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Abstract — Radiated electromagnetic interference 

measurements were traditionally done in the frequency domain. 

A super-heterodyne EMI test receiver is then analyzing each 

frequency individually during a sweep across the spectrum. 

Despite the high accuracy, the time needed for the 

measurements sometimes reaches several days due to the small 

bandwidth and thus long dwell time, especially in the low-

frequency range below 30 MHz. Modern time-domain EMI 

analyzers already created major reductions in measurement 

time. Some standards require measuring with several magnetic 

loop antenna orientations with respect to the equipment under 

test. Instead of the expensive single-channel time-domain 

analyzers, cost-efficient multichannel digitizers are proposed to 

perform measurements using several magnetic loop antenna 

positions and polarizations simultaneously.  

 Keywords—Time-domain, multichannel measurements, 

orthogonal loop antennas, EMI, multichannel digitizer, data block 

measurements. 

I. INTRODUCTION  

Measurement accuracy is an important factor when 
measuring radiated electromagnetic interference (EMI) 
produced by equipment under test (EUT). Radiated 
electromagnetic emission measurements are traditionally 
based on frequency-domain (FD) approaches. For example, 
the CISPR 36 standard measurement for electric vehicles [1] 
defines a frequency-domain measurement in the frequency 
range between 150 kHz and 30 MHz. For this measurement, a 
superheterodyne receiver and a single magnetic loop antenna 
are used. Four measurement positions, and two 
(perpendicular) antenna orientations are required by the 
standard, resulting in a total of 8 antenna positions. Because 
the frequency range is below 30 MHz, the frequency step 
required by the standard is 5 kHz which, along with using a 
single antenna, requires significant measurement time [2]. 
Furthermore, conventional FD measurements are limited in 
registering time-varying effects. Since each frequency is 
measured and analyzed separately in the FD, the time-variant 
emissions, e.g. from switched-mode power supplies, can be 
underestimated if a too short dwell time is used [3]. To be able 
to detect pulsed emission, CISPR 36 increased the dwell time 
for each frequency point to one second [1], which results in 
more than 10 hours for a complete measurement. To decrease 
the measurement time the time-domain (TD) measurements 
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can successfully be implemented [4]. The main advantage of 
TD measurements over FD is that the broad signal spectrum 
is measured simultaneously and by using the Fast Fourier 
Transformation (FFT) a frequency domain emission spectrum 
can be presented. This allows many hours of FD 
measurements to be reduced to a few seconds of TD 
measurements. Due to this, the new TD EMI receivers 
replaced superheterodyne receivers. A commercial TD EMI 
receiver has in general only one input, or channel. Instead of 
such TDEMI analyzers, cost-efficient digitizers can be used 
easily in the low frequency range, i.e. below 30 MHz. The 
sampling frequency of several hundred mega samples per 
second in multichannel mode can easily cover the low-
frequency range. In [5] the prospect to use a digitizer for TD 
measurements is discussed. In [6] the evaluation of time-
variant emission, and the advantages for EMI measurements, 
is shown. Another advantage of these digitizers is the multiple 
inputs, typically two or four, sometimes even eight [7], as 
opposed to the EMI receivers that typically have only one. In 
[1] several antenna orientation measurements are required 
hence, a multiaxis antenna with two or even three 
polarizations could be used [8]. This antenna construction has 
several shielded loop antennas which are placed orthogonal to 
each other. This structure measures the orthogonal field 
components, and therefore minimizes the mutual coupling 
between antennas. Due to standard measurements [1], each 
frequency point should be measured for 1 second. 
Implementing TD measurement 1-hour standard measurement 
could be replaced by 1-second data recording via the digitizer. 
The main disadvantage of some cost-efficient digitizers is the 
inability to record a signal for 1 second in multi-channel mode 
with high sampling frequency. In this case, time-variant 
emissions could be underestimated. To meet the measurement 
requirement of 1 second, multiple blocks of data of a few 
milliseconds can be recorded. 

This paper uses this proposed multichannel TD 
measurements, in combination with a multi-axis antenna, 
using a cost-efficient digitiser and processing several data 
block recordings. The measurement setup is presented in 
Section II. In Section III time-varying emissions using the 
standard measurement method and the proposed measurement 
method is compared. 

II. MEASUREMENT SETUP  

The first part of this section explains the standard 

measurement method. In the second part, the measurement 

setup is shown and described. 



A. Standard measurements 

According to the standard measurement method 

described in CISPR 36 for electric vehicles, four 

measurement positions around a EUT should be evaluated. 

