable of 0deg to 140deg 
continuous travel in Azimuth and 0deg to 90deg continuous 
travel in Elevation. The feed will have capability for 
adjustment of polarization. The proposed ground station 
antenna is minimum 9m diameter reflector to meet the system 
margin for transmit EIRP of 43dBW. Antenna should be 
capable to track in monopulse auto track system as the beam 
width of the antenna for Ku band signals is very less and it is 
essential to maintain the pointing accuracy within one fifth of 
the beam width in order to receive maximum signal without 
any loss. 

The antenna system shall be provided with state of art antenna 
control servo system for tracking GISAT in Geo platform. The 
control system shall consist of Antenna Control Unit and 
antenna drive units to be installed in pedestal room along with 
necessary test equipments. GISAT Satellite Data Reception 
Systems shall have Min 9 mtr diameter antenna, Elevation 
over Azimuth pedestal, operating in Ku band 10.7 GHz to 
12.75GHz in dual polarization.  

The antenna system shall be provided with state of art antenna 
control system for tracking Geo stationary satellites. The 
control system shall consist of Antenna Control system and 
antenna drive systems to be installed in pedestal room along 
with necessary test equipments.   

The antenna system consisting of following: 

 Antenna Reflector.
 Elevation over Azimuth pedestal.
 Ku band Feed and LNA system.
 Ku band down converter.
 Tracking receiver
 Digital Antenna Control System
 High data rate Demodulator and BSSC.
 Data Ingest system.
 Network Time Protocol (NTP) server

The ground station system configuration is explained with 
reference to the block diagram in Fig.1.3. In the coming years 
ISRO is planning to launch multiple satellites for various 
applications. These satellites transmit data to ground in Ku & 
Ka-band with signals in Right Hand Circular Polarization 
(RHCP) and Left Hand Circular Polarization (LHCP) 
simultaneously. Accordingly, National Remote Sensing 
Centre (NRSC) is planning to upgrade its ground station 
facilities at Shadnagar, with a new Ku and Ka-band antenna 
Systems.  

6. GISAT Utilization Programme
The multi resolution GISAT data helps in different aspects of 
monitoring floods, cyclones like detection, mapping, high 
temporal monitoring and damage assessment, though cloud 
cover is a limitation. This results in providing flood dynamics 
at frequent intervals for the government and public.  
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This also compliments / supplements the existing flood 
mapping activities with RISAT-1, Radarsat-2, etc. Further, a 
dynamic flood monitor utility can be planned on Bhuvan. In 
addition, it also helps in detection of cloud bursts (new 
activity), cyclone tracking better rainfall estimation, etc. The 
details are as follows. 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

Fig.1.3. Block diagram of Ku-band Ground Station 
 
Floods: 

• Flood Detection: Using the high temporal resolution 
data, floods in the country can be detected very 
quickly and alerts can be generated at district & sub 
district levels (even village-level). 

• Flood Mapping: Using the 50m resolution data, 
floods in different states can be mapped. 

• Flood Monitoring: Due to high availability of the 
satellite data for a given region, floods can be 
monitored and the progression and recession of flood 
inundation can be carried out regularly. 

 

Flood Duration: Using the high temporal resolution data, 
the duration of flood can also be derived, which can be 
used for damage assessment. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Cyclones: 
• Cyclone Detection: Using the high temporal 

resolution data, the low pressure areas, cyclones can 
be detected very quickly and alerts can be generated. 

• Cyclone Track Monitoring: Due to high availability 
of the satellite data for a given region, the track can 
be monitored very precisely. 

• Cyclone Inundation Mapping & Monitoring: 
Using the 50m resolution data, cycle inundation in 
different States can be mapped. Further the 
monitoring and duration can be carried out as a 
discussed under floods. 

Bhuvan: 
• Dynamic Flood monitor: A specific utility can be 

planned on Bhuvan for monitoring floods at regular 
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hours, which can have a very high impact in the web 
domain (vena media tie-up van be thought of) 

New Activities: 
In addition to the above, the following new activities can also 
be planned 

a) Cloud Burst Detection
b) Downscaling of rainfall estimates

All these activities will help different State and Central 
Government Departments for improved relief operations 
during floods and cyclones.  

Highlights GISAT mission: 
No. of bands: 150 bands (VIS, NIR), 60 bands (SWIR), 3 
bands (TIR) 
High resolution Multi-spectral VNIR imager (HRMX-VNIR) 
High resolution Multi-spectral VNIR imager 
4-channel VIS/NIR radiometer 
The potential of GISAT for floods is two-fold: one from its 
spectral capability and second from its temporal capability. 

Opportunities due to GISAT: 
• More frequent re-visit capability
• Thermal bands
• Hyper spectral VNIR and SWIR bands
• Complimentary nature of GISAT data

Opportunities due to Thermal Channels 
• Estimation of emissivity, surface temperature,

thermal inertia
• Vegetation condition assessment
• Estimation of ET parameters
• Irrigation scheduling
• More frequent cloudy / overcast regions
• Monitoring of forest fires, underground coal fire
• Better insight into the processes

Opportunities due to Frequent Coverage 
• Shorter optimal window period
• More frequent cloudy / overcast regions
• Disaster management support
• Monitoring
• Quick response
• Forewarning
• Improved parameterization
• Better insight into the processes

7. CONCLUSION
In the coming years, ISRO is planning to launch GISAT (Geo-
Imaging Satellite) to meet National Disaster Management 
Requirements. Geo-Imaging spacecraft was conceived with 
the objective “ To tap new functionalities hitherto not covered 
by existing LEO & GEO Missions like fast revisit capability 
[7], real time monitoring, high resolution multi spectral and 
Hyper spectral imaging all on a single, agile, jitter free 
platform ”.  

The Author’s have translated the Novel Concept into an 
approach for   monitoring disasters, [9] Natural hazards and 
calamities, Episodic and Short term events etc. Spectral 
signatures for agriculture, forestry, mineralogy, oceanography 
Meteorological applications, including now casting for 
upcoming satellites like GISAT.This paper presented the 
description and application approach followed in the 
realization of  different payloads,  to map Indian land mass 
and coastal areas with high spatial resolution, multispectral 
Visible and Near IR (VNIR) imaging for quick monitoring of 
disasters, natural hazards & calamities, episodic events and 
any short-term events during the Sun shine period. Further, a 
dynamic flood monitor utility can be planned on Bhuvan. The 
details presented in this paper are based on information 
generated at different centres of ISRO and at NRSC, who are 
involved in the GISAT programme. 
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Abstract— Rain attenuation poses an immense threat to signal 
propagation above 10 GHz frequency. Hence, estimation of rain 
attenuation from rain rates is useful in many fields of life. It has 
been found that SAM model provides a simplistic way to calculate 
the specific and total rain attenuation from rain profiles at any 
location.. However, in this study, a simple approach is taken to 
calculate rain attenuation at various frequencies from propagation 
data and ground based radar measurements at Delhi. The proposed 
technique utilizes effective rain rate derived from a modified 
expression of SAM model. When the results obtained from the 
model are compared with ITUR and GSAT 14 satellite sources, it 
was found that the proposed model provides better estimate of 
attenuation at higher rain rate compared to conventional ITUR 
statistical results in a tropical region. 

Keywords— Rain Attenuation; SAM Model; Rain profiles; 
TRMM; GSAT 14. 

                            I. INTRODUCTION 

Rain attenuation is mainly influenced by absorption and 
scattering of the microwave (RF) signals by different forms of 
precipitation as the electromagnetic wave passes through the 
atmosphere. Rain attenuation depends on some parameters 
such as the rain drop size, temperature, drop velocity, 
polarization, rain rate and transmitting frequency. It also 
depends on the rain type (namely, convective and stratiform) 
and the climatic zones (tropical, temperate) of the world.  

The situation is more critical in the tropical regions where 
large convective rain is usually encountered. Hence, the 
efficient use of satellite communication requires better 
characterization of rain attenuation. In addition, satellite signal 
strength measurements provide an excellent opportunity for 
study of rain attenuation. But, unfortunately actual signal 
measurements in tropical regions are limited. Keeping the 
above into considerations, it can be said that the developments 
of rain attenuation models is very important especially at 
higher frequencies and at tropical regions experiencing heavy 
rainfall.   

In the study, two models (ITU-R and modified SAM) have 
been utilized to calculate rain attenuation. ITU-R is the most 
accepted model on global basis and utilizes horizontal 
reduction factor and is used for estimating long term statistics 
for rain attenuation in most of the regions of the world [1]. 
SAM utilizes point rainfall rate at the ground to calculate 
attenuation time series which is mostly suitable for tropical 

climate and heavy rainfall region, unlike ITU-R model, it does 
not require any long term characteristics [2]. However, recently 
some modifications have been introduced to calculate the same 
using effective rain rate instead of ground rain rate. The reason 
for this change is that, effective rain rate is expected to 
reproduce the rain profile characteristics much better compared 
to ground rain rates. 

In this study, the behaviour attenuation at different raining 
conditions will be studied at Ku/Ka band. In the first part of 
this study, satellite signal attenuation at Ka band and rain 
information has been recorded in Delhi. The attenuation 
measurements from GSAT 14 satellite have been validated 
with those obtained by the standard ITU-R models. Next, the 
effective path length of rain at a particular location has been 
obtained from collocated and simultaneous TRMM rain profile 
product. This is followed by estimation of Path Integrated 
Attenuation (PIA) from TRMM observations and its 
comparison with ITU-R for 20.2 and 30.5 GHz links. 

II. EXPERIMENTAL SETUP AND DATA 

For the present study the variation of attenuation with rain 
rate at 20.2 GHz and 30.5 GHz frequency have been studied at 
Delhi. Attenuation data for July 2014 has been obtained with 
GSAT-14 signals at these two sites at both the polarizations 
(Co & Cx polar). However, due to lack of desired data in Cx 
polarisation data, we have only utilized the Co polar 
observations for the present study. Rain rate measurements 
have been taken from simultaneous disdrometer recordings. 

GSAT-14 is a geostationary satellite launched by ISRO 
which carries six Ku-band and six extended C-band 
transponders to provide coverage of the whole of India. GSAT-
14 also carries two Ka-band beacons which will be used to 
conduct research into how weather affects Ka-band satellite 
communications. This satellite provides a communication 
power of around 2.6 K Watts and is expected to run for 12 
years. It is placed at an orbital inclination of 0.11 degrees with 
a longitude of 74° E. For our study, we have used co polar 
signal data obtained for about 1 month from GSAT14 satellite, 
at Delhi at two frequencies (20.2 and 30.5 GHz). However, due 
to data quality issues, only 17 rain events could be used. 

TRMM is a satellite designed to provide data on rainfall in 
various parts of the globe. The most important part of the 
TRMM satellite system is the Precipitation Radar (PR), 
operating at 13.8 GHz/2.17 cm (Ku band). It also contains the 
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Visible and Infrared Scanner (VIRS) and TRMM Microwave 
Imager (TMI) and Clouds and the Earth's Radiant Energy 
Sensor (CERES).  The Precipitation Radar provides three-
dimensional maps of storm structure. The measurements yield 
information on the intensity and distribution of the rain, on the 
rain type and on the height at which the snow melts into rain. 
Many essential parameters like reflectivity factor, attenuation, 
rain rate can be obtained  both in daily and monthly basis using 
the 3A25 and 2A25 data sets given in NASA ‘s official 
website: trmm.gsfc.nasa.gov/. However, for our study, we 
have used daily rainfall parameter information from 2A25 
product around the Delhi region. Data of three years 2012-2014 
has been used for developing the modified SAM algorithm. 

                       III. METHODOLGY  

 The specific attenuation (dB/km) is calculated using ITU-R 
Model [3] according to the relation,  

                 ɣ=k. Rα                                                  (1) 

where, R is the ground rain rate (mm/hr) , α and k being 
constants depending upon frequency, elevation angle, 
polarization, tilt angle. At a particular time instant the total 
attenuation or Path Loss PL over all the heights is calculated by 
integrating the specific attenuation corresponding to each 
altitude over the total height range. The TRMM makes 
observation vertically downwards with minimal sweep angle, 
hence the rain rate profile obtained from it can be also used to 
calculate total Path Integrated Attenuation using by SAM 
Model [3,4]. In this situation relation 1 can be rewritten as, 

                 PL=∫ 𝛼R(h)𝛽𝐿𝑆
0  𝑑ℎR            (2) 

Now we propose a modified SAM model which assumes a 
new quantity Reff which indicates or represents the rain rate 
over the entire height region such that the expression for PL 
now becomes 

  PL= αRβ
eff *LS                                (3) 

Where, LS is the effective slant rain path calculated using 
the following [4]. In this equation, the LS refers to the height 
along which rain is falling which is dependent on  hR = the rain 
height (km),; hS = the altitude of the ground receiver site from 
sea level (km); θ= the elevation angle; and RE = 8500 km 
(effective earth radius). 

 
 

     So, from these two equations, we can obtain the 
effective rain rate Reff 

So, from relation 2 and3, we can obtain the effective rain 
rate Reff 

                                Reff= ( 1
𝛼∗𝐿𝑆

∗ ∫ 𝛼R(h)𝛽𝐿𝑆
0  𝑑ℎ)1/β              (5) 

                   IV. RESULTS AND DISCUSSION  

From the previous section, it can be inferred that effective 
rain rate can be used to estimate the total path attenuation. 
However, one has to map this effective rain rate to ground rain 
rate measurements. For this reason, TRMM rain profile product 
of 2A25 is taken for July, 2014 at Delhi. Using frequency of 

13.8 GHz, The Reff and ground rain rate Rg were recorded and 
plotted against each other as shown in Figure 1. 

 
Figure.1. Variation of Effcetive vs ground rain rate 

Now, in this figure, it can be seen that Rg has a good 
agreement with Reff. However, it implies that Reff is greater 
than ground rain rate by a factor of 1.4. In this case, it should 
also be noted that TRMM gives rain rate only up to 2 Km. 
Hence, a comparison of rain rate at surface is done with respect 
to it. Considering zero forcing curve, it was found that TRMM 
rain rate at 2 Km is again greater than that of surface by a 
factor of 1.27. Now, from this it can be said that ground rain 
rates can be used to calculate the effective rain rates which in 
turn can be used to calculate the total attenuation suffered by 
the signal along the propagation path. Only, in this case the rain 
height LS would be replaced by slant path length Le. Using this 
concept, the one way attenuation or PIA/2 was calculated and 
was validated against the same obtained from our techniques at 
different events. The result is shown as follows. 

 
Figure.2. Variation of calculated vs actual attenuation 

Figure 2 indicates that there is a consistent relation between 
PIA and calculated attenuation. However, again there is a bias 
that needs to be adjusted to get the correct PIA. Next, the 
model proposed is tested in a real time basis on a particular rain 
event at Delhi. The ground rain rate from disdrometer, and 
attenuation at 20.2 and 30.5 GHz from GSAT 14 satellite has 
been plotted with the calculated PIA and that estimated by 
ITUR recommendations. The results are shown in Figure 3. 
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Figure.3. Attenuations recorded from Modified SAM, ITUR 
and GSAT 14 satellite with ground rain rate at 20.2 and 30.5 
GHz at a rain event on 17 July 2014 in Delhi. 

 Figure 3 indicates that attenuation levels are significantly 
higher at 30.5 GHz compared to that at 20.2 GHz. A 25 dB is 
obtained at 30.5 GHz compared to 16 dB in 20.2 GHz at rain 
rates greater than 60 mm/hr. The attenuations also follow the 
same nature as rain rate except at larger values where the ITUR 
attenuation shoots up while the Modified SAM attenuation 
remains at par with the observed attenuation.  

 Next, the variation of the attenuation obtained from rain 
events of July 2014 in Delhi, is shown with respect to power 
law fits, ITUR and modelled form of SAM at both the 
frequencies. The results are shown in Figure 4. 

 
  Figure.4. Attenuations recorded from Modified SAM, ITUR 
and GSAT 14 with power law fits at 20.2 and 30.5 GHz 

 Figure 4 indicates that at lower rain rates below 10 mm/hr, 
the attenuation calculated from various sources match quite 
well. But at larger rain rates, ITUR overestimates the 
attenuation with respect to the observed attenuation. However, 
at both the frequencies, Modified SAM estimates of attenuation 
provide a better match with respect to observed values 
compared to ITUR. It is also seen that modelled attenuation 
curve follows Power law fit in a better way compared to ITUR. 

 The advantage of Modified SAM over ITUR can be 
attributed to the fact that ITUR always considers the effective 
rain height to be close to the zero degree isotherm or the 
melting layer height which is quite high in tropical regions. But 
in larger rain rates the effective rain height is expected to 
decrease drastically. To prove this fact, the Effective rain 

height is recorded and shown for various rain rates at Delhi and 
Kolkata in Figure 5. From the figure, it follows that at high rain 
rates the effective rain height drops down to 3 Km from 4.8 
Km as a result of which the calculated attenuation is much less 
compared to ITUR, where the effective rain height does not 
change much. The reason for this might be that ITUR model is 
calculated at temperate regions experiencing little rain fall. 
However the observed attenuation profiles have less effective 
rain height at higher rain rates and hence they provide more 
matching with Modified SAM  than ITUR. 

 
      Figure.5. Variation of effective rain height with rain rate for 
Delhi (blue) and Kolkata (red).   

                           IV. Conclusions 

        The objective of the study is to calculate the effective 
rain rate from rain profiles using TRMM data and to estimate 
the signal attenuation at different frequency bands, using 
modified SAM Model. From the case studies it is seen that the 
estimated attenuation matches quite well with the observed 
attenuation results at the two frequency channels both in real 
time series and in cumulative distributions compared to ITUR. 
At higher rain rates this technique provides a better estimate as 
it considers the factor of decreasing rain heights at larger rain. 
However, a detailed and season wise study will be 
incorporated in future for various stations of the Indian 
subcontinent. 
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Abstract— Various aspects of a series of atmospheric 
parameters like cloud base height (CBH) , rain rate (RR) and 
rain drop size distribution (DSD) are observed during hailstorms 
during the pre-monsoon period of 2015 at Kolkata (22.57oN, 
88.37oE), India. The atmospheric electric field measured with an 
electric field monitor and the attenuation and depolarisation of 
satellite signals measured by a Ku- band receiving system are 
also studied during the events. The atmospheric profiles from 
radiometric measurements are utilized to study the event. Futher, 
lightning strikes have also been used to predict and track such 
severe activities in advance. 

Keywords— Hailstorm; electric field; drop size distribution; 
lightning strikes. 

I. INTRODUCTION 

Rain in one hand can be of utter importance in economic 
development of a country, severe rain can be very much 
hazardous and can even pose a lot of adverse implications on 
aviation, communication and agriculture. The changes in 
various atmospheric parameters such as temperature, humidity, 
pressure as well as atmospheric electric field and cloud base 
height [1,2] can be attributed as an effect of convective events. 
Convective events are usually associated with heavy rainfall, 
large clouds, lightning and sometimes hail storms. It has also 
been reported that cyclonic storms cause significant 
propagation effects on Ku-band satellite signal due to strong 
turbulence associated with the cyclone [3].  

Some definite variations in atmospheric electric field are 
expected to be present before convective events. As the cloud 
carry charges, field lines emanating from the cloud affect 
normal atmospheric electric field which can be observed with 
an electric field monitor (EFM) [2]. Some definite signatures of 
convective events associated with atmospheric instability due 
to unstable temperature lapse rates at various height levels of 
the troposphere are also shown [3].  

It has also been reported that, the drop size distribution 
obtained during hailstorms is somehow different from that in 
normal heavy rain. The difference lies in abundance of large 
drops with high velocities as recorded by liquid precipitation 
monitor (LPM). In addition Ku band signal propagation over 
earth space path is also affected by convective phenomena 
causing attenuation and depolarization of the signal [4]. Along 
with the above mentioned atmospheric parameters the events 
have been tracked with a lightning detector. The total lightning 

frequency within the storm is recorded through the detector. 
Lightning detector also shows the occurrences of 
thunderstorms of up to 200 km radius during the days of 
hailstorm. The locus of these storms can be utilized to study the 
tracks of such events.  

In the present study, we have utilised various instruments of 
our research facility at Institute of Radio Physics and 
Electronics, University of Calcutta, Kolkata (22°34ʹN, 
88°29ʹE) to investigate the behaviour of different atmospheric 
parameters associated with hailstorms. in the pre-monsoon 
season. A particular hailstorm event that occurred on 28 April 
2015 has been presented in this study.  

II. EXPERIMENTAL SETUP AND DATA

For the present study we have used data from an Electric 
field monitor (EFM), a Theis Clima laser precipitation monitor 
(LPM), micro rain radar (MRR) and a multi frequency 
radiometer located at our research facility. Liquid water 
content (LWC) and cloud base height (CBH) data are taken 
from a microwave radiometer (RPG-HATPRO). The 
microwave radiometer (RPG-HATPRO) measures brightness 
temperatures at 14 frequency channels spreading over two 
frequency bands, 22.24-31.4 GHz (for humidity sensing) and 
51.26 -58 GHz (for temperature sensing) [5]. From the set of 
brightness temperatures, parameters like LWC, CBH can be 
obtained. It also has an infrared (IR) sensor for cloud base 
height measurements. Instability parameters like total totals 
index (TTI) and convective available potential energy (CAPE) 
are calculated from the temperature and humidity profiles. The 
EFM-100 is an atmospheric electric field monitor which uses a 
mechanical chopper to alternately shield and expose several 
sense plates to an electric field thus allowing it to measure this 
field as an AC voltage across the sense resistor. LPM measures 
ground drop size distribution and drop velocities 
simultaneously [6]. It measures rain drop sizes (0.25 mm to 8 
mm) and drop velocity (0 to 10 m/s). MRR is vertically 
pointing FM-CW radar, operating at 24.1 GHz, to measure the 
vertical rain drop size and velocity distribution up to a height of 
6 km. From the measured fall velocities using Doppler 
principle drop sizes and radar reflectivity and other rain 
integral parameters can be obtained at different heights. Thus it 
is capable of indicating the presence of melting layer by bright 
band signatures during rain events [4, 6]. A Ku-band receiving 
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system consisting of two antennas having orthogonal 
polarizations is operating at the same site. This system can 
monitor attenuation and depolarization of the Ku- band satellite 
signals. A lightning detector (LD-200) has also been used to 
track the thunderstorms and record the total lightning strikes. 
These thunderstorms are tracked and recorded with a temporal 
resolution of 30 minutes. The lightning detector classifies the 
storms according to their intensity. The total lightning strikes 
within the storms are also been recorded. The storm tracks are 
used to identify the origin of the convective events whereas the 
total lightning strikes indicate the severity. 

III. RESULTS 
The rain rate height profile from MRR, rain DSD and rain rate 
from LPM during a convective rain (hailstorm) event on 26 
August 2013 can be observed in Fig. 1. Absence of bright 
band signature in MRR height profile confirms the convective 
nature of the event (Fig. 1(a)). Ground based measurements of 
large rain drop sizes and high rain rates also support the 
presence of convection during this event (Fig. 1(b)). It can 
also be seen from DSD that during the hailstorm, a huge 
number of rain drops of size ~ 8 mm is observed during the 
start of rain and in those regions where the rain rate has also 
gone up to about 150 mm/hr. 

 
 

Figure 1. Rain event of 28 April 2015: (a) Rain rate profile from MRR (b) 
Rain drop size distributions from disdrometer, (c) Rain rate from disdrometer. 
 

Variations of atmospheric parameters, namely, 
atmospheric electric field, liquid water profile and rain rate 
prior to the start of rain are shown in Fig. 2. The figure depicts 
the instability coupled with convective process. A 
considerably lower height of cloud base is observed in such an 
event, showing convective developments. A large variation of 
electric field shown by EFM (Fig. 2(b)) is found to be 
associated with convective cloud [7, 8] which is thick with 
large water content as indicated by radiometric observations 
(Fig. 2(d)). In addition Fig. 2(c) also depicts that after rain has 
started, cooling of atmosphere occurs up to 10 km except 
below 2 km, where heating occurs. Similarly, relative 
humidity has saturated all throughout, leaving a small patch of 
low values at the same height. This may be due to boundary 

layer meteorological effects at that height during convective 
events [9, 10]. 

 
Figure 2. Rain event of 28 April 2015: (a) Cloud base height (CBH) from 
radiometer (b) Atmospheric electric field from EFM (c) Temperature profile 
and (d) Relative Humidity profile from radiometer and (f) Rain rate from 
LPM. 

 
Figure 3.  (a) Co-polar attenuation and  (b) cross-polar enhancement of Ku-
band satellite signal and (c) rain rate recorded by disdrometer during the rain 
event of 28 April 2015.  
 

Fig. 3 shows both co-polar and cross-polar components of 
Ku-band satellite signal are monitored during the event to 
study the effect of this rain event on signal propagation. 
Significant attenuation of satellite signal is observed, which is 
not usually observed at the measured rain rate. The drop size 
distributions from Fig. 1(b) shows that large raindrops which 
are responsible for large depolarization of the signal result in 
significant cross polar enhancement of the satellite signal.  

In addition to all these measurements, it was observed that 
the total amount of lightning flashes obtained with Lightning 
detector within 50 km radius has steadily increased much 
before rain started. A convective cell, which is developed in 
any convective phenomenon, gets transported from one 
direction to other. These cell are made of clouds with high 
liquid water content, hence they produce more lightning. 

H
ei

gh
t i

n 
K

m

 

 

2

4

6

-2

0

2

D
ro

p 
D

ia
m

et
er

 

 

2

4

6

8

0

2

4

17 17.5 18 18.5 19
0

50

100

150

200

Ra
in

 R
at

e 
(m

m
/h

r)

Time in hours

0

5000

10000

CB
H

 (m
)

-20

0

20

El
ec

tri
c 

fie
ld

 (k
V

/m
)

 

 

H
ei

gh
t (

km
)

 

 

0

5

10

240

260

280

300

H
ei

gh
t (

km
)

 

 

0

5

10

0
20
40
60
80

17 17.2 17.4 17.6 17.8 18 18.2 18.4 18.6 18.8 19
0

50

100

150
200

Ra
in

 R
at

e 
(m

m
/h

r)

Time in hours

0

1

2

Si
gn

al 
lev

el(
dB

)

 

 

-9
-7
-5
-3
-1

Si
gn

al 
lev

el(
dB

)

 

 

17 17.5 18 18.5 19
0

50
100
150
200

Ra
in

 R
ate

 (m
m

/h
r)

Time in hour

(c) 

(b) 

(a) 

(d) 

(a) 

(b) 

(e) 

(c) 

(a) 

(b) 

(c) 

11th International Conference on Microwaves, Antenna, Propagation & Remote Sensing 
ICMARS-2015, Jodhpur, INDIA, Dec. 15 – 17, 2015

38



Likewise, Fig. 4 shows that the CAPE from radiometric 
measurements have also shown a steady rise about 90 minutes 
before the start of event. 

 

 
 

Figure 4. (a) Lightning Flash rate from lightning detector, (b) CAPE from 
radiometer and (c) rain rate from LPM 

  
The track report of hailstorm on 28 April, 2015 is shown in 

Fig. 5 from the lightning detector. From Fig. 5. It follows that 
the thunderstorm has come from the north west and has 
dissipated over Kolkata and moved on to the southern 
direction. This storm was also checked with storm track 
reports from other sources such as IMD Doppler radar picture 
and Kalpana images. It was found that there is a good 
similarity between these track reports obtained from IMD and 
Lightning detector. 

 
 

Figure 5. Storm tracks projected by Lightning detector. 
 

IV.CONCLUSIONS 
The effects of severe convective events such as hailstorms on 
various atmospheric parameters have been investigated at the 
tropical location of Kolkata. It is seen that all the parameters 

indicate some specific signatures before and during convective 
rain. The analysis of these parameters indicate that the 
convective processes are related with a large change in 
atmospheric electric field, low cloud base height, and high 
lightning flash rate. Convective rain causes very major effects 
on satellite signals in terms of attenuation and depolarization. 
The specific behaviors of the above mentioned atmospheric 
parameters can suitably be utilized to nowcast convective 
events at a tropical location. In addition, lightning detector 
measurements can also provide cost effective means to track 
of the convective events. 
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Abstract – In this paper, a single reconfigurable rectangular 
spiral patch antenna with frequency switching is designed and 
simulated, which is operate at two different mode of frequency. 
Each different mode corresponds to a different frequency and 
having main lobe direction remains same. The Designed 
Antenna has Return Loss which is less then -10 dB and Gain is 
greater then 2.2 dBi. Frequency Reconfiguration is to be 
achieved by electrical reconfiguration technique by changing 
the structure length of antenna with the help of PIN diode 
switch. When PIN diode is in off state then it resonate at 1.78 
GHz, and when switch is in on state then it resonate at 2.38 
GHz.  This will help us to reduce antenna size, cost and improve 
efficiency. Designed configuration can replace multiple antenna 
by one antenna. Thus it can use in IRNSS (Indian Regional 
Navigational Satellite System). 

Keywords – FR4 Substrate, Spiral Micro Strip Patch, Coaxial 
Feeding, PIN diode, Frequency reconfigurable. 

I. INTRODUCTION 

Microstrip antenna consist of low loss dielectric material 
which is covered by conducting ground plane on one side and 
radiating patch element on other side. Microstrip antenna 
becomes most popular because it has advantage like low 
profile, low cost, light weight, easy to fabrication etc and 
variety of applications like GPS, GSM and space satellite 
Television etc.
Microstrip patch antenna has various shapes like square 
rectangular, circular etc., here we take rectangular spiral 
shaped micro strip patch antenna. It has property of reduced 
size and frequency independence over large bandwidth. 
Spiral patch antenna operates in three modes. First one is 
travelling wave formed on spiral arms, allows for broadband 
performance, Second is fast wave due to mutual coupling 
phenomenon occurring between arms of spiral and Third is 
leaky wave leaks the energy during propagation through 
spiral arms to produce radiation. Spiral Antenna are 
circularly polarized and has low gain.
Reconfigurability is the ability to change individual radiator’s 
fundamental operating characteristics like frequency, pattern, 
polarization etc. through electrical, physical or other means. 

Frequency Reconfigurable antenna has property to change 
resonant frequency by changing structure while radiation 

pattern and polarization remains unchanged. The effective 
electrical length of antenna decides radiation frequency. The 
electrical length of antenna and also its operating frequency 
can be altered by adding or removing part of the antenna 
effective length through electronic, mechanical, or any other 
means. If we have to make antenna to operate at high 
frequency the antenna length can be shortened to correct 
length corresponding to half wavelength at new resonant 
frequency. The radiation pattern of this new modified length 
antenna will deploy same characteristics as first one because 
current distribution will remain same. 

We can change length of antenna by Electrical MEMS, PIN 
Switch, optical or by Mechanical Methods. Here, we choose 
switching by electrical PIN diode method due to its fast 
switching speed, pure resistance at RF frequency, high 
current handling capacity and excellent isolation.  

II. THEORY AND DESIGN

Ring theory explains the basic working principle of spiral 
shaped antenna. The theory describes that spiral antenna 
radiates from a region called active region where the 
circumference of spiral equals to wavelength. Many 
parameters are defined in this spiral antenna like spacing 
between the turns 's', width of arm 'w', inner radius 'r1' and 
outer radius 'r2’. The inner radius is measured from centre of 
the spiral to centre of the first turn while the outer radius is 
measured from centre of the spiral to centre of the outermost 
turn. 
Spiral antennas have lowest and highest operating 
frequencies which can be measured from the following 
relations where ‘c' stands for speed of light. 
f high = 
c/2πr1                      
f low = c/2πr 2 
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Fig. 1. Spiral Patch Repersentation in Ring Theory 

The spiral patch is printed on a fix-size dielectric substrate 
backed by a fix-size conducting ground plane. Both the 
substrate and ground planes are square with a side length of 
less than 0.6 ℷ (ℷ: wavelength in free space).Here outermost 
spiral arm length C is within λg < C < 2λg (λg: Guide 
wavelength) so, Spiral patch radiate axial beam. Coax 
connector is used here as feeding network to patch antenna. 
Feeding is applied at starting point of first turn of spiral patch 
with probe radius of 0.07 mm. The coaxial connector is 
screwed to bottom side of FR4 Substrate and coax probe wire 
after passing through substrate soldered to patch. The square 
dielectric substrate has permittivity ∊, thickness B and side 
length L. The horizontal spiral arm is composed of multiple 
filaments, whose first two arm length is a0, next two arm 
length is 2a0, next three arm length is 3a0 and so on. The air 
boundary is taken around the substrate to extract radiation 
from patch to outward direction. The air boundary must be at 
least ℷ/4 height above normal to patch. The radiation pattern 
is dependent on the outermost arm peripheral length. The 
main advantage of coax feeding is that it can be placed at any 
desired location inside the patch in order to match with its 
input impedance. The coax feed method is easy to fabricate 
and low spurious radiation. 

Fig. 2. Perspective Diagram of Rectangular Spiral Patch Antenna 

A. Switching with PIN Diode 

PIN diodes with a size of 1.5 x 0.7 mm2, used as the 
switches. In HFSS simulation, these diodes are modeled 
using the Lumped Network which gives 0.9 Ω as the 
impedance value of the PIN diode in the ON state and 0.1 pF 
as the capacitance value in the OFF state. These PIN diodes 
are turned “ON/OFF” using a DC biased signal. 

Fig. 3. PIN Diode Circuit and Repersentation 

So this PIN diode is used to prevent DC signal from flowing 
to the main feed line but allow the RF current to pass 
through. 
First we design spiral antenna such that it resonant at base 
1.78GHz frequency then we check different positions along 
the length of patch where PIN diode can be positioned to 
make antenna to resonant at other 2.38 GHz frequency. Then 
we placed PIN diode at desired position. 

B. Design Parameters 

Test Frequency f = 2.5GHz. 
C-speed of light = 3×108 
Wavelength λ = c/f = 120nm 
Width of patch w = 0.0135λ = 1.62mm 
Dielectric Constant ε = 4.4 
Thickness of Substrate t = 0.134λ = 16.2mm 
First length of patch a0 = 0.0503λ = 6.04mm 
Peripheral Length = C = 4Ma0 = 0.804 λ0 = 1.23 λg 

Fig. 4. Designed Spiral patch Antenna 

III. SIMULATED RESULT AND ANALYSIS

The antenna is designed and simulated using HFSS software 
which uses FEM and tetrahedron Method to solve and 
simulate complex 3D Electro Magnetic (EM) problems and 
uses feature of GUI (Graphical User Interface). Here after 
simulated our antenna on HFSS, we calculated parameters 
like Return Loss, VSWR, Gain, Radiation Pattern etc. 
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Designing - Spiral Structure 
Boundary Conditions - Radiation Boundary 
Excitation - Coax Feed Line 50 ohm Normalized 
Adaptive passes - No. of passes- 6 
Frequency Sweep - 1 to 5 GHz, Step Size -10 MHz 
 
Fig 5 shows electric field vector distribution over patch. 
when PIN diode is in ON state it, behave like short circuit 
and electric vector distributes on full electric length of patch. 
When diode is in OFF state it become open circuit and then 
electric length of patch shortened by open circuited pin diode 
and field vector distributed only on inner arm length of patch. 
 

 
Fig. 5(a). Surface electric field vector when switch ON 

 

 
Fig. 5(b). Surface electric field vector when switch OFF 

 
 

A. RETURN LOSS PLOT  

Figure shows simulated result of Return Loss for designed 
antenna. It shows -28db loss at Resonant Frequency 1.78 
GHz when PIN Diode is ON and -13 db at Resonant 
Frequency 2.38 GHz when PIN Diode is OFF. 
 

 
Fig. 6. Reflection coefficient Vs. Frequency plot 

 
 

B. SMITH  PLOT  
 
Smith Chart shows at radiation frequencies 1.78 and 
2.38Ghz, inductance is very low. So, Impedance is purely 
resistive. 
 

 
Fig. 7. Smith Chart  plot 

 

C. GAIN PLOT  

 
Figure shows simulated result of Gain for designed antenna. 
When PIN Diode is switched ON Gain is 1.59dB and when 
PIN Diode is switched OFF Gain is 1.99dB. 
 

          Switch OFF 
 
          Switch ON 

          Switch OFF 
 
          Switch ON 
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Fig. 8. Gain Vs. Frequency plot 

D. AXIAL RATIO 

Axial Ratio indicates deviation from circular polarization. 
Here, Figure shows Axial Ratio for desired antenna. When 
PIN Diode is switched ON, Axial Ratio is 2.64 dB and when 
PIN Diode is switched OFF, Axial Ratio is 2.57 dB. So, 
Axial Ratio is almost same and less than 3. 

 
Fig. 9. Axial Ratio Vs. Frequency plot

E. 3-D POLAR PLOT 

Fig shows 3D pattern is almost same for both states of PIN 
Diode. 3D pattern of antenna looks like Omni directional 
Antenna pattern same radiation intensity in all the directions. 

Fig. 10(a). 3-D polar plot  (LHCP) in elevation plane with maximal beam 
direction 0° in ON state. 

Fig. 10(b). 3-D polar plot  (LHCP) in elevation plane with maximal beam 
direction 0° in OFF state. 

IV. CONCLUSION

      We have designed spiral shape microstrip patch antenna 
which is printed on dielectric substrate supported by ground 
plane with coax feeding at center of patch and Pin Diode at 
third arm length of patch and frequency Reconfigurability has 
been shown. After giving excitation through coaxial line, the 
spiral patch radiate axial beam of circular polarization. Spiral 
patch make to radiate at different frequency by changing state 
of PIN Diode. We get bandwidth of 320 MHz when patch 
antenna resonant at 1.78 GHz and 250 MHz when antenna 
resonant at 2.38GHz. 
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Abstract— In this paper, the authors had tried to grab the 
attention of the research community by including the concepts of 
Metamaterials specifically for the implementation of all the 
applications related to the Wireless Communication Domain. 
With lieu of this, the authors had tried to bring out the hidden 
motive behind the concept which can completely restructure the 
art of Antenna Designing. Along with this the major concerns 
which very badly hit the design process are being addressed.   
 
Keywords— Metamaterials, Wireless Communication Domain, 
Operating Frequency, Bandwidth, Miniaturization. 

I. INTRODUCTION 
Before getting into the act of Antenna Design, first of all 

the concept of Metamaterials need to wrap up specifically for 
the new ones who approach this methodology as a beginner.     

Metamaterials can be defined as the artificial media 
structured on a size scale smaller than the wavelength of 
external stimuli. Materials of interest exhibit properties not 
found in nature, such as negative index of refraction. They are 
cellular assemblies of multiple elements fashioned from 
materials which including metals and plastics, arranged in 
periodic patterns. Metamaterials gain their properties not from 
their add-on parts, but from their exactingly-designed 
structures. 

Metamaterials are a synthetic composite material with a 
structure such that it exhibits properties not usually found in 
natural materials, especially a negative refractive index. 

Metamaterials are exotic composite materials that display 
properties beyond those available in naturally occurring 
materials. Instead of constructing materials at the chemical 
level, as is ordinarily done, these are constructed with two or 
more materials at the macroscopic level. One of their defining 
characteristics is that the electromagnetic response results 
from combining two or more distinct materials in a specified 
way which extends the range of electromagnetic patterns 
because of the fact that they are not found in nature. 

Finally we could state that a Metamaterial is a macroscopic 
composite of periodic or non-periodic structure, whose 
function is due to both the cellular architecture and the 
chemical composition. 

With these unusual material parameters, we can strive 
forward for the new ways of relocating the art of Antenna 
Design that include miniaturized antennas for the Wireless    

Communication Domain. This can specifically strive for the 
development. 

II. CONSTRUCTION OF METAMATERIALS. 
Generally, these are being created as per the procedural 

approach mentioned as per the definition.  
Basically it was Victor Veselago who initiated the vision on 

the existence of the substances with simultaneously negative 
values of permittivity ϵ and permeability μ.Followed by John 
B.Pendry who laid out the foundation of achieving artificial 
effectively homogeneous structure stating the basic layout 
striving for Split Ring Resonators. On the account, it was 
Smith Et.Al who proceeded for the 1st demonstration of Left 
Handed Metamaterials confirming the possibility of structural 
realization. This lead to sense of activeness in the research 
community as the stress for the topic has been extended. Then 
Caloz & Itoh, Eleftheriades and Oliner stressed out for the 
existence of Non-Resonant Transmission Lines based upon 
the initial foundation. Considering out the individuality 
Richard W.Ziolkowski decided to go for the concept of 
combining structures where he mentioned out another 
Metamaterial composed of a substrate with Embedded 
Capacitively Loaded Strips and Square Spilt Ring Resonators. 
With lieu of this many considerations were taken up for 
fulfilling out the hidden block outs which persists restrictions 
during Antenna Design Engineering. They strive out for better 
results. 

III. PROPERTIES OF METAMATERIALS. 
Based upon the constructional facts the transitional 

behaviour of Metamaterials is found which places it at a 
unique difference as compared to the conventional materials 
being used for the purpose of Antenna Design Engineering. 
The properties enlisted as 1) It is a Left-Handed Triad, 2) It 
emits Negative Refraction, 3) It emits Negative Phase 
Velocity, 4) It launches Reverse Boundary Condition, 5) It 
challenges the actual Concave and Convex Lens activity, 6) It 
bifcuses out the Reverse behaviour of Doppler Effect along 
with the challenging aspect of 7) Cerenkov Effect in an 
opposite manner. Based upon these essentials the 
classifications are carried out where the motives are being 
assembled in consideration with the full phased development 
for Antenna Technology. With lieu of this no other 
considerations are being enlightened the scope of operations. 

11th International Conference on Microwaves, Antenna, Propagation & Remote Sensing 
ICMARS-2015, Jodhpur, INDIA, Dec. 15 – 17, 2015

45



IV. CLASSIFICATION OF METAMATERIALS
The classification of Metamaterials can be approached as 

the dependency on the certain characteristics of Permittivity 
and Permeability. They are classified as: 

1) The Double Positive (DPS) Materials.
2) The Permittivity/Epsilon-Negative (ENG) Materials.
3) The Double Negative (DNG) Materials.
4) The Permeability/Mu-Negative (MNG) Materials.
5) The Zero Index Material.

Further, the materials can be configured as: 
1) DPS: ε > 0 and μ > 0
2) ENG: ε < 0 and μ > 0
3) DNG: ε < 0 and μ < 0
4) MNG: ε > 0 and μ < 0
5) ZIM: ε = 0 and μ= 0

In lieu of this they can be assembled out in terms of usage in 
various applications as: 

1) DPS:Termed as Right Handed Material supporting
out the Forward Propagating Waves. 

2) ENG:Termed in terms of Electric Plasma supporting
out the Evanescent Waves. 

3) DNG:Termed as Left Handed Materials supporting
out the Backward Propagating Waves. 

4) MNG:Termed in terms of Magnetic Plasma 
supporting out the Evanescent Waves. 

5) ZIM:Termed in consideration of having Refractive
Index smaller than Unity. 

V. POTENTIALS OF METAMATERIALS 
The potentials of Metamaterials can be explained out in 

terms of Applications for which their properties are being 
extracted out. Without the proper consideration of 
Applications, the performance improvement factor i.e. 
Potentials can’t be determined. The Applications are 
mentioned as below: 

1) Antennas.
2) Absorbers.
3) Cloaking Devices.
4) Electronic Switches.
5) Filters.
6) High Impedance Surfaces.
7) Super lenses.
8) Shielding.

But the main aim of consideration would be Effect of 
Metamaterials on Antenna Design Engineering. Certain facts 
are being observed which can be treated as the major factor 
which illustrates the main objective and also it enlightens the 
usage of Metamaterials as compared to the Conventional 
Materials. They are described as: 

1) Achieved Controllable Beam: Shaping/Steering/Lobe.
2) Enhanced Gain: Efficiency/Directivity.
3) Lowered Antenna Profile: Conformal/Flexible.
4) Reduced Antenna: Volume/Weight/Cost.
5) Suppressed Mutual Coupling.
6) Widened Bandwidth: Impedance/Phase.
7) Widened Operating Frequency Tuning Range.

These are the mainframe potentials which are observed 
after the continuation of many case-studies and found that 
these are seven factors are the essential potentials favored 
towards the Antenna Design Engineering. Also this 
differentiates Metamaterials from other Conventional 
Materials. 

VI. MODELLING OF METAMATERIALS
Electromagnetic simulation can be used to verify theories 

and develop metamaterial concepts before constructing any 
prototypes. However, there are several special considerations 
that the researcher should be aware of when modeling 
metamaterials. By nature, metamaterials comprise sub-
wavelength elements, but these elements are often arranged in 
electrically large arrays. This means that a variety of solver 
technologies are required to develop a Metamaterial device 
efficiently. The solver can be used for this case are CST-
Microwave Studio which works on a procedural operation. 
This is modeled out as: 1) Design a Unit Cell, 2) Extract 
Effective Material Parameters, 3) Model with Bulk Material 
Parameters, 4) Model with Microscopic Inclusions. Finally 
this can be encroached out with a careful selection of essential 
topology and dimensions with perfect setup of FEM solver 
environment for better results satisfying the applicability for a 
particular application.   

VII.CASE-STUDY OF METAMATERIALS
Various Case-Studies are being carried out where the 

performances on the basis of various parameters are noted out. 
On the basis of practical aspects Metamaterials can be further 
envisaged as various sub-categories. 

1) MONOPOLE ANTENNA WITH TL-MTM: This is
one of the designed antennas mainly works on Dual Band 
Characteristics which is embedded with Transmission Line 
Metamaterials where certain parameters are achieved. The 
size of the patch is being reduced with fully achieved 
bandwidth satisfying the necessary behaviour. 

2) MONOPOLE ANTENNA WITH CSRR: This is one
of the designed antennas mainly works on Dual Band 
Characteristics which is embedded with Complementary Split 
Rings Resonators where the parameters are achieved. A wider 
operating frequency range was achieved where the Antenna 
seems to have its functionality in different two bands. 

3) MONOPOLE ANTENNA WITH CRLH: This is one
of the designed antennas mainly works on Triple Band 
Characteristics which is embedded with Composite Right/Left 
Handed Materials where the parameters are achieved. A wider 
operating frequency range was achieved where the Antenna 
seems to have functionality in different three bands. 

4) MONOPOLE ANTENNA WITH REACTIVE
LOADINGS: This is one of the designed antennas mainly 
works on Triple Band Characteristics which is embedded with 
Reactive Loadings where the parameters are achieved with 
excellent results. 

Further this can be extended with Zeroth Resonator 
Antenna, Microstrip Patch Antenna, Multi-Band Antenna and 
Metamaterial Absorbers where the observed potentials of 
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Metamaterials are very much achieved. These observed 
potentials leads to the better performance for a particular 
application at an earnest.       

VIII.CONCLUSIONS 
      From the above it has been concluded that Metamaterials 
are not only the mainframe for Scientific Research but also for 
the design of Engineering Applications. With lieu of this it 
created a path where we can find out different paths for 
achieving the main potentials of Antenna Design Engineering. 
Along with this it created an opportunity for taking up 
innovative steps. The Metamaterials has created a era where 
we could be finding the right direction of converting the 
findings in lab to applicable industry designs for particular 
based applications.  
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Abstract— In current scenario the demand in wireless
communication increases rapidly. As the growth of the 
technology increases, in the same way the antenna research 
requires in high rate. Mostly the patch antenna creates the focus 
of the researchers.  Multiband but single feed microstrip antenna 
has been proposed in this work. It is of Z- shape with I- slot 
antenna that operates at 3.5 GHz and 4.3 GHz which can be used 
for Wi-Max/ S-band and C- band satellite applications. As the 
radiating   edges of the antenna is cut by the slot , the multiple 
frequency response is generated.  In this Z- shape antenna I- slot 
has been created on the radiating edge  for which dual frequency 
response is achieved.  The return losses at 3.5 GHz and 4.3 GHz 
are -18.88 db and -16.42 db respectively. Its bandwidth is of 140.7 
MHz (lower band) to 131.5 MHz (upper band). A pair of slits 
have been inserted in the radiating edge to form Z-shape patch 
antenna and improved the performance. The proposed antenna 
designed in this paper exhibits enhanced bandwidth with multi 
resonant frequency. In this work, a geometric  Z-shape is 
developed from a rectangular patch of  width (W= 38.04 mm) 
and length (L= 29.44 mm). The antenna is designed using FR4- 
epoxy substrate with a dielectric constant (𝜺𝒓)  of 4.4 and a 
thickness of 1.6  mm respectively. The result of proposed antenna 
is obtained in terms of return loss and bandwidth. Its radiation 
patterns are also studied. The simulated result shows that  the  Z-
shape patch antenna with I-slot  has the highest  bandwidth in 
comparision  with patch and Z- shape.   

Keywords— Microstrip antenna, Wi-Max, multi band antenna, dual
band antenna, broadband antenna 

I. INTRODUCTION 
     Microstrip antenna  is more attracted because of its size, 
weight, profile is in small order as well as easier to fabricate. 
Microstrip antennas have attracted more interest in satellite 
and wireless  mobile communication [1-2]. Broadband 
applications  have been achieved by changing the shape and 
creating the slots in the design of the antenna. Requirements 
of the multi frequency band  in wireless communication 
enriches its research. If a single small device can work in 
various frequency bands it helps to reduce the size, weight and 
circuitry [3-4]. This boosts the researchers to work in this area. 
Similarly the feed of the antenna is an important aspect . In 
many ways it can be fed to the antenna. Also for best 
performance the position of the feed can be changed and 
verified by the researchers [5]. It is broadly categorized as 
contact and non-contact type of feeds. Microstrip patch 

antennas are increasingly finding their applications in a broad 
range of microwave systems from radars, telemetry, 
navigation, biomedical systems, mobile  and satellite 
communications , global positioning  system (GPS) for remote 
sensing  and etc.  In case of contact based  power is fed 
directly to the radiating patch, whereas in the non-contact case 
electromagnetic field requires coupling to transfer the RF 
power.  Out of four popular contact based feed,  we have 
considered the microstrip line  feed, since non-contact based 
feed is somewhat complex. 

        In this paper, design of single feed dual band Z-shape 
microstrip antenna with I-slot  operated at 3.5 GHz and 4.3 
GHz  for Wi-Max/ S- band & C- band satellite application is 
presented. It has been verified that by cutting the slots into 
radiating edges of microstrip patch antenna, a dual frequency 
response is achieved. The performance is improved by 
inserting a pair of slits in an appropriate radiating edge  to 
form Z-shape patch antenna. The proposed antenna designed 
exhibits enhanced bandwidth with multi resonant frequency. 
In this work, a geometric  Z-shape is developed from a 
rectangular patch. The antenna is designed using FR4- epoxy 
substrate with a dielectric constant (𝜀𝑟) of 4.4 and a thickness 
of 1.6  mm respectively. The simulated result shows that  the 
Z-shape patch antenna with I-slot  has the highest  bandwidth 
in comparison  with patch and Z- shape.

        The paper is organized as follows. Section I introduces 
the work. Section II explains the antenna design. The results 
are exhibited in section III and finally, section IV concludes 
the work. 

II. ANTENNA DESIGN

(1) DESIGN METHODOLOGY 
           Microstrip patch antennas consist of a very thin 

metallic strip (patch) placed on a ground plane where the 
thickness of the metallic strip is restricted by t << 𝜆0 and the 
height is restricted by 0.0003𝜆0 ≤ h ≤ 𝜆0 where 𝜆0 is the free 
space wavelength. The microstrip patch is designed so that its 
radiation pattern maximum is normal to the patch. For a 
rectangular patch, the length L of the element is usually 
𝜆0
3

 < 𝐿 <  𝜆0
2

. The dimension has major impact  on operating 
frequency [6-7]. 
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(2) Antenna Design Procedure 
                 The bandwidth of an antenna is mainly determined 
by the thickness, the nature of the dielectric substrate and the 
geometry of the antenna. To expose the bandwidth  matter  in 
simple planar structures and to give a benchmark in terms of 
space and bandwidth, a rectangular patch has first been sized. 
The dimensions of the antenna can be deduced from analytical 
expressions [2],[3]. Increasing the width of this antenna is one 
of factors controlling its bandwidth. Nevertheless, it is very 
difficult to obtain a satisfactory result with a simple shape 
microstrip patch antenna . That is why we propose a Z-shape 
geometry in order to widen the bandwidth of the antenna 
while retaining reasonable dimensions. This geometry 
changes the distribution of surface current density generating 
multiple resonances. 
            The goal of designing a microstrip antenna at 3.5 GHz 
and 4.3 GHz was to improve bandwidth and directivity for the 
Wi-Max / S- band & C-band Satellite application. The width 
of the rectangular patch  antenna  is usually chosen to be 
larger than the length of the patch to get higher bandwidth. To 
design patch antenna lower dielectric constant is used because 
in case of lower dielectric constant of the substrate, surface 
wave losses are more severe and dielectric and conductor  
losses are less severe. Table 1 shows the specifications for the 
proposed microstrip patch antenna. 
 

TABLE1 
 DESIGN SPECIFICATION OF PATCH ANTENNA  

 
 
 
 
 
 
 
 
 
 
 

 
(3)Design of  Z-shaped microstrip patch antenna 
             The most important design features of the  patch 
are its width (W), length (L), width of transmission line 
and the length of the feeding line.  The  patch is fed by a 
50 Ω inset feed. The geometry and configuration  of Z-
shaped microstrip patch antenna  is shown in Fig. 1 and 
Fig. 2. 

 

  
 

Fig. 1     Z- shape  microstrip patch antenna 
 
 

 
 

Fig.2 Patch configuration of Z- shape  microstrip patch antenna 
 

Table 2 shows the specifications for the proposed Z- shape 
microstrip patch antenna. 

TABLE 2 
 DESIGN SPECIFICATION OF Z-SHAPE PATCH ANTENNA  

 
 
 
 
 
 

 

III. EXPERIMENTAL RESULTS 
The proposed antenna is to be used for the Wi-Max / Satellite 
application. The entire simulation  is simulated using Ansoft 
HFSS-13. The antenna is to operate  in the frequency range 
from 92.7 MHz (lower band) to 130.7 MHz (upper band). The 
dielectric material selected is FR4- epoxy which has a 
dielectric constant of  4.4. A thick dielectric substrate having a 
low dielectric  constant is selected for  better efficiency, larger 
bandwidth and better radiation . The objective is to get an 
improve bandwidth from the conventional  microstrip patch. 
The bandwidth  is  obtained where return loss is less than-10 
db which is an acceptable level to describe the loss of the 
power which reflects back from the antenna  without being 

Parameter Value 
Substrate FR4- epoxy 

Center frequency (fr) 2.32 GHz, 3.62 GHz 
Height of substrate (h) 1.6 mm 

Loss tangent 0.02 
Dielectric constant (𝜀𝑟) 4.4 

Width of patch (W) 38.04 mm 
Length of patch (L) 29.44 mm 

Feed width (w0) 1.8 mm 
y0 5 mm 
x0 0.6 mm 

parameter value 
L1 30 mm 
L2 5 mm 
L6 6 mm 
L7 32 mm 
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radiated. The antenna is designed for the operating frequency 
of  3.35 GHz and 4.25 GHz. Fig. 3 shows the simulated result 
of return loss. It is shown useful return loss peaks at 3.35 GHz 
is -17.82 db and at 4.25 GHz  is -17.49 db. 

Fig. 3  Return loss plot of Z- shape patch antenna 

Bandwidth % of rectangular microstrip patch antenna: 3.75% 
at 2.32 GHz and 2.22 % at 3.62 GHz 
Bandwidth % of Z-shape microstrip patch antenna: 2.76 % at 
3.35 GHz and 3.07% at 4.25 GHz  
The antenna resonates at two  bands of frequency at 3.35 GHz 
and 4.25 GHz. The Fig. 3 shows two resonant frequencies. 
These frequencies are related to the dimension (L1, L2 and L6, 
L7). These dimensions are linked by the fact that the single 
excitation point must have matched impedance (50Ω) with the 
two resonant frequencies. Bringing closer these two resonant 
frequency is possible when we inset  an I-shape slot in the 
middle of the Z-shape as seen in Fig. 4. The configuration  of 
Z-shaped microstrip patch antenna with I-slot  is shown in Fig. 
5. 

Fig. 4    Z- shape  microstrip patch antenna with I-slot 

Fig.5 Patch configuration of Z- shape  microstrip patch antenna with I-slot 

Table 3 shows the specifications for the proposed Z- shape 
microstrip patch antenna with I-slot 

TABLE 3 
 DESIGN SPECIFICATION OF Z-SHAPE PATCH ANTENNA WITH I-

SLOT 

parameter value 
L3 30 mm 
L4 4 mm 
L5 2 mm 

Fig. 6 shows the simulated result of return loss. 

Fig. 6  Return loss plot of Z- shape patch antenna with I-slot 

The antenna is to operate  in the frequency range from 140.7 
MHz (lower band) to 131.5 MHz (upper band). The antenna 
resonates at two  bands of frequency at 3.5 GHz and 4.3 GHz. 
We notice that the bandwidth is wider than the bandwidth of a 
reference antenna represented by a rectangular patch with a 
center frequency of  2.32 GHz, 3.62 GHz. 
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TABLE 4 
BANDWIDTH  (%) EFFICIENCY IN TERMS OF RESONATES 

FREQUENCY 

Antenna Bandwidth (%) efficiency 
respect to the resonates 

frequency 
Rectangular microstrip patch 

antenna 
2.98% 

Z-shaped patch antenna 2.91% 
Z-shaped with I slot patch antenna 3.53% 

The radiation pattern obtained at both frequency  by 
simulation is given in Fig. 7-10. 

Fig. 7 Radiation pattern  (gain) at 3.5 GHz 

Fig.8 Radiation pattern  (gain) at 4. 3GHz 

Fig. 9 Radiation pattern  (directivity) at 3.5 GHz 

Fig. 10 Radiation pattern  (directivity) at  4.3GHz 

The two resonances inside the bandwidth are related to the 
different lengths of the Z- shape (L1,L2 and L6,L7). Indeed, 
they should have been separate but they have close due to the 
inclusion of I-shape slot . We then obtain a wider bandwidth 
around 140.7 MHz. The proposed antenna  has the advantage 
to achieve wide bandwidth  without enlarging the size of the 
patch by simply adding a I-slot inside the  Z- shape antenna. 

IV. CONCLUSION
The Z-shape patch antenna is proposed for multi frequency 
operations. The antenna shall be suitable for Wi-Max/ S- band 
& C- band satellite application. The Z- shape microstrip patch 
antenna at  3.35 GHz and 4.25 GHz  for WLAN/ S- band & C- 
band satellite application was designed. The proposed Z-shape 
patch antenna  with I-slot performs better than the 
conventional patch antenna which is approximately 3.53% of 
bandwidth efficiency in terms of resonant frequency. 
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Abstract:  
In this paper, transverse magnetic focusing structure using magnets 
in the direction transverse to the axis is used for focusing in a Ka -
Band TWT. Design and simulation is carried out for two transverse 
focusing structure I & II for the design of a Ka-band TWT with 150 
W of power output. It is found that focusing structure II provides 
better performance and more uniform axial magnetic field over the 
complete interaction length of the TWT. This type of focusing helps 
in achieving an uniform magnetic field over a relatively longer 
length for focusing the high density electron beam used in TWTs. 
 
Keywords: Ka Band, Magnetic focusing, simulation, transverse 
polarization, Traveling Wave Tube. 
 

I INTRODUCTION 
There is an increasing interest for vacuum electronic 

devices in recent years, for various futuristic high frequency 
communication satellites, radars & seeker applications. 
Though vacuum electronic devices are potentially the right 
devices for providing reasonable power and bandwidth in a 
compact package for high frequency applications, it is 
challenging to realize them using conventional fabrication 
schemes because the dimensions reduces drastically as the 
frequency increases [1].  As the circuit dimensions through 
which the beam traverses reduce with frequency, high 
frequency tubes face a huge problem of focusing a very high 
current density electron beam throughout the structure from 
the electron gun to the collector. The charging and 
measurement of individual magnets and the fabrication of 
magnets for a Periodic Permanent magnet (PPM) focusing 
structure which is normally used in TWTs becomes difficult. 
This difficulty can be avoided to some extent by using multi-
period PPM structure [2] or by single permanent magnet, 
however achieving uniform focusing for avoiding beam 
interception is difficult with multi-period PPM. Though 
single permanent magnet (PM) structure provides uniform 
focusing, it becomes bulky if the interaction length is more. 

 
This type of scenario becomes simplified using four 

PMs, with transverse polarity, so that the uniform focusing 
field can be achieved over greater interaction length with 
lesser weight. The aim of the simulation is to obtain uniform 
magnetic field throughout longer interaction length for a Ka 
band TWT. In this paper, two transverse magnetic field 
approaches are compared. The second approach is found to 
help in correcting the dip in the axial magnetic field 
throughout the required interaction length. 

 
II TRANSVERSE FOCUSING STRUCTURE: DESIGN 

 
The design and simulation has been carried out for a 150W 
TWT operating at Ka band with a bandwidth of about 1 GHz. 
For the TWT, beam voltage used is 12.5 kV and the required 

brillouin field is nearly 1300 Gauss.  The electron gun for the 
Ka band TWT is shielded, with no magnetic field threading 
into the gun region. The total length of the interaction 
structure for this design is around 48 mm. In a conventional 
single permanent magnet focusing structure, the magnets are 
axially magnetized. Maintaining uniform magnetic field over 
the complete interaction structure using single permanent 
magnet is difficult and the structure of the magnet circuit 
become bulky for longer SWS length. In order to avoid this 
problem, two different focusing structure designs have been 
proposed. 

FOCUSING STRUCTURE I   

In this approach, four transversely polarized SmCO5 magnet 
blocks are used as shown in Figure I. Only the magnets and 
magnetic materials are considered for the simulation. Entire 
Slow wave structure will be placed within the interaction 
length as shown in Fig 1. Electron Gun and Collector are 
placed inside the soft iron material. Simulation has been 
carried out using commercially available CST-EM studio 
software which is based on finite integral method. The 
Retentivity (Br) and Coercivity (Hc) values for SmCO5 
magnets are considered as 9500 G and 9000 Oe. This type of 
structure given in Fig 1 is reported in [3]. 

 

Fig 1: Focusing Structure I 

The magnetic field has been computed with different sizes 
and charging values of the PMs. In all combinations, the dip 
in the middle of the interaction length in the axial magnetic 
field profile was found to be unavoidable with this approach. 
This problem is circumvented in the focusing structure II 
which provides the optimum design solution for this design.  

 

FOCUSING STRUCTURE II 
In this design, another 4 set of PMs are placed with the 
polarity orientation mentioned as in the Figure II. These 
second set of magnets which are not present in focusing 
structure I provides the required axial magnetic field that 
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compensates the fall in the axial magnetic field in the middle 
of the interaction length. As a result, uniform magnetic field 
could be achieved for the complete interaction length of ~ 48 
mm. The dimensions of all PMs are 30 mm x 25 mm x 8 mm.  

Fig 2: Focusing structure II 

III RESULTS AND DISCUSSION 

Fig 3 shows the simulation results of the axial magnetic field 
profile over the full interaction length for both the focusing 
structure I and II. The axial magnetic field profile obtained 
using focusing structure II is uniform as compared to that 
obtained using focusing structure I.  The dip in the axial 
magnetic field seen in the figure for the focusing structure I is 
eliminated by introducing the extra magnets as per focusing 
structure II.  The design of focusing structure II satisfies the 
required uniform axial field over the SWS length optimally. 

The magnetic flux density inside the soft iron pole piece  is 
below the saturation limit of soft iron material (2 T). Though 
the first approach gives better results than the conventional 
approaches, the dip in the axial magnetic field profile beyond 
certain interaction length is found to be unavoidable. 
Focusing structure II helps in avoiding this dip providing 
uniform magnetic field profile over a longer interaction 
length. 

Fig 3: Axial magnetic field- focusing structure I &II 

IV CONCLUSION 

In this paper, two different types of transverse 
magnetic focusing structures are presented suitable for a Ka 
band TWT. The axial magnetic field profile obtained from 
simulation for the two structures are compared and the results 
are analyzed. The focusing structure II with extra 4 PMs is 
found to give uniform magnetic profile over a longer 
interaction length. 
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Abstract: This study deals with the temporal variation of 
aerosol optical depth (AOD500nm), aerosol particle size 
characterization [Angstrom Exponent (AE, α)], Angstrom 
turbidity coefficient (β) and second order derivative of 
Angstrom exponent (α’ (λ)) at tropical observing site, Pune 
(18°32′N; 73°49′E, 559 m amsl ) over a period of December 
2008 to May 2013. Five-year climatological means for AOD500 

nm, AE, β and α’ (λ) are found to be 0.535 ± 0.138, 1.034 ± 
0.229, 0.258 ± 0.088 and – 0.177 ± 1.179, respectively. Average 
monthly variability of AOD500 nm, AE, β and α’ (λ) during 
2008 - 2013 consists of marked seasonal cycle with strong 
departures with respect to climatological means. Synoptically, 
during winter, results depict the contrasting seasonal aerosol 
characteristics with high aerosol loading and predominance of 
fine-mode aerosols from a wide variety of sources.  In pre-
monsoon, however, there exists an increased presence of 
coarse-mode fraction comprising of sea salt and desert dust 
particles with least contribution of fine-mode aerosols. 
 
Key words:Aerosol optical depth; Angstrom exponent; 
Angstrom turbidity coefficient; Aerosol loading; Aerosol 
sources. 
 

I. INTRODUCTION 
 

  AOD, an indicator of the degree to which aerosols 
prevent the transmission of light through absorption and 
scattering of light, is an integrated extinction coefficient 
over a vertical column of unit cross-section in the 
atmosphere. Information on the spectral dependence of 
AOD is required for adequate modelling of aerosol effects 
on the radiation budget of the Earth- atmosphere system 
and for precise retrieval of aerosol optical properties from 
satellite sensors [10]. Spectral dependence of AOD varies 
for different aerosol types due to change in their chemical 
composition, physical and optical characteristics such as 
AOD, single scattering albedo (SSA), and aerosol size 
distribution. This spectral dependence is aptly expressed by 
the Angström empirical formula from which (AE, α) and β 
are derived [2]. The estimation of AE in different spectral 
bands is a useful technique for distinguishing and 
characterizing aerosols into different types [6], [8], [15]. 
AE is an indicator of the average aerosol particle size in the 
atmosphere. Thus, AE ≤ 1 indicates aerosol size  

 
 
distribution dominated by coarse-mode aerosols of 
effective radii usually greater than 0.5 µm. These aerosols 
mainly originate from dust outflows and sea-spray. 
Alternately, AE ≥ 1 usually indicates a size distribution 
dominated by fine-mode aerosols of effective radii smaller 
than 0.5 µm and is normally associated with urban 
pollution and biomass burning [4]. 
 
 

II. EXPERIMENT and DATA REDUCTION 
 

The spectral AOD measurements were carried out on 
cloudless conditions from the campus of Nowrosjee Wadia 
College, Pune during winter (December - February) and 
pre-monsoon (March - May) seasons from 2008 to 2013 by 
using Microtops II, a Solar Light Company (USA) 
manufactured  Microprocessor-controlled total ozone 
portable spectrometer (MT - II). Measurements were 
normally performed at 15 minutes’ interval from 08:00 in 
the morning till 05:30 in the evening, when the weather 
conditions are free of clouds and also when there are no 
clouds near to the sun’s field of view (FOV).  

 
The simplest way to quantify the spectral changes in 

AOD is to estimate Angström parameters (α and β) using 
the Eq. (1), 

τp(λ) =  βλ−α                                                                 (1) 

Here, α provides information on the aerosol size 
distributions while β, Angstrom turbidity coefficient, is a 
measure of AOD at 1000 nm wavelength and is related to 
the columnar mass loading of coarse-mode aerosols [11].  
In this work, both α and β are retrieved by using the linear 
least- squares method (LSM, use of four wavelengths) to 
Eq. (1). Also, α is derived using Volz method (VM, use of 
two wavelengths) in the shorter wavelength band (440 - 
500 nm) and longer wavelength band (675 - 870 nm) [7] 
using Eq. (2), 

∝ =   − 𝑑𝑙𝑛𝜏
𝑑𝑙𝑛𝜆

=  −
ln (𝜏1𝜏2

 )

ln (𝜆1𝜆2
 )
                                                  (2) 
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Here, τ1 and τ2 are AODs at wavelengths λ1 and λ2. 

The deviation from the linear behavior of spectral 
AOD curve can also be quantified through the estimation 
of second order derivative of the Angstrom exponent, α′ (λ) 
given in Eq. (3). 

𝛼′(𝜆) = −� 2
𝑙𝑛𝜆𝑖+1−𝑙𝑛𝜆𝑖−1

� �
𝑙𝑛𝜏𝑝𝜆𝑖+1−𝑙𝑛𝜏𝑝𝜆𝑖
ln 𝜆𝑖+1−𝑙𝑛𝜆𝑖

−
ln 𝜏𝑝𝜆𝑖−ln 𝜏𝑝𝑖−1
ln 𝜆𝑖−ln𝜆𝑖−1

� 

 (3) 

Here λi  – 1, λ i and λ i+1 are the discrete wavelengths at 440, 
675 and 1020 nm and τ i – 1, τ i and τ i+1 are the 
corresponding AODs. α′ (λ) is a second derivative of AE, 
and is a measure of the rate of change of slope of the plot 
of ln AOD against ln λ and is a complement of AE. 

III. RESULTS and DISCUSSION

A. Monthly Variability of Aerosol Optical Properties 

Fig.1 (a, b, c, d) depicts the marked seasonal cycle 
in the average monthly variability of AOD500 nm, AE 
(retrieved by employing LSM method to spectral AODs at 
four wavelengths in the spectral range 440 - 870 nm), β and 
α’ (λ) during 2008 - 2013 at NWC, Pune. The five-year 
climatological means for AOD500 nm, AE, β and α’ (λ) are 
0.535 ± 0.138, 1.034 ± 0.229, 0.258 ± 0.088 and – 0.177 ± 
1.179, respectively. The marked seasonal cycles in all these 
parameters, however, reveal strong departures with respect 
to the climatological means. Minimum and maximum 
percentage departures in AOD500 nm are found to be - 48.08 
and 40.02, respectively, at AOD500 nm equaling 0.361 ± 
0.092 and 0.892 ± 0.072 during February 2009 and 
February 2013. Percentage minimum and maximum 
departures in AE assume values in the range from - 61.67 
(AE, α = 0.640 ± 0.151 during May 2010) to 26.26 (for 
AE, α = 1.402 ± 0.043 during December 2012). The 
associated minimum and maximum percentage departures 
in Angstrom turbidity coefficient equal – 86.27 at β = 
0.139 ± 0.025 for March 2013 and 49.74 at β = 0.513 ± 
0.134 for March 2010.  Bhawar and Rahul (2013) have also 
observed a 30–40% increase in the aerosol occurrence 
frequency (AOF) at lower altitudes (below 6 km) during 
2009 and a 5–8% enhancement in AOF at higher altitudes 
in the year 2008.Annually, on an average, during pre-
monsoon months (March - May) occurrence of high AODs 
associated with low AE values prevail over Pune due to the 
influx of dust aerosols. 

In contrast, however, throughout the observing 
period 2008 - 2013, statistically significant high AODs and 
high AEs occur during winter months especially  in 2008 - 
09 and 2009 - 10 observing seasons while somewhat 
similar AODs with small statistical difference associated 
with respective high and low AEs  occur during winter and 

pre-monsoon months during the remaining observing 
seasons. For example, during the observing season 2008 - 
09, AOD500 nm and corresponding AE in the month of 
February is found to be 1.57 and 1.39 times the respective 
AOD and AE values in April. On the other hand, during 
observing season 2012 - 13, AOD500 nm during April is just 
1.1 times greater than  the corresponding AOD500 nm during 
February and while AE in April  is 1.21 times smaller than 
its value in February.These observations reveal that the 
AODs during winter and pre-monsoon seasons are 
significantly high associated with high and low AEs. 

Fig. 1 Monthly variation of (a) aerosol optical depth (AOD500 nm), (b) 
Angstrom exponent (AE, α440- 870 nm), (c) Angstrom turbidity coefficient 
(β) and (d) second order derivative of Angstrom exponent [α’ (λ)] in 
wavelength domain at NWC, Pune during 2008-13 

High AOD/AEs observed in winter season are 
associated with diurnal oscillations of these parameters 
related to the effect of increase in combustion activity 
(mainly vehicular emissions along with some contribution 
from domestic cooking) as well as due to the changes in the 
local boundary layer. In the morning the significant peak in 
columnar AOD is due to the accumulation of freshly 
emitted particles with aged particles from previous day’s 
evening emissions. In the afternoon hours, as the boundary 
layer lifts up due to increase in ambient temperature, AOD 
decreases due to rising convection and dispersal as well as 
lessened combustion activity. Again in the evening, 
increase in the emissions from vehicles and domestic 
burning activity along with the descending boundary layer, 
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increases AOD that lead to another peak in the evening [1], 
[12]. 
     

B.  Monthly Variation of Angstrom Exponents 

 Monthly mean Angstrom exponents derived by 
using Volz method (Eq. 2) at two non-overlapping, narrow 
spectral intervals used in the observations, viz., shorter 
(440 - 500 nm), longer (675 - 870 nm) wavelengths and by 
employing LSM method to spectral AODs at four 
wavelengths in the spectral range 440 - 870 nm are plotted 
in Fig. 2 for the entire period of observation during 2008 - 
2013 over Pune. Vertical bars associated with data point 
correspond to ±1σ variation from the mean. From figure, it 
is seen that over Pune, at all the bands, there exists a 
significantly large variation in derived AEs. For the 
observing seasons 2008 - 09 and 2009 - 10, AE440-870 nm is 
found to be smaller than AE440-500 nm by a factor in the 
range 0.31 - 0.99. On the other hand during the remaining 
observing seasons AE440-870 nm is greater than AE440-500 nm 
by about 1.04 - 4.6. This behavior appears to be the 
consequence of contrasting monsoons of 2008 and 2009 as 
discussed in section A above [3]. Similarly, AE440-870 nm is 
found to be greater than AE675-870 nm for 56.7% occasions 
reported in Fig.2.  
 

 

Fig. 2 Monthly variation of Angstrom exponent derived in the narrow 

spectral intervals viz., short (440-500 nm), long (675-870 nm) and AODs 

at four wavelengths in the spectral range 440-870 nm at NWC, Pune 

during 2008-13 

 

For different types of aerosols prevalent at the observing 
site, the results of Fig.2 focus light on the relationship 
between spectral dependence of AE and aerosol type [9], 
[13]. Many studies based on spectral aerosol measurements 
point out that the Angstrom exponent varies with 
wavelength, and that the spectral curvature of the least-
squares fit to the Angstrom exponent embodies useful 
information on the aerosol size distribution [4], [5], [14]. 

 
 

IV. CONCLUSIONS 
 

The distinct monthly/seasonal variability in the optical 
properties of aerosols i.e. AOD, Angstrom parameters 
[viz., AE(α), β], second order derivative of α (α’(λ))  of 
spectral AOD have been analyzed over Pune during 2008–
2013 respectively to study climatological characteristics of 
aerosol optical properties. The main findings of the study 
are the following: 

 
(1) The five-year climatological means for AOD500 nm, 

AE, β and α’ (λ) are found to be 0.535 ± 0.138, 
1.034 ± 0.229, 0.258 ± 0.088 and – 0.177 ± 1.179, 
respectively.  
 

(2) The average monthly variability of AOD500 nm, 
AE, β and α’ (λ) during 2008-2013 at NWC, Pune 
depicts the marked seasonal cycle which however, 
reveal strong departures with respect to the 
climatological means. For example, the minimum 
and maximum percentage departures in AOD500 nm 
are found to be - 48.08 and 40.02 respectively at 
AOD500 nm equaling 0.361 ± 0.092 and 0.892 ± 
0.072 during February 2009 and February 2013. 
The corresponding minimum and maximum 
percentage departures in AE assume values in the 
range from - 61.67 (α = 0.640 ± 0.151 during May 
2010) to 26.26 for AE = 1.402 ± 0.043 during 
December 2012. The associated minimum and 
maximum percentage departures in Angstrom 
turbidity coefficient equal – 86.27 at β = 0.139 ± 
0.025 for March 2013 and 49.74 at β = 0.513 ± 
0.134 for March 2010.  Minimum percentage 
departure in α’ (λ) can be noted to be - 167.35 at α’ 
(λ) = 0.662 ± 0.093 during December 2010 while 
maximum percentage departure appears to be at 
121.73 with value - 0.812 ± 0.292 during March 
2009. 
 
 

(3) In general, AODs are found to be higher during 
the observing seasons 2008-09 and 2009-10 as 
compared to those observed during 2010-11, 
2011-12 and 2012-13. The occurrence of high 
AODs during 2008-10 could be due to the 
contrasting monsoons of 2008 and 2009 giving 
rise to enhanced aerosol variability and aerosol-
cloud interaction. 
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(4) Synoptically, the results indicate contrasting 

seasonal aerosol characteristics with high aerosol 
loading and predominance of fine-mode aerosols 
from a wide variety of fine-mode fractions or 
mixture of modes suggesting increased pollution 
by anthropogenic sources in winter. In pre-
monsoon, however, there exists an increased 
presence of both natural coarse-mode fractions in 
the aerosol size distribution comprising of sea salt 
and desert dust particles with relatively small but 
significant contribution of mixture of fine-mode 
aerosols. 
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Abstract— In this work, a dual band Microstrip patch antenna is 
proposed. The proposed antenna consists of an I-slot in a 
rectangular patch over a partial ground which operates at higher 
order TM02 mode. The presented design is suitable for 3G and 
WLAN applications as it produces dual beams at 2.1GHz and 
5.7GHz respectively. Antenna’s characteristics parameters such 
as reflection loss, VSWR and radiation pattern are obtained and 
analyzed using HFSS.  The results are found to be satisfactory. 

Keywords— 3G, Dual-band, Partial ground, Return loss, WLAN

I. INTRODUCTION 
Microstrip patch antenna has been very popular for wireless 

communication applications due to their several advantages as 
low profile, low cost and easy manufacturing [1]. The 
applications of Microstrip patch antennas are in various fields 
such as in mobile communication, RFID applications, 
satellites and in the area of military as aircrafts and missiles 
etc [2]. Requirement of modern wireless communication 
system is to design dual-band antenna suitable for more than 
one application. Microstrip patch antenna generally operates 
at their fundamental TM01 mode. Microstrip patch antenna 
operating at higher order TM02 mode has dual symmetric 
radiations beams [3]. Slots are generally incorporated in patch 
antenna for wide bandwidth operation. Some antennas for 
multiband applications using slot, such as U-slot [4], bow-tie 
slot [5] and V-slot [6] have been reported in literature. A 
variety of techniques have been used to achieve dual band and 
triple band operation for microstrip patch antennas. A triple 
band antenna is presented in [7]. This design combines a dual 
band and mono band antennas with broadside directional 
pattern. An asymmetric M-shaped patch antenna was designed 
for dual/triple band operation [8]. The 3G system operate in 
(1.880-2.170 GHz) and WLAN in the (5.725-5.825 GHz).  

A brief review of multiband antennas is presented in 
Section II. The design of proposed antenna is described in 
Section III. Section IV contains a comparative parametric 
study of proposed design in terms of simulation results. 
Finally a brief conclusion and future scope are given in 
Section V. 

II. BRIEF REVIEW

In [9] a multiband antenna has been designed using two 
patch elements on a planer structure. Two C-slots are 
employed to achieve dual band and wide bandwidth. Two 
modified U-shaped slots in the ground plane are created to 
achieve dual band performance [10]. This designed is claimed 
to be of lower cost and design complexity. A novel low cost 
triple-band circularly polarized antenna is presented in [11]. 
This antenna achieves frequency ratio which is suitable for 
multiband wireless communication systems.  The effect of 
shaping of ground plane on performance of patch antenna is 
shown in [12]. It was observed that shaping the ground plane 
significantly affects the reflection coefficient and input 
impedances. A dual-band microstrip antenna was designed 
suitable for IEEE 802.11a WLAN application [13]. This 
antenna is realized by double slots in patch along with a slot in 
ground plane. A wide-band and dual-beam U-slot microstrip 
patch antenna is presented in [3]. Here, two radiation beams 
were obtained by operating patch antenna at higher order 
TM02 mode instead of conventional TM01 mode.  This 
antenna is suitable for indoor wireless systems.   

III. DESIGN CONSIDERATIONS AND RESEARCH METHODOLOGY

Proposed antenna design consists of an I-slotted
rectangular patch with a partial ground as shown in Fig. 1. 
Microstrip feed line was located in YZ plane.  

A. Principle of Design 
To design a rectangular microstrip patch antenna operating 

at TM02 mode, the patch length L should be λd, instead of λd 
/2 for the fundamental mode, where λd is the wavelength in 
the dielectric substrate [3].  

B. Design considerations for proposed Antenna 
 There are some important parameters which are considered 
while designing the proposed antenna. The patch length L is 
taken approximately equal to the wavelength λd. All 
dimensions are indicated in Fig. 1.   

1) Operating Frequency (f0): The antenna has been
designed for the ranges 1.9GHz-2.1GHz and 5.7-5.8 GHz 

11th International Conference on Microwaves, Antenna, Propagation & Remote Sensing 
ICMARS-2015, Jodhpur, INDIA, Dec. 15 – 17, 2015

58

mailto:2npandit7@gmail.com


which covers both 3G and WLAN bands at 2.1 GHz and 5.7 
GHz respectively. The frequency of resonance chosen for the 
simulation is 2.1 GHz. 

2) Dielectric constant of the substrate (εr): The
dielectric material used for this design is FR4 with dielectric 
constant of 4.4. 

3) Height of dielectric substrate (h): To make the
antenna compatible for mobile phones it is required that its 
height should be kept small. So, the height of the dielectric 
substrate is taken as 1.5 mm.   

Fig. 1 Geometry of proposed rectangular patch slotted antenna 

The design parameters are listed in Table I along with their 
values. The resonance frequency is chosen 2.5GHz. The 
dielectric substrate used is FR4 with a dielectric constant of 
4.4 and thickness of 1.5mm.  

TABLE I 
DESIGN SPECIFICATION OF PROPOSED ANTENNA 

Parameter Value 
Operating Frequency 2.5GHz 
Dielectric Substrate FR4 
Dielectric Constant 4.4 
Substrate Thickness 1.5mm 

Substrate Loss Tangent 0.0001 

A rectangular patch of dimensions 57x36mm2 is placed 
over a substrate of dimensions 100x60mm2. A partial ground 
plane is used in this proposed antenna. The partial ground 
plane reduces the back-lobe radiation of the microstrip patch 
antenna by suppressing the surface wave diffraction from the 
edges of the antenna ground plane. A microstrip feed line is 
used for excitation. The geometrical parameters and their 
values are summarized in Table II. 

TABLE II 
DIMENSIONS OF PROPOSED ANTENNA 

Dimension Value 
FR4 Substrate (Ls, Ws, h)  
Rectangular Patch (L,W) 
Width of Microstrip Feed Line 
Partial Ground Plane (Lg, W)  
Feed Line Length  

 100x60x1.5 mm3

 57x36 mm2

 4 mm 
 25x 60 mm2

21.5 mm 

Fig. 2 shows the geometry of I-slotted rectangular patch. All 
dimensions are indicated in the figure. 

Fig. 2 Geometry of I-slot 

The dimensions of the I-slot are given in Table III. 

Table III  
DIMENSIONS OF SLOT 

Dimension Value (in mm) 
w1 5 
w2 5 
l1 37 
a 5 
b 5 

The lengths of horizontal slots are 26mm. A parametric 
study is done by varying the values of slot dimensions to see 
their effect on antenna performance. These results are shown 
in next section. 

IV. SIMULATION RESULTS AND DISCUSSION

The proposed antenna was simulated and analysed using 
wave simulator Ansoft HFSS. The performance parameters 
such as return loss (S11), VSWR and radiation pattern were 
obtained from simulations.  

Return loss is one of the important characterization 
properties of antenna. It is defined as the ratio of the power of 
reflected wave over the power of incident wave. In more clear 
words, it provides a measure of impedance matching between 
the antenna and its feeding port (either source or load) at 
different frequencies. High return loss values mean a close 
impedance match, which results in greater differentiation 
between the powers of transmitted and reflected signals. The 
parameter VSWR is a measure that describes how well the 
antenna is impedance matched with the feed line. 
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A. Parametric Study 

For parametric study parameters that have influence on the 
antenna performance are taken. These parameters are width of 
slots w1, length of ground plane Lg and length of vertical slot 
l1. Fig. 3 show simulation results of the reflection coefficients 
at different ground plane lengths. 

 

 
 

 

Fig. 3 Effect of ground plane length Lg on reflection coefficient S11 
 

 

It is observed that by varying ground plane length Lg, 
significant changes were observed in return loss. By changing 
the ground plane length a shift in resonant frequency is 
observed. Minimum value of return loss, S11 was found for 
Lg=25mm which was -14dB at 1.9GHz and -18dB at 5.7GHz. 

 

 
Fig. 4 Effect of slot length l1 on reflection coefficient S11 

  
Fig. 4 shows how length l1 of vertical slot affect the return 

loss. Best result was found by keeping l1 equal to 37mm. For 
this length return loss was -14.8 dB at 1.9GHz and -24.8dB at 
5.8GHz.  

On the other hand, variations in slot width w1 do not show 
any significant effect on antenna performance in terms of 
reflection coefficient.  Fig. 5 shows the variation of return loss 
versus frequency for different slot width w1. 
 
 

 
Fig. 5 Variation of return loss S11 with varying slot width w1 

 
Fig. 6 shows the simulated return loss of the proposed 

antenna for optimized dimensions obtained from parametric 
study. The 1st band was around 1.9GHz having return loss of -
14.1dB. This band covers frequencies from 1.9GHz-2.1GHz 
which is used for 3G communication. The bandwidth for this 
band is 200MHz. The 2nd band was around 5.7GHz having a 
return loss of -23.78dB. This band covers frequencies from 
5.6GHz to 5.8GHz which covers ISM band and suitable for 
WLAN applications. The bandwidth is found to be 200MHz. 

 
 
 

 
Fig. 6 Simulated return loss S11 of proposed antenna for optimized 
dimensions 
 
 

 
Fig. 7 VSWR versus frequency plot of proposed antenna 
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The VSWR versus frequency is plotted in Fig. 7. By 
analysis of the curve obtained by simulation it is observed that 
the VSWRs at resonating frequencies i.e. corresponding to 
1st band and 2nd band are 1.64 and 1.26 respectively. These 
values are desirable. The 2:1 VSWR bandwidth at 1.9GHz is 
19% and 5.61% at 5.7GHz.  

Fig. 8 Radiation pattern of proposed antenna 

The radiation pattern of an antenna shows the direction 
(directivity), gain and the power density [14]. The radiation in 
back lobe is very less which is highly desirable. The radiation 
pattern obtained for the proposed antenna is directional with 
high front to back ratio. Such a directional antenna is suitable 
for 3G and WLAN applications. Approximately 3dBi gain is 
obtained by this antenna as shown in Fig. 8. 

V. CONCLUSION AND FUTURE SCOPE 

An I-slot microstrip patch antenna operating at higher 
order TM02 mode has been proposed and analysed. This 
antenna exhibits dual radiation beams at resonant frequencies 
2.1GHz and 5.7GHz. The gain obtained is approximately 3dBi 
at resonant frequency and the radiation pattern is highly 
directional. The proposed antenna design is suitable for 3G 
and WLAN applications. An attempt may be made in future to 
increase the bandwidth of proposed antenna.   
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Abstract— In this paper, a small printed monopole antenna 

(PMA) with a square slot for ultrawide band (UWB) operation is 
presented. The proposed antenna comprises of a stepped half 
circular radiating patch with a square slot and a partial ground 
plane which provides wide usable frequency bandwidth of 8.28 
GHz (2.34-10.62 GHz) with less than -10 dB return loss (S11). 
The presented antenna has a small size of 50 x 41 mm2 with good 
band rejection performance in 4.06 GHz - 5.24 GHz. Analysis of 
different characteristics parameter of antenna such as return 
loss, VSWR and radiation pattern are carried out using CAD 
tool  HFSS.  The antenna shows good performance in all aspects. 
 
Keywords— Planar Monopole antenna (PMA), return loss (S11), 
square slot, ultrawide band (UWB), VSWR.  

I. INTRODUCTION 
   In modern wireless communication era printed monopole 
antenna (PMA) has become one of the attractive choice in  
wireless communication applications including UWB 
applications [1-3], because of its characteristics like low 
profile, light weight, low cost and easy fabrication [4]. The 
applications of microstrip patch antennas includes various 
fields like mobile communication, RFID applications, 
satellites and in the area of military as rockets, aircrafts and 
missiles etc [5]. 

Great advancement in research and development for UWB 
antennas in academia and industry field is noticed since the 
Federal Communications Commission (FCC) officially 
released the regulation for UWB technology in 2002 [6]. For 
modern and future wireless communication system application, 
UWB antennas are becoming more popular due to  increase in 
huge demand for high wireless transmission rate. Also, in the 
modern age of hand handled portable wireless systems, user 
requires a single antenna which support various wireless 
applications of different frequency. Hence, one UWB antenna 
is equivalent to multiple narrow band antennas. 
   Various  monopole patch antennas have been considered  
because of their wideband performance[7-9] .Bandwidth study 
for antenna of different geometrical structures, such as 
circular, elliptical, rectangular, and trapezoidal monopoles is 
performed by Agrawall et al. [10] .According to the obtained 
results the circular and elliptical monopoles exhibit much 
wider bandwidth. 

The paper organization is as follows. In Section II, effect of 
introducing slot in the radiating patch is discussed. In section 
III, we have described the configuration of the proposed 
antenna. The parametric study of the proposed antenna design 
is discussed in section IV. Optimized simulated result and 
discussion are presented and discussed in Section IV. Finally, 
conclusion of the work is given. 

II. EFFECT OF INTRODUCING SLOT IN THE PATCH 
   The printed slot antenna in very basic form comprises of a 
metallic patch etched with a slot on one side of dielectric 
substrate and other side with a ground plane. Printed slot 
antennas are popular because of their bi-directional radiating 
property and larger bandwidth with multi band operation [11-
12]. 
   It has been noticed that the antenna bandwidth is greatly 
affected by the shape of slot. Several slot shapes, such as the 
tapered slot, the circular slot, the hexagonal slot etc. are 
reported [13-17]. These antennas can provide the impedance 
bandwidth much wider than conventional patch antenna. A 
circular patch with a circular slot and CPW feed line is 
proposed by Denidni et al. [15] .For this configuration, much 
larger bandwidth ratio of 6.1:1 (2.3 GHz - 13.9 GHz) is 
obtained. Azim et al. [14] have proposed a tapered-shape slot 
with a rectangular turning patch, with this configuration an 
impedance bandwidth ratio of 3.1:1 (3 GHz - 11.2 GHz) is 
achieved. Ojaroudi et al. [18] introduced the printed UWB 
monopole antenna by inserting an inverted U-shaped slot and 
5.87:1 (2.85 GHz - 16.73 GHz) bandwidth ratio is achieved.  
   The proposed antenna consist of a half circular disc with 
two steps with a square slot, similar kind of work is performed 
by Osama et al. [19] with a circular slot. In the presented 
work, by inserting a square slot and through different 
parametric study optimum design is obtained and discussed. 

III. RESEARCH DESIGN OF PROPOSED ANTENNA 
   The proposed printed monopole antenna design is shown in 
Fig. 1. 
A. Design configurations  for proposed Antenna 

   The proposed geometry of UWB printed monopole 
antenna consists of a stepped half circular radiating patch 
of radius r with a square slot of side length of X1 mm. The 
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monopole antenna, printed on Rogers RT duroid 5880 
dielectric substrate of thickness h = 1.575 mm and relative 
permittivity єr = 2.2 is fed by 50 Ω with width of Wf. The 
length and width of dielectric substrate are L and W. (L1, 
W1) and (L2, W2) are lengths and widths of the two steps 
are respectively. The location of square slot from the 
centre of the half circular Radiating Patch is Of. The 
designed antenna consists of perfect conducting partial 
ground plane in order to obtain UWB bandwidth. The area 
of ground plane is Lg x W. The feed gap between partial 
ground plane and the feed point is d. 

Fig. 2 Geometry of the proposed antenna 

   Some of important design specifications that are considered 
while designing the proposed antenna are summarized in table 
I 

TABLE I 
DESIGN SPECIFICATION FOR RESEARCH DESIGN OF PROPOSED ANTENNA 

Parameter Value 

Dielectric Substrate Rogers RT duroid 5880 
Dielectric Constant (єr) 2.2 
Substrate thickness (h) 1.575mm 

IV. PARAMETRIC STUDY

A. UWB Planner Monopole Antenna 
     The Ansoft High Frequency Structure Simulator (HFSS) 
software is used here to carry out all the simulations for 
analysis of different characteristics parameters such as return 
loss (S11), VSWR and radiation pattern. In this work, 
parametric study of the research antenna design is performed 
by changing one parameter at a time while fixing the others.  
   Fig. 2 shows the simulated return loss (S11) of designed 
antenna for different size length (X1) of square slot. As 
illustrated in Fig. 2, it is observed that X1 affects the lower as 
well higher resonating frequency and bandwidth of notch band. 

