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Abstract ─ Power electronic devices and electrical 

equipment produce a large quantity of radiated 

electromagnetic interference (EMI) in the working 

process. Electromagnetic field analysis method of the 

near-field and far-field of the antenna can be employed 

to separate the radiated interference noises. However, the 

method has low separation accuracy and requires a lot  

of time. A novel method based on joint approximate 

diagonalization algorithm (JADA) to separate the 

radiated EMI noise is proposed in this paper. Compared 

with the traditional independent component algorithm 

method, the accuracy is improved by 14% and the 

efficiency is increased by 30%. The common-differential 

mode mixed noise source is taken as the experimental 

object to demonstrate the effectiveness and simplicity of 

the proposed method. 

 

Index Terms ─ Common-differential mode mixed 

source, JADA algorithm, noise separation, radiated EMI. 
 

I. INTRODUCTION 
With the increasing integration and complexity, 

power electronic device radiates a large number of 

electromagnetic interference (EMI) noises, which leads 

to the abnormal operation of other devices and electrical 

equipment around [1-5]. In order to control the radiated 

EMI within a safe range, the prediction and separation of 

radiated EMI noise sources have become a burning issue 

to be solved [6-8]. 

Electromagnetic field analysis methods are widely 

used in the research of radiated EMI noises at the 

moment. A novel method has been proposed to predict 

the far-field radiation using the magnetic near-field 

component on a Huygens’s box in [9-10], the effect of 

inaccuracy of magnetic field and the incompleteness  

of the Huygens’s box on far-field results has been 

investigated. The radiated EMI has been designed as  

a time harmonic electromagnetic wave in [11], 3D  

finite elements (3DFE) model has been used to evaluate 

the different distributing effects that the switching 

frequencies may have on the radiated EMI. The far-field 

radiated EMI emission of a power converter caused by 

common-mode current on attached cables has been 

demonstrated in [12-13], and an antenna model has  

been developed to estimate the far-field radiation of a 

power converter. A Green’s function approach for the 

computation of broadband stochastic radiated EMI field 

energy densities has been presented in [14], which 

predicted and separated the far-field radiated EMI. 

Symmetrical component theory has been applied to 

analyze the characteristics of EMI noises in power 

electronic system in [15-16], and a multiphase noise 

separator has been built. A method for the measurement 

of the field generated by multiple uncorrelated sources 

has been proposed in [17-18], the contribution of  

each source has been determined with the assistance  

of the blind signal separation technique. Therefore, it  

is meaningful to separate the radiated EMI noise 

effectively. 

The above methods can separate the radiated EMI 

noise to a certain extent, but there are still some defects 

that need further improvement, for example, it is 

necessary to use electromagnetic field analysis software, 

which has a large amount of calculation and low 

precision. The motivation of this paper is to propose a 

JADA-based method, which can be used to separate the 

radiated EMI noise. Compared with the Electromagnetic 

field analysis method, the JADA algorithm separates  

the radiated EMI noise from the perspective of signal 

analysis, the amount of calculation of JADA algorithm 

is smaller, which can separate the radiated EMI noise 

more accurately and more efficiently. To verify the 

validity of the proposed method, both simulation and 

experiment are presented. 
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II. SEPARATION OF THE RADIATED EMI 

NOISE BASED ON JADA ALGORITHM 

A. Radiated EMI source 

In this section, a radiated EMI noise source model is 

established, as shown in Fig. 1. There are n noise sources 

in the model, the total radiated noises are formed by E1, 

E2, E3, …, EN, which are produced by each radiated 

source. 
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Fig. 1. Radiated EMI noise source model. 

 

B. Separation of radiated EMI based on JADA 
On the basis of independent component algorithm 

(ICA), JADA algorithm is used to separate the radiated 

EMI noise, which introduces the fourth order cumulative 

quantity matrix of multivariate data, and performs eigen-

decomposition to separate the mixed signals. 