With respect to perpendicular and parallel antenna orientation 

to the EUT, eight measurements should be performed. Fig. 1 

represents the measurement positions around the EUT. 

Because of that small frequency step and 1 second dwell time, 

the measurement time is more than 10 hours. Even with this 

long measurement time only emissions that have an 

appearance interval of less than 1 second can be estimated. 

This leads to underestimation of emissions with longer time 

intervals, i.e. longer dell time. In spite of this effect, our 

priority is to reduce the measurement time for the already 

existing standard measurement method. 

 

 
Fig. 1. Antenna positions around the EUT from CISPR 36 [1] 

B. Measurement devices 

A multi-axis shielded loop antenna was used as a receiver 
antenna [8] for the frequency range between 150 kHz and 30 
MHz, as shown in Fig. 2. The main advantage of this antenna 
is that it gives the possibility to measure several antenna 
orientations at once. Because in multi-axis antenna all 
antennas orthogonal to each other the mutual influence is very 
low [8], thus allowing the use of this antenna for standard 
measurements.  

A PicoScope® digitizer 5444D MSO model with 4 inputs, 
200 MHz bandwidth, 250 MS/s which allows measurements 
in the multichannel mode for the frequency below 30 MHz 
was used. All three antennas were connected to the PicoScope 
via coaxial cables. All of the digital signal processing was 
performed on a computer. The TD data was post-processed 
with FFT in MATLAB using peak detector.  

As the memory of such cheap digitizers is limited it is not 
possible to record the signal in 3-channel mode for 1 second. 
Because of that, a measurement method based on several data 
blocks recordings is proposed. During one measurement, 
several data blocks of 0.2 seconds are recorded to satisfy the  

 

Fig. 2. Multichannel TDEMI measurement setup 

standard requirement of a 1-second dwell time for each 

frequency point. The number of data blocks is discussed in 

Section III. 

C. Emission source 

To evaluate the measurement methods a broadband 

emission source was created to mimic an actual EUT. The 

fields generated are similar to what could be measured around 

electric vehicles [9]. A CoolGanTM 600V gallium nitride 

half-bridge evaluation board was used because it can handle 

high-frequency switching, which could represent broadband 

high-frequency outgoing emission from an electric vehicle. 

Two power supply sources (PSC) were connected, one 5 V to 

supply the board and the second PSC as the main voltage 

source with 60 V and 0.5 A (Fig. 3). A power resistor is used 

as load. All power cables were placed at some distance to 

increase the outgoing emissions. Switching frequency was 

300 kHz. A more detailed description can be found in [10].  

 

 

Fig. 3. Equipment under test 

III. MEASUREMENT TECHNIQUES 

Standard measurement requires measuring every 
frequency step for a certain amount of time. To be able to 
measure one antenna position according to the standard more 
than 1 hour is needed. It is due to the fact that for evaluation 



of pulse emission 1 second dwell time for each frequency step 
is needed. In this case, if time-variant emission has a time 
interval between pulses less than 1 second this method could 
successfully detect it as shown in Fig. 4 (a). However, if the 
emission has a time interval of appearance of more than 1 
second, the chances to detect this emission become lower - 
Fig. 4 (b). Also, because only one frequency interval could be 
measured at once in FD, the chance to miss the highest 
emission becomes bigger. Fig. 4 (b) represent a case when 1 s 
measurement in FD was done between emission pulses. In this 
case the highest peak of the emission could be underestimated. 
The measurement was performed between 8 and 9 seconds, 
but exactly during this time an emission was not visible.  

Instead of FD measurements, in TD a broad range of 
frequencies is measured at once. In this case, the chance to 
detect time-varying emissions during the measurement could 
be higher. However, because of the data recording limitation 
of cheap digitisers several data blocks should be recorded.  

Because the measurement time is 0.2 seconds several data 
blocks should be recorded using this low-cost multi-channel 
digitiser. Fig. 5 represents the measurement process in time. 
From 0 to 0.2 seconds PicoScope record data block which 
contained 50 MS for each of three channels. The data transfer 
takes around 2 seconds. To cover a 1-second measurement 5 
data blocks should be recorded. In total, 11 seconds should be 
spent for data recording, and data post-processing takes 
around 3 minutes. Approximately the whole measurement 
time for one antenna position measurement in 3 axis is 
performed in less than 5 min (for standard measurement more 
than 2 hours). 