Fig. 2 Parametric study of simulated S11 characteristics for different values of 
side length X1 of square slot.  

Effect of offset height (Of) of square slot from centre of 
half circular disc is studied and shown in Fig. 3.  It is found 
that -10dB return loss bandwidth is significantly affected by 
offset height (Of). The obtained optimum value of offset 
height found to be 0.5mm for research antenna design. 

Fig. 3 Parametric study of simulated S11 characteristics for different values of 
offset height (Of) of square slot 

For the proposed design partial ground plane is specially 
chosen because it is well known that reduces the back-lobe 
radiation by suppressing the surface wave diffraction from the 
edges of the antenna ground plane. 

Fig. 4 Parametric study of simulated S11 characteristics for different values of 
partial ground plane Lg 

   The Simulated return loss (S11) curve for various length of 
partial ground (Lg) is plotted in Fig.4. It can be seen that the 
length of partial ground has significant effect on antenna 
performance. For higher length of partial ground (Lg), poor 
S11 is observed and as the length decreases it significantly 
enhance the matching bandwidth of antenna. The optimum 
obtained value is Lg = 18mm for research antenna design. 
   Fig. 5 illustrates the impact of width of feed line (Wf). 
Simulated results indicate that width of feed line significantly 
affects the matching between feed line and radiating patch, 
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hence affects the resonating frequencies and matching 
bandwidth of antenna. 

 
Fig. 5 Parametric study of simulated S11 characteristics for different values 

width of feed line Wf 

   It has been noticed that current distribution is mainly 
concentrated in the edges rather than centre of the circular disc 
for monopole antenna. So, with increase in the antenna 
perimeter p the surface current will take longer path and this 
will equivalent to longer length of monopole antenna and in 
turn will decrease the lower resonating frequency fL  [20]. 

 

Fig. 6 Parametric study of simulated S11 characteristics for different values of 
step width W1 

 
Fig. 7 Parametric study of simulated S11 characteristics for different values of      
                                                   step width W2 
   From the simulation results in Fig. 6 and Fig. 7, the above 
concept is verified as the width of steps (W1, W2) increases, 
the perimeter of antenna also increases so the antenna will 
start to resonate at lower frequency. 

V. OPTIMIZED RESULTS AND DISCUSSION 
   The optimum design dimensions for the proposed structure 
are summarized in Table II. Simulation results for antenna 

performance parameters such as return loss, VSWR and 
radiation patter were also obtained and discussed below. 

TABLE II 
DIMENSIONS OF PROPOSED ANTENNA 

Dimension Value 
RT duroid 5880 Substrate (L x W x h)  
Radius of half circular disc( r) 
Length and width of first step(L1,W1) 
Length and width of second  step(L2,W2) 
Width of Feed Line (Wf) 
Ground Plane (Lg, W)  
Square slot  area (X1 x X1) 
Offset of slot from centre (Of) 
Feed gap of feed point (d) 

 50x41x1.5 75 mm3 

  10 mm 

3 mm, 12 mm 
 3mm, 4mm 

3.4 mm 
18mm, 41 mm 
5 x 5 mm2 

0.5 mm 
1 mm 

 
A. Return loss (S11) 

   Return loss determines that how well an antenna is 
radiating or receiving power. Fig. 8 depicts simulated 
return loss (S11) of designed antenna structure.   It has 
been observed that designed antenna has high impedance 
bandwidth ratio 4.53:1 (2.34 GHz-10.62 GHz) and so it is 
worth to point out that it is suitable for UWB applications 
and with careful insertion of square slot a good band notch 
performance in 4.06 GHz to 5.24 GHz has been observed 
in simulated return loss graph. 

 
Fig. 8 simulated result of reflection loss (S11) for proposed antenna 

design 

B. VSWR 
    Lower value of VSWR is desirable because it shows better 
impedance matching of antenna with feed line. The VSWR 
performance of the optimized design is shown in Fig. 9. By 
analysis of obtained simulated result it is observed that in the 
pass band VSWR is close to unity which is desirable and in 
notch band, it is greater than two which shows higher 
attenuation due to mismatching in notch band. 

 
Fig. 9 simulated result of VSWR for proposed antenna 

C. Radiation  Pattern 
The radiation pattern of proposed antenna on the X-Z plane 
(H plane) and Y-Z plane (E plane) are also studied that are 
plotted in Fig. 10 and Fig. 11. It can be seen that proposed 
antenna has reasonable omni directional pattern                         
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 In H plane. Around 60 degree beam width in major lob and 
around 20 dBi gain with front to back ratio (FBR) is nearly 
one is observed.  

Fig. 10 simulated radiation pattern of proposed antenna design in Y-Z plane 
(E plane) 

Fig. 11 simulated radiation pattern of proposed antenna design in X-Z plane 
(H plane) 

VI. CONCLUSION AND FUTURE SCOPE

   In this work, a UWB printed monopole antenna with 
controllable band notch characteristics has been designed and 
analyzed. It has 8.28 GHz impedance matching bandwidth 
(2.34 GHz - 10.62 GHz), with return loss less than -10 dB, 
which covers the UWB frequency band (3.1GHz - 10.6 GHz). 
A band-notched performance from 4.06 GHz to 5.24 GHz is 
achieved by proper and careful cutting of a square slot in the 
radiating patch. Different antenna characteristics parameter 
such as reflection loss, VSWR and radiation pattern are 
analysed using HFSS 13.0. The proposed antenna exhibits 
reasonable omni directional radiation patterns in H plane. The 
Design has a small size with overall dimensions of 50 mm × 
41 mm × 1.575 mm. So it could be considered as good 
candidate for UWB applications. A future attempt may be 
made to further improve its bandwidth. 
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Abstract- The study has been carried out in the 
Pauri Garhwal district of Uttarakhand 
keeping the focus on the Corbett Tiger 
Reserve (CTR). The total area of CTR covered 
in the scene is 889 sq km. The main focus of 
this paper is to develop a model by 
establishing a relationship between 
backscattering coefficient generated by dual 
polarization L-band ALOS PALSAR data 
acquired in July 2008 and the field inventory 
data collected by Forest Survey of India in 
2010. A total of 120 sample plots data were 
collected in the area out of which 60 were used 
for the training and the remaining 60 were 
used for the validation of the model.  The best 
correlation function (HV backscatter) was 
used for modelling above ground biomass 
(AGB). The biomass in the CTR ranges from 
9.6 t/ha to 322.6 t/ha. 

Keywords: CTR, Above Ground Biomass, L-
Band ALOS PALSAR, Backscattering, Spectral 
Modelling.   

1. Introduction

In the regulation of global climate change 
“Forests” play a key role. It retains large amount 
of carbon over a long period and thus acts as both 
sink and source of carbon dioxide (CO2). The 
estimation and monitoring of CO2source and sink  

 
 
 
 
 
 
 
 
 

are required for the greenhouse gas inventories, 
terrestrial carbon accounting and modelling 
climate change (Dobson et al., 1992; Falkowski 
et al., 2000; Schimel et al., 2001; Canadell et al., 
2004; Houghton, 2005; Schulze, 2006; Heimann 
and Reichstein, 2008; Le Quere et al., 2009; 
Loarie et al., 2009;). Approximately 50% of the 
carbon is stored in biomass, thus continuous and 
effective monitoring is required to estimate the 
vegetation biomass especially in forest 
ecosystem. The forest ecosystem is changing; the 
rate of change, growth and addition of biomass 
should be carefully understood to develop a more 
accurate methodology for the estimation of 
factors responsible for change. The destruction in 
the forest ecosystem leads to the emission of CO2 
and other greenhouse gases which results in 
climate change. The climate change will result in 
large shifts in the distribution of forest biomes 
which in turn will significantly change the 
amounts and patterns of carbon storage in these 
ecosystems. The mapping and to understand the 
pattern of change in the forest above ground 
biomass (AGB) and carbon is an important and 
challenging task to perform. 

In earlier days destructive method was adopted 
which was also known as the harvest method 
(Goetz et al., 2009; Malhi et al., 2004). 
According to Gibbs et al. (2007) this method was 
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the most direct method for the estimation of 
above ground biomass and the carbon stocks 
stored in the forest ecosystem. This method is 
used for development of location and species-
specific allometric equations used for accessing 
biomass on large scale.The Allometric method 
(Chave et al., 2005; FAO, 1997; IPCC, 2006) is 
based on the principle that every components of 
trees shows relationship with each other. It is a 
non-destructive method for the estimation of 
biomass without felling and thus widely used. In 
the forest inventories different biometric 
parameters of trees like diameter at breast height 
(1.37m), circumference at breast height (CBH), 
height, wood density, crown diameter  etc. are 
measured and used to establish an allometric 
equation by establishing the relationship between 
these parameters with above ground biomass. 
The most commonly used general volume 
equations which were obtained from felled trees 
data by applying regression equation given by the 
formula: 

                   Y = a + b*X 
where, 
a and b are statistical constants 
         Y= Dependent variable 
         X= Independent variable  
In India biomass, carbon stock and carbon budget 
estimation is done by various workers 
(Ravindranath et al. 1997; Lal and Singh, 2000; 
Chhabra et al. 2002) on the basis of growing 
stock (GS) volume data of forest inventories and 
appropriate conversion factor related to both 
biomass and carbon.  
Remote sensing data are playing an important 
role in biomass assessment. An approach for the 
assessment of forest biomass and carbon is 
boosting day by day using remote sensing 
technology. As the biomass or carbon cannot be 
measured directly from remote sensing sensors, it 
needs the in-situ ground inventory data for 

establishing a relationship between the biomass 
and sensor signals (Rosenqvist et al., 2003).The 
optical remote sensing data was widely used for 
the mapping and modelling of AGB by 
establishing a relationship between spectral 
responses or vegetation indices derived from 
multispectral image and plot level biomass. The 
optical remote sensing has limited capacity to 
predict the accurate biomass because of low 
saturation level of the spectral bands and the 
derived spectral indices which results in poor 
correlation between spectral indices and biomass. 
The frequent cloud cover in the tropical region 
hindered the acquisition of high quality data in all 
weather conditions.  
From the last two decades the focus has changed 
from optical data to SAR datafor the assessment. 
The main advantage of SAR data is its all 
weather and night availability with longer 
wavelength and deeper penetration depth, greater 
sensitivity to biomass and availability of data 
(Santoro et al., 2006; Santoro et al., 2009; Morel 
et al., 2011). The SAR data have been used 
numerously by scientists to estimate the retrieval 
of biomass using radar data and variations in the 
forest ecosystem biomass (Sader, 1987; Wu, 
1987; Hussain et al., 1981; Dobson et al., 1992; 
Kasischke, 1992; Le Toan et al., 1992; kasischke 
et al., 1994a). The longer wavelength of SAR 
data (L and P bands) proves to be more useful 
than shorter wavelengths (X and C bands) 
because of increasing backscatter range. 
 The simplest approach of biomass modelling is 
used in the upper stretches of CTR i.e. the 
backscattering coefficient derived from the data 
is correlated with the field inventory data. This 
approach has been tested throughout different 
forest types in the world with high degree of 
correlation between observed and predicted 
forest biomass (Hussein et al.,1991; Le Toan et 
al.,1992; Dobson et al., 1992).The potential of L-
band radar backscatter to estimate aboveground 
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biomass (AGB) has been studied for most forest 
types (Harrell et al., 1995; Imhoff, 1995; 
Kasischke et al., 1995; Le Toan et al., 1992; 
Lucas et al., 2010; Pulliainen et al., 1999; 
Santoro et al., 2006).The saturation of the SAR 
data is one of the challenge in the biomass 
modelling. The reported saturation level for the 
L-band data ranges between 40 t/ha (Luckman et 
al., 1997; Imhoff, 1995) to 150 t/ha (Kuplich et 
al., 2005; Lucas et al., 2007; Mitchard et al., 
2009). The saturation level for biomass in X and 
C band is very low (30 t/ha to 50 t/ha). 

2. Materials and Methods

2.1. The Study Area 

The Corbett Tiger Reserve lies between the 
latitudes 290 25' N to 29040'N & longitudes 780 5' 
E to 790 5' E. The Corbett Tiger reserve spreads 
through 3 districts of Uttarakhand namely Pauri, 
Nainital, Almora and a small part falls in 
Amangarh, Bijnore district of eastern Uttar 
Pradesh. It was among the first 9 tiger reserves of 
India to be included in Project Tiger by the 
National Tiger Conservation Authority (NTCA). 
The Corbett and Rajaji National Park between 
them hold India’s north-westernmost population 
of tigers, and one of the world’s most significant 
populations of Asian Elephants. The terrain of 
the area is generally undulating, comprising of a 
series of ridges running NW to SE interspersed 
with several valleys. The Ramganga, Palain and 
Sonanadi river flow through these valleys. The 
vegetation in CTR is of forests, grasslands and 
riparian types. Floral diversity of CTR is very 
rich as the major portion of the reserve is 
confined to Bhabar tract of Shiwalik formation. 
There are 617 species of the flora under 410 
genera 111 families of Angiosperms (Monocot-
132, Dicots-462), 1 Gymnosperm and 22 Fern 
and fern allies. There are more than 110 tree 

species in the forest. Notably 73% is constituted 
by Sal (Shorea robusta) forests. A frequent 
associate of Sal is Haldu (Adina cordifolia). The 
predominant species in the higher ridges is Bakli 
(Anogiesus latifolia) and the other associates are 
Khetwa (Piliostigma malabaricum), Gurial 
(Bauhinia rausinosa), Dhauri (Lagerstromia 
parviflora), Amaltas (Cassia fistula), Bhilawa 
(Semecarpus anacardium), Amla (Phyllanthus 
emblica), Papri, Kumbhi, Mahua (Madhuca 
indica), Rohini (Mallotus phillipensis) and Jamun 
(Eugenia jumbolana). Chir (Pinus roxburgii) the 
only conifer is confined to some of the highest 
ridges around Sultan. The river valley, high 
banks and islands are dominated by Delbergia 
sissoo.  Among the shrubs (51spp), Clerodendron 
spp, Helicteres isora are predominant, while 
climbers like Milettia auriculata, Porana 
paniculata, Vallaris solanacea, Phamera vahlii 
are commonly found. Lantana camarais 
profusely invading in the reserve, inhibiting the 
growth of other species. Cannabis sativa is also 
found extensively in the grasslands. 

Fig.1. Plot locations for Biomass inventory. 

2.2. Satellite Data 
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The Phased Array type L-band Synthetic 
Aperture Radar (PALSAR) is an active 
microwave sensor using L-band frequency to 
achieve cloud-free and day-and-night land 
observation.ALOS PALSAR Fine Beam dual 
Polarization (FBD) scene was obtained from the 
Alaska satellite Facility. The data of July 2008 
was downloaded which consists of two bands in 
HH and HV polarization having spatial resolution 
of 15.85m.  
 
2.3. Field Data Collection 

A two stage sampling design is formulated for 
national forest inventory. In the first stage the 
country is divided into homogeneous strata based 
on physiography, climate and vegetation. 
Samples of 10 percent districts proportion to their 
sizes are selected randomly for the detailed 
inventory. For each selected districts, Survey of 
India (SOI) toposheets of 1:50,000 scales (size 
15’ × 15’) are divided into 36 grids of 21/2’ × 21/2’ 
which is further divided into sub-grids of 11/4’ 
×11/4’ forming the basic sampling frame. Two of 
these sub-grids are then randomly selected to lay 
out the sample plots.  The sample plot of size 
31.62m × 31.62m was laid and the diameter at 
breast height (DBH) of all tress having DBH 
10cm and above using caliper, double bark 
thickness using 62 steel scale, height of the tress 
using Hypsometer  and crown width were 
measured and recorded. The sample plot is 
divided into sub-sample plots of 5m × 5m for 
herbs and 1m × 1m for shrubs.  

 
2.4. Plot level Biomass 

The allometric equations developed by Forest 
Survey of India (1996) were used. The data base 
of the field data were created in the MS Excel 
sheet and analyzed in SPSS software. The 
circumferences at breast height were converted 

into diameter and basal area was calculated. The 
volume of each tree within the plot was estimated 
using aforementioned allometric relationship. 
The selection of volume equation for a species 
depends upon the ‘n’ (total number of sample 
tree on which regression equation are based) and 
‘R2’ (Coefficient of determination). The value 
obtained from the equation was multiplied with 
wood specific gravity (Forest Research Institute, 
1996) to estimate the biomass.  

   Biomass = Volume × Specific Gravity 

The biomass of all the trees within the plot and 
the oven dry weight of shrubs, herbs and litters 
were all added to get the plot level biomass 
which was further taken on to pixel level 
biomass. 

2.5. Methodology 

2.5.1. Image Processing  

The dual polarization ALOS PALSAR data 
acquired is imbedded with inherent speckle noise 
which reduces the appearance of data. Multilook 
operator was used to reduce the inherent speckle 
and to get a nominal image pixel size. The terrain 
correction was carried out using SRTM DEM 
followed by speckle filtering. The data was 
provided with the digital numbers (DN)which 
was converted in to backscattering coefficient 
using the formula:  

   σ0[dB] = 10 × log10 (DN) 2 + CF (Shimada, et 
al., 2009). 

 where, CF = -83 [dB]  

The formula was applied on both the HH and HV 
polarizations to get backscattered images. The 
backscattering coefficients values were different 
for both the polarizations.   

2.5.2. Biomass Modelling and Mapping  
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The Global Positioning System (GPS) locations 
of the sample plots were converted into point 
shape using Arc GIS software. Half of the sample 
plot information was used for the training of 
models for the assessment of biomass and the 
remaining half was used for the validation of the 
model. The plot information used for the training 
was overlaid on backscattered image of HH and 
HV polarizations. The sigma nought (σ0) 
backscattering coefficient values were extracted 
from the plots. The backscattered values for both 
the polarizations were correlated with the plot 
level biomass. The best fit model was selected 
for the modelling of biomass in the Corbett Tiger 
Reserve. 

3. Results

3.1. Plot Level Biomass 

A significant coefficient of correlation (R2=0.94) 
was found between the basal area and biomass in 
120 sample plots. The biomass in the region 
ranges between 10.12 t/ha and 322.61 t/ha. The 
majority of the area was found to be in the range 
of 100 t/ha to 150 t/ha biomass.  

Fig.2 Relationship between Basal area and Biomass. 

3.2. Biomass Modelling and Estimation 

The backscattering coefficients for the field plots 
ranged from -31.52 to 12.75 dB in HV 
polarization whereas it ranges from -26.76 to 
16.64 dB in HH polarization. The relationship 
between the backscatter coefficient and the 
biomass was analyzed with both HH & HV 
polarizations. Among different curve progression 
(linear, logarithmic) of correlation the optimal 
equation with high coefficient of 
correlation(R2=0.75) was derived from HV 
backscatter and was found to be: 

    Y = 0.5564X – 19.758 (R2=0.75) 

where, 

Y=Backscatter coefficient (σ0 [dB]); 

X = Biomass 

This equation is obtained to model the biomass in 
the region. The biomass varies from 9.6 t/ha to 
322.6 t/ha. The biomass obtained through the 
modelling is plotted against the remaining plot 
biomass left for the validation of the model. A 
significant coefficient of correlation (R2=0.734) 
is obtained between observed biomass and 
predicted biomass.  

Fig.3 HV Backscatter image of ALOS PALSAR
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 Fig.4 Relationship between HV backscatter and biomass.  

Fig.5 HH Backscatter image of ALOS PALSAR 

 

Fig.6 Relationship between HH Backscatter and Biomass.  

 
Fig.7 The relationship between the observed biomass and predicted 
biomass at 95% confidence interval.  

 

Fig.8 Distribution of Biomass in CTR. 

4. Conclusion 

The potential of L-band ALOS PALSAR dual 
polarization data has been investigated for the 
biomass retrieval in the CTR. The L-band ALOS 
PALSAR data is proved to be sensitive to the 
differences in the biomass and thus very useful in 
the AGB mapping in CTR. The best correlated 
model is derived from the relationship between 
backscatter coefficient of ALOS PALSAR and 
plot level biomass. Among the two polarizations 
HH & HV, HV found to be strongly correlated 
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with plot biomass. The biomass in the CTR 
ranges from 9.6 t/ha to 322.6 t/ha. The majority 
of the area is dominated with the biomass ranges 
from 100 t/ha to 150t/ha. The total biomass in the 
upper stretches of CTR covering an area of 889 
sq km is found to be 8.9 million tonnes. A 
significant coefficient of correlation is observed 
between the observed and predicted biomass on 
95% confidence interval.   
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Abstract— This paper demonstrates the UWB BPF with 

double notch band in passband to eliminate the interference 
from satellite communication and WLAN having small size and 
better performance. The filter consists of a square resonator 
embedded with U-shaped structure at downside employed 
between interdigital structures with square ring coupled with U-
shaped structure at both ports. Since there is no use of via or 
defected ground structure that makes the design easy to fabricate. 
The proposed filter has insertion loss of about 2dB in passband 
between 3.1 GHz to 10 GHz, whereas attenuation of 14 dB in the 
notch band centered at 5.5 GHz and 17 dB attenuation centered 
at 8 GHz is found. The proposed filter is simulated in Agilent 
ADS. 
 
Keywords— Interdigital Structure, Ultra Wide Band Bandpass 
Filter, Notch Band, Square Resonator, Square Ring and U-
shaped structures. 

I. INTRODUCTION 
 
Ultra-Wideband (UWB) technology has shown rapid growth 
and development since the Federal Communications 
Commission has released the unlicensed use of the UWB 
frequency spectrum for various applications in 2002 [1] in the 
field of communication, radar application and positioning 
application. UWB appliances with better performance and 
small size were main issues from last few years. UWB BPF is 
a major part of UWB technology for which many UWB BPF 
with different design topology has been proposed [2-5]. 
Presently the research work is focused on better passband with 
notch band instead of only passband to remove the 
interference with 3.5 GHz band WiMAX, 5.8 GHz band 
WLAN and 8.0 GHz band satellite communication systems. 

 
To create a notch band in the UWB passband a 

conventional broadside-coupled microstrip/ coplanar 
waveguide structure in the detach mode resonator is 
embedded with meandering slot-line is used [7]. Design based 
on stepped impedence three line coupled feeding structure 
such as stub loaded ring resonator, microstrip slot line 
technique and the transversal signal interaction concepts can 
also be used for creating a notch band in the UWB passband 
[8-10]. Presently for creating notch band, defected ground 
structure are mostly used by many researchers for better 
performance but it increases the complexity of the design [11]. 

To overcome the above problems, a planar and simple in 
design, UWB BPF using a ring resonator with interdigital 
structure is proposed recently [12]. 

 
In this paper a double notch band ultra wide band bandpass 

filter using square resonator embedded with U-shaped 
structure at downside between interdigital structure with 
square ring coupled with U-shaped structure at both ports is 
presented. The two interdigital structure at both side of square 
resonator is creating a notch centered at 8 GHz whereas U-
shaped structure connected to square resonator forming a 
strong coupling with square ring at both  ports of filter, creates 
a notch band centered at 5.5 GHz thus avoiding interference 
with WLAN band and satellite communication system. 

II.  DESIGN OF THE UWB BPF 
 

The ultra wide band bandpass filter consist of two interdigital 
structure between which square resonator embedded with U – 
shaped structure is employed, having square ring at both ports 
attached with it, forming strong coupling with U- shaped 
structure, see figure-1. The filter is design on a substrate FR4 
with relative dielectric constant of 4.4 and a thickness of 1.6 
mm. 
 
In the proposed filter the finger length is kept same i.e L1 = 
L2. The notch band in the filter is controlled by the length of 
the interdigital structure feeding lines at both sides of square 
resonator. Decreasing the length L1 and L2 simultaneously 
the notch band shifts towards right while on increasing 
simultaneously shifts towards left. By varying the width and 
length of the square ring and square resonator the values of 
higher and lower cut off frequency can be changed, it also 
affects the WLAN notch band. Varying the width and length 
of the square ring will also vary the value of insertion loss in 
the notch band centered to 8 GHz and a slight variation is seen 
in higher cut-off frequency. The width of the feeding line and 
the slot of interdigital structure is tuned to obtained optimal 
coupling coefficient and frequency selectivity. Increase in 
contact area of U –shaped with square resonator will increase 
the higher cut-off frequency with the shift in the notch band 
centred to 8 GHz and will also improve the WLAN notch 
band. Varying the dimension of U-shaped structure will vary 
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the values of higher and lower cut-off frequency of WLAN 
notch band. 

III. PARAMETERS AND SIMULATION 

The parameters of the filter are L1= L2 = 4.15mm, L3 = 
1.2mm, L4 = 0.9 mm, L5 = 0.5mm, L6 = 13.1 mm, W1 = 
0.1mm, W2 = 2.87 mm, W3 = 1.25mm, W4 = 1.25 mm, W5 = 
0.17mm, W6 = 0.05 mm and S1 = 0.1mm. The simulated 
lower and higher cut-off frequency of the UWB BPF is 3.1 
GHz and 10 GHz having insertion loss in the passband of 
about 2dB and return loss as more than 16.7 dB. The notch 
band centered at 5.5 GHz and 8 GHz with 3 dB rejectional 
fractional bandwidth of 12.8% and 6.3% respectively. The 
attenuation within the notch band is 14 dB for WLAN band 
and 17 dB for satellite communication band, see figure-2. The 
size of the filter is 0.564 λg x 0.06 λg. Comparative study of 
proposed filter design and previous design is being discussed 
in Table-1. 

TABLE I 
COMPARISON BETWEEN CURRENT DESIGN AND PREVIOUS 

DESIGN

Ref. 
No. 

εr/h 
(mm) 

IL 
(dB) 

RL 
(dB) 

Size 
(λg x λg) 

Notch 
 Capability 

9 2.2/ 0.127 1.1 10 0.27 x 0.22 Single Notch 
10 3.38/0.81 0.94 12 0.94 x 0.14 Single Notch 
11 2.65/1.0 <2 >20 1.012 x 

0.539 
Single Notch 

12 3.5/0.508 1 13 0.58  x 0.12 Single Notch 

This 
work 

4.4/1.6 About 
2 

>16.7 0.564 x 0.06 Double 
Notch 

IL: insertion loss; RL: return loss; λg is the guided 
wavelength of 50 Ohm microstrip line at 6.85 GHz. 

Fig 1 Configuration of the proposed UWB BPF 

  Fig. 2 S-parameter of Simulated Proposed filter 

IV. CONCLUSIONS

A double notch band ultra wideband bandpass filter is realized. 
A comparative study of the filter performance is done and 
shown in table-1. It is found that the proposed filter has better 
performance at this dimension with small size of 0.564 λg x 
0.06 λg. The square ring at the interface of ports and 
interdigital structure, coupled with U-shaped structure gives a 
better insertion loss and return loss. 

REFERENCES 
[1] Revision of Part 15 of the Commission’s Rules regarding ultrawideband 

transmission system, FCC, Washington, DC, ET-Docket 98–153, 2002. 
[2] J.S. Hong and H. Shaman, “An optimum ultra-wideband microstrip 

filter”, Microwave Opt Technol Lett 47 (2005), 230–233. 
[3] H. Chen and Y.X. Zhang, “A novel microstrip UWB bandpass filter 

with CPW resonators”, Microwave Opt Technol Lett 51 (2009), 24–26. 
[4] X.H. Wu, Q.X. Chu, X.K. Tian, and X. Ouyang, “Quintuple-mode 

UWB bandpass filter with sharp roll-off and super-wide upper 
stopband”, IEEE Microwave Wireless Compon Lett 21 (2011), 661–663. 

[5] H. Wang, Y. Zheng, W. Kang, C. Miao, and W. Wu, “UWB bandpass 
filter with novel structure and super compact size”, Electron Lett 48 
(2012), 1068–1069. 

[6] H. Zhu and Q.X. Chu, “Compact ultra-wideband (UWB) bandpass filter 
using dual-stub-loaded resonator (DSLR)”, IEEE Microwave Wireless 
Compon Lett 23 (2013), 527–529. 

[7] X. Luo, J.G. Ma, K.X. Ma, and K.S. Yeo, “Compact UWB bandpass 
filter with ultra narrow notched band”, IEEE Microwave Wireless 
Compon. Lett. 20 (2010), 145–147. 

[8] C.H. Kim and K. Chang, “Ultra-wideband (UWB) ring resonator 
bandpass filter with a notched band”, IEEE Microwave Wireless 
Compon Lett 21 (2011), 206–208. 

[9] K. Song, T. Pan, and Q. Xue, “Compact ultra-wideband notch-band 
bandpass filters using multiple slotline resonators”, Microwave Opt 
Technol Lett 54 (2012), 1132–1135. 

11th International Conference on Microwaves, Antenna, Propagation & Remote Sensing 
ICMARS-2015, Jodhpur, INDIA, Dec. 15 – 17, 2015

75



[10] M. Mirzaee and B.S. Virdee, “UWB bandpass filter with notch-band 
based on transversal signal-interaction concepts”, Electron Lett 49 
(2013), 339–401. 

[11] Yonghui Song, Guo-Min Yang, Member, IEEE, and Wen Geyi, 
“Compact UWB Bandpass Filter With Dual Notched Bands Using 

Defected Ground Structures”, IEEE Microwave Wireless Compon Lett 
24, No. 4 (2014), 230–232. 

[12] Kaida Xu, Yonghong Zhang, Joshua Lewei, William T. Joines, and 
Qing Huo, “Miniaturized Notch-Band UWB Bandpass Filters Using 
Interdigital Coupled Feed-Line Structure”, Microwave Opt Technol 
Lett Vol. 56, No. 10 (2014), 2215–2217.

 

11th International Conference on Microwaves, Antenna, Propagation & Remote Sensing 
ICMARS-2015, Jodhpur, INDIA, Dec. 15 – 17, 2015

76



Spectrum Sensing Techniques in Cognitive Radio 
Network: a comparative study 

Jemish V. Maisuria#, Saurabh N. Mehta* 
#Electronics & Communication Department, 

CGPIT, Uka Tarsadia University 
Maliba Campus, Bardoli, 

Surat. 
1jemish.maisuria@utu.ac.in 

* Department of Electronics and Telecommunication,
 Vidyalankar Institute of Technology, 

Mumbai. 
2saurabh.mehta@vit.edu.in 

Abstract— In the present day Cognitive Radio has become a most 
popular solution of the spectrum scarcity problem in wireless 
communication. Spectrum sensing detect the presence of the 
primary users in a licensed spectrum, Also the spectrum sensing 
is a crucial component in the discovery of spectrum opportunities 
for secondary users (unlicensed systems). In this paper we 
compare spectrum sensing techniques in terms of time and 
spectrum resource consumed required prior knowledge and 
complexity and rank them according to accuracy and 
performance. 

Keywords— Cognitive Radio; Spectrum Sensing; Energy
Detector; Cooperative Spectrum Sensing (CSS); Cyclostationary 
detection.

I. INTRODUCTION 
The electromagnetic radio spectrum is a limited natural 

resource and getting crowded day by day because the growth 
of wireless networks and applications. The use of 
electromagnetic spectrum is licensed by Governments for 
wireless and communication technologies. Spectrum scarcity 
is the main problem due to increasing demand for additional 
bandwidth. Measurement studies have shown that the licensed 
spectrum is relatively unused across many time. This 
observation has forced the regulatory bodies to search a 
method where secondary uses (unlicensed) are allowed to 
opportunistically utilize the unused primary (licensed) bands 
known as white spaces [1]. 

The issue of spectrum underutilization in wireless 
communication can be solved using Cognitive Radio (CR) 
technology. “A cognitive radio (CR) is a radio that can change 
its transmitter parameters based on interaction with the 
environment in which it operates. This interaction may 
involve active negotiation or communications with other 
spectrum users and/or passive sensing and decision making 
within the radio. The majority of cognitive radios will 
probably be SDRs, but neither having software nor being field 
reprogrammable are requirements of a cognitive radio.” 
Figure 1 and 2 [2] [3] show low utilization of the licensed 

spectrum which is due to inefficient fixed frequency of 
spectrum. The sub bands of the radio spectrum may be 
categorized according to occupancy as follows: 

A) White spaces: These are free of RF interferers, except
for noise due to natural and/or artificial sources. This also 
known as spectrum holes (SHs). 

B) Grey spaces:  These are partially occupied by interferers
as well as noise. 

C) Black spaces: The contents of which are completely full
due to the combined presence of communication and 
(possibly) interfering signals plus noise. 

Fig. 1  Spectrum concentration[2] 

Cognitive Radios are designed to provide reliable 
communication for users and also effective utilization of radio 
spectrum. Cognitive radio perform four main tasks: spectrum 
sensing, spectrum management, spectrum sharing and 
spectrum mobility. Spectrum sensing is a task to determine 
spectrum availability and the presence of the licensed users 
(primary users or PUs). Spectrum management is a task to 
predict how long the spectrum holes are remain available for 
use to the unlicensed users (secondary users or SUs). 
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Spectrum sharing is a task to equally distribute the white 
space between all the secondary users considering usage cost. 
Spectrum mobility is a task to maintain seamless 
communication requirements during the transition to better 
spectrum. 

 

Fig. 2   Illustration of spectrum white space[2] 

Spectrum sensing is a most crucial task among all the other 
task to establish cognitive radio networks. Organization of the 
paper is as follows: In section II, various issues involved in 
the process of spectrum sensing and the need of spectrum 
sensing are described. Section III illustrates classification of 
various spectrum sensing techniques and in detail comparison. 
The paper concludes with a summary in section IV. 

II. ISSUES IN SPECTRUM SENSING 
There are several sources of uncertainty such as channel 

uncertainty, noise uncertainty, sensing interference limit etc. 
need to be consider while solving the issue of spectrum 
sensing in cognitive radio networks [3]. 

A. Channel Uncertainty 
In networks, uncertainties in received signal strength 

accurse due to channel fading or shadowing due to which a 
wrong interpretation done that the primary system is located 
out of the secondary user’s interference range because the 
primary signal experiencing a deep fade or being heavily 
shadowed by obstacles. Therefore, cognitive radios have to 
distinguish this problem from a spectrum hole. 

B. Noise Uncertainty 
The detection sensitivity can be defined as the minimum 

SNR at which the primary signal can be accurately detected 
by the cognitive radio and is given by 

 
𝛾𝑚𝑖𝑛 =  𝑃𝑝𝐿(𝐷+𝑅)

𝑁
                               (1) 

Where N is the noise power, Pp is transmitted power of the 
primary user, D is the interference range of the secondary user, 
and R is maximum distance between primary transmitter and 
its corresponding receiver. 

From the above eq. 1 we conclude that in order to calculate 
the required detection sensitivity, the noise power has to be 
known prior or needs to be estimated by the receiver. 

C. Aggregate Interference Uncertainty 
Due to extensive use of secondary systems in future, there 

will be possibility that multiple secondary uses use the same 
licensed band that introduce aggregate interference in their 
locations. That may lead to wrong detection even a primary 
use is out of range. This uncertainty introduce need for more 
sensitive detector. 

D. Sensing Interference Limit 
Main task of spectrum sensing is to detect the spectrum 

holes, so that it can be accessed by a secondary user. To 
calculate the sensing interference limit we have to take in 
account the interference measurement at the primary receiver 
caused by transmissions from secondary users. For that it’s 
required exact location of the primary users. Second, if a 
licensed receiver is a passive device, the transmitter may not 
be aware of the receiver.  

III. SPECTRUM SENSING 
Spectrum sensing is the ability to measure and sense the 

parameters of radio channel like channel characteristics, 
transmit power, interference and noise, operating environment, 
user requirements and other operating restrictions. It is done 
across Frequency, Time, Geographical Space, Code and Phase. 
For the success of cognitive radios, we must have to detect the 
spectrum holes perfectly [4]. 

In practice, the Sus need to continuously monitor the 
activities of the PUs, to find the SHs. This procedure is called 
spectrum sensing. There are two types of SHs, namely 
temporal and spatial SHs, respectively. A temporal SH 
appears when there is no PU transmission during a certain 
time period and the SUs can use the spectrum for transmission. 
A spatial SH appears when the PU transmission is within an 
area and the SUs can use the spectrum outside that area. To 
determine the presence or absence of the PU transmission, 
different spectrum sensing techniques have been used, such as 
matched filtering detection, energy detection, and feature 
detection. However, the performance of spectrum sensing is 
limited by noise uncertainty, multipath fading, and shadowing, 
which are the fundamental characteristics of wireless channels 
as shown in figure 3. 

 
Fig. 3   Spectrum Sensing Detection Methods 

A. Transmitter Detection 
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Based on the received signal at SUs the detection of PUs is 
performed. The various Transmitter detection techniques 
based on non-cooperative spectrums sensing are energy 
detection, matched filter, and cycloystationary detection, etc 
discuss below. 

1) Energy Detection (ED)
The energy detection is a non-coherent detection technique 

in which the PU detection does not need any prior knowledge 
of the PU signal to determine spectrum hole. This is the 
simplest techniques of spectrum sensing to detect PU 
transmitter [3]. 

Advantages: low computational cost, easy implementation, 
less complexity and does not need any prior knowledge of 
primary user which depend only on the power of PU signal 
whether the signal present or absence.  

Fig. 4   Block Diagram of Energy Detection 

In this the signal detection is depend on comparison of the 
received signal power to the threshold level, and that threshold 
level depends on the noise floor which can be estimated. But 
the signal power is difficult to estimate due to distance 
between PU-SU and Channel characteristics. Due to this some 
drawbacks are there in energy detection. 

Disadvantage: If a threshold is set low then its false alarm 
which is wrong detection of present of PU. At the same time if 
the threshold is set high, the missed detection will occur 
because of a weak primary signals will ignore. Therefore the 
performance of energy detection is depending on the suitable 
selection of the threshold. Another disadvantage the accuracy 
of signal detection is low compared with other techniques. 

2) Matched Filter Detection(MFD)
A matched filter (MF) is a linear filter designed to 

maximize the output SNR for a given input signal. When SU 
has a priori knowledge of PU signal, this technique is applied. 
In this correlation of the received signal with reference signal 
is done.  

Fig. 5   Block Diagram of Matched Filter 

Advantages: Need less detection time because it requires 
less samples. This detection is optimal detection due to the 
parameter of PU signal is known.  

Disadvantages: Matched filter detection requires a prior 
knowledge of every primary signal. 

3) Cyclostationary Feature Detection

Cyclostationary feature detection use the periodicity that 
present in the PU signal like sinusoidal carriers, pulse trains, 
spreading code, hopping sequences, etc., for detection. Which 
is not found in stationary noise and interference. 

Advantages: Immune from noise uncertainties and 
performs better than ED in low SNR regions. Due to the prior 
knowledge of the signal it’s capable of distinguishing the CR 
transmissions from various types of PU signals. This improves 
the overall CR throughput.  

Disadvantages: High computational complexity. Long 
sensing time. Due to these issues, this detection method is less 
common than ED. 

4) Wavelet Detection
Fourier transform is the expansion of signal as the sum of 

an infinite, series of sines and cosines. The big disadvantage 
of a Fourier expansion is that it has only frequency resolution 
and no time resolution. The frequency resolution is inversely 
proportional to the duration of the signal for the FFT spectrum; 
it depends on the order and on the signal-to-noise ratio for 
spectra. To overcome this problem in the past decades several 
solutions have been developed which are more or less able to 
represent a signal in the time and frequency domain at the 
same time.  The wavelet transform or wavelet analysis may be 
the most recent solution to overcome the drawbacks of the 
Fourier transforms.   

A wave is an oscillating function of time or space and is 
periodic while wavelets are localized waves in which the 
energy is concentrated in time or space. In wavelet analysis 
the use of a fully scalable modulated window solves the 
signal-cutting problem. The window is shifted along the signal 
and for every position the spectrum is calculated. Then this 
process is repeated many times with a slightly shorter (or 
longer) window for every new cycle. In the end the result will 
be a collection of time frequency representations of the signal, 
all with different resolutions. 

There are two types of wavelet transform in literature: 
Continuous Wavelet Transform (CWT) Discrete Wavelet 
Transform (DWT). In CWT, the signals are analysed using a 
set of basic functions which relate to each other by simple 
scaling and translation. In the case of DWT, a time-scale 
representation of the digital signal is obtained using digital 
filtering techniques. A wavelets are used for detecting edges 
in the power spectral density (PSD) of a wideband channel. 
The edges in power spectral density are the boundary between 
spectrum holes and occupied bands and hence it helps to find 
vacant bands. 
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B. Cooperative Techniques 

 
(a)                                     (b)                                    (c) 

Fig. 6   a-Centralized Coordinated, b-Decentralized Coordinated, and c-
Decentralized Uncoordinated [4]. 

The spectrum sensing task is limited by noise uncertainty, 
multipath fading, and shadowing, which are the fundamental 
characteristics of wireless channels. If the PU signal 
experiences deep fading or blocked by obstacles, the power of 
the received PU signal at the SU may be too weak to be 
detected, such as the case for SU3 as shown in Figure 7. If the 
SU transmitter cannot detect the presence of the PU 
transmitter while the PU receiver is within the transmission 
range of the SU, the transmission of the PU will be interfered. 
To address this problem, CSS has been proposed [5][6].  

 

 
Fig. 7   Cooperative spectrum sensing model 

With the coordination of several SUs for spectrum sensing 
will be improved. Based on the decision fusion criteria, CSS 
can be realized in either a centralized or a distributed manner. 

1)  Decentralized Uncoordinated Techniques 
The SU in the network don’t have any kind of cooperation 

which means that each SU will independently detect the 
channel, and if a SU detects the PU it would leave the channel 
without informing the other users. Uncoordinated techniques 
are fallible in comparison with coordinated techniques. 
Therefore, SU that experience bad channel realizations detect 
the channel incorrectly thereby causing interference at the 
primary receiver. 

2)  Centralized Coordinated Techniques 
One SU that detects the presence of a primary transmitter 

or receiver, informs a CR controller or another SU. The CR 
controller inform that to all SU in its range by means of a 

broadcast control message. This can be further classified 
according to their level of cooperation as: Partially 
cooperative where network nodes cooperate only in sensing 
the channel. Totally cooperative Schemes where nodes 
cooperate in relaying each other’s information in addition to 
cooperatively sensing the channel. 

3)  Decentralized Coordinated Techniques 
In this coordination cognitive radios make ad-hoc network 

without any central controller. There are so many algorithms 
have been proposed for the decentralized techniques like the 
gossiping algorithms or clustering schemes, where SU arrange 
them in clusters for self-coordination. This type of technique 
required extra channel for control and it should be a dedicated 
frequency channel. 

Advantages: SUs cooperate in channel sensing gives 
immunity against channel impairments like multipath fading, 
shadowing and building penetration losses. This type of 
cooperative networks reduce detection time compared to 
uncoordinated networks.   

Disadvantages: The CR users need to perform sensing at 
periodic intervals as sensed information become obsolete fast 
due to factors like mobility, channel impairments etc.    

This technique increases the data overhead and energy 
consumption. Even though cooperatively sensing data poses 
lot of challenges, it could be carried out without incurring 
much overhead because only approximate sensing information 
is required, eliminating the need for complex signal 
processing schemes at the receiver and reducing the data load.  
Also, even though a wide channel has to be scanned, only a 
portion of it changes at a time requiring updating only the 
changed information and not all the details of the entire 
scanned spectrum. 

4)  Cluster Based Cooperative Spectrum Sensing 
In this SU collaborate with each other to perform spectrum 

sensing. There are a number of clusters of cognitive users 
which cooperate with each other within a cluster. The scenario 
is same; PU, SU and a common receiver [7]. But in case of 
cluster based techniques there should be the cluster of SU in 
spite of single SUs. In this the decision fusion is employed at 
the common receiver. In this case every SU in cluster makes 
its own local decision and sends its decision to the cluster 
head. The cluster head gets the local decisions from all the SU 
of that cluster and then make a decision on the basis of some 
fusion function. This single decision is transmitted over the 
reporting channel to common receiver.  

Advantages: It’s introduce selection diversity in the cluster 
and decreases the reporting errors due to imperfect reporting 
channels as compared to conventional spectrum sensing. 

C. Interference Based Detection 
In this section, we present interference based detection 

approach. 

1)  Primary Receiver Detection 
When Primary receiver receive any data it’s emits the 

leakage power from its Local Oscillator. By mounting a low 
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cost sensor node nearer to a PU's receiver in order to detect 
the leakage power which are within the communication range 
of SUs. The local sensor then reports the sensed information 
to the SUs so that they can make the decision [8]. 

2) Interference Temperature Management
In this interference temperature management, an upper 

interference limit is set for given frequency band in specific 
location. The SUs are not allowed to cross this limit while 
using the specific band in specific area. Typically, SU 
transmitters control their transmission power based on their 
locations with respect to PU. The CR users are allowed to 
coexist and transmit simultaneously with primary users using 
low transmit power. 
Other Approaches 

1) Multiple Antenna Spectrum Sensing Technique
Advancement in the technologies gives rise to new idea of 

multiple antenna spectrum sensing in cognitive radio 
technology. In that if multiple antennas are mounted at 
secondary user than high value of probability of detection can 
be obtained.  

2) Multi -Taper Spectrum Sensing and Estimation
Multi Taper spectrum estimation (MTSE) has proposed by 

Thomson (1982) before the CR concept was introduced. The 
last N received samples are collected in a vector form and are 
represented as a set of slepian base vectors. The main idea of 
this method is that the Fourier transforms of Slepian vectors 
have the maximal energy concentration in the bandwidth fc-W 
to fc +W under finite sample size constraints. By exploiting 
this feature, CR user can easily identify the spectrum 
opportunities in given band. As MTSE uses multiple 
prototype filters and is better for small sample spaces sincethe 
computational complexity increases with large number of 
samples [8][10]. 

3) Filter Bank Based Spectrum Sensing
Filter bank based spectrum estimation (FBSE) is a simplest 

version of MTSE which uses only one prototype filter for each 
band. FBSE uses the same concept of maximal energy 
concentration in the bandwidth fc -W to fc +W. By exploiting 
this information, CR user identifies the spectrum occupancy 
and hence the spectrum opportunities. MTSE is better for 
small samples whereas FBSE is better for large number of 
samples. 

4) Radio Identification Based Detection
These techniques are used in the context of European 

Transparent Ubiquitous Terminal (TRUST) project (Farnham 
et al., 2000) which is based on several extracted features such 
as transmission frequency, transmission range, modulation 
technique etc. Once the features are extracted from the 
received signal, CR users exploit those features and can select 
suitable transmission parameters for them. 

5) Two-Stage Detectors with Multiple Energy Detectors
and Adaptive Double Threshold 

Multi stage technique use for fine detection in IEEE 802.22 
wireless regional area network (WRAN) systems. There are 
few idea related to this as follow. In one technique the first 
stage consists of ED while the second stage having one feature 
sensing to detect weak signals. Another two-stage spectrum 
sensing scheme to improve detection performance which 
consists of two detectors, ED in the first stage and 
cyclostationary detector in the second stage to provide better 
detection, but it is computationally complex and needs longer 
sensing time.  

In the two stage detector, we focused on the spectrum 
sensing failure problem and improved system detection 
performance with two-stage detectors; the first stage consists 
of a multiple energy detector (MED) with fixed threshold 
(MED_FT), and the second stage contains an ED with 
adaptive double-threshold (ED_ADT) scheme, which 
optimizes the detection performance at a fixed probability of 
false alarm and overcomes sensing failure problem as well. In 
the first stage, MED based on a selection combiner (SC) 
scheme using fixed threshold detects the PU signal. If the 
received signal energy (X) is greater than a certain threshold 
(γ), the channel is declared to be occupied; otherwise, 
ED_ADT is performed in the second stage. If the decision 
metric (Y) in this stage exceeds a certain threshold (λ), the 
channel is declared to be occupied; else, it is declared to be 
empty and available for SU. 

6) A Parallel Cooperative Spectrum Sensing
In this spectrum sensing, several SUs are selected to 

perform sensing, and each of them senses a different channel 
in a parallel way. Thereby, a number of channels can be 
simultaneously monitored and sensed in each sensing period. 
This procedure has trade-off between the sensing efficiency 
and the sensing overhead. An SU may temporarily stop its 
own data transmission and help other SUs sense the spectrum 
opportunity. After that the SU will continue its own data 
transmission. It is clear that more SUs are able to find more 
spectrum opportunities in one sensing period. Unfortunately, 
larger sensing overhead will be incurred since these involved 
SUs are not able to transmit their own data during the sensing 
period. Hence, the number of sensing SUs is a crucial design 
parameter to balance the sensing overhead and the achievable 
throughput [9]. 

TABLE I 
PERFORMANCE METRIC COMPARISON OF A VARIETY OF SPECTRUM SENSING 

TECHNIQUES 

Metric SPECTRUM SENSING TECHNIQUES 
Energy 
Detector 

Matched-
Filter 

Cyclostationarity 

Detection 
Accuracy 

+ Good at high 
SNRs 
- Poor at low 
SNRs 
- High noise 
floor could be a 
false detection 

+ Best at 
all SNRs 
-Poor if 
little is 
known 
about TX 

+ Good 
performance at all 
SNRs 

Complexity + Low 
computations 

- High 
complexity 

- Medium 
complexity 
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complexity  
Robustness +Not require 

any prior 
information of 
TX signal 
-Not work for 
spread spectrum 
signals 

- Requires 
near perfect 
TX 
information 
at RX 

- RX must know 
TX signal 
fundamental 
frequency 

Design 
Choices 

- hard to choose 
decision 
threshold 

+ TX 
characterist
ics can be 
chosen to 
improve 
accuracy 

+ Cyclostationarity 
can be 
intentionally 
induced to 
improve accuracy 

IV. CONCLUSIONS 
Spectrum is a valuable and limited resource in wireless 

communication systems. Cognitive radio is an effective 
technology which use spectrum sensing for opportunistic 
spectrum usage by the use of white spaces. In our paper we 
discussed about the different technique for Spectrum sensing 
and the issues involved in it. We also discuss about the 
importance of cooperation between Secondary users to avoid 
interference. Cooperative spectrum sensing is better than other 
spectrum sensing as it overcomes too many problems and 
accurate signal detection. We have also presented the pros and 
cons of different spectrum sensing methods, and performed 
the comparison in terms of operation, accuracies, complexities 
and implementations. 
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Abstract—This paper presents a technique for analysis of 
synthetic aperture radar (SAR) image using image enhancement 
and segmentation algorithm (IESA). SAR image is a type of 
radar image which can be acquired by satellite at any time; day 
or night, though there is a change in weather condition or 
heaviest rainfall.  Nowadays SAR image analysis is need of the 
world in various fields of remote sensing. In image analysis, 
preprocessing include image enhancement to increase the overall 
visibility of SAR image so that processed image is much better 
than selected an original SAR image. Image segmentation is used 
for extracting the certain feature from SAR images. To detect 
features from SAR image, post processing includes edge and 
boundary detection. The algorithm applied on DLR TerraSAR-X 
image that has a resolution about 1.5m. The experimental results 
show that proposed algorithm can accurately analyze object in 
the SAR image than other globally applied algorithm.  

Keywords— SAR, IESA Algorithm, Median Filter, Weiner
  Filter, MATLAB.

I. INTRODUCTION 
A very few research work has been carried out on SAR 

image analysis. Beyong et.al [1] used a Genetic Algorithm 
(GA) on spaceborne SAR images for accurate road detection. 
They used ERS-1 & SIR-C/X SAR images with 30m 
resolution data. Gajanand Gupta [2] implemented improved 
median filter algorithm for the de-noising of highly corrupted 
images and preservation. The result of improved median filter 
is compared with mean and median filter. Marivi Tello Alonso 
et.al [3] developed an algorithm on edge enhancement for 
automatic detection of edges in SAR image. The automatic 
edge enhancement is based on wavelet transform at different 
scales.  

Image analysis is concerned with making quantitative 
measurement of an image to produce a description of it. It 
requires extraction of certain features that aid in the 

identification of an object. Here algorithm for image analysis 
is developed by using image enhancement and segmentation 
technique. Image enhancement is a technique which helps to 
improve the perception of information in images for human 
viewers and providing better processed image. Using this 
technique the clarity and sharpness of selected image is 
maximize [4]. The digital images can be an optical camera 
image, medical image, satellite image etc. The SAR image is 
one of the type of satellite image which can be acquired by 
satellite at any time day or night. The SAR image is a high 
resolution image which can cover a large area of earth, so one 
can study large area easily. There are different satellites 
having their capability of different frequency range for 
acquiring images [5]-[7]. Image segmentation technique is 
used to isolate the desired object from SAR images. In this 
technique thresholding is used for partitioning images directly 
into regions based on intensity values. With this edge and 
boundary detection can be used for extraction of certain 
features that aid in the identification of an object. Edge 
detection is based on abrupt changes in intensity typically 
followed by linking algorithms designed to assemble edge 
pixels into meaningful edges and region boundaries [8], [9]. 
This paper will provide simulation model result of the IESA 
using MATLAB software. 

The main objective of the proposed work is to find edges 
and boundaries present in SAR image and study their effect on 
different filter techniques using an algorithm. The simulation 
result of an algorithm will show that which filter in IESA is 
good for SAR image analysis.  

II. IMAGE ENHANCEMENT & SEGMENTATION ALGORITHM

The proposed algorithm in this paper is one of the most 
challenging methods because it is used to extract object from 
SAR images.  The following fig. 1 shows the overall flow of 
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image enhancement and segmentation algorithm (IESA) for 
SAR image analysis. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1. Overall flow of image enhancement and segmentation algorithm 
(IESA) 

III. SAR IMAGE FILTER MODEL 

The image acquired by optical, electro-optical or 
electronic means is likely to be degraded by the sensing 
environment. The degradations may be in the form of sensor 
noise, blur due to camera misfocus, relative object-camera 
motion, random atmospheric turbulence, and so on. The use of 
filtering is to minimize the effect of degradations.  

In SAR sensing the data is characterized by a typical noise 
called speckle, which is multiplicative in nature. This is due to 
inherent techniques used in acquiring the reflected back signal. 
SAR imaging is based on integration of a scene coherent 
response of multiple scatterers from within a resolution cell. 
This gives rise to constructive and destructive interference of 
the return signal which in turn gives causes the speckle noise. 
Thus homogeneous regions will appear non uniform, and 
edges will lose their sharpness. Such data are not only visually 
unpleasant, but also unsuitable for image analysis such as 
classification, segmentation etc. Most of the noise removal 
techniques used in image processing field deal with additive 
noise which is generally present in optical data sets [10], [11].    

In practice, a digital image generated from the SAR echo 
returns is represented by spatial variations of pixel intensities 
over the area. The speckle noise model may be approximated 
as multiplicative and is given by,  

 
D𝑚,𝑛 = 𝑆𝑚,𝑛 ∗ 𝑈𝑚,𝑛 + 𝑉𝑚,𝑛          (1) 

where D𝑚,𝑛 is the noisy pixel, S𝑚,𝑛 represents the noise 
free pixel, U𝑚,𝑛 and V𝑚,𝑛 represent the multiplicative and 
additive noise respectively and 𝑚,𝑛 are indices of the spatial 
locations. Since the effect of additive noise is considerably 

smaller when compared to that of multiplicative noise, (1) 
may be written as, 

𝐷𝑚,𝑛≈ 𝑆𝑚,𝑛          (2) 
 

The primary goal of speckle reduction is to remove the 
speckle without losing the fine details contained in an image. 
Hence, to achieve this goal filters are used to get better results 
for terrain classification, target detection and other 
applications [12]. The effectiveness of IESA depends on the 
extent and the accuracy of the knowledge of the degradation 
process as well as on the filter design criterion whether it is 
linear or non-linear filter. 

1. Median Filter 

Median filtering is a non-linear spatial filter allows for the 
preservation of image features and the removal of impulsive 
noise. It is based on ordering the pixels contained in the image 
area encompassed by the filter, and then replacing the value of 
the center pixel with the value determined by the ranking 
result which can be given by the following equation, that is, 

v(m, n)=median{y(m-k, n-l),(k, l) € W}          (1) 

where W is a suitably chosen window.  
 

The algorithm for median filtering requires arranging the 
pixel values in the increasing or decreasing order and picking 
the middle value.  It is useful for removing isolated lines or 
pixels, while preserving spatial resolution. Median Filters are 
quite popular because, for certain types of random noise they 
provide excellent noise reduction capabilities [13]. 
 
2. Weiner Filter 

 
Wiener filter is one of the popular methods based on linear 

filter. Using this method the presence of blur as well as noise 
can be removed from the images. Let u(m,n) and v(m,n) be 
arbitrary, zero mean, random sequences. It is desired to obtain 
an estimate, û(m,n), of u(m,n) from v(m,n) such that mean 
squared error is minimized, 

  
σ2e=E {[u(m, n)- û(m, n)]2}   (1) 

 
where û(m, n) is known to be the conditional mean of  

u(m,n) given {v(m,n), for every (m,n)}, that is, 
 

û (m, n)= E[u(m, n)|v(k, l),  ∀ (k, l)]        (2) 

 
Equation 2 is nonlinear, hence it is quite difficult to solve 

in general. Therefore, it can be written as, 
 

( ) ( , ; , ) ( . ), , -
g m n k l v k lû m n k l

∞
∑ ∑=

= ∞              (3) 
 

SAR Image 

Preprocessing using Contrast Stretching & Histogram 
Equalization 

 
 

Noise Add & Filter 
 

Thresholding 
 

Post processing using Edge & Boundary Detection 
 
 

Output SAR Image 
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where g(m,n;k,l) is the filter impulse response determine 
such that the mean square error of Eq. 1 is minimized. The eq. 
3 is called wiener filter equation [14]. 

IV. STUDY AREA

Fig.2. (a) Original RGB SAR image (Pixel 5837*3283, Size 7.52 MB (b) 
Converted Gray Scale Original SAR image (Pixel 600*340, Size 88.6 KB) 

Table 1. Study Area and its specification 

The study area is located in Kedarnath, Dist. Rudraprayag 
(Uttarakhand), northern India and Nepal. The algorithm in this 
paper is applied to TerraSAR-X SAR image as shown in 
above figure 2 and its further more specification is shown in 
above table 1. In the history of India the Kedarnath crisis is 
one of the major disasters happened on 19 June, 2013. At 
Kedarnath during 16-17 June, 2013 cloud burst happened and 
all areas around the Kedarnath temple was affected due to 
devastating floods. The heavy rains shocked the people in the 
disaster areas.  

The floods are known to have killed more than 680 people 
and thousands are missing. After activation of the flood the 
German Aerospace Centre provided, satellite data free of 
charge.  They provided crisis relief from space for people in 
the affected region [15].  

V. EXPERIMENTAL RESULTS & DISCUSSION 

The proposed algorithm used the converted gray scale SAR 
image as shown in fig. 2. (b). Because the total time 
requirement for process IESA by using RGB SAR image is 2 
min, 54 Sec, whereas for a gray scale SAR image is 4 Sec. 

In a preprocessing step, using contrast stretching and 
histogram equalization intensity level of SAR image is 

increased.  The following figure 3 shows contrasted stretched 
and histogram equalized SAR image. 

Fig. 3. (a) Contrast Stretched SAR Image (b) Histogram Equalized SAR 
Image 

The noise like salt and pepper is added into the 
preprocessed SAR image, then median filter is applied on 
noise added image.  

Fig. 4. (a) Noise Added SAR Image (b) Median Filter SAR Image 

Next, thresholding is applied to median filtered SAR image. 
From the result object extraction obtained after postprocessing 
step, including edge and boundary detection from thresholded 
SAR images.  

Fig.5. (a) Thresholded SAR image using median filter (b) Edge and boundary 
detected SAR image 

Fig.5 (a) is thresholded SAR image of a median filter 
image. Fig.5 (b) is edge and boundary detected SAR image of 
thresholded SAR image. 

Similarly, the noise like salt and pepper is added into the 
preprocessed SAR image then wiener filter is used. 

 

Fig. 6. (a) Noise Added SAR Image (b) Wiener Filter SAR Image 

Following fig. 7 (a) is thresholded SAR image of wiener 
filter image and edge and boundary detected SAR image is 
shown in fig. 7 (b) 

Sr. 
No. 

Parameter Specification 

1 Location Kedarnath, Dist. Rudraprayag, 
Uttarakhand, India 

2 Acquired by German Aerospace Centre (Deutsches 
Zentrum fur Luft-und Raumfahrt, 
DLR) 

3 Satellite TerraSAR-X 
4 Altitude 500Km 

5 Resolution 1.5m 
6 Mode Spotlight 
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Fig.7. (a) Thresholded SAR image using a wiener filter (b) Edge and 

boundary detected SAR image 
 

From the all above results it is found that the performance 
of median filter is better than wiener filter. It is not only better 
for noise reduction also it removes the blurred effect in SAR 
image. Hence the edge and boundary detection of SAR image 
is well in median filter. 
 

VI. CONCLUSION 
 
This paper made an attempt to the comparative study of 

median and wiener filter SAR image analysis using the IESA. 
The preproseeing helps to improve the intensity and contrast 
level of SAR image. The result of the median filter shows 
much better than wiener filter regards edges and boundaries 
detect in postprocessing of SAR image. From all the above 
simulation result, it is found that how much area has been 
destroyed by floodwaters or mountain valleys have been cut 
off from the area can be accurately analyzed. The image 
analysis using the proposed IESA method and its MATLAB 
software simulation result is much better than other existing 
classical method. 
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Abstract  The dielectric properties, i.e. ε', (real part) and ε'' 
(imaginary part) of complex dielectric constant are measured for 
saline soils of Rupeshwar, Wiramgaon of Gujarat state and 
Alligad, Ietava of Uttar Pradesh at 5 GHz and at room 
temperature. The study also includes measurement of dielectric 
properties for various moisture contents, 5%-30%. The Shorted 
waveguide technique is used for dielectric measurements using 
automated C-Band microwave bench set up. The least square 
fitting technique is used to calculate dielectric constant, ε', and 
dielectric loss, ε'', and errors in their measurements. From 
measured dielectric properties, emissivity and brightness 
temperature are theoretically calculated at different angles of 
incidence for dry and moist soils using Fresnel equations. The 
laboratory data obtained are useful for the interpretation of 
microwave remote sensing applications, particularly in 
agriculture.

Keywords    Microwave measurements, Remote sensing applications, 
Saline soils, Dielectric properties, Emissivity 

I. INTRODUCTION 

Salt – affected soils are widespread over the world especially 
in arid, semi arid and some sub- humid regions. Soil salinity 
and waterlogging are two of the main constraints present in 
irrigated agricultural lands. In India, the problem of salinity 
increases every year as a result of secondary salinisation.  Due 
to waterlogging and subsequent salinization the fertile 
productive land is gradually becoming unproductive. 
Inappropriate cropping systems, reduction in crop diversity, 
inadequate post-harvest infrastructure are other major areas of 
concern. Hence, mapping and monitoring of soil are highly 
important and usually done by microwave Remote Sensing. 

Remote sensing ([1]-[2]) usually refers to the technology 
of acquiring information about the earth’s surface 
(atmosphere, land, vegetation, forest and ocean) using sensors 
onboard airborne (aircraft, balloons) or space-borne (satellites, 

space shuttles) platforms. The electromagnetic radiation is 
used as an information carrier in Remote Sensing. Remote 
sensing employs passive and/or active sensors. Passive 
sensors are those, which sense natural radiations, either 
reflected or emitted from the earth. On the other hand, the 
sensors, which produce their own electromagnetic radiation, 
are called active sensors (e.g. LIDAR, RADAR). In passive 
microwave, remote sensing the radiometer measures the 
emissivity of soil, whereas in active remote sensing the radar 
measures the back-scattering coefficient of the soil, both 
factors depend on dielectric properties of soil. The complex 
dielectric constant is a measure of the electric properties of the 
surface. It consists of two parts: the real part, known as the 
dielectric constant (ε′) and is a measure of the ability of a 
material to be polarized and store energy. The imaginary part 
(ε′′) is a measure of the ability of the material to dissipate 
stored energy into heat. The two are related by the expression:  

  𝜀∗=𝜀′−𝑗𝜀′′ …1
Where 𝜀∗ is complex dielectric constant. 
The measurement of these parameters is significant for remote 
sensing applications. 

II. MATERIALS AND METHODS
A. Soil Sampling 
Sampling locations of saline soils are decided from the 

data available with National Remote Sensing Centre (NRSC), 
Hyderabad. Information of saline soil locations with their 
latitude and longitude were collected from the maps available 
from data centre. Primary information of slight, moderate and 
strong saline soils locations was obtained from the meaningful 
discussions with the experts in Soil Division of the data 
centre. 

Soil sampling is the most vital step for soil analysis. 
Proper soil sampling is basic for laboratory investigations and 
for correct diagnosis of any soil related problem. Summer 
season is the best season for saline soil sampling; soil-
sampling was done in May 2010. Soil sampling is done 
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according to standard procedure [3] after which these soil 
samples are taken for testing pH and EC (Electrical 
Conductivity) to Marathawade Agricultural University, 
Parbhani, Maharashtra and District Soil testing Laboratory, 
Parbhani. Knowing the EC and pH values, saline soil is 
categorized as slight, moderate and strong, which is shown in 
Table 1 and the details of soil sampling are given in Table 2  
 

TABLE 1 Category of Saline Soils 

pH Category of Saline soil 
      7.00- 7.50 Slight 

7.51-7.90 Moderate 
7.91-8.20 Strong 

 

TABLE 2 Details of Saline Soils Sampling 

 
B. Experimental Set-up 
There are several methods of dielectric measurement of 

soil [4]. In present work, the dielectric properties of saline soil 
samples are measured using Von Hippel method for which 
automated C-Band microwave bench setup is used The C-
Band microwave bench setup [5] consisting of a low power 
microwave source VTO, isolator, coaxial-waveguide adapter, 
attenuator, SS tuner, slotted section and solid dielectric cell.  
The block diagram of the setup is shown in fig. 1. 

Microwave generated by VTO are propagated through 
passive components of rectangular wavelength to the 
dielectric cell with perfect reflector at closed end.  The source 
is tuned to give 5 GHz frequency by applying tuning voltage 
of 7 volts. The attenuator is used to keep the desired power in 
waveguide assembly of the bench. A slotted section with a 
tunable probe containing 1N23 detector with the square law 
characteristics has been used to measure power (current) along 
the slotted line. The detector is connected to a micro ammeter 
and to the PC to read and record the measured power. The 
probe sits on slot line such that the tip of the tunable probe is 
penetrated and it can be moved forwarded and backward 
along the slot line section. The depth of the tip is adjusted for 
its critical position to get a symmetrical standing wave pattern. 
The empty dielectric cell is connected to the other end of the 
microwave bench. The bench is tuned for symmetrical 
standing wave pattern in the slot line. The dielectric sample 
under consideration (soil sample) is inserted in the dielectric 
cell with a constant compaction. The probe is transverse along 
the slot line at equal intervals and the probe positions are 
recorded with corresponding power (current). This data is 
acquired and store in file using microcontroller interface 

system. This data makes use of α and β    as fitting parameters, 
where α = attenuation factor, β=phase factor. 

The data is stored for soil samples of different thickness. 
The dielectric properties of the solid material can be 
calculated for best fit of parameters. The guided wavelength, 
λg is measured from the minima of the standing wave pattern 

β =
2π
λg

                                                                           … 2 

The free space wavelength in determined using the relation     
    

1
λ0
2 =

1
λg
2 +

1
λc
2                                                      … .3 

 
Where λc = 2a = 2 ∗ 4.73 cm = 9.46 cm , ‘a’ being the 
broader side of the C-band rectangular wave-guide. 
The real and imaginary parts of the complex dielectric 

constant are calculated using the relations 

ε′ = λ0
2 �

1
λc
2 +

(α2 − β2)
4π2

�                                               … 4 

ε′′ =
λ0
2αβ
2π2

                                                                        … 5 

A source code for computing dielectric constant 
has been developed. The numbers of data files, for different 
thickness of samples are combined to get single input data, 
which can be used, in the source code for calculating 

dielectric constant and loss. Experimentally calculated 
dielectric constant ε' and loss ε'' with error in measurement in 
both ∆ε', ∆ε'' are tabulated. 

 

 

Fig. 1 Block diagram of a C-band microwave bench 

C. Brightness Temperature and Emissivity 
Passive microwave remote sensing is based on the 

measurement of thermal radiation in the centimeter wave band 
of the electromagnetic spectrum  Tb . This radiation is 
determined largely by the physical temperature and the 
emissivity of the radiating body and can be approximated by 

Tb(p) ≈ es(p)T                                                          … 6 
Where Tb  observed brightness temperature; T physical 
temperature of the emitting layer; P refers to vertical or 
horizontal polarization; es smooth-surface emissivity. This 
emissivity is further defined as  

es(p) = �1 − Rs(p)�                                                      … 7 
 

Location Alligad Wiramgaon Ietava Rupeshwar 
State Uttar 

Pradesh 
Gujarat Uttar 

Pradesh 
Gujarat 

Latitude 28002′31′′𝑁 23000′48′′𝑁 26053′30′′N 22011′35′′ 
Longitude 77057′44′′𝐸 72001′57′′𝐸 78053′28′′E  72041′15′′ 

pH 7.51 7.75 7.92 8.12 
EC dS/m 31.40 62.71 79.93 113.17 
Type of 

saline Soil 
Moderate Moderate Moderate Strong 
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Where Rs is the smooth-surface reflectivity. For a 
homogeneous soil with a smooth surface, the reflectivity at 
vertical and horizontal polarizations, RsV and RsH, are given 
by the Fresnel expressions 

RsV = �K cosu−�K−sin2 u

K cosu+�K−sin2 u
�
2

… 8

RsH = �
 cos u − √K − sin2 u
 cos u + √K − sin2 u

�
2

… 9

where u is the incidence angles and k is the absolute value of 
the soil bulk dielectric constant, which is a measure of the 
response of the soil to an electromagnetic wave and is largely 
determined by the volumetric soil water content. Emissivity 
for different angle of incidences for dry and saline soils for 
different percentage of water content is calculated using 
Fresnel equations.  

III. RESULTS AND CONCULSIONS

The dielectric properties of dry saline soils of Alligad, 
Wiramgaon, Ieteva and Rupeshwar are studied at 5 GHz at 
room temperature.  
 The results show that impact of increase in salinity isn’t 
same for ε' and ε''. In case of real part, the trend, shows gentle 
decrease with increase in salinity hence soil salinity has a little 
influence on dielectric constant ε' at 5 GHz  at room 
temperature (Fig. 2). In case of the imaginary part, ε'' 
dielectric loss slightly increases with increase in the salinity 
(Fig. 3). These measurements are taken for dry saline soils 
(with no moisture content) therefore; the effect of salinity is  
not appreciably. 

Fig. 2 Salinity Vs Dielectric constant for dry saline soils of Alligad, 
Wiramgaon, Ieteva and Rupeshwar 

Dielectric properties of saline soil sample are measured as a 
function of moisture contents. The samples were oven dried 
and considered at a level of 0% moisture. Then a desired 
weight of distilled water is added to achieve different moisture 
content levels. The variations of moisture content up to 30% 

are studied for Alligad, Wiramgaon, Ieteva and Rupeshwar 
saline soils at 5 GHz 

 Fig. 3 Salinity Vs Dielectric loss of dry saline soils of Alligad, Wiramgaon, 
Ieteva and Rupeshwar 

. 

Fig. 4 Dielectric constant of Alligad, Wiramgaon, Ieteva and Rupeshwar 
Saline soils at different percentage of moisture 

The response to the dielectric constant ε' is sensitive to 
moisture for saline soil. A significant increase in dielectric 
constant is found as moisture is added, which increases with 
addition of more moisture content (as seen in Fig. 4). Higher 
is moisture in saline soil, stronger is the effect of salinity on 
the imaginary part ε'', since ε'' is proportional to the 
conductivity. Increase in soil moisture content leads to a 
greater amount of salts dissolved in the soil system and thus 
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increases conductivity. Thus, behavior of the increase in ε'' 
with increase in moisture content is seen Fig. 5. Others 
observed similar trends ([6]-[10]). 

Fig. 5 Dielectric loss of Alligad, Wiramgaon, Ieteva and Rupeshwar 
Saline soils at different percentage of moisture 

Figs 6, 7, 8 and 9 shows variations in emissivity with the 
angles of incidence for Alligad, Wiramgaon, Ieteva and 
Rupeshwar saline soil samples at 0 %, 10%, 20 %, 30 % 
moisture content respectively.  

Decrease in emissivity values at normal incidence is seen with 
increase in moisture contain in saline soil. Decrease in 
emissivity values for horizontal polarization is seen; as angle 
of incidence increases. The curve for horizontal polarization 
shows a decrease in emissivity at a slow rate initially up to 

20
o
, and above this angle, the emissivity decreases at a faster

rate, as the angle of incidence increases. The curve for vertical 
polarization shows a gradual increase in emissivity initially, 

which becomes faster as the angle of incidence 30
o
. For

moisture content Alligad saline soil of 0% 10%, 20 %, 30 %, 

the emissivity curve changes for vertical polarization at 70
o
,

73
o
, 80

o
, 82

o
, respectively, instead of increase in the emissivity

decreasing trends from these angles are found (Fig. 6). The 
nature of plot of emissivity for Wiramgaon, Ieteva and 
Rupeshwar are found similar (Figs 7, 8 and 9). Using equation 
6, Brightness Temperature at different angles of incidence is 
calculated at room temperature i.e. at 35 °C. The trends for 
variations of Brightness Temperature are similar to the trends 
of emissivity of dry and moist saline soils (Fig 10 and Fig 11). 

The variations of dielectric properties with texture of saline 
soils will be incorporated in future studies. 

Fig. 6 Emissivity at different angles of incidence of Alligad saline soil for dry 
(0%), 10%, 20%, 30% moisture content 

Fig. 7 Emissivity at different angles of incidence of Wiramgaon saline soil for 
dry (0%), 10%, 20%, 30% moisture content 
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Fig. 8 Emissivity at different angles of incidence of Ieteva saline soil for 
dry (0%), 10%, 20%, 30% moisture content 

Fig. 9 Emissivity at different angles of incidence of Rupeshwar saline soil for 
dry (0%), 10%, 20%, 30% moisture content

Fig. 10  Brightness Temperature at different angles of incidence of Alligad 
saline soil for dry (0%), 10%, 20%, 30% moisture content 

Fig. 11  Brightness Temperature at different angles of incidence of 
Rupeshwar saline soil for dry (0%), 10%, 20%,  30% moisture content 

ACKNOWLEDGEMENTS 
Thanks are due to Dr. R.S. Agrawal, Principal, J.E.S. College, 
Jalna. The Authors are thankful to Indian Space Research 
Organization (ISRO) for providing the C-Band Microwave 
Bench facilities under RESPOND. 

REFERENCES 
 [1] Eugene A. Sharkov, Passive Microwave Remote Sensing of the Earth, 

Springer Praxis Publishing, UK, 2003 
[2]    Ulaby, F. T., R. K. Moore and A. K. Fung. Microwave remote sensing:  
         active and passive, Vol. 3, Artech House, Norwood, Mass, 1986. 
[3]    Yaduvanshi, N.P.S., P.Dey and Singh, Gurbachan, Analysis of Soil and 

 Water for Salt Affected Areas  (Practical Manual). CSSRI, Karnal, India,  
         2008,  pp 10-15. 
[4] Udo Kaatze Techniques for measuring the microwave dielectric 

properties of materials, IOP publishing, Metrologia,  2010 Vol. 47, pp 
91-113.  

[5]    Von Hippel A.R., Dielectric Materials and Applications, New York, 
         Wiley, 1954. 
[6]    Wang. J., Schmugge T. and Williams, Dielectric constants of  soils at  
         microwave   frequencies-II, NASA Technical paper, 1978,1238 
[7]    Wang J.R., and Schmugge T., An empirical model for the  complex 

  dielectric Permittivity of soils as a function of water content, IEEE  
  Transactions on  Geoscience and Remote  Sensing, 18, 1980, pp. 288- 

         295 
[8]    Y. Lasne, Ph. Paillou, G. Ruffié, C. Serradilla, F., A. Freeman, 

  T. Farr, K. McDonald, B. Chapman,  Effect of Salinity on The Dielectric  
  Properties of Geological Material: Implication for  Soil Moisture  
  Detection by Means of Remote Sensing, Author manuscript, published  
  in "IEEE Transactions on Geoscience  and Remote Sensing , 46, 6,  
 2008, 1674-1688. 

[9]    K Shreenivas, L Venkatratnam, P V Narashimha Rao, Dielectric 
  Properties of Salt-affected Soils, Indian Journal of Remote Sensing,  

          16(4), 1995, pp 641 
[10]   D H Gadani, V A Rana, A D Vyas and S P Bhatnagar, Effect of Saline  

 Water on emissivity of Soil, Indian Journal of Radio and Space  
  Physics, Vol.40, August 2011, pp 218-226

0 20 40 60 80 100

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

 eh 0%
 ev 0%
 eh 10%
 ev 10%
 eh 20%
 ev 20%
 eh 30%
ev 30%

Em
is

si
vi

ty

Angles of Incidences of Rupeshwar Saline Soil

0 20 40 60 80 100

0

50

100

150

200

250

300

Br
ig

ht
ne

ss
 T

em
pe

ra
tu

re

Angles of Incidences of Alligad Saline Soil

 Tb-h 0%
 Tb-v 0%
 Tb-h 10%
 Tb-v 10%
 Tb-h 20%
 Tb-v 20%
 Tb-h 30%)
 Tb-v 30%

0 20 40 60 80 100

0

50

100

150

200

250

300

 Tb-h 0%
 Tb-v 0%
 Tb-h 10%
 Tb-v 10%
 Tb-h 20%
 Tb-v 20%
 Tb-h 30%)
 Tb-v 30%

Br
ig

ht
ne

ss
 T

em
pe

ra
tu

re

Angles of Incidences of Rupeshwar Saline Soil

11th International Conference on Microwaves, Antenna, Propagation & Remote Sensing 
ICMARS-2015, Jodhpur, INDIA, Dec. 15 – 17, 2015

91



FDTD Analysis of  Microstrip  Triangular 
Patch  Antenna 

  Sheifali Gupta#, Ayushi Agarwal# , Amanpreet Kaur* 
 #ECED Department,   Thapar University 

Patiala , Punjab 
1sheifali4pisces@gmail.com 

2aaayushi562@gmail.com 

*Assistant professor,Thapar University
Patiala, Punjab 

3amanpreet.kaur@thapar.edu 

Abstract: The  Paper proposes aFinite Difference Time 
Domain scheme for the analysis of triangular microstrip 
patch antennas.  This method solves the coupled     
maxwell’s  curl equations directly in the time domain. A 
cavity model approach is used to reduce the entire 
problem to two dimensions resulting in fast and easy 
computation of impedance and radiation characteristics of 

antenna.     

Keywords – Triangular microstrip patch antenna, FDTD , 
cavity model, Maxwell equations, scalar partial 
differential equations . 

I. INTRODUCTION 

The FDTD method, in the general, is a class of grid-based  
differential time-domain numerical modeling methods. For the 
application in electromagnetics, in FDTD method, the time-
dependent Maxwell’s equations (in partial differential form) 
are discretized using central-difference approximations to the 
space and time partial derivatives. The resulting finite- 
difference equations are solved in a leapfrog manner [1-5]. A 
novel Finite Difference Time Domain (FDTD) gridding 
scheme that , is different from the conventional classical Yee 
approach [1,5], is presented in this paper, for fast and efficient  

analysis of triangular microstrip antenna (Fig. 1a and Fig. 1b). 
Triangular microstrip structures have gained wide attention in 
the recent past due to their ability to cater as efficient radiators 
and microstrip circuit components in communication systems 
[5-9]. They are found to have radiation properties similar to a 

rectangular patch antenna but with a smaller size. These 
antennas can be further loaded with a slit or short to produce 
compact circularly polarized antennas. The present FDTD 
scheme combined with the cavity model approach [5,6] 
enables to analyze the antenna structure in 2 dimensions for 
thin substrates. As a result, a considerable reduction in 
computation time and memory requirement is achieved over 
the original FDTD approach and is used to analyze such 
antennas, without compromising with accuracy. 

II. THEORETICAL ANALYSIS OF FDTD

In this section transformations needed for its application to 
antennas are developed. 

A. Finite Difference Time Domain  (FDTD) Method 
The FDTD method consists of discretization and solution of 
Maxwell’s curl equations directly in time domain given as 
under :

𝑐𝑢𝑟𝑙��������⃗ 𝐸�⃗ = −𝜇 𝜕𝐻
𝜕𝑡
����⃗       (1) 

𝑐𝑢𝑟𝑙��������⃗ 𝐻��⃗ = −𝜀 𝜕𝐸
𝜕𝑡
���⃗ + 𝚥  (2) 

The maxwell’s equations are obtainable from (1) and (2) 

1.) Discretization Method 
Yee[1] was first to introduce the scheme of discretization 
which consists of taylor development and writing the first 
derivatives as: 

𝜕𝑓(𝑥0)
𝜕𝑥

=
𝑓�𝑥0+

∆
2�−𝑓(𝑥0−

∆
2)

∆
+ 𝜃(∆2)   (3)   

(3) 

𝑥0   derivative calculation point 
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∆    increment 

Space and time derivatives are then second order accurate in ∆ 
and central differencing scheme reduces round off error. The 
structure is decomposed in cubic elementary cells , also called 
Yee grid cells. The six   components of electromagnetic field 
are in  determined  in each cell (fig 1).  Discretization  in time 
domain is carried out so that Electric and Magnetic field are 
interlaced. FDTD calculates the field at discrete times and 
locations on a grid. The fields can be represented as an 
indexed functions  using  integers : 

𝑓(𝑖∆𝑥, 𝑗∆𝑦,𝑘∆𝑧,𝑛∆𝑡) = 𝑓(𝑖, 𝑗, 𝑘,𝑛 ) 
where    ∆𝑥 , ∆𝑦 𝑎𝑛𝑑  ∆𝑧  are  space  increments 

 ∆𝑡  is the time increment. 

 Fig 1a Triangular microstrip antenna 

A relation between  space increments and time incremen 
gives the stability criterion  which is given by: 

∆𝑡 < 1

𝑐�
1

∆𝑥2
+ 1
∆𝑦2

+ 1
∆𝑧2

 Fig1b Field calculation points 

Because central differences  are used , eq.(3), for derivatives , 
and the magnetic (electric)field is found from space derivative 
of electric(magnetic)field , the magnetic (electric)field , the 
magnetic and electric field need to be spaced a half- space 
interval apart. The time derivative becomes 

𝜕𝑓(𝑖,𝑗,𝑘,𝑛)
𝜕𝑡

=
𝑓�𝑖,𝑗,𝑘,𝑛+12�−𝑓(𝑖,𝑗,𝑘,𝑛−12)

∆𝑡
  (4) 

And means that electric and magnetic components are 
interspersed at ∆t

2
 times that produce a leap frog algorithm. 

An example of  Ex calculation is given by eq.(4) 
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𝐸𝑥𝑛+
1
2 = 𝐸𝑥𝑛−

1
2(𝑖, 𝑗, 𝑘)

+
∆𝑡
𝜀
��𝐻𝑧𝑛 �𝑖 +

1
2

, 𝑗 +
1
2

, 𝑘�

− 𝐻𝑧𝑛 �𝑖 +
1
2

, 𝑗 −
1
2

, 𝑘�� /∆𝑦

− (𝐻𝑦𝑛 �𝑖 +
1
2

, 𝑗,𝑘 +
1
2
�

− 𝐻𝑦𝑛 �𝑖 +
1
2

, 𝑗,𝑘 −
1
2
�))/∆𝑧� 

(5) 

III. FDTD GRIDDING STRUCTURE

In this gridding scheme , positions of electric and magnetic 
field are interchanged in a suitable fashion for the application 

of cavity model approach to antenna.The original 2D

gridding scheme are shown in fig 2 and fig 3  respectively . 

Fig. 2. The original Yee gridding scheme

 Fig. 3. The new FDTD gridding scheme 

The corresponding equations are: 

𝐸𝐸𝑧𝑛+1(𝑖, 𝑗) = 𝐸𝑧𝑛(𝑖, 𝑗) +
∆𝑡
𝜀

+ (𝐻𝑦𝑛+
1
2(𝑖 + 1, 𝑗)

− 𝐻𝑦𝑛+
1
2(𝑖, 𝑗))/∆𝑥 + (𝐻𝑥𝑛+

1
2(𝑖, 𝑗 + 1)

− 𝐻𝑥𝑛+
1
2(𝑖, 𝑗))/∆𝑦 

𝐻𝑥𝑛+
1
2(𝑖, 𝑗) = 𝐻𝑥𝑛−

1
2(𝑖, 𝑗) −

∆𝑡
𝜇

(𝐸𝑧𝑛(𝑖, 𝑗 − 1)

− 𝐸𝑧𝑛(𝑖, 𝑗))/∆𝑦 

𝐻𝑦𝑛+
1
2(𝑖, 𝑗) = 𝐻𝑦𝑛−

1
2(𝑖, 𝑗) −

∆𝑡
𝜇

(𝐸𝑧𝑛(𝑖, 𝑗)

− 𝐸𝑧𝑛(𝑖 − 1, 𝑗))/∆𝑥 

(6) 

The new gridding scheme proposed here can be extended to 
analyze any desired microstrip patch shapes while maintaining 
the simplicity of FDTD technique. In this scheme, the positions 
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of electric and magnetic fields are interchanged in a suitable 
fashion to facilitate the application of the cavity model approach 
to the antenna.  

A triangular antenna (Fig. 1) can be assumed as a cavity with 
perfect electric conductor (PEC) walls of triangular shape at the 
top and ground plane and by perfect magnetic conductor (PMC) 
walls on slots 1, 2 and 3. Along slots 1 and 2, the walls can be 
implemented by setting Hx = 0 and Hy = 0 to zero along these 
faces. Information about the height of the substrate can be 
incorporated in the slot voltage. To implement slot 3 (PMC), we 
assume the wall to run such that it intersects the Ez components in 
ththe  middle of the cells. The Ez components arare  updated by 
contour integral approach [1,5].  
ccconsidering the cell shown in Fig. 4, the Ez eqequation can be 
written as (the dotted line represents(PMC): 

𝐸𝑧𝑛+1(𝑖, 𝑗) = 𝐸𝑧𝑛(𝑖, 𝑗) +
2∆𝑡
𝜀

+
(𝐻𝑦𝑛+

1
2(𝑖 + 1, 𝑗)
∆𝑥

+ (𝐻𝑥𝑛+
1
2(𝑖, 𝑗))/∆𝑦 

Fig 4. Intersection of PMC for slot 3 representing slanted edge 
of the antenna 

IV. DESIGN SPECIFICATIONS AND CALCULATIONS

The canter design frequency for triangular microstrip patch 
antenna is 5GHz. Values of the various parameters are 
calculated using equations given above. Specifications are 
given in table 1 and calculated values are given in table 2. 

TABLE I 

PATCH ANTENNA SPECIFICATIONS 

Substrate Material FR4 

Dielectric Constant 4.4 

Loss Tangent 0.009 

Substrate Height 1.57 mm 

TABLE II 

CALCULATED PARAMETERS 

 Patch Length 38.5mm 

Patch Width 38.5mm 

Microstrip feed Width 4mm 

Bandwidth 138.9 Mhz 

V. RESULTS AND DISCUSSIONS 

All the simulations related to Triangular Patch Microstrip 
antenna design (Fig .5)were carried out using CST MWS’10 
which is based on Finite Domain Time Difference technique 
assuming perfect boundary conditions. The result of 
impedance bandwidth is presented in this section. The antenna 
resonates at 5.13 GHz. The bandwidth of the antenna is found 
to be 138.9 Mhz. Good agreements were achieved. The 
present method is simpler than conventional FDTD method 
and is less time consuming. 

F 

Fig 5. Triangular Patch Antenna 
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A. Return Loss and Radiation pattern of triangular patch 
antenna:  

The return loss graph of an antenna represents its impedance 
bandwidth with respect to a return loss of less than -10dB. 
Figure 6 shows the return loss of a patch antenna The patch 
antenna covers an impedance bandwidth of 138.9 MHz 
around 5.13GHz with a peak return loss of -20dB. Figure 7 
shows the radiation field pattern of triangular patch antenna 
with directivity of 6.401 dB. 

 

 Fig 6.  Return loss of triangular patch antenna 

 Fig 7. Radiation pattern 

VI. CONCLUSION
 The hybrid FDTD gridding scheme, presented here, enables us 
to accurately calculate the characteristics of triangular 
microstrip antennas using much less amount of memory and 
computation time compared to conventional FDTD. The 
calculations are performed assuming infinite ground plane. 
Although Method of Moments takes nearly the same amount 
of computation time as our proposed novel scheme, analysis 
becomes difficult for arbitrary patch shapes. This hybrid 

FDTD approach can be readily extended to such complicated 
cases while maintaining the advantages of original FDTD. 
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Abstract- In this paper analysis of two layered stacked patch 
antenna has been carried out using equivalent antenna structure. 
The antenna is designed on an Fr4 substrate with a dielectric 
constant of 4.4 and a dielectric loss tangent of 0.009 with a height 
of 1.57mm.The antenna shows broad bandwidth when a parasitic 
patch is stacked over the fed patch. The bandwidth of a stacked 
antenna improves to 11.7 % over the 3.27% bandwidth of the 
single element antenna.. After calculating various parameters 
like length, width, effective length, effective width, the return loss 
is observed. Software used is CST. 

Keywords- Return loss, Bandwidth, CST, Stacked, Parasitic 
Patch. 

I. INTRODUCTION 

In recent years there has been rapid growth in printed antenna 
theory and technology during the last decade [1]. The basic 
configuration of microstrip antenna consists of a metallic 
patch printed on a thin ground dielectric substrate shown in 
fig(1). The radiating element and the feedlines are photo 
etched on the dielectric substrate. The microstrip patch is 
designed so that by excitation beneath the patch its pattern 
maximum is normal. In spite of various advantages [2] like 
low weight, low profile with conformability [3] and low 
manufacturing cost, microstrip antenna suffers from 
disadvantages [4] like low gain and narrow impedance 
bandwidth. A number of papers are there on the literature of 
bandwidth enhancement [5] such as electrically thick 
substrate, patch loaded with slot [6], patch with an air gap 
between substrate and ground plane, gap coupled parasitic 
patches [7], stacked patch antennas etc. Bandwidth of the 
basic microstrip antenna can be improved by stacking a patch 
known as a parasitic patch to create dual or multiple closely 
spaced resonances.     

In the present endeavour an attempt has been made to enhance 
the bandwidth of the antenna by using a two layered structure 
in which parasitic patch is electromagnetically coupled to the  

fed patch. Return loss is studied and analysed. The entire 
model is analysed using circuit theory concept. 

The paper is organised as follows section II gives the brief 
theoretical considerations and equations associated with the 
structure. Section III describes the design specifications of the 
proposed antenna. Next sections are dedicated to the 
discussion of the results and the conclusion. 

