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Abstract— Polarimetric SAR (PolSAR) has been widely used 
as an active imaging remote sensing technique to characterize 
manmade and natural features. The PolSAR data needs to be 
corrected from the polarimetric distortions to minimize the 
ambiguities for the accurate information retrieval of scatterers. 
The present work is focused on the minimization of system-
induced and atmosphere-induced errors from PolSAR data. A 
new software Polarimetric SAR Calibration & Processing Tool 
v1.0 (PSCP v1.0) has been introduced for processing of fully 
polarimetric and hybrid polarimetric SAR data. The PSCP v1.0, 
a software tool will be available for the scientific community to 
calibrate and process the fully polarimetric and the hybrid 
polarimetric space borne and airborne SAR data of current and 
future missions of ISRO, India and also for other space agencies.  

Keywords—PolSAR, PSCP v1.0, Calibration, Polarimetric 
Distortions, Hybrid Polarimetry 

I. INTRODUCTION 
The Polarimetric Synthetic Aperture Radar (PolSAR) is an 

advanced imaging radar system to analyze the scattering 
information from different ground targets on the Earth's 
surface. It is achieved by using the different polarization states 
of an Electromagnetic (EM) wave for the same center 
frequency. The PolSAR processing techniques are used for 
characterizing the ground targets by utilizing the multiple 
polarimetric channels available in the SAR product. A 
PolSAR system can be dual-polarized, quad-polarized or 
compact polarized. In a dual-polarized SAR system an EM 
waveform will be transmitted in either horizontal or vertical 
polarization and measures the received signals in both 
horizontal and vertical polarizations. A dual-pol SAR system, 
consists of horizontal transmit-horizontal receive (HH) and 
horizontal transmit-vertical receive (HV) channels or vertical 
transmit-horizontal receive (VH) and vertical transmit-

vertical receive (VV) channels. The quad-pol SAR system 
contains all the four channels HH, HV, VH and VV and it 
provides an accurate and clear perspective of the  target [1]. 

The compact polarized system comprises of one 
polarization in transmit and two polarizations on receive. The 
Compact Polarimetric (CP) SAR has been evolved as an 
alternative for the fully polarized SAR system, as it exhibits 
similar science quality polarimetric SAR data of the ground 
targets with the reduced hardware complexity, reduced data 
transmission rate, reduced Pulse Repetition Frequency (PRF), 
and with no compromise in the spatial resolution. The most 
commonly developed CP SAR architecture for both space 
borne and airborne platforms is the Circular Transmit-Linear 
Receive (CTLR) system, which transmits waves either in left 
or right circular polarization (H  ±  iV) [2].  

The SAR polarimetry has a wide range of applications 
ranging from classification, geophysical and biophysical 
parameter estimation, disaster management and other Earth 
observation studies [3]. This article is introducing the 
Polarimetric SAR Calibration & Processing Tool v1.0 (PSCP 
v1.0) which can perform polarimetric calibration and 
processing of polarimetric SAR data.  

II. THE PSCP V1.0  TOOL 
Currently, there are only a few number of software that is 

freely available and those are maintained by European Space 
Agency (ESA) and The National Aeronautics and Space 
Administration’s Jet Propulsion Laboratory (NASA’s JPL). In 
India, there is a number of indigenous satellites that are 
proposed such as The NASA-ISRO Synthetic Aperture Radar 
(NISAR), Radar Imaging Satellite 1 (RISAT-1), and RISAT-
2. Hence, there is a requirement of software and tools for 
polarimetric calibration and processing of the SAR data.  
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Fig. 1. Architecture View of PSCP v1.0

The PolSAR data is useful in understanding the different 
scattering mechanisms of the objects. It also helps to get phase 
and amplitude information from different polarimetric 
channels with the help of polarimetric decomposition and 
classification techniques. But the polarimetric distortion in the 
PolSAR datasets may cause overestimation or 
underestimation of scattering mechanism which may create an 
error in the polarimetric decomposition modeling for 
characterization of manmade and natural features. 

PSCP v1.0 is a software tool developed with the goal of 
making the polarimetric processing easy and intuitive. It 
provides a complete package to calibrate and process the fully 
polarimetric and the hybrid/compact/partial polarimetric SAR 
data. PSCP v1.0 is able to do the PolSAR calibration and the 
decomposition and will be freely available for researchers, 
scientists, professors and Ph.D. students for their research and 
education purposes. The one more unique feature of this 
software is that it will be able to do PolInSAR decomposition. 
In existing software, each of the polarimetric distortion was 
estimated separately while this software proposes 
incorporation of well-established algorithms as a unified 
algorithm that estimates the channel imbalances, phase bias, 
crosstalk and Faraday rotation from the scattering matrix. 
PSCP v1.0 software is developed using Python programming 
language and it uses the powerful modules of scientific 
packages. The used modules, packages, library and file format 
for developing of PSCP v1.0 is shown in fig. 1. And it is also 

showing the functionalities of PSCP v1.0. Help menu function 
is providing the user documentation, a part of the Library 
Reference explaining the precise working and the 
functionalities of the tool.  