Since the components of the radiated EMI noise are 

independent of each other, JADA algorithm makes full 

use of algebraic method, combines with matrix theory, 

simplifies the algorithm, improves the robustness of the 

algorithm. JADA algorithm has strong radiated EMI 

noise separation capability, which can also separate the 

small sensor noise in the original signal. In order to 

ensure the feasibility of algorithm separation, the signal 

to noise ratio (SNR) of the original noise signals is higher 

than 6dB. 

The signals of the radiated EMI noise source model 

can be expressed as: 
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where x(t) are m mixed signals; s(t) are n radiated EMI 

noise signals; Ap is the hybrid filter, p is time delay: 

 ( )) ),( (p p p

p

y t B x t B A s t p




     (2) 

where y(t) is a n-dimensional column vector and Bp is an 

n*n matrix. The purpose is to find a separation filter Bp 

such that y(t) is an estimate of the signals s(t). 

The principle of the JADA algorithm to separate the 

radiated EMI noise signals includes mainly the following 

three sections. 

 

B.1. Zero mean processing 

Zero mean is mainly to eliminate the constant in the 

signal. The theory of blind signal separation is generally 

based on the assumption that the original signal 

component is zero mean, but the radiated EMI noise 

signals cannot meet this condition, so it is necessary to 

carry out zero mean processing on the actual data to  

meet the theoretical premise, and build a reasonable 

mathematical model. In fact, the zero mean processing 

of data is the translation transformation of data, which 

does not affect the overall distribution of data, but 

change the range of data values. This processing method 

is reasonable. 

For the sampling data whose mean value is not zero, 

formula (3) is used to make the data zero mean: 

 = ( ),X X E X   (3) 

where X is the collected radiated EMI data, E(X) is 

mathematical expectation, and X’ is the data after the 

zero mean. The actual sampling data is often discrete, so 

the calculation is generally replaced by the arithmetic 

average. 

When x(t) is a fourier transform data with a mean 

value not zero, the values in the vector xi(t) are all 

complex numbers, and the zero mean processing can be 

expressed as: 
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B.2. Whitening processing 

Whitening can remove the correlation between  

the signals and make the second-order statistics as 

independent as possible. In addition, whitening can 

effectively simplify the algorithm and speed up the 

calculation. 

Whitening processing is a linear transformation of 

the data, which can be expressed as formula (5): 

 = ,x Tx  (5) 

where matrix T is a whitened matrix; the correlation 

matrix 𝑅𝑥  of transformed random data 𝑥̃  has the 

following property: 

 = ,H

xR E xx I   
 (6) 

where I is a unit matrix. 

So the purpose of whitening is to find the whitening 

matrix T, which makes the data correlation matrix after 

whitening become a unit matrix. This section uses the 

eigenvalue decomposition method of correlation matrix 

to realize whitening. 

Suppose the covariance matrix of X is CX, has: 

 = ,T T

XC X UX U  (7) 
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where 

  1 2= , , , ,mDiag     (8) 

where XT is the transpose matrix of X, UT is the transpose 

matrix of U, λm is the eigenvalue of CX; each column of 

U is a eigenvector of CX. 

So the whitening matrix Wp is: 

 
1
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B.3. Eigen-decomposition transformation 

Let Z be the signal after whitening: 
 ( ).p p p pZ W A S W A s t    (10) 

Suppose M is an n*n matrix, and the four-

dimensional cumulant matrix QZ(M) of Z is defined as: 
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where Kijkl(z) is the fourth-order tensor of the four 

components i, j, k, l in vector Z. 

Let V=Wp Ap, according to formula (10), has: 

 .Z VS  (12) 

Because the variance of the source signal S and the 

whitened data Z is 1, each element in S is independent  

of each other, and each element in Z is orthogonal to  

each other, thus V must be orthogonal and unified. Make 

M=vivi
T, the fourth-order tensor matrix with M as the 

weight matrix can be transformed into: 

 ( ) ,ZQ M M  (13) 

where λ=k4(si) is the kurtosis of source si, so M is called 

the eigen-matrix of QZ(M), while λ=k4(si) is the eigen-

value of QZ(M). 