Fig 1. Single layer microstrip patch antenna

II. THEORETICAL ANALYSIS OF THE ANALYSIS

In the stacked configuration as shown in fig(2) due to the 
presence of the second patch on top of the fed patch, there are 
two resonances associated with the structure [8]. One 
resonator is formed by the lower patch and the ground plane 
which controls upper resonant frequency and second 
resonance is associated with the resonator formed by the 
parasitic patch and lower patch. Due to the geometry of the 
structure the effective dielectric constant of the antennagets 
changed and resonant frequency will be dependent on the new 
dielectric constant. In the first resonator microstrip patch is 
covered by the second dielectric (superstrate). The resonance 
frequency will decrease with the increase in the dielectric 
constant of the superstrate.  
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Fig 2(a) Side view of stacked microstrip antenna 

2(b) 2(c) 

(b) Equivalent circuit of lower resonator (c) Equivalent circuit of upper 
resonator 

The effective dielectric constant is given by [9]- 

𝜀𝑒𝑓𝑓 = 𝜀𝑟1𝑞1 + (1−𝑞)2

𝜀𝑟2(1−𝑞1−𝑞2)+𝑞2
(1) 

Here, qi  is the filling fractions given by [9]: 

𝑞1 = 1 −
ℎ1

2𝑤1𝑒
ln �

𝜋
ℎ1
𝑤1𝑒 − 1�

Where, the effective width is given by: 

𝑤1𝑒 = 𝑤1 +
2ℎ1
𝜋

ln �17.08 �
𝑤1
2ℎ1

+ 0.92�� 

𝑞2 = 1 − 𝑞1 − 𝑞3 

𝑞3 =
ℎ1 − 𝑔
2𝑤1𝑒

𝑙𝑛 �𝜋
𝑤1𝑒
ℎ1

𝑐𝑜𝑠 � 𝜋𝑔2ℎ1
�

𝜋 � ℎℎ1
− 1

2� + 𝜋𝑔
2ℎ1

+ 𝑠𝑖𝑛 �
𝜋𝑔
2ℎ1

�� 

Where, 𝑔 = 2ℎ1
𝜋
𝑡𝑎𝑛−1 � 𝜋

𝜋𝑤1𝑒
2ℎ1

−2
� ℎ
ℎ1
− 1�� 

Using the dielectric constant given by equation(1). The 
superstrate microstrip antenna can be represented as a single 
patch antenna with dielectric constant equal to ԑr1

’ given by:

𝜀𝑟1′ =
2𝜀𝑒𝑓𝑓 − 1 + 𝐴

1 + 𝐴

Where, 𝐴 = �1 + 10 ℎ1
𝑤1𝑒

�
−1

2�

Resonant frequency associated with the fed patch can be 
written as [1] 

𝑓𝑟1 = 𝑐
2(𝑙1+∆𝑙1)√𝜀𝑒𝑓𝑓

(2) 

Here, l1 is the actual length of the lower patch and ∆l1 is the 
fringing length given by: 

∆𝑙1 = 0.412𝑙1
(𝜀1𝑒 + 0.3) �𝑤1ℎ1

+ 0.264�

(𝜀1𝑒 − 0.258) �𝑤1ℎ1
+ 0.8�

Here, Ɛ1e  is the effective dielectric constant 

𝜀1𝑒 = 𝜀𝑟1′ +1
2

+ 𝜀𝑟1′ −1
2

�1 + 12 ℎ1
𝑤1
�
−1 2�

(3) 

The equivalent circuit of the first resonator is shown in 
fig2(a). According to the modal expansion [11] the values of 
the circuit parameters can be given as. 

𝐶1 =
𝜀𝑜𝜀1𝑒𝑙1𝑤1

2ℎ1

𝐿1 =
1

(2𝜋𝑓𝑟1)2 𝑐1
 

𝑅1 =
𝑄𝑇1

2𝜋𝑓𝑟1𝑐1
QT1 is the quality factor of the resonator. 

Similarly, for the second resonator required equations will be 
given as. Resonant frequency is: 

𝑓𝑟2 = 𝑐
2(𝑙2+∆𝑙2)√𝜀2𝑒

(4) 

𝜀2𝑒 = 𝜀𝑟2+1
2

+ 𝜀𝑟2−1
2

�1 + 12 ℎ2
𝑤2
�
−1 2�

(5) 

∆𝑙2 = 0.412𝑙2
(𝜀2𝑒 + 0.3) �𝑤2ℎ2

+ 0.264�

(𝜀2𝑒 − 0.258) �𝑤2ℎ2
+ 0.8�

According to the modal expansion values of the various 
parameters of the second resonator shown in fig2(c) are given 
as. 
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𝐶2 =
𝜀𝑜𝜀2𝑒𝑙2𝑤2

2ℎ2

𝐿2 =
1

(2𝜋𝑓𝑟2)2 𝑐2
 

𝑅2 =
𝑄𝑇2

2𝜋𝑓𝑟2𝑐2
QT2 is the quality factor of the second resonator. 

The two resonators are electromagnetically coupled so there 
will be a mutual capacitance and inductance between them. 
Maximum radiation will occur when both the resonators are in 
action. If V1 is the voltage across fed patch and V2 is the 
voltage across parasitic patch, then at resonance, the response 
in the parasitic element can be written as [12]: 

𝑉2
𝑉1

= √
𝐿2
𝐿1
�

𝐾1

𝐾2 + 1
𝑄𝑇1𝑄𝑇2

� 

L2: Inductance of parasitic element 

L1: Inductance of fed patch 

K1: Actual coefficient of coupling 

K: Critical coefficient of coupling 

The parasitic element will have the maximum response when 
the actual coefficient of coupling equals the critical coefficient 
of coupling ie K1=K. Then, 

𝑑
𝑑𝐾1

� 𝐾1
𝐾2+ 1

𝑄𝑇1𝑄𝑇2

� = 0    

𝐾 =
1

�𝑄𝑇1𝑄𝑇2
With inductive and capacitive coupling, the equivalent circuit 
of the stacked structure is shown in fig(3). The values of 
mutual inductance and capacitance are given by [13]. 

𝐿𝑚 =
𝐾2(𝐿1 + 𝐿2) + �(𝐾2(𝐿1 + 𝐿2)2 + 4𝐾2(1 − 𝐾2)𝐿1𝐿2)

2(1 − 𝐾2)

𝐶𝑚 =

−(𝐶1 + 𝐶2) + ��(𝐶1 + 𝐶2)2 − 𝐶1𝐶2 �1 − 1
𝐾2��

2

Fig(3) Equivalent circuit of the stacked microstrip antenna 

Input impedance of the stacked antenna can be derived from 
the fig(3) 

𝑍𝑖𝑛 =
𝜔2𝑅𝐿2 + 𝑗𝜔𝑅2𝐿(1 − 𝜔2𝐿𝐶)

𝜔2(𝜔2𝑅2𝐿2𝐶2 − 2𝑅2𝐿𝐶 + 𝐿2) + 𝑅2
 

Where, 

𝑅 =
𝑅1𝑅2
𝑅1 + 𝑅2

𝐿 = 𝐿1𝐿2
𝐿1+𝐿2

+ 𝐿𝑚 

And 

𝐶 =
(𝐶1 + 𝐶2)𝐶𝑚
𝐶1 + 𝐶2 + 𝐶𝑚

The E-plane (x-y plane) radiation field can be found as given 
in [1].  

𝐸(Ф) = 𝑗
𝑘𝑜𝑤𝑣𝑜
𝜋𝑟

𝑒−𝑗𝑘𝑜𝑟

⎩
⎪
⎨

⎪
⎧ 𝑠𝑖𝑛 �(𝑘𝑜ℎ𝑐𝑜𝑠Ф)

2 �

(𝑘𝑜ℎ𝑐𝑜𝑠Ф)
2

 𝑋 𝑐𝑜𝑠 �
(𝑘𝑜𝑙𝑠𝑖𝑛Ф)

2
�
⎭
⎪
⎬

⎪
⎫

The far field E-plane radiation of stacked geometry can be 
derived with the following assumptions. 

• The distance between two patches is small as
compared to far field point (r), hence the radiations
from two patches are in phase.

• The induced voltage of parasitic patch is K times the
voltage of driven patch.

• The radiation pattern depends upon the fringing
length; hence the fringing length of stacked antenna
is replaced by the fringing length of the two patches.
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𝐸(Ф) = 𝑗
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Here the first term represents the radiated field due to lower 
patch and second field indicates radiated field due to upper 
patch. 

III. DESIGN SPECIFICATIONS AND CALCULATIONS

The center design frequency for both, single layer and double 
layer stacked microstrip patch antenna is 6GHz. Values of the 
various parameters are calculated using equations given 
above. Specifications are given in table 1 and calculated 
values are given in table 2. 

TABLE I 

PATCH ANTENNA SPECIFICATIONS 

Lower Patch Upper Patch 

Substrate Material FR4 FR4 

Dielectric constant 4.4 4.4 

Loss Tangent 0.009 0.009 

Substrate 
Thickness 

1.57mm 1.57mm 

IV. RESULTS AND DISCUSSIONS

All the simulations related to single layer antenna design and 
the Stacked Patch antenna design were carried out using CST 
MWS’14 which is based on Finite integration technique 
assuming perfect boundary conditions. The result of 
impedance bandwidth is presented in this section. The 
dimensions of the patch on the top substrate were optimised 
such that it covers a frequency close to the resonant frequency 
of lower patch. This way there is an increase in the bandwidth 
of the antenna. 

Fig 4. Stacked Antenna 

TABLE II 

CALCULATED PARAMETERS 

Single Layer Double Layer 

W1=11mm W1=10mm, W2=10mm 

L1=11mm L1=10mm, L2=10mm 

Feedline width= 1.4mm Feedline width= 1.4mm 

Bandwidth=196 Bandwidth=679.3 

A. Return Loss and Radiation pattern of single layer antenna: 

The return loss graph of an antenna represents its impedance 
bandwidth with respect to a return loss of less than -10dB. 
Figure 5 shows the return loss of a single layer antenna The 
single layer covers an impedance bandwidth of 196MHz 
around 6GHz with a peak return loss of -28dB. 

Fig5. Return loss of single layer antenna 

B. Return Loss of stacked antenna with two layers: 

Figure6 shows the return loss of the stacked antenna. With the 
experiment of the dimensions of the stack patches and 
feedline, the return loss was optimised for the maximum 
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bandwidth. Due to the presence of two elements when their 
resonances are close they produce a larger bandwidth. It 
shows the impedance bandwidth of 679.3 MHz around 6. 
Antenna thus shows an increase of 71.2% in the bandwidth of 
the single layer antenna by using a stacked layer. 

Fig6. Return loss of stacked antenna 

C. Radiation Pattern: 

The radiation pattern of an antenna represents its radiation 
characteristics in a 3D plane. Figure 8 shows the radiation 
pattern plot of the simulated antenna with a stacked layer on 
top of the designed antenna Figure(7)  shows that this antenna 
has gain of 5.7 dBi. 

Fig7. Gain of stacked antenna 

C. Radiation Pattern:  

Figure(8) shows the surface currents of the stacked antenna. 

Fig8. Surface currents of stacked antenna 

V. CONCLUSION 

In the current paper a single band antenna is designed and 
simulated on an Fr4 substrate with a dielectric constant of 4.4 

and height of 1.57mm. This antenna has an impedance 
bandwidth of 196MHz .In order to increase the bandwidth of 
the antenna another stacked layer of Fr4 substrate is added 
over it with a patch on the top having same dimensions as the 
lower antenna It is observed that the stacked antenna shows an 
impedance bandwidth of 679.3MHz, showing an increase of 
71.2% impedance bandwidth from the single layer antenna. 
Also it was observed that bandwidth is dependent on feedline 
width, thus it was optimised for the maximum bandwidth. 
Thus stacking is proposed as an efficient method for 
increasing the performance of a microstrip antenna in terms of 
bandwidth. Although the volume occupied by the antenna 
increases but the lateral surface area occupied by the antenna 
remains the same. Hence, it is suitable for wireless 
application. 
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Abstract— The design of antenna in wireless communications 
poses a new challenge due to the existence of growth in 
development of highly reliable, low cost, less weight, minimal 
profile antennas for wireless devices. This paper presents the 
design and simulation of a square shaped micro strip patch array 
antenna at resonating at 9.2 GHz for wireless communications. It 
provides a wide angle of beam and achieves a gain of 14.6 dBi. 
The patch antenna was analysed using Ansys HFSS software. 

Keywords— patch array, gain, return loss, X-band,

I. INTRODUCTION 
Antennas play an important role in the field of digital 
communication. They are used to transmit the data and receive 
the data without using wires. In the recent time many 
inventions and discoveries have been done in the field of 
communications where the aim has been to increase the 
efficiency of the system by fabricating the antenna 
systematically. Patch antennas play a very significant role in 
today's world of wireless communication systems. A 
microstrip patch antenna is very simple in the construction 
using a conventional microstrip fabrication technique. 

The microstrip antenna has a low bandwidth and gain. The 
challenge in microstrip antenna design is to increase the 
bandwidth and gain [1]. Different array configurations of 
microstrip antenna yield give improved efficiency with high 
gain and wide bandwidth. [2].The voltage distribution among 
the array elements depends on feeding network. Suitable 
feeding network accumulates all of the induced voltages to 
feed into one point. The proper impedance matching feeding 
array configurations provides high efficiency in microstrip 
antenna [3]. Different radar systems such as shuttle imaging 
radar, remote sensing radars, synthetic aperture radar and 
other wireless communication systems operate primarily in X 
bands. Microstrip antenna is the first option for this high 
frequency band such as X-band, as it provides low cost, light 
weight, and robustness [4]. 

A patch antenna is a kind of antenna that is formed by 
implanting the required pattern onto a metal plate which forms 
the conducting part of the antenna whereas another metal plate 
is also etched which forms the ground plane of the antenna. In 
between these two plates a substrate is present for providing 
the insulation. Many antennas instead of using the dielectric 
substrate use dielectric spacers, which helps in increasing their 
bandwidth [5-6]. The main advantages of these kinds of 
antennas are their low size and reduction in cost. These 
antennas are inexpensive to manufacture and the size of such 
antennas are small since they are used in high frequencies and 
as the range of the frequency or rather the resonant frequency 
increases there is a reduction in the dimensions of the antenna 
[7].  

The main aim of this project is to design a 5 element micro 
strip patch array antenna. The configuration is of a star cum 
bus structure. An array of antenna is an arrangement of patch 
structure elements combined and feed together to get a desired 
radiation pattern [8]. The design of the antenna can be done on 
various available such ADS, HFSS, E3D. In this project we 
are designing the antenna on a three dimensional electro- 
magnetic tool of High Frequency Structural Simulator. The 
substrate used in this design is FR4 which has a dielectric 
constant of 4.4. Various probe techniques are there to give the 
energy feed in antenna to provide the required excitation and 
to achieve the desired results. In this project, probe feed 
technique is used. The antenna is developed for a frequency of 
9 GHz which is used for X- band application where higher 
gain and efficiency is required.  

II. RESULT AND OBSERVATIONS
In this project is to design a patch array which is a 
combination of more than one patch hence, provides more 
gain with a little more cost than the normal micro strip 
structures. Such kinds of structures can be fabricated using the 
lithographic techniques. The resonant frequency in this project 
is 9 GHz. Arrays result in a much higher gain as compared to 
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the single patch antennas as additional patch are used in this 
case resulting in higher gain and efficiency;  matching and 
phase adjustment can be performed with printed micro strip 
feed structures, again in the same operations that form the 
radiating patches. The ability to create high gain arrays in a 
low-profile antenna is one reason that patch arrays are 
common on airplanes and in other military applications. 

We have designed an array of rectangular patch antenna of the 
centre frequency 9.2 GHz, sweeping between 8.8 GHz to 9.4 
GHz, and achieved a gain of 20 dBi. The substrate used is 
FR4 epoxy. It is low cost and easily available.  

The three essential parameters for the design of microstrip 
patch antenna are: (1) Frequency of operation (f), the resonant 
frequency of the antenna must be selected properly as the 
length of the patch is dependent on it. (2) Dielectric constant 
of the substrate (𝜖), as it play a huge role in the radiation 
pattern, dimension and other parameter, (3) Height of 
dielectric substrate (h), for patch antenna the height of the 
dielectric substrate is critical since the antenna should not be 
bulky. The design parameters are taken as per the equations of 
the microstrip using transmission line model [4]. The edge 
type feed is used in this design. 

The software used to model and simulate the microstrip patch 
antenna is HFSS. Ansoft HFSS can be used to calculate 
parameters such as S-Parameters, return loss, resonant 
frequency, and fields. 

The 5 patch array design with one patch at the centre is shown 
below in figure 1. It is 3D model as shown in HFSS design 
window. The patch elements are on one side of a dielectric 
substrate and a planar ground on the back of the substrate. It 
has been assigned with an air box boundary and virtual 
radiation to create far field radiation pattern. 

The patch array antenna is simulated using Ansoft HFSS. The 
parameters evaluated were gain, beamwidth and return loss. 

Fig. 1 The 5 array patch antenna design on HFSS window.

The return loss for patch array antenna is shown in below 
figure. The return loss is found to be varying between 8.8GHz 
to 9.4 GHz, with a peak of 26 dB at 9.2 GHz. 

Fig. 2 The return loss for patch array antenna 

The 2x2 patch array antenna is simulated using Ansoft HFSS. 
The parameters evaluated were gain, beamwidth and return 
loss. 

Fig. 3 3D polar plot for patch array antenna 

From the figure above, the received gain is 12 dBi for peak 
gain at 9 GHz. 

The fabricated antenna is shown below in figure 4. It is 
fabricated using chemical etching technique. Both the front 
and back side of the antenna is shown in the figure. The feed 
is provided to the centre element of the 5 array patch. The 
fabrication used the epoxy available for printed circuit board 
design. 
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Fig. 4 The fabricated antenna on FR4 (front and back) 

III. CONCLUSIONS
The design and simulation of microstrip patch array antenna 
was done and successfully analysed using HFSS design 
software for antenna designing. The performance parameters 
were achieved with gain 14 dB and beamwidth 40 degrees and 
26 degrees in E-plane and in H-plane respectively for patch 
array antenna. The designed antenna is simple and cost 
effective. It has a good efficiency for the applications in X-
band of frequency ranges. The common feeding to the all the 
antenna elements are in planar array, so the beam shape in 
both planes can be control and provides more efficiency in the 
radiation. It would also be possible to design an antenna 
operating in any other frequency bands by changing the design 
parameters. 
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Abstract: A triple band CPW-Fed “G” shaped antennas
are becoming more popular in wideband application for 
wireless communication due to their smaller size, compact 
structure, ease of installation, higher bandwidth, robustness 
and having many other advantages as compared to 
conventional designed antennas. This paper, presents a 
triple band CPW-fed multiband antenna with the 
symmetrical slotted ground, which is widely used for 
wireless application.The designed CPW-fed antenna is 
engraved on a FR4 material  with dielectric substrate of 4.4 
with the height of 1.6mm.the given antenna design also 
exhibit dual feeding and cross polarization behavior .The 
designed  antenna  achieve triple band performance to 
simultaneously cover the most commonly used 2.5 GHz 
WLAN bands and 3.7 GHz Fixed Wi-MAX band and 6.3 
GHz band for point to multipoint communication 
application.Here,IE3D simulation software  has been used 
for the modeling and simulation of the  designed G shaped 
CPW-fed antenna. The designed antenna which resonates at 
2.40 GHz, 3.7 GHz and 6.4 GHz respectively covers the 
frequency range of wireless applications. The return loss 
for 2.4 GHz, 3.7 GHz and 6.4 GHz is -17.50 dB, -24 dB 
and -21 dB respectively. The bandwidth of the proposed 
patch antenna is 567 MHz (1.98 GHz-2.54 GHz) for 2.4 
GHz frequency, 700 MHz (3.20 Ghz-3.70Ghz),and 439 
MHz (6.18 GHz-6.78 GHz) for 6.30GHz frequency. 

Keywords: Coplanar Waveguide,point to 
multipoint application,Wi-MAX, WLAN, Triple 
Band  
1. INTRODUCTION

As we all are aware that CPW-fed antennas for 
Wireless applications have been progressively 
one of the most reassuring solutionfor the future 
wireless communication. The technology has 
fully been investigated in recent years by the 
researchers ,because the designed using the 
CPW structure has many interesting advantages 
such as smaller size,light weight, compact 

structure, wider bandwidth, enhanced impedance 
and its characteristics  radiation pattern. In 
present  years, The world have a seen a 
formidable  change and a  breakneck 
advancement  in wireless communication   such 
as WLAN/WiMAX, point to point and 
multipoint communications, radars   and satellite 
applications. There has been a growing demand 
of antenna with the compact and small size, low 
cost, multiple frequency of operation, and also 
with the   higher efficiency. Nowadays, 
WLAN/WiMAX products are thriving with the 
go all out of the technology IEEE 802.11b into 
the private, public and universal environment. In 
order to meet multiple wireless  applications and 
the desired features of the communication–
application, a broadband or a multiband antenna, 
which covers most of  the frequency band. Here 
,we have designed an antenna for wireless 
communication  which covers the frequency  
range of “WLAN and WIMAX” and point to 
multipoint  communication application. As we 
all are aware that, Nowadays, the multiband 
antenna is more alluring than the broadband 
antenna, because the broadband antennasmainly 
contain superfluous bands in WLAN/WiMAX 
application in the wireless system. A coplanar 
waveguide antenna is a elementary anatomy of 
antenna configuration and It is generally called 
as coplanar because of the emanating conducting 
and the ground plane lies in the same plane .In 
this paper, we have proposed a CPW-fed G-shaped 
planar monopole antenna with  its multiband 
operation simultaneously suitable for 2.4/3.7/6.4 
GHz wireless applications. The numerical 
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specification of the proposed antenna such as the 
length of conducting strips, sizes of the coplanar 
ground planes, and the spacing between the 
ground plane to either of the G-shaped 
conducting strips or the CPW feeding line 
were all carefully selected by using the software 
IE3D to achieve good multiband operation. The 
Prototypes of the designed antenna for 
multiband wireless communication is designed 
and the corresponding antenna performance such 
as input return loss,VSWR,efficiency, 
impedance bandwidths, radiation patterns, and 
gains are discussed here. 

2.DESIGN OF PROPOSED ANTENNA

 The geometrical configuration of the proposed 
CPW-fed planar monopole antenna for 
achieving  the multiband operation has been 
shown in the figure 1. As, the antenna is a 
coplanar  the designed antenna is fabricated 
on the same side of an FR4 microwave 
substrate with the substrate thickness of 1.6mm 
and having the dielectric constant of 4.4.In a 
CPW-Fed antenna ,both the conducting and the 
ground plane lies in the same side, which makes 
the easy fabrication   of antenna. The loss 
tangent for the given prototype antenna is 
0.0245.The main structure of the proposed 
antenna comprises of two folded strips, which 
are denoted as the combination of length 
D1,K,L4,L2,D3 respectively in  the designed 
antenna and a CPW feeding line. The 
corresponding strips have a fixed strip width of 
P3 and are their full length are folded to 
resemble the antenna in a “G” shape.  
One of its folded str ips consists of  the 
length (D2, D3 and K) in one of the 
major section of the “G” shaped 
conducting structure and it a lso includes 
horizontal sections with the length of (S2) . The G 
shaped  designed antenna consists of its  shorter  
strips length as the combination of length   ( D1, 
L2, S1)respectively. The  major  function executed 
by the respective folded strips, which are not in 
equal lengths is to produce dual  peculiar path for 
the current and thus supposed to effectually excite 
multi resonant modes in the given antenna design . 

A  multiband antenna with 50 Ω CPW feeding line 
having a established  signal strip thickness of S2 
and there is a gap 1.35    between the signal strip 
and ground ,which is basically used for feeding the 
G-shaped antenna from the bottom edges of the 

corresponding designed antenna. In the current 
design ,we have two equal finite ground planes, 
each having a  dimensions of width S3 and length 
of  L3 , which are situated symmetrically on each 
side of the CPW feeding line. The  prototype G-
shaped antenna  radiating structure has a  finite 
amount of vertical height of 4.44 mmfrom the 
ground plane. In this antenna design, by controlling 
the current distribution of the designed “G-shaped “ 
structure a satisfactory impedance matchingcan be 
attained. The other methods by which an ideal 
impedance matching can be accomplished is by 
having a compensation between the capacitive and 
inductive effects, which is caused basically by the 
electromagnetic coupling of the ground plane in the 
designed prototype structure. The desired 
operating bands of frequency  for the wireless 
communication, its structural and the geometrical 
parameters were all carefully investigated and 
finally the competent values for these parameters 
have been evaluated and the results obtained are 
described in Fig 1. 

Fig 1:Geometry of the proposed antenna 

Table 1: Antenna parameters (in mm) 

P1 P2 P3 D1 D2 D3 K K2 
1 24.40 3 13 4.2 20 30.40 3 

K
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L1 L2 L3 L4 S1 S2 S3 K 
45.88 16 10.75 22.18 5 10 5 1.09 

3.RESULTS AND DISCUSSION 

The CPW-fed G-shaped monopole multiband 
antenna has been designed and its simulation 
results are experimentally studied. The given 
antenna is designed using the IE3D software. 
The given antenna simulation  results shows 
the enhancement in bandwidth, compactness 
in size, better impedance matching, 
improvement in its gain and directivity and 
improved axial ratio.  
The given simulation results shows the return 
loss (<-10dB) of -17.5, -24 and -21 db at the 
corresponding resonant frequency of 2.40, 
3.70 and 6.40 GHz respectively. 

Fig.2Returnlossagainstfrequencyofproposedantenn 
 a from simulation and measurement. 

 
aa 
 

 
 
 

T h e  peak antenna gain of the proposed 
antenna for different resonant frequencies 
across the multibands was simulated and it has 

been shown above.Theantenna gain which is 
found at the resonant frequency of 2.40, 3.70 
and 6.40 GHz is found to be 3.4,3.2 and 5 dBi. 
the simulated result of 10 dB impedance 
bandwidth for the lower band is52 % which 
ranges from 2.20 to 2.60 GHz, which is 
centered at the resonant frequency of 2.40 GHz 
and the impedance bandwidth simulation result 
shows   62.20% for the upper band which 
ranges from the resonant frequency of 6.20 to 
6.80 GHz with its resonant frequency centered 
at6.40 GHz. In this proposed antenna design,it 
attainsimpedance bandwidth of 60% at the 
corresponding resonant band of frequencies. 
The proposed model also attains the ideal range 
of VSWR,which is considered to be between 
the range of (1-2) and it also attains the 
maximum directivity of 6.5at one of its 
resonant bands. 

The proposed antenna Radiation characteristics 
are  investigated  and are shown in fig-3. The 
radiation characteristics of the proposed 
antenna  design basically measures the 
radiation patterns which includes horizontal 
and vertical polarization in the elevation (x-z 
and y-z planes) as well as in the Azimuthal 
direction (x-y plane), which is centered at 
2.40,3.70,and6.40 GHz frequency range for the 
proposed antenna. As we all can interpret 
from the corresponding radiation plot 
that, due to the asymmetry in the proposed G-
shaped antenna design, the unsymmetrical 
radiation patterns can be seen  in three cuts as 
illustrated in the corresponding radiation plots. 
We can also infer here that in the 
azimuthal plane, nearly omnidirectional 
and monopole like radiation pattern are 
observed in the given x-z and y-z plane. 
However, it can  be interpreted here  that the Eθ 
and Eφ components ofthe  radiation patterns in 
both the defined planes are proportionate The 
two folded-strip of the G-shaped structure gives 
rise electromagnetic pattern which is resulted 
due to the substantial horizontal component of 
the surface current .It can also infer here that a 
stable radiation patterns have been obtained for 
the proposed antenna by taking the 
measurement at the corresponding resonant 
band of frequency. 
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Fig. 3 Radiation characteristics 

 Fig. 4 Directivity of the proposed antenna 

Fig. 5 Axial Ratio of the proposed antenna 

 Fig. 6 VSWR of the proposed antenna 

Fig. 6 Antenna Efficiency 

4. CONCLUSION

In this present study, The  CPW fed antenna 
has been designed, simulated, and analyzed 
parametrically . Here the simulated result of 
the impedance bandwidth (<-10Db) for the 
designed antenna design is found to be 3.30 
GHz from(2.20-8)GHz. The wideband antenna  
has been designed  and its ideal simulation 
result has been  achieved by  optimizing the 
dimensions of the ground planes and by 
etching the conducting strips . The antenna 
simulation  gives  an idealvalue of VSWR 
,which is between (1-2).The antenna also offers 
a satisfactory gain across the given  operational 
band. The designed  antenna geometry is very 
simple and can be easily implemented. The 
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proposed antenna is simulated using IE3-D 
software.  CPW-fed  “G-Shaped Multiband  
antenna has been designed which covers 
2.4/3.7/6.4 GHz WLAN ,WiMAX and point to 
multipoint communication  frequency range. 
The resultant (-10dB) impedance bandwidth 
for CPW-fed “G” shaped multiband band 
antenna is 28%, 19  % and 31% at the 
frequency bands of 2.40 GHz, 3.70 GHz and 
6.40 GHz respectively. The return loss for 2.2 
GHz, 3.40 GHz and 6.40 GHz is -17.5 dB, -24 
dB and 21 dB respectively. 
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Abstract—A coaxial fed Star shaped fractal dielectric 
resonator antenna is proposed. Fractal geometry is utilized to 
realize a wide impedance bandwidth. Star shaped DRA is 
implemented by modifying Triangular DRA. It is observed 
that the proposed zeroth iteration Star DRA exhibits a 
impedance bandwidth of 98.23%(5.3841 –11.8673 GHz) with a 
maximum gain of 5.5876 db and first iteration Star DRA 
exhibits a impedance bandwidth of 133.074% (4.7827-14.4971 
GHz) with a maximum gain of 2.8426 db. 

Index Terms—Ultra Wideband (UWB), Star Dielectric 
Resonator Antenna, fractal geometry and triangular DRA. 

I. INTRODUCTION 

Long et al. [1] developed a Rectangular Dielectric 
Resonator Antenna (RDRA) which allowed engineers to 
focus on Dielectric Resonator as antennas. The DRA has 
become the area of interest because of their attractive features 
such as compact size, light weight,  low metallic losses, high 
radiation efficiency, wide bandwidth, and low cost. DRAs are 
available in different shapes [2]-[3]. Triangular DRA (TDRA) 
have some advantages like simple comprehensive design, 
smaller area than any other DRA for given resonant 
frequency and variable aspect ratios [4]-[7].  

UWB is rapidly advancing as a high data transmission 
rate, high precision ranging and low power consumption. 
UWB communication systems were newly regenerated when 
the Federal Communications Commission (FCC) defined the 
3.1–10.6-GHz unlicensed band for UWB applications [8]-[9]. 
The last two decades, dielectric resonator antennas (DRAs) 
have received agreeable consideration for UWB antennas 
[10]-[11]. 

Recently, the possibility of developing antenna designs 
that exploit the properties of fractals like compactness and 
wideband characteristics has attracted a lot of attention [12]. 
Hajihashemi and Abiri [13] first introduced fractal geometry 
in dielectric resonator antennas by studying DRA having Koch 
cross section. They noticed that an increase in the iteration was 
accompanied by a decrease in the radiation Q factor and a 
consequent increase in the bandwidth. 

In this paper, Star shaped DRA with fractal geometry is 

presented. Zeroth iteration of Star DRA is converted from two 
Equilateral Triangle fractals. Then self-similarity fractal 
geometry is applied to design first order iteration. Here all the 
designs are implemented to improve bandwidth and resonant 
frequency with minor change in volume of the DRA. All 
simulations in this study have been performed using the 
commercial FEM solver Ansoft HFSS.13. 

II. DESIGN AND CONFIGURATION

The design for the proposed antenna has been 
undertaken in two parts.  In first part of design the zeroth 
iteration of star fractal DRA is designed. To design the 
zeroth iteration of star DRA, The Equilateral Triangle Shape 
fractal is considered as main triangle whose resonant 
frequency at TMmnl mode can be calculated by following 
formula [4]: 

𝑓𝑟 = 1
2√𝜀𝜇

�� 4
3𝑎
�
2

(𝑚2 + 𝑚𝑛 + 𝑛2) + �𝜌
ℎ′
�
2
�
1
2

(1) 
Where a is the side length of Triangular DRA, h’ is two 
times of the height and ρ=1 for fundamental mode.  The 
three integers l, m, and n have the relation of l + m + n=0 
but not zero simultaneously.  

The Triangular DRA is implemented as shown in Fig.1 
with the side length= 100 mm, thickness = 19.139 mm and 
Dielectric constant=11.9. 

 (a)  (b) 
Fig.1  The geometry of zeroth iteration of Triangular DRA: (a) Top 
view. (b) Side view. 

To improve bandwidth, another inverted triangle with 
same size is to be placed on it to get star shape fractal. 
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Fig.2 shows  the geometry of star DRA excited by coaxial 
cable that supported by a 150 (x-axis) X 150(y-axis) mm2 
substrate (FR4 epoxy) with a dielectric constant of εr=4.4 
and thickness of 1.54 mm. the size of DRA (silicon) has 100 
mm side length and   19.139 mm thickness with a dielectric 
constant εr=11.9. 

(a)                                                                (b) 

Fig.2 The geometry of zeroth iteration of Star fractal DRA: (a) Top view. 
(b) Side view. 

In the second part of design the first order iteration of 
Star shaped fractal DRA is designed. It has to be obtained 
by adding stars of reduced lengths of 50% at the corners of 
zeroth iteration of Star fractal DRA as shown in Fig.3. 

(a)                                         (b)       
Fig.3 The geometry of first iteration of Star fractal DRA: (a) Top View. (b) 
Side view. 

III. PARAMETRIC STUDY
Based on investigation of the DRA’s characteristics, 

parametric studies were accomplished by using Ansoft 
HFSS.13. Fig.4 and Fig.5 show return loss (S11) vs 
frequency plot for zeroth and first iteration for proposed 
DRA respectively. It is observed that the impedance 
bandwidth and return loss for zeroth iteration are 100.49% 
and -31.1344 db respectively while for first iteration are 
150.95% and -20.88 db. 

Fig.4 Return loss vs Frequency plot for zeroth iteration of proposed 
DRA. 

Fig.5 Return loss vs Frequency plot for first iteration of prososed DRA. 

Fig.6 (a) and (b) show Electric and Magnetic field 
distribution for zeroth iteration for proposed DRA.  

(a) Electric field 

(b) Magnetic field 
Fig.6 Field Distributions of zeroth iteration of prososed DRA. 

Fig.7.(a) and (b) show Electric and Magnetic field 
distribution for first iteration for proposed DRA.  
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(a) Electric Field 

(b) Magnetic Field 
Fig.7. Field Distributions for first iteration of Proposed DRA 
Fig.8 (a) and (b) shows radiation pattern for radiated 

field and gain respectively for zeroth iteration. 

(a) Radiated Field                                 (b)    Gain 
Fig.8 Radiation patterns for zeroth iteration of Proposed DRA   

Fig.9 (a) and (b) shows radiation pattern for radiated 
field and gain respectively for first iteration. 

(a) Radiated Field                                       (b) Gain 
Fig.9. Radiation patterns for first iteration of Proposed DRA   

Fig.10 (a) and (b) shows Directivity and Beam Area 
respectively for zeroth iteration. 

       (a) Directivity                                     (b) Beam Area 
Fig.10.  Directivity and Beam Area for zeroth iteration of Proposed DRA

Fig.11(a) and (b) shows Directivity Beam Area 
respectively for first iteration. 

       (a) Directivity                                     (b) Beam Area 
Fig.11 Directivity and Beam area for first iteration of Proposed DRA

Fig.12(a) and (b) shows  radiated power and radiation 
efficiency respectively for zeroth iteration. 

  (a) Radiated power      (b) Radiation efficiency 
Fig.12 Radiated power and radiation efficiency respectively for zeroth 
iteration. 

Fig.13 (a) and (b) shows radiated power and radiation 
efficiency respectively for first iteration. 
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(a) Radiated power                                       (b) Radiation efficiency
Fig.13 Radiated power and radiation efficiency respectively for first 
iteration  

Fig.14 shows VSWR vs frequency respectively for 
zeroth iteration. 

Fig.14 VSWR vs Frequency plot respectively for zeroth iteration 

Fig.15 VSWR vs frequency respectively for first iteration. 

Fig.15 VSWR vs Frequency plot respectively for zeroth iteration 

IV.  RESULTS
From    the    parametric studies, it is observed that the 
impedance bandwidth increases from 100.49 % to 150.95%. 
The comparison of other parameters are shown in table. I. 

TABLE I 
SIMULATED RESULTS FOR ZEROTH AND FIRST ORDER PROPOSED 

ANTENNA 

Iteration     → 
Parameters ↓ 

Zeroth iteration First iteration 

Gain 5.7856 db 2.8426 db 
Directivity 5.5812 3.3068 
Radiated field 17.969 Volts 11.421 Volts 
Return loss -31.1344 db -20.8828 db 
VSWR 1.1168 1.2635 
Radiation 
efficiency 

103.66% 85.96% 

Resonant 
Frequency 

6.43 Ghz 7.5 Ghz 

Impedance 
Bandwidth 

100.49% 
(5.4101-
11.8671Ghz) 

150.95% 
(4.7898-14.493Ghz) 

Beam Area 2.2741 3.8052 

V.  CONCLUSION 

An investigation on the use of fractal geometry in dielectric 
resonator antennas with coaxial fed for bandwidth 
enhancement is performed using Ansoft HFSS.13 in this 
work. Parametric study is carried out to investigate the 
antenna design parameters. It is observed that bandwidth 
increases from 100.49% (5.4101-11.8671 Ghz) to 150.95% 
(4.7898-14.493 Ghz). Also resonant frequency increases 
from 6.43 Ghz to 7.5 Ghz. 
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Abstract—The computational& experimental analysis of the 
Ka-band coupled-cavity(CCTWT) slow-wave structure is 
presentedin the paper. The re-entrant double-staggered 
ladder slow-wave structure is used in a high-power Ka-band 
coupled-cavity travelling-wave tube. This structure has a 
wide bandwidth, moderate interaction impedance, and 
excellent thermal dissipation properties, as well as easy 
fabrication. A well-matched waveguide coupler is proposed 
for the structure.The Dispersion characteristics and the 
beam–wave interaction impedance of this structure are 
simulated and verified experimentally. 

Keywords: CCTWT, SWS, Dispersion, CST, Simulation. 

 [I]INTRODUCTION 

 High-power millimetre-wave amplifiers with moderate 
bandwidths are attractive for many applications, such as high-
data-rate communication, high-resolution radar, active 
imaging, and space applications[1]. Due to its outstanding 
combined performance in power capacity and bandwidth, the 
travelling-wave tube (TWT) is one of the most important 
millimetre-wave vacuum amplifiers. [2] As the core 
component of the TWT amplifier, the slow wave structure 
(SWS) critically determines the performance of a TWT. 
    Computer 3-D simulation and modelling have played an 
important role in the design and the prediction of cold-test 
performance of coupled-cavity TWTs [3]. An accurate 
estimation of electromagnetic fields, mode analysis inside the 
cavity structureis required in order to predict and define the 
performance of a TWT. 
We present the design and the analysis of a re-entrant double-
staggered ladder circuit for Ka-band CCTWT by utilizing the 
CST studio suite. [8]. In Section 2 of this paper the model of 
the re-entrant double-staggered ladder-coupled cavity is 
described in detail. High frequency properties, such as 
dispersion characteristics and beam–wave interaction 
impedance, are studied and optimized in this section. In 
Section 3, a well-matched waveguide coupler is proposed for 
the re-entrant double-staggered ladder circuit. The 
transmission characteristics of this ladder circuit areobtained. 
In Section 4, a Conclusion and a description of the future 
work are given. 

 [II]. SLOW-WAVE STRUCTURE DESIGN 

Fig 1 shows the model of the re-entrant double-staggered 
ladder- coupled cavity. The coordinate system used in the 
simulation is rectangular Cartesian system (x, y, z), with 
positive z axis along the axis of the beam tunnel. The cavities 

have square-shaped cross sections (w × w). Unlike the 
traditional double-staggered ladder coupled cavity proposed 
by James and Kolda, we adopt a re-entrant ferrule to 
concentratethe axial electric fields in the beam interaction 
gap, as shown in Fig. 1(a). 

Fig.1.Dimensional parameters of the re-entrant double-staggered ladder-
coupled cavity: (a) cutaway view in the direction of the beam tunnel and (b) 
cross-sectional views at A–A′ and B–B′ planes. 

Fig1 (b) shows the alternating cavity wall cross-sectional 
views at the A–A′ and the B–B′ planes. The circuit is 
fabricated by machining two coupling slots 180◦ apart from 
the beam axis in each wall between thecavities. And the slot 
positions are rotated through 90◦ about the beam tunnel axis 
onthe successive walls. Compared with the Hughes-type 
cylindrical coupled–cavity circuit, the ladder circuit can be 
more easily fabricated with extremely tight tolerances.Fig (2) 
shows the electric field distribution of the fundamental mode 
for the re-entrant double-staggered ladder-coupled cavity.This 
structure has a strong symmetric axial electric field along the 
electron beam propagation direction, which is essential to the 
beam–wave interaction of the TWT. 
It can be noted that the re-entrant ferrule of the cavity 
concentrates the axial electric field in the beam interaction 
gap, which can enhance the beam–wave interaction 
Efficiency.The high frequency properties of this structure 
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aresimulated by using CST.[8]  which include the Dispersion 
characteristics and the beam–wave interaction impedance.  

 
 
 
Fig.2.Electric field distribution of the fundamental mode for the re-entrant 
double-staggered ladder-coupled cavity. 
 
The typical optimized structural parameters are listed in Table 
1. 
TABLE I 
 

Parameters of Ka-band double-slot staggered coupled-cavity structure 
 

Parameter Dimension (in mm) 
Cavity width (w) 3.85 
Cavity height(h) 1.1 

Coupling slot(S) [cxd] 3x0.42 
Slot height(s) 0.5 

Cavity period(l) 1.60 
Cavity gap(g) 0.60 

Nose radius(R) 1.1 
Nose height(t) 0.25 

 
Considering two consecutive cavities of the double-slot 
staggered slow-wave structure as a single-period resonator, 
we modelled a six-period resonator with 12 coupled cavities 
closed at both ends to obtain the dispersion curve of the Ka-
band CCTWT. In the cold-test simulation without electron 
beam, the “EIGENMODE” command of CST is used to 
search for resonant modes and frequencies. 
Cavity structure is fabricated as shown in fig (3) .In fig (4) 
one can observe that simulated and measured dispersion 
characteristics of the interaction structure are matching.The 
double-slot staggered coupled cavity is a fundamental 
backward wave circuit with the electron beam interacting with 
the first forward-wave space harmonic at an RF phase shift 
per cavity between π and 2π. 
The dispersion curve is obtained by the relation between the 
phase shift and the resonant frequency, as shown in Fig4. The 
cold bandwidth is approximately 10 GHz.Double-slot 
staggered ladder [6,7] structure offers the maximum 
bandwidth. As a measure of the interaction strength between 
the electron beam and the RF wave, 
 

 
Fig.3. fabricated cavity structure 
 

 
 
Fig.4.simulated and measured dispersion characteristics  
 
The interaction impedance calculated for the first spatial 
harmonic is given in Fig5.This parameter is a measure of the 
strength of the interaction between an RF wave space 
harmonic and the electron beam. Calculations were conducted 
on the Pierce on-axis interaction impedance for the first 
forward-wave space harmonic. The Pierce on-axis interaction 
impedance for the nth RF space harmonic is expressed as 
in[3]. 

𝐾𝑛 =
𝐸𝑛2

2𝛽𝑛2𝑃𝑟𝑓
 

Where Enis the axial electric field magnitude of the nth space 
harmonic, βn is the corresponding phase constant, and Prfis 
the RF power flow through the coupled cavity. The effective 
field as seen by the electron beam is the peak value of 
theparticular space harmonic with which the beam is 
synchronous.The power flow Prfis given by 
 

𝑃𝑟𝑓 =  𝑊𝑇𝑣𝑔 =
𝑊𝑠

2𝑁𝐿
𝑣𝑔 

Where WT is the total stored electromagnetic energy per unit 
length for the traveling wave, and Wsis the total 
electromagnetic energy of the standing wave.N represents the 
number of resonant cavities, and L is the length of one period 
of the periodic structure. υg= dω/dβ1 is the group velocity. 
The group velocity is obtained by taking the derivative of 
theFrequency-phase dispersion curve at each resonant 
frequency. In CST simulations, the total electromagnetic 
energy for a standing wave is normalized to 1 W. 
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Fig.5.interaction impedance versus frequency 

Frequency-phase dispersion curve at each resonant frequency. 
In CST simulations, the total electromagnetic energy for a 
standing wave is normalized to 1 W. 

[III]. COUPLER DESIGN 
In this section, a well-matched input/output coupler with a 
simple structure for the re-entrant double staggered ladder 
CCTWT is proposed. It is composed of two components, i.e., 
a taper (WR-28) and a transition section. To get a good 
VSWR, two hybrid cavities are used at either side of the SWS 
with taper. For a good matching with taper and form a good 
transition section parameter like slot size (c×d), ferrule 
height, pitch, and cavity height of the hybrid cavity is changed 
here a little bit. In this design, length c and width d of the slot, 
pitch and cavity height are increased whereas the ferrule 
height is decreased to match the input/output taper. And then 
a gradual transition section between the main SWS section 
and the taper WR-28 within the length of two periods is 
formed. 
  The transmission model of the coupler-cavity circuit 
including 20 periods of main SWS section and input/output 
coupler is presented in fig(6). The boundary is set as normal 
by using the transient solver in the CST Microwave Studio[8] 
and sweeping the free parameters, the optimal coupler for the 
structure is obtained. 

Fig. 6.Transmission model 

Fig. 6 shows the RF transmission for the double-slot 
staggered slow-wave circuit to waveguide couplerfig7. Shows 
the voltage standing wave ratio (VSWR) 

Fig. 7.VSWR Plot for the double-slot staggered slow wave circuit 

 [IV]. CONCLUSION 

The re-entrant double-staggered ladder SWS is employed as 
the RF circuit for the Ka-band CCTWT and has been proved 
to possess cold bandwidth of order of 25%. An input/output 
coupler is proposed for the structure, which can be well 
matched to the structure over a wide frequency range with 
VSWR less than 1.5. More importantly, the ladder-type 
CCTWT can be easily fabricated and assembled with 
extremely tight tolerances. Therefore, it is a competing high-
power millimeter-wave amplifier. 
The future work will be concentrated on design this structure 
in PIC (Particle in cell) studio of CST to study the output 
power gain etc. And the experimental study of this CCTWT 
will be carried out.   
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Abstract 
 

The project proposes an automatic support system for stage 
classification using artificial neural network for brain tumor 
and epilepsy detection for medical application. The detection of 
the brain tumor is a challenging problem, due to the structure 
of the tumor cells. The artificial neural network will be used to 
classify the stage of brain EEG signal that is tumor case or 
epilepsy case or normal. The manual analysis of the signal is 
time consuming, inaccurate and requires intensive trained 
person to avoid diagnostic errors. Back Propagation Network 
with image and data processing techniques was employed to 
implement an automated Brain Tumor classification. Decision 
making was performed in two stages: feature extraction using 
Principal Component Analysis and the classification using Back 
Propagation Network (BPN). The performance of the BPN 
classifier was evaluated in terms of training performance and 
classification accuracies. Back Propagation Network gives fast 
and accurate classification than other neural networks and it is 
a promising tool for classification of the Tumors.   

Keywords: Pre-processing, Feature Extraction, Database 
training, Classification (ANN). 
 
I. INTRODUCTION 
 
This system of automated EEG classification of various 
signals from EEG sensor is always needed in medical 
environment to get accurate results on the brain activity 
conditions. Since EEG brain disease diagnosis system has A 
major impact on valuable human life, it is very much 
necessary to maintain the system accurately and there must 
be no possibility for risking human life. Existing method of 
brain disease diagnosis uses a EEG monitor to receive and 
record the signal in which the doctor or a lab technician 
detects and collects the features of brain signal and finally 
decides on the result of whether the person has a normal or 
epileptic brain signal. This technique is practically 
impossible to do because of the large number of patients 
,lack of time and in emergency situations where the 
professionals are pressurized to provide results as soon as 
possible .Brain–computer interfaces (BCI) is a direct 
communication pathway between human and brain.bci is 
often used for assisting, augmenting, directing humans about 
the sensory motor functions of brain. BCI is a part of the 

neuroprosthetics which connects the neural system to a 
device. The electroencephalogram (EEG) is defined as the 
electrical activity, recorded from the scalp surface after being 
picked up by metal electrodes and conductive media. It 
measures the voltage fluctuations resulting from ionic 
current flows within neurons of the brain .The EEG is a non-
invasive technique and practically does not harm the patient 
under test. When brain cells (neurons) are activated, local 
current flows are produced in brain. EEG measures mostly 
the currents that flow during synaptic excitations of the 
dendrites of many pyramidal neurons in the cerebral cortex 
of the brain. Differences of electrical potentials are caused by 
summed postsynaptic graded potentials from pyramidal cells 
that create electrical dipoles between body of neuron(soma) 
and neural branches (apical dendrites).The electrical current 
of brain consists mostly of Na+, Ca++, K+ and Cl- ions 
which are pumped through channels in neuron membranes 
in the direction shown by membrane potential. The 
microscopic picture is more sophisticated, including various 
types of synapses involving variety of neurotransmitters. The 
large populations of active neurons can generate electrical 
activity recordable on the head surface. There lies a layer 
between electrode and neuronal layers in which current 
penetrates through skin, skull and several other layers. Only 
weak electrical signals detected by the scalp electrodes are 
massively amplified, and then displayed on paper or stored in 
PC. Due to capability to reflect both the normal and 
abnormal electrical activity of the brain, it has been found to 
be a very powerful tool in the field of diagnosis in neurology 
and clinical neurophysiology. 
 
2. Proposed Method 

 
In this paper we had implemented EEG signal classification 
using neural network. Here we had extracted Principle 
component Analysis (PCA) features. Below we had shown a 
block diagram of our proposed method. 
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 Block diagram: 

3. Principle component Analysis (PCA)

PCA is a useful statistical technique that has found 
application in fields such as face recognition and image 
compression, and is a common technique for finding patterns 
in data of high dimension. It is a way of identifying patterns 
in data, and expressing the data in such a way as to highlight 
their similarities and differences. Since patterns in data can 
be hard to find in data of high dimension, where the luxury 
of graphical representation is not available, PCA is a 
powerful tool for analyzing data. The other main advantage 
of PCA is that once you have found these patterns in the 
data, and you compress the data, ie. by reducing the number 
of dimensions, without much loss of information.  

Definitions: 
Variance: 
Variance is another measure of the spread of data in a data 
set. In fact it is almost identical to the standard deviation. The 
formula is this: 

Covariance: 
Standard deviation and variance only operate on 1 
dimension, so that you could only calculate the standard 
deviation for each dimension of the data set independently of 
the other dimensions. However, it is useful to have a similar 
measure to find out how much the dimensions vary from the 
mean with respect to each other. 

Covariance is such a measure. Covariance is always 
measured between 2 dimensions. 

If you calculate the covariance between one dimension and 
itself, you get the variance. So, if you had a 3-dimensional 
data set (x, y, z) , then you could measure the covariance 
between the < and = dimensions, the < and > dimensions, and the = 

and dimensions. Measuring the covariance between x  and x< , 

or y  and y , or z> and z> would give you the variance of the x, y 
and z  dimensions respectively. The formula for covariance is 
very similar to the formula for variance. The formula for 
variance could also be written like this: 

The covariance Matrix 
Covariance is always measured between 2 dimensions. If we 
have a data set with more than 2 dimensions, there is more 
than one covariance measurement that can be calculated. For 
example, from a 3 dimensional data set (dimensions x, y, z ) 
you could calculate conv(x, y),conv(x, z) and conv(y, z)  In 
fact, for an  

Eigen Values: 
Eigen values are closely related to eigenvectors. As shown in 
above figure.4 is the eigenvalue associated with that 
eigenvector. No matter what multiple of the eigenvector we 
took before we multiplied it by the square matrix, we would 
always get 4 times the scaled vector as our result 

Step 1: Get some data 
Step 2: Subtract the mean 
Step 3: Calculate the covariance matrix 
Step 4: Calculate the eigenvectors and eigenvalue of the 
covariance Matrix. 
Step 5: Choosing components and forming a feature vector 

3.1 Algorithm Flow 

Classification 

Normal/Epilepsy 

Feature Extraction& 
BPN-FF Training 

Reference 
samples 

EEG 
Signal     

Trained Artificial 
Neural Network 

Feature 
Extraction 

11th International Conference on Microwaves, Antenna, Propagation & Remote Sensing 
ICMARS-2015, Jodhpur, INDIA, Dec. 15 – 17, 2015

119



Fig 1: Algorithm flow of PCA 

4. Artificial Neural Network:

Artificial neural network (ANN) is a machine learning 
approach that models human brain and consists of a number 
of artificial neurons It is a computational model for 
information processing. Neurons in ANNs tend to have 
fewer connections than biological neurons, each receiving a 
number of inputs. 

Fig 2: Architecture of Neural Network in EEG signal classification 

An activation function is applied to these inputs which 
results in activation level of neurons, which is nothing but 
the output value of the neuron. Knowledge about the brain's 
learning task is given in the form of example called training 
examples. 

A Neural Network is clearly specified by: 
(i) Neuron model: the information processing unit of the NN, 
Fig  gives the artificial neuron model. 

(ii) A architecture: a set of neurons and links connecting all 
neurons. Each link has a specified weight. 

A learning algorithm is mainly used for training the NN by 
modifying the weights in order to model a particular learning 
task correctly on the training examples. The aim is to obtain 
a NN that is trained and generalizes well. It should behave 
correctly on new instances of the learning task .The neuron 
of brain is the basic information processing unit of a NN. 

It consists of: 
(i) A set of links, with weight, describes the neuron inputs, 
with weights of W1, W2, …, Wm 
(ii) An adder function (linear combiner) for computing the 
weighted sum of the inputs: 
(iii) Activation function ϕ for limiting the amplitude of the 
neuron output. 

A neural net is an artificial illustration of the human brain 
that tries to imitate its learning process. ANN is an 
interrelated group of artificial neurons. Most systems have 
three layers. The first layer of input neurons used to send 
data through synapses to the second layer of neurons, and 
then send through more synapses to the third layer of output 
neurons. 

ANN is a neural network of simple processing elements to 
demonstrate complex overall performance of brain, based on 
the connections between the processing elements and their 
parameters.ANN is an adaptive system that changes its 
structure based on external or internal information when 
flowing through the network. Neural computing approach to 
information processing mainly involves a learning process 
with an ANN architecture that adaptively responds to inputs 
according to a learning rule of the network. After the NN has 
learned, the trained network can be used to execute certain 
tasks depending on the exact purpose for the variation. The 
ability to learn with the help of example and simplify are the 
main characteristics of ANN. Classification of signals is 
performed using ANN to obtain the correct classification 
percentage. ANN is learned using the back propagation 
algorithm where the errors for the units of the hidden layer 
are determined by back propagating the errors of the units of 
the output layer. It is a systematic way of training multi-layer 
ANNs. It contains an input layer, at least one intermediate or 
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hidden layer and an output layer in its network. Some ANN 
learning parameters are Threshold, Goal, Epoch, Sigmoid 
function, Training type and Number of Hidden layers. 
 
4.1. Back Propagation Network 
 
The Back propagation algorithm mainly searches for weight 
values of the data that minimize the total error of the network 
over the large set of training examples (training set). 
 

 
Fig: 3 Back Propagation Training algorithm 

 
Back propagation network consists of the repeated 
application of the following two passes: 
 
(i) Forward pass: In this pass, the network is activated on one 
example and the error of (each neuron of) the output layer is 
computed. 
(ii) Backward pass: In this pass, the network error is used for 
changing by updating the weights. The error is propagated 
backwards from the output layer through the network layer 
after layer. This is done by repeatedly computing the local 
gradient of all neuron individually. 
 
Back propagation adjusts the weights of the Neural Network 
in order to minimize the network total mean squared error.  
 
Consider a network of three layers. We use i to represent 
nodes in input layer, j to represent nodes in hidden layer and 
k represent nodes in output layer.wij refers to weight of 
individual connection between a node in input layer and node 
in hidden layer. 
 
The back propagation algorithm is used to compute the 
necessary corrections, after choosing the weights of the 
network randomly. 
 
The algorithm can be decomposed into the following four 
steps. 

• Feed-forward computation 
• Back propagation - output layer 
• Back propagation - hidden layer 
• Weight updates 
 

4.2 Forward Path: 
 

i. Initialize weights. 
ii. Choose activation function 
iii. Apply i/p. Calculate o/p of hidden layer which is the 
input to output layer. 
iv. Then calculate o/p of output layer. 
v. Calculate error. 
 
5. Results and discussion 
 

 
Fig: 4 EEG of Normal Patient 

 
Fig: 4 EEG of Epileptic Patient 

 
6. Conclusion 
 

In this paper, a method has been proposed for effective 
classification of EEG recordings as normal and epileptic. 
It is followed by the feature extraction process on the basis 
of principle component analysis (PCA) the significant 
features of the EEG signals that are given to the trained 
neural network for classification. Initially the neural network 

11th International Conference on Microwaves, Antenna, Propagation & Remote Sensing 
ICMARS-2015, Jodhpur, INDIA, Dec. 15 – 17, 2015

121



has been trained with a collection of EEG signal and classify 
the test signal whether it’s a normal or epileptic, also our 
proposed method efficiency is better than existing methods. 
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Abstract — A design of coplanar waveguide fed Sectoral 

microstrip antenna backed by circular slot ground plane for 
broader bandwidth is presented. A detailed parametric study for 
variations in parameters like, offset position of equivalent 
circular patch with respect to circular slot, variation in Sectoral 
angle in Sectoral patch, is presented. The optimum bandwidth of 
more than 5.7 GHz (> 130%) is obtained in 2400 Sectoral patch. 
The antenna gives broadside radiation pattern over most of the 
bandwidth with peak gain of more than 3 dBi. 

Keywords — Broadband microstrip antenna, Sectoral 
microstrip antenna, Circular slot ground plane, Coplanar 
waveguide feed 

I.  INTRODUCTION 
 Due to ease of integration with active and passive devices 
which forms the part of microwave integrated circuits, the use 
of coplanar waveguide (CPW), to feed microstrip antenna 
(MSA) has increased over recent years [1 – 3]. The broadband 
or dual and wide band designs of CPW fed MSAs have been 
realized by using regular shaped MSAs, like rectangular, 
circular, and equilateral triangular or by cutting the slots inside 
these regular shape patches [4 – 9]. The broadband designs of 
CPW fed MSA yields bandwidth (BW) in the range of 60 to 
80% [1 – 9]. The Sectoral MSA is a variation of circular MSA 
and it as an additional resonant mode whose frequency lies 
below the fundamental mode frequency of circular patch [10].  

 In this paper, a new technique that uses coupling between 
CPW feed line with the circular slot using varying angle 
Sectoral patch to facilitate impedance matching over wide 
range of frequencies is proposed. First the parametric study for 
variation in position of equivalent circular patch with respect to 
circular slot ground plane is presented. Further effect of 
variation in Sectoral angle in Sectoral patch which is derived 
from equivalent circular patch, on the realized bandwidth (BW) 
is presented. The variations in these parameters tune the 
spacing between fundamental and various higher order 
resonant modes and also the input impedance at them to realize 
broader BW. The optimum BW of more than 5.7 GHz 
(>130%) is realized in 2400 Sectoral MSA. The proposed 
Sectoral MSA yields broadside radiation pattern over most of 
the BW. Due to orthogonal variations in surface currents 
towards higher frequencies of the BW (present due to higher 
order modes) pattern shows higher cross polarization levels. 

This reduces antenna gain from its peak value of nearly 4 dBi 
to less than 1 dBi. The analysis of Sectoral MSAs was first 
carried out using IE3D software [11] followed by the 
experimental verification. The MSAs were analyzed and 
fabricated using FR4 substrate (εr = 4.3, h = 0.16 cm, tan δ = 
0.02). The patch is fed using SMA connector of 0.12 cm inner 
wire diameter. The impedance measurement was carried out 
using R & S Vector network analyzer (ZVH-8) whereas 
radiation pattern and gain were measured using RF source and 
spectrum analyzer in minimum reflection environment.  

II. CPW FED SECTORAL MSA BACKED BY CIRCULAR 
SLOT GROUND PLANE 

 The geometry of circular MSA backed by circular slot 
ground plane is shown in Fig. 1(a). The dimension and the 
frequencies referred in the text and also shown in the figures 
and their captions are in mm and GHz, respectively. The 
circular patch is placed in the center of circular slot ground 
plane, such that centers of patch and slot ground plane 
coincide. The radius of circular patch is selected such that its 
fundamental mode frequency is around 1.5 GHz [1 – 3]. The 
circular patch fed with CPW feed is simulated and its 
resonance curve and return loss plots are shown in Fig. 2(a, b).  

 
Fig. 1(a) CPW fed circular patch antenna backed by circular slot ground plane, 

its (b) shifted patch configuration 

 For symmetrical position of circular patch with respect to 
circular slot ground plane, input impedance matching over 
wide range of frequencies is poor. This does not yield wide 
band response. The parametric study for variation in position of 
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circular patch with respect to circular slot ground plane (x) is 
carried out as shown in Fig. 1(b). The resonance curve and 
return loss plots for variation in ‘x’ is shown in Fig. 2(a – d). 
The ‘x’ is varied from 0 mm to 9 mm, towards the CPW feed 
line. While changing the patch position ‘x’, all the other 
antenna parameters were kept unchanged. The surface current 
distribution at first two modes is shown in Fig. 2(e, f). They are 
due to TM11 and TM21 modes of circular patch. At respective 
modes, currents show one and two half wavelength variations 
along the circular slot ground plane. With an increase in ‘x’ 
from 0 to 8 mm, input impedance at TM11 mode reduces 
whereas it increases at TM21 and other higher modes. For ‘x’ 
above 8 mm, input impedance at higher resonant modes 
increases beyond 100Ω, thereby reducing the antenna BW. 
With an increase in ‘x’, frequencies of individual modes 
remain nearly constant. An optimum simulated BW of 5.2 GHz 
is realized for ‘x’ = 8 mm.  

Fig. 2 (a, c) resonance curve and (b, d) return loss plots for variation in patch 
position (x) and (e, f) surface current distribution for x = 8 mm at two modes in 

CPW fed circular microstrip antenna backed by circular slot ground plane

 Further the circular patch is replaced by Sectoral patch of 
an angle ‘θ’ as shown in Fig. 3. The Sectoral patch angle is 
increased from 0° to 180°, and the resonance curve and return 
loss plots for the same is shown in Fig. 4(a – f). With an 
increase in Sectoral angle from 20° to 60°, it is observed that, 
input impedance of various resonant modes and their 
frequencies remains unchanged. With an increase in angle from 
80° to 120°, significant decrease in the impedance at the first 
resonant mode is observed.  

Fig. 3 CPW fed Sectoral MSA backed by circular slot ground plane

Fig. 4 (a – f) Resonance curve and return loss plots for variation in Sectoral 
angle ‘θ’ for CPW fed Sectoral MSA backed by circular slot ground plane 
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 The surface current distribution at first resonant mode in 
Sectoral MSA is shown in Fig. 5(a, b). At this mode, surface 
currents vary along the patch perimeter and show one half 
wavelength variations. With an increase in angle ‘θ’ the null 
field position in the Sectoral patch comes closer to the position 
of CPW feed line, which reduces the impedance at that mode.  

 

Fig. 5 Surface current distribution at first resonant mode for (a) θ0 = 200 and (b) 
θ0 = 1000 for CPW fed Sectoral MSA backed by circular slot ground plane 

 With an increase in angle ‘θ0’ from 800 to 1800, the 
frequency of second resonant mode increases whereas those of 
other higher order modes remain nearly constant. For Sectoral 
angle of 1200, the input impedance over wide range of resonant 
modes remains within 100 to 25 Ω to give returns loss of less 
than -10 dB over wide range of frequencies. Thus an optimum 
simulated BW of nearly 5.72GHz centered on 4300MHz 
(>130%) is achieved in 120° Sectoral MSA as shown in Fig. 
6(a, b).  

 

Fig. 6 (a) Input impedance and (b) return loss plots for CPW fed 1200 Sectoral 
MSA backed by circular slot ground plane 

 The antenna was fabricated and measurement was carried 
out using R & S vector network analyzer, ZVH-8. The 
measured BW is 5.836 GHz (132%) as shown in Fig. 6(a, b). 
The fabricated prototype of the configuration is shown in Fig. 
7.  

 
Fig. 7 Fabricated prototype of CPW fed 1200 Sectoral MSA backed by circular 

slot ground plane 

The simulated surface current distributions and simulated and 
measured radiation pattern at three frequencies over the BW 
are shown in Figs. 8(a – c) and 9(a – f), respectively. The 
maximum contribution of surface currents over the BW is 
directed along the vertical direction. Therefore at band start and 
center frequencies pattern is in the broadside direction with E 
and H-planes aligned along Φ = 900 and 00, respectively. Due 
to higher order modes towards higher frequencies of the BW, 
currents vary along horizontal as well as vertical direction. 
Hence pattern shows higher cross polar levels towards those 
frequencies. The simulated and measured co-polar broadside 
gain is shown in Fig. 9(g). The peak antenna gain is close to 4 
dBi. It reduces to less than 1 dBi towards higher frequencies, 
due to orthogonal surface currents.  
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Fig. 8 (a – c) Surface current distributions over lower cut-off, center and upper 
cut-off modes for optimized CPW fed Sectoral MSA backed by circular slot 

ground plane 

 

 

 

 
Fig. 9 (a – f) Radiation pattern and (g) gain variation over BW for CPW fed 

circular slot backed Sectored MSA 

 

III. CONCLUSIONS 
The broadband design of CPW fed Sectored MSA backed 

by circular slot ground plane is proposed. The detail 
parametric study for position of the patch and the Sectorial 
angle is presented. The broadband response with BW of more 
than 5.72GHz (> 130%) centered on 4300MHz is obtained. 
The antenna gain decreases as we move from lower cut-off 
frequency to upper cut-off frequency, which is due to 
increment of cross polar components. 
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Abstract — Design of rectangular slot cut circularly polarized 
equilateral triangular microstrip antenna is discussed. The slot 
degenerates patch TM10 mode into two orthogonal modes, to 
yield circular polarization. To improve the gain, its three layer 
suspended configuration is proposed that yields VSWR and 
axial ratio BW of 35 and 8 MHz, respectively with gain of more 
than 5 dBi. Further to design the proposed antenna at any 
given frequency, formulation in resonant length at two 
orthogonal modes in slot cut triangular patch is proposed. The 
frequencies calculated using them closely agrees with the 
simulated results. Further using proposed formulations 
procedure to design slot cut patch at different frequency, is 
presented, which gives circularly polarized response with 
formation of small loop (kink) inside VSWR = 2 circle.  

 

Keywords — Equilateral Triangular Microstrip Antenna, 
Circular Polarization, Rectangular slot, Suspended microstrip 
antenna 

I.  INTRODUCTION  
The circular polarization (CP) is one of the most desired 
polarization technique used in current wireless 
communication systems, since it is independent of the 
polarization/orientation of transmitting or receiving antenna 
[1, 2]. The CP microstrip antenna (MSA) is realized either 
by using single feed configuration, or dual feed 
configuration in conjunction with power divider network, or 
by using sequentially rotated MSA arrays [1 – 5]. They have 
also been realized by cutting asymmetrical U-slot or pair of 
rectangular slots inside the patch [6 – 8]. In terms of VSWR 
and axial ratio (AR) bandwidth (BW), these slot cut MSAs 
yields better performance. In single feed CP MSAs, 
discontinuities to generate orthogonal modes are created by 
cutting narrow slots or notches in the antenna structure at an 
appropriate location with respect to the coaxial feed [1 – 5]. 
Diagonally fed square MSA, cutting slot inside the circular, 
square or equilateral triangular MSA (ETMSA) and 
chopping diagonal corners of the rectangular microstrip 
antenna are some of the techniques in which CP response 
have been realized. However in all these reported CP 
configurations, formulation in resonant length for two 
orthogonal patch modes and design guidelines to realize CP 
response at any given frequency is not given. Therefore the 
optimization process at given frequency is based upon the 

parametric study on different antenna parameters which is 
followed by the experimental verifications.   

In this paper, first design of horizontal slot cut ETMSA to 
realize CP response around frequency of 1000 MHz on glass 
epoxy substrate (εr = 4.3, h = 0.16 cm, tan δ = 0.02) is 
discussed. The horizontal slot is placed along the centroid of 
ETMSA. The slot degenerates fundamental TM10 mode into 
two orthogonal modes to realize CP. On thinner substrate it 
yields VSWR and AR BW of 28 MHz and 7 MHz, 
respectively. Since ETMSA was fabricated on lossy 
substrate gain is less than 0 dBi. To increase the same, its 
three layer suspended configuration is presented which 
yields VSWR and AR BW of 35 and 8 MHz, respectively 
with gain of more than 5 dBi over AR BW. By studying the 
surface current distributions at two orthogonal modes in 
triangular patch, a formulation in resonant length in terms of 
slot and patch dimensions is proposed. The frequencies 
calculated using them closely agrees with the simulated 
results for thinner and thicker substrates. Using proposed 
formulation, detail procedure to re-design slot cut CP 
ETMSA at different frequency is presented. It yields CP 
response with formation of small loop (kink, which 
indicates the presence of CP) inside VSWR = 2 circle. Thus 
proposed work clearly outlines design procedure to realize 
similar CP ETMSAs at any given frequency. The discussed 
CP configurations were first analyzed using IE3D software 
followed by experimental verifications [9]. The antennas 
were fed using panel type SMA connector of 0.12 cm inner 
wire diameter. For the fabricated antennas, an impedance 
measurement was carried out using R & S vector network 
analyzer (ZVH – 8). The RF source (SMB 100A) and 
spectrum network analyzer (FSC6) were used to measure 
radiation pattern and the gain. 

II. SLOT CUT CP ETMSA  
The rectangular slot cut ETMSA is shown in Fig. 1(a). On 
glass epoxy substrate, using equations (1) and (2), side 
length (S) of equivalent ETMSA is calculated such that 
patch TM10 mode frequency is around 1000 MHz. The ‘S’ is 
found to be 9.4 cm. The mode distributions in ETMSA are 
symmetrical with respect to the centroid point. At TM10 
mode surface current shows one half wave length variation 
along patch side length as well as along height of the patch, 
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‘y’. The slot cut on the centroid point creates two unequal 
path lengths (A____B and A1

__ __ B1, shown in Fig. 1(a)) that 
degenerates TM10 mode into two orthogonal modes. The 
feed point is placed such that it excites these two orthogonal 
modes with necessary phase quadrature to yield CP 
response. The parametric study for variation in slot 
dimension, to study its effect on VSWR and AR BW was 
carried out and it is tabulated in Table 1. The surface current 
distributions at two orthogonal modes for slot length ‘l’ = 14 
mm and width ‘w’ = 2 mm, are shown in Fig. 1(b, c). 

reεe3S

2nmn2m2c
mnf ++= (1) 

reε
4h

e
SS −= (2) 

where, c = velocity of light = 3 x 108 (m/s) 
Se = effective patch side length, which accounts for 
fringing field extension length 

  S = patch side length 
  m, n = mode indices    

Fig. 1(a) Slot cut CP ETMSA, its (b, c) surface current distribution at two 
orthogonal modes 

TABLE 1 Parametric study for variations in slot dimension for slot cut 
ETMSA 

l x w  
(mm) 

Simulated frequency 
(MHz) 

AR 
BW 

(MHz) 

VSWR 
BW 

(MHz) f1 f2

11 x 2 984 994 - 22 
13 x 2 974 994 4 25 
14 x 2 970 994 7 28 
15 x 2 966 994 3 30 
17 x 2 956 994 - 32 

At first (f1) and second (f2) mode the currents are varying 
along vertical and horizontal directions, respectively. For 

these values of slot dimension, optimum results in terms of 
VSWR and AR BW is obtained as shown in Fig. 2(a, b). 
The simulated and measured BW’s are, 28 MHz (2.8%) and 
25 MHz (2.5%) respectively, whereas simulated AR BW is 
7 MHz. The measured radiation pattern at center frequency 
of VSWR and AR BW is shown in Fig. 2(c). The co-polar 
and cross polar levels in E and H-planes are within 3 dB in 
the broadside direction, which indicate the presence of CP. 
For more than 14 mm of slot length spacing between two 
mode increases, that does not maintain necessary phase 
quadrature and nearly equal amplitudes between two modes 
to realize AR less than 3 dB. This reduces AR BW. As slot 
cut CP ETMSA is fabricated on lossy substrate it has gain 
less than 0 dBi. To improve the same, three layer suspended 
configuration is proposed as shown in Fig. 2(d, e).  

Fig. 2 (a) Input impedance, (e) simulated AR plots and (c) radiation pattern 
at center frequency of BW for rectangular cut CP ETMSA, (d) top and (e) 
side views of three layer suspended rectangular slot cut CP ETMSA 

In three layer suspended configuration two layers of glass 
epoxy substrate are separated by an air gap of thickness 1.6 
mm, which gives total substrate thickness of 4.8 mm 
(0.02λ0). The patch is fabricated on top glass epoxy layer 
whereas SMA connector is connected to bottom glass epoxy 
layer. The effective dielectric constant reduces in suspended 
configuration, which increases patch side length for the 
same TM10 mode frequency. The effective dielectric 
constant is calculated by using equation (3) and further by 
using equation (1) and (2) patch dimensions are calculated 
[1]. The ‘S’ is found to be 12.8 cm for f10 = 1000 MHz. 

2rε
r3ε

reε
+

= (3) 

The parametric study for variation in slot dimension is 
carried out and their results are tabulated in Table 2. The 
optimum AR BW is obtained for l = 26 mm and its 
simulated and measured input impedance plots and 
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simulated AR plot is shown in Fig. 3(a, b). The simulated 
and measured BW’s are, 35 MHz (3.5%) and 33 MHz 
(3.3%), respectively, whereas the simulated AR BW is 8 
MHz. The radiation pattern at center frequency of AR BW 
is shown in Fig. 3(c, d). Similar to the above configuration, 
co and cross polar levels are within 3 dB in the broadside 
direction. The antenna gain is more than 5 dBi over AR 
BW. The current distributions in suspended configuration at 
orthogonal modes are similar to that observed in non-
suspended ETMSA. 

 
 

 

 
 

Fig. 3 (a) Input impedance (b) simulated AR plots against frequency, (c, d) 
radiation pattern at center frequency of BW for suspended rectangular slot 
cut CP ETMSA 
 

To design slot cut CP ETMSA at any given frequency, 
formulation in resonant length at orthogonal modes and 
procedure to design similar antennas at any other frequency 
is presented below. Similar work is not available on slot cut 
variations of CP ETMSAs in the reported literature.   
 

TABLE 2 Parametric study for variations in slot dimension for suspended 
slot cut CP ETMSA 

 
l x w 
(mm) 

Simulated frequency 
(MHz) 

AR  
BW 

(MHz) 

VSWR  
BW 

(MHz) f1 f2 

24 x 3 977 1002 6 29 
25 x 3 974 1002 7 32 
26 x 3 971 1002 8 35 
27 x 3 968 1002 4 37 

III. FORMULATIONS IN RESONANT LENGTH AND DESIGN 
PROCEDURE FOR CP ETMSA 

The formulation in resonant length is presented first for 
thinner substrate. As seen from the surface current 
distributions in Fig. 1(b, c), at f1, surface currents are 
circulating around the slot length ‘l’ and currents are nearly 

parallel to slot width ‘w’ and patch height ‘y’. Therefore at 
f1, effective patch resonant length is calculated by taking the 
average of patch side length and height of the patch with the 
slot length ‘l’ as given in equation (4). At f2, both the slot 
dimensions perturbs the surface current length, hence 
resonant length is calculated by taking the average of slot 
length and width with patch side length and its height as 
given in equation (5). The ‘Se’ in these equations is 
calculated by using equation (2). The frequencies at 
orthogonal modes are calculated by using equation (1) and 
using equation (6), % error between calculated and 
simulated values with respect to simulated value is 
calculated. The frequencies and error plots are shown in Fig. 
4(a). The closer approximation between two results at both 
the modes is obtained.    

2
l)ye(s

e1s
++

=                      (4) 

2

)
2
l

wye(s

e2
s

+++
=        (5) 

x100
s1f

r1fs1f
%Error 







 −
=          (6) 

 
 

 
 

Fig. 4 Dual frequency and % error plots for (a) non-suspended and (b) 
suspended slot cut CP ETMSA 

 

Similarly using equations (4) and (5) formulation for three 
layer suspended configuration of slot cut CP ETMSA is 
obtained. Here while calculating ‘Se’, total substrate 
thickness (i.e. ‘3h’) is selected as given in equation (2). The 
frequencies and % error plots calculated by using equations 
(1) and (6) are plotted in Fig. 4(b). It shows closer 
approximation between two results. The substrate thickness 
in suspended configuration is 0.02λ0. Therefore resonant 
length formulation in non-suspended and suspended MSAs 
at two modes is same. The plots for simulated and 
calculated dual frequencies are shown in Fig. 5(a, b). At 
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1000 MHz, simulated f2/f1 ratio in optimized CP ETMSA is 
around 1.026 and 1.032 in non-suspended and suspended 
MSAs, respectively. The calculated f2/f1 ratio in non-
suspended and suspended MSAs is around 1.025 and 1.04.   
 

 
 

Fig. 5 Calculated and simulated ratio plots for (a) non suspended and (b) 
suspended slot cut ETMSA 
 

The slot width (w) is 0.006λ0 and 0.01λ0 in non-suspended 
and suspended MSAs, respectively. The design of slot cut 
CP ETMSA at 2000 and 3000 MHz, using above 
formulations on glass epoxy substrate is presented first. The 
patch side length at 2000 and 3000 MHz is calculated by 
using equations (1) and (2). Using equations (4) and (5) for 
non-suspended ETMSA, plots of orthogonal frequencies 
and their ratio against varying length are generated at two 
frequencies as shown in Fig. 6(a, c). Using these frequency 
plots, value of slot width that gives f2/f1 of nearly 1.025 is 
selected. The slot of selected length and 0.006λ0 in width is 
cut inside the patch. The MSA is simulated using IE3D 
software and its input impedance plot is shown in Fig. 6(b, 
d). At both frequencies, CP response with formation of loop 
(kink) inside VSWR = 2 circle is obtained. The 
measurement was carried out to validate the simulated 
results which shows closer match.  
 

 

 
 

Fig. 6 Dual frequency and their ratio and input impedance plots at (a, b) 
2000 and (c, d) 3000 MHz for slot cut CP ETMSA 
 

Similarly design of CP ETMSA at 2000 and 3000 MHz is 
carried out on three layer suspended configurations. The 
patch side length for air gap of 1.6 mm is calculated by 
using equations (1 – 3). Using equations (4) and (5), plots 
orthogonal frequencies and their ratio are generated for 
suspended MSA as shown in Fig. 7(a, c). From these plots 
value of slot length is selected for which f2/f1 is nearly 1.04. 
This slot cut ETMSA is simulated and its input impedance 
plot is shown in Fig. 7(b, d).  At both the frequencies, CP 
response with formation of small loop inside VSWR = 2 

circle is observed. The measurement was carried out which 
shows closer match to simulated result. The radiation 
pattern in re-designed ETMSA shows co and cross polar 
levels within 3 dB in the broadside direction. 
 
 

 
 

 
 

Fig. 7 Dual frequencies, their ratio and input impedance plots at (a, b) 2000 
and (c, d) 3000 MHz for suspended slot cut CP ETMSA 

IV. CONCLUSIONS 
The design of slot cut CP ETMSA at 1000 MHz is 
discussed. For slot cut CP ETMSA, formulation in resonant 
length at orthogonal modes is proposed. The frequencies 
calculated using them closely agrees with simulated results. 
Using proposed formulations, design of slot cut CP ETMSA 
at different frequencies and on thinner and suspended 
substrates is presented. They give CP response with 
formation of small loop inside VSWR = 2 circle. Thus the 
proposed formulations can be useful for designing slot cut 
CP ETMSAs at any desired frequency.  
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Abstract— In the present article slotted radiating patch fed with
modified L-probe is studied. It is observed that bandwidth is 
directly proportional to notch width (w1), notch length l1 and l2. 
However, when slot length l3 is increased the change in 
bandwidth is not so significant but antenna size reduces up to 
30%. The optimum bandwidth and gain achieved by proposed 
antenna is 37.50% and 8.28 dB respectively. E and H field 
radiation patterns for antenna are symmetrical and broadside in 
nature. Proposed entire work is studied using HFSS simulation 
software and also verified by MOM based IE3D software. The 
proposed antenna is fabricated and measured results are 
agreeing quite well with the results obtained by both the 
simulation software.

Keywords— Slotted patch; Conducting strip; Modified L-probe
feed; Broadband microstrip patch antenna; IE3D.

I. INTRODUCTION 
Microstrip antenna is very much popular due to its 

numerous advantages such as low cost, low profile planer 
configuration, light weight, conformability, and ease of 
fabrication but two serious limitations of the microstrip 
antenna is its low gain and narrow bandwidth [1]. To increase 
the bandwidth several approaches have been made such as U-
slot loaded patch, S-shaped and E-shaped patch antennas [2-7]. 
Further different feeding techniques such as L-strip feeding, 
proximity feeding, T shape and L-probe feeding etc, have 
been used to increase the bandwidth [8-10]. An L-probe 
feeding technique provides better gain, directivity, suitable for 
wideband operation and antenna array design. In such feeding 
an additional capacitance is created between the radiating 
patch and feed which cancels the inductance of the vertical 
portion of the L-probe. Consequently this effect broadens the 
impedance bandwidth of the antenna. 

A narrow horizontal conducting strip is printed on the 
upper side and the radiating patch on the lower side of the 
suspended substrate. In order to avoid the bending procedure, 
a vertical thick probe is soldered to the horizontal strip and a 
small portion of patch is removed to connect the probe 
through the substrate with strip so that unnecessary drilling of 
patch can be avoided. The present structure looks like a 
capacitivily loaded L-probe fed patch antenna. The results 
obtained are simulated with HFSS and IE3D simulation 
software.  

II. ANTENNA DESIGN AND GEOMETRICAL CONFIGURATION

Fig. 1 shows the top view and side view of the proposed 
capacitively fed patch antenna. Initially two symmetrical 
notches of dimensions l1хw1 are incorporated along the 
radiating side of the patch resulting an E-shaped structure. 
Further two additional notches of dimensions l2хw2 and a 
center notch of dimensions l3хw3 are introduced in the 
opposite radiating edges resulting like a two symmetrical H-
shaped patch. For broadband operation air substrate of 
thickness H is used between ground plane and the patch. The 
design specification of proposed antenna is given in Table 1. 
The patch is electromagnetically coupled by a conducting strip 
connected with a probe. Conducting Strip of dimensions lsхws 
is printed above the radiating patch and separated by a 
dielectric material of thickness h. Such feeding method is 
more convenient than conventional L-trip fed patch. The 
prototype of proposed antenna is shown in Fig.2. The 
radiating patch is placed at height H from the ground plane. 
Slotted patch is printed on bottom surface and conducting 
strip on the top surface of the dielectric substrate. The 
perturbed structure introduces some additional current to flow 
in the patch which causes the higher modes to shift closer and 
hence a broadband characteristics of antenna is observed. 
From Fig. 3 it is clear that current length can be optimized by 
introducing some notches along the radiating edges. The 
dimensions of notches are taken in such way so that 
broadband nature of the antenna can be achieved. In the 
proposed geometry, the effective dielectric constant for the 
fed patch is given by [11]. 
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The resonant frequency of the patch can be calculated 

as
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Fig. 1 Geometry of antenna (a) Top view (b) Side view for proposed Antenna 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 

(a) 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b) 
 
Fig. 2 Prototype of fabricated antenna (a) radiating patch (b) top view. 
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Fig. 3 Current distribution for antenna using IE3D at 2.3 GHz 
 
 
Table 1 Design specifications of the proposed antenna 
 
 
Parameter                                                     Value 
W × L                                             72.0 × 50.0 mm2 

Air gap (H)                                                  10.0 mm 
Substrate thickness (t)                                1.58 mm 
Substrate used                  RT duriod 5880 (εr = 2.2) 
l1 × w1                                                                     26.0  × 3.0 mm2 

l2  × w2                                                                    20.0  × 3.0 mm2 

l3 × w3                                                                         30.0 × 20 mm2 

Conducting strip (ws × ls)                         4.0 × 12.5 mm2 

c  × d                                              12.0  ×  7.0 mm2 

c1                                                                                                 11.0 mm 
c2                                                                                                 16.0 mm 
g                                                                   4.0 mm 
 
 

III. RESULT AND DISCUSSION 
Return loss is plotted for antenna in Fig.4 and it is observed 

that bandwidth significantly increases with increasing value of 
l1. Similar result is also found in case of increasing value of l2 
(Fig.5).     
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Fig. 4 Variation of return loss with frequency for different values of l1          
(l2 =20.0 mm, l3 =30.0 mm, w1 = w2 = 3.0 mm) 
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Fig. 5 Variation of return loss with frequency for different values of l2 
( l1 = 26.0 mm, l3 =30.0 mm,  w1 = w2 = 3.0 mm)  

From Fig.6 it is found that bandwidth marginally increases as 
the length of center notch l3 increases. The measured results 
are compared with HFSS and IE3D [12-13] results and are 
found in good agreement (Fig. 7).  Operational frequency 
band varies from 1.93 to 2.64 GHz and the maximum 
bandwidth obtained is 37.50%. 
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Fig. 6 Variation of return loss with frequency for different values of l3 
( w3 =20.0 mm is fixed) 
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Fig. 7 Comparative plot of return loss with frequency (l2 = 20 mm, w3 =20.0 
mm, l1 = 26 mm, w1 = w2 = 3mm). 

A comparative plot of gain is shown in Fig.8 as a function of 
frequency. It is observed that gain for the antenna is above 
6.5dB for entire band of operation.  
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Fig. 8 Comparative plot of gain with frequency 
 
The radiation patterns at ϕ = 00 and ϕ = 900 at frequency 2.3 
GHz are shown in Fig. 9. From this figure it is clear that 
radiation pattern is broadside in nature. At ϕ = 900 there is 
some discrepancy in beam-width obtained from HFSS and 
IE3D. It is because of different numerical techniques adopted 
by two simulators. 
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Fig. 9 Radiation pattern at frequency 2.3GHz. 
 

IV. CONCLUSIONS 
From the above study it is inferred that antenna bandwidth 

is function of dimensions of the notches incorporated in the 
patch. Further antenna performance can be improved by 
optimizing the thickness of substrate and air gap. Radiation 
pattern is stable and gain is acceptable across the entire 
operational band. Antenna size is also reduced alongwith the 
enhancement of bandwidth. This antenna can be used for 
Personal Communication Services (PCS) and Global System 
for Mobile Communications (GSM). 
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Abstract - This paper reports the measurement based results of 
path loss and shadow fading of on-body Ultra Wideband (UWB) 
Wireless Body Area Network (WBAN) channels for the 
frequency bands defined in IEEE 802.15.6 standard.  Channel 
measurements are performed in frequency domain on the torso 
of a human in a typical laboratory environment. Both line-of 
sight (LOS) and non-line-of-sight (NLOS) channel scenarios are 
considered in the measurements. The variations of path loss 
model parameters in different frequency bands defined in the 
IEEE 802.15.6 standard are analyzed for both LOS and NLOS 
channels. The statistical distribution of shadow fading at each 
frequency band for both scenarios are analyzed and reported. It 
is found that the parameters of on-body UWB path loss model 
vary with the frequency bands. The path loss exponents are 
found to vary from 3.2 to 3.6 for different frequency bands in 
LOS and in NLOS these vary from 2.1 to 3.2. The reference path 
losses are found to vary from 33 dB to 39 dB in LOS while in 
NLOS it varies from 39 dB to 45 dB. The distribution of shadow 
fading is found to be Lognormal with zero mean and standard 
deviations varying with center frequency. 

Keywords - on-body channel; path loss; shadow fading; ultra
wideband; wireless body area network (WBAN)

I. INTRODUCTION 
Wireless Body Area Network (WBAN) systems have 

attracted researchers and academicians of the globe for its 
envisioned applications in healthcare management. The 
shifting of young old balance in population [1] coupled with 
increased chronic diseases among old people [2] the efficient 
management of healthcare is becoming a challenging task. As 
per the statistics provided by World Health Organization 
(WHO) the projected proportion of old people in 2050 will be 
15.6% which was 5.1% in 1950. It is also predicted that the 
chronic diseases will account for three-quarters of the total 
deaths by 2020. Hence the health and well-being of older 
people are getting more attention throughout the world. It is 
expected that WBAN systems will be an efficient tool for 
effective management of healthcare services. UWB radio 
technology is considered to be the most appropriate 

technology for WBAN systems due to its inherent features 
like low complexity compact transceiver architecture, low 
power consumption, robust performance in dense multipath 
environment etc. The IEEE 802.15.6 standard [3] has 
considered UWB as one of the physical layers for 
communication among body area sensor nodes. For the 
development of a reliable wireless communication system, it 
is essential to have a channel model for the system. The on-
body UWB channels are different from the typical indoor 
UWB channels due to the proximity of the human body. The 
on-body channel models reported in [4] – [10] are based on 
measurements performed on human body in an anechoic 
chamber. Channel models for a limited number of on-body 
channel links in hospital environment are reported in [11]. On-
body channel model in a class room environment is reported 
in [12] for a limited number of channel links. Around-body 
channel models are reported in [13]-[14]. Off-body channel 
models in laboratory environment are reported in [15]. 
However, in all these path loss models for UWB WBAN 
channels, the reported parameter values are the frequency 
averaged path loss derived either for the entire UWB 
frequency band (3.1 – 10.6 GHz) or for a particular frequency 
band of the measurement. In [3] the unlicensed UWB 
frequency band is divided in two frequency groups - the low 
band and the high band. Further, the low band is divided into 
three sub bands with center frequencies at 3494.4, 3993.6 and 
4492.8 MHz. The high band is divided into eight sub bands 
with center frequencies at 6489.6, 6988.8, 7488.0, 7987.2, 
8486.4, 8985.6, 9484.8 and 9984.0 MHz respectively. The 
bandwidth of all the sub bands is 499.2 MHz. The frequency 
bands centered at 3993.6 and 7987.2 MHz are considered as 
mandatory bands for the low and the high band respectively 
while the other sub bands are considered as optional bands. 
Furthermore, the permittivity and the conductivity of human 
body are frequency dependent [16]. For example, the relative 
permittivity of human muscles varies from 52.05 to 42.80 as 
frequency varies from 3.0 GHz to 10.0 GHz. Similarly, the 
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conductivity of human muscles varies from 2.16 to10.66 s/m 
for the frequency range 3.0 GHz to 10.0 GHz. Therefore the 
frequency averaged path loss model parameters derived for 
the entire UWB frequency band will not reflect the actual 
characteristics of the channel in a particular frequency band of 
interest as defined in the standard. In this paper we have 
experimentally determined the parameters of on-body UWB 
channels for each frequency band defined in the standard 
based on measurements performed on a human body. Path 
loss parameters are analyzed for both LOS and NLOS channel 
scenarios.  

The rest of this paper is organized as follows. Section II 
describes the channel measurement setup and the 
measurement scenarios. The variations of path loss exponent, 
path loss at reference distance and shadow fading in both the 
LOS and the NLOS scenarios are described in Section III. In 
Section IV the main conclusions are presented.  

 

II. THE MEASUREMENT SETUP 
Channel measurements are performed in frequency 

domain using a Rohde & Schwarz (ZVA 24) Vector Network 
Analyzer (VNA), Monopole UWB antennas and low loss RF 
cables from Mini-circuits. The VNA was remotely controlled 
from a computer connected through LAN. The small UWB 
antenna (18mm × 12mm) with omnidirectional radiation 
pattern in H-plane [17] was fabricated, tested and used in the 
measurements. The VNA was configured for S21 parameter 
measurement setup with the radio channel as the device under 
test (DUT).  The frequency range chosen for the measurements 
is the entire UWB band. The number of frequency sampling 
points within the frequency band is 1601. The resultant 
maximum detectable delay is 213 ns and the time resolution is 
133 ps. The IF bandwidth and the transmit power of the VNA 
was kept at 1 kHz and 10 dBm respectively. A full two port 
calibration of the VNA was performed with the cables used in 
the measurement to remove all systematic errors. 

Measurements are performed in a laboratory environment 
housing various test-and-measurement instruments, computers, 
work benches with shelves, bookshelves, tables, chairs etc. 
Two sets of measurement campaigns are carried out to 
determine the path loss in LOS and NLOS scenarios on the 
body of a person. The height of the person was 178 cm while 
his weight was 65 Kg. The transmit antenna is placed a little 
off from the left extremity of the person’s waist facing the 
front. In LOS measurements, the receive antenna is moved on 
the front surface of the torso in a rectangular grid of (8 × 11) 
at 5 cm interval as shown in Fig. 1. For NLOS measurements 
the receive antenna is moved on the rear surface of the body in 
the same manner. In all measurements, both the antennas are 
kept 10 mm off the body to achieve the optimum coupling 
between the antenna and the body [18]. To maintain this 
separation a piece of hard thermocol - 10 mm thick, was 
attached at the rear side of the antennas. It was observed that 
the thermocol had no effect on the return loss of the antenna 
maintaining the return loss below -10 dB when placed at 
different places on the body. The subject on whom the 

measurements were performed was instructed to stand still 
with both arms at his sides at a relatively free place in the 
room. In each measurement a total 10 consecutive channel 
transfer functions are averaged to reduce the random noise 
and saved in computer for further analysis. 