To evaluate the chance to pick up the time-variant 
emission with the proposed method and 1 second FD standard 
measurement method, Monte Carlo simulation in MATLAB 
was used. This simulation was mimicking the peak detector. 

 
b) 

Fig. 4. Time-varying pulse emissions: a) appierence interwal between 

emission pulses (0.1s); b) appierence interval between emission pulses is 

random, from 1.3 to 1.5 s. 

 Emission pulse duration was 10 ms and only the time 
between pulses was changed. The example is shown in Fig. 4. 
First the time between pulses was between 0.1 s to 0.6 s. The 
chance to detect this emission was 100% for both methods. 
The second test was with the random time interval between 
emission pulses within 0.6 s to 1 s. The chance to detect such 
emission with 5 data block records was 93%. With increasing 
data block records to 14, the chance to detect emissions with 
the random interval from 0.6 to 1 second becomes 99.94% per 
10000 simulations. The last simulation was done with random 
pulses interval from 1.3 s to 1.5 s. For the proposed method 
the chance to detect such time-variant emission made up 95% 
and for 1-second FD measurement - less than 85%. The final 
results of the percentage to detect emissions with different 
appearance intervals are shown in Table I.  

With the proposed measurement method, the time for 
standard measurements could be significantly decreased from 
several hours to several minutes, which will be shown in 
Section III. Despite this, the limitations of cost-efficient 
digitizers in the amount of recorded information make it 
impossible to perform long measurements (several seconds, or 
continuous measurements with high sampling frequency). As 
a fact from the above, during transferring recorded 
information from a digitizer to a laptop, the blind spots that 
can be clearly seen in Fig. 5 have appeared. To eliminate these 
disadvantages, it is possible to use more modern and 
expensive digitizers, which are still cheaper than commercial 
multichannel TDEMI analyzers. In [11] the segmented 
memory acquisition is shown which could help to minimize 
recorded samplings and increase the productivity of 
measurements. 

 

Fig. 5. Data blocks measurements in time 

TABLE I.  CHANCE TO DETECT TIME-VARIANT EMISSION 

Random 

appearance 

interval (s) 

Measurement methods 

Standard FD 

measurement method 

Proposed TD data blocks 

measurement method 

0.1-0.6 s 100% 100% 

0.6 - 1 s 100% 99.94% 

1.3 – 1.5 s <85% 94-95% 

 

IV. MEASUREMENT RESULTS 

The antenna was placed near the EUT. Measurements 
were performed from each of 4 positions around EUT which 
were described in Fig. 1. Fourteen data blocks for each 
antenna were recorded. In total 56 data blocks with 50 mega 
samples each were recorded for every antenna during the 
measurement. Fig. 6 shows three traces from each of three 
antennas (Fig. 2), which represent peak values measured 
around EUT in three dimensions. All measured data was post-



processing and only the highest emissions around the EUT are 
presented. To compare the obtained measurement results, 
measurement data from the parallel antenna to the EUT with 
several data blocks were compared to the measurement results 
from the parallel antenna to the EUT using FD and 1 second 
dwell time. Fig. 7 represents measurement results with the 
EMI receiver and results with the proposed measurement 
technique. In order not to overload the graph, it was decided 
to compare only measured values from the parallel antenna to 
the EUT. The blue curve represents measurement data with a 
PicoScope, the red curve represents measurement data with a 
spectrum analyzer. The difference between measurement 
results of the main peaks was in the range between 
0.2 to 1.5 dB.  

To complete the full measurement around the EUT with 
the proposed technique in TD approximately 1 hour was 
needed, when using FD measurement and 1-second dwell time 
it took more than 13 hours. 

 

Fig. 6. Highest emission level around EUT from 3 antennas 

 

Fig. 7. Comparison between proposed measurement method and 1 second 

dwell time measurement for parallel antenna 

V. CONCLUSION 

This paper shows TD EMI measurements with a 

multichannel digitizer and multiaxis antenna. From every of 

four positions around an EUT 14 data blocks were recorded 

during the measurement, for each antenna. The chance to 

detect time-variant emission using the proposed TD method 

is almost the same as using the standard FD measurement 

method with 1 second dwell time. The difference is less than 

1%. This small chance to not detect the emission can occur 

during data transferring, shown in Section II. The percentage 

of the detection was calculated via MATLAB simulations by 

applying the Monte Carlo method. The possibility to use 

cheap multichannel digitiser for such measurements was 

shown. Post-processing of the measured data blocks could be 

improved even more which in turn could speed up the already 

time-efficient measurement process. It gives the opportunity 

to use this measurement method not only for CISPR 36 

standard but also for other standards which require low-

frequency EMI measurements below 30 MHz. 
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