So as long as the eigen-decomposition of QZ(M) is 

completed, the eigen-matrix M and eigen-value λ can be 

obtained. If the kurtosis of each source are different, the 

vi and λi are also different. We can get the column vectors 

of V, and then we can get the independent components 

of Ap. 

When the eigen-values have multiple roots, the 

results of formula (9) and formula (11) are unstable, so 

the algorithm needs to be improved. The basic idea is: 

according to formula (13), find a matrix V that can 

diagonalize QZ(M) through VTQZ(M)V: 
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In fact, the result of taking only one matrix M is not 

very accurate. We can use a group of matrix M = [M1, 

M2, …, Mp] to find QZ(Mi) for each Mi, and find matrix 

V to satisfy the maximum possible diagonalization of 

each QZ(Mi) at the same time. The square sum of the non-

diagonal elements in VTQZ(M)V can be used as a measure 

degree of diagonalization: 
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According to formula (11), if V is found to make the 

criterion of DM(V) minimum, the estimation 𝐴̅  of the 

mixed matrix and the estimation y(t) of the original 

signal s(t) can be obtained: 

 1 ,TA T V T V   (16) 

 ( ) ( ).Ty t V TX t  (17) 

 

C. Implementation steps of separating the radiated 

EMI noise sources based on JADA algorithm 

The radiated EMI noises are separated based on the 

JADA algorithm in this paper, and the specific steps are 

as follows. 

Step 1: The mutually independence and identically 

distributed radiated EMI noise signals s(t) are collected 

by testing, and the mixed signals x(t) are obtained by 

formula (1). 

Step 2: Make the sampling data zero mean, 

eliminate the constant in s(t). 

Step 3: Design the whitening matrix Wp remove the 

correlation between the signals. 

Step 4: QZ(M) is decomposed by formula (13), the 

kurtosis of each source can be gained. 

Step 5: Find V to make the criterion of DM(V) 

minimum, according to formula (17), the estimated 

signals y(t) can be obtained. 

Step 6: For the purpose of judging the separation 

performance of the JADA algorithm, the similarity 

coefficient (SC) is applied to measure the approximation 

between the source signals and the separated signals. 

When SC is closer to 1, the separation effect of the 

algorithm is better: 
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III. SIMULATION OF THE SIGNALS BASED 

ON JADA ALGORITHM 
To verify the effectiveness of the proposed 

algorithm, the separation simulation of the signals is 

studied. As shown in Fig. 2 (a), sine signal (blue line), 

trapezoidal wave signal (yellow line), sawtooth signal 

(red line) and random signal (purple line) are created. A 

four order hybrid filter is used to mix the signals, and the 

waveforms are shown in Fig. 2 (b). According to the 

JADA algorithm theory, the mixed signals are separated 

into four mutually independent signals, the waveforms 

of separated signals are shown in Fig. 2 (c). In addition, 

the ICA algorithm is employed to separate signals, the 

waveforms are shown in Fig. 2 (d). 
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Comparing the source signals in Fig. 2 (a) with the 

separated signals in Fig. 2 (c), it can be concluded that the 

mixed signals in Fig. 2 (b) can be successfully separated 

into the four signals by the JADA algorithm, and the 

separated results are similar to the source signals. The 

similarity coefficient SC of the sine signal is 0.97, and 

other three signals are 0.96, 0.95 and 0.96, respectively. 

In addition, by comparing the results in Fig. 2 (c) and 

Fig. 2 (d), it can be seen that the accuracy of JADA 

algorithm is better than that of ICA algorithm. Therefore, 

the JADA algorithm is employed to the signal separation. 
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 (c) Separated signals by JADA algorithm 
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 (d) Separated signals by ICA algorithm 
 

Fig. 2. JADA algorithm characteristic simulation. 
 

IV. EXPERIMENT OF THE RADIATED EMI 

NOISE BASED ON JADA ALGORITHM 
In this paper, the experiment of the common-

differential mode radiated EMI noises is made to verify 

the effectiveness of the JADA algorithm. The experiment 

layout is shown in Fig. 3. One end of the magnetic field 

probe (R&S HZ-11) is connected to the channel of the 

oscilloscope (R&S Tektronix DPO5204), and the other 

end measures the radiated EMI noise. 
 