 

 

Fig. 1 Placement of antennas on the body 
 

III. PATH LOSS AND SHADOW FADING 

A. Path Loss Variation 
The path loss model represents the received power as 

function of the distance between the transmitted and the 
received antenna. Sampled frequency points within each sub-
band defined in the IEEE 802.15.6 standard are extracted in 
Matlab and the path loss ( )Pl d at a distance d is calculated as 

( )( )( )2

10 1
1( ) 10 log ,N

iPl d H f dN= ⋅ ∑                    (1) 

where ( ),iH f d  is the recorded frequency responses of the 
channel and N is the number of frequency samples within each 
frequency band. The distance dependent path loss of a UWB 
channel is generally expressed as 

0 10
0

( ) ( ) 10 logdB dB
dPl d Pl d n d χ = + ⋅ ⋅ + 

 
       (2) 

where 0d , n  and χ  represent the reference distance, the path 
loss exponent and the shadow fading respectively. Fig. 2 and 
Fig. 3 respectively show the scatter plot of path loss at three 
different frequency bands in LOS and NLOS scenarios. Linear 
regression lines are fitted by least square method to determine 
the path loss parameters. The path loss shown in the Fig. 2 and 
Fig. 3 are for the mandatory frequency bands at 3993.6 MHz 
and 7987.2 MHz and one of the optional bands at 9984.0 MHz. 
The slopes of the fitted regression lines give the value of the 
path loss exponents while the Y intercepts give the values of 
the path losses at reference distance. The parameters of the 
path loss model at different frequency bands for both channel 
scenarios are shown in Table I. It is seen that the path loss 
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exponent varies from 3.2 to 3.6 in LOS while in NLOS it 
varies from 2.1 to 3.2 at different frequency bands. The values 
of the path loss at reference distance in LOS are lower than that 
in the NLOS. The path loss at reference distance in LOS varies 
from 34 dB to 39 dB and in NLOS it varies from 39 dB to 45 
dB. 

Fig. 2 Path loss at three different frequency bands in LOS scenario 

Fig. 3 Path loss at three different frequency bands in NLOS scenario 

TABLE I 
PATH LOSS PARAMETERS AT DIFFERENT FREQUENCY BANDS IN BOTH 

SCENARIOS 

Channel 
Number 

Centre 
Frequency 

(MHz) 

Path loss parameters 
LOS NLOS 

n Pl(d0), (dB) n Pl(d0), (dB) 
0 3494.4 3.2 34 2.1 41 
1 3993.6 3.5 33 2.2 41 
2 4492.8 3.5 33 2.5 40 
3 6489.6 3.4 33 3.3 35 
4 6988.8 3.3 35 3.2 39 
5 7488.0 3.5 34 3.2 40 
6 7987.2 3.6 35 3.2 41 
7 8486.4 3.5 37 3.0 44 
8 8985.6 3.3 39 3.0 44 
9 9484.8 3.4 39 3.0 45 
10 9984.0 3.4 39 3.1 45 

B. Shadow Fading 
 The deviations of the measured path loss values from the 
estimated path loss are calculated for all frequency bands for 
both channel scenarios to determine the shadow fading 
parameter χ . Kolmogorov Smirnov (K-S) test was performed 
to find the best distribution followed by χ . The candidate 
distributions considered in the K-S test are Normal, 
Lognormal, Rayleigh, Nakagami and Weibull. The 
characteristic parameters for a specific distribution are 
estimated from the measured data using maximum likelihood 
estimation. A large set of random numbers of a specific 
distribution are generated in Matlab with the estimated 
parameter values of the corresponding distribution to perform 

the K-S test. The K-S test was performed for 1000 times for all 
candidate distributions at each frequency band for both channel 
scenarios. The average pass rates of K-S tests for the 
Lognormal distribution are found to be consistently high while 
these are significantly low for the other candidate distributions. 
From the observations it is found that in all the measurements, 
the parameter χ (in dB) follows Lognormal distribution at 5% 
level of significance. The average pass rates of K-S test for 
Lognormal distribution for different frequency bands are 
shown in Table II. The mean (µ) of χ in all frequency bands 
are found to be zero irrespective of the channel scenarios while 
the standard deviation (σ) is seen to vary in different frequency 
bands. The values of the standard deviations for LOS and 
NLOS scenarios are shown in Table III.  

TABLE III 
AVERAGE PASS RATE OF K-S TEST FOR LOGNORMAL DISTRIBUTION 

Channel 
Number 

Centre Frequency 
(MHz) 

Average pass rate of K-S test (%) 
LOS NLOS 

0 3494.4 89.0 79.5 
1 3993.6 81.9 82.8 
2 4492.8 100.0 96.4 
3 6489.6 98.0 100.0 
4 6988.8 100.0 100.0 
5 7488.0 100.0 99.2 
6 7987.2 94.9 99.5 
7 8486.4 96.7 100.0 
8 8985.6 99.9 98.2 
9 9484.8 100.0 100.0 
10 9984.0 100.0 100.0 

TABLE IIIII 
STANDARD DEVIATIONS OF χ FOR DIFFERENT FREQUENCY BANDS FOR LOS

AND NLOS 

Channel 
Number 

Centre Frequency 
(MHz) 

Standard deviation (dB) 
LOS NLOS 

0 3494.4 6.46 7.28 
1 3993.6 5.85 7.43 
2 4492.8 6.86 6.04 
3 6489.6 8.21 6.29 
4 6988.8 8.09 5.76 
5 7488.0 7.80 6.56 
6 7987.2 7.78 7.02 
7 8486.4 8.17 7.84 
8 8985.6 8.66 8.05 
9 9484.8 8.96 8.11 
10 9984.0 9.89 7.24 

IV. CONCLUSIONS

In this paper, the parameters of path loss model for on-body 
UWB channels are reported based on measurements 
performed on a human body. Path loss of on-body UWB 
channels at each frequency band defined in the IEEE 802.15.6 
standard is studied separately and the parameter values are 
derived by statistically analysing the measurement data. It is 
observed that the parameters of the path loss model are 
frequency dependent as discussed in the Section III. The 
reported path loss exponents in [19] for a person of normal 
size in LOS and NLOS scenarios respectively are 3.0 and 2.4. 
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In this study the path loss exponents for LOS are found to 
vary from 3.2 to 3.6 for different frequency bands. On the 
other hand, the path loss exponents for NLOS are found to 
vary from 2.1 to 3.2. However it is to be noted that the results 
reported in [19] are the values averaged over the entire UWB 
band. In this study, the path loss values are averaged over the 
specific frequency bands. The path loss at the reference 
distance in LOS is found to vary from 33 dB to 39 dB in LOS 
while in NLOS it varies from 39 dB to 45 dB. The distribution 
of shadow fading is found to be Lognormal with zero mean 
and standard deviations varying with center frequency. These 
results will be useful in UWB based WBAN system design for 
efficient realization of the system. 
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Abstract—The comparative study of structural properties in 
binary mixtures of chlorobenzen with methanol and formamide 
has been carried out at various temperatures and 11 different 
concentrations using microwave dielectric technique. The 
structural properties of solute-solvent mixture in the microwave 
frequency range of 10 MHz to 20 GHz gives information about 
the formation of monomers and multimers as well as interaction 
between the molecules of the given binary mixtures. The 
structural parameters viz. static dielectric constant and 
relaxation time have been obtained by the least squares fit 
method using Debye equation characterized by a single 
relaxation time without relaxation time distribution. 

Keywords—Static dielectric constant; Relaxation time; Excess 
properties; Microwave dielectric  technique.  

I. INTRODUCTION

The structural properties of liquid mixture give 
information about molecular interactions [1-7]. In this work, 
we report the structural properties at various temperatures and 
concentrations of chlorobenzene with methanol and 
formamide binary mixture. The chlorobenzene (CB) is a non-
associative liquid. Methanol and formamide are highly polar 
associative liquids. Chlorobenzene is chlorine group molecule. 
Methanol and formamide are –OH and C=O groups molecules 
respectively. It is interesting to see the effect of the chlorine - 
group molecule in methanol and formamide, a comparative 
study.  

II. EXPERIMENTAL

A. Material 
CB, methanol and formamide (AR grade, Qualigens fine 
chemicals Pvt. Ltd., Bombay, India) were used without further 
purification. The solutions were prepared at 11 different 
volume percentages of CB from 0 % to 100 % in methanol 
and formamide binary mixtures of the systems. 

B. Apparatus 
The complex permittivity spectra were studied using Time 

Domain Reflectometry (TDR) method. The basic TDR setup 
consists of a broadband sampling oscilloscope, TDR module 
and coaxial transmission line. The Hewlett Packard HP 54750 

sampling oscilloscope with HP 54754A TDR plug in module 
has been used.  

III. DATA ANALYSIS

The experimental values of ε∗ (ω) are fitted with th
Debye equation [8] 

ωτ
εε

εωε
j1

)( o*

+
−

+= ∞
∞

with ε0 and τ  as fitting parameters. A nonlinear least-squares 
fit method was used to determine the values of dielectric 
parameters. The value of ε∞ was taken to be 3 for all the 
systems studied since, for the frequency range considered 
here, ε* is not sensitive to ε∞.  

IV. RESULTS AND DISCUSSION

A. Dielectric Parameters 
The values of dielectric parameters such as static dielectric 

constant (ε0) and relaxation time (τ) obtained by fitting 
experimental data to the Debye equation are presented in 
table (1). The larger values of static dielectric constant and 
relaxation time of the methanol and formamide are due to the 
presence of –OH and C=O groups and its molecular size. The 
values of static dielectric constant increases with increasing 
the methanol and formamide added in CB. This shows 
molecular size of the system increases with the addition of 
methanol and formamide in CB. The static dielectric constant 
values for CB + formamide system are greater than CB + 
methanol. This means molecular size of CB + formamide is 
greater than the CB + methanol system. 

The relaxation time values of pure formamide > methanol 
> CB. This is due to the presence of C=O group in formamide, 
-OH group in methanol and –Cl group in chlorobenzene and 
their molecular size is in the order, formamide > methanol > 
CB. The values of relaxation time for CB + formamide system 
are greater than CB + methanol. This also indicates the greater 
molecular size of CB + formamide than CB + methanol 
system. The volume percent of CB decreases with increasing 
relaxation time values in these systems. 
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TABLE I.  TEMPERATURE DEPENDENT DIELECTRIC RELAXATION 
PARAMETERS [9, 10] 

Volume % 
of CB T=15oC T=25oC T=15oC T=25oC 

 CB + Methanol 

 ε0 τ (ps) 

100 5.94 5.54 13.84 13.78 

90 9.90 9.70 31.40 28.80 

80 13.50 13.00 41.60 36.90 

70 15.80 14.60 46.50 41.40 

60 19.10 18.00 49.20 43.20 

50 22.40 21.10 50.40 43.60 

40 25.30 23.90 51.00 43.90 

30 28.10 26.50 51.80 44.10 

20 30.40 28.70 52.20 44.60 

10 32.60 30.80 52.90 45.50 

0 34.64 32.57 54.36 47.17 

CB + Formamide 

 ε0 τ (ps) 

100 5.94 5.54 13.84 13.78 

90 13.16 12.05 15.13 14.70 

80 20.12 18.70 17.84 16.25 

70 27.23 24.92 20.50 18.34 

60 36.70 33.73 23.87 20.50 

50 46.76 43.22 27.23 23.18 

40 57.80 53.97 31.10 26.05 

30 68.34 65.11 35.50 28.90 

20 80.30 76.57 40.53 31.71 

10 93.81 89.65 45.80 34.70 

0 111.23 108.18 51.40 38.10 

B. Excess Parameters  
 The behaviour of excess parameters [11] for these binary 
mixtures are shown in figure 1. 

 The excess dielectric constant values are negative for all 
concentrations and various temperatures of these binary 
systems. The peak values of excess dielectric constant are 
observed at 20 volume % of CB in methanol and formamide. 
These peak values observed is in the order of CB + methanol 
(15oC) > CB + methanol (25oC) > CB + Formamide (25oC) > 
CB + formamide (15oC). These negative values indicate anti-
parallel alignment of the dipoles of the systems. 

 Similarly, the values of excess inverse relaxation time 
values are also negative for all concentrations and 
temperatures. This indicates the slower rotation of the dipoles 
in the system.  

   

Fig. 1. (a) Excess dielectric constant, (b) Excess inverce relaxation time 
versus volume percent of methanol and formamide in CB 

V. CONCLUSION  
A comparative study of structural properties have been 

reported for CB with methanol and formamide binary 
mixtures for various temperatures and concentrations.   

References 
[1] A.V. Patil, G.N. Shinde, V.P. Pawar, “Dielectric relaxation study of 

hydrogen bonded structures in ethanolamine with diethanolamine using 
TDR technique,” J. Mol. Liq., 168, 42-46, 2012. 

[2] A.V. Patil and V.P. Pawar, “Microwave dielectric spectra and molecular 
interaction in a binary mixture of ethanolamine with diethanolamine,” J. 
Mol. Liq., 188, 1-4, 2013. 

[3] A.V. Patil, B.D. Achole, G.N. Shinde and V.P. Pawar, “Study of 
molecular interaction in binary mixture of dimethylene chloride with 
dimethylformamide using Bruggeman model,” Scholars Research 
Library, Archives of Applied Science Research, 4(4), 1665-1669, 2012. 

[4] V.P. Pawar, A.V. Patil and S.C. Mehrotra, “Dielectric Relaxation Study 
of Acetonitrile with 1,2-dichloroethane Using TDR, International 
conference on dielectric Liquids,” IEEE Explore, NTNU, Trondheim, 
Norway, 1-4, 2011. 

[5] V.P. Pawar, A.V. Patil, A.R. Patil, S.C. Mehrotra, “Dielectric relaxation 
study of solute–solvent interaction between dimethylene chloride and 
dimethylformamide using time domain reflectometry,” J. Mol. Liq., 155, 
16-19, 2010. 

[6] B.D. Achole, A.V. Patil, V.P. Pawar, S.C. Mehrotra, “Study of 
interaction through dielectrics: Behavior of −OH group molecules from 
10 MHz to 20 GHz,” J. Mol. Liq., 159, 152-156, 2011. 

[7] V.P. Pawar and A.V. Patil, “Dielectric relaxation studies on molecular 
interaction in binary mixture of dimethylene chloride with n-
methylformamide,” Fluid Phase Equilib., 376, 111-115, 2014.       

[8] P. Debye, “Polar Molecule; Chemical Catalog,” Dover, NY, 1929. 
[9] V.P. Pawar, S.C. Mehrotra, “Dielectric relaxation study of 

chlorobenzene with formamide at microwave frequency using time 
domain reflectometry,” J. Mol. Liq., 115, 17-22, 2004. 

[10] V.P. Pawar, S.C. Mehrotra, “Dielectric relaxation study of liquids 
having chloro group with liquids: I Chlorobenzene with methanol, 
ethanol and propan-1-ol,” J. Sol. Chem., 31(7), 559-576, 2002. 

[11] M. Tabellout, P. Lanceleur, J.R. Emery, D. Hayward and R.A. Pethrick, 
“Dielectric, ultrasonic and carbon-13 nuclear magnetic resonance 
relaxation measurements of t-butyl alcohol-water mixtures,” J. Chem. 
Soc. Faraday Trans., 86, 1453-1501, 1990. 

11th International Conference on Microwaves, Antenna, Propagation & Remote Sensing 
ICMARS-2015, Jodhpur, INDIA, Dec. 15 – 17, 2015

141



Design and Implementation of Wideband Acquisition 
Technique for BPSK Demodulator 

Anshuman Sharma#, Praneeth Kumar V#, M R Raghavendra# 
#SCG/ISRO Satellite Centre 

Bengaluru-560017 
1anshuman@isac.gov.in 
2praneetv@isac.gov.in 
3mrraghav@isac.gov.in 

Abstract— This paper describes design and implementation of 
wideband acquisition technique for Binary phase shift keying 
(BPSK) demodulator. The demodulator designed at frequency of 
70 MHz caters for data rates from 2 kbps to 128 kbps. The basic 
requirement is to have wide acquisition range of ±125 KHz under 
narrow Phase lock loop (PLL) bandwidth and low input Signal to 
noise ratio (SNR) values. Hence, a method based on Fast Fourier 
Transform (FFT) and parabolic interpolation for input signal 
frequency estimation is designed and implemented.  

Keywords— FFT, BPSK, PM, PCM, PLL, FPGA 

I. INTRODUCTION 
One of the modulation formats in earth 

observation Satellites for transmitting telemetry 
signal at S band frequencies is BPSK modulation. 
The Doppler shift for the downlink signal from 
these low-earth orbit satellites as on earth is in the 
range of around 100 KHz. The telemetry downlink 
data rates are also variable. Apart from Pulse code 
modulation (PCM)/BPSK format, PCM/PSK/Phase 
modulation (PM) is also one of the downlink 
formats. Hence, a need exists for development of 
ground based configurable receiver to cater for 
these modulation formats, catering for variable data 
rates for data rates from 2 kbps to 128 kbps and also 
to support the wideband acquisition range. Hence, 
this work describes wideband acquisition in BPSK 
demodulator which is implemented on Field 
programmable Gate Array (FPGA) platform 
alongside a PM/PSK demodulator. 

II. RESEARCH METHODOLOGY

As described earlier, this work focuses on 
implementation of wideband acquisition in BPSK 
demodulator using FFT and parabolic interpolation. 
The BPSK demodulator is a coherent design based 
on Costas loop technique [1].  

A. The various methods 
The PLL based receivers can lock onto incoming 

signal without cycle slip to a bandwidth of 2 nξω , 
where ξ is damping ratio, nω is the natural 
frequency of the loop. Also for an incoming signal 
with frequency offset of ω∆ , the time taken by loop 
to acquire lock is 2 3/ 2 nω ξω∆ [2], which is large. 
Hence, to ensure wideband acquisition within 
defined acquisition time, methods are devised. For 
attaining wideband acquisition in Phase locked loop 
(PLL) [2] based designs there are basically two 
methods. These methods are- 

1) Self acquisition with variable loop bandwidth.
2) Aided acquisition method.

The first method uses two bandwidths for PLL.
A wider loop bandwidth during acquisition phase of 
PLL and a narrow  loop bandwidth during tracking 
phase of PLL. This method gives poor acquisition 
performance in presence of noise and thus, not used 
for this design.    

 A method of sweeping the Numerically 
Controlled Oscillator (NCO) frequency by injection 
of a low frequency signal to its control input is an 
aided acquisition technique. But here the PLL 
acquisition time is dependent on the PLL loop 
bandwidth. The PLL loop bandwidth is data rate 
dependent, so for low data rates as 2 kbps, the 
acquisition time can be fairly large and hence, this 
method is not suitable for this design. 

The arc tangent method, also an aided acquisition 
technique, does not work well under noisy 
conditions for high frequency resolution 
requirement and hence, not used in the design. 

Hence, FFT method with parabolic interpolation 
is chosen for this design and shall be discussed. 
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B. FFT and parabolic interpolation: The method adopted 

  Figure 1: Aided acquisition 

The basic requirement of aided acquisition is that a 
module, external to PLL computes the incoming 
frequency and passes it to PLL, as in figure 1. The 
computed frequency should be within the 
acquisition bandwidth of PLL so that it locks 
immediately. 

 Figure 2: Frequency estimation  using  FFT 

     The FFT method (the frequency computation 
module) adopted in this work is depicted in figure 2. 
The incoming BPSK modulated signal is sampled 
by an Analog to digital (ADC) converter and 
simultaneously routed to PLL (Costas loop) and the 
data removal block. The unmodulated signal after 
data removal is routed to the FFT magnitude 
computation block through window function. 
     The output of FFT block is routed to FFT max 
computation block where the FFT bin holding the 
maximum value and the adjacent two bins are 
computed. These three samples are fed to the 
parabolic interpolator, and then the final estimated 
frequency ω∆  is passed onto the NCO in the 
Costas loop, as shown in figure 3. 

 Figure 3: Costas loop 

C. The design requirement and FFT formulation 
The overall design requirement is to achieve 

acquisition bandwidth of ±125 KHz under narrow 
PLL loop bandwidth and acquisition threshold of 60 
dBHz.  The demodulator caters for 2 kbps data rate 
also. The PLL loop bandwidth is 1% of data rate. 
Hence, the requirement to support narrow loop 
bandwidth exists. 

The 70 MHz BPSK demodulator design is based 
on under sampling with ADC sampling frequency 
of 55.296 MHz. The sampling frequency of 55.296 
MHz keeps the SNR degradation due to under 
sampling to minimal value of ~ 4dB ([3], [4]). As 
indicated earlier, this design is realised on FPGA 
alongside PM demodulator. The FFT module and 
BPSK demodulator work at sampling frequency of 
3.072 MHz.   

  The data removal block in figure 2, does 
squaring of input signal to remove modulation. 
Then after windowing, 8192 points FFT for the 
signal is computed which gives resolution of 375 
Hz for sampling frequency of 3.072 MHz [5]. To 
achieve 50 Hz resolution, higher FFT points can be 
used but due to constraints on FPGA resources this 
method cannot be used. 
D. Single tone frequency estimation 

Let us consider the received sampled signal, of 
which frequency has to be estimated,  as follows 

( )[ ] [ ]c si T ny n Ae w nω φ+= +              (1) 

where cω  is the carrier frequency, A is the 

amplitude, φ  is the phase, sT  is the sampling time 
and ‘n’ (the instantaneous sample) varies from 0 to 
N-1, where N are the total number of samples.  

[ ]w n is the Additive White Gaussian Noise
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(AWGN) with zero mean and variance 2σ .  SNR 
for this signal is given by 

                          2 2/ 2SNR A σ=                     (2) 
The frequency estimator uses N samples to 

estimate the frequency. Cramer Rao (CR) lower 
bound on the frequency estimator is derived in [6]. 
The lower bound on variance of the estimator is 
given by 

                     (3) 
 
The maximum likelihood estimator (MLE) of 

frequency is the ω  that maximizes the function 

                                         (4) 
Computation of the maximum of  involves 

coarse search and fine search. The coarse search is 
done using the FFT  

           (5) 
Fine search is done using the interpolation of the 

FFT components. Many algorithms exist for the 
fine search where computational complexity and 
accuracy are trade-off. 
E. The various interpolators and window selection 

 Since, requirement is resolution of 50 Hz, 
interpolation is performed. Various interpolation 
methods [7] such as  

1) Ligges algorithm(Parabolic interpolation) 
2) Jacobsen’s algorithm 
3) Modified Quinn’s algorithm  

 are reviewed for the design. 
 The Ligges algorithm uses the FFT bin having 

maximum value and its two neighbouring bins. So, 
the three points are fitted with a parabolic curve and 
the position corresponding to the parabolic 
maximum is the frequency estimate.  

The Ligges algorithm is depicted by equation 6 
below: 

1 1 1 1(| | | |) / 2*(2 | | | | | |)n n n n nX X X X Xδ + − + −= − − −
                                                                                (6) 

Where Xn is the estimated bin frequency, with 
maximum value and Xn-1 and Xn+1 are the adjacent 
samples computed from the FFT max computation 

block, Refer Figure 2. This δ  is added to Xn bin 
frequency value to get the best frequency 
estimate ω∆ . 

Jacobsen’s method [8] works on complex FFT 
values rather than the magnitude as in Ligges 
method. 

Modified Quinn’s algorithm is explained in [7]. 
Out of the three algorithms, Quinn’s algorithm 
gives best estimate of frequency, but the 
implementation on FPGA platform is difficult as it 
uses logarithmic function. Ligges algorithm is the 
simplest to implement and meets the desired noise 
and acquisition performance, within defined FPGA 
resources and is used for this design. 

A windowing function is chosen prior to FFT to 
avoid Spectral leakage [9].  The Blackman window 
gives best spectral leakage performance and is 
chosen for the design [10]. The Spectral leakage 
gives spurious frequency contents at the output of 
FFT and thus, can lead to erroneous frequency 
estimation, hence is to be avoided. 

The maximum error in frequency estimation for 
Ligges algorithm (parabolic interpolation) along 
with Blackman window is ~5% of resolution 
achieved by FFT [5], which is as per the design 
requirement. 

III. THE HARDWARE IMPLEMENTATION 
The design is implemented on a Stratix V, 

ALTERA FPGA and the ADC used is 14 bits, 150 
Msps ‘AD9254’ from Analog devices. 

The overall implementation block diagram is 
shown in figure 4 and figure 5. 
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Figure 4: Frequency computation block 

Figure 5: Costas loop demodulator 

   The 70 MHz BPSK modulated signal is fed to 
an Analog Automatic Gain Controlled (AGC) 
amplifier. The output of AGC is fed to ADC which 
is sampled at 55.296 MHz. Due to digital down 
conversion ([3], [4]), the signal inside FPGA is at 
frequency of 14.704 MHz. This signal is parallely 
fed to the frequency computation block and the 
Costas loop block for demodulation. The Costas 
loop block (shown in figure 5) consists of IQ 

detector followed by demodulator block working at 
sampling frequency of 3.072 MHz, in which the 
NCO runs at free running frequency of “0”. It is to 
this NCO that the computed value ω∆  from 
frequency computation block is fed.  
       The frequency computation block (refer figure 
4), consists of data removal block, where signal is 
squared to remove modulation. This is followed by 
differentiation to block the dc content of the signal. 
Due to aliasing, the signal at the output of this block 
is at frequency of 25.888 MHz. This signal is fed to 
the IQ detector working at sampling frequency of 
55.296 MHz. The IQ detector output is decimated 
to sampling frequency of 3.072 MHz. The free 
running frequency of NCO in IQ detector is 25.588 
MHz. The FFT and subsequent interpolator 
computes twice the difference between the free 
running frequency of this NCO and the incoming 
signal frequency. This is because the input is 
squared to remove modulation. The parabolic 
interpolator requires Xn-1 value (refer equation 6). 
So, if this NCO also works at 25.888 MHz, so for 
exact 70 MHz input frequency, FFT output will be 
“0th” bin and Xn-1 cannot be computed. To avoid 
this situation and to cater for requirement of ±125 
KHz acquisition bandwidth, this offset of 300 KHz 
frequency in NCO is given. The quadrature values 
after IQ detector are fed to Blackman window and 
then to FFT and max computation block. Max 
computation is done by bubble sorting technique. 
The FFT block is an ALTERA IP core module used 
in the design.   

    These three samples after max computation are 
given to parabolic interpolator. The output of 
interpolator is fed to divide by two block (not 
shown in figure). A bias equivalent to 150 KHz is 
subtracted from the interpolated value to 
compensate for the NCO 300 KHz offset in IQ 
detector. The output is negated as it corresponds to 
aliased value which has polarity opposite to the 
actual signal offset value. So, this computed ω∆  is 
fed to the second NCO of the Costas loop 
demodulator.  Since, the estimated value is within 
the acquisition bandwidth of PLL, it locks to the 
incoming signal and demodulation happens. 
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IV. RESULTS AND DISCUSSION

    As indicated earlier the design is implemented 
on ALTERA-Stratix V FPGA. The overall 
FPGA utilization for the design is given in Table 
I. 

TABLE I 

S. No. Compilation report Utilization 
1 Logic Utilization 33,689/172,600 
2 Total  registers 41,168 
3 Total memory blocks 1,425,408/41,246,720 
4 DSP block 998/1590 

    The complete design is simulated in 
MATLAB-Simulink. Figure 6 shows the simulation 
result for frequency estimation error for input 
frequency of 100 KHz under various SNR 
conditions for different FFT points.  From the graph 
it is clear that larger number of FFT points lead to 
lower estimation error. 

Figure 6: Frequency estimation error 

 The frequency estimation error for different FFT 
points under no-noise condition as per simulation is 
indicated in table II. 

TABLE II 

S. No. No. of FFT points Frequency estimation error 
1 512 257 Hz 
2 1024 129 Hz 
3 2048 64 Hz 
4 4096 33 Hz 
5 8192 18 Hz 

  The frequency estimation error under different 
noise conditions as seen on actual hardware is 
tabulated in table III. 

TABLE III

Sl.no C/No (dBHz) Frequency offset (in Hz) 
1 60 20 
2 59 20 
3 58 20 
4 57 21 
5 56 22 
6 55 23 
7 54 23 
8 53 23 
9 52 23 
10 51 24 
11 50 24 

    The eye diagram for 8 kbps data rate as 
obtained from the actual hardware is indicated in 
Figure 7.  

Figure 7: BPSK demodulator eye-diagram 

V. CONCLUSION 
The design has been successfully implemented 

on FPGA platform. The developed prototype 
unit caters for the required acquisition and noise 
performance. The major design challenge to 
achieve high resolution frequency estimation 
within available FPGA resources has been 
successfully met. This design and development 
paves way for wideband acquisition design in 
other QPSK, 8-PSK and PM demodulators on 
FPGA platform required for Satellite testing on 
ground. 
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Abstract—W band ( 75 – 110 GHz ) has a wide range of 
applications such as, automotive radar, sensors, short range 
surveillance, long range high resolution gigabyte point to point 
data transmission and high resolution passive imaging systems, 
etc. The corrugated horns have wide applications in 
communications, radio astronomy, satellite tracking, radar, and 
remote sensing. They are used as improved feeds for reflector 
antennas, and also as direct radiators for wideband 
measurements. These horns can be designed to produce radiation 
patterns with extremely good axial symmetry, relatively constant 
beam width as a function of frequency, high beam efficiency, low 
cross-polarization levels, very low side lobes and back lobes, good 
return loss, and relatively-the same phase centers in all cut 
planes containing the antennas bore sight. These outstanding 
features are the result of the fact that they support so-called 
hybrid mode, HE11 The corrugated surface inside the antenna 
produces equal boundary conditions for all polarizations, and 
tapers the field distribution in the E and H planes in the aperture.
The optimization algorithms based on swarm intelligence and 
evolutionary algorithms can be used to optimize these 
parameters. The software tools used to simulate the designed 
corrugated horn antenna are CST Microwave Studio. The gain 
of practical horns to about 22 dBi and corresponding minimum 
beam width of 5-10°, i.e. pencil beam width. 

Keywords—Corrugated antenna, Waveguide, W-band,
Automotive radar, horn antenna, TE11 and HE11 mode 

I. INTRODUCTION 

Because of low atmospheric absorption, short wave length 
and wide available frequency bandwidth, w band (75 – 110 
GHz) has a wide range of applications including automotive 
radar and sensors, also used for short range surveillance, long 
range high resolution gigabyte point to point data transmission 
and high resolution passive imaging system [1] [2]. The 
corrugated conical antenna has a rotationally symmetrical 
main beam and low side lobes, that's why it is mainly useful 
as a primary radiator for reflector antenna for satellite 
communication earth station and radio telescope. A corrugated 
horn antenna has a series of equally spaced ridges protruding 
from otherwise straight sides. The generator has a monomode 
output from waveguide, i.e. rectangular and circular 
waveguide. The antenna can be excited in any polarization or 
combination of polarization. Normally, the gun diode is built 
in a rectangular waveguide exciting the TE10 rectangular 

waveguide mode, and with a convectional converter, this 
mode can be easily converted to the TE11 circular mode. 

The TE11 mode is applied as input power working in a 
circular monomode waveguide. This TE11 mode hasn’t a good 
radiation pattern and also having considerable side lobes. So 
for more applications, it is not useful as a radiation source. So, 
it is necessary to transform it into another mode more 
adequate to radiate. So from this corrugated horn antenna, it 
generates the HE11 mode from this TE11 mode.  

The HE11 mode is the fundamental mode of this type of 
corrugated horn antenna. The HE11 mode has better far field 
radiation pattern and it can be used in different applications 
like automotive radar and sensors, long range high resolution 
gigabyte point to point data transmission, ranging from 
reflector feeder to communications, radar, remote sensing, 
radio links, atmosphere studies etc. 

II. CORRUGATION[8]

The general concept of the corrugation is “Shaped into 
alternating parallel grooves and ridges”.  

Fig. 1 Corrugation[8] 

Corrugated horns can produce radiation patterns having 
extremely good axial symmetry, relatively constant 
beamwidths as a function of frequency, high beam efficiency, 
low cross-polarization levels, very low side lobes and back 
lobes, good return loss, and relatively-the same phase centers 
in all cut planes containing the antennas bore sight. These 
outstanding features come from the fact that they support the 
so-called hybrid mode, HE11 The corrugated surface inside 
the antenna produces equal boundary conditions for all 
polarizations, and tapers the field distribution in the E and H 
planes in the aperture. This leads to a hybrid mixture of TE11 
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and TM11 modes that behaves as a single mode, in which both 
components propagate with the same velocity [6]. 

III. CIRCULAR WAVEGUIDE

Design of W band circular waveguide, which has a 
frequency range,  between 75 GHz to 110 GHz. The Working 
center frequency is 77 GHz. The design of circular waveguide, 
designed in CST, is shown in the figure2. 

Fig. 2 Cross sectional view of Circular Waveguide design in CST 

Table 1  
Design Parameter for circular waveguide 

Sr No. Parameter Value 
1 Frequency 77 GHz 
2 Outer Radius 4 mm 
3 Inner Radius 2.5 mm 
4 Waveguide Length 31.59 mm 
5 Material Copper 

MEASUREMENTS AND RESULTS 

The simulation of circular waveguide was obtained by 
using CST. It integrates simulation, visualization, solid 
modelling, and automation in an easy-to-learn environment 
where solutions to your 3D EM problems are quickly and 
accurately obtained.  Simulations show a very small return 
loss, lower than -24.54 dB at frequency 77 GHz as shown in 
figure 3. The E field and the mode pattern of input and output, 
which is TE11 mode  is shown in the figure 4 and 5. 

Fig. 3 Return Loss

Fig. 4 Magnitude pattern for E field 

Fig. 5 Mode Pattern at input and output port 

IV. CORRUGATED WAVEGUIDE

Another simulation can be carried out for the corrugated 
waveguide, which having the advantage over circular 
waveguide in terms of side lobe levels, high beam efficiency 
etc. The designed corrugated waveguide with it's parameter 
are shown as below in figure 6 and table 2. 

Fig. 6 Cross sectional view of Corrugated Waveguide design in CST 

Table 2 
 Design Parameter for corrugated waveguide 

Sr No. Parameter Value 
1 Frequency 77 GHz 
2 Outer Radius 4 mm 
3 Corrugation Outer Radius 2.54 mm 
4 Corrugation Inner Radius 2.05 mm 
5 Waveguide Length 31.35 mm 
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6 Corrugation Depth  0.49 mm  
7 Corrugation Width  0.55 mm  
8 Material  Copper  

MEASUREMENTS AND RESULTS 

The simulation of corrugated waveguide was obtained by 
using CST. As a result the S parameter can be shown in figure 
7 as shown below. 

 

Fig. 7 Return Loss 

The return loss at 77 GHz is -14.97250 dB. and the E field 
pattern and the mode patterns are shown in figure 8 and 9. 

 

Fig. 8 Magnitude pattern for E field 

 

Fig. 9 Mode Pattern at input and output port 

V. CORRUGATED CONICAL HORN ANTENNA  
 
The conical corrugated conical horn antenna, a mode 

converter, for the W band is designed and simulated in the 
CST software. The designed corrugated horn antenna with its 
front and the side view sketches in figure 10 and 11. 

  
Fig. 10 Cross sectional view of Corrugated Horn Antenna 

 
Fig. 11 Front and the side view sketches for the Corrugated Horn 

Antenna 

Table 3 shows the parameter values, which are shown in 
the figure 11. 

Table 3 
 Design Parameter for corrugated Horn Antenna 

 
Sr 

No Name Parameter Value 

1 f  Frequency  77 GHz  

2 Dg  Waveguide 
diameter  3.582 mm  

3 Lg  Waveguide length  4.867 mm  

4 Df  Flare diameter  9.570 mm  

5 Lf  Flare length  5.993 mm  

6 Sd1   Depth of first slot  1.557 mm  

7 SdN  Depth of last slot  973.4 μm  

8 Ws  Corrugation slot 
width  648.9 μm  

9 Wr  Corrugation ridge 
width  162.2 μm  

10 Lt  Transition length  973.4 μm  
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MEASUREMENTS AND RESULTS 
As per the design parameters, the conical corrugated horn 

antenna is designed and simulated at the W band, 77 GHz 
frequency. The simulated results are explained below. 

The return loss, S11 parameter for the antenna is shown in 
the figure 12, having a value -22.21 dB, which is lower than 
the -20 db.  and the gain pattern shows the gain of the antenna 
which is 14.8 dBi, shown in figure 13, in 3D and 2D. 

 

Fig. 12 Return Loss 

 

Fig. 13 Gain Pattern 

The mode pattern at the input and at the output modes are 
explained below. At the input side the mode is TE11, which is 
shown in figure 14 and at the aperture of the antenna the 
generated mode is HE11 mode. which is shown in figure 15. 
At the aperture side the mode pattern shows the main 
concentrated signal at the center and the side lobes having 
much lower values. so the corrugation part is useful for 
lowering the side lobe levels. The E field Distribution over the 
antenna is shown in the figure 16. 

 

Fig. 14 Input mode pattern E field for TE11 mode 

 

Fig. 15 Output mode pattern E field for HE11 mode 

 

Fig. 16 E field Distribution 
The measured results before applying the optimization 

technique are as shown in the table 4. 

Table 4  
Results for corrugated Horn Antenna 

Sr No.  Parameter  Value  
1  Frequency 77 GHz 
2  VSWR 1.01 
3  Gain 14.8 dBi 
4  S11 -22 dB 
5 HPBW 36.2° 

VI. OPTIMIZATION 
The corrugated horn antenna is applied to the optimization 

for getting a better gain and reduction in the HPBW. The 
genetic algorithm is applied to the corrugated horn antenna. 
For the Optimization the parameter values and the goals are as 
shown in the table 5 and 6.[15] 

Table 5 
 Optimization Parameter 

Sr No. Parameter Value 

1 Algorithm Genetic 
Algorithm 

2 Population Size 8 
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3 Max No of Iteration 5 

4 Corrugation slot 
width 

0.584-0.7138 
mm 

5 Corrugation ridge 
width 

0.146-0.17845 
mm 

Table 6 
 Goals for the optimization 

Sr No.  Parameter  Value  
1 VSWR 1 
2 Gain 15 dBi 
3 S

11
 < -20 dB 

Measurements and Results 
 

The measurement parameters after optimization, in terms of 
gain, return loss and VSWR are shown in the figure 17, 18 
and 19. 

 

 

Fig. 17 Gain Pattern 

 

Fig. 18 Return Loss 

 

Fig. 19 VSWR 

The measure results after optimization are shown in the table 
6. 

Table 6  
Results After optimization 

Sr No. Parameter Value 
1 VSWR 1 
2 Gain 15 dBi 
3 S11 -22 dB 
4 Corrugation slot width 0.596 mm 
5 Corrugation ridge width 0.169 mm 
6 HPBW ≈30° 

VII. SUMMERY 

In this paper, The circular waveguide and corrugated 
waveguide explained in term of simulation in the CST 
software. The conical corrugated horn antenna at 77 GHz is 
designed and optimized for the better results. After 
Optimization with the genetic algorithm, the gain of the 
conical corrugated horn antenna will be 15 dBi and the beam 
width is about 30°. So, By applying different optimization 
techniques and gaussian corrugated conical horn antenna 
design, this parameters can be achieved up to 22 dBi, gain and 
the 5-10° beam width for W band.  
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   Detailed design and simulation of non-intercepting                   
gridded electron gun for Ka band Pulsed TWT 
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Abstract— A design of 0.24μP convergent, non- intercepting 
gridded electron gun for a Ka band based TWT is presented. 
Electrostatic simulation results without and with grids are 
described. Procedures in designing the pierce type convergent 
gridded electron gun are mentioned from the electron beam 
point of view. Beam cut-off characteristics is also studied and 
simulated. Magneto-static simulation is carried out with 
magnetic field for full transmission of the beam from cathode till 
the end of the interaction structure. 
 
Keywords— electron beam, cathode, trajectory, cut-off, beam radius 

                                    I. INTRODUCTION 
The vacuum microwave tubes are a wide class of devices 
capable of generating or amplifying microwave energy, over a 
wide range of frequencies. Microwave tubes are widely used 
in radars, communications and electronic warfare, medical, 
scientific and industrial systems. Traveling Wave Tubes 
(TWT) is one of the most important member in vacuum 
microwave tube family which provides highest power 
bandwidth product. A TWT has four important sub-
components i) electron gun ii) beam focusing structure iii) 
interaction structure (or slow wave structure) and iv) collector. 
 
   The prime function of an electron gun is to produce a steady 
stream of laminar electron beam to a required beam radius and 
current density free from any aberrations. Pierce type electron 
gun comprises of a cathode, beam focusing electrode (BFE) 
and anode. Beam focusing electrode shaping for proper beam 
convergence from cathode, spacing between cathode and 
anode for attaining required perveancce and formation of 
required beam radius at throw distance are all optimized by 
the use of beam trajectory simulations. 

 
   A space charge limited electron gun with beam voltage 
20kV, beam current 0.65A and beam radius 0.35mm is 
designed based on pierce theory [1]. The electron gun 
parameters are calculated as in Table 1 and are simulated for 
the beam current and beam radius in a 3-D particle tracking 
code. CST-PS [2] is employed for carrying out the simulations. 
In section II electrostatic analysis is presented without girds. 
Section III describes electro static analysis with girds along 
with cut-off characteristics. Section IV describes the magneto-
static analysis to estimate the magnetic field generated by the 
periodic permanent magnet (PPM) structure and then the 
beam transport in the magnetic field is presented. 
 
 
                     

               II.ELECTRO STATIC ANALYSIS 
 An electrostatic analysis is carried out with the analytical data 
in Table 1.BFE, at 175V w.r.t to cathode (ground), with 
different kinds of dimensions conformal to cathode were 
simulated, to get a smooth and laminar beam along with the 
required beam current and radius. After few educative 
iterations a beam of 0.85A current with beam minima at 
12.25mm from cathode with beam radius 0.35mm is obtained. 
The particle trajectory result is shown in fig (1). 

                                      Table I 
                             Electron Gun parameters 

Parameter Value 
Cathode loading 4.0 A/cm2 
Cathode disc radius 2.176 mm 
Convergence half angle 13.180 
Cathode radius of curvature 9.63mm 
Anode radius of curvature 4.35 mm 
Cathode anode spacing 6.26mm 
Beam throw distance from cathode 16.1mm 
Convergence(radial) 6.23 
Convergence (Area) 38.8 
Anode aperture radius 1.07mm 

 
The ratio of transverse to axial velocity of the particles at the 
beam minima, is one important figure of merit for an electron 
gun which should be low and gives a measure of smoothness 
of the beam. In this case the ratio obtained is 1.2%. Suitable 
set of electrodes can give a beam of required current and beam 
radius, but the smoothness and the laminarity should be 
confirmed as mentioned above. The other figure of merit is 
the r95 (radius of beam enclosing 95% of the current) Vs beam 
axial distance as shown in the fig (2).It may be observed that 
as the beam progresses axially, the beam diverges smoothly 
after the minima, this confirms the above said. Out of the 
10000 particles emitted only 90 particles were observed 
outside the r95 plot at beam minima. 
 

 
Fig (1) particle trajectory simulation without grids 

11th International Conference on Microwaves, Antenna, Propagation & Remote Sensing 
ICMARS-2015, Jodhpur, INDIA, Dec. 15 – 17, 2015

154



Fig (2) r95 as a function of beam axial distance 

III. ELECTROSTATIC SIMULATION WITH GRIDS
In a pulsed TWT a provision should be made for switching 
ON and OFF of the beam. Generally a lower voltage pulsing 
is preferred considering modulator size and overall 
complexity of the system. The present design is made with 
+175Vof control grid (and BFE) for beam ON voltage and -
195 as the cut-off voltage (beam OFF). To safeguard the 
control grid (CG) from overheating due to electron beam 
interception a shadow grid (SG) is also employed. The 
electrostatic simulation with girds is as shown in fig (3). 

The shadow grid is kept at cathode potential and placed 50μm 
away from the cathode. The control grid is 230μm from 
cathode. Both the grids are 50μm thick. The width of all 
wanes in SG is 60μm and CG is 50μm. The shape of the 
control grid is confirmed by plotting potential Vs beam axial 
distance at different radial positions from the cathode. The 
locus of points of 175 V conforms to cathode and is spherical 
in nature. Here a spherical grid with 16 radial vanes in the 
inner annular region and 32 radial vanes in the outer most 

annular region is considered. The number of radial and 
circular vanes and their dimensions are chosen based on 
parameters like, screening factor, cut-off voltage, beam 
emission(equal loading of cathode for all openings), 
laminarity ,beam focusing, physical strength of grid, 
fabrication, thermal conduction , secondary emission, grid 
capacitance etc. The aforesaid grid dimensions are obtained a 
after a detailed study and design of grids. 

After introducing grids, SG which is at the same potential of 
cathode screens the electrons without any energy dissipation 
and the beam is generated through the opening regions. 
Electron beam of current 0.65A is produced with minima 
12.55 mm from cathode. The shift of beam minima is due to 
the introduction of thickness of grids. Beam radius observed is 
0.345mm.The ratio of transverse to axial velocity is 4.7%. 
Axial velocity spread of 1.2% is noted. The smoothness of the 
beam is less in this case when compared to the non-gridded 
case. This is justified since the introduction of the control grid 
causes divergence in the beam. Minor turbulence or non-
laminarity in the beam is caused because of the disturbance in 
the distribution of the electric field at both the grids. 
Turbulence can be verified using the beam cross-section at the 
beam minima and calculating r100 (radius of the beam 
constituting 100% beam current). Out of 10000 particles 
emitted from cathode after screening 300 particles were 
observed outside r95 at beam minima. When compared to 
non-gridded case this confirms the turbulence in the 
beam .The laminarity of the beam is at stake for pulsing. This 
is one of the issues to be considered in case of pulsed tubes. It 
can be reduced but cannot be avoided. For the current design 
60µA CG interception was noted. The current density in a 
radial plane to the direction of beam axis is found uniform, 
which is the best beam for wave interaction. Beam near 
cathode and grids is shown in the fig (4).  

Fig (4) Particle trajectory (partial) with grids 
The complete particle trajectory with the introduction of grids 
is in fig (5). 

Fig (5) Particle trajectory with grids 

Fig (3) Electrostatic 
simulation with grids. 
[Inset] circular grid (with 
BFE) with circular and 
radial vanes
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Beam cut-off characteristics is also simulated applying 
negative voltage to grid (and BFE) w.r.t cathode. For the 
current design 2.3μA current is obtained with -200V to CG 
(and BFE).  

Design based on basic pierce theory, where BFE and Cathode 
are at same potential is also studied, but because beam ON 
voltage is 175 V isolation issues between CG and BFE restrict 
the design. Since it is Ka band the sizes are so small to handle 
and it is too tough to make the gun with required isolation. 
But the current concept, to combine CG with BFE, gives 
advantage of handling and isolation with beam OFF voltage at 
-200V where as for the previous case it is -175V. 

                       IV.MAGNETO-STATIC ANALYSIS 

Like in the conventional TWTs Permanent Periodic Magnetic 
(PPM) focusing is employed for ceasing the divergence of the 
beam after convergence and thereafter to transport the same 
till the end of the interaction structure. The fundamental idea 
behind magnetic focusing is to compensate space charge force 
with the magnetic force after the beam convergence. The 
smooth ness of the beam plays a very major role here, suppose 
if the ratio of transverse to axial velocity is high, then more 
rotational force would be generated and gyration of particles 
is developed in the beam, which is undesired.so, smooth beam 
is important for magnetically focused linear beams. The 
minimum magnetic field required for focusing is given by 
brillouin empirical relation [3].the magnetic circuit providing 
he focusing field for a tube is purposely designed so that 
magnetic flux lines pass through the cathode which is referred 
to as confined flow or immersed flow focusing. 
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Where  
BB= axial magnetic flux density;    a= beam radius 
I= beam current; uo= axial beam velocity 
η= electron charge to mass ratio 
εo= dielectric constant of free space 
For gridded electron guns an intensification factor of 1.2-

1.5 for magnetic field is employed [4].In the present design a 
magnetic flux of 10 G, at cathode, 2400G at beam minima   
and 3400G at rest of the peaks are employed in the simulation 
as shown in fig (6) which is derivative of stack of magnets and 
iron pole pieces arranged alternatively as shown in fig (7). 

 

 
Fig (6) analytic periodic magnetic field 

 
Fig (7) stack of magnets and iron pole pieces 

 
The first peak of the magnetic field exactly coincides with the 
beam minima. The particle trajectory with magnetic focusing 
is shown in fig (8). A beam of required current and beam 
radius is produced with a beam ripple of 3.25%. The 
simulation result shows a beam transmission of 100% 
 

 
Fig (8)Particle trajectory with periodic magnetic field (5 peaks) 

 
V.CONCLUSION 

The design and simulation of electron gun for a Ka band 
CCTWT frequency is completed along with magnetic 
focusing structure. Required beam current of 0.65A, beam 
radius 0.35mm is obtained and 100% beam transmission is 
achieved in the simulation with 3.25% beam ripple. CG 
interception current of 30µA is obtained in beam ON 
condition and 2.3µA beam current is obtained in beam cut-off 
condition. 
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Abstract— If the operating frequency increases, the length of 
many interconnects becomes comparable to the wavelength of 
propagating signals. In the same way, the decreases in feature 
sizes have increased the coupling and crosstalk. Therefore, 
complicated problems like EMC & EMI arise in these trends. 
Hence, Signal Integrity analysis has become indispensable steps 
in electronics design cycle. We know that, when a signal moves 
through a transmission line, reduction in magnitude and 
increment in width of pulse occur which leads to a complex 
problem named ISI Noise. In this work, we have discussed a 
method of sending high frequency signals through a noisy 
channel. This method makes the channel extremely lossy such 
that the response function does not contain any kind of 
oscillatory behaviors. Any kind of reflections will get absorbed by 
the channel loss. In our new method, we will estimate the 
resistance due to skin effect at every different segment of the 
transmission lines. Even though the main objective is to solve the 
problem of ISI noise, the actual goal here is to obtain only 
positive values of a response so that there is no negative part and 
at the same time there will not be any spike on the response 
function beyond the spreading time. 

Keywords: Printed Circuit Board; ISI Noise; Skin effect; 
Signaling; Point to Point interconnect 

I. INTRODUCTION

Although Quick path interconnection [1] which is the 
developed version of point to point interconnect [2] has 
increased the speed of the signal but still the problems of ISI 
noise exists due to which the oscillating signals ( caused by 
reflection and transmission problems due to channels) 
received by the receiver does not decay in less than a clock 
period. Thus, the reconstruction of the driven pulse from the 
distorted oscillatory signals received at the receiver becomes 
very much impossible. There are many works done for 
sending high frequency data through a channel which consists 
of chips, package, riser card, sockets, backplane and again 
sockets, riser card, package, chips. 

Figure 1 shows design of an eight CPU server system. The 
maximum length of interconnect in this case can be as high as 
24”. For four or less CPU this length can be 6” or less. Each 
connection has different characteristic impedance and time 
delay and that causes various problems of signal reflection and 

insertion loss. The violet color is the OLGA (Organic Land 
Grid Array) package and the CPU is inside the package. The 
green column is FR4 boards where the CPU and other chips 
(not shown are mounted). The red color represents the sockets 
which people have work hard to design to make the 
characteristic impedance 50 Ohm. The back plane is used to 
connect all eight different riser cards. This system is complex 
and makes the pulse response of the channel very complex 
phenomena. 

Fig.1: the eight CPU server systems 

The objective of this work is to make non oscillatory 
response function. The system with such interconnect as shown 
in Figure 1 has lot very high loss for high frequency 
components, therefore the pulse width gets wider and the 
maximum magnitude of the voltages reduces while comparing 
with the driving end. There are various authors (Mark 
Horowitz[3]) showed the back plane performance and tried to 
design a system where both transmitter and receiver 
equalization were performed to make a better eye diagram, 
even that the performance never exceed  beyond 10Gbit/sec 
data rate only for 2-4 system of CPU. Therefore eight CPU is 
much tougher, even though the paper written by Bidyut Kumar 
Bhattacharyya et.al [4] showed that one may be able to send 
25Gbit/sec data with minor modification of the present design, 
but in reality when one consider cross talk and other noises 
considered into the factor then it gets much harder to design a 
system even to make 15Gbit/sec data rate. 

II. UNDERSTANDING OF ISI NOISE

The pulse response sent at driver will look like figure 2 
shown below in the receiving end. Due to the effect of 

PCB Board Back Plane 

Socket Made for Riser Card 

Riser Card 
CPU 
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transmission lines and various mismatches on the line rings it 
oscillates. 

 
Fig.2: Pulse response at the receiver end 

 
We have attempted to send a series of signals with the 

following sequences as described in figure 3. The signal that 
we send has following strings 11100110011010000000…… 
The black dotted line is the signal that the receiver has 
received and the brown solid line is the signal that we send. It 
is interesting to know that the fourth signal which is logic-0 
looks like logic-1 and thus there is a failure which in turns 
may translate to bit rate errors. The reason for this is called 
Inter Symbol Interference (ISI) noise [7].  

 
Fig.3: this figure shows that due to ISI noise the fourth bit which is supposed 

to be logic 0 but becomes logic 1. 
 
Mathematically, the ISI noise can be written using the 
following equation, as shown below 

∫ ∞−
−=

t
dxxtHxTtR )()()(     (1) 

In above equation R(t) is the value of the voltage received as 
measured at the receiving end. T(x) are the transmitting 
signals at time t and H(t) is the pulse response function at the 
receiving end. Due to above equation the measured value of 
voltage at the receiving end is controlled by the previous data 
send by the driver. This ISI noise is the major cause of today’s 

server not to exceed more than 10Gbit/sec data rate. This is a 
major problem in copper interconnect. There are articles 
written by Bhattacharyya et.al [4], that one can send a signal 
close to 25Gbit/sec data in a copper wire having length close 
to 24”. In order to do so one has to equalize the signals and 
need to sample voltage as low as few mV. 

 
The reason for the failure of the signal is due to the fact that 

the voltage at the receiving end did not decay fast enough in 
one Unit Interval (UI), which is the time interval as defines as 
τ. If that voltage decayed fast enough then we would not have 
that problem. The second reason is the negative voltage 
caused by ringing or due to multiple reflections in the 
transmission lines will also cause the same failure. It should 
be noted that when we have multiple 1’s in the data then 
sudden drop to logic zero is problem and normally those are 
solved at the receiver by equalization technique, where one 
drops the output voltages of the driver to make sure the 
voltage has enough time to get to zero when sudden changes 
occurs in the data from many one to zero. 
 

Even after doing all these techniques one had hard time to 
get to 10Gbit/sec data rate for both long and short length of 
the copper interconnect when used conventional PCB and 
conventional surface mount or Ping Grid Array packages 
which causes various discontinuities in interconnect. For 
shorter lines (7” or less) we may have signals at the receiver 
which oscillates and for long length (25”) the signal strength 
reduces by many orders, for example 1V may reaches to 1mV 
after driver’s equalization. Thus there is a problem for all 
different length of the copper interconnects and the solutions 
may be different, for each case. 

III. METHOD TO REDUCE ISI 
In this section, we will discuss our new innovative 

technique by which one can minimize the ISI noise and can 
also sample signals with much less BER (Bit Error Rate). We 
know that when we send a high frequency signal the pulse 
width changes (increases) as the signal propagates along the 
line of the transmission line (Fig. 4). As the signal width 
increases while the signal is propagating towards the receiver, 
the skin effect and the dielectric loss reduces. This actually 
makes the transmission line behave differently at every point 
in transmission lines. The S12 matrix [5] measurement shows 
the loss of the transmission lines and also interconnects in 
frequency domain. 

 
In the fig 4, it is shown that as the wave propagates the 

voltage V0 and the pulse width τ has changes to smaller 
voltage V1<V0 and larger pulse width τ1>τ. Modeling of 
above phenomena in frequency domain is possible with 
keeping track in realty and casualty [6] that sometimes can be 
a problem. In our methodology, we have calculated the skin 
effect and the resistance at various frequency for a given pulse 
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width τ. After that we have calculated the amplitude of the 
Sinc function which used as a weighted factor for calculation 
of the effective resistance of the line at a given position. We 
have assumed that resistance is constant throughout the whole 
distance. We have seen that it may be possible to make the 
signal always positive at the receiver end with some amplitude 
V1, which may be smaller than the original signal V0. If we 
can make the signal positive then we can calculate the actual 
signal by sending the received signal through a delay circuits 
as shown in figure 5. But, we have to keep in mind that the 
delay should be equal to the width of the driven pulse. 

Fig.4: Propagation of wave as it moves from the driving to the receiving end 

Fig.5: Schematic diagram on how to sample a signal, when the receiving 
end signal does not oscillate; It only decays with some large time constant, due 

to skin effect, dielectric loss and termination resistance. 

In figure 6a, we have made the H(t) a non oscillatory 
function, unlike the case as shown in Fig. 2 and Fig 3. Figure 
6b shows the ISI noise with black dashed line. The actual 
signal send by the driver is shown using the solid black line. 
The dotted black line shows if we implement no oscillation in 
response function H(t), the signal received by the receiver due 
to high skin effect, dielectric loss and due to termination 
resistance. 

(a) 

(b) 
Fig.6: a) Non-oscillatory function H(t); b) implementation of no oscillation 

scenario with non-oscillatory H(t) 

IV. MODELLING OF TRANSMISSION LINE

The figure 7 is for a transmission line where the driver end 
is having a termination resistance Rd and the receiver end is 
terminated by the resistance Rr. The transmission line can be 
of any length depending on the need for how long channel we 
need to send the information. The transmission line is divided 
into various segments consisting of resistance and inductance 
in series connection and the total in parallel with a capacitor. 

Fig.7: Input signal propagating through a transmission line 

For a strip line, we know that, 
tpd = 1.017√ε  nsec/feet.  (1) 

Applying the telegrapher’s equations on transmission line 
model the general expression for characteristic impedance can 
be written as: 

𝑍 = �𝑅+𝑗𝜔𝐿
𝐺+𝑗𝜔𝐶

  (2) 

For a lossless line R and G both are zero so the characteristic 
impedance expression can be reduced as follows: 

𝑍 = �𝐿
𝐶
  (3) 

For a transmission line, we know that, 
tr ≥ 2tpd  (4) 
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Again, 
tpd = √LC  (5) 

& Z=50 
Thus, 

�𝐿
𝐶

= 50  (6) 

Again, we know that the differential element length 
∆𝑥 ≪ 𝑡𝑟

2𝑡𝑝𝑑
 (7) 

For copper take ϵ =4, 
𝑡𝑝𝑑 = 1.017√𝜖 
𝑡𝑝𝑑 = 1.017𝑋2 
𝑡𝑝𝑑 = 2.034𝑛𝑠

𝑓𝑡
 

Therefore, from equation (6), 
√𝐿𝐶 = 2.034 𝑛𝑠

𝑓𝑡
 (8) 

Considering tr =500psec, 

∆𝑥 =
500𝑋10−12

2𝑋2.034𝑋10−9
𝑓𝑡 

∆x ≪ 0.1229 ft 
Solving the two equations (6) & (8) 

We find that, 
L = 8.458X10−9 H/inch 
C = 3.39X10−12 F/inch 

Taking a transmission line of length 12”, 
∆x = 0.1229X12 = 1.4798 inch 

If the differential line length is further decreased, 
 ∆x′ = 1.478

5
= 0.29496 inch 

 ∆x" = 1.4798
10

= 0.14748 inch 

For ∆x’ = 0.29496 inch, Number of segments- 

N =
12

0.29496
= 40.68 segments ≈ 41 

For ∆x” = 0.14748 inch 

N =
12

0.14748
= 81.366 segments ≈ 81 

Taking ∆x” into consideration, 
 L∆x" = 1.247X10−9 H 

  C∆x" = 4.999X10−13 F 
Let’s take a strip line of – 

Length =12 inch 
Width = 0.006 inch & 
Thickness = 0.0014 inch 
ρ = 6.69 ∗ 10−7 (For Copper) 

τ = tr = 500psec 
If we consider the input as a pulse, its Fourier transform will 
be, 

F(w) = 2Vosinωτ
ω

 (9) 

≈
2(Vo)τ sin ωτ

ωτ
≈ 2(Vo)τ(sinωτ

ωτ
) 

Skin Depth for copper, 

δ =
66.1

√f in mm
=

66.1
√fX25.4

in inches 

Area, 𝐴 = 2 𝑋 𝛿 𝑋 0.0014 
If δ> h, 

R = ρl
0.006X0.0014

Ω 

If δ< h, 

R =
ρl
A

 Ω 

Effective resistance R, 
        Reff = ∑F(w)Ro

∑(mod F(w))
 Ω (10) 

Resistance of each segment, 
 Rsegment = Reff

N
Ω   (11) 

Here, for different values of parameters, we have considered, 
we find that, 

Rdc = 0.95Ω 
Reff =70 Ω 

It is interesting to see that the average resistance the driver 
from the transmitting side will see is about 70 ohm for 12 inch 
line, but if we model only with DC resistance it will 0.95 ohm. 
Therefore the line loss is much larger and the modeling such 
long interconnect is difficult. So we have used 70 ohm for our 
methodology for copper strip lines, which makes the signal 
non oscillatory. 

V. RESULTS AND ANALYSIS 
The transmission line modelling of a 12’’ copper strip line 

is shown below – 

Fig.8: Model of transmission line considered 

For a 12” line we have found that 81 segments of RLC 
circuit are required. We found that the effective resistance for 
the whole line is around Reff =70 ohm. So the resistance per 
segment will be 0.875 ohm. Similarly the DC resistance for 
the whole line is 0.95ohm and per segment its value will be 
0.0118 ohm. The various simulation results considering 
various input signals are shown below: 

+ 

- 
V 

THIS SEGMENT IS REPEATED 81 TIMES 

TRANSMISSION LINE 

DRIVER   

RD=50Ω   Rr  = 50Ω   
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Fig.9: Data with smaller pulse width & smaller line loss 

 
From figure 9 we have seen that if the line loss is kept 

less, for a pulse with smaller pulse width we have got -50 mV 
negative swings. But, in figure 10, keeping the same driven 
pulse width when the line loss is increased the amount of 
negative swings has become 25.12 mV. This proves our 
mathematics of modeling a lossy channel (resistive) to reduce 
reflections. 
 

 
Fig.10: Data with smaller pulse width & larger line loss 

 
Here, we have simulated the circuit implementing DC 

resistance, which means skin effect of the line has not been 
considered. The maximum value of input voltage and Rise 
time is 1 volt and 500 picoseconds respectively. The output is 
shown below – 

 
Fig.11. Simulated waveform for a line of 12 inch considering no skin effect 

 

From figure 11 it is clear that oscillation will occur 
consisting of some negative pulses which is unwanted. To 
eliminate the negative swing we have to make the line much 
lossier so as to absorb all the unwanted oscillations. 
 

 
Fig.7. Simulated waveform for a line of 12 inch considering skin effect 

 
Hence, we have considered the skin effect, which 

eventually has increased the effective resistance of the line. 
With the same input voltage having same rise time the output 
looks like figure 12 where we have seen that after 
incorporating skin effect as the line loss is increased. Figure 
12 shows no negative swing, rather only positive pulses are 
available which will create no problem in our filtering system.  

VI. CONCLUSION 
In this work, we have shown a unique method for sending 

high frequency signals. Our methodology has developed a 
positive response function and monotonically decreasing 
function with no spurious behavior. For example if the 
channel has the total time delay about 2 nano-sec (about 12 
inch channel) then one may expect a spurious signal at the 
receiving end after may be about 2 or more nano-sec, this 
could be due to impedance mismatch of the lines. Thus if the 
pulse width (τ), send by the transmitter is 100 Pico-sec, and if 
a spurious and unwanted signal returns after 4000 Pico-sec at 
the receiver and if that magnitude is larger than the two 
consecutive voltage received by the receiver, then our 
methodology will not work. Thus we have designed a resistive 
channel with very high loss and have capability for sampling 
low voltage swings. We have designed a channel of total 
length about 12 inch and used 81 different segments to show 
the response functions at the receiver and we have achieved 
the positive value of the response with the mathematics and 
methodology we developed, as seen in the two figures 11 & 
12, with very little negative swing, but that vanishes if we 
incorporate the loss due to the skin effect. 
 
This work still needs a lot of care and corrections due to cross 
talks when neighboring lines are switching. That can be 
minimized by differential driving scheme when one has to 
design the channel for even and odd mode for the propagation 

Input 

Reflected 
Signal 
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of signals. This can make the system and channel design more 
complex. But no matter what if the spurious signals do not 
show up long time latter then we may be able to extend the 
work. We also need to incorporate the dielectric loss for high 
frequency operation. Basically the insertion loss needs to be a 
linear with very little change in slope of S12 vs. Frequency 
curve. 
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Abstract— The communication between the 2 chips has a lot 
of complication due to which the signal suffers a lot of voltage 
fluctuations. It is carried out through interconnect, called 
channel. At very high frequency the signal will be loosy since the 
transmitted value of S Matrix will decrease as we increase the 
frequency and that will make the line extremely loosy. Hence, the 
signal oscillates a lot at the receiving end and due to these reason 
one cannot sent high frequency signal between the two chips. 
Even today the server has the maximum data rate of 7Gbit/sec to 
10Gbit/sec. But, in this work, a method and process of designing 
a system has been discussed by which we can reconstruct a 
square pulse of 40 picoseconds or less width (that may 
corresponds to 25Gbit/sec or more) when driving it through a 
oscillatory/unmatched channel. 

Keywords—Driver; Receiver; PCB; ISI Noise; Point to Point 
interconnect 

I. INTRODUCTION

The ever increasing need for high data rate in 
communication system is data transmission within networking 
equipments to multi gigabits per second rates. Serial I/O 
interfaces are being widely adopted into backplane applications 
and chip to chip links for computing applications. Sending of a 
high frequency signal between two chips is done by today’s 
people using point to point interconnect [1]. However, Intel 
had already found out the developed version of point to point 
interconnect which is known as Quick path interconnect during 
the period of mid 2008. The quick path interconnection has 
increased the speed of the signal a lot, but the problem of ISI 

noise still exists as a result of an oscillating signal or not 
decaying in less than one half of clock period which is received 
by the receiver. Thus it is almost impossible for us to detect the 
digital output from the distorted signals received at the 
receiver. 

Mark Horowitz [2] showed the back plane performance and 
tried to design a system where both transmitter and receiver 
equalization were performed to make a better eye diagram , 
even that the performance never exceed  beyond 10Gbit/sec 
data rate only for 2-4 system of CPU. B.K. Bhattacharyya et. al 
[3] has shown in 2004 that it is possible to achieve a 25-100 
Gb/sec point to point signaling scheme for 24 inch channel 
length, which is made out of a printed circuit board (PCB), two 
packages, two sockets, and two backplane connectors. It was 
observed that a m-Volt solution (given 1 Volt pulse signal at 
the transmitter and expected voltage at the receiver, after ISI 
noise subtracted off >1 mV) exists for 25 Gb/sec signaling 
scheme while using the then interconnect technology at Intel. 
In 2005, B.K. Bhattacharyya et. al. [4] discussed the error in 
determining the actual intersymbol interference noise (ISI) due 
to different circuit simulation methodology, while using a 
standard circuit simulator. 

The objective of this work is to understand under what 
conditions we can send high frequency signals over back plane, 
where there are riser card and in that riser card the CPU’s are 
mounted and they all connected via point to point interconnect. 
As an example if the transmitter sends a pulse having 40psec at 
1V, then at the receiver the pulse with may increase to 1-2nsec 
and the pulse height may be 100mV. Thus under this 

Fig.1. this figure shows how the two chips are to be connected. The comparator sees the difference between signal at t & t-τ 
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conditions we will have a complex signals at the receiver 
which can be managed to understand the string of logic pulses 
we will be receiving at the receiver end, even though there will 
be large amount of ISI noise at the receiver. Given that 
scenario we can then get the actual signal as generated at the 
transmitter as K[V(t)-V(t-τ)], where K is some positive 
constant. If the value is greater than zero we have logic 1 and if 
the value is less than 0 then we have logic 0.  

II. DESIGN METHODOLOGY 
In the Fig. 1 the process of interconnect between two chips 

is shown. The objective of this new process is to input the two 
signals at t=t (Signal A) & t=t-τ (Signal B) at the non-inverting 
and the inverting terminals of the comparator respectively as 
shown in figure. The delay τ at the receiver chip should be 
equal to the pulse width sent by the driver such that reciprocal 
of τ is the data rate in terms of bit/sec, which suggests how 
many bits of data can be sent per seconds. Under that 
condition, the output signal of the comparator at chip -2 will 
exactly be same to the signal sent by the driver at chip-1. 

 The channel is very lossy and noisy due to the fact that it 
has different kind of connections, like bond pads, Package 
traces, Pins of the package, Sockets, PCB boards and they are 
at both ends of the two chips. In our methodology, we made 
the channel very noisy purposely, so that the receiver sees the 
noisy signals.  

III. RECONSTRUCTION LOGIC 
The power supply for the comparator of figure 1 is taken 

from chip-2, which we have assumed one volt only. In our 
method, comparator is designed to switch logic only when the 
Voltage at positive terminal of the comparator is greater than 
VT, which is a parameter defined to compensate for the 
maximum swing of signal-A after the time t=τ, or the signal 
already pass the first maximum value. 

For re-construction of the signals we should have the 
following three conditions:-. 

 
1. When, V(t) - V(t-τ) > VT,  then the comparator Output 

will be the Chip-2 Power supply Voltage V0. 
 

2. If V(t) - V(t-τ) < VT, then the output of the comparator 
will be ground voltage for Chip-2. 

 
3. If the voltage values at Time t=t and at time t=t-τ is same 

without the delay circuit, then the values of the voltage 
V(t-τ), when delay circuit is inserted will be less 
compare to the V(t), due to filtering effect.  

 
a) Say for example V(t-τ) and V(t) both are zero 

without delay circuit, but with delay circuit V(t-τ) 
will still be zero and therefore the difference will be 
less than  VT  and the comparator output will be 
zero. Consistent with the data. 
 

b) Say for Example V(t) and V(t-τ) both same but not 
equal to zero before the delay circuit. Once the 
delay circuit is placed the amplitude of the V(t-τ) 
will change and will be smaller than V(t). Therefore 
the V(t)>V(t-τ) and if that amplitude is more than 
VT then the output voltage of the comparator will be 
same as V0, the chip-2 power supply voltage. If it is 
less it will be zero. But in this case, the re-
construction of the square wave signal that will 
never happen, but when sending various bits that 
may happen.  

 

IV. RESULTS & DISCUSSION 
In order to determine the voltage VT, one should 

understands that the maximum voltage swing can be got at the 
receiver outside the range of the time width τ for V(t). One 
also should calculate the difference between in peak amplitude 
of the Signal-A and Signal-B after the insertion of the delay 
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circuit, as shown in figure 2, at the Chip-2. It is clear that 
Signal-A has maximum peak at voltage around 113mV. But 
V(t) has an oscillation and distorted signal tails and that will 
create the Inter Symbol Interference Noise (ISI), therefore this 
signal is useless to recognize any High Speed data pattern 
which is transmitted at an interval of every 40psec.  

The maximum swing of the voltage beyond the time t> τ is 
about 61mV. Thus even though the signal strength for Signal-
A is 113mV the actual maximum strength of the signal is less 
than or equal to (113-61) mV =52mV. It is less when there are 
other noises couples into the system. If we consider only 
Signal-A, then we can send a bit pattern, it may happen the 
last bit pattern will add up with the all previous positive bit 
patterns trailing edge of the voltage vs. time curve. Therefore 
the last bit logic may fail, if that is zero.  

Fig.3. this figure shows the pulse sent by driver and also Signal A (V(t)) & 
Signal B (V(t-τ)) received by the comparator at chip 2. 

In Fig.3 the scale for the voltage at the transmitter is 
shown in the right side of the curve and the magnitude of the 
voltage used was 1V. In the case without a delay circuit, 
which is the new invention in our case, the Signal to Noise 
ratio is about factor of two. 

The In Fig.4 we have plotted the difference between the 
Signal-A and Signal-B which is compared with respect to VT, 
the comparator design parameters, if Signal-A is  greater than 
Signal-B by VT, the output will have the power supply voltage 
of the Chip-2, otherwise the output voltage will be zero volt. 
The design of VT, as discussed before depends on the 
maximum voltage swing between Signal-A and Signal-B as 
shown in fig.3. In this figure the maximum voltage swing is 
occurred between the second positive maximum and second 
negative minimum of the curve as shown in Fig.4, close to 
5.75nSec. This value is about 40mV, therefore for our case we 
designed the comparator which will switch only when the 
positive terminal of the comparator is greater than negative 
terminal by 40mV. The actual maximum signal is only 60mV. 
Therefore the actual signal is about 20mV, considering VT. 
Once the comparator is designed with the above requirements 

the output of the comparator looks like a square wave with 
pulse width close to 40psec (corresponds to 25Gbit/sec). 
Which is the original signal driven by the transmitter. The 
scale of the square wave pulse in Fig.4 is shown in right side 
of the curve on the vertical axis. 

Fig.4. it shows reconstruction of exact square wave by the new process, which 
requires to generate a simple delay line, with same τ as the pulse width from 

the driving end and generate a signal called Signal-B from Signal-A 

Therefore, even though the signal at the receiver looks bad 
which is signal-A, our methodology can re-construct the 
signal which was originally sent from the driver. 

V. CONCLUSION 
In this paper, we have shown a methodology which will 

splits a signal into two different signals named Signal A & 
Signal B, by inserting a delay circuit. The delay should have a 
value approximately equal to the width of the pulse driven by 
transmitter. Signal A & Signal B has been used as the two 
inputs of the comparator whereas VT has been taken to be 
greater than the maximum voltage swing that is received in the 
difference between Signal A & Signal B. This method has 
reconstructed the driven pulse (40 picoseconds width, 
corresponds to 25Gbit/sec) at the receiver even though it is sent 
through an oscillatory channel and is almost completely 
destroyed at the input of the comparator.  

. 
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Abstract— In this paper a novel wide band single layer single
patch Modified-ψ slot microstrip patch antenna that provides an 
impedance bandwidth in a range 30% is presented. By placing a 
single shorting post, a compact shorted modified ψ patch 
antenna is also designed that gives an impedance bandwidth of 
53.8% and reducing an area of 50%. Another antenna is 
designed by reducing area further, using shorting along zero 
potential field that achieved 30% of Impedance Bandwidth and 
further improved gain. The three designed antennas were 
compared with respect to Gain, Bandwidth , Radiation efficiency 
and Radiation pattern. The results show the proposed antennas 
can be used for microwave applications in C band with 
Geometry variations. 

Keywords—Modified-ψ slot patch antenna, Single-Patch
antenna,  Zero potential field, Impedance Bandwidth,  Improved 
Gain,  Radiation Efficiency , Radiation Pattern

I. INTRODUCTION 

Micro-strip patch antennas has attractive features like low 
profile , light weight ,ease of fabrication and compatibility. 
Still having some drawbacks like low bandwidth and low 
gain.[1]  Many methods were proposed, like slotted patch 
antennas, gap coupled patches, patches on electrically thick 
substrates[2] etc. However, increasing bandwidth and size 
reduction are challenging jobs for practical applications of 
micro-strip antenna i.e. improvement of one degrades other.  

Here a modified ψ slot patch antenna is designed giving 
almost same impedance bandwidth as in [4] except from 
5.5-7GHZ with an area reduction of 10.5%. Then a shorted 
antenna is proposed by placing a single shorting post giving 
an impedance bandwidth of 53.8% with an area reduction of 
50% compared to modified ψ patch. The compact shorted 
antenna  is proposed with an area reduction of 50% compared 
to shorted antenna giving an impedance bandwidth of 30% 
and an increase in gain from 2 to 6 dBi.  

II. DESIGN

The modified ψ patch antenna is designed with h=0.33mm,  εr 
= 2.5 and tan δ =0.002 shown in figure was suspended above 
the ground plane using a foam substrate εr =1.06, h=6mm, 
loss tangent= 0.0002.  
Here we have designed modified ψ shaped antenna, shorted 
antenna and a compact single shorted patch antenna. The 
dimensions of these antennas are given in table1. These 
dimensions are selected after a good number of simulations. 
The most sensitive parameters are the size and depth of the 
slot. To understand the influence on impedance bandwidth 
only one parameter is varied at a time keeping other constant. 
All antennas are fed by co-axial probe at (0, 7.55) as shown in 
figure1. 
Compact broadband slot cut micro-strip antenna (Antenna B) 
is obtained by placing a shorting post at (-9,0). Hence the 
length is reduced to half (λ/4) and the specifications of the 
proposed compact shorted antenna is given in table 1. Area is 
reduced to half compared to antenna A. Further compactness 
is obtained by placing a shorting post along zero potential 
field (Antenna C) which is shown in figure1.  

Antenna A 
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   Antenna B                Antenna C 
Fig 1. Proposed antennas 

TABLE I 
SPECIFICATIONS OF THE PROPOSED ANTENNAS 

Parameter Antenna A Antenna B Antenna C 

S 2.5 1.25 0.625 

L 20 20 20 

DL 14 7 7 

SD 6 3 3 

G 1 0.5 0.5 

D 22 11 11 

SL 19 19 19 

T 6 6 6 

III. RESULTS
The simulation of modified ψ patch and compact shorted 

antennas was done using IE3D version 12.3 and the results are 
discussed. 
Fig 2(a) shows the simulated S11 of antenna A which is 
resonating at 5.14Ghz and getting S11≤-10Db from 4-5.5GHz 
and 7-7.8GHz giving an impedance bandwidth of 29.18% .By 
placing another slot of appropriate length which may improve 
bandwidth. 

Fig 2(b) shows the simulated S11 of antenna B which is 
resonating at 6Ghz and getting S11≤-10Db from 4.27-7.5GHz 
giving an impedance bandwidth of 53.83%. By placing single 
shorting post at (-9,0) the area is reduced to half and 
bandwidth also increased. Fig 2(C) shows S11 of antenna C 
and is resonating at 6.5Ghz with an impedance bandwidth of 
30%. 

Fig 2: (a)  Return loss of  Antenna A 

Fig 2: (b) Return loss of Antenna B

Fig 2: (c) Return loss of Antenna C 
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Fig 3 shows the gain of antennas A, B and C giving a gain of 
6dBi, 2dBi and 6dBi at their resonating frequencies 
respectively. The gain of antenna B is reduced due to increase 
in cross polarization. 

 Fig 3: (a) Gain  of  antenna A

 Fig 3: (b) Gain  of Antenna B 

   Fig 3: (c) Gain  of Antenna C 

  Fig 4: (a) Radiation Efficiency of antenna A  

   Fig 4: (b) Radiation Efficiency of antenna B 

        Fig 4: (c) Radiation Efficiency   Antenna C  
Fig 4 shows Radiation efficiency of antenna A, B and C 
giving an efficiency of 93%, 27% and 80% at their resonating 
frequencies respectively. Fig (b) shows gain of compact 
shorted  shi patch antenna giving a directivity of 7.5dBi at 
6GHz and giving 27% of radiation efficiency. Here efficiency 
is reduced due to cross polarization in E and H-planes.  
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Fig 5 The co and cross polar radiation patterns of the modified ψ-shape patch 
(antenna A) in E- plane and H-plane at 5.2GHz. 

Fig 6 The co and cross polar radiation patterns of the shorted pshi-shape patch 
antenna B  E- plane, And H-plane at 6 GHz. 

Fig 7  The co and cross polar radiation patterns of the compact shorted pshi-
shape patch (Antenna C)  E- plane, and H-plane at 6.5 GHz. 
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The co- and cross-polarization components of antennas A, B 
and C for the ⱷ=00 and 90 0 planes at their resonating 
frequencies are shown in Figs. 5,6 and 7. Antenna A,B and C 
are giving half-power beamwidths of 600 , 520 and 420 
respectively. It can be seen that the cross-polarization is high 
(around -3dB) in E-plane, while in case of the H-plane, the 
cross-polarization level is negligible of antenna A. It can be 
seen that the cross-polarization is very high in E-plane, 
compared to H-plane of Antenna B. As the cross polarization 
is very high hence the gain is reduced to 2.7 dBi in shorted 
patch antenna (Antenna B). The radiation is in broadside 
direction. 

IV. CONCLUSIONS

Here, a novel modified ψ-shape micro-strip patch antennas 
were proposed offers 53% impedance bandwidth with 
acceptable radiation pattern. The proposed antennas are 
compared with respect to gain, impedance bandwidth and 
radiation efficiency and area.  Miniaturization is achieved by 
placing a shorting post, here the gain is reduced due to higher 

cross polarizations which is observed using radiation plots. 
Higher cross polarization is due to higher order modes. This 
antenna can find applications in microwave applications in C 
band and wideband wireless communication devices such as 
base stations. 
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Abstract- Compactness is one of the important features in design 
of antenna for mobile communications. In order to achieve 
compactness, swastika shaped slot is cut in circular patch 
antenna. Different performance parameters of swastika slotted 
CPMA has been compared with square slotted CPMA and a 
simple circular patch antenna. It is seen that the swastika slotted 
patch antenna has 11.13% more antenna efficiency compared to 
the square slotted patch antenna. 

Keywords- Microstrip Antenna, Swastika slot, Square Slot, return 
loss, gain and efficiency 

I. INTRODUCTION 

 Development in wireless network’s raises the need to 
design a low profile, light weight, and compact antenna which 
can be fulfilled by designing Microstrip Antennas [1-2]. Many 
methods are there to increase the antenna’s gain and 
bandwidth.  Also, compact antenna with Circular polarization 
is attractive in mobile communication systems as it allows 
more flexible orientation between transmitter and receiver 
antenna and helps to overcome the losses due to misalignment 
between the antennas. Its advantages make it compatible with 
monolithic microwave integrated circuit (MMIC’S) also. 

To achieve the compactness of antenna, several types of 
slots have been proposed [3-5].The rectangular Microstrip 
antenna has been stacked with a photonic band gap to 
influence its efficiency [6].  Cross slot with an unequal slot 
length of circular patch has been discussed with circular 
polarized antennas [7]. Slotted microstrip antenna with 
different dielectric constant has also been studied to control its 
antenna efficiency [8]. Here, the study has been done on 
swastika slotted circular patch and compared with simple 
circular antenna and square slotted CPMA’S. 

Initially, a simple circular antenna is designed and 
simulated and its parameters are noted. Then slots of square 
slot and swastika are cut in this patch to study and their 
performance parameters are compared.  

II. ANTENNA DESIGN

In design I, a circular patch antenna was designed and 
simulated with a radius of 24.8mm. The antenna’s substrate 
height  is 1.6mm and its εr = 2.6 and antenna is fed at (-6.8,0) 
as shown in the Fig. 1.  

Fig.1.  Circular Patch Antenna 

This antenna has two resonant frequencies at 2.136GHz and 
4.409GHz. The performance parameters of this antenna are as 
shown in the Table. 1.  

In design II, a square slot was cut on the first quadrant of 
circular patch as shown in the Fig. 2. The center of the square 
was kept at the midpoint of the radius line with two of its 
corners lying on the same line.  

Fig 2. Square shaped slotted circular patch antenna 
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The length of square slot is 9mm and the center coordinates 
are  ( 8.76, 8.76). The performance parameters of this antenna 
are also shown in the Table 1.  The resonant frequency of this 
antenna is 2.091GHz. Further, in the design III, the square slot 
is modified into a swastika slot as shown in the Fig. 3. Arm 
width of swastika slot is 2mm and the antenna is fed at the 
same point as in the other antennas. The resonant frequency of 
this antenna is 2.073 GHz.  

Fig 3 Swastika-shape slotted circular patch antenna with feed point 

III. RESULTS AND DISCUSSION

      All the antennas have been simulated using IE3D 
software[9]. In the circular antenna two resonant frequencies 
have been  observed, whereas in the other two antennas, these 
frequencies have been merged. Observing the values of 
VSWR, it is found that the antenna with swastika slot more 
matched than the other two. Also, as the resonant frequency 
values have been reduced, which means that the size of the 
antenna is reduced, hence the compactness.  

TABLE 1  

COMPARISION OF DIFFERENT SLOTTED ANTENNAS 

Parameters 
(Perimeter 
36mm) 

Circular 
patch 
antenna 

Square 
slot 

Swastika 
slot 

Frequency 2.9(GHz) 2.21(GHz) 2.073(GHz) 
4.4 (GHz) 

VSWR 2.2002 1.429 1.331 
1.226 

Return Loss 
(S11) 

-9.53 -15.1 -16.95 
-19.87 

Antenna 
Efficiency 

80.1% 75.71% 84.14% 
62.61% 

Gain 6.204dBi 5.92dBi 6.382dBi 

Directivity 6.8dBi 7.13dBi 7.132dBi 

IV.CONCLUSION

       As shown in the Table 1, the circular patch antenna with 
swastika shaped slot has better impedance matching than the 
other antennas, hence the return loss is also very low for this 
antenna. The gain and  antenna efficiency of the swastika slot 
antenna has been increased,  7.84% and 11.13% respectively 
when compared to the square slot antenna, with similar area 

footprint. Also, as stated earlier, the resonant frequency of this 
antenna is low, hence compactness is also achieved. The 
swastika slotted circular polarized antenna is also tested for 
receiving the information transmitted through an Unmanned 
Aerial Vehicle and also can be used in mobile communication 
and road vehicle communication. 
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Abstract- In this paper, design and simulation of a square 
monopole antenna integrated with resonators is carried out. The 
antenna is designed on FR4 glass epoxy and can be used for 
generating digital signature. 

Keywords- Resonators, microstrip line, monopole antenna, stop-
band, digital signature. 

I. INTRODUCTION
Antenna is a device which transmits and receives analog 
signals but in this era of digital communication, it is required 
to send or receive digital signals through antenna. This can be 
achieved by integrating resonators with the antenna. 
The resonator means a circuit which absorbs electromagnetic 
waves and signals at its resonant frequency. Conventional 
resonator technology was used to design a filter or to insert 
information into a signal [1]. Also, this technology has many 
advantages when compared with bar code, like extensive 
reading range and greater data storage. Encoding of 
information in microstrip line through resonator is based on 
the generation of a particular signature in the backscattered 
signal. This reflected signal can be used as an identifier, very 
similar to the principle of radars. Data are electromagnetically 
encoded in the amplitude or phase of spectrum of the reflected 
wave. 
Spiral resonators are coupled to a 50 Ω microstrip feed line. 
At its the resonant frequency, the spiral resonator creates a 
stop-band effect. By varying the size of the spiral resonator, 
the resonance frequencies can be varied. It is possible to print 
a series of resonators, with small "short circuits" between the 
turns of the spiral. By removing these short circuits, it is 
possible to enable a resonator, so a given identification can be 
generated by shorting and opening individual resonators. By 
decreasing the length of the resonator the frequency at which 
it resonates can be increased. 
The spiral resonator can be modeled as a RLC series circuit, 
due to the low impedance current path that it creates at their 
resonant frequency which is characteristic of the RLC series 
circuit. When the spiral resonator is coupled to the microstrip 
line, the entire circuit (microstrip line, coupling gap and spiral 
resonator) is modeled as a parallel RLC due to its 
characteristic stop-band. 

Fig. 1.Structure of resonators integrated Monopole Antenna. 

II. DESIGN AND ANALYSIS 

A. Antenna  Design
A square patch monopole antenna is designed [2] for 
resonance at 3.2 GHz. The antenna is designed on FR4 
substrate having a dielectric constant of 4.4 and a loss tangent 
of 0.016. Height of the substrate is 1.6mm. Antenna width is 
23mm. It is fed using a microstrip line. The width of the line is 
calculated for 50 ohm matching using the following formula 
[3]: 

𝑤 =  �
7.48 × ℎ

𝑒
𝑍0
8.7�(𝜀𝑟 + 1.41)

� − 1.25 × 𝑇 

Where, ‘w’ is width of microstrip line, ‘h’ is height of 
substrate, ‘T’ is thickness of metal layer and Z0 is the input 
impedance. Width of the line is calculated to be 3.01mm. The 
monopole antenna exhibits a wideband behavior as shown in 
the S-parameter graph (Fig. 2). The antenna exhibited good 
performance in the range of 2.4 GHz to 5.8 GHz. The 
normalized E-plane radiation pattern of the antenna is shown 
in Fig. 3. It shows a good radiation performance in the 
broadside region. The radiation pattern is plotted at 3.2 GHz 
frequency, which shows the best matching (S11=-19 dB). 
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Fig. 2. Return loss graph(S11) in dB of monopole antenna. 

Fig. 3. Radiation pattern of monopole antenna 

B. Resonators 
Resonators absorb the electromagnetic waves which are 
travelling at their resonant frequency. Resonators are 
integrated in antenna to create the stop-band at different 
frequencies. 

1) Theory of Resonators
At its resonant frequency, the spiral resonator creates a stop-
band effect, so the signal transmitted to the will be attenuated 
at the resonance frequency of the spiral. 
Resonators are coupled with microstrip line feed to square 
patch antenna [6]. By increasing the number of resonators we 
can achieve pass bands and stop bands for very short 
durations.  Resonance at different frequencies obtained by 
varying the length of resonators can be used for digital coding. 
By doing the various iterations, the stop band effect can be 
generated at the required frequencies 

Fig. 4.Structure of Square Spiral Resonator. 

2) Design Parameters
Resonators are designed at different frequencies by varying 
the physical dimension of resonator as shown in Fig. 4. ‘L’ is 
the length of the resonator, ‘W’ is space between the spirals 
and ‘t’ is the thickness of the resonator. 

Fig. 5. Return loss graph (S11) in dB of monopole antenna integrated with 
resonators. 

. 
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As shown in Fig. 1, a series of 5 resonators are integrated in 
monopole antenna of different dimensions as given below in 
TABLE 1 . 

TABLE 1 
DIMENSIONS OF RESONATORS 

RESONATOR LENGTH 
(L) 

WIDTH 
(W) 

THICKNESS 
(t) 

1 
2.5mm 0.2mm 0.10mm 

2 
2.5mm 0.2mm 0.12mm 

3 
2.5mm 0.2mm 0.15mm 

4 
2mm 0.2mm 0.15mm 

5 
2mm 0.2mm 0.2mm 

3) Analysis of  Resonators
The graph in Fig. 5 shows the S11 response of the antenna 
integrated with the resonators. The band is slightly shifted to 
the higher side. Number of stop bands in the graph is equal to 
the number of resonators integrated to the antenna. By keeping 
the value of return loss ‘7.5dB’ (VSWR=3) as the threshold 
value, data will be received from all the frequencies below the 
threshold value and can be treated as logic ‘1’ and no data will 
be received from the frequencies above the threshold value 
and can be treated as logic ‘0’ and range of these frequencies 
are called stop band. The stop band effects are generated at 
4.3GHz, 4.6GHz, 5.0GHz, 6.1GHz and 7.0GHz when five 
resonators are integrated. These bands are treated as 0’s in 
digital signature and in dips at 4.1GHz, 4.4GHz, 5.4GHz, 
6.6GHz and 7.5GHz are treated as 1’s in digital signature and 
thus unique digital identity can be generated and transmitted. 

III. CONCLUSION
From the detailed analysis it can be concluded that by the use 
of spiral resonators, digital signatures can be generated and 
can be used for unique digital identity. Using array of five 
resonators integrated monopole antenna, the stop band effects 
are generated at five different frequencies. The number of 
resonators can be varied to attain number of required bits for 
creating coded information. 
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Abstract —In this paper, the capabilities of the dual polarimetric
Envisat-1 ASAR and Landsat ETM+ data have been investigated 
for the land cover mapping. A comprehensive evaluation of the 
sensitivity of the cross-polarized (VH) and like-polarized (VV) 
Envisat-1 ASAR and optical data for various land cover classes 
has been done and a class separability analysis has been 
performed under different band combinations. The separability 
among the class pairs have been analysed using the Transformed 
Divergence (TD) procedure while the classification has been 
carried out using the Maximum Likelihood supervised classifier. 
The results of sensitivity analysis indicated that the vegetation is 
highly sensitive to the VH band owing to volume scattering while 
the built-up class could be more accurately distinguished in the 
VV band due to very high double bounce scattering. The 
separability analysis revealed that with the introduction of MPDI 
(Microwave Difference Polarization Index) band to the multi-
polarised SAR data, the separability among various class pairs 
greatly improved. VV-VH-MPDI band combination thus 
exhibited the highest classification accuracy of 87.44% with the 
kappa coefficient of 0.86, demonstrating its potential in land 
cover assessment and monitoring. 

Keywords—Land cover mapping, MPDI, Class separability, 
Transformed Divergence, Maximum Likelihood 

I. INTRODUCTION 
An accurate and timely inventory of the land cover classes 

is needed to tackle many socio-ecological concerns like the 
loss of fertile agricultural lands due to the sprawling 
unplanned urban growth.  With the development of the remote 
sensing technology, the remotely sensed satellite imageries 
and the aerial photographs have been used effectively to map 
the land cover features [1].  