III. USER INTERFACE AND CODE SNIPPET  
Figure 2 shows the main view of the developed tool with 

full functionality.  

  
Fig. 2. PSCP v1.0 Main Entry Screen 
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Fig. 3. Full view of the Polarimetric SAR Calibration and Processing Tool v1.0

 
Fig. 4. Code snippet to add functionalities of PSCP v1.0 in the tool

The tools for calibration of fully polarimetric SAR data 
involves algorithm for cross talk estimation, channel 
imbalance estimation and Faraday rotation estimation. Hybrid 
polarimetric calibration is having the capacity to calibrate the 
dataset of right circular transmit and linear receive (CTLR) 
mode. The complete list of functionalities available in this tool 
is displayed in the Fig. 3. Fig. 4 shows a sample python code 
used for the defining the individual functions corresponds to 
the different algorithms supported by the tool. The option for 
adding a new algorithms or editing the current algorithm is 

given to satisfy the requirement of improvement or 
enhancement in the tool.  For any new functionality being 
added to the tool, a function is created in the main class of the 
code (Fig. 4). 

IV. CALIBRATION MODULE OF PSCP  V1.0 
There are mainly two types of polarimetric distortions 

occurring in the SAR data; system-induced and atmosphere 
induced distortions. System induced polarimetric distortions 
occurs due to the hardware non-idealities of the SAR system 
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so exists in both space borne and airborne SAR platforms. 
System induced polarimetric distortions are channel 
imbalance and crosstalk [4]. Atmospheric induced 
polarimetric distortions occurs mainly due to the effects 
caused by the Earth’s ionosphere, so exists only in the space 
borne SAR platforms. Faraday rotation error is the primary 
atmosphere induced polarimetric distortion. To get actual 
scattering information of the object appearing on the earth's 
surface polarimetric distortions need to be removed from the 
SAR data. The minimization of all these polarimetric 
distortions using polarimetric calibration techniques is very 
important. The Polarimetric Calibration (PolCAL) aims to 
correct the system distortion effects in SAR observation by 
obtaining distortion parameters including crosstalk and 
channel imbalances [5]. Generally, PolSAR technology 
discriminates ground objects by the coherence and difference 
of these channel images. Therefore, before PolSAR images 
can be used for further researches and applications, PolCAL 
is needed to ensure the relative amplitude and phase of the 
different image channels. In essence, the PolCAL converts 
uncalibrated PolSAR data into calibrated PolSAR data by 
minimizing polarimetric distortions. But so far existing 
software is not supporting PolSAR calibration. PSCP v1.0 
provides the polarimetric calibration of Quad-pol and 
Hybrid/Compact-pol SAR datasets acquired using airborne 
and space borne platforms for the estimation and correction of 
polarimetric distortions caused due to the channel imbalance, 
phase bias, crosstalk and Faraday rotation using the corner 
reflectors and distributed targets. 

A. Quad-pol SAR Data Calibration To Remove System 
distortion 

For Quad-pol datasets first step is to do channel imbalance 
by calculating the absolute calibration constant (A). For A 
using corner reflector, the theoretical Radar Cross Section 
(RCS) of the corner reflector is required. The theoretical RCS 
of a Trihedral corner reflector is estimated as follows [6]: 

 

 

(1) 

Where a represents the inner leg length of the corner 
reflector,  is the wavelength of the radar,  is the azimuth 
angle and  is the relative incidence angle, which is the sum 
of the incidence angle and the elevation angle of the corner 
reflector. Equation 2 is showing the calculation of the 
absolute calibration constant A and is estimated using the 
relationship [6]: 

 

(2) 

 

Where, A is the absolute calibration constant, cr is the 
theoretical RCS of the corner reflector, Ohh is the peak 
complex backscatter value of the corner reflector pixels in the 
HH channel of the uncalibrated scattering matrix and O*

hh is 
the complex conjugate of Ohh. Then the user has to click on 
next to browse the scattering matrix in the form of BIN files 
to do channel imbalance. 

 

(a) 
 

(b) 
 

(c) 
Fig. 5. (a) Calculation of absolute calibration constant for corner reflector 
values of UAVSAR data, (b) Taking scattering matrix of UAVSAR data as 
input in the BIN format to do channel imbalance, (c) Message to a user for 
process completion. 

The fig 5. (a) shows the dialog box appears as the user 
selects the required functionality with an example of absolute 
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calibration constant calculation. The view of taking input is 
showing in Fig. 5(b) and after completion of processing user 
will get the message as shown in Fig. 5(c). After completion 
of the process, the new scattering matrix free from channel 
imbalance and phase bias error will be saved in the browsed 
output directory. For the crosstalk estimation and correction, 
PSCP v1.0 provides a collection of the algorithm. Users can 
select any algorithm according to their preference and 
convenience. The input files for crosstalk estimation will be 
the files generated by channel imbalance whereas for the 
crosstalk correction input files will be the files generated by 
channel imbalance and the files generated by crosstalk 
estimation. The output files will be the scattering matrix free 
from system distortion in the .bin file format. 