High- speed 

oscilloscope 

Magnetic field probe

The common - differential mode 

radiated EMI source

Magnetic field probe

 
 

Fig. 3. Experiment layout of radiated EMI noise. 
 

As shown in Fig. 4, in this experiment, the 20M 

crystal oscillator is used as common mode interference 

source, and the 30M crystal oscillator is used as 

differential mode interference source. The white noises 

and the radiated EMI noises are obtained through the two 

magnetic field probes and the high-speed oscilloscope. 

The two probes are fixed, and distance between the 

probes and the crystal oscillators is within 1cm. The 

experiment white noises and the radiated EMI noises 

generated by crystal oscillators are shown in Fig. 4 (a) 

and Fig. 4 (b), respectively. 

The JADA algorithm is applied to separate the 

mixed signals obtained by the experiment, the separated 

results of the common mode radiated EMI noise and the 

differential mode radiated EMI noise are shown in Fig. 

5 (a). Compared with the source noises, the SC of the 

common noise and the differential noise are 0.97 and 

0.96, respectively, which suggests that the JADA 
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algorithm is feasible to separate the radiated EMI noises. 
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Fig. 4. The common-differential mode radiated EMI 

experiment. 
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Fig. 5. Common-differential mode separated radiated 

EMI noises. 

 

As shown in Fig. 5, compared the separated results 

by JADA algorithm in Fig. 5 (a) with the ICA algorithm 

in Fig. 5 (b), JADA algorithm can separate the radiated 

EMI noises more accurately and more efficiently. The 

SC of the two noises are shown in Table 1. It can be clear 

seen that the JADA algorithm accuracy is 14% higher 

than the ICA algorithm. In addition, from the number of 

iterations in Table 1, it can be found that the JADA 

algorithm is more efficient, with an increase of more than 

30%. In addition, JADA algorithm introduces the the 

fourth-order cumulant matrix based on ICA, which has 

better generality. 

 

Table 1: Comparison of separation characteristics of two algorithms 

Radiated Source Model 

JADA Algorithm ICA Algorithm 

Similarity Coefficient 
Number of 

Iterations 

Similarity Coefficient 
Number of 

Iterations 
Common 

Noise 

Differential 

Noise 

Common 

Noise 

Differential 

Noise 

Common-differential mode 0.97 0.96 24 0.81 0.82 36 

V. CONCLUSION 
A new radiated EMI noises separation method  

based on the JADA algorithm is proposed in this paper. 

Simulation and experiment results demonstrate that the 

JADA algorithm can successfully separate radiated EMI 

noise, which verify the validity of the separation method. 
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Compared with the ICA algorithm, the accuracy and  

the efficiency have been greatly improved. The work 

provides the reference for separating the sources which 

produce the radiated noise, and contributes to conduct 

the targeted suppression research in the near future. 
 

ACKNOWLEDGMENT 
This paper is sponsored by National Natural Science 

Foundation of China (51475246), Key Projects of Social 

Sevelopment in Jiangsu Province (BE2019716), Nanjing 

International Industrial Technology R & D Cooperation 

Project (201911021), Open Fund Project of State Key 

Laboratory of Power Grid Environmental Protection 

(GYW51202001558). 
 

REFERENCES 
[1] D. M. Diego and R. Adroaldo, “Electromagnetic 

modeling of electronic device by electrical circuit 

parameters,” Applied Computational Electromag-

netics Society Journal, vol. 31, no. 1, pp. 58-65, 

Jan. 2016. 

[2] J. Yao, S. Wang, and H. Zhao, “Measurement 

techniques of common mode currents, voltages, 

and impedances in a flyback converter for radiated 

EMI diagnosis,” IEEE Transactions on Electromag-

netic Compatibility, vol. 61, no. 6, pp. 1997-2005, 

Dec. 2019. 