Traditionally, multi spectral data from Landsat have been 
used widely for the land cover studies and classifying crop 
types ([1]-[4]); however, it comes with a major drawback. 
Firstly, the data acquisition is hampered in the cloud 
cover/rainy conditions. Secondly, the reflectance values in the 
visible and IR region primarily depend upon the molecular 
resonance of the surface materials, thus the features with 
varying physical dimensions may give similar spectral 
response in the optical imagery [5]. On the other hand, the 
microwave remote sensing systems, specifically the active 
systems have proved to be an alternative data source in such 

areas due to the ability of this longer wavelength to penetrate 
clouds, fog, smokes, rain, etc.  

The feasibility of the SAR data has already been tested and 
established for the vegetation studies. Studies reveal that the 
interaction of the SAR signal with the vegetation is volumetric 
in nature and is quite sensitive to the canopy structure, its 
orientation and the moisture content ([6], [7]).  However, in 
order to discriminate the variations within the major 
vegetation types or the wetland habitats, the use of single date 
or single frequency/polarization may not be sufficient ([8]-
[10]). The use of either multi-temporal or multi-polarimetric 
SAR data often results in enhanced classification [8] and is 
currently the uprising and nascent area of research. Apart from 
this, the radar data has also been a prominent choice for the 
urban mapping. The study done by [11] demonstrated the 
usefulness of the combined application of SAR and optical 
data when mapping the built-up areas and other land cover 
features. 

Historically, many attempts have been made to classify the 
complex mosaic of the terrestrial features by exploiting the 
microwave region of the electromagnetic spectrum ([12]-
[14]). A number of classification techniques have evolved 
over the years; ranging from the manual classification of 
airborne SAR imagery in 1970s to the supervised or 
unsupervised digital techniques [15]. The most common of 
these is the supervised statistical Maximum Likelihood 
Classifier (MLC) approach, which clusters the data from the 
training sets provided.  In spite of the assumption of the 
normal distribution of the data, this parametric classifier has 
shown to provide acceptable accuracies, although with some 
applied modifications [16]. Previous classification efforts 
show that the use of this technique may provide very high 
classification accuracy, often exceeding 90%, if applied on the 
data on which they were trained ([17]-[19]).  

In this study, an attempt has been made to comparatively 
evaluate the sensitivity of the multi-polarized (VV/VH) SAR 
and optical remote sensing data to different land cover classes. 
Moreover, the classification has been performed under 
different band combinations and the resulting accuracies have 
been examined. 

II. STUDY AREA AND DATASET USED

The study area was chosen over the parts of Haridwar 
district located in Uttarakhand. Dominantly, the study area is a 
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flat level terrain. The major cropping system being followed 
in this area is the Wheat-Sugarcane-Ratoon-Wheat system. 
The location map of the study area along with the Google 
Earth sub-image has been shown in Fig. 1.  

Fig. 1 Location of the study area with the Google earth sub-image 

For the present study, co-pol (VV) & cross-pol (VH) 
ENVISAT-1 ASAR IS-4 data acquired on 4 February 2005 
has been used. The Landsat ETM+ data dated 8 February 
2005 downloaded from the USGS Earth Explorer 
(http://earthexplorer.usgs.gov/) has also been analysed. A 
reference Landsat ETM+ image (non-stripped) was used for 
gap filling in the 2005 downloaded dataset.  

III. METHODOLOGY

A. Ground Truth Data Collection 
The ground truthing was conducted in synchrony to the 

Envisat-1 ASAR satellite pass. The candidate areas to be 
surveyed were identified from a reference Landsat ETM+ 
image and the SOI tope-sheet (1:50,000). The minimum field 
size of 150*150 m2 was taken as the sampling unit using the 
statistical approach proposed by [20]. GPS based mobile 
mapping unit was used to record the field geographic location 
& trace the field boundaries. The vector layers were then 
superimposed on the geo-referenced images in order to 
accurately retrieve the training set for each class. 

B. Data Pre-Processing 
The strips in the downloaded Landsat ETM+ image resulted 

in almost 22% data loss and thus were rectified using a 
reference image. The DN values in optical image were 
converted to reflectance while the SAR image was processed 
to generate backscattering coefficient (σo) image. The SAR 
image was then co-registered to the geo-referenced optical 
image using 113 ground control points (GCPs). A second 
order polynomial transformation with the nearest 
neighbourhood sampling approach was applied. The related 
Root Mean Square Error (RMSE) was approximately 1.12 
pixels. 

C. Image Processing 

1) Data Preparation:  A total of four image sets were
prepared for the separability analysis with different band 
combinations viz., i) VV-VH; ii) VV-VH-MPDI; iii) VV-VH-
NDVI; and iv) IR-R-G. The NDVI (Normalized Difference 

Vegetation Index) image was generated from the Landsat 
image using the following relation: 

While, the MPDI (Microwave Polarization Difference Index) 
band was generated from the microwave image using the 
following relation: 

2) Class Separability Analysis and Land Cover
Classification: The visual analysis of the Landsat ETM+ 
colour composite along with the ground truth information 
enabled the identification of a total of nine major land cover 
categories viz., Wheat (WH), Sugarcane (SC), Current fallow 
(CF), Waterbody (WB), Aquatic vegetation (AV), 
Forest/Plantation-Dense (DFP), Forest/Plantation-Open (OFP), 
Riverbed (RB) and Built-up (BU). 

The Regions of Interest (ROIs) were drawn for each class 
and the separability was then evaluated using the Transformed 
Divergence (TD) procedure under four band combinations for 
the six class pairs viz., i) BU-CF, ii) BU-RB, iii) WB-AV, iv) 
WB-RB, v) DFP-OFP, and vi) WH-SC. The land cover 
classification was then performed for the three images 
(excluding VV-VH image) using the MLC approach and the 
accuracy was assessed for each combination. 

IV. RESULTS AND DISCUSSION

A.  Sensitivity of the Like-pol (VV) and Cross-pol (VH) Data to 
Various Land Cover Targets 
 Large variations in the backscatter intensity were observed 

among the considered classes. Fig. 2 illustrates the mean 
backscatter response of each land cover class in the VV and 
VH bands (σo expressed in dB). As can be seen from the 
scatter plot, the WB and the RB classes are almost 
indistinguishable on the VH axis (dynamic range of only 1.9 
dB) due to the smooth appearance of both of these clasess. 
However, the classes are quite separable on the VV axis with 
a dynamic range of 7.73 dB. This is mainly due to the smooth 
water surface which specularly reflects the radar pulses away 
in opposite direction, thus resulting is a very low backscatter. 
Relatively, a higher backscatter is observed from the RB due 
to the large volume of the residual moisture contained in the 
sand and it was this moisture content that was sensitized by 
the VV polarization. The separability of the AV class from the 
WB on the VH axis (mean σo range of 3.8 dB) is primarily due 
to the volumetric backscatter from the vegetation. 

During the acquisition of the SAR images, wheat and 
sugarcane were found to be the prime crops that were been 
grown in the area. Due to the presence of high vegetation 
volume in case of SC class, it gave higher backscatter in cross 
polarised (VH) band as compared to that of WH class, which 
had relatively a lower amount of vegetation volume. Thus 
these classes were clearly distinguished on the VH axis (with 
the dynamic range of 0.60 dB). Moreover, since the SAR 
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backscatter is dependent on the biophysical parameters of the 
crop like the biomass, plant density, crop height, moisture 
content etc. and also its orientation, sugarcane crop returned 
higher backscatter in both bands (due to the high vertical 
structure of the crop and more multiple reflections from the 
canopy elements). In the context of the forest/plantation class, 
the study area encompassed the dry deciduous forests, 
comprising an extensive vegetation of Sal (Shorea Robusta) 
and Sesame trees. The maximum dynamic range of σo (1.76 
dB) was exhibited in the VH polarization relative to only 1.16 
dB in the VV band, for the forested areas. The incoming SAR 
signal must have undergone depolarization due to the multiple 
reflections within the dense vegetation volume, which 
consequently resulted in very high backscatter in VH band in 
comparison to other vegetation classes. However, one 
important point to be noticed here is that, due to the excessive 
leaf fall during the time of data acquisition ( 4 Feb 2005), the 
σo values in the forest category were slightly towards the 
lower side. 

The CF class was clearly discernible from the RB class with 
the mean σo range of nearly 3.01 dB on the VH axis. This was 
mainly due to the increased soil roughness that was observed 
in the fallow lands resulting from the agricultural practices 
like ploughing before the sowing of seeds. Consequently, this 
resulted in high backscatter values. Even the BU class was 
clearly distinctive, as is clear from an acute peak in the 
backscatter values, particularly in the VV band (2.4 dB), 
observed in this class. This can be ascribed to the well-defined 
vertical structure of the buildings which served as the dihedral 
corner reflectors, giving very high backscatter in the 
respective bands. The SAR image clearly separated out this 
class from the other classes, proving its advantage in the urban 
class mapping.  

Fig.2 Backscatter response under VV and VH polarization

B.  Class Separability Under Different Band Combinations 
The class separability analysis was performed for several 

class pairs under four different band combinations. The 
comparative evaluation unveiled some noticeable differences. 
VV-VH, VV-VH-NDVI & VV-VH-MPDI bands clearly 
distinguished the BU & CF features with the TD values of 
1.99, 1.90 & 2.00 respectively, on the account of higher 
double bounce backscatter from the built-up class but 
relatively lower backscatter from the fallow land. The optical 
(IR-R-G) channels (TD = 1.52) could not do so due to the 

similar spectral variations among these classes. A similar 
pattern emerged for the BU & RB class pair. Relatively 
speaking, a good separability was achieved for the WB-AV & 
WB-RB class pairs in all the bands (TD>1.90). However, 
none of the bands could effectively discriminate the DFP and 
OFP category. The WH and SC class pair showed a unique 
separation in the VV-VH-MPDI (TD = 1.92) band while the 
VV-VH (TD = 1.79), IR-R-G or Std. FCC (TD = 1.76) and 
VV-VH-NDVI (TD = 1.80) bands failed to distinctly 
distinguish these classes. This was mainly due to the presence 
of the MPDI band which is known to be sensitive to the 
variations in the leaf water content and the soil moisture status. 

C. Land Cover Classification for Different Band 
Combinations 

For the classification purpose, the three datasets were 
considered viz., i) VV-VH-NDVI, ii) VV-VH-MPDI, and iii) 
IR-R-G (Std. FCC). The classification maps for these band 
combinations using the MLC approach have been presented in 
Fig. 3. The accuracy statistics pertaining to these classification 
results have been shown in Table 1. The overall results 
demonstrated that, different band combinations of microwave 
and optical data were sensitive to the discrete land cover 
features in distinct ways.  

From Table 1a, it can be inferred that the single-source 
multispectral data i.e. standard FCC, showed the lowest 
overall accuracy (81.85%) with the kappa-coefficient of 0.80, 
in the identification of the considered land cover classes. 
Although, 81.85% classifications were accurate overall, it did 
not ensure that each class was also classified successfully at 
that rate. Therefore, User’s and Producer’s accuracies (UA 
and PA, respectively) were computed for all the classes. The 
classification of the spectrally separable classes of WB, AV & 
CF was done quite efficiently with low commission (i.e. high 
UA) and omission errors (i.e. high PA). On the other hand, 
UA and PA was quite low for the BU, RB, WH, SC, OFP and 
DFP classes. This showed the inability of the spectral 
classifier like MLC to discriminate the statistically 
overlapping classes due to very similar spectral characteristics. 
It was thus concluded that the optical sensor data such as that 
from Landsat ETM+, does not lead to an accurate vegetation 
classification, since it mainly captures the canopy and its 
related shadow information. Since the reflectance values from 
the shadow portions is nearly zero, the overall reflectance 
values from the vegetation is reduced. Also, the complexity of 
the forest stands results in saturated values, thus making it 
troublesome to classify these features even when their 
biomass densities differ remarkably [21].  

Incorporation of the NDVI band along with the VV & VH 
channels further increased the overall accuracy by 3.72% 
while kappa value by 5.00% as compared to the Std. FCC 
(Table 1b). The pixel mixing among the OFP & DFP classes 
was slightly reduced resulting in 82.09 & 81.97% of UA while 
84.62 & 84.75% of PA, respectively. This increase could have 
been due to the composite effect of the NDVI band (sensitive 
to the chlorophyll content of the canopy) and the VH band 
(sensitive to the depolarization owing to the multiple 
scattering within the canopy). One important point to notice 
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here is that the NDVI values of DFP (0.56) & OFP (0.37) is 
lower than that of WH (0.72) & SC (0.75).This was primarily 
due to the excessive leaf fall & the dried up forest vegetation 
that was witnessed during the period of data acquisition. The 
WB, AV and RB classes were also classified more accurately 
(UA increased by 3.1, 2.04 and 8.6%, respectively) as 
compared to the optical data. It is known that NDVI is able to 
provide very precise information about the presence/absence 
of vegetation. Thus, by the addition of the NDVI as a band 
along with the VV and VH channels, the accuracy for these 
classes should be increased and same has been verified by the 
results obtained during the analysis. 

However, the Table 1c reveals that with the usage of multi-
polarimetric SAR data (VV-VH-MPDI), the overall accuracy 
considerably improved by 5.6 and 1.87% while the kappa 
value increased by 7.5 and 2.4% as compared to the Std. FCC 
& VV-VH-NDVI bands, respectively. The identification of 
WH and SC classes particularly improved as indicated by the 
increased UA (92.31 & 88.41%, respectively) & PA (87.27 & 
92.42%, respectively). Interesting to note in Table 1c is that, 
this band combination provided the highest accuracy in 
classifying the WH & SC classes. The classification accuracy 
of DFP also improved slightly as compared to the VV-VH-

NDVI data (UA increased by 2.09% while PA by 7.05%, 
respectively). This can be attributed to the capability of the 
SAR data to effectively penetrate within the vegetation 
canopy. Also, the ability of the MPDI band to characterize the 
vegetation (owing to the sensitivity to the variations in leaf 
water content) played an important role. Similarly, the 
identification of the BU area also improved since the UA 
increased by 3.3 & 15.2 % compared to the VV-VH-NDVI & 
Std. FCC datasets, respectively. The prime reason being the 
well-defined vertical structure of the buildings which behave 
as dihedral corner reflectors, thus giving an acute peak in 
backscatter (mainly in VV band).  

Overall, the VV-VH-MPDI band combination gave the 
superior results in terms of distinctly classifying almost all the 
categories, except for the forest and fallow category. 

a) b) c) 

Fig. 3 Land cover maps for (a) IR-R-G (Std. FCC) (b) VV-VH-NDVI (c) VV-VH-MPDI band combinations 
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TABLE I 
Confusion Matrices for (a) IR-R-G (Std. FCC) (b) VV-VH-NDVI (c) VV-VH-MPDI band combinations 

LULC 
classes WH DFP WB BU RB AV CF OFP SC Row total UA (%) 

WH 45 0 0 0 0 0 0 0 12 57 78.95 
DFP 0 60 0 0 0 0 0 15 0 75 80.00 
WB 0 0 47 0 0 5 0 0 0 52 90.38 
BU 0 0 0 41 8 0 4 0 0 53 77.36 
RB 0 0 0 15 54 0 1 0 0 70 77.14 
AV 0 0 5 0 0 44 0 0 0 49 89.80 
CF 0 0 0 5 4 0 59 0 0 68 86.76 

OFP 0 10 0 2 0 1 0 51 0 64 79.69 
SC 13 0 0 0 0 0 0 0 50 63 79.37 

Column 
Total 58 70 52 63 66 50 64 66 62 551 

PA (%) 77.59 85.71 90.38 65.08 81.82 88.00 92.19 77.27 80.65 

Overall accuracy = 81.85%    Kappa coefficient = 0.80 

(a) 

LULC 
classes WH DFP WB BU RB AV CF OFP SC Row total UA (%) 

WH 47 0 0 0 0 0 0 0 9 56 83.93 
DFP 0 50 0 0 0 0 0 10 1 61 81.97 
WB 0 0 43 0 3 0 0 0 0 46 93.48 
BU 0 0 0 50 0 0 6 0 0 56 89.29 
RB 0 0 7 0 42 0 0 0 0 49 85.71 
AV 0 0 4 0 0 45 0 0 0 49 91.84 
CF 0 0 1 1 7 0 51 0 0 60 85.00 

OFP 0 9 0 0 0 3 0 55 0 67 82.09 
SC 12 0 0 0 0 0 0 0 50 62 80.65 

Column 
Total 59 59 55 51 52 48 57 65 60 506 

PA (%) 79.66 84.75 78.18 98.04 80.77 93.75 89.47 84.62 83.33 

Overall accuracy = 85.57%    Kappa coefficient = 0.84 

(b) 
LULC 
classes WH DFP WB BU RB AV CF OFP SC Row total UA (%) 

WH 48 0 1 0 0 0 0 1 2 52 92.31 
DFP 1 33 0 0 0 0 0 4 0 38 86.84 
WB 0 0 48 0 0 2 1 3 0 54 88.89 
BU 0 2 0 50 0 0 2 0 0 54 92.59 
RB 0 0 0 0 30 0 7 0 0 37 81.08 
AV 2 0 1 0 0 38 0 0 1 42 90.48 
CF 0 0 0 2 6 0 35 0 0 43 81.40 

OFP 1 5 1 0 0 0 0 40 2 49 81.63 
SC 3 1 0 0 0 0 3 1 61 69 88.41 

Column 
Total 55 41 51 52 36 40 48 49 66 438 

PA (%) 87.27 91.67 94.12 96.15 83.33 95.00 72.92 81.63 92.42 

Overall accuracy = 87.44%    Kappa coefficient = 0.86 

(c) 
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V. CONCLUSIONS 
This paper compares the utility of the SAR and optical data 

for the land cover mapping. Three basic objectives were set 
during the onset of this analytical study and were achieved 
through a well-defined methodology. ENIVISAT-1 ASAR 
and LANDSAT ETM+ datasets were used for the study. 
Firstly, a comparative evaluation was done regarding the 
sensitivity of the cross and like polarized ENVISAT-1 ASAR 
data to the set of nine land cover classes identified in the study 
area. It is concluded that the BU class, being a complex 
assemblage of various land cover types, is highly sensitive to 
the VV band, while the vegetation classes (DFP, OFP, WH, 
SC), are more separable in the VH band, owing to volumetric 
scattering. The most remarkable thing that is indicated by the 
study is the separability between the CF and the BU class in 
the SAR data. These classes are often misclassified in optical 
data due to the fact that reflectance of dry fallow fields mixes 
up with that of the built-up class, but on the other hand, the 
SAR data separated out these classes due to its higher 
sensitivity towards roughness and orientation of target under 
consideration. Secondly, a comprehensive separability 
analysis was performed for six class pairs under four band 
combinations, using the TD distance measure. Among these, 
the VV-VH-MPDI bands exhibited the maximum separability 
values. Lastly, the land cover maps were produced for 
different bands and the resulting accuracies were discussed in 
detail. The results indicated that the classification using the 
multi-polarized SAR data i.e. VV-VH-MPDI, resulted in 
highest classification accuracy (87.44%) with the kappa value 
of 0.86, thus exhibiting its potential for the land cover 
mapping. 

ACKNOWLEDGEMENTS 
The authors are extremely thankful to Dr. A. Senthil Kumar, 
Director, IIRS/ISRO, Dehradun for the encouragement and 
support. Authors are also thankful to Dr. S.P.S. Kushwaha, 
Dean (Academics) & Group Director, ER & SS Group, IIRS 
and Dr. Suresh Kumar, Head, ASD/IIRS for useful 
discussions and support. 

REFERENCES 
[1] J. S. Rawat, and M. Kumar, “Monitoring land use/cover change using 

remote sensing and GIS techniques: A case study of Hawalbagh block, 
district Almora, Uttarakhand, India,” The Egyptian Journal of Remote 
Sensing and Space Science, vol. 18,pp. 77-84, Jun. 2015. 

[2] M. Turker, M. Arikan, “Sequential masking classification of multi-
temporal Landsat7 ETM+ images for field-based crop mapping in 
Karacabey, Turkey,” International Journal of Remote Sensing, vol. 26, 
3813–3830, 2005 

[3] F. Yuan, K.E. Sawaya, B.C. Loeffelholz, and M. E. Bauer, “Land 
cover classification and change analysis of the Twin Cities (Minnesota) 
Metropolitan Area by multitemporal Landsat remote sensing. Remote 
sensing of Environment, vol. 98, pp. 317-328, Oct. 2005. 

[4] P. S. Thenkabail, M. Schull, H. Turral, “Ganges and Indus river basin 
land use/ land cover (LULC) and irrigated area mapping using 
continuous streams of MODIS data,” Remote Sensing of Environment, 
vol. 95, pp. 317–341, Apr. 2005. 

[5] F. M. Henderson, and A. J. Lewis, “Principles and applications of 
imaging radar,” Manual of remote sensing, 3rd ed., vol. 2, New York: 
John Wiley and sons. 

[6] H. S. Srivastava and P. Patel, “Sensitivity of Multi-frequency and 
Multi-polarized SAR backscatter to thin vegetation and scattered 
trees,” In Proceedings, International Conference on Remote Sensing 
and GIS/GPS (ICORG)-2006, pp. 1-14, 2006. 

[7] P. Patel, H. S. Srivastava, S. Panigrahy, and J. S. Parihar, 
“Comparative evaluation of the sensitivity of multi‐polarized 
multi‐frequency SAR backscatter to plant density,” International 
Journal of Remote Sensing, vol. 27, pp. 293-305, Jan. 2006. 

[8] N. W. Park, and K. H. Chi, “Integration of multitemporal/polarization 
C‐band SAR data sets for land‐cover classification,” International 
Journal of Remote Sensing, vol. 29, pp. 4667-4688, Aug. 2008. 

[9] H. S. Srivastava, “Interaction of multi-frequency and multi-polarized 
DLR ESAR data with various targets: A case study with C, L and P 
Bands acquired at all the four linear (VV, HH, VH & HV) 
polarizations,” In JEP-MW Conference, pp. 15-16, May 2007. 

[10] H. S. Srivastava, P. Patel, S. N. Prasad, Y. Sharma, B. A. Khan, B. 
Praveen, and V. S. Vijayan, “Potential applications of multi-parametric 
synthetic aperture radar (SAR) data in wetland inventory: a case study 
of Keoladeo National Park (A World Heritage and Ramsar site), 
Bharatpur, India,” In Proceedings of Taal, pp. 1862-1879, 2007. 

[11] H. S. Srivastava, P. Patel, Y. Sharma, and R. R. Navalgund, 
“Comparative evaluation of potential of optical and SAR data for the 
detection of human settlements using digital classification,” 
International Journal of Geoinformatics, vol. 2, pp. 21-28, 2006. 

[12] M. C. Dobson, L. E. Pierce, and F. T. Ulaby, “Knowledge-based land-
cover classification using ERS-1/JERS-1 SAR composites,” IEEE 
Trans. On Geoscience and Remote Sensing, vol. 34, pp. 83-99, 1996. 

[13] S. Fukuda, and H. Hirosawa, “Support vector machine classification of 
land cover: application to polarimetric SAR data,” in. Proc. IEEE 2001 
International Geoscience and Remote Sensing Symposium, vol. 1, pp. 
187-189, 2001. 

[14] P. Patel, and H, S. Srivastava, “Polarimetric SAR classification using 
physical based scattering mechanism: comparative evaluation of L and 
P bands,” In Conference of Joint Experiment Project towards 
microwave Remote Sensing Data Utilization, Ahmedabad, pp. 15-16, 
May 2007. 

[15] T. Pant, D. Singh, and T. Srivastava, “Advanced fractal approach for 
unsupervised classification of SAR images,” Advances in Space 
Research, vol. 45, pp. 1338-1349, Jun. 2010. 

[16] C. Conese, and F. Maselli, “Use of error matrices to improve area 
estimates with maximum likelihood classification procedures,” Remote 
Sensing of Environment, vol. 40, pp. 113-124, May 1992. 

[17] M. C., Dobson, F.T., Ulaby, and L. E., Pierce, “Land-cover 
classification and estimation of terrain attributes using synthetic 
aperture radar,” Remote Sensing of Environment, vol. 51, pp. 199-214, 
Jan. 1995 

[18] F., De Grandi, C. C., Lemoine, H., de Groof, C., Lavalle, and A. J., 
Sieber, “Fully polarimetric classification of the Black Forest 
MAESTRO 1 AIRSAR data,” Int. J. Remote Sens., vol. 15, pp. 2755-
2775, Sep. 1994. 

[19] G. G., Lemoine, G.F., De Grandi, and A. J., Sieber, “Polarimetric 
contrast classification of agricultural fields using MAESTRO 1 
AIRSAR data,” Int. J. Remote Sens., vol. 15, pp. 2851-2869, Sep. 1994. 

[20] P. Patel, and H.S. Srivastava, "Ground truth planning for synthetic 
aperture radar (SAR): addressing various challenges using statistical 
approach," International Journal of Advancement in Remote Sensing, 
GIS and Geography, vol. 1, pp. 1-17, 2013. 

[21] D. Lu, “Aboveground biomass estimation using Landsat TM data in 
the Brazilian Amazon,” International Journal of Remote Sensing, vol. 
26, pp. 2509–2525, Jun. 2005. 

11th International Conference on Microwaves, Antenna, Propagation & Remote Sensing 
ICMARS-2015, Jodhpur, INDIA, Dec. 15 – 17, 2015

182



Temporal characteristics of aerosol extinction 
coefficient at environmentally different observing sites 

in Western Maharashtra 
A.R. Kolhe1, S. R. Varpe1, 2, G. R. Aher1, G.V. Pawar1 

1Department  of Physics, Nowrosjee Wadia College, Pune 411 001, India. 
2International Institute of Information Technology, Pune 411 057, India. 

amolrkolhe099@gmail.com 
sandeepvarpe@rediffmail.com 

aher.g.r@gmail.com 
ganeshpawar888@gmail.com 

Abstract-: Diurnal cycle in aerosol extinction coefficient 

(AEC) at the Nowrosjee Wadia College (NWC), Pune and 

the other observing sites having coastal and rural background  

is found to be related to the prevalent meteorological 

conditions, surface-based nocturnal temperature inversion in 

atmospheric boundary layer and influx of aerosols from 

different source regions as revealed by the wind trajectory 

analysis. In winter, mean AEC diurnal percentage departure 

at 500 nm is positive (+30%) in the morning and negative (–

35%) during afternoon. Percentage departure pattern, 

however, shows reversal in pre-monsoon. It is about –5% 

and +30% during morning and afternoon, respectively. 

Keywords-: Aerosol extinction coefficient, Diurnal 

departure, Atmospheric boundary layer, Aerosol influx, 

Long range transport. 

I. INTRODUCTION 

Atmospheric aerosols (i.e. the so called suspended particulate 

matter) play an important role in the regional and global 

climate change due to their potential in altering the earth-

atmosphere radiation budget through direct and indirect 

effects. The direct influence of atmospheric aerosols on the 

earth-atmosphere system is through scattering and absorption 

of incoming solar and outgoing terrestrial radiation [10] 

while the indirect effect is by providing surface area to act as 

condensation nuclei in the formation of cloud, fog, mist, etc. 

[6],[7]. The evaluation of this aerosol-radiation interaction is 

essential for climate forcing assessment at both local and 

regional scale. In addition, the varying geographic and 

topographic conditions along with diverse anthropogenic 

activities lead to large spatio-temporal heterogeneities and 

incomplete characterization of the optical, microphysical, and 

chemical properties of aerosols [1],[2],[12]. All these factors 

induce significantly large uncertainties in aerosol 

characterization [9]. Diurnal variability of aerosol optical 

properties has importance in atmospheric correction and 

validation of remote sensing data. It can also be used in the 

determination of aerosol radiative forcing and studying the 

interaction of aerosols with clouds and humidity [14]. 

II. EXPERIMENTAL DETAILS and
METHODOLOGY 

The MICROTOPS- II Sunphotometer was operated from 

terrace of the Golden Jubilee Building of NWC, Pune and in 
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short term campaigns from Mt. Sinhgad, IUCAA-IGO and 

IIG-AMO. Observations were carried out on optically stable 

clear sky days from 8:30 Hrs to 17:00 Hrs IST at about 10 

min interval.  

The Aerosol extinction coefficient (τpλ), AEC is a 

key parameter which determines the extent of aerosol’s direct 

influence on Earth-atmosphere radiation balance at the 

surface and at the top of the atmosphere. AEC was measured 

at 10 minutes interval from morning till evening yielding 

about 50 observations daily during cloud-free conditions by 

operating a handheld MICROTOPS-II Sunphotometer 

(manufactured by the Solar Light Company, Inc.) at spectral 

channels centered at 440, 500, 675, 870 and 1020 nm 

wavelengths. AEC at any wavelength was calculated from 

the total extinction coefficient  (TEC, τλ) of the atmosphere 

by using the extraterrestrial solar flux corrected for the Sun-

Earth distance, ground level measurements of the direct solar 

flux at that wavelength, and the extinction coefficient  due to 

Rayleigh scattering of gas molecules. For each individual 

observation, the extinction coefficient at specific wavelength 

was determined using Lambert- Beer- Bouguer law as: 

 τλ = 1/m × ln(Iλ/I0,λ)  (1) 

where m is the relative air mass defined as the secant of the 

solar zenith angle (Z), Iλ is the intensity of ground reaching 

solar radiation, and I0, λ is the intensity of solar radiation at 

the top of the atmosphere, determined for each wavelength 

using the Langley plot technique based on the measurements 

at Mauna Loa observatory initially and subsequently at Mt. 

Sinhgad (amsl = 1450 m) situated to the south-west of Pune 

(Shaw, 1983). It is found that the error in calibration of the 

sunphotometer (I0,λ) is < ± 0.5% for measurements at 

different wavelengths for air mass one (for overhead sun), 

which yields ~0.005–0.03 error in extinction coefficient . At 

larger air mass, the errors in AEC decrease. Overall error in 

AEC measurements is ± 0.03 [4],[8]. Measurements were 

only made when there were no observable clouds in the 

vicinity of the Sun. Data were further screened for the 

influence of clouds. For this, the derived AEC values 

differing from daily mean AEC by 3 times the standard 

deviation are treated as cloud contaminated [11]. 

III. RESULTS and DISCUSSION

A.  Diurnal variation 

Fig. 1(a, b, c) shows the diurnal variation of aerosol extinction 

coefficient at five wavelengths (viz., 440, 500, 675, 870 and 

1020 nm) on two typical days each in winter and pre-

monsoon during 2010–11, 2011-12 and 2012-13 at the 

observing site NWC. More or less similar pattern prevails at 

observing sites Mt. Sinhgad, IUCAA-IGO and IIG-AMO [Fig. 

2(a, b, c)].  

Fig. 1 (a): Diurnal variation of aerosol extinction coefficient at NWC (Pune) 

during 2010-11. 
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Fig. 1(b): Same as in Fig. 1(a) but for the observing year 2011-12 

Fig. 1 (c): Same as in Fig. 1(a) but for the observing year 2012-13 

Fig. 2(a): Diurnal variation of aerosol extinction coefficient during field 

campaigns at Mt. Sinhgad

Fig. 2 (b): Diurnal variation of aerosol extinction coefficient during field 

campaigns at IUCAA-IGO 

Fig. 2 (c): Diurnal variation of aerosol extinction coefficient during field 

campaigns at IIG – AMO 

In general, it is observed that at Pune, the aerosol 

extinction coefficient is higher in the morning (i.e. during 

9:30–11:30 hrs). It decreases to a low value during afternoon 

superimposed with small peaks around 13:00 to 14:00 hrs. 

Analysis of data indicates that the diurnal variation on all 

observing days is somewhat different on different days. 

However, aerosol extinction coefficient has strong 

wavelength dependence, i.e. its value is higher at 440 nm and 

lower at 1020 nm. Sometimes, 500 nm curves coincide with 

that of 440 nm due to the proximity of wavelengths used in 

the observation. This is found to be the common feature on 

all the observing days. 

11th International Conference on Microwaves, Antenna, Propagation & Remote Sensing 
ICMARS-2015, Jodhpur, INDIA, Dec. 15 – 17, 2015

185



B. Effect of long range transport on aerosol extinction 

coefficient 

The varying nature of the diurnal variability of aerosol 

extinction coefficient s on different days in the observing 

seasons during 2010-13 at Pune is attributed to the presence 

of a mixture of aerosols from multiple sources. In order to 

investigate the influence of air masses originating from 

various source regions due to long-range transport and ending 

at the observing site on observed aerosol extinction coefficient 

s at NWC, 5-day back trajectories are computed using the 

National Oceanic and Atmospheric Administration Hybrid 

Single Particle Lagrangian Integrated Trajectory (NOAA 

HYSPLIT) Model [5] for these days. 5-day period for back-

trajectory analysis is due to typical residence time of aerosols 

in the lower troposphere which is about one week.  

Fig. 3 (a, b, c, d): HYSPLIT model computed 5-day back trajectories at 1000, 

2000 and 3500 m on winter and pre-monsoon days during 2010–11 

Since aerosol extinction coefficient  is a measure of 

the columnar aerosol content, three height levels viz., 1000 m 

[within atmospheric boundary layer (ABL)], 2000 m (above 

ABL) and 3500 m (in the lower free troposphere) above 

ground-level over the observing sites are considered for 

calculating trajectories for each day of observation. Results 

for 2-day each in winter and pre-monsoon seasons during 

2010-11 are shown in Fig. 3, which exhibit strong seasonal 

and altitude dependence.  In December, a trajectory at high-

altitude is northwesterly and originates and/or passes through 

North Africa (Algeria, Libya and Egypt), Iran, Afghanistan 

and Pakistan before reaching the observing site while wind 

trajectory at low - altitude originates from Central India [Fig. 

3(a)].  

Similarly, in January, the trajectories at high - and 

low-altitudes originate from Arabian Sea and Bay of Bengal 

and travel through central and southern India [Fig. 3(b)]. 

Wind trajectories in April and May [Figs 3.(c) and (d)] are 

northwesterly and southwesterly, and originate from North 

Africa, Arabian Sea, etc. before converging on the observing 

site. This clearly indicates that the different types of air masses 

arriving from various source regions, carrying continental 

aerosols at the observing site since the back-trajectories 

essentially back-trace the course of aerosol parcels in space 

(latitude, longitude and altitude) and time (days), starting 

from the source of investigation at a particular height from the 

ground. Thus convection, lifting of aerosols from land 

originating from various source regions along with local 

meteorological processes plays a significant role in producing 

varying nature of aerosol extinction coefficient diurnal 

variation on different days at Pune. 

C.  Percentage Diurnal Departure of aerosol extinction 

coefficient 

In order to delineate the more evident systematic diurnal 

trend in aerosol extinction coefficient, sampling procedure used 

by many researchers [11],[13],[14],[15] has been employed. In 

this procedure, all individual observations on each day of 
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observation from the record of aerosol extinction coefficient s at 

each wavelength are expressed as their percentage departure 

from the respective daily mean values. Calculated percentage 

departure values are then grouped and averaged for each half-

an-hour for the period of observation at the site NWC. Results 

of this analysis are shown in Figs.4 (a, b) at 500 nm 

wavelength for winter and pre-monsoon seasons, respectively 

during 2010-11. It reveals that during winter aerosol 

extinction coefficient shows maximum positive percentage 

departure in the morning (up to 12:30 hrs). In the afternoon, 

however, the departure gets reversed and is seen to be up to 

35%. Similar pattern variation also prevails during winter and 

pre-monsoon seasons of the observing years 2011-12 [Fig. 

5(a, b)] and 2012-13 [Fig. 6(a, b)].  

For the pre-monsoon season, initially in the morning, 

aerosol extinction coefficient departure is negative and has 

magnitude of about –4 to –10%. As the day progresses, the 

departure becomes positive in the afternoon (i.e. in the time 

interval from 13:00 to 17:00 hrs) and varies between 2% and 

30%. 

Fig. 4 (a, b): Diurnal percentage departure of aerosol extinction coefficient at 

500 nm for winter and pre-monsoon seasons during 2010-11 

Fig. 5 (a, b): Same as in Fig. 3.5,  but for the year 2011-12 

Thus, on an average, at NWC, for the winter season, aerosol 

extinction coefficient depicts positive departure during 

forenoon (FN) and negative departure during afternoon (AN) 

in relation to mean aerosol extinction coefficient. Percentage 

departure trend in aerosol extinction coefficient reverses in 

pre-monsoon season. This indicates that aerosol loading is 

high during FN and low during AN for winter and the opposite 

variation pattern prevails during pre-monsoon. 

Fig. 6 (a, b): Same as in Fig. 3.6,  but for the year 2012-13 
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IV. CONCLUSION

The main findings of the present study are as follows: 

(1) The diurnal cycle in AEC at NWC and the observing sites 

is found to be related to the prevalent meteorological 

conditions, surface-based nocturnal temperature inversion in 

atmospheric boundary layer and influx of aerosols from 

different source regions as revealed by the wind trajectory 

analysis. 

(2) Magnitude of AEC shows significant diurnal variability 

which is different on different days. In winter, mean AEC 

diurnal percentage departure at 500 nm is positive (+30%) 

in the morning and negative (–35%) during afternoon. 

Percentage departure pattern, however, shows reversal in 

pre-monsoon. It is about –5% and +30% during morning 

and afternoon, respectively. 
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Abstract: Graphene is a carbon form comprising of 
planar sheets the thickness of which is equal to one 
atom, the inter-atomic structure being shape of 
honeycomb lattice. In simple terms, graphene can be 
described as a very fine and thin layer derived out of 
pure carbon. Chemically graphene can described as 
allotropic form of carbon element in the structure of 
plane sp2 hybridized atoms, the molecule bond length 
being 0.142 nanometers. A stack of graphene layers one 
above the other forms graphite wherein the placing 
between the two planes being 0.335 nanometers. Usually 
graphene is used as conductor at low frequencies in 
most of the applications as it has a very high electron 
mobility of 105 cm2/Vs at room temperature. Graphene 
possess tunable and adjustable intrinsic plasmons, the 
metal nanostructures combined with can result into a 
number of promising applications. The terahertz optical 
devices are based on graphene enabled plasmonics. 
However, it is found that in microwave and millimeter-
wave frequency spectrum, precisely 5 GHz to 40 GHz, 
the dielectric permittivity of the material is investigated 
to be 3.3 on average. For millimeter-wave applications, 
we have designed a rectangular microstrip patch 
antenna using graphene as dielectric material and the 
paper presents the performance analysis of graphene 
based antenna (graphenna) for GHz wireless 
communication. 
Keywords: graphene monolayer, dielectric, antenna, 
millimeter-wave, wireless. 

I.INTRODUCTION TO GRAPHENE 
The latin word ‘carbo’ meaning of which is charcoal, 
the carbon element finds the name from it. Graphene 
possess unique electronic structure that permits sp, 
sp2 and sp3 networks to hybridize. In graphene layer, 
the carbon atoms constitute three sigma bonds with 
the neighbors by overlap of sp2 orbitals. Graphene 
resemble a planar structure in which single-atom 
thick membrane of carbon atom forming an 
arrangement in a honeycomb crystal. Bilayer 
graphene material exhibit electronic structures and 
transport properties. Wallace first studied the band 
structure of graphene in 1947. The objective was to 
study graphite which showed it has a semi-metallic 
behavior. It forms an appreciable feature of graphite. 

The graphene material is almost 200 times stronger 
than steel. It is a very good conductor of heat and 
electricity; possess light absorption abilities. 
Graphene was isolated by Andre Geim and 
Konkstanin Novoselov in 2004 for which they were 
awarded a noble prize. The flow of electrons in the 
graphene is much faster and mobile which can be 
used to achieve a better processing speed in computer 
applications. The motion of electrons in graphene is 
similar to photons i.e. the wave like particles of light, 
the speed being close to the velocity of light. The 
material is able to transmit almost 98-99% of light 
through it. It finds very interesting applications in 
solar panels, LCD’s and touch-screens. A graphene 
can be described as a complete package combining 
amazing transparency and high strength. The ballistic 
transistor is one of the interesting applications where 
graphene can be used for storage of information or on 
–off switching at super high speeds by manipulating
single electrons. In similar way graphene has sound 
potential to revolutionize other areas of technology as 
a replacement of conventional materials. However 
one real problem is the design and manufacture of 
graphene is very difficult. 

II. AN OVERVIEW OF GRAPHENE
PLASMONICS 

Graphene plasmon is a rapidly emerging tool for the 
faster electrical manipulation so far light energy is 
concerned. The various applications including 
electro-optical modulators, optical sensing, quantum 
plasmonics, spectral photometry or light harvesting at 
nano-scale level or may be further extended by 
simulation for low cases. There is an extremely good 
spatial confinement to characterize the excitation 
relative to conventional plasmonic material. The 
graphene shows a large non-linear response. 
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Some of the analytical methods may lead to the 
energy required to couple external photonic energy to 
graphene nanostructures and nano-ribbons. The 
graphene plasmon is mostly seen in infrared and 
longer wavelength regions. Some of reasonably 
accurate estimate of plasmon energies and techniques 
in visible and IR region can reduce the size of 
structure and increase level of doping The 
formulation of based on geometry to raise the level of 
electrostatic doping in nano-graphene is important. 
The graphene structure shows an excellent resistance 
to electrical breakdown. The formulation techniques 
hold equally true for single walled carbon nano-tube. 
In Brillouin zone, each of the inequivalent singular 
points comprising of the two cones in such a way that 
vertex of each of the cone head towards the dirac 
points. These dirac points overlap with the fermi-
energy of undoped carbon layer. The intrinsic delay 
occurring in the plasmons take a finite life-time and 
affected by some of the factors. The momentum is 
required to overcome the mismatch levels between 
plasmons and electron-hole pair excitation with gaps. 
The graphene surface plasmons show the surface 
waves that are linked with the carrier subject to 
excitation of charge appearing on the conducting 
sheet. The graphene matter show light matter as the 
photonic energy can be easily pressed into smaller 
volumes. 

III. USE OF GRAPHENE AS DIELECTRIC
The paper[2] presents experimental study show that 
the effective electrical permittivity of graphene 
monolayer in the frequency ranging from 5 GHz to 
40 GHz which covers microwave and lower part of 
millimeter-wave spectrum. This is measured by 
placing a graphene monolayer flake on coupled 
coplanar waveguide deposited on silica or silicon 
dioxide. Considering some of the initial predictions, 
the effective permittivity shows a decreasing profile 
above the frequency of 40 GHz, the average value of 
the permittivity being 3.3. The graphene 
nanostructure possess a constant index of refraction 
2,6 when the ultra-wide band wavelength that 
encompass UV and IR regions and constant 
absorption in the range of 2.3% to 2.4%. The DC 
measurements of conductivity show the dielectric 
permittivity as 3.The mutual interaction between 
electrons and out of plane polarization results in 
change in the cyclotron mass which may be 

responsible for variation in the results. The electrical 
permittivity of the material holds a great significance 
in microwave and millimeter-wave frequency for 
designing device or circuit comprising of field effect 
transistor amplifiers able to operate without the 
knowledge of electric permittivity at certain 
frequency or any frequency band since the design and 
modeling incorporates Maxwell’s equations. 
Graphene based Wireless Communication also 
employ graphene based plasmonic antennas which 
are able to radiate the electromagnetic waves in the 
terahertz band, frequency ranging from 0.1 to 10 
THz. The potential of graphene for THz radiation 
offer a huge bandwidth offer huge bandwidth, 
satisfies the multi-core architecture implementation, 
alleviate latency.  

IV.DESIGN OF GRAPHENE BASED ANTENNA 
The use of graphene antennas and other 
electromagnetic passive devices give a large range of 
benefits including excellent miniaturization, 
monolithic integration, excellent tuning, dynamic 
range and flexibility. It would practically not possible 
to reduce traditional metallic antennas to nano sizes 
as the power requirement increases. The electrons in 
the conventional metals exhibit less mobility at nano 
sizes. The use of graphene in antennas is less 
exploited because the structure requires the electrical 
sizes of order of wavelength while the size of 
graphene sample is smaller. The existing research 
uses graphene as conductor in antennas but we 
employ it as a dielectric substrate. The design 
parameters of patch antenna using graphene are as 
listed below: 
Approximate data-rate of wireless application to be 
used should be > 1GHz. 
Resonant frequency, fr = 5GHz. 
Relative dielectric permittivity, ɛr = 3.3 in the range 
of 5-40GHz. 
Height of dielectric, h = 3 nm i.e. 0.000003 mm. (A 
very thin sheet of graphene powder) 
Length of patch, L=16.514456083 mm. 
Width of the patch, W = 20.4598301841mm. 
Input Impedance at the edge, Zin = 193.5 Ώ. 
Dimensions of feed (inset feed): 
Width, W = 2.921 mm. 
Depth, D = 11.4808 mm. 
Path start length & width are stated below: 
l = 30.53 mm, w = 1.524 mm. 
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IV.SIMULATION RESULTS & DISCUSSION
The simulation of the proposed antenna and 
performance analysis of it was done using IE3D 
software. 
The 2D layout of the antenna is as shown below: 

Fig no.1: 2D layout of antenna. 

The layout of antenna after meshing of the design is 
as shown in the figure below: 

Fig no.2: Layout of antenna after meshing. 

There are two types of definition of gain: one that 
take into account return loss and the other one that 
does not. The IE3d software calculates the gain of 
antenna incorporating the return loss. The reflection 
gain of the antenna peaks in the frequency of 5 GHz 
to 6 GHz as shown below: 

Fig no.3: Reflection gain in dB of antenna. 

scattering parameters describe the input-output 
relationship between the ports (or terminals) in an 
electrical system. The parameter s11 indicate the 
amount of power reflected from the antenna, hence 
known as reflection co-efficient. The scattering 
parameter s11 graph for the design is shown below: 

 Fig no.4: S11 plot for the antenna. 

The 3D layout of antenna is as shown below: 

Fig no.5: 3D layout of the antenna. 

The current distribution shows the over the surface of 
antenna when an excitation is applied to the radiating 
patch is as shown below: 

Fig no.6: Current distribution over the surface of 
patch antenna. 

11th International Conference on Microwaves, Antenna, Propagation & Remote Sensing 
ICMARS-2015, Jodhpur, INDIA, Dec. 15 – 17, 2015

192



The 3D radiation pattern of the proposed antenna is 
as shown below: 

 Fig no.7: 3D radiation pattern of antenna. 

The total field gain of the antenna shows a peak at 
frequency of 5 GHz and then it lowers up to 7 GHz. 
Afterwards till 10 GHz, it shows a sharp increase. 

Fig no.8: Total Field Gain v/s Frequency. 

The designed structure shows excellent efficiency as 
shown in the figure below: 

Fig no.9: Antenna Efficiency & Radiation Efficiency 
v/s Frequency. 

The software results show that an antenna employing 
graphene as dielectric shows almost 100% efficiency. 

V.CONCLUSION 
Graphene show excellent electrical and mechanical 
properties because of which it attracts a large no 
applications in most of the engineering domains. The 
experimental study and investigative research shows 
the graphene has excellent dielectric properties in 
microwave and millimeter-wave frequency spectrum. 
The graphene dielectric based patch antenna was 
designed and simulated. The software analysis show 
excellent performance of the proposed antenna. 
Further, we will investigate the validation of results 
using different software like HFSS, ADS tool etc. We 
are working towards the design of graphene sheet of 
nano-thickness and finding a feasible technique for 
fabrication of nano-patch antenna. 
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Abstract— In this paper, reconfigurable antenna designing 
aspects is presented. Re-configurability types and the antenna 
designing gaps are discussed. An essential aspect of switching is 
also elaborated to compare. Available modelling techniques for 
designing are also presented. 
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Varactor diode.

I. INTRODUCTION 
Modern wireless communication systems relying on 
multiband reconfigurable antennas are becoming more 
popular for their ability to serve multiple standards. Devices 
using a single compact antenna allow reduction in the 
dimensions of the device and more space to integrate other 
electronic components. A reconfigurable antenna can be 
considered as one of the key elements in future wireless 
communication transceivers. The advantage of using a 
reconfigurable antenna is the ability to operate in multiple 
bands where the total antenna volume can be reused thus 
enabling the overall size to be reduced. Reconfigurable 
antenna are designed to switch to desired service and to be 
solely dedicated to one service to achieve maximum out-of 
bound noise rejection performance. Some of applications 
requires fixed antenna where the antenna is designed and 
optimized to operate at particular frequencies and some 
requires adaptive antenna (reconfigurable) where the 
antenna’s operating frequencies can change to other bands by 
using reconfigurable elements (multifunctional antenna). 
Different techniques have been used in the past to reduce the 
size of the antenna or to allow the antenna to operate in 
multiple band operations or to generate a wide bandwidth.  

II. TYPE OF ANTENNA RE-CONFIGURABILITY

Reconfigurable antennas can be classified into three different 
categories, namely:- 

Frequency reconfigurable
- Continuous (Tunable Antenna) 
- Coarse (Switchable Antenna) 

Radiation pattern reconfigurable
Polarization reconfigurable

Frequency Re-configurability: The first category is based 
on frequency re-configurability. The aim is to tune/switch the 
operating frequency of the antenna and to have a single 

multifunctional antenna in a small terminal for many 
applications [1]-[2]. The shape of the radiation patterns of 
these, reported antennas remain unchanged when the 
frequencies are tuned/ switched from one band to the other. 
Frequency reconfigurable antennas are classified into two 
categories: 

Continuous tuning: This can be achieved by using 
Varactor diodes where the antenna allows for smooth 
transitions within or between operating bands 
without hops as in [3] 
Coarse tuning: This can be achieved by using PIN 
diode switches. Coarse tuning employs different 
switching mechanisms to operate at multiple bands. 
Examples include a widely tunable antenna using 
PIN switches [2], switching different feeding 
location to reconfigure the operating frequencies [4] 
and reconfigurable patch antenna [5] for satellite and 
terrestrial applications. 

Radiation Pattern Re-configurability: The second 
category is based on pattern re-configurability, where the 
frequency band remains unchanged while the radiation pattern 
changes based on system requirements. The antenna can steer 
its radiation pattern main beam in different directions. This 
type of pattern re-configurability has been reported recently in 
[6] by using a CPW fed antenna. In [7], a reconfigurable 
antenna combining both frequency and radiation pattern re-
configurability was introduced. 

Polarization Re-configurability: The third category is 
based on polarization re-configurability, where the 
polarization is switched from linear to circular [8] and from 
left hand (LHCP) to right hand (RHCP) circular as reported in 
[9]. A novel reconfigurable patch antenna with both frequency 
and polarization diversity was also reported in [10]. 

III.  SWITCHING TECHNOLOGIES

PIN Diode Switches: PIN diode is a semiconductor 
device that operates as a variable resistor at RF and 
Microwave frequencies. It can also be used as a switch and 
Limiter. PIN diodes are popular in microwave circuit 
applications due to its fast switching times and relatively high 
current handling capabilities [12]. The construction of a PIN 
diode is showing in Figure 1.  
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Fig. 1  PIN diode

The P and N types are separated by an intrinsic region, the P 
contact is the anode, and the N contact is the cathode as 
shown in Figure 2where the anode is the side with the arrow, 
the cathode is the side with the plate. Between the P and N 
region is the intrinsic where the width of this region has an 
important role on the performance of the PIN diode [12].  

Fig 2 Circuit symbol for PIN diode 

Figure 3 shows a simple equivalent circuit of a switch that can 
be ON or OFF. In the ON state, the switch can be represented 
as a resistor and a series capacitor in the OFF state.  

Fig 3 Simple switch equivalent circuit 
(a) ON state (b) OFF state 

PIN diode has been widely used to prove the concept of many 
switchable antenna. 

Fig 4 Prototype of switchable Vivaldi antenna using PIN diodes [13]

Varactor Diode Switches:  Varactor diode also called varicaps 
is a semiconductor diode with a small junction capacitance 
that varies it values depending on the bias voltage applied to 
the diode. They are an important component of radio 
frequency or RF applications. Varactor diodes are widely used 
in communication applications when tuning is needed. The 
circuit symbol for a varactor diode is shown in Figure 5.  

Fig 5 Circuit symbol for a varactor diode / varicap diode

The capacitance of a varactor decreases when the voltage gets 
larger. A tuning varactor can be represented by the following 
electrical equivalent circuit (Figure 6).  

Fig 6 Equivalent circuit for a varactor 
PIN diode has been also been widely used to achieve fine 
tuning and to prove the concept of many reconfigurable 
antennas [14].  

Fig 7  Illustration of Manufactured Multilayered EBG with varactor diodes 
[13].

MEMS: MEMS switches are devices that use mechanical 
movement to achieve a short circuit or an open circuit in the 
RF transmission line. RF MEMS switches are the specific 
micromechanical switches that are designed to operate at RF-
to-millimetre-wave frequencies.  
In the last ten years, RF MEMS switches have been used for 
telecommunication applications due to many advantages 
compared to other switches such as small in size, good 
linearity and good isolation. However, they require high DC 
actuation voltages.  
MEMS switch are used in different applications such as phase 
array phase shifter, switching, reconfigurable networks and 
low power oscillator [15]-[16]. Cross-section view of a 
MEMS switch is shown in Figure 8 [17] and an example of 
practical MEMS on an antenna is shown in Figure 9 [17].  

Fig 8  Cross-sectional view of a capacitive MEMS switch realized in the NXP 
[17]

Fig 9 Photograph of the annular slot integrated with two double-arm MEMS 
actuators [18].

IV.  MODELLING TECHNIQUES 

11th International Conference on Microwaves, Antenna, Propagation & Remote Sensing 
ICMARS-2015, Jodhpur, INDIA, Dec. 15 – 17, 2015

195



Many methods have been developed over the past years for a 
wide range of applications in RF engineering. These methods 
or techniques can be divided into: i) Time Domain (TD) such 
as Finite Different Time Domain (FDTD) and ii) Frequency 
Domain (FD) such as, Moment of Methods (MOM) and Finite 
Element Method (FEM).  
Many different commercial software have been developed 
using one of these methods, and it is therefore not necessary 
any longer to write a new code but just utilize any of them to 
aid the modelling of the RF design. In this section, the 
foundation principles on which these methods are based are 
briefly introduced.  

Moment of Method (MOM): The Method of Moment 
(MoM) is a numerical method of solving electromagnetic 
problems or volume integral equation in the frequency domain. 
MoM can be used to solve problems in several areas of 
engineering and sciences including electromagnetic. In the 
1960’s Roger F. Harrington was the first to use MoM to solve 
electromagnetic problem. Numerical Electromagnetic Code 
(NEC) is the most well known of the codes using MoM to 
solve problems that can be defined as sets of one or more 
wires. Although, it is an adaptable and thoroughly simple 
method, it requires large amounts of computation. The 
Method of Moments is broadly used to solve electromagnetic 
scattering and radiation problems. This technique is based on 
reducing the operator equations to a system of linear equations 
that is written in matrix form. The MoM applied to wire 
antennas for instance, is used by the commercial software 
IE3D. Results accuracy is considered an advantage using this 
method as it uses essentially exact equations and provides a 
direct numerical solution of these equations. Another 
advantage is that, in practice, it is applicable to geometrically 
complex scatters [19]-[20].  

Finite-Difference Time-Domain (FDTD): The Finite 
Difference Time Domain is a method that is broadly used to 
stimulate several electromagnetic problems. The literature on 
(FDTD) is extensive and has been used for various microwave 
analysis such as, antenna designs, propagation, filter design, 
and many other microwave analysis. However, FDTD is not 
suitable for electrically huge system but is good for system 
involving pulses. This method did not gain considerable 
attention despite its usefulness to handle electromagnetic 
problems until the computing costs became low. FDTD 
method was first proposed by Yee in 1966 for a simple 
Cartesian co-ordinate system [21]. The FDTD algorithm 
iteratively calculates the field values in the problem space that 
is discretised into unit cells. Each unit cell is assigned with 
three orthogonal electric and three orthogonal magnetic fields 
as shown in Figure 2-19 [22]. 

Fig 10 Yee cell [22] 
Finite Element Method (FEM): The finite element method 
(FEM) is a mathematical technique used for finding 
approximate solutions of partial differential equations (PDE) 
as well as of integral equations. The solution is based on 
reducing the differential equation completely, or rendering the 
PDE into an approximating system of common differential 
equations, which are then numerically, integrated using 
Euler's method which is a standard technique such as the 
Runge-Kutta. FEM is a method used to solve frequency 
domain boundary valued electromagnetic problems using a 
variational form. There are generally two types of analysis 
that are used in FEM 2-D and 3-D canonical elements of 
differing shape. While 2-D conserves simplicity and allows 
itself to be run from a normal computer, it however, tends to 
give less accurate results. Three-dimensional canonical 
element, however, gives more accurate results by working 
effectively on faster computers. The FEM is often used in the 
frequency domain for computing the frequency field 
distribution in complex, closed regions such as cavities and 
waveguides [19]. 

V. GAP S AND ISSUES  IN RECONFIGURABLE ANTENNA DESIGNS 
Although fixed multiband antennas can widely be used in 
many different systems or devices, they lack the flexibility to 
accommodate new services compared with reconfigurable 
antennas.  Some of designing techniques have the problems of 
1) requiring high voltages to perform tuning, 2) being high
profiles, 3) being large sizes or 4) having small tuning ranges 
and 5) services at lower frequencies such as DVB-H and 
GSM900 could not be covered.  The overall size and thickness 
of the antenna should be small and thin.  The simplicity of the 
structure is requiring to reduce the cost of the fabrication. The 
number of reconfigurable elements (varactors) should be less 
to avoid complex biasing circuits. The multiplicity of bands 
generated from one antenna so the antenna can serve more 
than one application. Electrically Independent control should 
require with wide control range to cover more applications 
and use of high voltages to perform reconfiguration. The 
effect of user’s hand and housing of mobile phone should be 
considered when using reconfigurable antenna in mobile 
phone.  

VI.  CONCLUSION AND FUTURE WORK

Study on the re-configurability concepts which including type 
of reconfigurable antenna, switching techniques, modelling 
and gaps in designing  reconfigurable antenna was carried out 
in this paper. Many issues still have not been solved and can 
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be the basis for future investigations. These are summarised 
based on various parameters in the following: 
Efficiency: The efficiency of the antennas can be further 
enhanced by using expensive lossless materials. PIN diode 
and varactor diodes might have some impact on the gain and 
efficiency of the antennas. The use of MEMS switches is 
recommended which has less loss than PIN and varactor 
diodes.  
Selectivity: In the H-Shape antenna, the selectivity of the 
bands can be further enhanced to be more flexible and to have 
more choice by adding additional H-shape radiators within the 
same substrate. This will increase the number of bands as well 
making the method more flexible.  
Cognitive radio: Cognitive radio might needs antennas to 
operate at the very low frequency bands. Therefore, designing 
an antenna with wideband and narrow bands feature for the 
low frequencies is a great challenge. In some designs, the 
bandwidth of the operating frequencies is narrow. Therefore, 
some techniques can be used to enhance the bandwidth to few 
more percentages. 
GPS: Some of the reconfigurable antennas proposed in this 
thesis operate in GPS bands. The GPS applications may need 
antennas that operate with circular polarization. Therefore, 
frequency and polarization re-configurability can be achieved 
from the same antenna to be used in the GPS band and other 
bands. 
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       Abstract – The paper presents a discussion on 
undersea communication between VLF transmitter and 
costal land or the submarine merged in water at a 
reasonable depth. VLF propagation proprieties and 
natural effects of impulsive noise on signal due to 
thunders are also discussed. 

     Sea water provides lesser attenuation to the VLF     
(3 KHz - 30 KHz) signals.  VLF communication is one of 
the only possible one-way communication from land to 
submarine merged in water. Laying an optical fiber cable 
is not workable in military warfare.  ELF (30Hz to 300Hz) 
needs an extremely large size transmitter antenna array 
and achievable communication rate is very low of the 
order of 1 bit per 1000 sec.  Blue green laser can transmit 
a bulk data from the aircraft to underwater submarine. 
Such aircraft may be identified through enemy search 
operation and location of submarine may be identified. 

   Size of VLF transmitter antenna is very large and 
transmission bandwidth is limited to near about 200Hz. 
As if, VLF equipment has  no commercial value then 
challenges  are  shifted  towards  the design of very low 
noise receiver, bandwidth efficient  modulation and robust 
coding  schemes  such as LDPC to pull the receiver 
performance near to the Shannon’s limit for required 
BER in the  dynamic range,  of the order  of 100dB to 
achieve SNR > 10dB. 

Keywords- AGC, Dynamic Range, EVM, GMSK, 
Sensitivity, SNR, SFDR, Skin-effect 

I. INTRODUCTION 
    Soviet Alfa class submarine, also known as golden fish 
could drive up to 700 meter depth and race at 45Knots made 
of anticorrosive material titanium alloy. A very large 
submarine at 5knots at a depth of 100 meters may generate 
ripples rising just 1mm above the sea surface and marks its 
thermal impressions. US sonar sea beam have already mapped 
the entire sea. Then challenges are increased for the military 
submarines. For such reasons submarine has to remain 
submerged for a time of its operation for nearly 6 months. 
Thus communication interest in VLF range is completely for 

military purpose, as it penetrates sea water up to around 15 
meters of depth. VLF communication is unaffected from the 
nuclear burst in the upper atmosphere and allows 
communication to submarine. US during 1976-80 established 
the first land based precise navigation system OMEGA for its 
Polaris submarines with 8 VLF station worldwide. Each of 
them used to transmit VLF at 10.2, 11.3, 13.6 KHz in 10 sec 
cycle. User had to pick up the strongest signal for its use. 
Receiver had to measure the signal phase of each relevant 
station. Correct phase measurements made OMEGA precisely 
useful for global point to point maritime navigation. 

    VLF waves are steeply  incident on the ionosphere, 
penetrate  to the height, reflected from the D layer and the 
phase of the received  signal exhibits  a diurnal variation  that 
changes continuously with  the  altitude. The winter - summer 
difference is due to the seasonal change to electron density 
profile which depends upon pressure. The phase height 
rapidly decreases with dawn, increases rapidly at sunset dip 
and solar eclipse affects the long path signals. VLF/LF 
propagation [1] over a long distance may be described by a 
wave guide mode propagation model. There are few 
evidences of phase changes, indicates multi hop propagation. 
Up to 30 KHz, reflecting height of ionosphere is 75km during 
the day and 90Km at night. VLF can travel around the globe 
from 10 KHz to 30 KHz and there is very little attenuation of 
the order 2dB per 1000KM.  

II. ATTENUATION IN SEA WATER

   ELF wave of 10 Hz to 100Hz has minimum attenuation in 
sea water. Atmospheric attenuation is only 1.5 dB per 
1000KM and attenuation in water is 0.35dB per meter. This 
attenuation characteristic provides skin depth of around 25 
meters. Thus ELF can provide communication to submarine 
even at a depth of more than 100 meters at a typical data rate 
of .03 bits per sec or lesser. Whereas, VLF at 15 KHz 
provides skin depth of 2 meters. This indicates attenuation to 
VLF is more than ELF but it provides a higher data rate 
throughput. Communication depth of VLF is more than 15 
meters depending upon the salinity of the sea. Thus VLF 
becomes the prime candidate for safer and faster 
communication method to submarines. 
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III. EFFECT OF NATURAL NOISE

   VLF signal is mostly affected by thunder impulses and 
trimpi events which are non Gaussian in nature and signal has 
to be clipped, attenuated or modified on their occurrence. A 
lighting stroke [2] consists of three main sections, each of 
which produces energy in a different frequency range. Pre-
discharge consists of a series of leaders each about 1 usec 
long, separated by about 25-100usec for a total period of 500-
1000usec is followed by the main discharge or return stroke 
occurring for a time period of about 100usec and further 
followed by a slow tail of the order of 500msec and consists 
of up to few 100Amp current. Pre discharge leader is of the 
order of 300 Ampere and most of its energy remains in 30 
KHz – 100 KHz range. Effect of main discharge may have a 
peak value of 30KMs or more with an energy spectrum peak 
around 9 KHz-10 KHz. Properties of lightning associated 
noise can be used as input data for improved VLF 
communication. Atmospheric noise limits the range, BER and 
phase accuracy of the signal. VLF atmospheric noise is the 
sum of Gaussian components and impulsive components due 
to nearby thunderstorm with low attenuation rate but majority 
of noise power is due to the impulses. A clipper or non 
collinear device can reduce this noise by 6 to 16 dB under 
typical circumstances or can be corrected or modified by 
using median filters. 

    Under near Gaussian conditions the clipping level should 
be very high (low probability of clipping) where as under 
highly impulsive conditions the clipping level should be very 
low (high probability of clipping). Too much clipping 
degrades the SNR. An adaptive clipper control mechanism 
must be based upon a model for VLF noise according to the 
noise impulsivity detection. Mathematically tractable field 
Lowenstein model is observed to extract the noise parameters 
in terms of power, impulsive and spikiness may be done by 
adaptively adjusting the clipping level. More practical method 
for impulse noise cancelation is Median filter application. 

IV. TRANSMITTER ANTENNA

     ELF antennas with grid of wires 100KM x 100KM can 
only radiate 2.5mw at 100Hz at its maximum voltage rating at 
300Amp current on each wire of the grid. Sustainability of 
ELF under prime attack and health hazards is under 
consideration. VLF antenna (5 KM x 5 KM), provides 
improved radiation characteristics, high radiation efficiency 
and wider bandwidth. It has fewer wires in air. The practical 
monopole VLF antenna is electrically short and the radiation 
resistance is kept very small. Finite ground conductivity 
affects the vertical radiation pattern for vertical polarization 
more than for horizontal polarization. The ground in front of 
vertical antenna very much affects the antenna’s ability to 
launch low angle sky waves. Ground conductivity to 50 
wavelengths and beyond must influence the ability of a 
vertical polarized antenna to launch a land sky wave. The 
effective conductivity of the cities is poor compared with 
fields and rivers. 

     Wave guide  propagation  prediction program conducted 
for 1KW at 24KHz summer day, condition have shown  that 
increased strength  is due to the good conductivity of sea 
water  as compared  to low conductivity of particular terrain. 

The terrain in front of the antenna is characterized by the high 
conductivity row and such high conductivity terrain 
surrounded to a distance of 100KM or more than 100KM may 
be good and ideal location for VLF transmitter. 

      Field strength calculations vs. distance for a particular 
path at VLF should be estimated for summer, winter, day and 
night hours to receive the reasonable signal strength at the 
submarine.  

V.  SUBMARINE ANTENNA 

      Electrical dipoles are failed when not submerged in water, 
magnetic dipoles provides much interception area and 
available power. Interception area   depends up on the size of 
the radome and skin depth.  Horizontal crossed electric and 
magnetic field accomplish vertical propagation downward in 
the water and submerged vertical dipole of any kind does not 
pick the RF signal for the omnidirectional reception of the 
vertical dipole above the surface. 

   Omni directional reception under the sea water is obtained 
by a pair of crossed horizontal dipoles coupled to the receiver 
in phase quadrature. Electric dipole is coupled by the 
conduction. Conductive properties of air and water are 
opposite. Thus same electric dipole cannot operate in both the 
medium. Magnetic dipole is coupled by induction and 
magnetic properties of air and water are same. So magnetic 
dipole or coil antenna [3] is perfect kind of to use in 
submarine as limited to within a small radome, its radiation 
power factor and interception area gives most significant 
performance.  For submarine it is more important to reduce 
the size of the radome thus spherical coil as large as the 
radome may be used to obtain the greatest power factor of the 
radiation. Long buoyant wire antenna also provides better 
depth for VLF communication. 

VI. BASEBAND CHARACTERIZATION

      Bandwidth available  for VLF communication  is too 
much narrow  which is of the order of 200Hz  and restricted 
in the sense  that  other transmitters  are also allowed  in the 
same frequency band of 10KHz to 30 KHz. At the same time 
large power is required to transmit a signal to the submarine. 
Thus MSK modulation or its variant, which has a constant 
uniform envelope, is found most suitable to use class C 
amplifiers at VLF transmitter. Gaussian filter may be used in 
GMSK scheme, to suppress out of band noise and adjacent 
channel interference. 

VII. COMPARISON OF DIGITAL MODULATION FOR
NARROW BAND SIGNAL 

   OQPSK is obtained from QPSK by delaying Q data stream 
by 1 bit or T sec w.r.t I data stream and do not affect the error 
rate or occupied BW. Replacing  the rectangular pulse  with  a 
half  sinusoidal  pulse MSK [4], (CPFSK at m=0.5) a special 
kind  of constant  envelope modulation  is derived  from 
OQPSK makes the phase change  linear  and limit  to +/- ᴫ  
over a bit interval. This effect of linear  phase change  lowers 
the side lobes  and helps  to control  the adjacent  channel 
interference  but the main  lobe  becomes  wider than QPSK. 
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     Further pulse shaping may be done with a Gaussian shaped 
impulse response filter that smoothes the sharp phase 
transitions and filters the out of band power. It will further 
lower the side lobes (24dB in case of MSK) and narrower the 
main lobe than MSK. The relationship between pre-
modulation filter bandwidth and bit period T defines the 
bandwidth of the system. BT=0.3 is mostly used normalized 
bandwidth. It restricts the adjacent channel but at the same 
time increases the ISI and reduces in band signal power. 

    A typical figure is Eb/No of 17dB with 2 dB 
implementation margin is required to achieve the BER of 
10E-5 by choosing proper BT value, along with matched filter 
based non coherent receiver. Implementation of LDPC 
channel coding scheme will lower the BER. 

VIII. RF FRONT END

     As far as VLF receiver is concern the major issue is to 
achieve maximum SNR in the entire dynamic range. A low 
noise, high IIP3, front end preamplifier with a noise figure of 
the order of 3 to 5dB, is a key factor  for the sensitivity and 
SNR measure, plays a major role  in the event. VLF signal 
range can be filtered at front end with the help of low pass 
filter. This LPF should have minimum insertion loss and at 
least 60dB out of band rejection. 

     Insertion loss of the filter at front end will directly lower 
the sensitivity level. Single or dual conversion scheme 
decides the selectivity, image, harmonic response and 
intermode rejection parameters of the receiver. 

   To achieve the selectable VLF signal at a resolution of 1Hz, 
LO generation through higher bit DDFS is required. Super 
heterodyne mechanism converts the VLF signals at a common 
frequency, almost at a constant level, controlled through 
dynamic AGC. This IF signal is further processed by 
demodulator to recover the transmitted data. 

   GMSK [5], [6] is constant envelope modulation, its phase at 
the individual event contains the information thus non 
uniform phase delay in the occupied bandwidth will make a 
severe damage to the signal information. Compact  size linear 
phase  or minimum delay Gaussian   shape  crystal filter  with 
maximum  out  of band  adjacent  channel  rejection ensures 
minimal loss to the required  GMSK signal and makes the 
receiver AGC, insensitive to the out of band  spurious, 
harmonics, images and adjacent signal or out of band  noise 
events. 

    Single loop AGC can be broken  into  short loop AGC 
using latest logarithmic  AGC amplifiers, modern energy 
detectors  and proper scaling  to fasten the attack time  and 
level of signal recovery.  Short loops are the individual events 
and confirm the   lesser loss to the signals rather than single 
loop delay. The problem with VLF signal is to create a lower 
bandwidth crystal filter at higher IF frequencies to run the 
AGC loop [7] without adjacent channel interference. The 
main goal is to protect the phase information of a compact 
GMSK signal, which will produce throughput of more than 
200bps by baseband processing in the later stages of the 
receiver. The phase linearity (∆Φ/∆f) within 1800 phase 

change of the GMSK receiver system can be evaluated by 
connecting the receiver to a VSG at input.  VLF signal from 
GMSK source (VSG), after appropriate down conversion and 
attenuation should be connected to the RF system of VLF 
receiver to analyze the %EVM in VSA at IF output. In 
practice EVM less than 1% is achievable, which is enough to 
recover the data, after proper demodulation. 

   There is a major role of pre-select and post-reject filters in 
the RF system design. Most of them are passive. Key of the 
success is to choose proper Q of these passive components at 
usable frequency, while designing a filter, using Genesys or 
ADS software tool. Out of band harmonics or spurious 
present at the final IF output can be rejected completely by 
the baseband section using sharp roll off digital filters. 
Frequency synthesizers are the major source of spurious 
generation when used as LO. By choosing very low noise, 
glitch free DC power supplies, low phase noise master 
frequency source along with proper division factor to derive 
the DDFS and filtering before amplification, spurious can be 
reduced before applying to the mixer. It will enhance the 
receiver SFDR. 

CONCLUSION 
 

     In this paper we have discussed the VLF communication 
system and analyzed the RF design issues. Communication 
throughput in available transmission bandwidth can be more 
than 200bps with a BER of the order of 10E-5. Such system 
can fulfill the requirements of submarine communication. 
Modern systems need to predict the circuit performance rather 
than the field strength. Thus it needs the detail analysis of 
VLF radio noise, channel coding and modulation schemes in 
non gaussian noise environment. To achieve the higher 
success rate, lot of attention is required while designing the 
Low noise DC power supply, RF front end and AGC.  
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Abstract- In this paper a single feed microstrip patch antenna 
array is designed to enhance the basic characteristics of an 
antenna for S-band applications. The microstrip antenna has a 
planar geometry and consists of a ground, a substrate, a patch. 
Patch elements which are designed in this array are triangular in 
shape. This array consists of 4 elements in different 
configurations. The comparison of 4 elements, 2 elements and 
single element are shown at 2.5 GHz frequency. Mainly antenna 
array is used to enhance the various characteristics of an antenna 
but this design is mainly focus on enhancing the gain of antenna 
because gain enhancement is a demand for modern wireless 
communication. By this 4×1 array design there is enhancement in 
gain of microstrip patch antenna about 4.6dB as compared to 
single element antenna design and this reduces the system 
complexity. The simulation software used is CST microwave 
studio. 

Keywords—Microstrip Patch, Antenna Array,Triangular 
shape, Wi-max, S- band application. 

I.  INTRODUCTION 

Microstrip patch antenna plays a very important role in now 
a day’s world of wireless communication. Nowadays, in the 
field of wireless communication industry, recent development 
drives the requirement of small, compatible and affordable 
antenna array. Due to these regions there is always a very 
large demand for small size high performance and low cost 
wireless communication system. To fulfill these requirements, 
planner patch antenna is prefred because of their various 
advantages such as low cost, light weight, andeasy fabrication 
process [2]. Due to all above these properties wireless 
communication has became popular for home or we can say 
domestic purpose and also due to its location free criteria. 
Antennas are required for this application. For this case, along 
with mobile and cellular technologies portable antenna 
technology has grown up. Proper antenna is quite important 
for a device. Various advantage and disadvantage such as low 
gain, low efficiency, narrow bandwidth, spurious radiation 
from feeds and high VSWR microstrip patch antenna have. 
But fortunately, we overcome these disadvantages by 
constructing patch antenna in array configuration. 

Array configuration has attracted attention in wireless 
communication, because it enhances the characteristic of 
antenna [3]. It achieves higher gain, directivity, better VSWR, 
high reflection coefficient etc. Because of these properties 
antenna array plays very important role in wireless 

communication [4]. Standard such as IEEE 802.11n(Wi-Fi), 
Wi-max, S- band applications in weather radar, surface ship 
radar, and some communication satellites (microwave oven, 
microwave devices, radio astronomy,  mobile phone, wireless 
LAN, Bluetooth, ZigBee, GPS, amateur radio). 

In this paper a simple and planner antenna is designed that 
shows acceptable return loss at 2.5 GHz for S- band 
frequency. This antenna is further used in the design of 2×1 
array having two antenna element and 4×1 array having four 
antenna element in series configuration. 

When only single antenna is used it gives low reflection 
coefficient, lower gain and lower radiation pattern but when 
we design array in different configuration we got the better 
result in comparison to single element. Through array design 
we improved directivity [7]. The directivity of an array is due 
to interference effect between the individual element of the 
array, and it can be improved by increasing the electrical size 
of an antenna and the other way to increase the dimension of 
antenna. Through this we mitigate this effect. Hence the basic 
aim of array design is enhances the parameters of antenna. 

This paper is organized as follows. In Section II, the design 
methodology and structure of a single antenna is described 
along with the simulation results. Section III incorporates the 
use of above antenna to design a 2×1 array. In Section IV the 
above antennas are used in a 4×1 array pattern. Simulated 
results are analyzed for different parameters and section V 
concludes the analysis of the paper. 

II. SINGLE ANTENNA DESIGN
A. Antenna Design 

The antenna is designed on a microstrip planner patch 
antenna. The patch is feed by a microstrip feed line, 
appropriate matching of the feed line is required to produce 
desired characteristics of the antenna. The geometry of the 
given antenna is illustrated in Fig.1. It is designed on a 
170×130 mm copper (annelid) substrate with a dielectric 
constant of 1.6 and substrate thickness is 1.6 mm. 
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Fig.1. Antenna geometry with dimensions in mm (front 
view) 
B. Analysis of simulated results   

The simulated results of the antenna are shown in Fig.3, 
from the simulated graph it is observed that for frequency of 
2.5 GHz, the reflection coefficient is –27.2 dB that means 
S11>-10dB. The Radiation pattern for the antenna is depicted 
in Fig.4 in whose gain is about 8.9 dB, Directivity is 8.65 dBi 
and VSWR is 1.09 at 2.5 GHz.  

Fig.3 Reflection coefficient of single antenna 

Fig.4. Radiation pattern of single antenna 

III   2×1 ANTENNA ARRAY DESIGN AND ANALYSIS 

The main purpose of array design is to enhance the 
parameter values of antenna, especially in terms of gain. In 
this planner array antenna design we are using 2 triangular 
patches arranged in series form and makes 2×1 formation.  

The designed structure is as shown in Fig.5. In this design 
the length and width of ground and substrate is 170×155 mm. 
Reflection coefficient, Radiation pattern and VSWR graph are 
shown in Fig.6, 7 and Fig.8  

Fig.5 2×1 array antenna.(All dimensions in mm) 

Fig.6 Reflection coefficent of 2×1 array antenna. 

Fig 7 Radiation pattern of 2×1 antenna array. 
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Fig.8. VSWR of 2×1 antenna array 

From the above results we can see that enhancement of 
parameters in gain from 8.9dB to 11.3dB, directivity 8.6dBi 
to10.8dBi is observed in comparison to single antenna design.  

 
IV   4×1 ANTENNA ARRAY FABRICATION AND 

SIMULATION ANALYSIS 
This array antenna is also designed and simulated on 

dielectric substrate that having dielectric constant 1.6 and 
height of substrate is 1.6 mm.  Ground and substrate has 
dimensions of   335 ×155 mm. In this antenna array, for better 
results we choose all triangular patches in series form. The 
patch is fed through 50 ohm microstrip line feeding. 

 

 
 

Fig. 9: 4×1 Antenna array (Front view) all dimensions are 
in mm 

 

 
 

Fig.10 Fabricated structure of four  element antenna array 
 
A.  Return Loss  
S11 represents how much power is reflected from the 

antenna, and hence is known as the reflection coefficient. We 
can observe thatS11>-10 dB and the reflection coefficient is –

39.4 at 2.5 GHz. Which is used for S-band and satellite 
application.    

 
Fig.10 Reflection coefficent of 4×1 array 

 
Fig.11 Return loss plot measured and simulated 4×1 array 

The radiation field of the microstrip antenna maybe 
determined using either an “electric current model” or a 
“magnetic current model”. Radiation properties of the antenna 
can be represented by radiation pattern. The E-field and H-
field patterns of single element and array are shown in Fig.7. 

B. Gain 
Gain of an antenna is the ratio of the maximum radiation 

intensity in a particular direction from the test antenna to the 
maximum radiation intensity from reference antenna, when 
same input power is applied to both antennas. 

 

 
 
 

Fig.12 gain of 4×1 array antenna  
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C. Directivity 
Directivity of a non-isotropic antenna is equal to the ratio 

of its radiation intensity in a given direction over that of an 
isotropic antenna . 

Fig.13 directivity of 4×1 array antenna 
D. VSWR 

Fig.14 vswr of 4×1 array antenna 

VSWR is a measure of how well matched antenna is to the 
Cable impedance. A perfectly matched antenna would have a 
VSWR of 1:1. This indicates how much power is reflected 
back or transferred into a cable. VSWR obtained from the 
Simulation of 4×1 array antenna is1.02 which is 
approximately equals to 1:1 as shown in Fig 13. This shows 
the perfectly matching of an antenna with the port. 

TABLE 1.COMPARISION ANALYSIS OF DIFFERENT 
ARRAY ANTENNA 

PERFORMANCE 
PARAMETERS 

SINGLE 
ANTENNA 

2×1 
ARRAY 

ANTENNA 

4×1 
ARRAY 

ANTENNA 

Return loss(dB) -27.24 -14.12 -39.4 

Gain(dB) 8.9 11.23 14.5 

Directivity(dBi) 8.65 10.8 13.9 

VSWR 1.09 1.5 1.02 

HPBW(deg) 62.8 79.8 67.7 

Side lobe level -20.4 -25.4 -24.3 

V CONCLUSIONS 

A single element antenna, two element antenna and four 
element antenna array has been designed. These practical 
antennas designed on CST Microwave studio. We have 
analyzed various parameters of the array  and found that the 
antenna in the array configuration offer an increased gain and 
directivity. 

We conclude that minimum reflection coefficient, higher 
gain, directivity, better VSWR and all parameters are achieved 
in 4×1 array. It gives best result in comparison to 2×1 array or 
single antenna. Those are mentioned in the above table. So we 
can say that it is much better technique to enhance the 
parameters of antenna. 
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Abstract— Synthetic aperture radar (SAR) backscatter and 
interferometric coherences for multi-polarimetric acquisition 
play vital role to investigate various properties of natural and 
man-made features. In this paper, an interferometric pair of 
Radarsat-2 dataset was used to extract and analyse tree species 
wise backscatter and coherence values. The dataset were 
acquired over Terai Central Forest Division (TCFD), Haldwani 
in Uttarakhand state of India. Yamaguchi four component 
decomposition model was employed to express total backscatter 
as a sum of surface, double bounce and volume scattering. 
Coherency matrix was used to estimate complex coherence for 
different polarization channels within a single SAR resolution 
cell. After analysis it was found that mixed plantation is dense 
and stable in terms of volume scattering showing standard 
deviation of 2.12. In histogram analysis, poplar and teak showed 
the maximum volume scattering. Poplar also showed the highest 
variability for double bounce scattering with a range from         
-51.551 dB to -13.388 dB. Eucalyptus showed the lowest dynamic 
range from -51.551 dB to -22.647 dB for double bounce 
scattering. Significant peak in histogram was observed for teak 
in surface scattering. Maximum surface scattering was also 
recorded in case of mixed planation. Using PolInSAR dataset, 
coherence contributed by volume scattering was extracted from 
SAR resolution cells. Lying between 0.005612 to 0.414236, 
eucalyptus showed the highest dynamic range for interferometric 
coherence due to volume scattering and lowest was observed for 
mixed planation with a range from 0.005363 to 0.343227. It can 
be concluded that poplar is systematically planted with less 
understorey. Teak, mixed plantation and poplar are the dense 
planation. Mixed plantation is stable and mature plantation 
whereas, eucalyptus stands with the lowest biomass. More robust 
analysis can be made at higher wavelengths with orientation 
angle shift compensation. 
Keywords— Synthetic aperture radar (SAR), Polarimetry,
Plantation forest, Backscattering mechanisms, Interferometric 
coherence.

I. INTRODUCTION 
Radar remote sensing provides a new dimension for 

measuring various bio-geophysical parameters of the features 
on earth surface. It is advantageous in comparison to optical 
based remote sensing because of its day night acquisition 
capability and penetration to dense cloud cover. In recent 
years, it has emerged as an efficient technology for 
investigating forest areas due to its capability of penetrating 
beneath the dense canopy cover. Penetration depth of the radar 
signal depends on the frequency of the wave used. In order to 
understand the characteristics of vegetation, many microwave 

bands were used in previous studies. P and L bands have 
higher wavelengths as compared to X or C-band, so they 
penetrate deeper in forest cover and scatter more by the trunks 
and branches of the tree [1]. Scattering depends on object 
characteristics like surface roughness, dielectric constant, 
orientation angle and system characteristics like radar look 
angle, frequency and polarization of the wave [2]. With single 
or dual polarized SAR data, complete backscatter information 
from individual scatterer present within a single SAR 
resolution cell cannot be retrieved. Fully polarimetry 
technique takes into account of all possible polarization states 
and these polarimetric combinations are stored in the form of 
scattering matrix defined for each resolution cell. Identifying 
the contribution from ground, ground-trunk interaction and 
contribution from canopy becomes easy with the help of fully 
polarimetric SAR data [3]. Freeman-Durden three component 
decomposition [4] and Yamaguchi four component 
decomposition [5] use coherency matrix to characterise the 
scattering behaviour and mostly suited for targets like 
vegetation. Four component Yamaguchi decomposition 
separate out various scattering mechanism in a single SAR 
resolution cell in terms of surface, volume, double bounce and 
helix scattering. The main limitation of using polarimetry for 
vegetation area is its high entropy which is defined as degree 
of disorder. So, using only polarimetric information in order 
to extract vegetation parameters is not sufficient. It is worth 
mention that through polarimetry, low coherence value is 
obtained for all polarization channels, which is called 
depolarization. Interferometry SAR (InSAR) though resolves 
the problem associated with low coherence by including the 
baseline but the interferogram generated with InSAR 
overshadow the valuable information due to the high density 
of forest cover [6]-[7]. Polarimetric Interferometric SAR 
(PolInSAR) technique overcomes the limitations of 
polarimetry and interferometry by combining two polarimetric 
images using interferometry. The interferogram phase 
generated changes with polarization. This change is very 
useful in order to extract various bio-geophysical 
characteristics [8]. It works on the principle of signal 
coherence rather than simply the backscattered power. 
Coherence is defined as the complex correlation coefficient 
that exists between the images. Polarimetry and interferometry 
relation can be well explained with the help of degree of 
coherence [9]. The limitations of polarimetry in forest related 
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Fig. 1 Plantation map of TCFD 

applications i.e. saturation problem, is well addressed by 
PolInSAR approach [10]-[11]. Parameters like stem volume 
can be estimated through backscatter and interferometric 
coherence [12]. Mette [13] has used PolInSAR technique to 
estimate forest bio-physical parameters like aboveground 
biomass and forest height. It is a promising and extensively 
used technique for structural information retrieval. 

This paper is mainly focused on extracting SAR backscatter 
and interferometric coherence due to volume scattering using 
PolInSAR dataset of Radarsat-2 C-band SAR data in order to 
understand the scattering behaviour of various forest tree 
species.  

The paper is organized as follows: Section II describes the 
study area and datasets used to conduct the present study. 
Section III explains the methodology adopted to extract 
backscatter and coherence values for different forest types. 
Results are discussed in section IV followed by conclusion in 
section V. 

II. STUDY SITE AND DATASETS

A. Site Description 
The study is conducted over Terai Central Forest Division 

(TCFD), Haldwani, in the state of Uttarakhand situated in 
Northern part of India. Over 90% of the plantation work is 
done by the Uttarakhand Forest Department. This division 
comes under Moist Deciduous Forest Zone, a characteristic of 
Terai along Himalayan foothills. This area lies on the foothills 
of the lower Shivalik in Nainital district. The terrain is 
relatively flat with a maximum altitude of 285m. It covers an 
area of 405 km2 and lies in the extent of 29o 1' 30'' N to 29o 16' 
40'' N latitude and 70o 13' 45'' E and 79o 31' E longitude. 

Major tree species found in the area are Eucalyptus hybrid 
(Eucalyptus), Tectona grandis (Teak), Populus deltoides 
(Poplar), and mixed plantations constitute mainly of species 
such as Holoptelia integrifolia (Kanju), Acacia catechu 

(Khair), Cassia fistula (Amaltas), Dalbergia sissoo (Shisham) 
as shown is Fig. 1.  

B. SAR Dataset 
An interferometric pair of fully polarimetric Radarsat-2 

data was used in this study. The PolInSAR data pair was 
obtained with a gap of 24 days and was acquired in ‘Fine’ 
mode. Table 1 shows the specifications of the dataset used. 

TABLE 1 
SAR DATA SPECIFICATIONS 

III. METHODOLOGY

The methodology flowchart is shown in Fig.2. First section 
explains the polarimetric decomposition to obtain backscatter 
information and second section deals with the PolInSAR data 
processing to generate complex coherence for the 
interferometric pair. Finally, plantation map of TCFD was 
used to extract various plantation types found in the region 
and backscatter and coherence ranges are derived for those 
forest types. 

A. PolSAR Processing 
Radar wave after interacting with the surface, changes its 

polarization state. These received backscatters are stored in 
the form of 2 x 2 scattering matrix which is written as 

 (1) 

    Where each element represents the backscatter information 
of the target in all the four polarization states. Complex 
information about different scatterers present within a single 
SAR resolution cell is extracted from coherency matrix which 

Description Image 1 Image 2 

Satellite Radarsat-2 Radarsat-2 

Date of acquisition 20-10-2014 13-11-2014 

Time of acquisition 12:42:03 UTC 12:42:02 UTC 

Image Id 355334 360142 

SLC Dimensions 5313 x 2908 5308 x 2908 

Polarization HH, VV, HV, VH HH, VV, HV, VH 

Centre frequency 5.405 GHz 5.405 GHz 

Acquisition mode Fine quad 
polarization 

Fine quad 
polarization 

Centre incidence 
angle 31.067o 31.066o 

Centre lat/long 
(decimal deg) 

29°14'05" N, 
79°21'07" E 

29°14'05" N, 
79°21'05" E 
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is derived from the hermitian product of the vectorised form 
of the scattering matrix in Pauli format and represented as                                                                                              

                               
 (2) 

Here, kp is the Pauli feature basis which is mathematically 
written as  

 (3)

and ⟨⟩ is the average over the whole data. 

Four component Yamaguchi decomposition was 
implemented to express the total backscatter as a sum of 
surface, double bounce and volume scattering within a single 
SAR resolution cell. Fig. 3 shows the Yamaguchi 
decomposition results where red, green and blue colour 
corresponds to double bounce, volume and surface scattering 
respectively. Since in this study, there are no urban structures, 
so the analysis is restricted to only first three components and 
moreover the helix scattering is negligible for vegetation [5].   

B. PolInSAR Processing 
Calibrated fully polarimetric master and slave images are 

initially coregistered to avoid noise and accurate measurement 
of phase difference. This ensures pixel to pixel match between 
the two SAR images so that there is a common overlap area 
and thus reduces loss due to coherence. After removing the 

contribution due to flat earth phase, coherency matrix [T6] is 
computed from the hermitian product of the Pauli feature 
vector of master and slave images. 

  (a)  (b) 

Fig. 3 Colour coded Yamaguchi decomposition results for (a) Master 
image (b) Slave image 

Mathematically, coherency matrix is written as 

 (4) 

Where Kp is the combination of Pauli feature vector for 
both of the master and slave images respectively which is 
written as [KP1 KP2]T. Elements T11and T22 are the 
polarimetric coherency matrices and Ω12 is the cross-
correlation matrix. This matrix defines the polarimetric and 
interferometric relation existing between the images. 
Combination of the magnitude of complex coherence and the 
phase factor yields complex coherence. Complex coherence is 
defined as the vectorised form of interferometric coherence 
and is written as 

 (5) 

Where ω1 and ω2 are the unitary projection vectors [14]. 
Degree of coherence existing from different positions for 
same feature can be estimated using projection vectors.  

Complex coherence for different polarization combinations 
can be determined using the following equation: 

 (6) 

Where µ1 and µ2 are the scalar scattering coefficients. The 
resulting coherence is in complex form, hence the magnitude 
of the coherence is written as 

 Amplitude =  (7) 

Radarsat-2 C-band SLC 
fully polarimetric SAR 

data 

Generation of scattering 
matrix 

Coherency 
matrix generation 

Yamaguchi 
decomposition 

Coarse 
Coregistration 

Coherency 
matrix 

generation 

Plantation map 
of study area 

Extraction of 
major tree species 

Backscatter 
ranges for 

different species 

Coherence 
ranges for 

different species 

Flat Earth 
removal 

Coherence 
estimation 

Fig. 2 Methodology flowchart
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The colour coded amplitude image of the coherence for 
different scattering mechanisms is shown in Fig. 4.  

Finally backscatter and coherence ranges are derived by 
overlaying the shape file over the decomposed results and 
complex coherence. 

IV. RESULTS AND DISCUSSIONS

To perform the analysis, 6,400 random points for poplar 
and 10,000 random points for other tree species were selected 
from the decomposition and complex coherence results.  

TABLE 2 
BACKSCATTER RANGES FOR DOUBLE BOUNCE SCATTERING 

It is observed from Table 2 that there is not much variations 
in the dynamic ranges for all the tree species for double 
bounce scattering. However, poplar showed the highest 
dynamic range as comparison to other forest types. 

 Fig. 5 shows the histograms of volume scattering for 
different forest species. It is observed that poplar showed the 
highest volume scattering and eucalyptus showed the least. 
Along with poplar, teak and mixed plantation contributes 
good amount of volume scattering. 