B. Faraday Rotation 
Due to the ionospheric propagation of microwaves of the 

SAR system Faraday rotation occurs in the data which rotates 
the orientation angle of the polarization ellipse. Input will be 
scattering matrix having Faraday rotation error but free from 
all other polarimetric distortions [7]. The output will be the 
scattering matrix (free from all polarimetric distortions 
including Faraday error) and ohm (the Faraday rotation angle 
by which the polarization plane of the EM wave is rotated in 
the Ionosphere). 

C. Hybrid/Compact-pol SAR Data Calibration 
Hybrid/Compact Polarimetry transmits circularly 

polarized wave and receives two orthogonal mutually 
coherent linear polarizations [8], [9]. Therefore, the wave is 
circularly transmit-linearly receive (CTLR). The combination 
of transmitted and received wave signals is as: right circular 
transmitted-horizontal received (RH) and right circular 
transmitted-vertical received (RV) [10]. 

According to the survey over numerous quantitative 
studies demonstrates the effectiveness of Hybrid/Compact 
Polarimetry. The hybrid/compact polarimetry is giving more 
performance accuracy when compared with the accuracy 
delivered by a quadrature-polarized SAR. The most common 
compact-pol architecture is the circular transmit-linear receive 
(CTLR) system, which transmits the EM wave in either left or 
right circular polarization (H ± V) and receives linear H and 
V polarizations. Currently, only one satellite has circular 
polarization and right circular polarization has been evaluated 
by several researchers. In PSCP v1.0 the polarimetric 
calibration algorithm developed by Anthony Freeman for 
compact-pol data is implemented [7]. So, calibration for right 
circular transmits and linear receive is added. For left circular 
transmit & linear receive will be added in the future. In the 
Freeman algorithm, it is assumed that the system is perfect 
during signal transmission and the polarimetric distortions 
induced during the signal reception are estimated and 
corrected [1]. The output will be the scattering matrix free 
from all polarimetric distortions. 

D. Polarimetric Signature  
Polarimetric signature is another functionality of PSCP 

v1.0 as shown in Fig. 4. It is a 3D representation of 
polarimetric information in various polarization bases. It 
provides a graphical representation of various features in 
polarimetric SAR data and can be generated using 
electromagnetic wave synthesis [11].  

 

(a) 

(b) 
Fig. 6. (a) Taking corner reflector values of HH, HV, VH and VV channels 
as an input. (b) The scattering patterns of the given target. 

The user has to enter the values of the corner reflector of 
HH, HV, VH & VV channels and select the "Get Polarimetric 
Signature" option as shown in Fig. 6 (a). Fig. 6(b) is showing 
the scattering pattern output corresponds to the target. 

V. DECOMPOSITION MODULE OF PSCP V1.0 
       Polarimetric decomposition approaches provide a 
measure of the relative contributions of backscatter from 
different scattering mechanisms and hence, the selection of 
the proper decomposition method plays a vital role in the 
classification of natural distributed targets [12], [13]. 
Backscattered images generated using these decomposition 
models were used to extract the required information in the 
form of surface, volume and double bounce scattering [11], 
[14]. In PSCP, polarimetric decomposition is implemented 
for both compact-pol datasets as well as for fully polarimetric 
SAR datasets. 
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Fig. 7. Functionalities helpful in Hybrid/ Compact decomposition models. 

In PSCP, there are four models implemented for hybrid 
polarimetric decomposition: 
• M-delta decomposition 
• M-chi decomposition 
• M-alpha decomposition 
• Cloude’s 3-component decomposition 
PSCP v1.0 provides functionalities that are helpful in 
performing hybrid decomposition models as shown in Fig. 7. 
The inputs required for the Cloude’s 3-component 
decomposition are the Stokes first parameter (S1), Stokes 
child parameters, polarization angle (alpha) and the degree of 
polarization (m) (Fig. 7). The option “Stokes Parameters” 
generate S1 parameter, whereas alpha and m will be 
generated by the “Stokes Child Parameters” option. The 
output will be saved in .tiff format. The options available for 
the decomposition of fully polarimetric SAR data are shown 
in Fig. 8.   

 

Fig. 8. Decomposition models implemented in PSCP v1.0 for fully 
polarimetric SAR data. 

Input for all these models is the scattering matrix in .bin file 
format for the ease of processing and less memory utilization. 
The decomposition output is in .tiff format.  

VI. CONCLUSION AND FUTURE SCOPE 
The proposed PSCP v1.0 is a powerful tool for the 

calibration and decomposition of quad-pol and compact-pol 
SAR data. The tool is designed with an efficient user 
interface. Several basic and advanced calibration and 
decomposition algorithms are implemented in this tool. The 
future concern of the proposed tool will be on the 
incorporation of new algorithms and functionalities.   
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