[3] A. Mueed, Y. Zhao, Y. Wei, Z. B. Zhu, and Q. L. 

Liu, “Analysis of lossy multiconductor transmission 

lines (MTL) using adaptive cross approximation 

(ACA),” Applied Computational Electromagnetics 

Society Journal, vol. 34, no. 11, pp. 1769-1776, 

Nov. 2019. 

[4] W. Yan, Q. Liu, C. Zhu, Y. Zhao, and Y. Shi, 

“Semi-inverse method to the Klein-Gordon equation 

with quadratic nonlinearity,” Applied Computational 

Electromagnetics Society Journal, vol. 33, no. 8, 

pp. 842-846, Aug. 2018. 

[5] C. Zhu, W. Yan, S. Liu, and L. Geng, “Analysis on 

crosstalk for coplanar irregular-placed cables based 

on cascading method and cubic spline interpolation 

algorithm,” Applied Computational Electromag-

netics Society Journal, vol. 35, no. 5, pp. 572-579, 

May 2020. 

[6] C. Xiao and T. Zhao, “Identification method of 

EMI sources based on measured single-channel 

signal and its application in aviation secondary 

power source design,” IEEE Transactions on 

Electromagnetic Compatibility, vol. 59, no. 2, pp. 

439-446, Apr. 2017. 

[7] K. Takahashi, Y. Murata, Y. Tsubaki, T. Fujiwara, 

H. Maniwa, and N. Uehara, “Mechanism of near-

field coupling between noise source and EMI filter 

in power electronic converter and its required 

shielding,” IEEE Transactions on Electromagnetic 

Compatibility, vol. 61, no. 5, pp. 1663-1672, Oct. 

2019. 

[8] W. Song, W. Zheng, Z. Han, and X. Sheng,  

“RCS reduction and radiation improvement of a 

circularly polarized patch antenna using AMC 

structures,” Applied Computational Electromag-

netics Society Journal, vol. 34, no. 10, pp. 1500-

1507, Oct. 2019. 

[9] X. Gao, J. Fan, Y. Zhang, H. Kajbaf, and D. 

Pommerenke, “Far-Field prediction using only 

magnetic near-field scanning for EMI test,” IEEE 

Transactions on Electromagnetic Compatibility, 

vol. 56, no. 6, pp. 1335-1343, Dec. 2014. 

[10] I. B. Trad, H. Rmili, M. Sheikh, B. Hakim, and J. 

Floch, “Design of a printed metamaterial-inspired 

electrically small Huygens source antenna for 

cognitive radio applications,” Applied Computational 

Electromagnetics Society Journal, vol. 35, no. 7, 

pp. 837-842, July 2020. 

[11] A. Rosales, A. Sarikhani, and O. A. Mohammed, 

“Evaluation of radiated electromagnetic field 

interference due to frequency swithcing in PWM 

motor drives by 3D finite elements,” IEEE 

Transactions on Magnetics, vol. 47, no. 5, pp. 

1474-1477, May 2011. 

[12] H. Chen, T. Wang, L. Feng, and G. Chen, 

“Determining far-field EMI from near-field 

coupling of a power converter,” IEEE Transactions 

on Power Electronics, vol. 29, no. 10, pp. 5257-

5264, Oct. 2014. 

[13] Y. Li, W. Cao, P. Zuo, Y. Li, Z. Gao, M. Wang, H. 

Zheng, and E. Li, “Analysis of multilayer structure 

near- and far-field radiation by the coupled PP-

PEEC and field-equivalence principle method,” 

IEEE Transactions on Electromagnetic Compa-

tibility, vol. 61, no. 2, pp. 495-503, Apr. 2019. 

[14] J. A. Russer, M. Haider, and P. Russer, “Time-

Domain modeling of noisy electromagnetic field 

propagation,” IEEE Transactions on Microwave 

Theory and Techniques, vol. 66, no. 12, pp. 5415-

5428, Dec. 2018. 