Fig. 5 Volume scattering for various forest types 

Mixed plantation showed the maximum surface scattering 
as the radar wave was unable to penetrate beneath the forest 
canopy due to its high density, so scattering has occurred at 
the surface level only as shown in Fig. 6. Significant peak in 
histogram is observed in teak, which indicates that the surface 
scattering is very stable due to its high canopy density, as 
maximum values are close to its mean value which can be 
verified from Fig. 7. 

Fig. 6 Surface scattering for various forest types 

Also, it is observed in Fig. 7 that mixed plantation is most 
stable in terms of volume scattering and eucalyptus in case of 
double bounce scattering showing the least standard deviation 
of 2.12 and 5.83 respectively. 

Fig. 7 Standard deviation of all backscattering for various forest types 

Table 3 represents the interferometric coherence ranges due 
to volume scattering for all forest tree species. Since volume 
scattering is dominated in vegetation areas, so interferometric 
coherence due to volume scattering is considered in this study. 
It is worth noting that the mixed plantation has the lowest 
dynamic range and least standard deviation compared to other 

Species types 
Backscatter ranges (in dB) 

Minimum Maximum 

Eucalyptus -51.551 -22.647 

M. Plantation -51.551 -22.579 

Poplar -51.551 -13.388 

Teak -51.551 -21.583 

Fig. 4 Colour coded 
coherence amplitude for 
various scattering  
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species, whereas eucalyptus has the highest dynamic range 
and maximum standard deviation. 

TABLE 3
COHERENCE RANGES DUE TO VOLUME SCATTERING FOR 

VARIOUS FOREST TYPES

V. CONCLUSIONS 
This paper has shown the potential of PolInSAR dataset to 

analyse tree species wise backscatter and coherence by 
exploiting fully polarimetric SAR data at C-band. This study 
concludes that mixed plantation is the stable and mature 
plantation among all. Teak, mixed plantation and poplar are 
dense plantation, where poplar has less understorey, 
systematically arranged and height dissimilarity. Eucalyptus is 
the immature plantation standing with lowest biomass. In 
order to get better insights of the scattering phenomena 
occurring among various forest types, analysis can be applied 
at higher wavelengths by including various other statistical 
approaches with orientation angle shift compensation in. 
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Species types 

Interferometric coherence due to volume 
scattering 

Minimum Maximum Standard 
deviation 

Eucalyptus 0.005612 0.414236 0.073106 

M. Plantation 0.005363 0.343227 0.05619 

Poplar 0.007175 0.395357 0.06235 

Teak 0.004348 0.374390 0.05999 
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Abstract— This paper compares three different incoherent four-
component polarimetric decomposition models for various 
features. These models demarcates polarimetric data of pixel 
area in an image, into scattering components- Surface, Double-
Bounce, Volume and Helix. In this study fully polarimetric Single 
Look Complex RADARSAT-2 data was used. The study area 
chosen for analysis was Haridwar-Rishikesh region of 
Uttarakhand state in India. Yamaguchi, Gulab Singh and An 
and Yang four component decomposition models were used for 
comparison of four classes,  namely Dense Forest, Dry River bed, 
Water body and Urban areas.   In terms of volume scattering, 
G4U model gave the best result for dense forest with the 
maximum value of   -14.6526 dB. On the observation of surface 
scattering values gathered over water body and dry river bed, 
An and Yang model gave -53.6431 dB and -24.3753 dB surface 
backscatter values respectively and proved to be the best model 
compared to others. For urban class the overestimated volume 
scattering for dihedral structures in Yamaguchi decomposition 
was reduced in G4U and An and Yang model and hence, for 
double-bounce scattering maximum value -14.5735 dB was 
obtained for both. The fourth component considered in this 
study was helix scattering which produced high intensity values 
retrieved from complicated structures such as the bridge over 
water body. The skew-oriented buildings show strong helix 
scattering component and hence appeared brighter as compared 
to others in An and Yang model. The study can be further 
extended by combining the techniques used in each model to 
achieve better result through single decomposition model and the 
comparison could be expanded by using coherent & five 
component scattering decomposition models.  
Keywords— Yamaguchi decomposition, G4U decomposition, An
and Yang decomposition, backscatter, scattering matrix

I. INTRODUCTION 
Synthetic Aperture Radar (SAR) works on the 

principle of recording backscattered signal from the 
target with the help of the antenna. The scattering 
matrix [S] defines the relation between the incident 
EI and the scattered signal ES as: 

ES=[S] EI 
The information contained in the backscattered 

signal is exploited by polarimetric decomposition 
theorems to extract characteristics from data sets. 
Initially target decomposition theorems were 

formalized by Huynen [1]. The polarimetric details 
are sensitive to individual properties of the targets 
present on ground. These properties range from 
orientations, dielectric constants of the objects to 
shapes and permittivity’s. Polarimetric 
Decomposition is the technique which discriminates 
targets individually taking scattering as its basis. 
Cloude and Pottier gave very fine review of the 
decomposition models [2]. Decompositions 
performed on the scattering matrix are called as 
coherent and those carried on second order 
scattering matrices such as coherency matrix are 
called as incoherent. This study dealt with 
incoherent decomposition models because it is 
useful in retrieving information on natural mediums 
which cannot be obtained from coherent 
decomposition [3]. Freeman and Durden developed 
three-component scattering mechanism model 
which defined coherency matrix as the contribution 
of Surface (T11), Double-Bounce (T22) and 
Volume scatterings (T33) [4]. 

Where the superscript * denotes the conjugate. 
Various models analysed in this study were 
Yamaguchi four component decomposition model, 
Gulab Singh four component decomposition model 
(G4U) and An and Yang four component 
decomposition model (AN4). 
A. Yamaguchi Four Component Decomposition Model 

The three component scattering model proposed 
by Freeman and Durden can be successfully applied 
to decompose the SAR images for retrieval of target 
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information in case of reflection symmetry. 
Yamaguchi et. al. introduced a new term which 
added to the existing model and corresponds to the 
non-reflection cases [5]. Helix scattering is added 
as the fourth component which takes into account 
the co-pol and cross-pol correlations which appear 
for complex urban areas. They also proposed a new 
volume scattering component. The equation given 
below represents decomposed coherence matrix: 

Where α and β are defined in [6] and fs, fd, fv 
and fc are the expansion coefficients of each 
scattering type.  
B. Gulab Singh Four Component Decomposition Model 

(G4U) 
It can be inferred from [7] that rotation of 

coherency matrix resulted in reduction of negative 
power in surface scattering and double bounce 
scattering components. However for volume 
scattering component there is a possibility of 
presence of negative power. In G4U, phase rotation 
of coherency matrix is applied before performing 
four component decomposition. The rotation angle 
is used to minimise the volume scattering 
component. Mathematically, unitary transformation 
is employed on the coherency matrix to obtain [T 
(Φ)]. 

[T (Φ)] = [U (Φ)] [T (θ)] [U (Φ)] †
where † denotes tranjugation and [U (Φ)], Φ and 

[T (θ)] are introduced in [8]-[9]. 

C. An and Yang Four Component Decomposition Model 
(AN4) 

In this decomposition process an improvement 
over Freeman decomposition and elimination of 
negative powers is implemented. They used 
deorientation process to alleviate fluctuant 
influence of target orientation angles so that 
identical targets yield same decomposition results. 
Also a new volume- scattering model is proposed 
(Tvol) which characterizes the total randomness 
[10]-[11]. 

This paper mainly focuses to compare the 
decomposed results obtained from the mentioned 
models and to conclude that which decomposition 
model proves best to analyse a particular feature. 

This paper is organised as follows. In this paper 
datasets and study site is summarized in Section II. 
The methodology adopted for comparative analysis 
is described in Section III. Section IV consists of 
experimental results and the corresponding analysis 
followed by conclusion in Section V. 

II. STUDY SITE AND DATASETS
A. Study Area 

The study area selected for this study is 
Uttarakhand which is located in the northern part of 
India. It consists of forest area which covers 65% of 
the total state and has a wide variety of flora and 
fauna. The northern part of the study area is 
covered with the hilly terrain. The study area 
constitutes of moist deciduous forest which are 
spread over Barkot, Kansro, Motichur and Thano 
forest ranges. The footprint of the study area is 
shown in figure 1. The selection of this area is made 
due to presence of diverse features from which 
different scattering can be observed. The area 
extends from 30° 19'18.21" N and 78°06'25.02" E 
to 30°00'46.53" N and 78°19'33.89" E. 

Figure 1 Google earth image of the study area. 

B. Data Sets 
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RADARSAT-2 C- band fully polarimetric single 
look complex data has been used here. It is an Earth 
Observation satellite which is jointly funded by the 
Canadian Space agency (CSA) and MacDonald 
Dettwiler Associates Ltd. of Richmond, BC (MDA). 
The sensors on board Radarsat- 2 satellite are SAR 
(Synthetic Aperture Radar) instrument and 
MODEX (Moving Object Detection Experiment). 
Table 1 given below shows the specifications of the 
used dataset. 

TABLE 1 

DATA SET SPECIFICATIONS 

Satellite RADARSAT-2 

Polarization Fine Quad Polarization 

Date of Acquisition 27th January 2014 

SLC dimensions 6221 x 3248 

Mode of Acquisition Descending 

Resolution (m) 11 x 9 (range x azimuth) 

Centre Frequency 5.405 GHz 

Mean Incidence Angle 
(deg) 

34.26605 

III. METHODOLOGY
The adopted methodology is shown in the form 

of flow chart in figure 2. SLC data was processed to 
generate coherency matrix followed by speckle 
filtering. Decompositions were carried over the 
obtained image. The models used were Yamaguchi, 
G4U and AN4. Around hundred random samples of 
each class were collected from different regions of 
the decomposed image.  

Figure 2 Flow chart of methodology 

A. Processing 
The SLC data was multilooked using two looks 

in azimuth direction and one look in range direction. 
This reduces the spatial resolution but had an 
advantage of suppressing speckle. The coherency 
matrix is extracted from multilooked data and is 
formed by product of first order Pauli vector and 
conjugate of its transpose [12]. 

In SAR images speckle appears because of the 
coherent interference of the waves that are reflected 
back from scatterers [13]. In this study Refined Lee 
filter was used because of its unique advantage of 
preserving the edges in the image [14]. 

B. Decomposition and Geocoding 
The filtered image is decomposed into four 

scattering components- Surface (Ps), Double-
Bounce (Pd), Volume (Pv) and Helix (Pc) [5]. A 
color image was composed with blue, green and red 
colors depicting differences of Ps, Pv and Pd, 
respectively. These images were geocoded (process 
to provide geographic coordinates to the pixels in 
the image) and the technique used is demonstrated 
in [15]. 

 Yamaguchi 
Decomposition 

G4U 
Decomposition 

AN4 
Decomposition 

RADARSAT-2 C-Band SLC Fully Polarimetric 
Data 

Pre-Processing- Multilooking 

Extract Coherency Matrix 

Speckle Filtering 

Geocoding 

Collection of samples from 
different classes

Visualization and comparative 
analysis of output
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(a) 

(b) 

(c) 

Figure 3 Color coded decomposed images (a) Yamaguchi (b) G4U (c) AN 

IV. RESULTS AND DISCUSSION
This section is divided into two parts. Section A 

compares the backscattered values gathered over all 
the four classes.  Section B shows the capability of 
helix scattering to differentiate complex man-made 
structures clearly in the SAR image. 

A. Comparison of Models Based on Backscattered 
Values 

For the case of Dense Forest region, volume as 
well as surface scattering was observed. Although 
for canopy structure it is usually assumed that radar 
return is from very thin, cylinder like and cloud of 
randomly oriented scatterers hence volume 
scattering is dominant. On observing figure 4 it is 
noted that G4U gives best results for Pv (maximum 
value -14.65dB). In Yamaguchi decomposed image 
Pd is seen to be prominent though the other two 
models show lesser Pd which may be due to the 
deorientation and new volume scattering     methods 
adopted in AN4 and G4U respectively. Pd may be 
present due to interaction of radar waves with 
ground and tree trunks.

(a) Yamaguchi (b) G4U (c) AN4 

Figure 4 Decomposed images showing Ps, Pd and Pv in the three models of 
Dense Forest region  

The backscatter values of random samples collected 
for each class were statistically processed as shown 
in figure 5. 

In case of water body, due to high amount of 
specular reflection there is very less amount of 
backscattering and hence very low backscatter 
values were observed leaving the portion as dark 
colour patch (figure 6). The water body forms a 
uniform surface thus considering Ps, AN4 model 
show good results    (-53.64 dB compared to -
53.94dB and -54.30dB) as seen from figure 7. The 
presence of Pv as main component could be due to 
HV measurement which is close to the level of 
noise for each channel [16].  
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Figure 5 Backscatter values to compare each model for the four scattering 

(a) Yamaguchi (b) G4U (c) AN4 

Figure 6 Decomposed images of the three models for water body 

Figure 7 Backscatter values compared for the shown model 

The dry river bed was considered as the third 
class to analyse the differences. The area consists 
mainly of sand or gravel as its base materials hence 
dry river bed acts mainly as effective surface 
scatterer. AN4 gave relevant results with maximum 
value (-24.37dB). Since the dry river is a plane 
surface hence Pv and Pc components are almost 
absent and hence give very low values. As seen in 
figure 8 the blue colour is dominant in AN4 and is 
seen less in case of other models. The dark color 
depicts the presence of water. 

(a) Yamaguchi (b) G4U (c) AN4 

Figure 8 Decomposed images for the three models 

Figure 9 Comparison of backscatter values for the models 

Urban settlements can be seen in abundance on 
the river banks and in the left portion of the image 
(refer to figure 3). Double Bounce scattering was 
the principal component in this case which was 
observed from backscatter values as shown in 
figure 11. Buildings were sparsely placed in few 
regions hence acted as dihedral corner reflectors 
giving high Pd component. For this region G4U and 
AN4 gave similar results and better than 
Yamaguchi. This falls in line with the technique 
used for decomposition as the urban areas were 
seen clearly separable from the forest areas and 
overestimation of Pv was reduced (figure 10). AN4 
model give good result for Ps which may be 
because of reflection from rooftop of buildings. 

(a) Yamaguchi (b) G4U (c) AN4 

Figure 10 Color coded decomposed images
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Figure 11 Backscatter values for the compared models 

B. Helix scattering 
The helix scattering power was found dominant 

for the complicated structures such as bridge over 
water body and for building blocks on the river side. 
AN4 model gives the best result for Pc as compared 
to Yamaguchi. In G4U Pc shows very less value 
around -56.23dB which is similar to the 
modification in [9] (after phase rotation Pc becomes 
zero). The bright linear structure in the figure 12 
was found to be a barrage (artificial barrier across 
the river) as seen in google earth image (figure 
12(c)). Theoretically it is known that Pc is caused 
due to left or right polarisation states. The reason of 
building blocks showing very bright values could 
be that orientation of these settlements is not 
parallel to the flight path. Hence these areas are 
skew-orientated which produce predominant HV 
component [5].  

(a) Barrage in 
Yamaguchi 

(b) Barrage  in AN4 (c) Zoomed google 
earth image of 

barrage 

(d) Urban 
settlements in 
Yamaguchi

(e) Urban area in 
AN4 

(f) Google earth 
imagery of 
settlements 

Figure 12 Helix component for two different regions 

V. CONCLUSION 
In this paper, a comparative study have been 

performed on incoherent decomposition models. 
The results obtained satisfy the scattering principles. 
G4U model proved best for analysing dense forest 
region considering Pv as major component. For the 
case of water body and dry river bed AN4 predicted 
surface scattering by showing higher values. AN4 
and G4U models better analysed the urban regions 
as compared to Yamaguchi decomposition. Helix 
component show high intensity values for AN4 
model. The techniques proposed in the three models 
could be combined to achieve best results for each 
class keeping into account the disadvantages.  
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Abstract—Shift in Polarization Orientation Angle (POA) is
geometrically related to topographical slopes and radar look 
angle. Polarimetric radar signatures get affected due to POA 
shift as it produces high cross-polarization (HV) intensity which 
makes coherency matrix asymmetrical. The prime objective of 
this paper is to study and analyse the effect of POA shift 
compensation using high resolution TerraSAR-X data in 
stripmap mode. This study was conducted over Dudhwa national 
park in the state of Uttar Pradesh. Yamaguchi decomposition 
modelling approach was performed before and after correcting 
POA shift. Three type of scattering mechanism within a single 
SAR resolution cell were compared and analysed. It was 
observed that due to polarization orientation angle shift, there is 
overestimation of volume scattering and underestimation of 
double bounce scattering in vegetation areas. After correcting 
the effect of POA, there was significant decrease in the intensity 
of volume scattering and increase in the intensity of double 
bounce scattering. Slight increase in surface scattering was also 
noticed after the POA compensation. Moreover, the shift in angle 
varies from -45° to 45°. With POA compensation, randomness in 
the orientation of scatterers are reduced to a great extent. This 
improvement in the accuracy of decomposition modelling of 
forest areas is essential and can be further used for mapping and 
monitoring applications. 
Keywords—Synthetic Aperture Radar, polarimetry, Polarization
Orientation Angle, Yamaguchi decomposition

I. INTRODUCTION 
Remote sensing plays a key role in continuous 

earth observation activities to retrieve meaningful 
information about the features on its surface. 
Synthetic Aperture Radar (SAR) remote sensing is 
an advanced imaging technology widely used for 
earth related applications. Utilizing microwave 
wavelengths ranging from 1mm to 1m, makes it 
capable for penetrating even the dense cloud cover. 
X-band, C-band, P band and L-band are the mostly 
used frequencies [1]. SAR sensor system on 
spaceborne or airborne platforms transmit signal 
and after interacting with the earth’s features, 
backscattered echoes are received at the sensor end. 
These backscattered signals are analysed and 

various advanced processing are performed to 
obtain reliable information about the properties of 
the targets being observed. Backscatter signal 
depends on the polarization of the wave. Basically, 
backscatter information is received at four different 
polarizations i.e. HH, HV, VH and VV, where H 
denotes the horizontally polarized wave and V 
denote the vertically polarized wave [2]. By HH, 
we mean that the radar wave is horizontally 
transmitted and horizontally received and similar 
concept goes for other polarization channels. This 
technique of SAR is known as polarimetry, where 
for each SAR resolution cell, these possible 
polarization combinations are stored in the form of 
scattering matrix.  

Analysis of scattering matrix is effective if the 
targets are coherent but if targets are complex like 
vegetation or urban areas, it is required to extract 
coherency matrix from scattering matrix. 
Coherency matrix is a 3X3 matrix that contain 
physical information about the targets. The shift in 
orientation angle arises due to irregularity of the 
target surface which leads to rotation of 
backscattered wave [3]. POA shift makes the 
coherency matrix asymmetrical because of increase 
in cross-polarization intensity. POA is affected due 
to azimuthal and range slope as well as the radar 
look angle [4] [5]. There are various techniques 
present for the estimation of POA, out of which 
Polarimetric signature [6] and circular polarization 
technique are proven to be most effective [7]. POA 
compensation is performed by rotating the 
coherency matrix in order to minimize the cross 
polarization intensity. Decomposition models are 
used to express total backscattered power in terms 
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of various scattering mechanism. The scattering 
mechanism are mainly due to volume scattering, 
double bounce scattering and surface scattering. 
There are two types of decomposition namely 
coherent and non-coherent decomposition. 
Coherent decomposition is useful to characterize 
the scattering from pure or coherent targets [8]. 
Incoherent decomposition like Yamaguchi 
decomposition utilizes coherency matrix to retrieve 
the scattering mechanisms from natural features 
like forest vegetation [9]. 

In this paper, the effect of POA shift is analysed 
on different scattering mechanisms obtained from 
four component Yamaguchi decomposition 
technique using high resolution TerraSAR-X data. 

II. STUDY AREA AND DATASET

A. Study Area 
The study area chosen for this study is Dudhwa 

national park located in Lakhimpur-Kheri district of 
Uttar Pradesh   Fig. 1 shows the Landsat 8 FCC 
imagery of the study site, where forest vegetation is 
well discriminated from non-forest areas. Here NIR 
region of EM spectrum is represented by green 
colour. Dudhwa national park, together with 
Kishanpur and Katerniaghat wildlife sanctuaries, 
represent the best natural forests and grasslands left 
in the Terai region of Uttar Pradesh. Dudhwa 
national park is a home to one of the finest Sal 

forests and extensive region of moist grassland. The 
area lies between 28° 18´N and 28° 42´N latitudes 
and 80° 28´E and 80° 57´E longitudes. The total 
area of the national park is 49029.19 ha. 

Fig. 1 Landsat image of the study area 

B. SAR Data used 

 Fully Polarimetric TerraSAR-X data was used to 
conduct the present study. TerraSAR-X uses X-
band of microwave frequency. Data was acquired in 
stripmap mode. Table 1 shows the data 
specifications. 

TABLE 1 
DATA SPECIFICATIONS

III. METHODOLOGY

Fig. 2 describes the steps taken to carry out the analysis. All 
four polarization channels of backscatter wave are used to 
generate scattering matrix. Scattering matrix shows the 
relationship between transmitted and received electromagnetic 
wave for a single SAR resolution cell which is given as,

 (1) 

Scattering matrix is insufficient for the analysis of complex 
targets such as vegetation, so coherency matrix is generated 
from 2 x 2 complex scattering matrix.

Dataset TerraSAR-X 

Polarization Quad-Pol 

Wavelength (cm) 3.11 

Dimension (rows x 
columns) 23199 x 7470 

Resolution( range x 
azimuth) (m) 1.99 x 2.59 

Centre incidence angle 
(deg) 38.462 

Date of Acquisition 28 January 2015 

Fully Polarimetric 
TerraSAR-X data 

Scattering matrix 
generation 
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Fig. 2 Flow chart of methodology  

The coherency matrix is a 3 X 3 [T] matrix that is 
capable to extract Polarimetric parameters of 
complex targets. It is generated by multiplying 
Pauli’s target vector kp with its complex conjugate 
transpose where kp is given by 

        
(2) 

Coherency matrix [T] is generated by using the 
equation given below.  

 (3) 

Polarization orientation angle shift is the angle 
that rotates the incidence plane about the line of 
sight to the surface normal that can be seen by 
following equation: 

       

(4)
Where θ is orientation angle, tan ω is azimuth 

slope, tan γ is slope in ground range direction, and 
Ø is radar look angle. POA shift induced effects the 
coherency matrix. This shift produces high cross 
polarization intensity (HV) which makes coherency 
matrix asymmetric in nature. The coherency matrix 
after orientation angle rotation is obtained by 

(5)               

Where,
(6) 

 and [T] are the coherency matrices after and 
before rotation by θ respectively and [U] is the 
unitary rotation operator. The effect of this shift can 
be compensated by unwrapping the phase. To 
extract useful information out of this OA that 
corresponds to surface slopes and building 
alignment in the azimuth direction, the phase has to 
be unwrapped by adding π, as in 

 (7) 

It is followed by 

 (8) 

Four component Yamaguchi decomposition was 
performed on coherency matrix before and after 
compensating the effect of POA shift. This 
segregates the total power in terms of surface, 
double bounce, volume and helix scattering. Total 
power span for a single SAR pixel is equal to the 
sum of the individual components.                                        

⟨[T]⟩ = fs⟨[T]⟩surface + fd⟨[T]⟩double + fv⟨[T]⟩volume + fc⟨[T]⟩helix
(9)

Where fs, fd, fv and fc are the expansion 
coefficients of various scattering types. Since helix 
scattering is not prominent in forest areas, therefore 
it is not included in this study. 

IV. RESULT AND DISCUSSIONS

A. Shift in polarization orientation angle 

Shift in POA was calculated for the given data. It 
was observed that the shift in angle varies from -45° 
to 45° with a mean value of 001857° and standard 
deviation of 24.904130°. Histogram follows the 
Gaussian distribution as shown in     Fig. 3.  

Coherency matrix 
generation 

Orientation angle 
compensation 

Yamaguchi 
decomposition 

Comparative 
study on the 

effect of POA on 
scattering 

h i

Yamaguchi 
decomposition 
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Fig. 3. Histogram plot of estimated POA shift using circular polarization 
technique 

B. Yamaguchi decomposition results before and after POA 
compensation 

The results of the Yamaguchi decomposition 
technique are shown in Fig. 4. This decomposition 
results into four scattering components. In the 
figure, three scattering components were selected to 
form RGB image such that the double bounce, 
volume and surface scattering correspond to red, 
green and blue colours respectively. Fig. 4(a) 
represents the Yamaguchi decomposition without 
compensating the POA shift. 

Fig 4 RGB colour coded images of Yamaguchi decomposition (A) Before 
POA compensation   (B) After POA compensation 

After compensating for the POA shift in the 
coherency matrix, Yamaguchi decomposition was 
performed that can be seen in Fig. 4(b). On 
comparing both the images, effect of POA shift can 
be well noticed by observing the colour variation 
present in both the images. 

C. Effect of POA shift on different scattering components 

Shift in POA produces significant impact on 
decomposition outputs. Here we analyse the effect 

of POA shift on individual scattering component 
derived from four component Yamaguchi 
decomposition. In order to analyse, 150 points were 
randomly taken from the dense forest area.  

From Fig. 5, it is well understood that the volume 
scattering which was overestimated before was 
found to be reduced after POA shift compensation. 
Also, mean value had significantly reduced to -
31.237 dB from -16.4 dB.  

Fig. 5 Effect of POA shift compensation on volume scattering component 

Double bounce scattering was under estimated 
due to POA shift present in the backscattered data 
as shown in Fig. 6. After orientation angle 
correction, resultant double bounce scattering get 
increased to -17.92 dB from -31.529 dB. 

Fig. 6 Effect of POA shift compensation on double bounce scattering 
component 

POA shift causes large effect on volume and 
double bounce scattering as compared to surface 
scattering components. However, there is slight 
amount of increase in the surface scattering after 
compensating POA shift as shown in Fig. 7.  
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Fig.7 Effect of POA shift compensation on surface scattering component 

It is also observed that mean backscatter due to 
surface scattering has increased to -8.9447 dB from 
-12.211 dB after compensating the POA shift. 
Therefore, it can be said that after compensating the 
POA shift, all the resultant scattering mechanisms 
of the decomposition output get modified. 

V. CONCLUSION 
In this paper the impact of Polarization 

orientation angle shift on TerraSAR-X data was 
analysed. POA shift can potentially affect the 
decomposition results which leads to 
misinterpretation of scattering mechanism. Volume 
scattering get overestimated while double bounce 
and surface scattering get under estimated due to 
the shift in orientation angle. After compensating 
the POA shift resultant scattering shows significant 
change. Volume scattering was underestimated 
whereas, increase in double bounce and surface 
scattering was observed. Minimal effect of POA 
shift was noticed for surface scattering. It is very 
necessary to correct the shift in POA to improve the 
accuracy of decomposition. The improved 
decomposition result can be used for measuring 
different forest parameters in many forest related 
applications. 
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Abstract—Coplanar waveguide (CPW) fed slot antennas are 
attractive due to low dispersion and ease of integration with 
active and passive devices. In this paper, antenna with slot of 
half-wavelength fed by CPW with finite ground plane act as 
reflector placed below the substrate is presented. The fabricated 
CPW-fed slot antenna resonates at dual frequency. Current 
distribution at resonance frequencies has also been studied. The 
designed antenna exhibits good impedance matching, uni-
directional radiation pattern, and low cross polarization. 
Simulated and measured results have been compared for a CPW 
fed narrow rectangular slot and show good agreement.  

Keywords—Coplanar waveguide, narrow-slot antennas, 
Rectangular Microstrip antennas.  

I. INTRODUCTION 
Slot antennas are widely used in broadband communication 

systems due to their attractive features, such as wide frequency 
bandwidth, low profile, light weight, easy integration with 
monolithic microwave integrated circuit, low cost, and ease of 
fabrication [1]. These antennas have several advantages over 
common microstrip antennas as they provide good impedance 
matching and can provide bidirectional or unidirectional 
radiation pattern. Design of slot antennas using CPW feeding 
mechanism is done over microstrip line feed, for low 
dispersion, low radiation leakage, ease of integration with 
active devices [2]-[3]. When the antenna is fed by microstrip 
line, misalignment error can occur while using CPW feeding 
technique misalignment error can be eliminated since etching 
of the slot and the feeding line is on one sided of the substrate. 
In CPW the conductor forms a center strip separated by a 
narrow gap from two ground planes on either side. 

The dimensions of the center strip, gap, thickness and the 
permittivity of the dielectric substrate determine the effective 
dielectric constant and the characteristic impedance of line [4]. 
Conductor backed CPW is used as it provides additional 
ground plane at the bottom surface of the substrate which 
makes the radiation pattern unidirectional for slot antennas and 
acts as a shield for circuit mounted behind the reflector and a 
heat sink for active and passive circuit devices. 

The CPW fed slot antenna with reflector can be used for 
dual frequency applications. The dominant mode for the 
conductor backed CPW is quasi-TEM mode with zero cut off 
frequency. In the antenna fabricated, the fundamental mode 
𝑇𝑀10 gets excited at 900 MHz owing to slot resonance while 
lower resonant frequency 696 MHz is due to formation of ring 

structure around the slot. The measured results closely matched 
with the simulated results. 

II. ANTENNA DESIGN

Fig. 1 Geometry of Proposed CPW fed Slot Antenna 

     Fig. 1. illustrates the geometry of the proposed CPW fed 
slot antenna with finite ground plane at the back side of 
substrate as a reflector. The proposed antenna is formed by 
etching a half wavelength slot   located symmetrically with 
respect to the center of the CPW fed line. The guided 
wavelength 𝜆𝑔 is given by [10] 

𝜆𝑔 =  𝑐/𝑓

�𝜀𝑒𝑓𝑓
(1) 

 is the effective dielectric constant of CPW fed line, c is 
the velocity in free space and f is the resonant frequency at 900 
MHz. In the CPW, the effective dielectric constant is 
independent of geometry and is equal to the average of 
dielectric constants of air 𝜀𝑎𝑖𝑟 and of the substrate 𝜀𝑟 [11] 

𝜀𝑒𝑓𝑓 =  𝜀𝑎𝑖𝑟+ 𝜀𝑟
2

 
(2) 

CPW fed slot antenna is simulated using FR-4 substrate with 
= 4.3, height of the substrate h= 1.59 mm and loss tangent 

0.01 with finite ground plane as reflector of size 196.4 mm × 
216.4 mm. Length of the slot is 𝜆𝑔/2 = 130 mm  and the width 
of the slot is . For a CPW on thin substrate with strip 
width S, gap width g and height of the substrate h,  

0.5 ≤ g/h ≤ 2.0 
(3) 

𝑆
𝑆+2𝑔

≤ 0.4  (4) 
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The strip width S and gap width g chosen using (3) and (4) is 
2.6 mm and 0.8 mm. 

     For a slot of half-wavelength, the slot resonance frequency 
𝑓𝑐𝑎𝑙 is calculated using formulation by  

=                                                                                 
(5) 

l = Slot Length 

Slot resonance frequency with formula calculation is closely 
matched with the simulation and measured results. The slot 
surrounded by ground plane of CPW-fed forms rectangular 
ring microstrip antenna, the ring resonance frequency 
𝑓𝑟𝑖𝑛𝑔 which can be calculated by 

(L + W) = 
𝑐/𝑓𝑟𝑖𝑛𝑔

2
                                                                    (6) 

 

 
 

Fig.2 Simulated design of Proposed CPW-fed slot antenna. 

 

Proposed CPW-fed slot antenna with finite ground plane as 
reflector is simulated on software with port defined as shown in 
Fig. 2. By maintaining the symmetry of the structure, excitation 
of parasitic modes is eliminated. Fig. 3. shows the photograph 
of fabricated slot antenna of width  fed by CPW with 
finite ground plane as reflector. 

 

 
Fig. 3. Fabrication of the proposed slot antenna. 

Antenna design parameters, reflection co-efficient, directivity, 
E-field pattern, H-field pattern are calculated for the width of 
the slot  

III. RESULTS AND DISCUSSION 

Fig. 4 shows the comparison of simulated and measured results 
of return loss of the proposed narrow slot antenna of width 

 perfectly resonates at frequency 900 MHz and at 
frequency 696 MHz shows dual band characteristics. The 
return loss -20.45 dB at frequency 900 MHz and -10.50 dB at 
frequency 696 MHz. 

 
Fig.4 .Comparison of Simulation and Measured results of S-Parameter. 

 
 

Fig. 5. VSWR shows that good impedance matching is 
observed for the narrow slot antenna of width  at 
frequency 696 MHz and 900 MHz. 

 

 
Fig. 5. VSWR of the proposed slot antenna fed by CPW. 

 

Fig. 6 shows the radiation pattern of E-Plane with main lobe 
magnitude 7.3 dBi , main lobe direction is 1.0 degree, at 
frequency 900 MHz. Fig. 7. shows the radiation pattern of H-
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Plane with main lobe magnitude 7.3 dBi , main lobe direction 
is 0 degree, side lobe level -10.6 dB at frequency 900 MHz for 
narrow slot antenna width of  is designed using FR-4 
substrate having = 4.3.  

Fig. 6. Simulated radiation pattern of proposed antenna of E-plane.

Fig. 7. Simulated radiation pattern of proposed antenna of H-plane. 

Current distribution analysis is done at frequency 900 MHz as 
shown in Fig. 8, shows current density is more across 
peripheral of slot hence slot antenna radiated at frequency 900 
MHz with good impedance matching. 

Fig. 8. Current distribution of slot antenna at resonance frequency 900 MHz 

Fig.9 shows current density is more around the slot on ground 
plane, forming a ring microstrip antenna hence radiation occurs 
at lower frequency 696 MHz with good impedance matching. 

Fig. 9. Current distribution of ring antenna at resonance frequency 696 MHz 

Instrument used for Measurement of Antenna: Vector Network 
Analyzer. 

Fig. 10.  Antenna Measurement using Vector Network Analyzer 

Fig.10 shows the fabricated antenna is tested using Vector 
Network Analyzer (VNA) and simulated results are compared 
with the measured results obtained using VNA. 

Table I. Comparison of Simulated and Measured results of S11 Parameter. 

S- Parameter Simulated Measured 

Ring Structure 
Resonance Frequency 696 MHz 713 MHz 

Slot Resonance 
Frequency 900 MHz 913 MHz 
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IV. CONCLUSION 
 

 CPW fed slot antenna with finite ground plane as reflector 
is proposed. Good impedance matching is accomplished with 
slot antenna at frequency 696 MHz and 900 MHz having dual 
band characteristics. Proposed antenna exhibit low dispersion 
by using CPW feeding mechanism, uni-directional radiation 
pattern with high directivity 7.3 dBi and low cross polarization. 
Simulated and measured results are closely matched at dual 
resonance frequency of proposed antenna. Based on these 
characteristics narrow slot antennas fed by CPW with finite 
ground plane as reflector provides good directional radiation 
pattern with high directivity, suitable for aircraft navigation 
systems and in communication applications.  
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Abstract—Compact coplanar waveguide (CPW) fed slot 
antenna with rectangular slits on the ground plane for ultra-
wideband (UWB) is presented. The proposed antenna consisting 
of a rectangular slot with equilateral triangular patch at the 
anterior portion of the feed that acts as tuning stub. A 50-Ω 
coplanar waveguide transmission line is used to fed the printed 
triangular patch. A rectangular slits on the ground plane is done 
for bandwidth enhancement and for dual band resonance 
operation at frequency 4 GHz and 8.5 GHz in UWB. CPW fed 
slot antennas are attractive due to low dispersion and ease of 
integration with active and passive devices. The propose antenna 
exhibit perfect impedance matching, broadside radiation 
patterns, and low cross polarization. Analysis of the effects of 
various slot dimensions on the parameters of the antenna design 
has been done. Proper simulated results are obtained by using a 
rectangular slot of width 𝟎.𝟔𝟓𝝀𝒈  fed by CPW.  The simulated 
results are obtained on Computer Simulation Technology (CST) 
Microwave Studio Software. 

Keywords—Coplanar waveguide, slot antennas, UWB 
antennas. 

I.  INTRODUCTION 

Ultra wideband (UWB) technology plays a vital role in the 
wireless communication world in recent years due to their great 
features such as low power consumption and high speed data 
rate. The proposed design of compact slot antenna with 
coplanar waveguide (CPW) feding technique for UWB has 
great performance. Slot antennas are currently under 
consideration for use in broadband communication systems due 
to their attractive features, such as wide frequency bandwidth, 
low profile, light weight, easy integration with monolithic 
microwave integrated circuit, low cost, and ease of fabrication 
[1]. These antennas have several advantages over common 
microstrip antennas as they provide good impedance matching, 
and bidirectional or unidirectional radiation pattern.  

According to Federal Communication Commission (FCC) 
the frequency band from 3.1-10.6 GHz is specified for UWB in 
2002. The proposed design of slot antenna using CPW feding 
mechanism is done as it provides several advantages over 
microstrip line feed, such as low dispersion, low radiation 
leakage, ease of integration with active devices [2]-[3]. When 
the antenna is fed by microstrip line, misalignment can result 
because etching is required on both sides of the dielectric 

substrate. CPW feeding technique is used to excite the 
equilateral triangular patch, since etching of the slot with 
interior patch and the feeding line is one sided hence alignment 
error can be eliminated. In CPW the conductor formed a center 
strip separated by a narrow gap from two ground planes on 
either side. Slot antenna results into wideband characteristic 
with CPW fed line having square slot [6] and CPW-fed 
hexagonal patch antennas [8] are demonstrated in the literature. 
In CPW-fed slot antenna by varying the dimensions of the slot 
and keeping it to the optimum value for wide bandwidth and 
proper impedance matching. In slot antenna geometries 
different tuning techniques has been carried out like circular 
slot [9], bow-tie slot [10], and wide rectangular slot [15]. 

The proposed antenna is compact in size having a 
rectangular slot and an equilateral triangular patch at the 
anterior portion of the CPW fed line. Two rectangular slits are 
imposed on the ground plane of the CPW fed line for dual band 
resonance in UWB and for bandwidth enhancement. Various 
patch shapes such as hexagon, T, cross, forklike, and square are 
used to give wide bandwidth [6-12]. The dimensions of the 
center strip, gap thickness and the permittivity of the dielectric 
substrate determine the effective dielectric constant and the 
characteristic impedance of line [16].  

CPW fed slot antenna resonates at dual frequency at 4 GHz 
and the other at 8.5 GHz in UWB. Wireless networks can 
operate in the same UWB frequency. Now a days as broadband 
antennas or multiple band antennas are in great demand for 
multiple frequency applications. Proposed antenna is simulated 
using CST Microwave Studio package by utilising transient 
solver technique. Simulated results are compared by varying 
the fed gap distance in order to obtain the perfect impedance 
matching at frequency 4 GHz and 8.5 GHz in UWB. The 
dimensions of the slot is varied to obtain the optimum value of 
the slot so that the antenna resonates at dual frequency band in 
UWB. 

II. ANTENNA DESIGN

      Fig. 1. illustrates the geometry of the proposed CPW fed 
slot antenna with slits on the ground plane for UWB. The 
proposed antenna is formed by etching one wavelength slot 
𝜆𝑔 located symmetrically with respect to the center of the CPW 
fed line.  
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λg = c/f
�εeff

                                                                                  (1)  

where  𝜀𝑒𝑓𝑓 is the effective dielectric constant of CPW fed line 
and f is the resonant frequency. In the CPW, the effective 
dielectric constant is independent of geometry and is equal to 
the average of dielectric constants of air and of the substrate. 

 εeff = εair+εr
2

                                                                            (2)                           

CPW fed slot antenna is simulated using FR-4 substrate with 
𝜀𝑟= 4.3, height of the substrate h= 1.59 mm and loss tangent 
0.01 with ground plane of size 24×23 mm. Length of the slot is 
equal to one wavelength 17 mm using equation (1) and the 
width of the slot is 0.65𝜆𝑔 which is 11mm for resonance 
frequency 8.5 GHz. CPW feeding technique on thin substrate, 

0.5 ≤ W/h ≤ 2.0                                                                           
(3) 
S

S+2W
≤ 0.4                                                                               (4) 

where S is the strip width and W is the gap width of a CPW fed 
line as shown in Fig. 1. Size of the strip width S and gap width 
W using equation (3) and (4) is 2.6 mm and 0.3 mm. Optimal 
value of the fed gap distance from the ground plane to the 
patch is d = 0.9 mm. Various antenna design parameters as 
reflection co-efficient, directivity, E-field pattern, H-field 
pattern are obtained stable throughout UWB range with a 
maximum gain of 4.8 dB. CPW is not very sensitive to 
substrate thickness and allows a wide range of impedance 
value from 20 Ω to 250 Ω. 

Fig. 1. Geometry of the proposed antenna fed by CPW. (Dimensions are in 
mm.) 

 

 

TABLE I. Design parameters of the antenna 

 

Parameters Description Optimal Value 

L Length of the antenna 24 mm 

W Width of the antenna 23 mm 

l Length of the slot 17 mm 

w Width of the slot 11 mm 

d Fed gap distance 0.9 mm 

 

Fig. 2. shows the design of CPW fed slot antenna with 
equilateral triangular patch and rectangular slits on the ground 
plane using CST Software. 

 
Fig. 2. Design structure of the proposed antenna using CST Software. 

 

III. RESULTS AND DISCUSSION 

     CST is used to simulate the proposed CPW fed slot antenna 
with slots on the ground plane. Fig. 3. shows the return loss of 
the proposed slot antenna, which perfectly resonates at dual 
band frequency 4 GHz and 8.5 GHz in UWB range. The 
impedance bandwidth of antenna is from 3.57 GHz – 12.83 
GHz with VSWR < 2.  By varying the slot width results into a 
slightly shift in resonant frequency. The return loss 𝑆11= -28.35 
dB at 4 GHz and 𝑆11= -31.30 dB at 8.5GHz frequency. 

 

Fig. 3. Simulated results of the reflection co-efficient of CPW fed slot antenna. 

It has been observed by varying the fed gap distance (d) the 
impedance matching degrades and there is shift in the resonant 
frequencies. Hence optimal value of fed distance is used for 
proper impedance matching in UWB range. Even by varying 

L = 24  

23 

7 

 

2.6 

l = 17  

11 

 

11th International Conference on Microwaves, Antenna, Propagation & Remote Sensing 
ICMARS-2015, Jodhpur, INDIA, Dec. 15 – 17, 2015

227



the height of the patch antenna effects the return loss and the 
resonant frequencies. With increase in the height of the patch 
the return loss decreases which implies poor impedance 
matching. 

Fig. 4. of VSWR shows that good impedance matching is 
observed at frequency 4 GHz and 8.5 GHz in UWB range. 

Fig. 4. VSWR of the proposed slot antenna fed by CPW. 

Fig. 5. shows that the main lobe magnitude is 18.1 voltage 
(dBV/m) at frequency 4 GHz for E-plane. Fig. 6. shows that 
the main lobe magnitude is 17.7 voltage (dBV/m) at frequency 
8.5 GHz for E-plane with slot antenna width of 0.65𝜆𝑔 
designed using FR-4 substrate having 𝜀𝑟= 4.3. It has been 
observed that the gain of antenna increases from 3.0 dB to 4.8 
dB with frequency 3.57 GHz to 10.6 GHz in UWB range. 

Fig. 5. Simulated radiation pattern of proposed antenna for frequency 4 GHz  
(E-plane) yz plane. 

Fig. 6. Simulated radiation pattern of proposed antenna for frequency 8.5 GHz 
(E-plane) yz plane. 

Fig. 7. Simulated radiation pattern of proposed antenna for frequency 8.5 GHz 
(H-plane) xz plane.

Current density of the CPW slot antenna with slits on the 
ground plane at 8.5 GHz as shown in Fig. 7. As proper current 
distribution near the edges of the slot and in the patch with 
maximum radiation is possible. 

Fig. 7. Current distribution of CPW fed antenna at frequency 8.5 GHz. 
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Fig 8. Fabricated CPW-Fed UWB Slot Antenna. 

IV. CONCLUSION

 CPW fed compact slot antenna with slits on the ground 
plane for UWB is proposed. Good impedance matching is 
accomplished with slot antenna at frequency 4 GHz and 8.5 
GHz with dual band characteristics in UWB frequency range 
(3.57 GHz-12.83 GHz). Proposed antenna exhibit low 
dispersion by using CPW feeding mechanism, broadside 
radiation patterns and low cross polarization. Simulated results 
illustrate that proposed antenna has better –10 dB return loss at 
resonant frequencies 4 GHz and 8.5 GHz through UWB. Based 
on these characteristics compact slot antennas fed by CPW 
with slits on the ground plane is suitable for navigation systems 
and in communication applications. 
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Abstract— In this paper, we have designed a new structure 
for band pass filter by using 2-D photonic crystals which can be 
used for the applications of course wavelength division 
multiplexing (CWDM).  This structure is designed on the basis of 
coupling between the waveguide and circular photonic crystal 
ring resonator (PCRR).  Opti-FTDT TM software is used for 
knowing the normalized transmission spectra the circular PCRR. 
Plane wave expansion (PWE) method is used to calculate the 
photonic band gap. Approximately 93% efficiency of output is 
observed in this simulation. The overall size of the structure is 
13µmx11.5µm. 

Keywords— Photonc Crystal Ring resonator, Opti-FDTD, 
Band –gap, Band Pass filter. 

I. INTRODUCTION

An optical filter is an essential optical device that allows to 
pass a specific wavelength of light. It is widely used in various 
applications such as optical sensors [1], optical data storage 
devices [2], optical imaging [3] and optical communication 
related devices [4]. Conventionally, it can be realized which is 
based on multilayer thin film [5], birefringent crystal [6], and 
optical fibers [7]. The sizes of these components are quite 
large, ranging in the order of millimeters to centimeters.  So, by 
the help of conventional devices we are not able to fabricate 
the devices in the range of nano scale. For the fabrication of 
devices on nano-scale photonic crystals [8] is a good option for 
us. Two-dimensional (2-D) or Three-Dimensional (3-D) 
photonic crystal having a periodic structure, attracted many 
researcher attentions towards photonic crystals due to ability to 
control the light at wavelength scale and the ability to change 
the density of electromagnetic states inside the crystal. Now a 
day the increasing demands of high performance information 
and scientific computation devices is increasing [9-10]. 
The technology of these circuits is called integrated optics. 
A waveguide is a structure that guides waves, such 
as electromagnetic waves or sound waves. They enable a 
signal to propagate with minimal loss of energy by restricting 
expansion to one-dimension, or two dimensions. An 
optical ring resonator is a set of waveguides in which at least 
one is a closed loop coupled to some sort of light input and 

output. At certain frequencies the transmission of light is 
absolute zero, which is called as photonic band gap. Normally 
photonic crystals consist of a periodic dielectric nano 
structure. By introducing the line defects and point defects in 
these period structures the photonic band gap varies and there 
are many methods to calculate band gap, but the most prefers 
method is a plane wave expansion (PWE) method. As we 
know each method has its own pros and cons even PWE 
method also have some limitations like it cannot extract 
transmission spectra, field distribution and back reflection. To 
calculate the spectrum of the power 

Transmission, we use finite difference time domain 
(FDTD) method. In this research a numerical approach, based 
on the 2D FDTD has been developed and employed to analyze 
and optimize a new design. From few years, both 
experimentally and theoretically some photonic crystal based 
optical devices are proposed, few of them are add-drop 
filter[11],  power splitter[12],  multiplexers[13-14], directional 
couplers[15], switches[16], waveguide[17],  triplexes[18], 
band-stop filter[19], band-pass filter[20], Mach-Zehnder 
modulators and dispersion compensator also PC waveguide 
can be implemented as optical filter into wavelength division 
multiplexing(WDM). WDM is a technology which multiplexes 
a number of optical signals onto single optical fibers by using 
different wavelengths of laser light.  

In this paper, we proposed a new design of optical band 
drop filter (OBDFs) which is based on photonic crystal based 
ring resonators(PCRRs). 

The performance of  the device is calculated by the 2-D 
Opti-FDTD software, which is totally based upon the finite 
difference time domain(FDTD) method. In the proposed filter, 
the backward reflection of light is eliminated to a certain extent 
and we achieve the dropping efficiency approximately more 
than 95% and forward, dropping efficiency up to 98% can be 
achieved in  a  third communication window. This new device 
provides a possibility of channel drop filter and can be used in 
future communication application in the form of routers, 
switches etc. 

11th International Conference on Microwaves, Antenna, Propagation & Remote Sensing 
ICMARS-2015, Jodhpur, INDIA, Dec. 15 – 17, 2015

230



II. DESIGN PROCEDURE

In order to simulate and evaluate the characteristics of the 
two dimensional photonic crystal ring resonator based filter, 
finite difference time domain  method is used. The building 
block of our optical filter comprising of a photonic crystal 
cavity which is  vertical coupled to the bus waveguide as 
indicated in below Fig.1. These lattice structures are composed 
of the silicon rods embedded in air substrate. The rod is made 
of silicon with the refractive index of 3.464. The distance 
between two adjacent rods is 555nm, which is called the lattice 
constant and it is denoted by ‘a’. The radius of the rod is 0.1µm 
and the array of rods is 23×21. 

. 
  Fig.1 Photonic crystal filer with resonator 

Here Photonic crystal ring resonator (PCRR) is formed by 
introducing defects in the shape of a rectangular lattice into 
Two-Dimensional photonic crystal slab. The PCRR has some 
advantages, such as high Q factor, small mode volume, 
scalability in size, flexibility in mode design due to their 
multimode nature, adaptability in structure design due to 
numerous design parameters and flexibility design of backward 
and forward dropping for channel drop filters[16]. 

For proper coupling of light between two modes, Two 
conditions must be satisfied; First is a spatial overlap must 
exists between the evanescent parts of the modes and they have 
matching K-vectors. This is obtained by optimizing the 
physical overlap between the two modes and the second 
condition is small mode volume. Due to this small mode 
volume, the corresponding Fourier space distribution or K-
space distribution expands, that provides a rich distribution of 
K-vectors that may match that of the bus waveguide.  Fig. 2 
shows the  electric field pattern of the waveguide. 

   Fig.2. Electric field pattern of a waveguide 

From the figure 2. it is clear that the transmission of light 
does not occur properly so, we don’t get any output at port B. 
The Main objective of this paper is to obtain desired operating 
wavelength and this can be achieved by modification of  the 
photonic crystal resonator cavity. With a suitably designed PC 
cavity, matching may be achieved in a large mode area, low 
refractive index contrast waveguide. This is a particularly 
powerful means of coupling a low index waveguide to a 
photonic crystal resonator, allowing very high efficiencies be 
attained, while creating the minimum perturbation to the 
resonator mode. 

  Fig.3. Band diagram of ring resonator based waveguide 

 From the simulation results, we observe that the band-gap 
is obtained only in the transverse electric medium, we don’t 
obtain any band-gap in the transverse magnetic medium. Here 
the light source used is a continuous wave light source which 
has a wavelength ‘λ’ i.e. 1.9µm and I/P transverse field is 
Gaussian. In Fig. 1. Single ring photonic crystal ring resonator 
design represents a two dimensional photonic crystal based 
band pass filter for c-band of CWDM applications. We 
obtained band gap of 0.257813 (fig. 3). 

  Fig.4.Normalized transmission spectra of single ring PCRR 
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As shown in fig.4 the output of the resonator is not 
accurate. To improve the obtained output we are introducing a 
new design as shown in fig.5. 

  Fig.5.Schematic of double ring resonator waveguide 

The design of the ring resonator with two circular ring 
resonators is as shown in the above structure. To reduce the 
reflection a 60º bend has been introduced at port C. 
Continuous signal is given as input through port A and out is 
observed at port B.  

III. NUMERICAL SIMULATION AND DISCUSSION

The transmission characteristics were  simulated with the 
help of Opti-FDTD software, which is based upon  2D- FDTD 
technique and  perfectly matched layers (PMLs) are used for 
absorbing additional computational point. The FDTD grid size 
and time step are Δx = Δy. Simulation is done up to 50,000 
time steps. For obtaining the transmission spectra (Power at the 
different-2 ports) observation points  were placed at each of the 
ports  to collect the transmitted spectral power density after 
Fourier transformation. 

   Fig.6. Transmission spectra 

When Continuous wave passes through the input port then 
it coupled in the resonator and then after it appear on the output 
port and obtained a 93% efficient output at port B in between 
the wavelengths 1530nm to 1570 nm. The normalized 
transmission spectrum is obtained as shown in the fig.6. 

 7(a) 

 7(b) 

 7 (c) 
 Fig.7 (a), 7(b), 7(c) electric field pattern of ring resonator 

The fig 7(a), 7(b) & 7(c) depicts the electric field pattern of 
the new design at different wavelengths. At the resonance 
wavelength 1555nm the output is obtained .But at 1525 and 
1575nm the wave will reflect backwards and output will not be 
obtained. The band gap of 0.230937 is obtained. The band 
diagram of the ring resonator is as shown in the fig.8 

  Fig.8.band diagram of ring resonator waveuide 
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IV. CONCLUSION
This photonic crystal ring resonator is used to design a BPF. 
We have obtained required BPF and the output is scrutinized 
through simulation. Approximately 93% efficient output is 
obtained at wavelengths ranging from 1547 to 1554nm.The 
band gap can be varied by changing the refractive index of the 
rods. If the radius of the rod increases, then the output 
efficiency will increase at middle band. The overall size of the 
designed chip will be about 13µm x11.5µm. 
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Abstract— This photonic ring resonator is used to find the  
Photonic Band Gap for different refractive indices and its 
application, in the field of sensors. The Photonic Band Gap 
of a waveguide depends upon both the size and refractive 
index of the rods. Here the waveguide consists of ring 
resonator which is fabricated with a silicon material. This 
structure is used for sensing purpose of different types of 
organic as well as inorganic materials, here we started it 
by taking sample as air whose refractive index is 1 and as 
we increase the refractive index of the samples we observe 
that photonic band gap gradually decreases. 

Keywords— Photonic Crystal Ring resonator, Opti-FDTD, 
Band –gap, Band Pass filter.

I.  INTRODUCTION 
The science of using photonic crystals[1,2] is rapidly 
developing and receives special attention by the scientists and 
researchers. Photonic Crystals (PCs) are composed of periodic 
dielectric nanostructures that have alternate low or high 
dielectric constant materials (refractive index) in one, two or 
three dimension(s), which possesses Photonic Band Gap 
(PBG), PBG is the unique property of the photonic crystal 
where the transmission of light in certain frequency range is 
absolutely zero[3]. Photonic crystals are very suitable 
candidates for the realization of future active as well as 
passive optical devices because of their ability to control light-
wave propagation at ultra high speed and they have a long life 
period and suitability to integrate in order of the wavelength of 
the light. The device on which many optical components are 
integrated is called photonic integrated circuit. The technology 
of these circuits is called integrated optics. The structures are 
designed by introducing line defects, point defects, or both 
defects in the structure so as to design a device in the PBG 
region. In these structures, the periodicity and thus the 
completeness of the band gap are disturbed and the 
propagation of light can be localized in the PBG region. This 
can lead to design of PC based optical devices in the PBG 
region. 

In recent years, many of optical devices are reported based 
on PCs such as add-drop filter [4], power splitters [5], 
multiplexers [6,7], directional couplers [8],switches [9], 
waveguides [10], triplexers [11], bandstop filters[12], 
bandpass filters [13] and so on. Along with these applications, 
these Photonic crystals are also used as a sensor which are 
used to detect the concentration of the solutions, it is detected 
with the help of refractive indices since every concentration 
has different refractive indices depending on this parameter 
these photonic Crystals are also used as a sensors. Here the 
proposed structure is used to find the Photonic Band Gap for 
different refractive indices. 

In this paper, we proposed a new design of optical sensor 
which is based on photonic crystal based ring 
resonators(PCRRs). The performance of the device is 
calculated by the 2-D Opti-FDTD software, which is totally 
based upon the finite difference time domain(FDTD) method. 

II. DESIGN PROCEDURE

The waveguide used for the sensor consists of a 
perfect square lattice containing matrix of 21 × 21 silicon rods. 
This PC structure is used for sensing purposes. In the 
designing of this sensor we use the silicon rods whose major 
and minor axis are equal and radius is kept as 0.0912μm, and 
the distance between two adjacent rods which is known as 
lattice constant ‘a’ is 0.456 nm and the refractive index of the 
rods is equal to 3.45. The sensor is designed by introducing 
defects in the crystal. We have introduced two line defects, 
one acts as input to the light and other acts as an output. In 
between these defects we made a ring resonator by introducing 
defects. The structure of Photonic ring resonator is given in 
fig.1. We apply continuous wave as a light source with wave 
length ‘λ’ that is 1.55µm and I/P transverse field is Gaussian. 
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. 
Fig.1 Photonic crystal resonator based optical sensor

With the help of this structure we can find the Photonic Band 
Gap for different solutions. This Photonic Band gap is 
determined with the help of Plane Wave Expansion(PWE) 
method [14]. In order to determine the Photonic Band Gap, we 
have to place the crystal in our required medium. Initially rods 
are in the air as a sensing medium. This sensing medium can 
be changed or modified based on our needs, which means 
changing its background refractive indices. We did experiment 
on this structure with different refractive indices and observed 
the corresponding Photonic Band Gap. All the information 
about the results are tabulated in the Table.1 Simulation has 
been done by Finite Difference Time Domain (FDTD) method 
and the PBG has been calculated by Plane Wave Expansion 
(PWE) method. 

For proper coupling of light between two modes, Two 
conditions must be satisfied; First is a spatial overlap must 
exists between the evanescent parts of the modes and they 
have matching K-vectors. This is obtained by optimizing the 
physical overlap between the two modes and the second 
condition is small mode volume. Due to this small mode 
volume, the corresponding Fourier space distribution or K-
space distribution expands, that provides a rich distribution of 
K-vectors that may match that of the bus waveguide. 

III. NUMERICAL SIMULATION AND DISCUSSION

The Band gap is calculated with the help of Opti-
FDTD software, which is based upon 2D- FDTD technique 
and perfectly matched layers (PMLs) are used for absorbing 
additional computational point. The FDTD grid size and time 
step are Δx = Δy. First, take air as a sensing medium, later 
gradually increasing the step size of the background refractive 
index by 0.02 and we observe its corresponding photonic band 
gap which is tabulated in Table.1 From the table we observe 
by varying the refractive indices the corresponding photonic 

band gap also varies. The photonic band gap reduces from the 
lower value of refractive indices to higher value. Therefore, it 
is concluded that photonic band gap is inversely proportional 
to the refractive index of the sensing medium. 

Refractive Index Photonic Band Gap 
1.00 0.294574 
1.02 0.285354 
1.04 0.276139 
1.06 0.26695 
1.08 0.257801 
1.10 0.248708 
1.12 0.239685 
1.14 0.230742 
1.16 0.221892 
1.18 0.213144 
1.20 0.204507 
1.22 0.195987 
1.24 0.187593 
1.26 0.17933 
1.28 0.171201 
1.30 0.163212 
1.32 0.155363 
1.34 0.147665 
1.36 0.14011 
1.38 0.132703 
1.40 0.125444 
1.42 0.118335 
1.44 0.111374 
1.46 0.104563 
1.47 0.0 
1.48 0.0 
1.50 0.0 

Table1: Band Gap for corresponding Refractive Indices

The experiment is performed by initially taking refractive 
index as 1 and continued till we get the Photonic Band Gap as  
‘zero’. At refractive index 1, we observed Photonic band Gap 
as 0.294574 which is the maximum Band Gap we have 
achieved for our samples, photonic band gap can be observed 
in fig.2. 

Fig2: Band gap when refractive index is 1 
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By increasing the refractive index to 1.02 we achieved a 
Photonic Band gap of 0.285354 which is reduced 
corresponding to the previous band gap as shown in fig 3. 

Fig.3: Band gap diagram when refractive index is 1.02

Now, by again increasing the refractive index from 1.02 to 
1.04 we get a PBG of 0.276139 which is less in comparison 
with previous one. 

Fig: 4 Band gap diagram at refractive index 1.04.

By increasing the refractive index again and again beyond 
1.48, we can obtain a band-gap equal to zero. 

Fig.6: Graph between refractive index an Photonic Band Gap

With the help of this structure we can sense organic and 
inorganic substances. For example, our human body contains 
0-15mg/dl amount of glucose which can exist in urine and 
have a refractive index of 1.3355. Below Table.2 provides a 
refractive index of different concentration of glucose and our 
sensor is able to detect these range of glucose in the sample. 

Sample Refractive Index 
Normal 1.335 (0-15mg/dl) 

1.25 gm/dl 1.337 

2.5 gm/dl 1.338 

5 gm/dl 1.341 

10 gm/dl 1.347 

Fig: 5 Band gap diagram at refractive index 1.04.

A graph is plotted between the refractive index and photonic 
band gap by using the values from the tabular column. Fig.6 
represents the graph between Refractive index and photonic 
band gap. The PBG values linearly decrease with increase in 
refractive indices which is shown in the Fig.6. At refractive 
index 1.474 the photonic band gap is zero, from this point we 
are getting Photonic Band Gap as zero. Thus, for this structure 
Photonic Band Gap is varying w.r.t refractive index till 1.474. 
Later onwards it is zero. 

Table 2: Refractive index of different type of glucose 

So, with the help of this sensor we are able to calculate the 
PBG a refractive index of the unknown samples. 

IV. CONCLUSION

The proposed photonic ring resonator structure based sensor is 
designed and simulated using Opti-FDTDTM simulation tool.
The sensor can detect any organic and inorganic 
concentrations in 
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Abstract—Stacked form of microstrip patch antennas having 
versatile performance characteristics have been explored 
through a literature survey. Work done on various prominent 
performance characteristics like dual band, multiband and 
broadband published by various researchers in last few years 
have been covered along with design approach of various stacked 
patch antennas (SPA). Future trend of possible research on 
stacked patch antennas for their analysis, design and 
optimization have also been discussed in brief. 

Keywords— Stacked patch antenna, multiband, broadband,
analysis, optimization 

I. INTRODUCTION 
Increasing requirements of wireless technology has brought 
the low profile antennas like microstrip patch antenna to the 
forefront. There are numerous advantages of microstrip 
antenna light weight, low volume, low profile, planer 
conformal configurations, low fabrication cast etc. Microstrip 
antennas are compatible with modular design (solid state 
design such as oscillators, amplifiers, variable attenuators, 
switches, modulators, mixers, phase shifters etc. Hence they 
can be added directly to the antenna substrate board. Major 
limiting factor for the widespread application of these 
antennas is their narrow bandwidth (typically 1–5%), losses 
due to conductor and dielectrics, radiation in to half plane, 
poor radiation performance and possibility of excitation of 
surface waves. To suppress surface waves careful design and 
fabrications is required. Enhancing the performance of 
microstrip patch antenna using stacked patches is a core 
research issue now days.  
     Ever since the concept of stacked configuration of patch 
antennas was introduced in planar antenna technology, 
somewhere during the end of 70’s, researchers have 
investigated the technology from various angles, like different 
feeding techniques, different patch shapes, effect of various 
combinations of dielectrics, broad banding, miniaturizations, 
and multi-frequency operation with different polarizations. 
Different techniques have been developed for its analysis. The 
need for bandwidth enhancement of planar antennas can be 
seen from the vast literature which includes books devoted 
specially to this topic. Although several theoretical and 

experimental results have been reported in the literature, on 
the design side, the work is very much limited. 

        Phenomenon of stacking is based on the concept of 
resonant circuits where coupling occurs between patch 
element and parasitic elements which are tuned slightly at 
different frequencies. There are two limitations of planar 
coupled resonators, first the overall size of the antenna 
increases and secondly the radiation pattern may vary over the 
range of frequency. Hence instead of using the planar-coupled 
technique, new technique can be adopted in which two or 
more patches on different layers of the dielectric substrates are 
stacked on each other. This phenomenon would be like multi 
resonant circuits which are tuned slightly at different 
frequencies. Hence overall band width increases. This method 
increases the overall height of the antenna but the size in the 
planar direction remains the same as that of the single-patch 
antenna. These techniques can yield bandwidth up to 70% 
(VSWR ≤ 2) and the variation of the radiation pattern over the 
impedance bandwidth is small. In this report, few 
characteristics like dual band, multiband and broadband, have 
been covered and discussed as follows.    

II. DUAL BAND STACKED PATCH ANTENNAS

In some applications there is a need for antenna to be 
operated on two different, distinct frequencies which may be 
far apart.  The behaviour of these antenna characteristics for 
the range of intermediate frequency may be little or no 
concern. Dual band behaviour is useful in applications such 
space vehicle module where transmission and reception bands 
are covered simultaneously by one antenna.  Stacked patch 
arrangement is able to fulfil this requirement.  

         For achieving dual band behaviour of 
antenna, several attempts have been done earlier. Some of the 
examples from the published literature have been discussed in 
this report as follows.  In the geometry mentioned in [1], dual 
frequency behaviour of pair of stacked circular disk antenna 
has been investigated (Fig.1). Through proper choice of 
diameter and spacing between them, two separate resonances 
can be found and adjusted. On the smith chart, two distinct 
circles have been seen (Fig.2). Each of these circles crossing 
the right hand real axis corresponding to one of the two 
desired resonance.  
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 Experiment in [2] shows that dual frequency stacked annular 
ring microstrip antenna is capable of providing dual frequency 
characteristics. It consists a two stacked annular ring of  outer 
radii  5 cm and inner radii 2.5 cm  fabricated on duroid 
substrate  (εr = 2.32, same for both) and thickness ( t = 0.159 
cm, same for both ) and fed by  coaxial probe (Fig.3). The 
lower ring couple through the fringe field only. The overall 
structure is like two coupled ring cavities. Since fringing field 
is different for two cavities, their effective inner and outer 
radii are different even though their physical dimension is 
same, consequently two resonant frequencies are generated. 
Dual frequency performance can be refereed from table 5.  

   Due to multi resonance property, the stack patch antenna 
can also operate at dual band, provided its dimensions are 

properly chosen [3]. Multifunctional aperture coupled stack 
patch antenna consists two rectangular patch elements, lower 
one fed by microstrip line and has aperture on it (Lp1 = 
15.88mm, Lp2  = 16mm,  Wp1 = 15.1 mm, Wp2 = 24.04 ,  εrag 
=2.33,  εfro = 10.2 , Lap = 11.6mm, Warp =0.95,  ad = 6.35,  do 
= 2.54,  h = 3.175mm,  Ls= 3.7mm,  x1 = 0.44mm,  x2 = 0mm, 
y1 =  y2 =  0mm ,   cap = yap = 0 mm ). The coupling aperture 
length was fixed at about λ/2 within the substrate to ensure the 
maximum energy coupling (Fig. 4). By choosing relative 
dimensions properly dual resonance behaviour can be 
achieved (Fig.5). At lower band, bandwidth is 20 % and at 
higher band bandwidth nearly 3% is achieved. 

Article in [4] has described the design and testing of dual band 
(1227 & 1575 MHz) aperture coupled circular polarized 
antenna used for GPS system in order to provide maximum 
positioning accuracy. Its geometry consists ground plane 
having crossed slot feed supported by feed substrate having 
microstrip feed network (Fig. 6). Bottom rectangular patch is 
etched on the droid substrate spaced with lower cross slot 
plane by foam layer. At the top there is a rectangular patch 
etched on dielectric substrate duroid which is spaced with 
bottom patch by foam layer (foam substrates thickness for 
both layer   is 0.635cm and duroid layer thickness is  0.079 cm, 
bottom patch = 8.35 cm2,  upper patch = 7.90 cm2, slot length 
= 5.1 cm). Dual frequency response (1227 & 1575 MHz) has 
been shown in Fig. 7. 

2a1 

2a2 

d1, εr1 

d2, εr2 Circular disc 

Feed 

Fig 1. Stacked circular disc antenna structure 

Fig 2. Smith chart plot for input impedance  

Fig.3. Geometry of stacked annular ring microstrip antenna. 

Fig.4. Aperture coupled stacked patch antenna.  

 

Fig. 5. Return loss plot for aperture coupled stacked patch antenna.  
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Air filled planner antenna with short circuited elements fed by 
coaxial probe for dual band characteristics has been 
investigated in [5]. Dual frequency S antenna is designed with 
two stacked opposed λ/4 elements obtained by folding (Fig.8). 
Lower patch was fed coaxially at the midpoint of longer side. 
Rectangular plot of VSWR and frequency, exhibits FLs = 1.55 
GHz and FHs = 2.2 GHz (bandwidth 8- 10%). Both measured 
and simulated results were well agreed (Fig.9). 

Short circuit plane
L1s

L2s

H1s

Ws

H2s

Ground  plane

y

xz

feed

The dual frequency operation can also be achieved by 
arranging two pair of triangular stacked patches in an ‘H plane 
opposite vertex (HO) and feeding both stacked pair by 
separate probe for two different bands [6]. To demonstrate this 
four arrangement  i.e. E plane same vertex (ES), E plane 
opposite vertex (EO), H Plane same vertex (HS), H plane 
opposite vertex (HO) were fabricated and tested for minimum 
mutual coupling (maximum isolation ) with small   spacing. 

III. MULTIBAND STACKED PATCH ANTENNAS

Multiple frequency capability is more important than a 
wide band capability, where the antenna designer has to 
compete with trade-offs between bandwidth and radiation 
performance. Multi frequency antenna system focuses only 
the frequency of interest. To give multi-frequency operation, 
the key is to have the radiators relatively independent. A 
mobile communication base station system requires multi 
frequency operation.  In order to cover several operating 
frequency several broadband antenna has been proposed 
earlier.  Geometry in [7] use multiple stacked elements which 
presents multi frequency behaviour i.e. five operating bands 
with similar gain. All patches are squared shape. Top square 
patch is fed by coaxial probe through an etched capacitor as 
shown in Fig. 10.  This etched capacitor cancel the high 
inductance effect of the coaxial probe and thus antenna can be 
properly matched to reference 50 ohm impedance. Five 
resonant frequency are observed on VSWR and frequency plot 
(Fig 11). Here bandwidth for first and last band is 5 % and 2% 
for middle band. Gain varies 7 to 9 db as mentioned in Table 1. 
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Fig.7. Measured return loss of GPS antenna. 

 

Fig.6. Geometry of stacked microstrip patch GPS antenna. 

Fig. 8. Geometry of S-antenna.  

Fig.  9. VSWR response of S-antenna  

Fig. 10. Geometry of S-antenna.  
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IV. BROADBAND STACKED PATCH ANTENNAS

The bandwidth of microstrip patch antenna could be defined 
in terms of its VSWR or input impedance variation with 
frequency. For the circularly polarized antenna bandwidth is 
defined in terms of the axial ratio (AR). The bandwidth is 
usually specified as a ‘frequency range over which VSWR is 
less than two (return loss 9.5 dB)’. The BW of the MPA is 
inversely proportional to its quality factor Q and is given by 
[8].  

)1(1
VSWRQ

VSWRBW −
=

The expressions for approximately calculating the percentage 
bandwidth of the  rectangular microstrip antenna in terms of 
patch dimensions (L,W)  and substrate parameters (εr)  is 
given by [8]. Where A is a constant. 

)2(%
0 L

WAhBW
λ

=

The bandwidth of the MPAs can be increased by increasing 
substrate thickness, decreasing the dielectric constant and 
coupling resonators in planar or stacked configurations. 
Bandwidth enhancement can be achieved by using of 
electrically thick element and reducing substrate permittivity 
(εr). Increasing substrate thickness reduces the Q of antenna 
so improve bandwidth, but it reduces compactness, increases 
cross polarization and increase the surface wave excitation, 
which deteriorate the quality of the radiation. There are many 
methods available to enhance the bandwidth of the microstrip 
antenna. These have been covered in published literature. 
Some of the important methods are as described as follows. 

Electrically thick microstrip patch antenna elements are 
difficult to excite at microwave frequency. A feeding 
technique has been presented in [9], which circumvent this 
difficulty. If the element is fed by a coaxial probe, probe 
introduces a series inductive reactance proportional to the 
substrate thickness, which prevents proper matching. For a 
probe, inductance XL is given by [3] 

)3(577.02ln120 0

0








−





=

d
hX L π

λ
λ
π

Inductive probe reactance has been compensated by a lumped 
series capacitance incorporated into the element structure. In 
the geometry (Fig. 12 (a)) a flat head is machined on the top 
of the probe and is spaced from the antenna patch by a thin 
dielectric layer. In case of proposed feed returned loss 
performance is better than direct feed (Fig.12 (b)).  

The geometry described in [10] uses the concept of stacked 
triangular patches to get the broad bandwidth as well as dual 
frequency behaviour.  There is triangular patch on the 
dielectric layer (height h1=1.6mm, εr = 2.55) supported by 
ground plane. Top element of same dimension having 
dielectric layer (h2=h1) is placed on this coaxially fed lower 
patch (Fig. 13), which is spaced by foam layer (thickness t = 5 
mm). Impedance bandwidth was measured for various 
thickness of the foam layer. It was found that impedance 
bandwidth increases with thickness of foam   till 6% in lower 
resonance and increases till 17.5% in upper resonance. Several 
three layer stacked triangular microstrip antennas using 
various combination were experimented at S band frequency 
range 3.1 GHz to 3.81GHz (centre frequency 3.407GHz). 

Band f0(GHz) BW (%) Gain (dB) fl/fo 
1 
2 
3 
4 
5 

1.634 
1.819 
1.954 
2.092 
2.289 

5.5 
2.0 
2.7 
1.5 
5.3 

9.2 
8.4 
7.6 
6.9 
7.3 

- 
1.113 
1.195 
1.280 
1.4 

Copper patch 

Ground plane 
Foam 

Kapton 

h1 

h2 

ε1 

ε2 

D’ 

D
d 

 Fig.12. Geometry of proposed technique.  

Fig. 11. Return loss and gain plot 
   

TABLE I BW and Gain results 
   

Fig. 12. (a) Return loss for (a) proposed (b) direct feed.  
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Dual frequency behaviour and bandwidth from 5- 17.5 % 
(with VSWR <2) were obtained. 

Aperture feed enhances the bandwidth of antenna. This 
phenomenon has been demonstrated in [11]. In this geometry, 
as shown in Fig.14, the resonant patch couples to the slot near 
its resonance and increases bandwidth. Size and location of 
loop decides the amount of coupling and impedance match. In 
this case 25% bandwidth at C band (4- 6 GHz) with VSWR < 
1.6 was achieved. From the smith chart, good agreement 
between theory and measurement has been observed.  

The bandwidth of millimetre wave microstrip antenna 
depends largely on the physical parameters of the structure. 
Literature in [12] describes K- band aperture coupled stacked 
micros tip antenna, where wide band operation at microwave 
frequency has been demonstrated. It consists one slot and two 

stacked rectangular patch resonators. Effect of five parameters 
W2 (dimension of upper square patch), W1 (dimension of 
lower square patch), H2, H1 (thickness of the two substrate), 
and A1(Aw) size of coupling slot has been demonstrated with 
the help of rectangular and smith chart plot.  In the smith chart 
plot, it can be seen that top patch impedance locus contains a 
loop which implies its coupling to the resonance of the slot. In 
this modal bandwidth greater than 20 % has been achieved. 
Literature in [13] demonstrates the enhancement of bandwidth 
and comparison between the two feed techniques i.e. coaxial 
feed and aperture feed.  Three configurations were fabricated 
for investigation. In first configuration coaxial fed multilayer 
rectangular antenna with two patches are fabricated. In this 
case bandwidth increases because of coupling between two 
patches. In second configuration multilayer antenna with two 
resonators (slot and patch) fed by electromagnetic coupling 
microstrip line was fabricated. In this case bandwidth 
increases due to coupling near resonance between slot and 
patch. In third configuration multilayer antenna with three 
resonators (slot and two patches) fed by microstrip line, 
coupling involves two patches and slot. Large bandwidth as 
well as high gain has been achieved in structure mentioned in 
[14]. It consists four identical rectangular patches (2 × 2) as 
shown in  Fig.15,  uniformly displaced within a rectangular 
aperture and fed electromagnetically by a driven patch fed by 
microstrip line etched on a lower substrate (εr for both layer 
=   2.55, H1   =  1.58mm,  L1 =  20 mm,  W1 =  16mm,   L2 = 
21.3 mm,  W2 = 20mm) 

In this arrangement good coupling with four parasitic patches 
results larger bandwidth  and resonance mode of each patch 
are excited in phase so high gain results. In this configuration 
number of parameters i.e. spacing between patches etc. can be 
used to optimize the performance. 
Aperture coupled stacked patch antenna can further enhances 
the bandwidth using thick substrate. This fact has been 
demonstrated in [15]. Geometry of this structure (Wf  = 4.75 
mm,  Ls  =  3.4 mm,  εrf  =  2.2,  tan δf = 0.0009 ,  df = 1.6mm, 
S1 = 10 mm, Sw = 0.8 mm , εr1 =  2.2, tan δf1  = 0.0009 ,  d1 =  
3.175mm ,  L1 =  W1 =  9.1 mm,   εr2  =  1.07,  tan δf2 = 
0.0009,  d2 = 3 mm,  L2  =  W2  =  10 mm) has been shown in 
Fig.16. In this structure electrically thick substrate is used so 
that antenna patch can act as low Q resonator. Because large 
aperture is used in the design so high level of coupling to the 

L2

W2 

Sx 

Sy 

L1 

W1 

Fig. 13. Geometry and impedance plot of proposed antenna.  

Fig. 14.  Configuration of proposed stacked patch 
 

Fig.  15. Proposed antenna [14].  

 

11th International Conference on Microwaves, Antenna, Propagation & Remote Sensing 
ICMARS-2015, Jodhpur, INDIA, Dec. 15 – 17, 2015

242



feed line is results. Two resonant loops occur in the smith 
chart near the centre of chart because of three coupled 
resonances by two patches and that of aperture. Addition of 
second resonant loop results in a large increase in bandwidth 
over the stacked patch. A bandwidth 51.5% cantered at 9.1 
GHz is computed and 52.5% at centre frequency 8.92 GHz 
was measured.  

A large bandwidth and  high gain  as results in [14] can  also 
be obtained using two circular parasitic elements stacked over 
the circular element fed by microstrip line as demonstrated in 
[16]. In this structure one parasitic element increases 
impedance bandwidth and other increases gain. Feed element 
is driven by micros trip line while two parasitic elements are 
supported by foam substrate with low dielectric loss as shown 
in Fig.17. There are two cases to be considered. Consider case 
one where two elements (one feed element and one lower 
patch) excluding upper patch element were used. In this case 6% 
- 12% bandwidth was observed due to two distinct resonance 
frequencies. Consider case two where two elements (one feed 
element and one upper most patch) excluding lower patch 
were used. In this case relative gain 1.0 to 3.0 db was obtained. 
By adjusting radius and height of second upper patch, 
maximum gain 3.5 db can be achieved. 

Gain and band width can be further improved if slots are 
made in lower patch of two element stacked patch antenna. 

This idea was demonstrated in [17]. In this geometry   there 
are two circular patches (each 25 mm diameter) on two 
dielectric layers having same dielectric constant. There are 
two configurations to be considered. In first configuration 
there is a patch without slot. In second configuration there is a 
patch with two pair of linear slot (Fig. 18). In this 
configuration 26 % bandwidth was obtained.  

The proposed broadband antenna in [18] is composed by ‘A 
rectangular patch’ ‘U slot patch antenna’ and ‘L shaped 
probe’ .U slot is etched on the patch so that capacitance is 
introduced in parallel with the probe inductance, which in turn 
creates another resonance near the resonance of the patch and 
eventually overall bandwidth improves. Design strategy for 
probe feed stacked patches for bandwidth in excess of 25 % 
has been presented in [19]. Its geometry  has a three structure 
(a) Rectangular patches ( two patches,  one  probe driven and 
one stacked )  (b) Circular patches (one  probe driven and one 
stacked ) (c) Annular ring patches ( one  probe driven and one 
stacked). A broadband probe fed stacked E shaped patch 
antenna is proposed in [20]. Use of second patch (Fig. 19 and 
Fig. 20) above E shaped patch gives another resonant point, 
which is introduced to obtain wide input impedance  

bandwidth 38.41%, which is better than conventional E 
shaped microstrip patch where input impedance bandwidth 
was 33.8% (Table 2).  

Fig. 16. Wideband aperture coupled stacked patch antenna.  

Fig.  17.  Geometry of stacked patch antenna.

 

Fig. 18. Proposed antenna geometry. 

 

Fig. 
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V. CONCLUSION 

. Authors of various research papers have analysed 
multilayer stacked microstrip patch antenna through the 
various methods. It has been found that stacked microstrip 
patch antenna is capable of removing the short comings of 
conventional Microstrip Patch Antenna (MPA) like aperture 
coupling in multilayer microstrip antenna reduces the 
possibility of surface wave excitation because of less 
possibility of discontinuity due to feeding nature. Also it has 
been found from the literature survey that optimizing the 
various parameters of multilayer microstrip patch antenna, 
overall radiation performance i.e. bandwidth, cross polar level, 
impedance matching, FBR, size, polarization, gain etc. can be 
improved. However for better design, rather than trial and 
error method, one has to look for other methods like 
softcomputing based methods, which can give quick response.  
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Gain 
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Fig. 20. VSWR plot of Stacked E-shaped patch antenna. 

TABLE II Performance comparison E-shaped antenna 
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Abstract— This paper presents the designing of profiled 
corrugated horn antenna based on an Adaptive Neuro Fuzzy 
Inference System (ANFIS). The horn geometrical parameters can 
be acquired accurately with an application of the proposed 
ANFIS based synthesis technique. The dimensions obtained 
through the proposed technique were almost similar to that by 
the software based on finite element method. This technique can 
compute the optimum horn design parameters with very high 
accuracy using minimum computational resources and 
computing time. 
 
Keywords— Adaptive Neuro Fuzzy Inference System, profile 
corrugated horn, synthesis technique, edge taper, return-loss, 
cross polar isolation 

I. INTRODUCTION 
Corrugated horn is widely used as a feed for reflector 

antennas. The superior performance of corrugated horn 
expands the utilization of it. The major advantages of 
corrugated horn are very low side-lobe level and cross 
polarization over a wide bandwidth [1], [2]. To obtain such 
performance, the horn geometrical parameters need to be 
optimised very accurately. The optimization of profiled 
corrugated horn antennas for specific application using 
conventional mode matching technique requires very high 
computational resources and time. These constraints can be 
overcome by using soft computing techniques. It has been 
found in [3]–[5] that these techniques can be used in 
optimization with high accuracy in short processing time, 
without high computational resources. These techniques can 
be used for analysis and synthesis of microstrip antennas [6], 
fractal antennas, pyramidal and conical horn antennas [3]. 

Adadptive Neuro Fuzzy Inference system (ANFIS) is very 
robust technique which can approximate the behaviour of the 
characteristics of any system [7]. It is a combination of 
Artificial Neural Network (ANN) and Fuzzy Logic (FL). 

This paper includes optimized ANFIS models for designing 
the sine squared profile corrugated horns with the center 
frequency of 10 GHz. The analysis and synthesis using 
ANFIS network is covered in section II. The developed 
ANFIS model and results are discussed in section III followed 
by conclusions in section IV. 

II. MODELLING OF ANFIS NETWORK USING SYNTHESIS 
TECHNIQUE 

Analysis and synthesis are two divergent techniques which 
can be used to train an ANFIS structure [8]. The synthesis 
technique is basically a feedback loop system implemented to 
develop an ANFIS model which is having design parameters 
as the input and performance parameters as the output. The 
model is trained by the input-output dataset, and tuning of the 
network is done with parameters like number of epochs, 
number of membership functions and type of membership 
function. After satisfactory training of the model, it can 
directly be used in synthesis for obtaining the design 
parameters. For synthesis of the ANFIS model, it is kept in 
parallel with the commercial horn design software in 
backward direction as shown in Fig. 1. 

To train ANFIS network, edge taper (at 25°, 27°), return-
loss (in dB) and cross polar isolation (in dB) as inputs and 
design parameters of horn as outputs are fed as input-output 
training dataset. Here, the synthesis with ANFIS network is 
used to obtain the profiled corrugated horn dimensions such as 
aperture radius (R) and length (L) of a horn. For the proposed 
technique, only two design parameters (aperture radius and 
length) are considered as output parameters. Other parameters 
of corrugated horn are kept constant. For training the ANFIS 
models, required data sets were generated by following the 
specifications given in [9], [10] using High Frequency 
Structure Simulator (HFSS). 

 

 
Fig. 1  Training of ANFIS network using synthesis technique 

 
 

III. DEVELOPMENT OF ANFIS MODELS FOR DESIGNING A 
CORRUGATED HORN ANTENNA 

This section includes the proposed ANFIS model 
developed for obtaining geometrical parameters of sine 
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squared profile corrugated horn antennas with the center 
frequency of 10 GHz. The development process consists of 
training of ANFIS structure using synthesis and testing of it. 
Fig. 2 shows the generic ANFIS structure with two models, 
each having multiple networks, trained by multiple ANFIS 
membership functions namely trapezoidal, triangular, bell and 
gaussian. Use of these multiple functions ensures the accurate 
outputs. Both the models are given horn specifications, such 
as edge taper (dB), return-loss (dB) and cross polar isolation 
(dB) as inputs and the aperture radius (R) and length (L) of 
horns are obtained as outputs. To train each of the network of 
model-1, number of epochs used are 70 while for model-2, 
each network is trained with 10 epochs. The number of 
membership functions used for training of each network is 2 
in case of model-1 and 4, 2, 2, 2 in case of model-2. These 
values are selected after very exhaustive optimization. A logic 
unit is designed to extract the value from the network outputs 
by mutual comparison. Each of the network output is 
compared with others in successive manner. Outputs having 
minimum difference are averaged for final dimensions. 

Fig. 2  Layout of a generic ANFIS model 

Similarly, model-2 was optimized. Once, the model was 
trained successfully, it was tested for its effectiveness. For all 
the test data, the results were found in close approximation 
with the results obtained through commercially available horn 
design software. The comparison for several test cases is 
given in Table I. 

TABLE I 
COMPARISON OF RESULTS 

Inputs to ANFIS Model Comparison of Outputs 
Edge 

taper at 
25° 

(in dB) 

Edge 
taper at 

27° 
(in dB) 

Return 
loss 

(in dB) 

Cross 
polar 

isolation 
(in dB) 

Actual 
radius 

(in mm) 

Radius obtained 
from proposed 
ANFIS model 

(in mm) 

Actual 
length 

(in mm) 

Length obtained 
from proposed 
ANFIS model 

(in mm) 
10.531 11.7999 -32.6617 -22.3859 60 60.0001 100 99.9939 

13.9775 15.1036 -35.152 -34.2443 60 59.9998 132 131.5349 

16.8315 17.8931 -36.6088 -34.7507 60 60.0005 167 166.6296 

20.1387 21.2132 -33.8371 -41.1426 60 60.0013 230 230.0249 

3.5315 4.0585 -28.5882 -30.5885 20 20.0228 163.8 163.8001 

16.0701 18.3981 -32.3897 -35.0082 52 51.9664 163.8 163.8000 

7.7698 9.3509 -16.828 -19.9667 107 106.9206 163.8 163.8000 

7.8742 9.1874 -27.2718 -19.6622 140 139.8173 163.8 163.7999 

IV. CONCLUSIONS

In this paper, ANFIS models are proposed to overcome the 
limitations of conventional mode matching technique, 
specifically for designing of sine squared profile corrugated 
horn antenna with center frequency of 10 GHz. The proposed 
technique can obtain the geometrical parameters with high 
accuracy in very less computation time as compared to the 
conventional horn design techniques. Optimized training of 
the ANFIS models is done such that the error in geometrical 
parameters of a horn is below 5 %. 
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Abstract - The paper presents the design of an FPGA based 
reconfigurable digital modulator supporting BPSK, QPSK, 8-PSK, 
8-QAM, 16-QAM and 32-QAM modulation schemes. A digital pre-
modulation filter is implemented to achieve side lobe suppression of 
-40 dB with respect to the main lobe of the modulated signal. The 
filter response can be tailored to meet stringent restrictions on the 
out-of-band emissions. Also, with the availability of high speed 
FPGAs supporting DSP architectures, the design is envisaged to 
support high bit rates of about 200 Mbps per data stream, where the 
number of data streams is dependent on the chosen modulation 
scheme. 
Keywords— Digital Modulator, M-PSK, QAM, Pre-modulation, 
RRC filter 

I. INTRODUCTION 
Recent advances in technology in the field of 

FPGAs has resulted in increased gate count, higher 
clock speeds and integration of several functions 
like dedicated high-speed hardware multipliers, 
PLLs, embedded processors etc. These features 
enable FPGAs to be used for implementing digital 
modulators [1-6]. Design of digital modulators 
based on analog and digital techniques has been an 
active area of research [7-11]. In this paper, we 
propose the design of an FPGA based re-
configurable digital modulator.  

Design re-configurability feature results in 
advantages such as flexibility in choosing the 
carrier frequency and bit-rate, provision to choose 
modulation scheme for a given application, 
implementation of different types of digital pre-
modulation filter to restrict out of band emission, 
provision to alter pass-band characteristics of the 
pre-modulation filter based on the chosen bit-rate 
and modulation scheme. 

The digital nature of FPGA based modulator 
offers repeatability in system performance and 
capability to meet stringent specifications on the 
pre-modulation filter by employing a higher order 
digital filter. 

The paper describes the design and 
implementation of a re-configurable digital 
modulator. The concept can be utilized for 
realization of high speed digital modulators. 

Section II of this paper describes the design 
methodology adopted in our approach. Simulation 
results are presented as Proof-of-Concept in Section 
III. Advantages of the proposed approach are
discussed in Section IV and conclusions are 
presented in Section V. 

II. DESIGN METHODOLOGY

The proposed design consists of five major 
functional blocks (Fig. 1) – Mapper, Pre-
modulation Filter, Numerically Controlled 
Oscillator (NCO), Mixer and Adder. The number of 
data streams reaching the mapper are dependent on 
the modulation scheme (Table 1).  

Fig. 1 Block schematic of reconfigurable digital modulator 

Based on the selected modulation scheme and its 
constellation, the incoming modulating data is 
mapped into I and Q signals by the Mapper. 
Constellation diagram of 16 QAM used for 
mapping is shown as an example in Fig. 2. Grey 
code has been implemented for achieving better 
BER performance. 

Fig. 2 Constellation diagram for 16 QAM used for mapping 
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I and Q signals exhibiting sharp rising and falling 
edges result in signal power being distributed into 
the side lobes causing significant out-of-band 
emissions. Theoretically, the first side lobe is 
approximately 13 dB down in comparison with the 
main lobe. To achieve further reduction in side lobe 
levels, a pre-modulation filter is used to 
appropriately shape the I and Q signals.  

Numerically Controlled Oscillator (NCO) is 
proposed for generating In-phase and Quadrature 
Intermediate Frequency (IF) carriers. The I and Q 
signals, after pulse shaping, are multiplied with in-
phase and quadrature carriers and added to get 
modulated output.  

III. DEMONSTRATION OF PROOF-OF-CONCEPT

The proposed approach is simulated for different 
modulation schemes as Proof-of-Concept. Pulse 
shaping by pre-modulation filter using Gaussian 
and RRC filters are studied (Figs. 3 and 4). The 
suppression of side lobe levels in frequency domain 
is demonstrated by simulation (Figs. 5, 6).  

(a)                                               (b) 
Fig. 3a Impulse response of Gaussian filter (29 taps) 

Fig. 3b Data subjected to pre-modulation filtering (Gaussian) 

(a)                                               (b) 
Fig. 4a Impulse response of RRC filter (65 taps) 

Fig. 4b Data subjected to pre-modulation filtering (RRC) 

(a)                                                       (b) 
Fig. 5a Time domain waveform of pre-modulated BPSK signal 

Fig. 5b Spectrum of pre-modulated BPSK signal

(a)                                               (b)      

Fig. 6a Time domain waveform of pre-modulated 16 QAM signal 
Fig. 6b Spectrum of pre-modulated 16 QAM signal 

(a)                                               (b)      

Fig. 7a Time domain waveform of pre-modulated QPSK signal 
Fig. 7b Spectrum of pre-modulated QPSK signal (Gaussian filter) 

(a)                                               (b)      

Fig. 8a Time domain waveform of pre-modulated QPSK signal 
Fig. 8b Spectrum of pre-modulated QPSK signal (RRC filter) 

The time domain and spectral plots for the same 
modulation scheme (QPSK) obtained using 
Gaussian and RRC pre-modulation filters are shown 
in Figs. 7 and 8 respectively. 

IV. DISCUSSION

The two major advantages offered by the 
proposed approach namely suppression of side 
lobes in modulated signal and flexibility in setting 
the carrier frequency are discussed in this section. 
Suppression of side lobe levels in modulated signal: 

The inherent issue of out-of-band emissions 
associated with digital modulation schemes is 
addressed by incorporating a pre-modulation filter. 
Results obtained by using Root-Raised-Cosine 
(RRC) and Gaussian pre-modulation filters are 
compared. It is shown that an RRC filter having 65 
taps or a Gaussian filter having 29 taps can be used 
to achieve 40 dB suppression in side lobe levels 
(Figs. 5-8). 
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Provision for selecting the carrier frequency: 
NCO based IF carrier generation is proposed. 32-

bit phase accumulator considered for the NCO adds 
flexibility to the design in fine-tuning the IF carrier 
frequency. For example, frequency resolution of 
116 mHz can be achieved for a reference clock 
frequency of 500 MHz. 

V. CONCLUSIONS 
An all digital approach for implementation of 

MPSK and QAM modulations is discussed. The 
approach is highly flexible in terms of choosing the 
modulation scheme, data rate, carrier frequency 
apart from provision to tailor the pre-modulation 
filter characteristics. The proposed approach is 
envisaged to support bit rates up to 200 Mbps per 
data stream when the hardware is clocked at 500 
MHz. 
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Abstract—Stacked microstrip patch antennas with multiple 
design variables having broadband performance characteristics 
has been analysed through the artificial neural network (ANN) 
capability. Back propagation error correcting algorithm has 
been employed, in order to establish that.  Analysis of such kind 
of antenna through the simulator is time consuming whereas 
ANN proves to be faster due to the computational code developed 
for the algorithm. Few antennas have been fabricated in the 
microwave laboratory and measured through the vector network 
analyzer (VNA). Thereby the methodology for analysis is 
verified. 
 
Keywords— Stacked patch antenna, artificial neural network, 
error back propagation code, multilayer perceptron.   

I. INTRODUCTION 
Due to exponential growth in wireless communications users, 
traffic load is increasing.  This is leading to the congestion and 
intervention in frequency.  Therefore service vendors are now 
looking for broad-band spectrum for their use.  In order to 
meet this requirement, the broad-band antennas are being 
designed. The deployment of patch antenna in advanced 
practice is limited due to its inborn narrow bandwidth.  A 
bandwidth of the antenna can be expanded by increasing the 
thickness of substrate, using the substrate material with low 
value of the dielectric constant, or arranging patches in a 
stacked form [1].  Designers are practicing last option; in 
which bandwidth is being increased electromagnetically 
linking patches in stacked form [2-8]. A tactic of stacking 
copper patches have revealed to yield bandwidth of the order 
of 20% (voltage standing wave ratio = 2). Even, better broad-
band results have been obtained using E-shaped stacked 
copper patches [9-16].  In our work, E-shaped copper patch 
has been constructed creating slots in the lower square patch. 
     Analysis and design broadband resonator with complex 
shaped patches is a difficult task due to large number of 
physical variables.  Therefore, analysis by hit-and-trial 
approach becomes complicated. At present, as a substitute of 
the classical approach, the design task of analysis of the 
antenna is carried out using economically available 
electromagnetic simulation tools (EMST). There are varieties 
of commercially available simulator packages like IE3D, 
FEKO, CST, MAGIC, and HFSS. These packages are based 

on the various numerical techniques like MOM, FEM, and 
FDTD. These are computationally intensive. In order to 
analyse antenna through simulation, different parameters of 
dielectric layers and patch geometry need to be varied and 
taken in to the consideration and several random simulations 
are required to be done so overall time of computation is 
more. Through this research work, analysis strategy of 
broadband stacked E-shaped microstrip patch antenna using 
biologically motivated techniques viz. ANN, have been 
presented.  In order to accomplish the objective of antenna 
analysis we have used the function mapping features of ANN 
algorithm, and evaluated the performances. The significance 
of ANN is there to find out the instantaneous resonant 
frequency and bandwidth, in response to the selected 
geometrical parameters of the antenna. The soundness of the 
suggested methodology has been cross-checked with IE3D 
computer simulator and experimental outcomes established in 
the microwave laboratory.         

II. RECOMMENDED STACKED PATCH ANTENNA 
Three dimensional sight of a recommended resonator structure 
under design and development is shown in Fig. 1.  This 
structure comprises two metallic (copper) patches. Both 
patches, viz.  A lower patch, and   upper patch, are square in 
shape and are separated by a adjustable air-layer width. A 
lower square patch is supported by finite size dielectric layer 
having metallic (copper) ground plane.  In order to excite 
lower patch through the microwave source, a fine hole is 
drilled in ground plane and dielectric layer. Then inner 
conductor of coaxial male connector is allowed to enter in to 
the hole until it touches lower copper patch. Outer metallic 
body of the coaxial connector is soldered on the ground plane. 
We have chosen a lower patch for excitation.  
                                 It has been observed that, if dimensions 
of the radiating patches and other geometrical design 
parameters of the resonator are chosen properly, stacked patch 
antenna can act as a single broadband resonance resonator. 
Furthermore, stacked microstrip patch resonators with E-
shaped radiating patch have shown single broadband response 
[9, 11, 12] till larger extend. In view of this, a simplified E-
shaped patch was taken as the bottom patch in the proposed 
work. In order to form E-shaped patch, two parallel slots are 
incorporated into the lower patch of a microstrip resonator. 
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Arms of the ‘E-shaped’ copper patch give extra broad 
resonance. The dielectric material (foam) of both the sheet 
were chosen with εr1 (=εr3) ~ 1.25 (loss tangent, tanδ = 
0.0025).  The lower dielectric width (h1) was kept fixed at 
10.8 mm, but the upper dielectric was chosen little bit thinner 
one (h3 = 5.4 mm.). Available air-layer width in the middle of 
both the patches provides additional liberty to handle the 
frequency and bandwidth. The reason behind the selection of 
this specific geometry is to design stacked microstrip patch 
resonators that can give a single broad resonance at any 
frequency within the range 1 GHz - 10 GHz and any 
bandwidth within the range 20 % - 45 %.  

III. ANN MODEL DEVELOPMENT

In order to develop ANN fast model, the geometrical 
parameters of stacked microstrip patch antenna are needed to 
map with the corresponding resonant frequency and 
bandwidth. Thereby a well trained and tested ANN black-box 
module is constructed [18]. This module is evolved to analyze 
the broadband resonance stacked microstrip patch antenna for 
any single resonance frequency within the range 1 GHz-10 
GHz. The network is capable to work for a maximum 
resonance impedance bandwidth of 45%. This module helps 
to bypass the reiterational use of the simulator. Since the reply 
of ANN module is very fast, it drastically cut shorts the 
response time of a particular stacked patch structure. In 
addition to constant parameters (h1 = 10.8 mm, εr1 = 1.2, εr2 = 
1, h3 = 5.4 mm, εr3 = 1.2), the different variable parameters of 
the E-shape microstrip patch resonator (side length of E-

shaped patch L1, length of upper square patch L2, width 
between two patches h2, length of slot ls, width of slot ws, 
position of slot ps and feed point location xf) were taken for 
training data production through simulation. These input 
parameters were varied in predefined range and IE3D [17] 
simulations were executed to produce the data set for the 
ANN module construction. An idea about reference values 
and range of input variable parameters (Table I) of E-shaped 
and square patch was taken from the approximation basis [9-
16]. In  the present case we have taken the feed point location 
(xf , yf ) as a partial variable parameter, where  xf was varied 
from 7 mm to 20 mm and  yf was fixed (= 0) for all the 
simulation performed for data production. The h3 was fixed at 
5.4 mm and εr3  was chosen fixed at 1.25 (foam). A 3×12×2 
multilayer perceptron (MLP) well trained in the 
backpropagation error correcting mode was employed for the 
training [18]. In MLPs, the crucial role of hidden layer 
neurons is for the computations. The hidden layer neurons are 
having sigmoidal transfer functions.  Since sigmoidal transfer 
function cannot touch the values 0 and 1 (or -1 and 1), so few 
more data were included in the training data set that are away 
from 1- 10 GHz spectrum, on the both side.  

. 

After setting the network parameters like number of neurons, 
number of layers etc., the network was subjected to training. 
In order to evolve the ANN module, first data set is produced 
through the simulator as shown in the Fig 2. 

Para 
meters 

L1
(mm) 

h1 
(mm) 

εr1 h2 
(mm) 

εr2 L2

Initial 35 10.8 1.25 9 1.0 38 

Variation 20-80 fixed fixed 5 - 15 fixed 20-50 

Parameters ls 
(mm) 

Ps
(mm) 

ws 
(mm) 

Xf 
(mm) 

Yf 

Initial 35 12 3 12 0 

Variation 15-60 4-20 2-5 7-20 fixed 
F 

xf 

L1 

L1 

c 

ls 
ws 

ps 

Fig.1. Expanded view of multivariable stacked patch antenna. 

Table 1: Antenna variable parameters 
 

Figure 2: Neuro training conceptual diagram  

ANN weight  
and bias 

Target, t 

Training 
error, (t-d) 

ANN 
Output d 

Input, y 

 Simulator
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The set of input and associated output pair will be training 
data for ANN. For any input (y), ANN response (d) is 
compared with the target i.e. simulator output t, and error (d-t) 
is observed. This procedure is reiterated and weight and bias 
values (W, B) of ANN are adjusted until the fixed error 
criterion is met. During training, the performance of the ANN 
was observed epoch by epoch, and the error curve is shown in 
Fig. 3. Procedure of ANN training was repeated until the 
minimum error goal is. Once the goal is achieved, the weights 
and biases of the trained ANN were reserved for further use. 
The validity of the trained neural network module was tested 
with the test data set which was kept reserved for this purpose 
only. Its performance was cross-verified with experimental 
and simulation result.  

IV. RESULTS AND DISCUSSION

The recommended parameters of the trained ANN are listed as 
follows; the selected architecture 3×12×2. Algorithm applied 
back propagation (LM), The total layers three. The number of 
neurons in layers, 3 and 12.  The number of epochs, 500, fixed 
error goal 10-4.  Moment o coefficient 0.7, learning rate 0.72, 
and total training samples 1000. Training samples 750, and 
testing samples 250. The |S11| (reflection coefficient, dB) plot 
for simulated and measured structure is shown in Fig. 6. 
Numerical results for a typical case are depicted as follows. 
The input parameters of the antenna are: L1 (40 mm), L2 (30 
mm), h2 (10 mm), xf (13 mm), ws (4 mm), ls (32 mm), and ps 
(14 mm).In response to these parameters ANN delivers 
resonance frequency, fr (2.66 GHz) and bandwidth, BW 
(29.50 %).Whereas IE3D response was fr (2.65 GHz) and 
bandwidth, BW (28.72 %). The experimental values are; fr 
(2.57 GHz) and bandwidth, BW (27.62 %).  The constant 
parameter were; h1 = 10.8 mm, εr1 = 1.2, εr2 = 1, h3 = 5.4 
mm, εr3 = 1.2), The close affinity between the ANN outputs, 
simulation and experimental outcomes can be marked.  

V. CONCLUSION 

 The task of E-shaped stacked microstrip patch antenna design 
was taken-up as an analysis problem and executed through the 
ANN back propagation algorithm. The moto behind the 
proposal of this technique for antenna analysis is that this is a 
computer-aided analysis technique.  Since the physical 
dimensional parameters in a stacked microstrip patch 
resonator are relatively large in number, therefore this 
technique needed to be tested. A well trained and matured 
ANN module was developed in order to impalement it. This 
eliminates the reiterational need of the electromagnetic 
simulator to alter different physical variables, and 
exceptionally diminishes the analysis time-span. In order to 
examine the skill of the refined ANN module, a stacked patch 
resonator was developed, designing and fabricating in the 
1GHz-10 GHz frequency range. Its experimental performance 
was compared with the simulated outcome.  The resonators 
were designed for wireless applications depending on the 
training range of the ANN module. Broad-band stacked 
microstrip patch resonators having bandwidth up to 45% has 
been analysed in the entire 1-10 GHz frequency range using 
the developed technique. The results obtained from this 
method were cross checked with simulation and experimental 

Fig.3. ANN performances plot. 

Fig.4. ANN regression plot.  

fr  (GHz) 

L1 

L2 

h2 

BW (%) 

12

ls 

ps 

ws 

xf 3

2

1

1

Fig.5. Developed ANN model. 

Fig.6. Reflection coefficient plot.  
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results.  The closeness in the graphical and numerical results 
as shown in the figure varifies the authenticity of the 
developed methodology.  
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Abstract—This paper presents a Radio Frequency 
Microelectromechanical (RF MEMS) Metal Contact series 
switch with H-shaped cantilever beam for wireless 
applications.  The proposed switch is fabricated on a 
silicon substrate with coplanar waveguide (CPW) as the 
transmission line.  The switch exhibits a low pull-in 
response of 10V and 30.2695 MPa of maximum Mises 
stress under actuation condition.  The insertion loss is in 
the range of -1.05 dB to -9.40 dB at closed position and 
isolation is in the range of -94.51 dB to -90.80 dB at open 
position.  
 
 Keywords— RF MEMS, Switch, Pull-in response, Isolation, 
Insertion Loss. 

I. INTRODUCTION 
The basic function of a switch is to complete or break a 

conduction path. This simple task becomes more complicated 
at RF frequencies due to the electromagnetic wave nature of 
the signal. In order to make the switch to operate at RF 
frequencies, it has to be designed at specific band of 
frequencies and match the characteristic impedance of the 
system.  PIN diode and GaAs MOSFET are some of the solid 
state counter parts to RF MEMS switch.  But the performance 
of these devices drops as the frequency increases.  For low to 
medium power applications, the isolation of RF MEMS 
switches is superior to solid state devices.   The low power 
consumption, low insertion loss and high linearity of the 
devices are the other parameters that motivate the 
development of RF MEMS switches. 

The main challenge for RF MEMS switches are related to 
the actuation voltage, switching time, reliability and the 
packaging of the devices [1] [2].  In this paper a metal contact 
RF MEMS series switch with an H-shaped cantilever beam is 
proposed.  The proposed structure shows an improvement in 
the performance of the series switch in terms of pull-in 
response, isolation, insertion loss and return loss.  The 
proposed H-shaped structure provides large displacements and 
contact forces, to achieve the lower capacitive coupling in the 
OFF state which increases the isolation of the switch [3] [4].  
A Key parameter of the resistive RF-MEMS switch is the 

contact resistance, which determines the device down-state 
insertion loss.  The contact resistance is influenced by the 
combination of a number of elements such as material 
properties, contact area, contact force, adherence force and 
temperature due to the current flow through the contact [2].  In 
the proposed design aluminium is made as the contact 
material. Section II briefs the design consideration of the 
proposed switch.  Section III illustrates the virtual fabrication 
process involved in the design.  Section IV discusses the 
stimulated results. 

II. DESIGN CONSIDERATION 
The geometry of the proposed design is shown in fig.1.  

The proposed RF MEMS switch has a moveable top H-shaped 
cantilever beam fixed with two anchors.  It consists of two 
contact pad at the other end elevated above the bottom output 
signal line. Silicon with a relative dielectric constant of 11.9 
and thickness 50µm is used as the substrate material on which 
the switch is designed.  The cantilever beam is suspended 
above the coplanar wave guide (CPW) transmission line with 
50Ω characteristic impedance.  The top and the bottom 
electrodes are made of aluminium with 1µm thickness.  A 
0.1µm thickness of silicon nitride with a relative dielectric 
constant of 7 is deposited over the bottom electrode to avoid 
direct metal contact during actuation. The air gap between the 
bottom and the top electrode is 1.5µm.  The geometrical 
dimensions of the proposed switch are shown in Table I.  

 
(i) Beam Dimension 
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(ii) Top View 

(iii) Side View 

Fig. 1 Geomentry of the Proposed Switch. 

TABLE I 

SPECIFICATIONS OF THE PROPOSED SWITCH 

Sl.
No Component Length

(µm) 
Width 
(µm) 

Thickness 
(µm) Material 

1 Substrate 1000 1000 50 Silicon 

2 CPW 
(G S G) 1000 

100 -
G 

80 -S 
1 

Aluminium 

3 Beam 350 100 1 Aluminium 

4 Electrode 100 100 1 Aluminium 

5 Dielectric 
layer 100 100 0.1 Silicon 

Nitrate 

When a DC voltage is applied between the top and the 
bottom electrode, an electrostatic force is created and the 
beam bends down thereby reducing the gap between the beam 
and the signal line. The reduced gap between the cantilever 
beam and signal line in turn increase the electrostatic forces. 
At certain voltage, the electrostatic force overcomes the 
mechanical stress limit of the beam causing the system to be 

unstable and the gap collapses.  This critical voltage is called 
pull-in voltage or actuation voltage [5] [7]. The Pull-in voltage 
of the proposed switch was theoretically calculated as 8V by 
using the formula as in equation 1 [6]. 

Vp = �8kz03

27AƐ0
  (1). 

Where k is the spring constant of the cantilever beam, z0 is 
the initial gap height between the beam and the signal line, Ɛ0 
is the permittivity of air, 8.854 × 10-12 F/m and A is the area 
of the beam namely the width (w) and the length (l)  w × l. 

III. VIRTUAL FABRICATION PROCESS

The fabrication was carried out using surface 
micromachining techniques by using IntelliFab, a process 
simulation module in Intellisuite@.  Silicon of 50µm thickness 
was used as the substrate. A 3.5 µm of PR-S1800 is used as 
the photo resist material for masking by spin coating. The first 
metal aluminium of 1µm thickness for CPW was deposited 
through E-beam evaporation and patterned.  In order to avoid 
metal-to-metal contact Si3N4 (Silicon nitride) layer of 0.1µm 
thickness was deposited using PECVD and patterned over the 
actuation electrode.  The anchor was realized by using an 
opening through the sacrificial layer.  The beam structure with 
1 µm thickness was realized using RF sputter deposition of 
aluminium.  The sacrificial layer is etched out using plasma 
etching. 

IV. RESULT AND DISCUSSION

A. Mechanical Analysis 
The switch is actuated when the gap between the beam and 

the signal line is reduced.  The simulated pull-in voltage 
between the cantilever beam and the signal line is predicted to 
be 10V as shown in fig.2.  The switch exhibits a maximum 
displacement of 1.99581 × 10-5 µm with an actuation voltage 
from 0 to 20 V as shown in fig. 3. 

Fig. 2 Displacement Vs Voltage. 
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Fig. 3 Displacement of the switch. 
    The stimulated Misses stress is shown in the Fig.4.  The 
maximum Misses stress under actuated condition is found to 
be 30.2695 MPa. 
 

 
 

Fig. 4 Stress Analysis. 
 

B. EM simulations 
 

EM simulation of the proposed switch is performed using 
Ansoft HFSS tools.  The switch was simulated both in the up-
state and in the down sate position to calculate the isolation 
and the insertion loss. 

In the up-sate the switch had isolation (S21) of -90.80 dB 
at 12 GHz as shown in fig 5.  The return loss in the up-state 
was found to be -9.710 dB at 12 GHz as shown in fig 6. 

 

 
Fig. 5 Isolation (s21) in the up-state. 

 

 
  

Fig. 6 Return Loss (S11) in up-state. 
 

 In the down-state the switch exhibits an insertion loss 
(S21) of -9.40 dB at 12 GHz as shown in fig.7. The return loss 
in the down-state is found to be -3.3 dB at 12 GHz as shown 
in fig.8. 

 
 

Fig. 7 Insertion Loss (S21) in down-state. 

 
 

Fig. 8 Return Loss (S11) in down-state. 
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V. CONCLUSION 
A RF MEMS metal contact series switch with H-Shaped 

cantilever beam was proposed. The switch had a very low 
pull-in voltage of about 10 V. With maximum displacement 
of 1.99581 × 10-5 µm and Mises stress of about 30.2695 MPa.   

The switch was designed to operate in the frequency range of 
0 to 12 GHz. It showed an insertion loss of -1.05 dB to -9.40 
dB in down-state and isolation of -94.51 dB to -90.80 dB in 
the up-state.  The unique structure and the material chosen 
ensure easy fabrication of the switch with high reliability and 
high power handling capability. The above characteristics 
make the switch suitable for wireless applications.  
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Abstract - A novel CPW fed U shaped antenna is proposed for 
Wi-Max applications. Wi-Max Antennas has become a highly 
competitive and emerging technology in the industry 
communities of telecommunication. It is useful in monitoring 
and control the movement of objects and also helps in 
tracking of the goods in industries without the use of physical 
contact in a convenient way, but still some radiation loss 
occurs. To minimize the radiation loss of the antenna using 
this system, a compact antenna at 5.55GHz frequency is to be 
designed and analyzed with different substrate such as RT-
Duroid and FR4 Substrate to provide the better results 
efficiently. A study of the understanding of the antenna 
performance as a function of its dielectric parameters of the 
environment in which it is affixed was performed. Simulations 
in various slot widths, structures and dimensions state 
demonstrate that the antenna covers the complete Wi-Max 
frequency of 5.55GHz for the applications. This antenna is to 
be simulated using IE3D simulator software and expected to 
give wide impedance bandwidth, stable radiation pattern and 
constant gain. 

I INTRODUCTION 

In this modern brand era of  electronics and communication 
world,wireless communication has made a huge revolution 
with perfect attention on innovation on making huge and 
affordable products and new designs into the market, 
especially if we discuss about worldwide interoperability for 
microwave access i.e (WIMAX) with the frequency  of 
5.55GHZ band was done a pretty remarkable one,Generally 
monopole antennas installed in the wireless devices has dual 
resonances 2.4GHZ and 5.55GHZ,in the early research the 
antennas are based on SIW i.e substrate integrated waveguide 
and with the result of wireless communication system more 
application have been deployed on mobile wireless dongles 
with smaller size and lighter weight. 

Some of the antennas, partially gives average performance 
and may be poor. sometimes due to deformation of the 
dielectric material and another one of the losses which is quite 

challenging to design makers is interference between the 
narrow band and wide band, so achieve this by making narrow 
band into wideband by CPW waveguides such as asymmetric 
CPW-fed antenna and therefore integrating these antenna for 
high expected results than the predicted one. the antennas 
which is using in today is unavoidable, In general wideband 
antenna with the length and width of some slots are sensitive 
to operating frequencies and bandwidth, so sometimes its 
difficult to obtain desired frequencies and bandwidth one of 
the general technique to avoid interference approximately 
from the recent analysis to apply various slots of predefined 
structures on the radiating and the ground plane and  it is hard 
to extend these designs to support multi services due to cost of 
fabrication, the choice of substrate is difficult for circuit 
design, good thermal, mechanical and dielectric properties are 
required to achieve circuits with high electrical performance if 
there is just one conductive and one dielectric layer.  

So CPW fed and probe fed techniques can be used for the 
antenna design owing to ease of fabrication and 
implementation. the idea of meta material motivated to 
enhance the antenna performance is not pertinent to IFAs but 
also to monopole. These meta materials gives conceptual 
ways for implementing small resonant antennas.  These IFAs 
are somehow provides more valuable space saving solutions 
with respect to traditional patches due to their compact size 
and the problem of high dielectric substrate can be overcome 
and also they cannot be used in integrated circuits, by using 
MNG the substrate becomes lossy which results in low 
radiation efficiency, thus low profile antenna with specific 
radiation pattern and relatively wide bandwidth has to be 
employed where it reduces the SAR. the antenna which is 
proposed in these paper is flexible and compact which makes 
it to suitable for target application. 

Therefore MTMS have double positive characteristics on first 
band and double negative characteristics on second band. 
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These frequency bands are chosen away that there will be 
lower loss and dispersive effect in meta substrate. if we 
discuss about the coplanar waveguide it is uniplanar , signal 
tracing and ground planes are on the side where this allows for 
easy integration with lumped elements. active devices as the 
need for substrate is eliminated, so its preserves the advantage 
of uniplanar where the microstrip feed gives more design 
specifications for tuning the impedance matching, the poor 
matching not only results in reflection loss but also degrades 
the performances of the circuit connected to the antenna. one 
peculiar motivation of antenna is to develop the suitable 
integration in commercial product. if the compact antenna is 
integrated and installed in a wireless device, its characteristics 
is strongly influenced by the device because there is no shield 
present between the antenna .  and the issue of designing an 
planar antenna which is appropriate in size and works good 
due to the contained high profile. it involves multilayer 
fabrication process although a reflector patch element is used 
to control the back radiated field. 
 
Normally the multiband antennas used in the mobile  phones 
are planar monopole or PIFA(planar inverted f antenna) but 
somehow they are installed on rigid FR-4 and are not 
compatible with conformed requirements. dual or triple band 
antennas are used as an wide band antenna to generate 
multiple operating bands. each frequency band can be easily 
satisfied for the broadband character due to the impedance 
matching . some multiband antennas with band notched 
properties will be predicted not only to eliminate the 
destructive interference but also to eliminate the need for an 
extra band stop filter. The use of external band stop filter to 
eliminate the interfacing bands increases the system 
complexity and size, although size of the antenna has been 
reduced and they have single band notched properties so these 
antennas have been employed to wireless communication, 
imaging and sensor network, after the integration and further 
processing techniques the antenna what we will discuss in the 
next session resonates with the frequency of 5.55 GHz is 
affordable and they are implemented on similar substrates. 
 
The previous studies says that folded dipole antenna (FDA) 
which is able to satisfy 2.5/3.5ghz bands is reported as an 
wide band antenna and the performance of the monopole 
antenna  and the gradual increase in suitability in operating 
frequency for the Wi-Max has been proved in the following 
whole representation, monopole antenna  it is demonstrated 
that the polarization of antenna originate from obtained 
surface currents controlled by the physical aspects of  feed 
coplanar wave guide, the manufacturing cost of the proposed 
antenna can be reduced after the implementation of the units, 

the proposed antenna is very compact and supports digital 
wireless protocols and thus can be used for mobile application 
as well  

The radiation pattern of the antenna is viewed in both 2D and 
3D and the maximum radiation is noted down and analysed 
will be demonstrated in the next session  if  we checkout the 
antenna design speacification it is designed in such a way that 
it has given attentive coupled feed to the y-wing shaped one 
with the length of  45mm and the width of 30mm and the feed 
is in the length of 2mm. 

The impedance bandwidth is more and it is verified in the 
represention of the next sheets and for the further analysis and 
performance of the entire operation is shown in s-parameter, 
z-parameter and various graphical analysis are shown in the 
following discussed session 
 

 
Fig.1  Design Architecture 
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II ANTENNA DESIGN 

 
Fig.2 Geometrical view of proposed antenna (All dimensions 

are in mm) 

 

The proposed antenna is designed to operate in an 5.55GHZ 
band and it is fed by a CPW (coplanar wave guide) which 
gives a single layer fabrication process and it is printed on the 
same side with radiating element and coplanar waveguide.  
 
iThe dimensions of proposed antenna length is 45mm and 
width is 30mm with  RT Duroid substrate (dielectric constant 
of 10.2 and loss tangent of .0001).  Since it results the good 
balance of physical, chemical, electrical properties with a low 
loss tangent over a wide frequency range and the RT Duroid 
offers a very low profile with a dielectric strength of 3500-
7000 volts/mil and a temperature rating of -65 to 150 degrees 
centigrade the electrical length of the monopole. In addition to 
the ground plane size controls the resonant frequency of the 
antenna which is designed to resonate at 5.55GHz.  
 

III RESULTS AND DISCUSSION 
 

To estimate the performance of the proposed antenna, the 
antenna is first simulated using the IE3D simulator. To 
examine the wide band coverage of the antenna, the effects of 

adjusting the antenna parameters are investigated. The 
analysis of the antenna for different parameter values has been 
carried out by varying one parameter and keeping all the other 
parameters as constant. The process of simulation is based on 
the above flow chart as depicted in Fig.1.  
The proposed antenna has to be fabricated using RT Duroid 
substrate as shown in Fig.3. Then the fabricated antenna has to 
be measured in order to get the required outputs. The 
measurement setup model of proposed CPW fed antenna is 
shown in Fig.4. Then compare both the simulated and the 
measured outputs, if both seems to be equal then antenna has 
been satisfied. 
 
Return loss   
 
The measured and simulated return loss characteristics of the 
proposed CPW fed antenna is illustrated in Fig.3.  It is evident 
that the simulation result shows the resonant frequency and 
bandwidth of the antenna with a reasonable accuracy. It is 
seen experimentally that the CPW fed strip monopole is 
resonating at 5.55 GHz, covering the broader impedance 
bandwidth as shown in Fig.3 and Fig.4. The calculated 2:1 
VSWR bandwidths cover a frequency range from 5.4 to 5.6 
GHz with a bandwidth of an antenna of are shown in Fig.4. 
 

 
FREQUENCY IN (GHZ) 

Fig.3  Return loss of Proposed Antenna 
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Fig.4. VSWR of Proposed Antenna 

Fig.5 Z-Parameter of Proposed Antenna 

Figs.6 and 7 shows the simulated radiation patterns for both 
elevation and azimuth pattern. A relatively good agreement 
between the measured and simulated results can be observed. 
The minor discrepancy can be mostly attributed to the 
fabrication error and measurement uncertainties. The antenna 
is directed towards the surface of the ground and along the z-
direction the distance to the surface of the ground is set to the 

xy-plane, the antenna is placed in the center of the surface of 
the VNA.  

Fig.6 Radiation Pattern for Elevation Plane 

Fig.7 Radiation Pattern for Azimuth Plane 
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Efficiency and Current distribution  
The efficiency of the CPW fed spear shaped antenna is shown 
in the Fig.8. It is observed from the graph that the gain of the 
antenna remains almost constant throughout the resonant band 
frequency. It is also being noted that the gain energy value 
remains same. The 3D view of the proposed antenna is shown 
in the Fig.9. The green color field shows the maximum current 
distribution of the proposed antenna structure. 
 

 
Fig.8 Efficiency Vs. Frequency 

 

 
Fig.9 3D Current Distribution 

IV CONCLUSION 
 

In this project, a novel spear shaped CPW fed antenna is 
designed and presented for Wi-Max applications. This antenna 
is compact in comparison to existing antennas. It operates at 
the frequency at Wi-Max range for the given applications. 
This antenna is meeting desired antenna gain and return loss at 
different operating frequency bands. Due to flexible model of 
the RT Duroid substrate, U shaped antenna exhibit 
miniaturization, lower return loss, broader bandwidth, better 
impedance matching and high gain compared to over the other 
antennas. Therefore, the proposed antenna is the suitable 
candidate for the frequency of 5.55GHz in the field of Wi-
Max applications. 
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Abstract: 

In this project coplanar wave guide(cpw) fed T shaped 
monopole antenna is proposed for satellite and missile 
applications. The proposed antenna was designed using  FR4 
substrate and it’s operating the frequency range between 
7.6ghz-7.9ghz.the cpw fed T shaped monopole antenna is 
simulated using mentor graphics IE3DE simulator version 
14.0.The  proposed antenna exhibits lower return loss,Broder 
bandwidth,high gain,Better impedance matching compare to 
conventional antenna’s for the same frequency. 

ANTENNA DESIGN: 

 Fig. Proposed Antenna Structure (All dimensions are in mm) 

Considering the antenna requirements insatellite and missile 

applications, the initial design of the antenna depicted in Fig. 

1(a) is adopted from [18]. This design, which is named 

reference antenna hereafter, is selected as it covers a 

significant part of the UHF band needed for heart failure  

detection [8]. The antenna is fed using a coplanar waveguide 

(CPW) and built on a square RO4003 substrate. The antenna 

has a relatively wide operating bandwidth of 45% (418 – 422 

MHz) that is achieved by merging the resonant bands of 

conventional loop and dual monopole antennas. The geometry 

details of the Ref Antenna are presented in Fig.1. The 

reference antenna has a large size () and a bidirectional 

radiation. Thus, the following steps are adopted to modify the 

design for a reduced size, directional radiation, and widened 

operational band. 

RESULTS AND DISCUSSION 

Fig.1  Return loss of Proposed Antenna 

8

5.2 

8 

8
11.8 
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Return loss   

The measured and simulated return loss characteristics of the 

proposed CPW fed antenna is illustrated in Fig.3.  It is evident 

that the simulation result shows the resonant frequency and 

bandwidth of the antenna with a reasonable accuracy.  

It is seen experimentally that the CPW fed strip monopole is 

resonating at 7.68 GHz, covering the broader impedance 

bandwidth as shown in Fig.3 and Fig.4. The calculated 2:1 

VSWR bandwidths cover a frequency range from 7.6 to 

7.9GHz with a bandwidth of an antenna of are shown in Fig.4. 

Fig.2. VSWR of Proposed Antenna 

Figs.4 and 5 shows the simulated radiation patterns for both 
elevation and azimuth pattern. A relatively good agreement 
between the measured and simulated results can be observed. 
The minor discrepancy can be mostly attributed to the 
fabrication error and measurement uncertainties. The antenna 
is directed towards the surface of the ground and along the z-
direction the distance to the surface of the ground is set to the 
xy-plane, the antenna is placed in the center of the surface of 
the VNA.  

Fig.3 Z-Parameter of Proposed Antenna 

Fig.4 Radiation Pattern for Elevation Plane 

Efficiency and Current distribution  

The efficiency of the CPW fed spear shaped antenna is shown 

in the Fig.6. It is observed from the graph that the gain of the 

antenna remains almost constant throughout the resonant band 

frequency. It is also being noted that the gain energy value 
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remains same. The 3D view of the proposed antenna is shown 

in the Fig.9. The green color field shows the maximum current 

distribution of the proposed antenna structure. 

Fig.5 Radiation Pattern for Azimuth Plane 

Fig.6 Efficiency Vs. Frequency 

Fig.9 3D Current Distribution 

CONCLUSION: 

A wideband three-dimensional antenna has been presented. 
The antenna is designed for a microwave-based satellite and 
missile applications. The antenna is designed to achieve three 
targets needed for the system: compact size, wideband 
performance at the 7.68GHz band and unidirectional 
radiation. The antenna achieves a measured gain of 3 –5 dBi, 
measured front to back ratio in range of 6 – 8 dB across the 
measured fractional impedance bandwidth of 53%. Besides 
the antennas and the platform needed to fix it, the system 
includes a custom-made microwave transceiver, signal 
processing and image reconstruction algorithms based on the 
synthetic aperture focusing technique. The obtained results 
support the potential to use microwave techniques for the 
satellite and missile applications. 
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Abstract— SAR is a type of imaging radar in which the relative 
movement of the antenna with respect to the target to generate 
much better resolution is utilized. The simultaneous processing 
of echoes generated by the radar over the movement of the 
antenna through the Range Doppler Algorithm, superior 
resolution of a wider antenna termed synthetic antenna is 
obtained. Visual range imaging has been widely used but are 
hampered severely by the weather conditions hence doesn’t come 
to aid in inclement weather or similar situations. Microwave 
Imaging has several advantages as the atmosphere remains 
nearly transparent for most the EM spectrum and devices 
operating in them are easily available and reliable .In this paper 
we try to model the physical and material properties of the 
surface and terrain being mapped as well as the RADARSAT-2 
trajectory and Beam patterns of the beam mode being used so 
that we could make a comprehensive processing and comparison 
based on actual satellite data. 
Keywords— SAR, Microwave Remote Sensing, RADARSAT-2,
Spaceborne Remote Sensing, Material Properties. 

I. INTRODUCTION 

Synthetic aperture radar gives much better image resolution 
over radar and it doesn’t require any sophisticated post-
processing and this is achieved by the movement of the radar 
of the target. In RADARS, due to diffraction caused by the 
atmosphere, a smaller aperture, or antenna length, such as the 
kind that could fit on the side of a plane or on a satellite, will 
produce a beam that is much wider once it has made its way to 
earth or to a target at a long distance. The wide beam footprint 
causes problems as it will be very difficult to locate where the 
reflections are coming from and hence problems occur in 
locating the target giving rise to lower resolution. To 
overcome in without sophisticated post-processing the 
RADAR images a wide aperture antenna would be required 
that would generate a narrow beam on the target and hence 
increase resolution. This is counterintuitive, but due to 
diffraction, the rate of divergence of the beam pattern is 
disproportional to the width of the aperture. If an antenna 
platform is moving with respect to the target, many beams can 
be sent from and received at the antenna and when these 
reflections are analysed together by coherent combination 
using the range Doppler algorithm (RDA), they can generate 
an image with the resolution of a much wider “synthetic” 
aperture. The RDA uses matched filtering to generate an 
image of the radar illuminated target by correlating the 

obtained noisy raw SAR signal with template reflections from 
ideal radar scattering.  

RADARSAT-2 is an earth observation satellite which is 
fully polarimetric (HH, HV, VH, VV) and supports multiple 
beam modes, mainly Single Beam Mode, ScanSAR having 
broad sub categories based on the resolution and swath. 

II. SAR SIMULATION IMAGING SETUP

The target is assumed to be composed of point 
scatterers .The scatterers are arranged in a rectangular 
coordinate system range, azimuth and altitude analogous to 
x, y and z directions. The direction parallel to the antenna 
trajectory is defined as azimuth, range is the direction 
perpendicular to the azimuth and the altitude is the elevation 
of the platform over the scatterers.  

Fig 1 SAR simulation setup 

The antenna platform is attached to a satellite and the 
satellite travelling at orbital velocity, Vs, along the azimuth 
direction the RADAR beam-pattern touching the ground is 
called beam-footprint. The distance between the center of the 
footprint and the satellite is denoted by R0 and the distance 
between the nearest point of the beam-footprint and the 
satellite is denoted by slantnearRange (RADARSAT-2 
metadata parameter “slantnearRange”). The range distance 
between the range distances of the extreme points of the 
scatterers and the mid-point is denoted by X0. 

In this case the antenna is pointed in a fixed direction along 
the duration of the flight, this type of SAR is called stripmap 
SAR.As the antenna travel along the azimuth the radar beam 
sweep along the ground. Scatterers in the beam footprint 
reflect back RADAR reflections which are then processed by 
the Range Doppler Algorithm to generate the required SAR 
image. 

R0 

slantnearRange 
Azimuth 
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III. TRANSMITTED RADAR SIGNAL
The transmitted radar signal, Stx(t) is assumed to be of the 

form in Equation 1. The signal is a function of range time or 
quick time, t .The carrier frequency, f0, is 5.405 GHz 
(RADARSAT-2metadata parameter “radarCenterFrequency”). 
The chirp pulse duration, Tr, is 20.8 µs (RADARSAT-2 
metadata parameter “pulseLength”) and the range chirp or FM 
rate, Kr, is +1.44 MHz/µs(RADARSAT-2 metadata parameter 
“pulseBandwidth/pulseLength”) , which is called an up-chirp 
because it is positive, increasing the frequency with time. 
Other important parameters are the signal bandwidth, B0 in 
Equation 2 below, which is 30 MHz (RADARSAT- metadata 
parameter “pulseBandwidth”) and the range resolution, ρr in 
Equation 3 below, which comes approximately equal to 
around 4.5m. 

𝑆𝑡𝑥(𝒕) = rect �
𝑡
𝑇𝑟
� cos(2𝜋𝑓0 + 𝜋𝐾𝑟𝑡2)

= 𝑤𝑟(𝑡) cos(2𝜋𝑓0 +  𝜋𝐾𝑟𝑡2)       (1) 

Where rect � 𝑡
𝑇𝑟
� denotes the rectangular window of duration 

Tr. 
𝐵0 = |𝐾𝑟|𝑇𝑟   (2) 

𝜌𝑟 ≈ 𝑐
2

1
|𝐾𝑟|𝑇𝑟

= 𝑐
2𝐵0

R     (3) 

     Figure 2 shows the transmitted radar signal as a cosine 
with linearly increasing frequency (positive ramp) for the 
transmit duration followed by the receiving period. The 
transmit window is called the pulse envelope, wr and defines 
the duration of the transmission. During the receive duration, 
the antenna waits to receive reflected radar signals from the 
targets contained in one dimensional echo as a function of 
range(quick) time. 

Fig.2 Transmitted Radar Signal 

The inverse of the combined transmit and received duration 
is defined as Pulse Repetition Frequency (PRF), and defines 
the amount of pulses transmitted per second. The PRF for the 
simulation is 2.76 kHz and the simulation duration is 11 
seconds according to the metadata of the RADARSAT-
2(parameter “pulseRepetitionFrequency” and “timeStamp”). 
This equates to 30360 transmitted radar pulses over the 
duration of the simulation. The plot of the combined range 

slice echo as a function of both range and azimuth is the -raw 
SAR signal space. 

A. Direction of Transmitted Beam 

We mathematically modelled the satellite so as to find the 
direction of wave propagation. 

Algorithm 1: Finding the wave propagation direction 

Step 1: First we find out the direction of the satellite 
movement using present as well as past and future locations of 
the satellite using the velocity terms and starting location of 
the satellite (RADARSAT-2 metadata parameters “xpos”, 
“ypos”,  “zpos” , “xvel” , “yvel” , “zvel”). 

Denoting the angle of the satellite trajectory in the θ plane as 
θ and in ϕ plane as ϕ.   

Step 2: We assume that the antenna is perpendicular to the 
direction of the movement of the satellite. We take the 
RADARSAT-2 antenna dimensions 15m*1.5m to find 3 
points lying on the surface of the antenna. 

Step 3: We take into consideration the roll, yaw of the satellite 
mentioned in the RADARSAT-2 metadata parameter “roll”, 
“yaw” as well as the angle of the SQ9 beam transmitted for 
finding the points(let us assume P,Q,R).  

Fig 3 Effects of yaw on the orientation 
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Fig 4 The Q9 beam mode effect 

Fig 5 Model of the effect of the roll and Q9 beam mode on the orientation of 
the antenna 

Step 4: We find the vectors PQ and PR We find the cross 
product of them to find the vector of the transmitted beam. 

𝑃𝑄_𝑥 = 15 sin𝜃𝑐𝑜𝑠 �𝜙 + 𝑦𝑎𝑤 +
𝜋
2
�

+ 1.5 cos(𝑟𝑜𝑙𝑙 − 𝑎𝑛𝑔𝑙𝑒) cos(𝜙 + 𝑦𝑎𝑤) 

𝑃𝑄_𝑦 = 15 sin𝜃𝑠𝑖𝑛 �𝜙 + 𝑦𝑎𝑤 +
𝜋
2
�

+ 1.5 cos(𝑟𝑜𝑙𝑙 − 𝑎𝑛𝑔𝑙𝑒) sin(𝜙 + 𝑦𝑎𝑤) 

𝑃𝑄𝑧 = 15𝑐𝑜𝑠𝜃 + 1.5 sin(𝑟𝑜𝑙𝑙 − 𝑎𝑛𝑔𝑙𝑒) 

𝑃𝑅𝑥 = 15𝑠𝑖𝑛𝜃cos (𝜙 + 𝑦𝑎𝑤 +
𝜋
2

) 

𝑃𝑅𝑦 = 15𝑠𝑖𝑛𝜃sin (𝜙 + 𝑦𝑎𝑤 +
𝜋
2

) 

𝑃𝑅𝑧 = 15𝑐𝑜𝑠𝜃 

Step 5: Next we take into consideration the effect of 
ascending orbit (12 degrees of east) and rotate our vector in 
the ϕ plane. 
Denoting the resultant vector angles as θ’ and ϕ’. According 
to step 5. 

𝜙′ = 𝜙′ − 12 

IV. RECEIVED RADAR SIGNAL

The raw SAR received radar signal, srx(t,η), for the 
simulation is assumed to be of the form shown in Equation 4 
below after quadrature demodulation which removes the high 
frequency carrier wave and brings the signal to baseband. This 
a three-dimensional signal with two time dimensions. The 
time dimensions are range time/quick time, t, and azimuth 
time/slow time, η. The received signal is obtained as a 
summation of the reflections from different point targets in the 
range of the beam. The R algorithm uses this equation to 
generation all of the reflections over the duration of the flight. 
Quadrature demodulation causes the signal to be imaginary 
and have a phase and a magnitude. Prior to quadrature 
demodulation, the signal is the original transmitted signal, 
which is time delayed, attenuated, phase shifted amplitude 
modified due to azimuth beam pattern affects, and has 
additive white Gaussian noise (AWGN) added. 

𝑠𝑟𝑥(𝑡)

= �
⎣
⎢
⎢
⎢
⎡ 𝐹𝑚𝑤𝑟 �𝑡 −

2𝑅𝑚(𝜂)
𝑐

�

𝑤𝑎(𝜂 − 𝜂𝑐)𝑒
−𝑗�𝜓+4𝜋�𝑓0𝑅𝑚(𝜂)

𝑐 �−𝑗𝜋𝐾𝑟�𝑡−
2𝑅𝑚(𝜂)

𝑐 �
2
�
⎦
⎥
⎥
⎥
⎤

+𝑛𝑚(𝑡, 𝜂)

𝑀−1

𝑚=0

 (4) 

The time delay is 𝟐𝑹𝒎(𝜼)
𝒄

 , the attenuation factor from 
reflection at the target is Fm the phase shift from reflection at 
the target is ψ , the azimuth beam pattern amplitude 
modification is wa(η-ηc), and the additive white Gaussian 
noise is nm(t,η). The time delay is calculated by the distance 
the radar beam travels, twice the instantaneous slant range, 
divided by the speed of the radar beam, approximately the 
speed of light. The attenuation factor, Fm is a scalar value 
from 0 to 1 representing the normalized reflectivity of each 
point target. The attenuation factor depends on the physical 
and material properties of the substance. 

The physical properties slope and aspect gives the direction 
that the scatterer is directed towards. The material properties 
gives the amount of reflection, the resultant polarization 
depending on the orientation of the scatter as also its nature. 

A. Physical Properties 

Fig 6 The reflected wave direction calculation 
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Here N defines the normal to the scatter and Ri is the 
incident ray and Rr is the reflected ray. 

The Rr is determined by straightforward geometry as 
follows where "." indicates the dot product and typically N 
and R1 are unit vectors. 

𝑅𝑟����⃗ = 𝑁��⃗ �𝑅1����⃗ .𝑁��⃗ � + �⃗� 
𝑅1����⃗ + �⃗� = 𝑁��⃗ �𝑅1����⃗ .𝑁��⃗ � 
 𝑅𝑟�����⃗ = 2𝑁��⃗ �𝑅1����⃗ .𝑁��⃗ � − 𝑅1����⃗   (5) 

Next we needed to find the normal vector N for each point 
scatterer, so we needed to find the slope and aspect for each 
point scatterer. 

Now the data given by the satellite DEM was in WGS-84 
format so we needed to convert it to ECEF so that we can find 
its slope and aspect in ECEF as the satellite locations was 
given in ECEF and we chose ECEF as our reference system. 
We applied co-ordinate transformations mentioned in and 
converted our data-set to ECEF. 

Next we find the slope and aspect data through techniques 
mentioned in [5] .Let the slope be θ and aspect be ϕ. 

ALGORITHM 2: Calculation of reflected wave direction. 

Step 1: Generate the unit vector of the normal from the slope 
(θ) and aspect (ϕ) value. 

Step 2: Generate the incident vector 𝑅𝚤���⃗  through Algorithm 1 
based on satellite location and orientation. Reverse this vector 
for generating𝑅1����⃗ . 

Step 3: Calculate the reflected vector  𝑅𝑟�����⃗  through equation 5. 

B. Material Properties 

Firstly the polarization be it vertical or horizontal is first 
broken down into two components perpendicular and parallel 
components with respect to the plane of incidence then 
assuming uniform plane wave nature we can get the 
coefficient of reflection as:- 

For perpendicular to the plane of incidence: 

𝛤 =
𝜂2𝑐𝑜𝑠𝜃𝑖 − 𝜂1𝑐𝑜𝑠𝜃𝑡
𝜂2𝑐𝑜𝑠𝜃𝑖 + 𝜂1𝑐𝑜𝑠𝜃𝑡

 (6) 

For parallel to the plane of incidence: 

𝛤 =
𝜂1𝑐𝑜𝑠𝜃𝑖 − 𝜂2𝑐𝑜𝑠𝜃𝑡
𝜂1𝑐𝑜𝑠𝜃𝑖 + 𝜂2𝑐𝑜𝑠𝜃𝑡

 (7) 

Here η1=intrinsic impedance of first medium 
= √(𝜇1/ℰ1) (for pure dielectrics) 

= √( 𝑗𝜔𝜇1
𝜎1+𝑗𝜔𝜖1

) (for lossy dielectrics) 

Here η2=intrinsic impedance of second medium 
=√(𝜇2/ℰ2)  (for pure dielectrics) 

=√( 𝑗𝜔𝜇2
𝜎1+𝑗𝜔𝜖2

) (for lossy dielectrics) 

Where 𝜔 is the frequency of the EM wave, and ℰ1 and ℰ2 are 
the permittivity of the two mediums, and 𝜇1and 𝜇2 are the 
permeability of the two mediums and σ is the conductivity of 
the medium in which the wave is propagating. 
𝜽𝒊 is the angle the incident wave makes with the scattered 

wave and 𝜽𝒕  is the angle the refracted wave makes with the 
normal. 
𝜽𝒊 and 𝜽𝒕  R are related by Snell’s Law:- 

𝛽1𝑠𝑖𝑛𝜃𝑖 = 𝛽2𝑠𝑖𝑛𝜃𝑡  (8) 

Where β1 is the propagation constant for first 
medium=𝜔√(𝜀1𝜇1) (for pure dielectrics) 

 =𝛼 + 𝑗𝛾   (for lossy dielectrics) 

Where α=𝜔√(𝜇1𝜖1
2
��1 + 𝜎1

𝜔𝜀1

2
− 1�) 

 and γ= 𝜔√(𝜇1𝜖1
2
��1 + 𝜎1

𝜔𝜀1

2
+ 1�) 

Where β2 is the propagation constant for first 
medium=𝜔√(𝜀2𝜇2) (for pure dielectrics) 

=𝛼 + 𝑗𝛾      (for lossy dielectrics) 

Where α=𝜔√(𝜇2𝜖2
2
��1 + 𝜎2

𝜔𝜀2

2
− 1�) 

 and γ= 𝜔√(𝜇1𝜖1
2
��1 + 𝜎2

𝜔𝜀2

2
+ 1�) 

ALGORITHM 3: Calculation of the reflected intensity 
and phase 

Step 1: Decide on the polarization of the transmitted signal 
and appropriately provide the vertical polarization component, 
horizontal polarization component and the phase factor. 
Let us denote the vertical polarization as Ey, the horizontal 
polarization as Ex and the phase by φ’. 

Step 2: We provide the electrical properties of the material, 
conductivity σ and permittivity ϵ and calculate the intrinsic 
impedance of the material and with frequency known we 
calculate the propagation constant with the expressions 
provided above. 
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Step3: We calculate the vertical and horizontal polarization 
vectors from the direction of transmitted beam. 
Let us denote the angle the transmitted vector has an angle φ 
in the φ plane and θ in the θ plane. 
For vertical polarization we assumed  

𝜃 = 𝜃 − 𝜋/2 
We calculate the unit vector for this θ, φ and multiply with the 
Ey component provided to generate the required vertical 
polarization vector. 
Similarly for horizontal polarization we assumed  

𝜑 = 𝜑 − 𝜋/2 

And calculate the horizontal polarization vector similar to the 
vertical polarization. 
Let us denote the vertical polarization vector as 𝑉�⃗  and the 
horizontal polarization vector as 𝐻���⃗ . 

Step 4: Calculate the overall polarization vector from the 
vertical polarization vector, horizontal polarization vector and 
phase factor. 
Let the polarization vector be represented by E. 

𝐸�⃗ = 𝑉�⃗ 𝐸𝑦𝑒𝜑’ + 𝐻��⃗ 𝐸𝑥 

Step 5: Calculate the polarization components parallel and 
perpendicular to the plane of incidence. 

𝐸||����⃗ = �𝐸�⃗ .𝑁��⃗ �𝑛�
𝐸_|_������⃗ = 𝐸�⃗ − 𝐸||����⃗

 Where E|| and E_|_ are parallel and perpendicular components 
of the polarization vector respectively. N is the normal vector 
of the scatterer and ‘.’ denotes the dot product. 𝑛� is the unit 
vector of N. 

Step 6: Calculate the angle between the incident vector and 
normal to the surface θ i and calculate the refracted angle 
through the application of Snell’s Law equation number 8. 

𝜃𝑖 = 𝑠𝑖𝑛−1(
𝑁��⃗ 𝑅𝚤���⃗

|𝑁��⃗ ||𝑅𝚤���⃗  |
 ) 

Where 𝑅𝚤���⃗  is the incident vector calculated through 
ALGORITHM 1. 

Step 7: Calculate the reflection co-efficient for both E|| and 
E_|_ let us denote them by Γ || and Γ_|_ for the parallel and 
perpendicular to the plane of incidence respectively. 

Step 8: Calculate the reflected wave vector intensity and 
phase.  
Let us denote the reflected field by R 

𝑅 ⃗ = 𝐸||����⃗ 𝑅|| + 𝐸_|_������⃗ 𝑅_|_ 

Step 9: Calculate the component of the reflected wave in the 
direction of the incident wave. Since we are viewing from the 
direction of the incident wave as there is negligible change in 
antenna position during transmitting and receiving stage hence 
we need to find out how much wave is reflected in this 
direction. 

𝑅�⃗ = 𝑅�⃗ (𝑅𝚤���⃗ .𝑅𝑟����⃗ ) 
Where 𝑅𝑟����⃗  is the reflected wave vector calculated through 
ALGORITHM 2. 

Step 10: Decide on the polarization of the reflected wave that 
is to be received. Depending on the required polarization we 
find the component of the reflected wave for that polarization. 
For vertical polarization receiver 

𝑅�⃗ = 𝑅�⃗ (𝑅�⃗ .𝑉�⃗ ) 
Similarly for horizontal polarization receiver 

𝑅�⃗ = 𝑅�⃗ (𝑅�⃗ .𝐻��⃗ ) 

C. Beam Pattern Effects 

The beam foot-print of Q9 beam used is 50km*50km.So we 
calculate the reflections from scatterers only in this beam foot- 
print. Now the intensity of scattering in this beam-footprint 
will vary along both range and azimuth directions based on 
the distance of the scatter from the midpoint of the beam-
footprint. 

We modelled the intensity variations be a sinc squared 
function centred at time of crossing the azimuth and range 
midpoint of the beam-footprint. 

ALGORITHM 4: Intensity Variations caused by Beam 
Pattern effects 

Step 1: Calculate the satellite present location and the wave 
propagation unit vector for Q9 nearAngle (RADARSAT-2 
metadata parameter “nearAngle”), multiply it by 
slantnearRange and add it to the satellite present location to 
get the near range value of the beam foot-print. 
Let the satellite position be 𝑃�⃗  the wave propagation vector for 
near angle be𝑅𝚤𝑛������⃗ . Then the near range point on the point print 
is 𝑛𝑒𝑎𝑟���������⃗ = 𝑃�⃗ +slantnearRange.𝑅𝚤𝑛������⃗ . 

Step 2: Calculate slant range for Q9 farAngle (RADARSAT-2 
metadata parameter “farAngle”. Since the difference between 
nearAngle and farAngle is very small we can approximate  
𝑓𝑎𝑟𝑠𝑙𝑎𝑛𝑡𝑅𝑎𝑛𝑔𝑒 = 𝑛𝑒𝑎𝑟𝑠𝑙𝑎𝑛𝑡𝑅𝑎𝑛𝑔𝑒 + 50,000sin (𝑛𝑒𝑎𝑟𝐴𝑛𝑔𝑙𝑒) 

Step 3: Calculate the far range value of the footprint similar to 
the process done in step 1. 
Let the satellite position be 𝑃�⃗  the wave propagation vector for 
near angle be 𝑅𝚤𝑓�����⃗ . Then the near range point on the point print 
is 𝑓𝑎𝑟�������⃗ = 𝑃�⃗ +slantfarRange.𝑅𝚤𝑓�����⃗ . 

Step 4: Get the vector joining 𝑛𝑒𝑎𝑟���������⃗  and 𝑓𝑎𝑟�������⃗ in the XY 
plane .Let it be the 𝑄�⃗  . Then 𝑄�⃗ = 𝑓𝑎𝑟�������⃗ − 𝑛𝑒𝑎𝑟���������⃗ .Find out the 
slope of 𝑄�⃗  . Subtracting 𝜋

2
 we get the slope of the line segment

perpendicular to𝑄�⃗  . Let the slope of this vector be θ and the 
vector be 𝑊���⃗   
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Step 5: Calculate the extreme point of the beam footprint. 
Since the beam covers the area of 50km*50km therefore if the 
extreme points are defined by �⃗� and 𝑌�⃗  then  
�⃗� = ((𝑛𝑒𝑎𝑟𝑥 − 50,000 cos(𝜃)), �𝑛𝑒𝑎𝑟𝑦 − 50,000 sin(𝜃)�) 
𝑌�⃗ = ((𝑓𝑎𝑟𝑥 + 50,000 cos(𝜃)), �𝑓𝑎𝑟𝑦 + 50,000 sin(𝜃)�)

where 𝑛𝑒𝑎𝑟𝑥, 𝑓𝑎𝑟𝑥 are the x components of the near and far 
vectors respectively. Similarly 𝑛𝑒𝑎𝑟𝑦 ,  𝑓𝑎𝑟𝑦  are the y 
components of the near and far vectors respectively. 
These formulas are based on the assumption of θ being in the 
first quadrant.  

Step 6: Scatterers within the beam foot-print have their 
reflected intensity modified by two sinc squared function 
along the range and along the azimuth. Firstly we calculate the 
middle point of the footprint in a process similar to done in 
step 1 and 2 with the wave propagation vector for  

middleAngle = (𝑛𝑒𝑎𝑟𝐴𝑛𝑔𝑙𝑒 + 𝑓𝑎𝑟𝐴𝑛𝑔𝑙𝑒)/2 
Let us denote the vector of the middle point by  𝑀��⃗  . Then if 
we are calculating the reflection of a scatterer with vector 𝑆 
then we find the difference between 𝑀��⃗  and 𝑆.Let us denote it 
by𝐷��⃗ . 
Then we find the component of 𝐷��⃗  along the azimuth direction 
and range direction. 

Fig 7.Beam-pattern Effects 

 These components provides the angle of the scatterer with 
respect to the azimuth direction and range direction. Let the 
angles be 𝜃𝑎𝑧𝑖 and 𝜃𝑟𝑎𝑛.Then the reflectivity if modified by 
 𝑠𝑖𝑛𝑐2(𝐿𝑎

𝜆
𝜃𝑎𝑧𝑖) 𝑠𝑖𝑛𝑐2(𝐿𝑎

𝜆
𝜃𝑟𝑎𝑛) 

where 𝐿𝑎 is the antenna length and 𝜆 is the wavelength of the 
transmitted wave. 

V. RAW SIGNAL GENERATION 
The received signal over the range of scatterers during the 

motion of the satellite generate the final raw signal space. The 

raw signal space is finally processed using Range Doppler 
Algorithm to generate the final processed output. 

ALGORITHM 5: Generation of Raw Signal Space 

Step 1: We take input the DEM height data. 

Step 2: Define SAR parameters and the satellite orbital 
parameters from the RADARSAT-2 metadata. 

Step 3: Getting the Latitude Longitude values of the scatterers 
from the raster object of the DEM height. 

Step 4: Convert the WGS-84 values of the scatterer locations 
to the ECEF form, then find the height and aspect of the 
scatterers. 

Step 5: Get the number of satellite locations and the range 
samples and assign the raw signal space the dimensions of 
these. 
Let us denote the number of satellite locations as X, the 
number of samples in the range direction as rbins then the raw 
signal space has a dimension of [rbins ,C]. 

Step 6: Convert the scatterers’ properties matrix to a vector 
arranging the matrix data row-wise. Let it have a dimension D. 

Step 7: Initialize the starting location as location number 1 

Step 8: If (satellite location number≤ 𝐶) 

Step 9: Find the beam foot-print for the satellite location 
using the ALGORITHM 4. 

Step 10: For all scatterers check if it lies within the beam-
footprint. 

Step 11: Check if it lies within the beam footprint find the 
incidence vector for the particular scatter. For different angles 
of incidence of the Q9 beam different vectors will be 
generated. 
Assume Q9 angle 𝜃 = 𝑛𝑒𝑎𝑟𝐴𝑛𝑔𝑙𝑒  generate the incidence 
vector through ALGORITHM 1.  

Step 12: Let the vector calculated through Step1, Step 2, Step 
3 of ALGORITHM 4 for 𝜃 touches the XY plane at point 
𝑃�⃗  .We find the points in the azimuth direction. The azimuth 
extreme points are given by  
�⃗� = (𝑃𝑥 + 25000 ∗ cos(𝜑)) 𝚤̂ + (𝑃𝑦 + 25000 ∗ sin(𝜑))𝚥̂ 
𝑌�⃗ = (𝑃𝑥 − 25000 ∗ cos(𝜑)) 𝚤̂ + (𝑃𝑦 − 25000 ∗ sin(𝜑))𝚥̂ 

Where 𝜑  represents the angle the azimuth direction makes 
with the X-axis. 𝚤̂ and 𝚥̂ represents the unit vector along the X 
and Y axis respectively. 
Step 13: Check if the scatterer lies between X and Y if yes go 
to Step 14 or 𝜃 = 𝜃 + 0.001𝑟𝑎𝑑 then go to Step 12 continue 
this process for 𝜃 ≤ 𝑓𝑎𝑟𝐴𝑛𝑔𝑙𝑒. 
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Step 14: Now we find the reflected intensity and phase for the 
specified transmit and receive polarization through 
ALGORITHM 3 for the vector having Q9 angle θ determined 
from the preceding steps. 
Let the intensity returned by scatterer be Io and the phase be 
α. 

Step 15: We calculate the beam pattern effects as described 
by Step 6 of ALGORITHM 4. 
Let the intensity modulation returned by the beam pattern 
effect be I1. 

Step 16: Find the received signal for the particular satellite 
location by adding reflections from all the scatterers through 
equation (4) by assigning 𝐹𝑚 = 𝐼0𝐼1  and 𝜓 = 𝛼  for each 
scatterer. 

Step 17: Continue Steps 11-15 for all the scatterers. 

Step 18: We considered the effect of rotation of the earth. The 
equatorial velocity is 465.1m/s. The velocity at any position is 
given by𝑒𝑞𝑢𝑎𝑡𝑜𝑟𝑖𝑎𝑙 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 × cos (𝑙𝑎𝑙𝑖𝑡𝑢𝑑𝑒). We resolve 
the components in rectangular coordinates also taking into 
account the tilt of earth’s axis. This changes a change in the 
scatter positions in rectangular Cartesian co-ordinate system. 
Suppose the position of a scatterer is denoted by 𝐴 .Then the 
new position is given by:- 
𝐵�⃗
= 𝐴

+ �𝑒𝑞𝑢𝑖𝑡𝑜𝑟𝑖𝑎𝑙𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦. 𝑐𝑜𝑠(𝑙𝑎𝑡𝑖𝑡𝑢𝑑𝑒). 𝑐𝑜𝑠(𝑙𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑒)𝑐𝑜𝑠(𝑎𝑥𝑖𝑠). 1
1

𝑃𝑅𝐹
� 𝚤̂ 

+ �𝑒𝑞𝑢𝑖𝑡𝑜𝑟𝑖𝑎𝑙𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦. 𝑐𝑜𝑠(𝑙𝑎𝑡𝑖𝑡𝑢𝑑𝑒). 𝑠𝑖𝑛(𝑙𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑒)𝑐𝑜𝑠(𝑎𝑥𝑖𝑠).
1

𝑃𝑅𝐹
� 𝚥̂

+ �𝑒𝑞𝑢𝑖𝑡𝑜𝑟𝑖𝑎𝑙𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦. cos(𝑙𝑎𝑡𝑖𝑡𝑢𝑑𝑒) . sin(𝑎𝑥𝑖𝑠) .
1

𝑃𝑅𝐹
� 𝑘�

Here “latitude” represents the latitude of the place 
“longitude” is modified longitude so that it gives the angle 
measured from the X axis. Here “axis” denotes the tilt of the 
earth’s axis and “ 1

𝑃𝑅𝐹
” gives the time duration of the satellite 

at that particular location. 
This method is used to update the location of all the 

scatterers. Next we convert the location from ECEF to LLA 
using method described in [] and updated WGS-84 values for 
the scatterers. 

Step 19: Update the satellite position to the next satellite 
position and go to Step 9.Continue this process until satellite 
position number=C. 

VI. RESULTS
The algorithms were implemented in R and the results were 

generated for two different environments for different 
polarizations: 1.Forest and 2. Water. 

A. Forest 

Fig 8: RADARSAT-2 HH image of the selected extent of the forest area 

Fig 9: Generated SAR image of the section using DEM slope data and 
assuming permittivity as 10 and conductivity as 0 

B. Water 

Fig 10: RADARSAT-2 HH image for the extent data of water chosen 
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Fig 11: Generated SAR image for the extent data chosen with conductivity 0 
and permittivity 80 

VII. CONCLUSIONS

We have made reasonable progress on the topic the results 
generated on the small subsections were reasonably accurate. 
It presents a qualitative part of the modelling of the 
RADARSAT-2 simulator while work on accurate quantitative 
results are yet to be obtained. Also simulation of a large scene 
is yet to be done. This project has various applications both as 
a SAR simulator as well finding out the material properties at 
different locations through the satellite generated SAR data. 
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Abstract— This paper investigates the hazards of electromagnetic 
radiation to ordnance (HERO) at missile launch complex. 
Electric field and power density effects due to four high power 
radar transmitting stations have been analysed. Power level of 
other signal such as mobile base stations, TV transmitter, Radio 
signals, has also been measured. The field strength and is 
obtained from the power level obtained using a spectrum 
analyser, are evaluated with the international norms for 
accessing the RF hazard with respect to ordnance. The 
measurements so obtained have been tabulated and compared 
with free space propagation. All the radiation sources are of non-
ionized nature.  

Keywords— Electric field strength, Electro Explosive Devices
(EED), RF Hazard, Power density, HERO, Radiation Hazard 
(RADHAZ) 

I. INTRODUCTION 
Presence of electro explosive devices (EEDs) pose serious 

explosive hazard. Heating effect due to high power radiating 
sources can cause EEDs to activate prematurely. A MIL-STD-
64 standard defines [3] it as hazards of electromagnetic 
radiation to ordnances (HERO). HERO environment can 
cause a premature actuation of EEDs/IEDs circuits by 
inducing sufficient current within it [1-3]. This can result in 
huge loss to both man and machine. Importance of the HERO 
safety becomes more important in any naval ship which 
houses high power RF sources like radars and transmitting 
stations along with various types of weaponry, fuel and 
explosives. 
In this paper an attempt has been made to the effect of HERO 
on the pyro system fitted to the missile. These points are 
located at varying distances. The study aims to assess the 
vulnerabilities for any EED/pyro activation inside a missile 
launch complex due to high power transmitting stations near 
missile and access if any danger arise out of it. 

II. MEASUREMENT SET-UP

Analysis of RF radiation was conducted with aid of a 
spectrum analyser connected to an outdoor antenna. Fig. 1 and 
Fig.2 presents the picture of a spectrum analyser and the 
antenna used for measurement. The spectrum analyser used 
for set-up was Anritsu make, model no 2724C with a 
measurement range of 9 KHz-20GHz. The resolution 
bandwidth is 1Hz to 10MHz and a tuning resolution of 1Hz. 

The spectrum analyser has sweep time of 10μs to 600 seconds. 
The spectrum analyser also has an in-built GPS which 
provides positional and time information tagged along with 
the spectrum data.  

The antenna used is also Anritsu make, model no. 2000-
1616. It is a ultra-wideband omnidirectional antenna capable 
of operating within frequency the range of 20 MHz to 21GHz 
(Fig. 2). Both the instruments were calibrated and the cable 
loss were taken into account while performing the 
measurement studies. 

Fig 1 Anritsu 2724C Spectrum analyser 

Fig 2Anritsu 2000-1616 ultra-wideband omnidirectional antenna 

III. METHODOLOGY AND APPROACH

Measurement of RF power was conducted using the 
spectrum analyser. Power level of individual transmitting 
sources were measured at different observation locations. 
Parameters of transmitting stations have been presented in 
Table I. In this study four transmitting stations has been 
presented as Source-1, 2, 3 &4, with their operating 
frequency and transmitting power has been mentioned in 
the Table-I. RF signal measurement was taken from four 
transmitting stations at four different observation points.  
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A. Field strength and power estimation 
The standard relationship for estimation of power is given 

as [5]: 
(1) 

Where, Pr is the received power,   is the effective area of 
the transmitting antenna and S is the power density. The 
effective area of antenna depends upon, 

 (2) 
Where,       is the gain of the antenna and     corresponds to 
wavelength. Thus the transmitting power generated at a 
distance can be presented as 

(3) 
and the frequency      can be related by 
The electric field strength     and the magnetic field strength, 
H are given by 

 (4) 
where Ω= 3770Z  is the characteristic’s impedance of free 
space. 
The power density similarly is presented by 

0

2

Z
ES = (5) 

Field strength generated at a distance can also be given by [5,6] 

V/m   (6) 
A. Aggregate electric field strength 
Since, electric field strength is a vector quantity, the total 
aggregate field strength at any observation point has to be 
calculated. In this study this has been calculated by square 
root of sum of square of individual field strengths. 

(7) 
Where E1, E2, E3… refers to electric field strengths and Esum 
is the aggregate field strength. 

B. Electric field strength and received power level 
Power received can be expressed in terms of field intensity 

due to individual sources by [6, 7]: 

(8) 

Where Pr is received power level, E electric field strength, 
C is the speed of light in vacuum, G is gain and f is the 
frequency. 

C. Maximum external EME levels for ordnances 
According to MIL-STD-464C standards [3], relevant 

ordnance phases involving restricted and un-restricted field 
strength levels are presented in Table II. In order to get HERO 
classification of “HERO SAFE ORDNANCE”, at the all up 
round or appropriate assembly level, the ordnance or the 
system under test (SUT) must be evaluated so that under no 
circumstances the value of the electric field strength exceed its 

safe limit. The safe limit has been presented in Table II 
against the respective frequencies. 

TABLE I 

Transmitting 
Source 

Operating 
Frequency 

(MHz) 

Transmitting 
power 
(Watt) 

Gain 
(dBi) 

Source-1 5450 600 43 
Source-2 2725 450 33 
Source-3 10540 320 40 
Source-4 434 1000 0 

TABLE II 

MAXIMUM EXTERNAL EME LEVELS FOR ORDNANCES 

Frequency 
Range (MHz) 

Electric field strength (E) 
(V/m-rms) 

Unrestricted Restricted 
0.01 - 2 200 200 80 80 
2 - 30 200 200 100 100 

30 - 150 200 200 80 80 
150 - 225 200 200 70 70 
225 - 400 200 200 100 100 
400 - 700 2200 140 450 100 
700 - 790 700 410 270 100 
790 - 1000 2600 490 1400 270 

1000 - 2000 6100 600 2500 160 
2000 - 2700 6000 500 490 160 
2700 - 3600 2746 2620 2500 220 
3600 - 4000 8600 280 1900 200 
4000 - 5400 9200 660 650 200 
5400 - 5900 9200 660 6200 240 
5900 - 6000 9200 270 550 240 
6000 - 7900 4100 9200 4100 240 
7900 - 8000 550 400 550 200 
8000 - 8400 7500 400 1100 200 
8400 - 8500 7500 400 1100 200 
8500 - 11000 7500 910 2000 300 

11000 - 14000 7500 680 3500 220 
14000 - 18000 8700 680 8700 250 
18000 - 50000 2900 580 2800 200 

IV. EXPERIMENTAL RESULT

Measured electric field strength at four different locations 
due to each of the considered transmitting sources has been 
presented in Table III to Table VI. The table provides the 
theoretical E value (V/m) on standard path-loss model and 
actual measured E in V/m.  

TABLE III 
MEASURED FIELD STRENGTH AT POINT-A 

Source Distance 
(m) 

E (V/m) 
(theoretical) 

E (V/m) 
(Measured) 

Source-1 2725 6.861 0.3726 
Source-2 883 5.880 0.2795 
Source-4 2940 0.0589 0.0042 
Total E-Strength 9.0361 0.465798 
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TABLE IV 
MEASURED FIELD STRENGTH AT POINT-B 

Source Distance 
(m) 

E (V/m) 
(theoretical) 

E (V/m) 
(Measured) 

Source-1 5328 3.521 0.05330 
Source-2 3476 1.494 0.02437 
Source-3 1671 5.864 0.12110 
Source-4 5640 0.031 0.00218 
Total E-Strength 7.0012 0.134554 

 
TABLE V 

MEASURED FIELD STRENGTH AT POINT-C 

Source Distance 
(m) 

E (V/m) 
(theoretical) 

E (V/m) 
(Measured) 

Source-1 10460 1.8120 0.001870 
Source-2 8558 0.6064 0.0005982 
Source-3 6750 1.4520 0.0012970 
Source-4 10650 0.0163 0.00007915 
Total E-Strength 2.3999 0.002345 

 

TABLE VI 
MEASURED FIELD STRENGTH AT POINT-D 

Source Distance 
(m) 

E (V/m) 
(theoretical) 

E (V/m) 
(Measured) 

Source-1 10560 1.795 0.001800 
Source-2 8654 0.5997 0.0005144 
Source-3 6849 1.4310 0.001524 
Source-4 10740 0.01613 0.000079 
Total E-Strength 2.1552 0.002415 
 
Each table provides the measured and the theoretical values 

of the electric field strength at a particular location, along with 
the corresponding source and their respective radial distance. 

 
Besides these measurement mentioned above, another set 

of measurement have also been presented in Table VII. It 
shows the field strength values measured at a particular 
location due to sources other than sources at Table-III to 
Table-VI. These sources constitute mobile towers, TV 
transmitting stations, FM radio stations etc and from other 
unknown sources. The aggregate field strength of these 
sources at the four locations has been presented in Table VII. 

 
TABLE VII 

 AGGREGATED FIELD STRENGTH OF STRAY RF SOURCES AT OBSERVATION 
POINTS 

Observation 
point 

E (V/m) 
 

A 0.03944 
B 0.01750 
C 0.00173 
D 0.00172 

 
 

 

TABLE VIII 
AGGREGATE FIELD STRENGTH AT VARIOUS POINT OF OBSERVATION 

INCLUDING STRAY RF SOURCES 

Observation 
point 

E (V/m) 
(Theoretical) 

E (V/m) 
(Measured) 

A 9.0361 0.46746 
B 7.0012 0.13568 
C 2.3999 0.002967 
D 2.1552 0.002543 

 
The total RF field strengths including the unknown/stray RF 
sources at any observation point has been calculated and 
presented in Table VIII. It may be noted that the value of 
aggregated field strength due to these sources, has been added 
to the measured and theoretical values of the field strength 
from the sources-1 to 4 at a location. This provides the 
maximum possible (worst case) field strength at the respective 
locations for safety analysis. However, it was found that 
adding the field strength due to unknown/stray sources do not 
make any considerable change to the measured and theoretical 
values of the transmitting sources. 

Results have also been plotted based on power level. Fig 3 to 
Fig 6 shows the curves of measured power values at four 
different observation points. Figures depict two curves of 
measurement, the ideal path-loss based calculated and the 
forecast path-loss based on measured data. Ideal path is the 
free space path loss (FSPL), whereas the forecasted path-loss 
is obtained from the path-loss exponent. 

 

 
Fig 3 Power level w.r.t distance for source - 4 

These plots depict that there is exponential decrease of 
received signal power level and the rate of decrease also 
gradually increases with increase in distance from the source. 
This can be attributed to heavy vegetation and buildings in the 
area. 
 
In addition to this, Fig. 7 shows the plot of measured values of 
the power level. This shows the comparative attenuation of 
received signals w.r.t distance. From Fig 7 and on comparison 
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with HERO standard it reveals that the signal strength 
measured is below recommendation safety limit. 

Fig 4 Power level w.r.t distance for source - 4 

Fig 5 Power level w.r.t distance for source - 3 

Fig 6 Power level w.r.t distance for source - 4 

V. DISCUSSION 
Every experiment and research has it's own limitations. 
Following assumptions have been made while making this 
study. 

• Field strength has been obtained from the observed
power level and not directly from the spectrum analyzer.

• Simulation was based on the instrument rating and errors
due to source were neglected in measurement.

• Total field strength at any observation point has been
calculated as the square root of sum of square of
individual field strengths, and not by vector addition.
This was considered with an assumption that to achieve
worst case scenario.

Fig 7 Comparative decrease of received power at various 
observation points 

VI.  CONCLUSION

The paper demonstrates the electric field strength at various 
point of interest to access any radiation hazard relating to 
ordnances i.e, HERO safety analysis. From all the data 
obtained and simulation studies, it is observed that the present 
field strengths are par below the safety margin as mentioned 
by the HERO safety standard guidelines of US defence. 
Furthermore it is unlikely to possess any danger to the 
EED/pyro system in the missile system. However if more 
number of high power transmitting sources are installed for 
operation, danger for HERO hazard would increase. 
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Abstract— A CPW-fed miniaturized dual band slot antenna is 
proposed. Dual band nature is achieved by using two resonating 
slots around a single feedline. Miniaturization process has been 
carried out in three steps resulting in decrease of frequency from 
3.74GHz and 5.62GHz to 1.96GHz and 3.32GHz respectively. It 
has also been shown that further miniaturization of each 
resonant frequency can be done independently without affecting 
the other resonant band. Further, the effect of various 
parameters of the design are investigated and presented. 
Radiation patterns of the miniaturized antenna are stable with 
considerably low cross polarization. Finally, the miniaturized 
antenna and reference antenna are fabricated and measured. 
Measured results show good agreement with simulated results. 

Keywords— CPW, dual band, slot, miniaturization, radiation
pattern 

I. INTRODUCTION 
With the advent of planar antennas, microstrip patch 

antennas have got much attention. But in recent years, 
research is being carried out with slot antennas which include 
multiband slots and also miniaturized slots. Many approaches 
to obtain dual band slot antennas were taken previously. In [1], 
offset microstrip feedline is used to excite two resonating 
modes. In [2], a single radiating slot is used for dual band 
generation. But, in both the cases, the bands cannot be tuned 
independently. Another technique of obtaining dual resonating 
modes is by loading the radiating slot by various shapes of 
metallic strips [3-5] and slots[6]. In [3-6], there are only single 
parameters that can independently tune of the bands. Still, in 
none of the cases, miniaturization is achieved. Till now, 
mostly, single band miniaturization of slot antenna has been 
carried out. Various miniaturization techniques involve 
loading the radiating slot with split-ring structures [7], 
inductive slits and strips [8-10] and also by modifying the 
ground plane [11]. In [12], high degree of miniaturization is 
achieved by loading the slot antenna with wires. But, this 
structure is very complex to design. In [13], the slot radiator is 
itself given a meandered structure for decrease in resonant 
frequency.   

The proposed dual band slot antenna uses two different 
slots excited by the same feedline. Miniaturization process has 
been carried out in three steps. The main advantage is that 
each resonating band is miniaturized without affecting the 

other. Another feature of the design is that, after final 
miniaturization, there is one controlling parameter for each 
band to tune each of them independently. 

II. DESIGN OF DUAL BAND REFERENCE ANTENNA 

The reference antenna is designed on FR4 substrate having 
dielectric constant (εr) = 4.4, height H =1.6mm and loss 
tangent (tan δ) = 0.02. Fig. 1shows the configuration of the 
reference antenna and Table I lists the optimum dimensions of 
the antenna. The gray shed indicates metallic portion of the 
structure. 

 (a) 

 (b) 

Fig. 1 Design of the reference dual band antenna: (a) Top View; (b) Side 
View 

TABLE I 
Dimensions of Reference Dual Band Antenna (in mm) 

L1  L2  S1  S2  D1  D2 F1  F2  R  K  T 
64 64 22 6.5 4 1.625 29.5 3 9 30 4.2 

III. DESIGN OF MINIATURIZED ANTENNA

Fig. 2 depicts the gradual development of the slot antenna 
structure for miniaturization. In the first step, the slots are 
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modified to ring structures (Antenna 1). In the second step, the 
rings are made split in between for further miniaturization 
(Antenna 2). In the third step, the split rings are made 
meandered to improve miniaturization. Relevant dimensions 
of all the structures are tabulated in Table II. 

(a) 

 (b) 

       (c) 

Fig. 2 Design of miniaturized antenna: (a) Antenna 1; (b) Antenna 2;     
(c) Antenna 3

TABLE III 
Dimensions of Miniaturized Antenna (in mm)

A B P N  G1  G2  C1  C2  W1  W2 
5.5 2.2 0.5 1 0.5 0.5 4.75 2 0.5 0.5 

IV. RESULTS AND DISCUSSIONS

Fig. 3 shows the simulated return loss plot of the reference 
antenna. It resonates at frequencies 3.74GHz having 20.6% 
impedance bandwidth and 5.62GHz having 4.1% impedance 
bandwidth. Impedance bandwidth is defined by Return Loss < 
-10dB. From the simulated current distribution diagrams in 
Fig. 4, it is evident that bigger slot is responsible for lower 
resonant frequency and the two symmetrically placed smaller 

slots with respect to the feedline are responsible for the higher 
resonant frequency. 

Fig.  3  Simulated Return Loss of Reference Antenna 

 (a) 

   (b) 
Fig.  4  Simulated current distribution of reference antenna at: (a) 3.74GHz; 
(b) 5.62GHz 

Fig. 5 presents the Return Loss response of the 
miniaturized antennas. Gradual improvement in 
miniaturization is listed in Table III.  

TABLE IIIII 
Effect of Structure Modification on Antenna Miniaturization

Structure Name Resonant 
Frequency (GHz) 

% Miniaturization 
(w.r.t. ref. antenna) 

Lower Higher Lower Higher 
Antenna 1 3.74 4.92 -- 12.46 
Antenna 2 2.40 3.90 35.82 30.60 
Antenna 3 (proposed) 1.96 3.32 47.59 40.93 
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Fig.  5  Comparison of Return Loss characteristic of Antenna 1, Antenna 2 
and Antenna 3 (simulated)

A. Analysis for Miniaturization Effect 

1) Antenna 1:  The miniaturization effect of antenna 1 can be
justified if its current distribution is investigated as illustrated 
in Fig. 6. It shows that current path remains almost 
unperturbed for the lower resonating frequency. But, for the 
higher frequency, the current path encompasses the entire 
smaller rectangular loops. Hence, the length of current path is 
increased compared to the reference antenna, which increases 
the wavelength of radiation. Thus, the resonant frequency is 
moved from higher frequency region to the left side of the plot. 

  (a) 

        (b) 
Fig. 6 Simulated current distribution of antenna 1 at: (a) 3.74GHz;              
(b) 4.92GHz 

2) Antenna 2:  The miniaturization effect of antenna 2 can be
attributed to the inductive effect of the split loops. As the 
loops are split at the middle, it can also be interpreted as 

loading each of the loops with a small metallic strip at the 
middle. This metallic strip loading increases the inductance of 
the antenna. If the total inductance of the antenna is L and 
capacitance is C, then the resonant frequency fr is given by, 

LC
fr π2

1
=  (1) 

From equation (1), it is evident that if inductance L increases, 
the resonant frequency will decrease. Hence, as the inductance 
of the split loops increase from the closed loop structure, the 
resonant frequencies of antenna 2 are decreased as compared 
to antenna 1.  

3) Antenna 3:  As seen in Fig. 7, the protruding arms of
antenna 3 provide a meander like structure which increases 
the effective current path around the radiating slots thus 
decreasing the resonating frequencies. The main significance 
of the protruding arms lies in the fact that they can 
independently control the miniaturization of each resonant 
frequency without affecting the other. Hence, this gives a 
scope for independent tuning of each resonant frequency. 

 (a) 

(b) 
Fig. 7 Simulated current distribution of antenna 3 at: (a) 1.96GHz; 
(b) 3.32GHz 

B. Parametric Variations 

Fig. 8 shows the effects of variation of length of C1 and C2 
of proposed antenna on its Return Loss characteristic. As 
expected, due to increase in length of the protruding arms of 
the bigger loop (C1), the effective current path increases. So, 
the lower resonant frequency decreases with increase in C1 
whereas the upper frequency remains almost constant. The 
figure also shows that with increasing C1, impedance 
matching deteriorates. This can be improved by adjusting the 
length T of the stub as shown in Fig. 1. Similarly, due to 
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increase in length of the protruding arms of the smaller loop 
(C2), the higher resonance frequency decreases. Hence, C1 
and C2 can be used to tune the resonant frequencies of the 
proposed antenna independently. 

   (a) 

       (b) 
Fig.   8  Variation of Return Loss response of proposed antenna: (a) with 
varying C1; (b) with varying C2 

V. FABRICATION AND MEASUREMENT 
The reference antenna and the proposed antenna are 

fabricated. The photograph of fabricated antennas are 
presented in Fig. 9. Return Loss characteristics of the 
fabricated antennas are measured by using Vector Network 
Analyzer of make Annritsu 2025A and the result is 
graphically illustrated in Fig. 10. Radiation patterns of the 
proposed antenna are measured and compared with the 
simulated results. Fig. 11 shows the compared normalized 
radiation patterns. The radiation patterns are found to be stable 
and cross pole radiation is considerably low with respect to 
co-polar radiation pattern in both E plane and H plane. All the 
measured results exhibit good agreement with the simulated 
results. A comparison of simulated and measured resonant 
frequencies is presented in Table IV. 

(a) 

(b) 
Fig.  9   Photograph of fabricated antennas: (a) Reference; (b) Proposed 

Fig.  10   Measured Return Loss response of fabricated antennas 

TABLE IVV 
Comparison of Simulated and Measured Results 

Simulated Measured 
Lower resonant frequency (GHz) 
(reference) 

3.74 4.10 

Higher resonant frequency 
(GHz) (reference) 

5.62 5.42 

Lower resonant frequency (GHz) 
(proposed) 

1.96 2.13 

Higher resonant frequency 
(GHz) (proposed) 

3.32 3.71 
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          (c)            (d) 
Fig.  11  Normalized radiation patterns of the proposed antenna: (a) E plane at 1.96 GHz; (b) H plane at 1.96 GHz; (c) E plane at 3.32 GHz; (d) H plane at 3.32 
GHz 
    

VI. CONCLUSIONS 
This paper has proposed the design of a CPW-fed dual 

band slot antenna and miniaturization of the bands in three 
steps thus obtaining a highly miniaturized dual band antenna. 
After the third step, the lower resonant frequency is finally 
decreased from 3.74GHz to 1.96GHz, exhibiting 47.59% 
miniaturization and higher resonant frequency is finally 
decreased from 5.62GHz to 3.32GHz exhibiting 40.92% 
miniaturization. Investigations have also been done for tuning 
each of the bands independently. Possible justifications for 
miniaturization processes and controlling parameters have 
been discussed. The radiation patterns of the final 
miniaturized antenna has also been presented which show that 
the antenna can be used for practical wireless systems. 
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Abstract— This paper presents study of lunar poles using 
Microwave Brightness Temperature (TB) from Microwave 
Radiometer (MRM) onboard Chang’e-1 and Physical 
temperature (TP) from Diviner onboard NASA's Lunar 
Reconnaissance Orbiter (LRO). The datasets used are of day 
time and resample to equal spatial resolution using ISIS software 
with help of various modules. A very good correlation was 
observed in both the datasets. The physical temperature (TP) 
decrease with increase in latitude (from 61° N to 90° N as well as 
from 61° S to 90° S) while its corresponding TB is also decreasing 
from 61° N to 90° N as well as from 61° S to 90° S. When the same 
analysis is carried out over lunar equatorial region (60° N to 60° 
S), a decrease in both TP & its corresponding TB towards both 
north and south pole is also observed. In this paper, graphs of TB 
and TP have been plotted against latitudes. Scatter plot between 
TB & TP, clearly indicates that TP and TB decrease with 
increase in latitude over entire lunar surface. These datasets of  
TB and TP will help us in understanding electrical and physical 
behaviour of lunar surface more accurately.  

Keywords— Brightness Temperature, Microwave Radiometer,
Physical temperature, Diviner and Lunar Poles

I. INTRODUCTION 
Microwave Remote Sensing (MRS) has tremendous 

potential in monitoring properties of remote targets due to its 
unique capabilities [1]. MRS does not require the sun as a 
source of illumination for the targets. MRS can be broadly 
divided into two categories, namely, Passive MRS and Active 
MRS. The passive MRS uses self emissions of the surface in 
frequency range of microwaves to model features of a 
planetary surface. On the other hand, in Active MRS 
backscattered energy in microwave frequency range is used to 
study the features of target. Microwave Brightness 
Temperature (TB) and Physical temperature (TP) helps in 
characterization and evolution of the moon [2] using MRS. In 
this study the correlation between TB and TP over entire 
Lunar Surface has been studied and which is presented in this 
paper. Knowledge of Complex permittivity of lunar soil will 
help in estimating the presence of water ice in permanently 
shadowed region at lunar poles using microwave remote 
sensing techniques, 

II. DATASETS USED

Microwave Brightness Temperature (TB) from Microwave 
Radiometer (MRM) onboard Chang’e-1 and Physical 
temperature (TP) from Diviner onboard NASA's Lunar 
Reconnaissance Orbiter (LRO) are used to study their trend 
over entire lunar surface. Both the data are of lunar daytime. 

Microwave Radiometer (MRM) onboard Chang’e-1 
(launched in 2007), as shown in figure 1 was designed to 
measure microwave brightness temperature (TB) of the lunar 
surface at frequencies of 3.0, 7.8, 19.35 and 37 GHz with 
expected penetration depth of: 5 m, 2 m, 1m and 0.5 m 
respectively [3]. 

Courtesy: Y.C. Zheng 
Fig. 1  Schematic view of the MRM onboard CE-1. (a'–d') Cold space 

calibration antenna, (a–d) observation antenna, (e) microwave receiver, and (f) 
hot matching load on the instrument. MRM has two calibration modes and one 
observation mode, and switches between the calibration modes and observation 

mode periodically. 

The brightness temperature measured by MRM is a 
function of permittivity,  physical temperature, frequency and 
thickness of lunar regolith. MRM of level 2C data gives 
global TB map of the Lunar surface at frequency of 37 GHz 
with a brightness temperature resolution of 0.5 K and spatial 
resolution of 2.5 degree/pixel is used in this study. These 
datasets was asked from Dr.Yong-Chun Zheng, Ph.D, 
Associate Research Scientist Key Laboratory of Lunar and 
Deep Space Exploration, National Astronomical 
Observatories, Chinese Academy of Sciences then the analysis 
was performed over entire Lunar Surface.  
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MRM is the first technology in the world to adopt passive 
microwave remote sensing technology to measure the 
microwave radiation of the entire moon [4]. Their basic 
performance indices are listed in Table 1. 

TABLE 1. BASIC PERFORMANCE INDICES OF CE-1 MRM 

Name Specification of Chang'e-1 

Frequency (GHz) 3.0, 7.8 19.35 and 37 GHz 

Integral time (ms) 100, 200, 500, 500 

Temperature resolution (K) ≤0.5 K 

Linearity ≥0.99 

The Diviner Lunar Radiometer Experiment is one of the 
seven instruments aboard NASA’s LRO with major objective 
to identify potential ice deposits in the polar regions. It 
provides map of surface physical temperature of the Moon. 
Level 3 datasets of Diviner i.e. 
DGDR_TBOL_AVG_CYL_20100316D_001_IMG.IMG with 
spatial resolution of 2.5 degree /pixel are used in this paper. It 
provides geophysical parameters mapped onto uniform space-
time grids on global coverage maps of lunar surface [5]. The 
Diviner structure consists of an instrument optics bench 
assembly (OBA), an elevation/azimuth yoke, and a base as 
shown in figure 2.  

Courtesy: NASA

Fig. 2  Diviner Instrument 

With a focus on the Diviner infrared data, the energy 
received in the infrared radiometer detector is mainly from 
thermal radiation of the lunar surface; the reflected energy of 
the Sun which accounts for only a very small proportion. 
Bandfield [6] used the infrared brightness temperature data 
from the infrared radiometer channels 6–8 to calculate the 
lunar surface temperature, rock abundance, and other 
information. When analysing the channel characteristics, they 
found that in the cold lunar night, channels 3–5 had 
insufficient signal to noise ratios, and therefore were 
unsuitable for analysis of temperature fluctuations of the 
dramatic lunar diurnal temperature. Moreover there was a 
serious drift in the infrared brightness temperature data of 
channel 9. As channel 7, covering the entire blackbody 

temperature range, has a high signal to noise ratio, Vasavada 
[7] proposed the brightness temperature of channel 7 of 
wavelength 25-41µm to directly represent lunar surface 
temperatures (LST). Based on the above study, we will use the 
channel 7 infrared surface temperature data over the entire 
Lunar Surface.   