[15] S. Wang, “Modeling and Design of EMI noise 

separators for multiphase power electronics 

systems,” IEEE Transactions on Power Electronics, 

vol. 26, no. 11, pp. 3163-3173, Nov. 2011. 

[16] S. Wang, F. Luo, and F. C. Lee, “Characterization 

and design of three-phase EMI noise separators  

for three-phase power electronics systems,” IEEE 

Transactions on Power Electronics, vol. 26, no. 9, 

pp. 2426-2438, Sep. 2011. 

[17] Y. Liu, J. Li, C. Hwang, and V. Khilkevich, “Near-

Field scan of multiple noncorrelated sources using 

blind source separation,” IEEE Transactions on 

Electromagnetic Compatibility, vol. 62, no. 4, pp. 

1376-1385, Aug. 2020. 

ACES JOURNAL, Vol. 36, No. 1, January 202146



[18] C. Wang and R. Jia, “A source signal recovery 

method for underdetermined blind source 

separation based on shortest path,” Applied 

Computational Electromagnetics Society Journal, 

vol. 35, no. 4, pp. 406-414, Apr. 2020. 

 

 

 

 

Zhibo Zhu received his B.S. degree 

in Automation from Nanjing 

University of Information Science 

and Technology, Nanjing, China, in 

2017. He is currently working in 

Electromagnetic Compatibility and 

Power Electronics Devices with 

Nanjing Normal University. His 

interest is the design of Electromagnetic Compatibility 

of chips. 

 

Wei Yan received his Electrical 

Engineering M.Sc. and Physics   

and Electronics Ph.D. degrees   

from Nanjing Normal University, 

Nanjing, China, in 2011, and 2014, 

respectively. Since 2014, he has been 

with Nanjing Normal University, 

where he is currently an Associate 

Professor. His research interests include integrated 

circuit electromagnetic compatibility testing, and 

electromagnetic compatibility design, etc. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Yang Zhao received his B.S., 

M.Sc., and Ph.D. degrees all in 

Power Electronic Technology from 

Nanjing University of Aeronautics 

and Astronautics, Nanjing, China,  

in 1989 and 1992, and 1995, 

respectively. Since 2002, he has been 

with Nanjing Normal University, 

where he is currently the Professor. His research interests 

are in the areas of Electromagnetic Compatibility, Power 

Electronics and Automotive Electronics. 

 

ZHU, YAN, ZHAO, LIU, ZHANG: SEPARATION OF RADIATED EMI NOISE 47



 
 
    
   HistoryItem_V1
   AddNumbers
        
     Range: all odd numbered pages
     Font: Times-Roman (unembedded) 8.0 point
     Origin: top right
     Offset: horizontal 43.20 points, vertical 26.64 points
     Prefix text: ''
     Suffix text: ''
     Colour: Default (black)
     Add text every 0 pages
      

        
     D:20210224102405
      

        
     1
     1
     
     TR
     
     1
     1
     1
     0
     0
     1
     TR
     1
     0
     0
     435
     74
     0
     1
     R0
     8.0000
            
                
         Odd
         7
         AllDoc
         174
              

       CurrentAVDoc
          

     [Sys:ComputerName]
     43.2000
     26.6400
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     0
     114
     112
     bd430a51-676e-4b91-8a28-114ae40e2317
     57
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     Range: all even numbered pages
     Font: Times-Roman (unembedded) 8.0 point
     Origin: top left
     Offset: horizontal 43.20 points, vertical 26.64 points
     Prefix text: ''
     Suffix text: ''
     Colour: Default (black)
     Add text every 0 pages
      

        
     D:20210224102411
      

        
     1
     1
     
     TL
     
     1
     1
     1
     0
     0
     1
     TR
     1
     0
     0
     435
     74
    
     0
     1
     R0
     8.0000
            
                
         Even
         7
         AllDoc
         174
              

       CurrentAVDoc
          

     [Sys:ComputerName]
     43.2000
     26.6400
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     0
     114
     113
     7f741b74-36e3-4165-8aed-155a6cfbb647
     57
      

   1
  

 HistoryList_V1
 qi2base