III. METHODOLOGY & DATA ANALYSIS

All Brightness and Physical Temperature datasets from 
MRM and Diviner (Diviner data of lunar surface temperature 
is approximated by assuming radiative equilibrium for low 
angles of solar incidence, it can be easily interpretate near 
sunrise and sunset where the thermophysical properties of the 
surface materials influence surface temperatures) respectively 
are processed using different ISIS modules which is as 
follows: 

1. Making cube file “makecube”
2. Import PDS Level3/4 into ISIS3 “pds2isis”
3. Create a map template (ASCII) “maptemplate”

OR by hand
4. Match to a common projection “map2map”
5. Mosaic “automos”
6. Visualization of the mosaic "qview"
7. Convert into PDS format “isis2std” .

These temperature data are made compatible with each 
other by equalizing their spatial resolutions and projections. 
The Lunar Surface is divided into three regions namely North 
Pole, Equatorial Region and South Pole. Figure 3(a),(b),(c) 
shows BT maps from Microwave Radiometer Chang'e-1 and 
TP from Diviner LRO and their corresponding minimum and 
maximum values are also indicated in this figure 3(a),(b),(c). 

Fig. 3(a)  TB maps from Microwave Radiometer Chang'e-1 and TP maps from 
Diviner LRO and their corresponding minimum and maximum values over 

lunar equatorial region 
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Fig. 3(b)  TB maps from Microwave Radiometer Chang'e-1 and TP maps from 
Diviner LRO and their corresponding minimum and maximum values over 

lunar north pole 

Fig. 3(c) TB maps from Microwave Radiometer Chang'e-1 and TP maps from 
Diviner LRO and their corresponding minimum and maximum values over 

lunar south pole 

IV. RESULTS AND DISCUSSIONS

The main aim to carry out this analysis is to see the 
behaviour of Microwave Radiometer of Chang'e-1 and 
Infrared Diviner Radiometer of LRO over lunar surface during 
the day time. In this study, authors have tried to see the 
correlation between both the radiometer data. It is observed 
that the physical temperature and brightness temperature is 
decreasing towards polar regions (from 61° N to 90° N & 61° 
S to 90° S) which is also followed in equatorial regions (from 
61° N to 61° S) also. 

Fig. 4 (a) Shows trend analysis TB and TP over Lunar North Pole from 
Microwave Radiometer Chang'e-1 and Diviner LRO respectively

Fig. 4 (b) Shows Correlation between TB and TP over Lunar North Pole 
from Microwave Radiometer Chang'e-1 and Diviner LRO respectively  

Fig. 5 (a) Shows trend analysis TB and TP over Lunar South Pole from 
Microwave Radiometer Chang'e-1 and Diviner LRO respectively. 

Fig. 5 (b) Shows Correlation between TB and TP over Lunar South Pole from 
Microwave Radiometer Chang'e-1 and Diviner LRO respectively

Fig. 6 (a) Shows trend analysis TB and TP over Equatorial region from 
Microwave Radiometer Chang'e-1 and Diviner LRO respectively. 

Fig. 6 (b)  Shows Correlation between TB and TP over Lunar Equatorial 
Region from Microwave Radiometer Chang'e-1 and Diviner LRO respectively
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From figure 4 (a) we can see that with increasing latitude 
TB decreases which is correct, because the temperature 
decreases towards lunar poles. In figure 4(a), we can observe 
that TP from Diviner radiometer is decrease with the increase 
in latitude. For better understanding we have selected some 
portion over lunar north pole and scatter plot between TB and 
TP is plotted in figure 4 (b). It shows the equation of line as y 
= 1.198x + 49.37 with R² = 0.850. The slope is 1.198 which 
indicates that TB and TP decrease over lunar north pole 
(beyond latitude of 66°N) 

This similar condition is also observed over lunar south 
pole which is clearly indicated in figure 5(a). Here also scatter 
plot between TB and TP is plotted in figure 5 (b) over portion 
of Lunar South Pole. It shows the equation of line as y = 
1.522x + 28.18 with R² = 0.816. The slope is 1.522 which 
clearly shows that TB and TP decreases with increase in 
latitude over lunar south pole. These results were also 
indicated by scatter plots as shown in figure 4(b) and 5(b).  

When this same process is carried out over equatorial region, 
as shown in figure 6(a) and 6(b) the correlation observed 
between TB and TP is given as y = 1.356x + 7.576 with 
R² = 0.948. Here slope is 1.356 which shows that TB and TP 
is in good correlation. Thus, a good correlation between TB 
from Chang'e-1 and TP from Diviner will help in finding out 
the possible location for water ice over Lunar Poles 

V. CONCLUSION 
The focus of this study is to see the trend between Chang'e-

1 Brightness Temperature data and Diviner Physical 
Temperature data over entire region of  the moon. However, 
over the entire lunar surface relation between Chang'e-1 
brightness temperature and Diviner physical temperature is 
directly proportional. As one could observe of the same from 
figure 4, 5 & 6. As we can observe that correlation is good 
over equatorial regions as compared to lunar polar regions. In 
future this work can be extended to find out the possible 
location for water ice over Lunar Poles. 
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Abstract: This paper proposes an approach for 
designing a Beam steering Reconfigurable Circular 
patch antenna.| The multifunctional reconfigurable 
antenna has been designed with the  integrated PIN 
diode switches to circular patch that enable the beam 
to be steered in the desired direction. This has been 
done by changing switch states to either on or off 
mode. The proposed antenna operates at 2.38 GHz for 
Wireless Interoperability for Microwave Access(Wi-
MAX) applications. In this paper a comparison has 
been done between two structures i.e reconfigurable 
antenna with 4 parasitic elements and with 8 parasitic 
elements. Multifunctional reconfigurable antenna 
(MRA) with 4 parasitic elements capable of operating 
in nine different beam directions from ϴ= -22o to 
+25º. A driven element which is surrounded by 8  
parasitic elements act either as reflector or director 
based on the switch arrangement. Beam 
reconfiguration is achieved by varying the positions 
of the switches by this, the antenna structure can 
direct the beam into 13 different directions varying 
from ϴ= - 45º to +48º and also with increased gain. 

Key Terms—Beam reconfiguration, PIN diode 
switches. 

INTRODUCTION 

Radiation pattern reconfigurability is based on the 
intentional modification of the spherical distribution 
of radiation pattern. Beam steering is the most 
extended application and consists in steering the 
direction of maximum radiation to maximize the 
antenna gain in a link with mobile devices. Pattern 
reconfigurable antennas are usually designed using 
movable/rotatable structures or including switchable 
and reactively-loaded parasitic elements. 
The Reconfigurable antenna can be defined as an 
antenna where various electrical and mechanical 

characteristics of the antenna, such as radiation 
patterns, directivities, polarizations and resonant 
frequencies can be by electrically and mechanically 
controlled to improve the overall system 
performance[1]. Reconfigurable antennas with 
adjusting beams are demanded in the wireless 
communication systems such as small base stations. 
Adjusting beam antenna can offer pattern diversity, 
which results in improving signal to noise ratio and 
the capacity of the wireless communication systems. 
The  recent trends moves towards the use of electrical 
switches since they provide long life time, easy 
design, low loss, and flexible pattern expansion. Also, 
as electrical switches, MEMS (Micro electro 
mechanical Systems), PIN Diodes, and transistors 
have been used. Recently, MEMS switches are 
extensively considered for the reconfigurable 
antennas since they have better switch isolation, 
lower insertion loss and power consumption, and 
higher linearity than solid-state switches over a wide 
RF band. 
Reconfigurable antennas offer flexibility in terms of 
frequency, pattern, and polarization, hence versatile 
and flexible operations in many applications. In a rich 
scattering environment, it is preferred to have an 
antenna that can direct the main beam to the desired 
coverage area while suppressing the unwanted beam 
in other directions. Therefore, multipath propagation 
fading can be mitigated and eventually improve the 
spectral efficiency considering that higher rate of 
information can be transmitted in a given bandwidth.  
In order to provide a dynamical response, 
reconfigurable antennas integrate an inner mechanism 
such as RF MEMS, PIN diodes, varactors that enable 
the intentional redistribution of the RF currents over 
the antenna surface. In this design, we prefer PIN 
diodes due to its reliability and fast switching speed. 
In particular, the research on radiation pattern 
reconfigurable characteristic has got a significant 
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interest in the field of reconfigurable antennas [2]. 
Because the steering of an antenna’s radiation pattern 
can be used to avoid noise source, improve security 
and save energy by better directing signal toward 
intended direction [3]. Therefore there is a great  
demand for pattern reconfigurable antenna in the field 
of wireless communication. 

BEAM STEERING PATCH ANTENNA WITH 
 4 PARASITIC ELEMENTS 

This micro strip patch antenna is designed using 
HFSS v 13 software. HFSS is an acronym for HIGH 
FREQUENCY STRUCTURAL SIMULATOR. As 
shown in Fig.1(a), there is a driven patch surrounded 
by 4 parasitic patches. Each parasitic element is 
shorted to ground through shorting pins. These 
shorting pins are denoted as S1, S2, S3, S4. It shows 
the reconfigurable beam directions using 4 PIN 
diodes for a circular patch. Antenna is excited from 
coaxial feeding. This feeding is given to the driven 
element only. By the mutual coupling effect, the 
current flowing in the driven element is used to 
induce the currents in the surrounding parasitic 
elements. Each patch is connected to the ground and 
we connected 1 PIN diode on each parasitic element. 
Each PIN diode is connected in between the 
corresponding parasitic element and ground. By 
changing the status of PIN diodes on different 
parasitic patches, they acts as either reflector or 
director. The antenna's input return loss and radiation 
patterns will be modified due to the mutual coupling 
between the driven and the parasitic elements. 
Initially currents are flowing in all surrounded 
parasitic elements when the feeding is given to the 
driven element. If PIN diode is on, then that patch 
acts as Reflector (the patch is not connected to 
ground). Reflector means it reflects the beam into 
opposite direction If the PIN diode is off, then that 
patch acts as Director (the patch is connected to 
ground). Director means directs the beam into that 
particular direction. Moreover, the presented antenna 
preserves its linear polarization regardless of the 
configuration. 
The proposed antenna operates at 2.38 GHz for 
Wireless Interoperability for Microwave Access (Wi-
MAX).. This structure is capable of achieving 9 
distinguished main beam angular positions. This 
antenna structure consists of a driven element which 
is surrounded by four parasitic elements.  
Fig.1(b) shows the side view of the antenna design. 
This antenna is excited from the coaxial feeding. It 

has two conductors namely, inner conductor and 
outer conductor. Inner conductor of coaxial connector 
extends through the dielectric and is soldered to the 
radiating patch, while the outer conductor is 
connected to the ground. The main advantage is feed 
can be placed at any desired locations inside the patch 
in order to match with its input impedance. Feed is 
easy to fabricate and has low spurious radiation. 

         

(a)                              (b)      
Fig.1 (a) Antenna design using HFSS software 
         (b) Coaxial  feeding and shorting pins 

As shown in Fig.1(b) the antenna structure was etched 
on a 12x12 cm^2  Taconic substrate (TLY-5) with a 
relative permittivity of 2.2, a thickness of 1.6 mm, 
and loss tangent of 0.0009. Circular patch radius is 
23.7 mm. Each diode occupies a compact space 
considering its small footprint of around 0.35mm. The 
p-i-n diode ON state is simulated by a series 
inductance 0.15nH and resistance of 4.7 Ohm. OFF 
state is simulated with a parallel combination of a 
capacitor 0.017pF and a resistor of 7 K Ohm. 

From Fig2, the overall structure of a PIN diode switch 
is shown as well as it shows that how the PIN diode is 

(a)          (b) 

Driven 
element 

Parasitic 
elements 

Dielectric 
substrate 

Coaxial 
feeding 

Shorting 
pins 

Shorting pin PIN diode 
switch 
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         Fig.2 (a) Connection of PIN diode on patch 
          (b) PIN diode switch and shorting pin 

connected to the ground.  Through the shorting pin 
the PIN diode is connected to the ground. Based on 
the on/off status of the switch optimized currents can 
flow from the parasitic patches to the ground. Here 
HPND-4005 PIN diodes are used. Generally the on 
resistance of the PIN diodes can be degrade the gain 
and efficiency of the antenna but it is exceptional for 
the HPND-4005 with respect to the low insertion and 
isolation loss of 0.3 and 38 dB, respectively. These 
are soldered on the parasitic patches. Five RF choke 
inductors (68nH) are connected on the PIN diode 
biasing lines. One RF choke inductor is connected on 
the ground and remaining four are connected at the 
edges of the four patches. As shown in Fig.3, one of 
the RF choke inductor is connected at the edge of  one 
patch. 

The simulated results of nine distinguished beam 
directions of this structure are presented in 
Fig.4.When all PIN diodes are ON, then all parasitic 
elements act as directors. The beam toward (Ø,Ɵ) = 
(0°,0°). Then  the beam is directed along the z -axis 
with a gain of 8 dBi. When PIN diode A is OFF (the 
corresponding patch acts as a director) and the 
remaining PIN diodes are ON (the corresponding 
patches act as reflectors), the beam will be directed at 
(Ø,Ɵ) = (45°,22°). The main beam directions when 

RF choke inductor 

 Fig.3 Biasing line with RF choke inductor 

PIN diodes A and B are OFF, (Ø,Ɵ) = (90°,24°) 
(remaining PIN’s are ON), PIN C OFF (remaining 
PIN’s are ON) and PIN D OFF (remaining PIN’s are 
ON) are, (Ø,Ɵ )= (135°,22°), (225° , 22° ), and (315° 
, 22° ), respectively. When PIN diodes A  and D are 
OFF and  PIN diodes B and C are ON, the beam will 
be directed toward (Ø,Ɵ) = (0°,23°). Similarly, beam 
steering to (Ø,Ɵ) = (180° , 24° ), and (270° , 25° ) is 
achieved according to the configuration of the PIN 

diode. The theta angle is mainly contributed by the 
size of the parasitic element, driven-parasitic 
separation distance, and shorting pins location, which 
are optimized to obtain the desired tilt angle with 
minimum side lobe level.   

TABLE-I 

GAIN AND THETA Ɵ FOR DIFFERENT PIN DIODE 
STATES: 

Switch 
A B C D Gain in 

dBi 
Theta 
θ 

ON ON ON OFF 7.0606 -22º 
ON ON OFF ON 6.13 -6 º 
ON ON ON ON 8.35 0º 
ON OFF ON ON 7.0118 22º 
OFF ON ON ON 7.37 22º 
OFF OFF ON ON 7.17 23º 
ON OFF OFF ON 7.4151 24º 
ON ON OFF OFF 7.5491 25º 

Simulated Results for Radiation Patterns are as 
shown below:  

(a)  (b)  

(c) (d) 

RF choke inductor 
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(e) (f) (g) (h) 

                (i) 

Fig.4  simulated radiation pattern at 2.38 GHz  (a) PIN diode D is OFF, (Ø,Ɵ)=(315°, - 22°), (b) PIN diode 
C is OFF, (Ø,Ɵ) = (225°, - 6°),  (c) ALL PIN diodes are ON, (Ø,Ɵ) = (0°,0°), (d) PIN diode A is OFF, 
(Ø,Ɵ) = (45°, +22°), (e) PIN diode B is OFF, (Ø,Ɵ) = (135°, +22°), (f) PIN diodes A and D are OFF, (Ø,Ɵ) 
= (0°, +23°)   (g) PIN diodes A and B are OFF, (Ø,Ɵ) = (90°, +24°), (h) PIN diodes C and D are OFF, 
(Ø,Ɵ) = (270°, +25°). PIN diode that is not mentioned means it is in the ON state. 

The PIN diode states and theta Ɵ for different 
configurations are tabulated in Table-I. From Table-I, 
when all PIN diodes are ON, the gain is maximum 
i.e., 8.32. This structure achieved excellent gain levels
with all desired phi Ø directions with a minimum 
value of 7 dBi 

BEAM STEERING PATCH ANTENNA STRUCTURE 
WITH  8 PARASITIC ELEMENTS 

We can increase the main beam directions by 
modifying the structure of the above designed 
antenna. The modifying structure consists of 9 
patches. The driven element is surrounded by 8 
parasitic elements. Parasitic element is a conductive 
element, typically a metal rod, which is not 
electrically connected to anything else. The purpose of  

Fig 5:- Center Driven Element surrounded with 8 parasitic 
patches with PIN Diodes  
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the parasitic elements is to modify the radiation 
pattern of the radio waves emitted by the driven 
element, directing them in a beam in one direction, 
increasing the antenna's gain. This allows the array to 
act as a single antenna, generally with improved 
directional characteristics (thus higher antenna gain). 
The driven element is often a dipole. The parasitic 
elements act as resonators and couple 
electromagnetically with the driven element, and serve 
to modify the radiation pattern of the antenna.  

Table-II 

GAIN AND THETA Ѳ FOR DIFFERENT PIN DIODE 
STATES 

We have to increase the length and breadth of the 
Taconic dielectric substrate and ground to 171 x 171 
cm2      for     adding     more parasitic elements. From 
Table-II, the maximum obtained gain is 8.94 dBi 
when ALL PIN diodes are ON. By this structure, the 
antenna    gain is    increased from 8.32 to 8.94 since 
parasitic elements are increased  from 4  to 8. 

Simulated Results for Radiation Patterns are as 
shown below:  

 (a) (b) 

 (c)  (d) 

 (e)  (f) 

Switch positions 

A B C D E F G H Gain 
in dBi θ 

on on on on off on on on 6.9 - 45º 

on on
off off 

on on on on
6.6 - 44º 

off 
on on 

off 
on on on on 

3.29 - 37º 

on on on on on on
off on 6.11 - 35º 

off off 
on on

off 
on on on

7.7 - 30º 

off off 
on on

off off on off 4 - 27º 

on on on on on on on on
8.94 0º 

on on on on 
off off 

on on 
5.7 + 34º 

on off 
on on

off off 
on on

4.48 +35º 

on on on on
off 

on on on
6.6 + 36º 

on on on on on on
off off 5.58 + 40º 

on on on on on
off off on 4.7 + 41º 

on on on on 
off 

on on 
off 5.7 + 42º 

on off off 
on on on on on

3.9 + 48º 
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 (g)  (h)        (i)  (j)

  (k)  (L)  (m)  (n) 

Fig 6:.  simulated radiation pattern at 2.38 GHz  (a) PIN diode E is OFF, (Ø,Ɵ)=(315°, - 45°), (b) PIN diode C and 
D are OFF, (Ø,Ɵ) = (225°, - 44°),  (c) PIN diodes A and D are OFF, (Ø,Ѳ) = (0°, - 37°)  (d) PIN diode G is OFF, 
(Ø,Ѳ) = (270°, - 35°) (e) PIN diodes A, B and E are OFF, (Ø,Ѳ) = (90°,- 30°), (f)  PIN diodes A, B, E, F and H are 
OFF, (Ø,Ѳ) = (90°, - 27°)   (g) ALL PIN diodes are ON, (Ø,Ѳ) = (0°,0°), (h) PIN diodes E and F are OFF, (Ø,Ѳ) = 
(135°,+ 34°), (d) PIN diodes B, E and F are OFF, (Ø,Ѳ)=(135°,+ 35°),  (j) PIN diode E is OFF, (Ø,Ѳ) = (90°,+ 
36°),(l) PIN diodes F and G are OFF, (Ø,Ѳ) = (225°,+ 41°), (m)  PIN diodes E and H are OFF, (Ø,Ѳ)=(45°,+ 42°), 
(n) PIN diode B and C are OFF, (Ø,Ѳ) = (90°,+ 48°)   

SIMULATION RESULTS AND ANALYSIS 

Reconfigurable antenna will be an attractive feature 
in the modern wireless communication system 
because it enables to provide a single antenna to be 
used for multiple systems. In This paper two 
different antennas have been designed with 4 and 8 
parasitic elements respectively. In the first case, the 
antenna can provide beam control at nine different 
angular directions. Fig 3 shows the simulated 
radiation patterns for different PIN diode 
configurations. Table I represents radiation patterns 
of different  Ɵ values varies from -22o to + 25o  

capable to steer to nine  angles, when all p-i-n 
diodes are ON, the beam is directed along the Z-
axis with a highest gain of        8.35 dBi as shown in 
Table I. On the other hand      Fig 5 shows the 
driven element is surrounded by 8 parasitic 
elements. Simulated radiation patterns for different 
PIN diode configurations shown in Fig 6 in which 
the beam can be steered from a wide angle variation 
from Ɵ = - 45°  to + 48°  with the increased  gain of 
8.94dBi.
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CONCLUSION

The development of wireless communication has 
made a good impact on the field of the antenna 
design. When one considering adding new features 
to existing antennas, questions about the benefits 
and applications of doing so arise. In this paper, a 
compact and multidirectional pattern-reconfigurable 
antenna is presented. The antenna design  is based on the 
on the principles of the common Yagi – Uda antenna . In 
this paper a comparative analysis has been made between 
two reconfigurable antenna structures.  Particularly the 
antenna with 8 surrounded parasitic elements is  
reconfigurable in terms of radiation pattern in 14 
different angles. And by observing above mentioned 
tables, the radiation pattern varies with a wide beam 
steering is almost double in both negative and 
positive directions compared to antenna structure 
with 4 parasitic elements. This type of very wide 
switched beam pattern is definitely very useful in 
RADAR applications to identify the targets. 
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Abstract:- 

Horn Antennas are extremely popular antennas[1] in the 
microwave region above 1 GHz. Horns provide high 
gain, Low VSWR (with Waveguide feeds) and relatively 
wide bandwidth. These are widely used[2] as a feed 
element for various applications such as large radio 
astronomy, satellite tracking, and communication 
dishes found installed throughout the world. In addition 
to its utility as a feed for reflectors and lenses, it is a 
common element of phased arrays and serves as a 
universal standard for calibration and gain 
measurements of other high gain antennas. 

In this paper, Dual polarized pyramidal Horn Antenna 
at 18-40 GHz frequency has been designed and 
simulated in High Frequency Structure Simulator 
(HFSS) Software tool. Details of the antenna design are 
discussed and simulation results of the proposed 
antenna are presented. 

Keywords:- Horn Antenna, HFSS  

I. INTRODUCTION 

Antennas are one of the most important parts of a 
communication chain. In Modern times need of an 
antenna for wideband applications has increased. 
Horn antennas are also widely used in 
Electromagnetic Compatibility (EMC) testing, 
Radiofrequency Interference (RFI) testing, standard 
gain testing, electronic surveillance etc. The reason 
for choosing horn antennas in these applications is 
based on its unique characteristics: easy feeding, 
relatively simple construction, high gain and 
excellent power handling capability. However, due to 
the development of wideband testing systems, 
applications of conventional horn antennas become 
limited. So, design and development of Broadband 
horn antennas [3] are in urgent need.  
 
The horn with  square  aperture  leads  to  an  almost 
rotationally symmetric pattern with equal E- and H- 
plane beam widths. The horn presented is flared in 
both  directions  and  its  radiation  characteristics  

are  essentially  a  combination  of  both  E-  and  H-
plane sectoral horns. The configuration was finalized 
and simulated considering parameters like gain, 
beamwidth, and VSWR etc.  
 
The Horn antenna is successfully simulated using 
HFSS Software and the results show that the antenna 
offers excellent performance for frequency ranging 
from 18 GHz to 40 GHz with VSWR  less than 2 at 
centre frequency.  
 

II. ANTENNA GEOMETRY & 
DESIGNING 
 

The geometry of the rectangular horn antenna is 
shown in Fig. 1, and parameters needed to be 
calculated of Antenna are listed in Table 1. 
 

 
Fig. 1: Geometry of Rectangular Horn 

Antenna. 
 

 
Formula for designing of Horn antenna to achieve 
desire beamwidth[4]- 
 

Beamwidth Angle θE = 56
𝑏1
𝜆  ----- (1) 

Beamwidth Angle θH = 67
𝑎1
𝜆 ---- (2) 
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Parameter Symbol Value 
Frequency Band - 18-40GHz 

Centre Frequency f 29 GHz 
Wavelength λ 10.34mm 

Waveguide Width a 7.31 mm 
Waveguide Height b 7.31 mm 

Aperture Width a1 34.64 mm 
Aperture Height b1 34.64 mm 

Waveguide to aperture 
distance 

ρ 47.70 mm 

Table 1:- Parameter of Antenna 

III. DESIGNING IN HFSS

HFSS is a commercial finite element method solver 
for electromagnetic structures from Ansys. The 
acronym originally stood for High Frequency 
Structural Simulator[5]. It is one of several 
commercial tools used for antenna design.  Fig. 2(a) 
and (b) shows the designed antenna in HFSS 
software. 

(a) 

(b) 

Fig. 2(a) & (b): shows HFSS 3D model of 18-40 GHz 
Pain Horn Antenna 

IV. RESULT AND DISCUSSION

By simulation and optimization in HFSS[6] Software 
of Plain horn antenna we have achieved the 19dB 
gain and >15dB side lobe at centre frequency in H & 
E plane which is shown in Table 2 & 3. The H Plane 
and E plane Rectangular and Radiation pattern over 
the 18, 29, and 40GHz are shown in Fig. 3 and Fig. 4 
respectively. And VSWR plot for frequency 18, 29, 
and 40GHz is shown in Fig. 5. 

Freq Max LSL RSL BeW_H 
18 16.4044 15.204 15.2013 26.86 
19 16.6051 12.9977 12.9847 25.4901 
20 17.1094 22.5419 22.5345 24.6409 
21 17.0974 13.1559 13.1462 24.2523 
22 17.8242 13.2341 13.2318 22.5239 
23 18.0782 12.4066 12.4038 21.3571 
24 18.438 12.9069 12.9 20.827 
25 18.6623 11.6109 11.6098 19.9937 
26 18.9678 12.1254 12.125 19.3198 
27 19.2652 11.7427 11.7414 18.6649 
28 19.6443 11.5598 11.5613 17.6933 
29 19.7205 18.2266 18.1944 17.7198 
30 20.0952 11.0996 11.1085 16.6069 
31 20.382 17.49 17.4321 16.3261 
32 20.6057 10.7334 10.7314 15.6032 
33 20.9359 17.8714 17.7999 15.2444 
34 21.1365 17.8648 17.7434 14.6888 
35 21.3852 16.7177 16.6741 14.3367 
36 21.5342 18.3522 18.2859 14.0338 
37 21.7549 16.0065 15.9492 13.5393 
38 21.9596 18.5123 18.5277 13.2145 
39 22.0941 16.7533 16.6828 12.7794 
40 22.3862 17.9266 17.8989 12.509 

Table 2: illustrate the H-plane simulated results 

Freq Max LSL RSL BeW_E 

18 16.4044 32.1178 32.057 29.3809 

19 16.6051 30.0999 30.1298 28.3539 

20 17.1094 25.6352 25.6363 27.2986 

21 17.0974 22.8728 22.8655 26.179 

22 17.8242 26.2715 26.2693 24.5237 
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23 18.0782 22.4721 22.4979 23.2707 

24 18.438 23.0461 23.0549 22.5057 

25 18.6623 22.5582 22.5391 21.6992 

26 18.9678 20.9223 20.9049 21.1746 

27 19.2652 21.7087 21.6895 20.4195 

28 19.6443 21.2134 21.1656 19.7108 

29 19.7205 21.242 21.2476 19.2737 

30 20.0952 21.6355 21.5912 18.341 

31 20.382 20.7537 20.7303 17.8227 

32 20.6057 21.0138 20.9786 17.0987 

33 20.9359 21.0566 21.0753 16.6723 

34 21.1365 21.1117 21.1022 16.2649 

35 21.3852 19.9277 19.9327 15.8883 

36 21.5342 21.3423 21.4547 15.5134 

37 21.7549 19.1526 19.1519 15.0046 

38 21.9596 24.8156 24.9622 14.6079 

39 22.0941 19.8309 19.8871 14.1762 

40 22.3862 20.7374 20.7619 13.8327 
Table 3: illustrate the E-plane simulated results 

3(a) 

3(b) 

3(c) 
Fig. 3: Rectangular pattern over the 18, 29, and 40GHz 

4(a) 

4(b) 

4(c) 
Fig. 4: Radiation pattern over the 18, 29, and 40GHz 
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Fig. 5: VSWR plot for 18, 29 and 40GHz 

 

V. CONCLUSION 
 

In this Paper design and simulation of Rectangular 
Horn Antenna for 18-40 GHz is presented. 
Rectangular horn antenna has gain of 19 dB at centre 
frequency, 3 dB beamwidth of 19.2 deg in E-Plane 
and 17.7 deg in H Plane at centre frequency is 
achieved by optimizing the axial length and aperture. 
VSWR is under 2 for the centre frequency. 
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Arctic & Antarctica Sea Ice Variability 
Contrast Study for 1980-2012  
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*International Centre for Radio Science, Jodhpur
opnc06@gamil.com, shrutisinghal21@gmail.com 

Abstract— Because the Arctic and Antarctic are the two 
cold, dark, and remote extremes of the Earth, we often think 
these two places to be similar. However, the major 
remarkable difference is the surrounding environment and 
the habitat. Both the regions remain less studied due to 
remoteness and extreme temperatures. But with help of 
advancement of satellite remote sensing one is now able to 
overcome this difficulty. In this paper assessment of past 32-
year satellite data has been made. The past record of sea ice 
area is derived from different passive microwave sensors 
(radiometric observations) onboard satellites available. The 
analysis reveals that the Arctic sea ice area is decreasing just 
by double rate by which the Antarctica sea ice area is 
increasing from 1980 to 2012.  

 Index Terms — Sea Ice, Antarctica, Arctic, Microwave 
Remote Sensing, Cryosphere 

I. INTRODUCTION 

The Polar Regions [1] or the high latitude regions of the 
world are areas where sun is never high enough due to 
which they remain perpetually covered by snow and 
ice throughout the year. In these high latitude regions of 
the nights lasts for six months and temperatures can fall 
to extremely low values. The lowest temperature ever 
recorded is in Antarctica, where a value of -88°C was 
reported. These regions influence our entire world's 
climate and life. 

The major difference between the Arctic and the 
Antarctic is the landscape that attracts explorers and 
scientists to study their contradictory behaviour. The 
arctic in North Pole is an ocean surrounded by 
continents where as Antarctic in south Pole is a 
continent surrounded by ocean. The Sea ice surrounding 
Arctic expands and covers the entire Arctic Ocean 
including nearby lands (North America, Greenland and 
Eurasia) but sea ice in Antarctica extends into the ocean 
surrounding it. Some basic differences between Arctic 
and Antarctica are tabulated in table 1.  

Table 1. Basic difference between Arctic and Antarctica 
(Courtesy: Arctic-Antarctic Collection.com - 2008-2009) 

Arctic Antarctica 
Extension As far as 60 

degrees north 
As far as 50 
degrees south 

Geology and 
relief 

Arctic mostly 
ocean, plate 

Antarctica is a 
continent, a long 

boundary 
(volcanism), in 
Greenland old 
metamorphic 
stones. 

geological 
evolution created a 
variety of stones 
and mountain 
ranges up to 3,794 
meters. 

Typical 
Thickness 

~ 2 m (6 ft) ~ 1 m (3 ft) 

Geographic 
Distribution 

Asymmetric Symmetric 

Snow 
Thickness 

Thinner Thicker 

Climate and 
Oceanography 

Arctic is made 
of various 
bodies 
surrounded by 
ocean waters 
and is affected 
by the warm 
waters of the 
gulf stream. 

Antarctica is a 
single main body 
with a circumpolar 
stream which 
allows little 
circulation of heat 
from other 
regions. This leads 
to extreme low 
temperatures and 
is the reason for 
the existing ice 
sheet. 

Population Indigenous 
population 
(Inuit’s, 
Indians, 
Siberians) and 
enduring 
settlements 

Historically 
deserted though 
today there are 
impermanent 
settlements for 
scientists. 

Political status Arctic territory 
belongs to 
different 
countries 

There are claims 
of sovereignty by 
different countries 
though this 
sovereignty is not 
universally 
recognized around 
the world. 

II. IMPORTANCE OF SEA ICE

Sea ice [2] has three major roles 

- It controls the ocean circulation by storing the 
fresh water and forcing the dense salty water to 
sink and move towards the equator. This whole 
process helps in maintaining the temperature 
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balance that is particularly defined as Global 
Thermohaline cycle. 

- Sea ice is habitat of many animals and stores 
abundant nutrients which form the basis of 
their marine food web.  

- It also helps in maintaining the balance 
between incoming radiation and outgoing 
radiation. 

III. MONITORING SEA ICE FROM SPACE

The microwave sensor has the unique all whether 
penetration capability and can even work in night unlike 
optical sensors. This makes microwave remote sensing 
a potential tool for the study of sea ice from space. For 
these study two types of analysis is performed. 

ANALYSIS 1: Data of Space based sea ice observation 
began with Nimbus 7’s Scanning Multichannel 
Microwave Radiometer (SMMR), from 1978 – 1987 
and continued with Defense Meteorological Satellite 
Program Special Sensor Microwave Imagers (SSMIs), 
1987 - 2007, and the Special Sensor Microwave Imager 
Sounder (SSMIS) [3] from January 2008 – to present. 
This analysis is done for both Arctic and Antarctica. 

ANALYSIS 2: Also to compare the results obtained 
from Nimbus and SSMIS data [4] combination, the data 
from The Advanced Microwave Scanning Radiometer 
EOS (AMSR-E), 2002 - 2011 and its successor AMSR 
2 [5], JAXA mission since 2012 has been examined. 
This analysis is done for only Antarctica. 

The data used for both the analysis is monthly maps of 
sea ice concentration with polar stereographic 
projections girded at 25 km by 25 km.  

Table 2. List of Satellite Data Used 

S.N0
. 

SATELLITE 
NAME 

YEAR SENSOR FREQUEN
CY 

1. Nimbus Series 1978-
1995 

Scanning 
Multichannel 
Microwave 
Radiometer 
(SMMR) 

6.6, 10.7, 18, 
21 and 37 
GHz 

2. Defense 
Meteorological 
Satellite 
Program 

1995-
2009 

F13 Special 
Sensor 
Microwave/I
mager 
(SSM/I) 

19.35, 22.2, 
37.0, 85.5 
GHz 

3. Defense 
Meteorological 
Satellite 
Program 

2006-
Present 

F17 and 
Special 
Sensor 
Microwave 
Imager 
Sounder 
(SSMIS) 

19 , 22(V), 
37 and  91 
GHz 

4. Advanced
Microwave 
Scanning
Radiometer-

2002-
2008 

Passive 
Microwave 
Radiometer 

6.9 , 10.7, 
18.7, 23.8, 
36.5 and 
89.0 GHz 

Earth (AMSR-
E) 

5. Global Change 
Observation
Mission
“SHIZUKU" 
AMSR2

2012-
Present 

Advanced 
Microwave 
Scanning 
Radiometer 
2 

6.925, 10.65, 
18.7, 23.8, 
36.5, 89.0  
GHz  

IV. ANALYSIS 1

In Analysis 1 data obtained from Nimbus and DMSP 
series is used. The sea ice at the poles is found to 
expand and contract with the seasons: melting occurs 
during summer and expansion occurs during winter. 
Seasons are opposite between the Southern and 
Northern Hemispheres; the South reaches its summer 
minimum in February, while the North reaches its 
summer minimum in September. To show the 
consistency March month is taken. . In arctic the sea ice 
reaches to a minimum in September and maximum in 
March on the contrary in Antarctic the sea ice reaches 
it’s maximum in September and minimum in March as 
shown in figure 1. The similar behaviour can be 
depicted graphically with help of actual sea ice area 
estimation. The graphical representation is shown in 
figure 2. Figure 2 also shows the monthly variation of 
sea ice area average since 1980-2012 behaving as a 
sinusoidal function. 

The overall sea ice area is calculated by adding up the 
area of number of pixels which have sea ice percentage 
greater than predefined threshold value. This estimation 
also helps to determine the largest summer minimum 
and winter maximum sea ice recorded (Table 3.) ever 
since 1980 to 2012.  

Fig. 1. Satellite images of Arctic and Antarctica for March and 
September months (Courtesy: http://seaice.gsfc.nasa.gov/csb/) 
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Table 3. Years with Maximum and minimum sea ice area 

Winter 
Maximum 

Summer 
Minimum 

Arctic 1982 March 2012 September 
Antarctica 2012 September 2006 March 

Fig. 2. Monthly variation of average sea ice area from year 1980 to 
2012 

The overall trend of sea ice can be monitored using the 
yearly data mean. The variability of sea ice area over 
Arctic and Antarctica can be seen in Figure 5 with 
Arctic data following negative trend where as 
Antarctica following positive trend. Indeed the 
correlation rate of Arctic decrement is higher than that 
of Antarctica increment. 

Fig. 3. Illustrates variation of sea ice area for March Month from year 
1980 to 2012 over Arctic and Antarctica. 

Fig. 4. Illustrates variation of sea ice area for September Month from 
year 1980 to 2012 over Arctic and Antarctica. 

Fig.5. Illustrates the Mean Sea ice area variability since 1980-2012 of Arctic & Antarctica

V. ANALYSIS 2 

In this analysis the data is taken from the AMSR E and 
the AMSR 2 satellite series. The sea ice area is being 
calculated and then compared with the analysis 1. Due 
to limited data the analysis is done for from 2003- 2013. 
It was found that the sea ice obtained from the AMSR 
satellite series follow the same trend as that of SSMI 
series. But the actual values of sea ice obtained from 
AMSR are found to be higher than the SSMI. Figure 6 
illustrates the difference in sea ice obtained by analysis 
1 and 2. The numerical difference between the two 
analyses can be seen in the table 4 which on an average 
is around 1.5 million square Km. 

Fig. 6. Illustrates the difference in sea ice obtained by analysis 1 and 2 
for 2003-2013 over Antarctica. 

Analysis 2 

Analysis 1 
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Table 4. Difference obtained from Analysis 1 & 2 in sea ice area for 
Antarctica

Year Analysis 1 
(million sq 

km) 

Analysis 2 
(million sq 

km) 

Difference 
(million 
sq km) 

2003 10.6076 9.060857 1.54674 
2004 10.65724 9.042263 1.614979 
2005 10.35343 8.747649 1.605779 
2006 10.18144 8.66181 1.519626 
2007 10.45784 8.942194 1.515645 
2008 10.86388 9.273986 1.589898 
2009 10.71426 9.150215 1.564044 

2010 10.71207 9.118284 1.593788 
2011 10.15419 8.685505 1.468683 
2012 NA 9.199735 - 
2013 10.36645 NA - 

IV CONCLUSION 

From the analysis and by the graph shown in Figure 5, 
the Arctic sea ice is found to be decreasing with time 
where as the Antarctica Sea Ice is increasing in area 
with time. The decrement rate of Arctic is 
approximately twice that of the increment rate of 
Antarctica. This decrement in sea ice could be due to 
the increase in global warming gradually. But the 
increment of Antarctica sea ice definitely surprises the 
readers of the era of global warming. The reason for 
increment may perhaps be the ocean circulation in 
which the warm current or the low saline water moves 
below the sea ice and letting it to grow instead of 
melting it. Another important factor for this 
contradictory behaviour is the geographical difference. 
Arctic is made of various bodies surrounded by ocean 
waters and is affected by the warm waters of the gulf 
stream where as Antarctica is a single main body with a 
circumpolar stream which allows little circulation of 
heat from other regions. This leads to extreme low 
temperatures and is the reason for the increasing sea ice. 

By comparison of Analysis 1 & 2 one can say that 
AMSR series takes the advantage of having larger range 
of frequencies to remove ambiguities and optimize 
accuracy in estimation which is not possible with the 
limited frequencies available in SSMI series. 
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Abstract—The paper introduces the design and simulation 
of dual polarized Rectangular Corrugated Horn Antenna in 
the frequency band 8-18GHz. The horn is designed with 
square aperture which results in excellent radiation pattern 
with very low side lobe level , desired beam width and 
symmetric E- & H- plane patterns. The square horn is 
corrugated along both E- and H-plane flaring walls since 
horn designed is dual polarized. Also corrugated horn 
radiates with very low cross polarisation which is essential 
in dual polarisation systems. Simulation results shows that 
the Antenna Gain is 19 dB and Half Power Beam width is 
20.9 deg in H Plane and in E Plane is 18.9 deg at centre 
frequency. Also side lobe level below -16 dB except at 
18GHz over the band has been achieved. The VSWR is less 
than 2.0 over the frequency band. The designed antenna 
exhibits low cross polarization, low side lobe level, desired 
gain in the entire operation bandwidth. The antenna is 
designed and simulated with HFSS (Ansoft corp.) 

Keywords— Rectangular Corrugated Horn Antenna, Square
Aperture Horn, Dual polarized horn antenna.  

I. INTRODUCTION 

   Multi-functionality is the significant aspect of many 
modern systems. Military applications have requirement 
broad bandwidth communication links with antennas that 
must operate over a frequency range of several octaves. 
These antennas are versatile substitute for multiple antennas 
deployed at various bands for measurements & applications 
wherever broadband antennas are required. Also multi-
Octave range wideband horns offer an unparalleled facility 
for EMI /RFI testing, evaluation and electronic surveillance.  

A Dual Polarized Rectangular Corrugated Horn Antenna has 
been designed and the design is simulated using HFSS in the 
frequency range 8-18GHz. In the Design, a flared Non-
Standard waveguide is used. To realize the wideband 
performance,  Double Ridged has been introduced in this 
Waveguide. A central ridge loads a waveguide & increases 
its useful bandwidth by lowering the cutoff frequency of the 
dominant mode. The horn discussed is ideally suited for 

direction finding, surveillance, usage in pattern ranges, radar 
cross section ranges and other applications. The presence of 
corrugations at the flared walls provides very good side lobe 
rejection and better efficiency. Since the design 
requirements include a low return loss & low cross 
polarization, the corrugation are considered. 

II. DESIGNING OF HORN ANTENNA

   The horn presented is flared in both directions and its 
radiation characteristics are essentially a combination of 
both E- and H-plane sectoral horns. The corrugations are 
present in both flared planes. The configuration which was 
finalized and simulated considering parameters like gain, 
beamwidth, return loss, VSWR etc. The geometry of the 
final optimized structure is shown in Fig.1 

Fig.1 - The Corrugated Horn Antenna geometry Simulated 
in HFSS 

Double Ridged Rectangular Waveguide is introduced in the 
design to increase the bandwidth of the waveguide to 
operate over more than one octave bandwidth. Ridges 
mainly lowers the cut off frequency of the TE10 mode 
(Dominant mode) from that of unloaded guide. The reason 
for this can easily be explained when the field configuration 
in the guide at cut-off is investigated. At cut off there is no 
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longitudinal propagation down the guide. The waves simply 
travel back and forth between the side wall of the guide. In 
fact the guide can be viewed as a composite parallel plate 
waveguide of infinite width where the width corresponds to 
the direction of propagation of the normal guide. The TE10 
mode cut off occurs where this composite guide has its 
lowest order resonant frequency. This occurs when E-field is 
maximum across the guide which occurs at the centre for a 
symmetrical ridge. 

Figure 2 -   HFSS model showing corrugations

Figure 3 - Corrugations Geometry.

      TABLE I  

PARAMETERS CONSIDERED IN DESIGNING CORRUGATIONS

Parameter Notations Design Criterion 
corrugation width w w < λ /10 

corrugation thickness t t ≤ w/10 

corrugation depth d λ0/4 < d < λ0/2 
Pitch p = w+t w/(w + t) ≈ 1 

Based on literature on corrugation theory, Table-I shows 
design criteria for corrugations. Figure 3 shows the 
corrugations geometry in horn antenna in both the planes. 
The effect of the corrugations on the walls of the horn is to 
modify the electric field distribution in the E-plane 
waveguide horn junction to the aperture. 

III. SIMULATION & OPTIMIZATION

By the simulation and optimization of the corrugated horn 
antenna the results as per the required specifications have 
been achieved. The depth and the thickness of the grooves 
are optimized to produce the very low side lobe level.  
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Figure 4- (a) and (b) shows H-Plane and E-Plane Rectangular Radiation 
Plot over full band 
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Freq 
(in GHz) 

Gain 
(dB) 

Left Side 
Lobe (dB) 

Right Side 
Lobe (dB) 

H Pane 
beamwidth 
(in degree) 

8 14.5554 -26.1992 -26.1992 32.0431 
9 15.5979 -35.3771 -35.3771 31.3942 

10 16.9635 -34.2833 -34.2793 27.4386 
11 18.3135 -37.7539 -37.5427 24.7446 
12 18.9409 -37.846 -37.768 22.5867 
13 19.2348 -28.7158 -28.8198 20.9442 
14 19.8376 -35.058 -35.4221 20.1592 
15 20.0661 -34.301 -34.8685 19.5695 
16 20.4469 -33.2907 -33.7007 18.3155 
17 20.0933 -33.5458 -32.8396 18.2475 
18 19.6874 -31.7321 -31.7447 17.33 

TABLE II : H Plane Simulated results 

Freq 
(in GHz) 

Gain 
(dB) 

Left Side 
Lobe (dB) 

Right Side 
Lobe (dB) 

E Pane 
beamwidth 
(in degree) 

8 14.5554 -25.3439 -25.3908 36.0794 
9 15.5979 -29.7248 -32.1921 30.1903 

10 16.9635 -28.5171 -31.0741 26.6295 
11 18.3135 -23.7329 -25.4534 22.1603 
12 18.9409 -21.4168 -21.4451 20.5594 
13 19.2348 -16.6692 -16.6794 18.992 
14 19.8376 -18.2075 -18.2816 17.2669 
15 20.0661 -28.5328 -28.1461 16.1048 
16 20.4469 -18.1574 -18.2704 14.7294 
17 20.0933 -17.2514 -17.3342 14.9202 
18 19.6874 -13.8239 -13.969 16.2651 

TABLE III : E Plane Simulated results 

IV. ACKNOWLEDGEMENT
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V. CONCLUSIONS 
In this Paper design and simulation of dual Polarised 
Rectangular Horn Antenna in the frequency range 8-18GHz 
is presented. Table II and III shows the simulated results in 
E plane and H plane over the full band. 

Simulated Rectangular Corrugated horn has gain of 19.2 
dB, 3 dB beamwidth of 20.9 deg in E-Plane and 18.9 deg in 
H Plane at centre frequency. Sidelobe-level is lower than -16 
dB except at 18GHz in E Plane , and VSWR is under 1.5 
over the full band 
  These multi-Octave range wideband horns offer an unrivalled 
facility for EMI /RFI testing, evaluation and electronic 
surveillance. 
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Abstract— This work presents the major results using Tandem-x 
data for creation of high resolution Digital Elevation Model 
(DEM). The study area for this work is three test sites in snow 
and glacier dominated areas of Chenab River basin, Gangotri 
glacier and Siachin glacier in North western states of India. The 
Tandem-x data in bistatic mode for years 2012-2013 mainly in 
June to October time was used for DEM creation in study sites. 
The reference DEM used in inSAR data processing is SRTM X- 
band 30 m resolution DEM. The accuracy assessment of 
generated DEM is done with help of limited ground control 
points collected during differential GPS survey of Manali and 
Gangotri areas. 

only known modulo 2π, which gives rise to the fringes visible 
in raw interferograms. Where the fringes are well defined, a 
process known as phase unwrapping can be used to remove 
the modulo-2π ambiguity [e.g. in 3]. The images in an 
interferometric pair must remain sufficiently correlated 
(coherent) to provide usable phase information. As the 
baseline increases, decorrelation is introduced, creating phase 
noise, and, once the baseline exceeds a critical length, the 
decorrelation yields completely random phases [1]. With a 
single-pass interferogram, however, the phase is sensitive to 
only topography since no motion is observed because the 
constituent images are acquired simultaneously. This case is 
used in case of SRTM and TANDEM-x data. 

II. STUDY AREA, DATA USED AND OBJECTIVES

The study area is mainly the part of Western Himalayas 
snow covered and glaciated areas of Himachal Pradesh 
(mainly parts of Beas and Chenab river basins (figure 1a), 
Gangotri group of glaciers (figure 1b) and Siachin glacier (1c) 

Keywords— DEM, Tandem-x, DinSAR, Bistatic SAR, glacier

I.   INTRODUCTION

The high relief and snow, glacier covered mountains of 
Himalaya are source of many rivers in Asia. The melt water 
from permanent glaciers, seasonal snow provides the water to 
perennial rivers of this region. The monitoring of these remote 
area requires lot of resources and time, which use of space 
based technology for mapping to these natural resources. 
Therefore, remote sensing based methods to map and monitor 
temporal snow cover, land use land cover, precipitation and 
digital elevation models are very helpful in making baseline 
data, multi-temporal data and their use in process based 
hydrological and glacier mass balance models. In case of 
Himalayan topography, the traditional source of elevation 
information is Survey of India (SOI) topographical sheets 
with contour interval of 10-50 m, other publically available 
DEMs from SRTM DEM v.4 at 90 m posting 
(http://srtm.csi.cgiar.org), ASTER global DEM v.2 at 30 m 
(http://gdem.ersdac.jspacesystems.or.jp/) and cartosat-1 DEM 
at 30 m (http://bhuvan.nrsc.gov.in). In all these DEM’s, SAR 
based topography [1, 2, 5] has been gaining more popularity 
due   their   high   accuracy   as   compared   to   traditional 
photogrammetry  based   DEMs. The   basic   concept   of 
interferometric SAR (inSAR) is as follows 

InSAR relies on the ability to measure phase (ϕ) accurately. 
The phase of an individual complex SAR image is 
proportional to the line-of-sight range from the antenna to the 
ground [1]. Thus, with a repeat-pass interferometric pair of 
images at radar wavelength, λ, the product of the first image 
and the complex conjugate of the second yields an 
interferogram with phase ϕ = 4πΔ/λ. This phase, however, is 

Fig. 1: Study area for TANDEM-x data analysis a) Beas and Chenab river 
basin area as seen in Landsat 8 data; b) Gangotri group of glaciers as seen in 
IRS LISS-IV data; and c) Sicahin glacier as seen in SAR data. 

c 

b a 
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Gangotri   Glacier   system   most   commonly   known   as 
Gangotri Glacier, is a cluster of many glaciers consisting of 
main Gangotri Glacier (length: 30.20 km; width: 0.20 - 2.35 
km2) as main part of the system. It flows in the northwest 
direction. The Siachen Glacier, which is 70 km long is located 
in the eastern Karakoram range in the Himalaya Mountains. 
Table 1 gives the list of TANDEM-x datasets used in this 
study. All the datasets are in HH polarization with bistatic 
mode of Tandem-x with two co-registered datasets. 

Main objective of this work is to derive the DEM using 
inSAR data processing of tandem-x data over various snow- 
glacier sites and check its accuracy with respect to existing 
DEMs and differential GPS based GCP’s. 

TABLE I 
LIST OF TANDEM-X DATA USED IN STUDY 

Fig. 3: DGPS based GCP locations along with elevation labels overlaid over 
SRTM-30m DEM and optical Landsat-8 image 

III. METHODS AND RESULTS

The inSAR TANDEM-x data was processed using 
SARSACPE 5.0 software with SRTM 90 and SRTM 30 m 
DEM as reference DEMs. Figure 2 shows the Overall 
methodology for creating DEM from TANDEM-x data. This 
data is already co-registered and corrected for atmospheric 

a b 

effects. The  final  TanDEM-x  is  made  for  full  scene, 
interpolating the areas where coherence is less than 0.2. 

c d 

Fig. 4  DEM difference and original DEM maps a) SRTM90 m minus Tan-x 
DEM, b) ASTER30 m minus Tan-x DEM, c) original SRTM90 m DEM and d) 

Original Tandem-x (10 Sep. 12) of Beas-Chenab area near Manali area. 

All the DEMs has overestimated the elevation w.r.t. DGPS 
based elevation. The TANDEM-x DEM has given relatively 
higher accuracy (underlined pints in table 2) in areas free of 
steep slopes, narrow valley and dense vegetation. This can be 
due to high frequency (lower wavelength) of X-band SAR and 
incidence angle at which tandem-x data is acquired. In steep 
hills/valleys, Tandem-x elevation has large variation of the 
order of -382m to 43 m. But in only glacier areas such as 
Gangotri and Siachin glaciers its accuracy is better (fig. 6). As 
per literature, the processed TanDEM-X DEM can provide an 
absolute vertical accuracy of 10 m with a maximum relative 
height error of 2 m [7]. 

Fig. 2 Overall methodology for creating DEMs from TANDEM-x data 

The Ground Control Points (GCPs) were collected during 
field survey conducted in Manali-Rohtang area using single 
frequency Leica Differential Global Positioning System 
(DGPS). Total of 17 GCPs were collected at various sites as 
shown in figure 3. These GCPs were used for validating the 
various DEMs. 

Sr. 
No 

List of tandem-x data used in study 
Image area and ID mode date 

1 Beas-Chenab area Bistatic, HH 10 Sep. 2012 
2 Beas-Chenab area Bistatic, HH 30 Sep 2013 
3 Gangotri area Bistatic, HH 09 June 2012 
4 Sicahin area Bistatic, HH 16 Oct 2013 
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TABLE 2 
ELEVATION DIFFERENCE OF VARIOUS DEM’S W.R.T. DGPS BASED GCP’S 

This new DEM will be used to compare with the ground 
based DGPS-GCPs and other DEM’s. Also validation is also 
planned using DGPS based points for Siachin glacier. 

Figure 4 also shows the DEM difference maps of TanDEM- 
X verses SRTM-90 and ASTER 30m DEM’s. It is well known 
and visible that SRTM-90 version 4 seamless DEM has been 
created using gap filling algorithms [6], this has results in 
erroneous elevation values in areas with steep topography. 
The  same  effect  is  visible  in  fig.  4  b  and  this  effect  is 
minimized in ASTER GDEM as well in TanDEM-X DEM 
(fig. 4 c and d). The difference map of TanDEM-X and 
SRTM-90m has highlighted this effect clearly in figure 4a. 
The DEM difference map of ASTER GDEM and TanDEM-X 
DEM in figure 4c shows elevation difference of lower 
elevation change of -1249.4 in upper left corner of image, this 
is due to non-availability of sufficient coherence in tandem-x 
data in narrow valleys or steep slopes. 

The  DGPS  survey  was  done  in  September  2012  using 
Trimble  dual  frequency  GPS  system  in  Gangotri  area  to 
collect the GCPs near snout of Gangotri glacier (figure 5). 
Total of nine points were taken and these points were used to 
validate the TanDEM-X based elevations [8]. 

Fig. 5: DGPS based GCP for Gangotri area overlaid over optical image 

Fig. 6: Tandem-x based DEM for subsets of Gangotri glacier and for full 
scene of Siachin glacier area. Using  these  GCPs  the  overall  root  mean  square  error 

(RMSE) is estimated to be 11.78m for Gangotri area, which is 
better that existing DEMs of this area. Additionally, cartosat-1 
based version 2 DEM of study sites was also compared with 
DGPS points and with TanDEM-X based DEM. The overall 
difference for Beas Chenab area was -110.58 m, so it was not 
analysed further. Recently cartosat-1 version 3R1 has been 
released by NRSC in BHUVAN geoweb portal. 
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Abstract—Recently health has been a very important 
parameter in the mind of people, so a monitoring system is 
required to keep them  alert about their health. Monitoring 
systemsare  also requiredin  Intensive Care Unit ofvarious 
hospitals. Hospital staff facesdifficulty inhandling devicesdue 
totheir bulkiness andhugenumber ofwireswhilegivingmedication 
tothepatient. Monitoring  system requirementis of verysmall 
sizeand low power operation. A small size, wearable device is 
presented in this paper, which consists of PSoC4,photo 
interrupter and a very small size Bluetooth module. The system 
is totally wireless due to the use of Bluetooth module. It is 
attached on wrist and it can also be attached on the earlobe.  
Photo interrupter is used to read the data  in the form of 
analog signal which is further amplified and converted to digital 
signal by ADC present in PSoC controller. PSoC is used mainly 
to reduce the system size, as both analog and digital peripherals 
are available inside a single chip. Due to this the discrete  analog 
components such as Op-Amp, ADC and Filter are reduced. 
Analog signal obtained from sensor is processed by the controller  
and the values of Heart Rate (Pulse wave)  and Temperature 
are calculated. Temperature is obtained u s i n g  the LM35 
sensor.  Total system is mounted on 3 different small size PCBs 
and the size of large stone is 19*15*3 mm. System operates 
on3.3Vand  current requirement is less that 50mA,as the deep 
sleep mode has been used in both PSoC and Bluetooth. The 
system is powered  by a Lithium Ion battery. A wireless 
wearable system is built which gives two different parameters 
of health i.e. heart rate  and body temperature. The problem 
faced by doctors and  nurses can be reduced by using this small 
size and  wireless device. 

IndexTerms—Programmable System on Chip(PSoC),Heart 
Rate(HR), Blood Pressure(BP), Photo plythesmo 
graphy(PPG), Wireless Sensor Networks, Health Monitoring 
System(HMS). 

I.INTRODUCTION 
Health is the most important issue for every person and 

people now-a-days are more kind about their physical fitness. 
Medical field uses different Health Monitoring Systems 
(HMS) to monitor the patient. These monitoring systems are 
now available for personal use and they are of small size. But 
such small size system monitors only a single health 
parameter. Some types of wearable health monitoring systems 
are used to monitor the heart rate of the person [1].In this, 
system is attached on some body part and the data is 
transmitted remotely. Some systems are used to monitor the 
fetal health present inside the mother stomach [2]. Mainly they 
used the phonocardiographic method. In some systems blood 
pressure measurement is done by the Secondary detection 
from photo plythesmo graphic signals [3].The system does not 
have the traditional cuff method but considers the peaks in the 
pulse 

wave. In some systems the person’s vital health parameters 
such as heart rate, blood pressure, oxygen saturation are 
converted to meaningful information by equating it with the 
threshold values. Here certain adaptive filters are used to do 
this [4]. Mainly in HMS the system should not be bulky and 
should be wire free so as to help the nurses to give proper 
medication. To do this Wireless Sensor networks are used [5]. 
For a small size and wireless system the device should be very 
small hence the PSoC Controller is used which is low power 
device and has both analog and digital peripherals on single 
chip. PSoC is a Programmable System on Chip that has analog 
and digital blocks to configure the mixed signal circuits. It has 
internal OpAmps, ADC’s, DAC’s and Oscillators. It has SPI, 
UART modules due to which the external discrete devices are 
reduced and hence the size is reduced. The main aim of the 
proposed system is to give two vital health parameters i.e. HR 
and temperature with a very small size and low power 
consuming device. In this paper a system is proposed which 
gives two outputs HR and temperature which are transmitted 
from the device to the mobile by a Bluetooth Module. 

II. PREVIOUSWORKDONE

System was designed previously by undertaking the PIC 
microcontroller which needs some discrete analog components 
to be mounted on separate PCB such as filters, opamps etc. 
System in Fig.1 has a photo interrupter, RF module, PIC 
microcontroller, battery holder, and clip on PCB(35*35 
mm2).Although system was attached on earlobe, system was 
too large to monitor continuously in everyday life. This system 
was much big and bulky in size and shape. Therefore some 
other authors started using PSoC controller with small size and 
both analog as well as digital peripherals on single chip. But 
these authors calculated only a single health parameter. In 
order to make system more efficient two different health 
parameters were considered and the latest version of PSoC i.e. 
PSoC4 was used.  Also a very small size bluetooth module is 
used to reduce the size further. Bluetooth used is operated in 
deep sleep mode and the device wakes up when it is required 
to transfer data reducing the current consumption of the 
system. 

III. SYSTEM SPECIFICATIONS
A.SystemArchitecture 

System Architecture is as shown in Fig1. PSoC based 
system is implemented in this paper. PSoC4i.e.CY8C04200
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Fig.2.SystemArchitecture

Fig.1.ImageofSystembuiltusingPICcontroller. 

Kit (32bitMCUsubsystem) 48MHzARMCortex M0CPU 
with single cycle multiply is used. A photo interrupter SG- 
105f is used to detect the pulse wave from human body. The 
data received is analysed by the PSoC controller and then the 
data is transferred to remote  laptop or mobile  by the 
bluetooth module. Bluetooth module used is HM-11 because it 
is very small in size (18*13.5*2.2mm).The earlobe shown in 
the architecture can be replaced by the wrist of the human 
hand. 

B. Hardware Implementation 
HM11 Bluetooth module mounted on a PCB is interfaced 

with the PSoC4 microcontroller. The photo interrupter reads 
the pulse from the earlobe. The calculation of Heart Rate is 
given Fig2. PSoC has all analog components present internally 
i.e. Programmable Gain Array(PGA), Low Pass Filter, 
Amplifier, Comparator, Timer etc. The photo interrupter and 
the Bluetooth module are controlled by the PSoC IC. The 
pulse wave detected by photo interrupter is processed in PSoC 
i.e. it is amplified, filtered and again amplified to make the 
signal strong and noise free. The processing work is done by 
the PSoC and at its output heart rate count is obtained which is 
transmitted to the bluetooth module. Then that data is received 

on the laptop or mobile.32bittimerinPSoCfindsthetime to 
complete the single pulse. The time interval between the 
pulses gives the heart rate. 

C.Software Implementation 
1)Heart Rate: Timer and a counter are used to find HR 

count. The timer is set for the period of 1min and the digital 
waveform obtained from the ADC is counted in this interval. 
This can be seen in Fig3.This count of the digital pulse will 
give the HR value. 

Fig.3.HeartRateCalculation 

2)Temperature:  Second parameter  is body temperature
which is obtained  by using the LM35 sensor. The LM35 series 
are precision integrated-circuit temperature sensors, whose 
output voltage is linearly proportional to the Celsius 
(Centigrade) temperature. The LM35’ slow output impedance, 
linear output, and precise inherent calibration make interfacing 
to read out or control circuitry especially easy. The LM35 is 
rated to operate over a 55 to +150C temperature range. The 
work related to this parameter is not yet done so the images of 
output of temperature are not included in the paper. The sensor 
will be interfaced to PSOC controller with the help of in built 
ADC.
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IV. RESULTS

• The setup of Hardware and the Heart Rate count received
on mobile are as shown in the Fig4 and Fig5. 

• The results are partial and the value of the Temperature
needs to be added to it in further work. 

• The final PCB’s which are to be embedded inside a wrist
watch to make a final wearable device is shown in Fig6. 

Fig.4.SystemHardware 

Fig.5.Heart Rate Readings received on Mobile 

Fig.6.Final Design of PCB’S containing PSOC4IC,Bluetooth Module and 
Photo interrupter. 

Fig.7.Existing System to find Heart Rate. 

V. DISCUSSION AND FUTURE WORK 
The work has not been completed yet. I need to reduce 

the size of the device further and all the small size PCB’s are 
to be Embedded in a wrist watch so as to make device 
wearable. 

TABLEI 
LOG TABLE OF HEART RATE READINGS

Patient Heart Rate (HR) HR by Existing System inFig.7 
Patient1 68bpm 70bpm 
Patient2 70bpm 72bpm 
Patient3 71bpm 69bpm 
Average 69.67bpm 70.33bpm 

The readings obtained on the wrist are more accurate than the 
earlobe reading. In future work we can find different health 
parameters as blood sugar level, oxygen saturation level etc. 

VI. CONCLUSION

A PSoC based Wearable Device for health monitoring 
is presented. The PSoC is utilized to miniaturize the system 
size because the discrete components are present in PSoC IC. 
The PCB sizes are 19*5*3mm.The current consumption of the 
system is 50mA. The heart rate data is received on the PC or 
mobile phone through the Bluetooth interface. The system is 
able to detect the pulse wave and transmit  the data to the 
Doctor. Due to the use of PSoC controller the system size is 
reduced to a large extent. Again we use the Photo 
plythesmography sensor system which is much efficient. Now 
a days the size of the bluetooth is reduce t o a great extent  and 
it is same as the size of a coin. So use of such bluetooth 
module makes our system much smaller in size. 
Electromagnetic Interference affects the performance of 
system  and is also responsible for the accuracy of output 
obtained. But the system uses only one wireless technology i.e. 
Bluetooth and hence the Electromagnetic Interference will not 
because as total frequency band of 2.4GHz will be used only 
by Bluetooth. The heart rate parameter can be found by this 
system  but the system  can be further  modified to monitor all 
vital parameters of human body such as Blood Pressure, 
Oxygen Saturation and Blood Sugar level. But this parameters 
makes the system bulky and complex. 
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Abstract— Soil Moisture is an important parameter, which plays 
a vital role in predicting droughts. Continuously decrease in the 
annual average value of surface soil moisture will leads to 
drought conditions in that region. As soil moisture information is 
an indicator and predictor of drought prone areas, therefore its 
accurate measurements at regional and global scale is 
indispensible. In this paper, importance of soil moisture in 
indicating, predicting and monitoring of droughts is highlighted, 
and then various methods of measurements of surface soil 
moisture both at regional and global scale are described. There 
are two methods for measurements of surface soil moisture, 
namely, direct and indirect method. Direct method are more 
related to manual measurements while indirect measurements 
includes manual soil moisture measurements using soil moisture 
sensors and soil moisture measurements using satellite missions 
at global scale. 

Keywords— Drought, Soil Moisture, Gravimetric Method, Microwave 
Remote Sensing

I. INTRODUCTION 
Drought is defined as an extreme climatic condition 

over land where precipitation is below normal over a 
long period of time (months or years). It is a temporary 
dry period, in contrast to the permanently arid regions. 
Arid regions are more prone to droughts. There are 
basically three types of  droughts[1]- 

A. Meteorological Drought- It refers to that 
condition under which there is very less 
precipitation for long time period. The 
precipitation is below normal and the surface 
temperature is above average.  

B. Agricultural Drought:- This type of drought is 
the result of meteorological drought 
conditions. When there is less precipitation as 
compared to net evaporation then, it results in 
fall of crop production, which results in 
agricultural drought.  

C. Hydrological Drought:- When the water 
stored in water bodies, lakes, and  aquifer 

goes below long term average, then it results 
in Hydrological drought. These types of 
droughts are often triggered by 
meteorological drought conditions. 

II. RELATION BETWEEN SOIL MOISTURE AND DROUGHT

Drought conditions can be indicated, predicted and 
monitored using soil moisture data. Deviation of surface 
soil moisture below long term average indicates drought 
conditions. Figure 1 shows long term variability of soil 
moisture over central and southwest United States[2]. 

Fig. 1: This graph shows the variability in soil moisture. The brown line shows how 
moisture levels have changed since the year 1000. The lower the line dips, the drier the 

conditions. Colored lines to the right of the graph show predictions of soil moisture 
through 2099 and an unprecedented trend toward severe dryness. 

As per soil moisture conditions, droughts can be 
divided broadly into three types namely, severe droughts, 
extreme droughts and Exceptional droughts[3]. Figure 2 
shows the percentage area and the actual area which 
were under extreme dry conditions in China. As we can 
see from this graph that continuously monitoring of soil 
moisture and its persistent values below long term 
average soil moisture can help in predicting these three 
types of Droughts. Depending upon the time duration, 
during which the soil moisture remain below long term 
average soil moisture condition results in severe, 
extreme and exceptional droughts.  Thus, monitoring 
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surface soil moisture at global scale for long term is 
important for prediction of these drought conditions. 

 Fig. 2. Time Series of Percentage area (left ordinate) and actual area (right ordinate) 
over eastern China (22°-40° N, 105°-122°E) in very dry conditions (Severe drought or 

worse) during last five centuries (Zhang et al.2003) 

III. SOIL AND SOIL MOISTURE

Soil is one of the most important natural earth 
resource formed by withering of rocks by the action of 
climate and living organisms over a period of time. It 
plays a vital role, directly or indirectly, in maintaining a 
balance in various ecosystems and environmental cycles 
like water cycle, mineral cycles, etc. Among its various 
parameters, soil moisture content is the one that affects 
water cycle and also key element in various predictive 
models like weather forecasting, crop modelling etc. 
Long term soil moisture information also helps in 
predicting and monitoring droughts. Thus understanding 
and predicting global climate change, depends critically 
on knowledge of temporal and spatial variation of 
surface soil moisture.  

Although, knowledge of temporal and spatial 
variation of surface soil moisture is of great importance 
in indicating, predicting and monitoring of droughts, but 
its manual estimation of at global scale is not feasible. 
Space borne microwave sensors make global monitoring 
of surface soil moisture variations more feasible. 
Theoretically, 1.4GHz (L-Band) is the best frequency 
for estimating surface soil moisture, as microwave 
emissions at 1.4 GHz are very sensitive to change in 
surface soil moisture and are less affected by vegetation 
covers and surface roughness. It is nearly transparent to 
the earth's atmosphere and has all weather and day & 
night capabilities to monitor surface soil moisture. 
These unique features of 1.4GHz, makes it possible to 
estimate surface soil moisture globally in the top surface 
layer (~5cm) of soil up to a certain level of accuracy[4].  

Various Space mission like SMOS, AMSR-2 SMAP 
are operational in mapping global surface soil moisture. 
Many of them aim to retrieve surface soil moisture with 

accuracy better than ±4% (i.e. ±0.04m3/m3) over land. 
Before one can use satellite derived soil moisture data in 
various hydrologic and weather forecasting models, it 
must be validated using ground truth measurements. 

Low spatial resolution (~20km) soil moisture data 
derived from various space borne passive microwave 
sensors can be downscaled to higher resolution soil 
moisture data (1km) by combining it with IR/Optical 
data from MODIS[5]. Then, validation of satellite soil 
moisture can be done using ground truth soil moisture 
data. There are two type of soil moisture measurement 
methods, namely, Direct and Indirect for validation of 
satellite data. 

IV. SOIL MOISTURE MEASUREMENT TECHNIQUES

Basically there are two methods for soil moisture 
measurement which are as follows: 

a) Direct Method (Gravimetric Method )-

Soil water content is determined by drying a known 
mass of moist soil sample in an oven at 110°C. 
Gravimetric method [6] involves three independent 
measurements i.e. mass of wet soil, mass of dry soil, and 
mass of the container. The dry mass of the soil is taken 
after drying the soil in an oven at a temperature of 
110°C for 24 hours. At this temperature, all water except 
that chemically bound is driven out of soil. The 
oxidation of soil organic matter is low at this 
temperature and thus mass loss is negligible. 

b) Indirect Method

In this method, soil moisture content measurements 
are not done directly, instead some other parameter of 
soil is measured which is later converted into soil 
moisture content. Based on the known relationship 
between the actual soil water content and this parameter. 
The process of establishing this relationship between 
soil moisture and the parameter is called calibration. 
There are five types of indirect method. 

Soil Moisture Sensor Meters 
Neutron Probe Method  
Tensiometer Method: 
Psychrometer Method 
Gypsum Block Method 

V. SOIL MOISTURE FROM SATELLITE DATA 
SMOS (Soil Moisture & Ocean Salinity) is the ESA’s 

Earth Observation Mission project aimed at global 
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monitoring of surface soil moisture and ocean salinity 
from L-band radiometric observations. It aims to retrieve 
surface soil moisture with an accuracy better than ±4% 
(i.e. ±0.04m3/m3) over land. Before one can use SMOS 
data in various hydrologic and weather forecasting 
models, it must be validated using ground truth 
measurements. 

 
Many organizations and institutes in the world are 

validating surface soil moisture derived from SMOS. In 
India, ground truth data was collected by ICRS to 
validate SMOS derived soil moisture over nine Indian. 

 
Comparison and correlation between SMOS derived 

soil moisture and ground truth is shown figure 
3[7][8][9][10][11][12]. As one could clearly not that 
there is a good correlation between the two data sets. 
Table 1 lists the percentage of datasets which are below 
4%, 7% and 11% error. After validation SMOS soil 
moisture data, its maps are generated using SMOS data.

 
 
  

Fig. 3 Scatter plot between SMOS volumetric soil moisture (%)  and corresponding 
ground truth volumetric soil moisture (%) collected at nine  project test sites in India 

 
TABLE 14.1. PERCENTAGE OF DATA SET HAVING DIFFERENCE BELOW A SPECIFIED LIMIT. 

Difference in soil moisture values 
(SMOS - Ground Truth) Number of Datasets  

< 4 %  (or  0.04 m3/m3) 57.58 % 

<7 % (or  0.07 m3/m3) 73.74 % 

<11 % (or  0.11 m3/m3) 85.86 % 

>11 % (or  0.11 m3/m3) 14.14 % 

 

 
SMOS low resolution (~20km) soil moisture maps are 

also downscaled to 1km spatial resolution by combining 
microwave SMOS data with optical and IR data from 

MODIS sensor. Downscaling of SMOS using MODIS 
data is presented in [5] and results were encouraging. 
Ground truth data collected over India by ICRS Team 
were also used to validate the downscaled soil moisture 
maps over nine Indian states. During cloud covers 
MODIS Land Surface Temperature (LST) is not 
available, which hinders in retrieving surface soil 
moisture maps at 1km resolution using Maria Piles 
algorithm. Thus, ICRS team derived LST from a 
microwave sensor SSMIS over the region which are 
affected by cloud covers and generated downscaled soil 
moisture maps using Maria Piles algorithm over nine 
Indian states. These generated downscaled soil moisture 
maps are then validated using ground truth 
measurements[11]. The correlation between downscaled 
soil moisture and ground truth measurements are shown 
in Figure 4. After validation, 1km soil moisture maps are 
generated over nine Indian state as shown in figure 5. As 
we can observe from figure 5 and table 1 clearly that 
Rajasthan state is drier than West Bengal state, therefore 
indicating that Rajasthan is more prone to droughts than 
compared to West Bengal.  

When there is continuous monitoring of surface soil 
moisture using satellite data, then when could easily 
identify the drought prone areas by estimating the lowest 
average soil moisture of a region. 

 
Fig. 4 Scatter plot between Ground Truth and Downscaled Volumetric Soil Moisture 

Data 

 
Figure 5 Soil moisture map over Nine Indian States generated using SMOS data Sept, 

2013. 
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Sates/Months Aug, 2013 Sept,2013 Oct, 2013 Nov, 2013 Dec, 2013 
Min Max. Min Max. Min Max. Min Max. Min Max. 

Rajasthan 3 27 3 30 3 25 3 22 5 25 
Gujarat 3 32 15 40 17 35 17 30 17 30 

Andhra Pradesh 15 40 13 40 15 35 20 35 20 35 
Tamil Nadu 17 32 12 32 15 35 15 30 15 30 

Kerala 3 27 10 32 17 30 17 30 25 32 
Assam 3 32 25 37 22 37 5 30 5 30 

Madhya Pradesh 37 40 25 40 17 37 17 27 17 17 
Uttar Pradesh 20 37 25 40 17 37 17 27 17 27 
West Bengal 22 40 40 40 20 40 22 40 17 40 

Table 1 Maximum and Minimum Soil Moisture Values over Nine Indian States. 

VI. CONCLUSION

In this paper, it is shown how surface soil moisture is 
important in indicating, predicting and monitoring 
drought conditions around the world. When surface soil 
moisture remains below long term average soil moisture 
condition for considerable time, then it results in drought 
condition. Thus continuous long term monitoring of 
surface soil moisture over entire world will help in better 
understanding and prediction of drought condition and 
their efficient management. 

Manual monitoring of surface soil moisture over 
entire earth is not possible. Satellite remote sensing at 
microwave frequencies, specially L-band radiometry, 
proves to  be more feasible to monitor soil moisture at 
global scale. The author himself have shown this fact by 
validating the SMOS soil moisture data from ground 
truth measurements over nine Indian states. It is shown 
from figure 5 that surface soil moisture data greatly help 
in identifying the drought prone areas. As we can see 
from the  Figure 5 that the average surface soil moisture 
over Rajasthan State is lower than the average surface 
soil moisture over West Bengal State, indicating that 
Rajasthan is more prone to droughts than the West 
Bengal State.  

In future, in order to continuously monitor surface soil 
moisture over the entire earth we should have soil 
moisture satellite mission in such a way that continuity 
in soil moisture measurements at global scale can be 
maintain. This will assure continuous measurement of 
surface soil moisture at global scale for early drought 
indication and management. 
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Abstract—This research work primarily focuses on 
miniaturization of inset-fed microstrip patch antenna using 
complimentary horse-shoe shaped defects in the ground 
structures (DGS). A complimentary horse-shoe shape is proposed 
as a defect to be etched in the ground plane and its impact on the 
performance of the antenna has been investigated.  The 
simulation has been carried out in order to design antenna with 
proposed DGS. An antenna was fabricated and measurement 
work was accomplished in the laboratory in order to validate the 
technique.   

Keywords—Microstrip patch antenna, defects in the ground
structures (DGS), electromagnetic simulator, optimization.  

I. INTRODUCTION 
Low profile antennas like microstrip antennas are required due 
to size, weight, cost performance, ease of installation and 
aerodynamic profiles. The core areas where microstrip patch 
antennas are being applied are mobile radios and wireless 
communication. These antennas are being proffered by 
designer due to conformable to planar and non-planar surfaces, 
simple and inexpensive to manufacture using modern printed 
circuit technology etc.  However the major operational 
disadvantages of microstrip antennas are their large size at 
low frequency. Various researchers have attempted and 
applied DGS techniques for various applications like for 
achieving cross polarization, harmonic suppression, and 
efficiency enhancement, for getting dual band, wide band, 
broad bandwidth, and circular polarization. We have used 
DGS technique for the miniaturization. The work done in [1-5] 
proposes a various novel geometry to improve the 
performance of antenna like weaken the orthogonally 
polarized fields, to suppress the second and third harmonics 
and improve the return loss level, to suppresses the undesired 
surface wave and improves the impedance matching, 
improvement in the efficiency, and suppressing the mutual 
coupling and producing the multiband characteristics.    
Similarly work has been done in [6-10], which provide a wide 
bandwidth, to achieve the circular polarization and ensuring 
the compactness and cost effectiveness, broadening the 
impedance bandwidth, yielding a higher order matching 
network, dual band operation. Impedance bandwidth is 

increased, to enhance the bandwidth for Ku band application. 
The paper [11] uses Dumbbell shape as a defect on the ground 
plane for miniaturization of antenna for its deployment in 
GSM 1800GHz frequency band. The radiation element in [12] 
uses symmetrical J-shaped strips along with a microstrip feed 
rectangular patch and a DGS cut out by two T-shaped slots to 
cater the needs of two operating band with miniaturization. 
Paper [13] provides a miniaturized multiband antenna using 
shorting pins between patch and ground plane, suitable for 
mobile phone. The DGS used is a combination of U and L-
shaped slot. This paper discusses mainly the miniaturization 
of the rectangular patch inset-fed antenna using the defects in 
ground structures.  A complimentary horse-shoe shape defect 
has been incorporated in the ground structure (DGS) to 
enhance the performance of patch antenna.   

II. PATCH ANTENNA AND DEFECT SHAPE 

Three dimensional sight of recommended antenna geometry is 
shown in Fig. 1 [14].  It consists metallic (copper) patch on 
the dielectric substrate having copper ground plane on other 
side.  A lower patch is supported by finite size dielectric layer 
having metallic (copper) ground plane.  In order to excite 
patch through the microwave frequency source, an edge feed 
provision is chosen. Since the impedance value at the edge of 
the patch is very high (nearly 230 ohm), which leads to the 
highest amount of the mismatch. Therefore feeding approach 
is further modified in terms of the inset-feed. The dimensions 
of the inset-fed patch antenna are listed in the Table 1, below.  
   It has been observed that, if dimensions of the radiating 
patch and other geometrical design parameters of the antenna 
like dielectric constant and height of the substrate are chosen 
properly, patch antenna can provide desired resonant 
frequency.  Properly chosen dimensions of the inset feed 
results best impedance match, thereby good amount of the dip 
in the resonant pattern is obtained. The dielectric material of 
antenna was chosen with εr1 (=εr3) ~4.4 (loss tangent, tanδ = 
0.025).  The dielectric width (h) was kept fixed at 1.59 mm. 
The reason behind the selection of this specific geometry is to 
design microstrip patch resonators that can give a single 
resonance at frequency within the range 8 GHz – 12 GHz (X-
band) irrespective of the bandwidth.  
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DGS have been realized by etching off a complementary 
horse-shoe shape in the ground plane. Earlier many people 
have tried antenna design with DGS [15-16]. Depending on 
the shape and dimensions of the horse-shoe defect, the shield 
current distribution in the ground plane is disturbed, resulting 
a controlled excitation and propagation of the EM waves 
through the substrate layer. The dimensions of the proposed 
horse shoe shape defect are listed in the Table-II and the 
prototype is shown in the Fig.2. 

III. ANTENNA DESIGN USING CST
After fixing the values of different parameters of single patch 
inset fed antenna, an antenna has been designed and simulated 
in CST Microwave Studio (Fig. 3). This antenna is referred as 
specimen antenna. Its response in terms of the reflection 
coefficient with respect to the frequency is shown in the Fig.4 
With the specimen antenna as a base antenna, the defect of 
horse-shoe shape is etched on the ground plane to implement 
DGS (Fig. 5). This antenna with the proposed DGS 
parameters as listed in Table 2 is then simulated and its 
response is noted down in terms of reflection coefficient etc. 

Parameters Values 

Width of Substrate (W) 
Length of Substrate (L) 
Width of Patch (WP) 
Length of Patch (LP) 
Width of Inset-feed (Wf) 
Gap for inset-feed (g) 
Length of feed line (Lf) 
Recessed Length (d) 
Dielectric constant of substrate (ε r) 
Loss Tangent (tan δ) 

21.895 (mm) 
19.0.64 (mm) 
11.895 (mm) 
9.064 (mm) 
2.150 (mm) 
0.1075 (mm) 
9.532 (mm) 
3.126 (mm) 
4.4 
0.025 

Type of Defect Parameters Value (mm)

Complimentary 
Horse Shoe 

a 2.2 

b 3.4 

c π/3 rad 

d 0.5 

e 0.6 

r1 3.5 

r2 3 

r3 2.5 
r4 2 

Table 1: Antenna variable parameters 
 

Figure 1: Proposed Inset-fed patch antenna 

Figure 2: Proposed DGS 

r3 

r4 r1r2 

a 
b 

c 

r3 r4 

c d 

e 

Table II: DGS parameters and values 
 

Figure 4: Response of the inset-fed antenna 

Figure 3: CST Simulated Antenna 
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IV. SIMULATED AND FABRICATION ACTIVITY 

The dimensions of the inset-fed patch antenna and the 
proposed defect has been taken on the hit and trial basis.  The 
results have been analyzed in terms of the reflection 
coefficient, 3D Radiation Pattern and smith chart etc.  The 
results obtained from this method were cross checked with 
simulation and experimental results. One of the fabricated 
antennas in the laboratory is shown in Fig. 6.   

The reflection coefficient plot for the fabricated antenna is 
shown in the Fig. 7.  

The closeness in the graphical and numerical results as shown 
in the figure verifies the authenticity of the developed 
methodology. The antenna with horse-shoe defect in the 
ground plane resonates at 9.5 GHz. whereas inset-fed patch 
antenna without defect resonant at 11 GHz approximately. 
The reduction in the length of the antenna is about 15.52%. 
The impedance matching is best.  The reflection coefficient is 
-16.3712 dB. 

V. CONCLUSION 

 In the proposed work, miniaturization technique for the 
microstrip patch antennas using special type of defect like 
hors-shoe is presented. In order to validate the technique, 
antennas with and without defect were fabricated in the 
laboratory, and measurement was done using vector network 
analyzer. Presented technique shows the remarkable amount 
of the miniaturization. Thereby proves the success of the 
miniaturization technique.  For the analysis purpose, other 
types of the defects like Pi shape, Gammadion Cross shape, 
CSRR shape, and dumbbell shape can also be tried.  
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Abstract— The measurement of liquid dielectric constant for Dc 
to Microwave frequency is presented. The designed low cost 
dielectric spectroscopy liquid sensor system incorporates 
dielectric cell, MAX 038 signal generator and Philips P89c51RD2 
microcontroller based frequency measurement system. The 
special dielectric cell is designed for measuring variation in 
capacitance of the cell with different liquids as a medium. The 
change in frequency of function generator is measured with 
respect to the cell capacitance. One can evaluate the cell 
capacitance and hence compute dielectric constant of different 
liquids. The necessary software designed in assembly 
programming language. This paper reports the measurements of 
dielectric constant of some pure polar, non polar liquids at 30oC. 
The designed system is reasonably reliable, accurate and 
economical. 

Keywords— Dielectric Spectroscopy, Sensor, Frequency
Measurement, Microcontroller 

I. INTRODUCTION 
The objective of proposed work is to develop low 

cost dielectric spectroscopy sensor for liquids. The 
measurement of dielectric constant gives valuable 
information to understand the physical and 
chemical properties of liquids [1], [2]. The 
characterization of dielectrics includes the 
measurement of dielectric constant as a function of 
frequency at a given temperature or as a function of 
temperature at a given frequency. The dielectric 
measurements can be used to determine electric 
dipole moments. The application area of dielectric 
measurements are widely increasing, such as food 
and petroleum industries, metal weapons, detecting 
explosives, drugs, chemical agents and biological 
agents [3], [4]. Hence it is essential to measure 
dielectric constant precisely at wide range. 

The advantages of fully featured Philips 
P89c51RD2 microcontroller [5] are employed to 
implement the sensor system. The specially 
designed dielectric cell, whose capacitance varies 
with air, reference liquid and sample liquid bring 
into play as a dielectric medium. The dielectric cell 
acts as a variable capacitor to the interfaced with 
MAX 038 signal generator. The MAX038 signal 
generator is a high frequency precision function 
generator which accurately producing high-
frequency sine, triangular, square and pulse 
waveform [6]. The function generator works as a 
RC oscillator. The frequency of operation can be 
selected using the external resistor and capacitor. 
The frequency of the output waveform measured 
with the microcontroller internal timer/counter with 
appropriate signal conditioning and calibrations. 
The measured frequencies of the oscillator, it is 
displayed on seven segment display. The assembly 
programming language algorithm is used to design 
essential software with the help of Keil compiler [7]. 
The attempt has been made to design low cost 
dielectric spectroscopy sensor essentially precise 
and economical with recent technology. 

II. EXPERIMENTAL DETAILS

A. Chemicals 
The chemicals used in the present work are 

Heptane, Toulene, Chlorobenzene, 1-Butanol, 1-
Propanol, Methanol, Nitrobenzene, and Benzene is 
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of spectroscopic grade and used without further 
purification [8],[9]. 
B. Experimental Setup and Principle 

Fig. 1  Block diagram of Low Cost Dielectric Spectroscopy Liquid Sensor 

The complete designed system includes specially designed 
dielectric cell, the MAX038 function generator, Philips 
P89c51RD2 microcontroller, and seven segment displays. The 
block diagram of the Low Cost Dielectric Spectroscopy 
Liquid Sensor System is shown in the Fig. 1. 

    The dielectric cell consists of two circular discs of special 
grade stainless steel whose faces are well machined and later 
fine polished using special techniques. The dimensions of 
both circular plates are equally maintained. Further, the two 
circular conducting plates are positioned parallel to each other 
at close proximity. The compound cell connected to signal 
generator assembly through BNC connector. 

The dielectric constant ε is the ratio of the electrical 
capacitance of a cell when the liquid forms the dielectric 
medium (Cs) to the capacitance of the cell when air forms the 
dielectric medium (C0) at a given temperature. 

    ε = (Cs) / (C0) (1) 

The dielectric constant of unknown liquid (εx) can be 
determined by measuring the capacitance of the cell in air 
(C0), the capacitance of cell in standard liquid (Cr) and 
capacitance of the liquid whose dielectric constant has to be 
measured (Cx) using the relation  

ε = 1 + [(C0 - Cx ) / (C0 – Cr)] x (εr - 1)                                
(2) 

Where εr is the dielectric constant of the standard liquid [10]. 

The capacitance C of the cell can be calculated by relation 

         C = 1/RF         (3) 
Where, R is the timing resistor for oscillator circuit. 

III. HARDWARE IMPLEMENTATION

The P89c51RD2 microcontroller based sensor 
system is  
realized for measuring frequency and to computing 
dielectric constant of liquids. The experimental 
setup for Low Cost Dielectric Spectroscopy Sensor 
is shown in Fig. 2. 

Fig. 2 The Photograph of Implemented Hardware setup for Low Cost 
Dielectric Spectroscopy Sensor 

IV. SOFTWARE DESIGN

The software is implemented in assembly 
language using Keil`s Compiler to measure 
frequency of oscillators output signal. Programme 
includes initialization of timer counters, set a count 
at 1 second, calibration and display frequency on 
seven segment displays. After programme 
compiling the codes are stored in the 
microcontroller’s flash memory using ECE Flash to 
execute programme. The designed software with 
the keil compiler is shown in Fig. 3. 

11th International Conference on Microwaves, Antenna, Propagation & Remote Sensing 
ICMARS-2015, Jodhpur, INDIA, Dec. 15 – 17, 2015

327



Fig. 3 The software designed in keil compiler 

V. RESULTS AND DISCUSSION 

TABLE I 
DIELECTRIC CONSTANT MEASUREMENTS 

TABLE II 
FREQUENCY AND CAPACITANCE OF SAMPLE LIQUID 

S.No. Sample Frequency 
(KHz) 

Capacitance 
(nF) 

1 Heptane 410.0 24.40 

2 Benzene 405.0 24.69 

3 Toulne 431.2 23.19 

4 Chloro-
benzene 376.0 26.60 

5 1-Butanol 302.0 33.10 

6 1-Propanol 238.0 42.02 

7 Methanol 238.0 42.02 

8 Nitro- benzene 233.0 42.92 

The performance of the designed low cost 
dielectric spectroscopy sensor for liquids using 
P89c51RD2 is practically tested at the temperature 
300C for spectroscopic grade sample liquids.  

The pure solvents such as Heptane, Benzene, 
Toulne, Chlorobenzene, 1-Butanol, 1-Propanol, 
Methanol and Nitrobenzene are selected for test 
purpose and covers wide range of dielectric 
constant measurement. Table 1 shows observed and 
reference values of dielectric constant of sample 
liquids. Measured frequency in KHz and 
corresponding computed capacitance in nF is 
shown in Table 2.  

The designed system shows good repeatability 
with literature values of dielectric constant. The 
pure benzene is used as a standard liquid for 
calibration of designed dielectric cell [11], [13].  

. The error of the designed system is less than 1%. 
The P89c51RD2 microcontroller can handle the 
process of frequency measurement, data acquisition, 
and calibration along with data displaying 
operations.  

The significance of the low cost dielectric 
spectroscopy sensor for liquid using P89c51RD 
microcontroller system is investigated with 
comparative graph of literature and observed 
dielectric values are shown in Fig. 4. The graph 
shows good agreement with literature values. 
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Fig. 4 Comparative graph of Literature and Observed Values of Dielectric 
Constant at 30 0

The SPSS (Statistical Package for Social Science) 
version 20.0 is used to shows the independent 
sample test for comparison of the present work 
dielectric constant values and reference dielectric 
constant values in the Table 3.   

The independent sample test evaluates the 
difference between the means of two independent 
groups, here 

experimental dielectric constant values and 
literature dielectric constant value for liquid 

samples. The t test for equality of means, and the 
degree of freedom (df) for 8 samples is tested. 

TABLE III 
INDEPENDENT SAMPLE TEST FOR COMPARISON OF PRESENT WORK WITH REFERENCE DIELECTRIC CONSTANT 

Independent Samples Test 

Levene's Test for 

Equality of Variances 
t-test for Equality of Means 

F Signifi-

cance 

t df Significance 

 (2tailed) 

Mean 

Difference 

Standard 

Error 

Difference 

95% Confidence Interval 

of the Difference 

Lower Upper 

Test 

score 

Equal 

variances 

assumed 

0.002 0.967 0.012 14 0.991 0.08125 6.86613 -14.64513 14.80763 

Equal 

variances not 
0.012 14.000 0.991 0.08125 6.86613 -14.64518 14.80768 

Sample 
Experimental 

value of 

‘ε’ 

Literature value 
of 

‘ε’ 

References 

Heptane 1.73 1.92 12 

Benzene 2.26 2.26 11 

Toulne 2.40 2.40 13 

Chloro-
Benzene 5.64 5.62 11 

1-Butanol 17.19 17.10 13 

1-Propanol 32.99 32.63 13 

Methanol 32.99 32.63 13 

Nitro- 
Benzene 34.57 34.80 12 

11th International Conference on Microwaves, Antenna, Propagation & Remote Sensing 
ICMARS-2015, Jodhpur, INDIA, Dec. 15 – 17, 2015

329



assumed 

From table II the p-value of Levene's test is 0.967; 
by experimental results it is shows that the 
variances of the two groups are the same. And from 
significance 2 values, since the p-value is the 0.991, 
hence experimented results may accept the null 
hypothesis and concluded that there is no 
significance difference between observed dielectric 
constant and literature dielectric constant at 5% 
significance level. 

VI. CONCLUSION

 The low cost dielectric spectroscopy sensor for liquids using 
P89c51RD2 microcontroller system is successfully designed. 
The measurement of dielectric constant for liquid over a wide 
range is the special feature of the present design. The essential 
softwares implemented in assembly language with keil 
compiler. The designed system is reasonably reliable, portable 
and quite successful with good accuracy. 
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