
IC	1407	ACCREDIT

Moscow
Aviation
Institute

Spatial Localization of 
Unintentional Stochastic 

Radiation Sources
Yury Kuznetsov, Andrey Baev

Moscow Aviation Institute (National Research University)
Russian Federation

Short Term Scientific Mission 23.01.2016 – 07.02.2016
at The George Green Institute of Electromagnetic Research,

The University of Nottingham



2
Moscow
Aviation
Institute

•Motivation
•Characterization of stochastic EM 

radiated emission
•Non-parametric estimation of 

stochastic EMI sources
•Parametric identification of stochastic 

EMI sources
•Experimental results
•Conclusion

Outline



3
Moscow
Aviation
Institute

Localization of signal traces

Frequency

E-
fie

ld

Time

Vo
lta

ge

Axis x
A

xi
s y

ü The radiating
source

ü The distribution
of the radiated
EM field

ü Equivalent sources
on the surface of PCB
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ü The source is the surface current distribution
ü Radiating of the H-field polarized component
ü Recovery of the linked electric dipoles

Field recovering
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Ø H-field distribution Ø Map of dipoles
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Stochastic EM radiated emission

ü Short pulses with high amplitude
ü Stationary clock synchronization sequence

Ø Time-domain of EM emissions
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Stochastic EM radiated emission
Ø Spectrogram of EM emissions

ü Ultra wideband random pulse component
ü Clock synchronization stationary deterministic waveform
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Stochastic EM radiated emission

ü Amplitude spectrum
Ø Central frequency 399 MHz

ü Spectrum vs. time

Ø Central frequency 1197 MHz
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Stochastic EM radiated emission
Ø Central frequency 400 MHz

Ø Central frequency 1200 MHz
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EMI sources localization

Ø Stochastic EMI sources localization algorithm

sq[m]

s0[m]

Wx,	y Cy,	x

ü sq[m] – measured spatial distribution  
ü s0[m] – reference component
ü Wx, y – cross-correlation matrix
ü Cy,x – inverse cross-correlation matrix
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Radiated
Structure

Near-Field Region
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Radiated
Structure

Estimation of stochastic sources

Ø Model-Based ApproachØ Direct reconstruction

ü Angular limitations ü The adequate model is need
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Estimation of stochastic sources

ü Planar sources

Sampling interval: δ

Object plane:
Mx´My grid

Observation plane:
Nx´ Ny grid

Distance
between
planes: d

xy

p( x, y, z = 0 )

H( x, y, z = d )
Scanning step: Δ

z

ü Field distribution
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Estimation of stochastic sources
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Ø Electric dipole model
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Estimation of stochastic sources
ü The relations between the measured complex amplitudes of the

tangential harmonic magnetic fields in the observation plane and
the complex amplitude of the current are defined in accordance
with the electric dipole model

xpGHpGH yyyxx !!!!!! ⋅=⋅= ][][

ü The complex amplitudes of the cross correlation spectra could be
expressed by the following matrix expression

xyyyyxyxxx pAHWpApGHW !!!!!!!!!!!!! ⋅=⋅=⋅=⋅⋅=⋅= ][][][ *
0

*
0

*
0 yxx HHH

ü Obtained parameters of dipole moments in the object plane

yyxxxy WApWAp !!!!!! ⋅=⋅= ++ ][][
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Estimation of stochastic sources

• Complex amplitude 
of scanning probe

• Complex amplitude 
of reference probe

• Time samples

• Weighting coefficients of time window

• Frequencies

• Cross-correlation coefficients

• Complex coefficients
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Ø Cross-correlation Estimation
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Estimation of stochastic sources
Ø Reconstruction of Dipole Moments

• Singular value decomposition 

• Tikhonov regularization 

where

• L-curve Method

WUΣVpWpAp
b

⋅=+−⋅= HH ][]][[}])||(||)||][||[(minarg{ 2
2

22
2 λλ λ

⎥
⎦

⎤
⎢
⎣

⎡

⎭
⎬
⎫

⎩
⎨
⎧

⋅
+

=
ii

iH

σλσ
σ

λ
1diag][ 22

2

Σ

( ){ }22 log,][logcurvmax: λλλ
λ pWpA −⋅

( ) ][][diag][][ VUA ⋅⋅= iσ



18
Moscow
Aviation
Institute

Estimation of stochastic sources
Ø Typical L-curve for an ill-posed problem
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Parametric identification 

• s-th dipole orientation vector 

• current delay in s-th dipole⎟⎟⎠

⎞
⎜⎜⎝

⎛Δ
=

s

s
s

l
τ

!

Θ

Orders ,...2,1= )( yx MMOrder ×<

y

x

P(x,y,z)
zrj

Object Plane

dL

Mx

1

My

Reference
Dipole, I!

δ
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Parametric identification 
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Ø Space frequency-domain model
of planar sources
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Parametric identification 
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Ø Model Order Selection

ü Singular value 
decomposition 

ü Information criterion
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Parametric identification 

Ø Effective source coordinates estimation

ü x-coordinate
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Parametric identification 

Ø Complex amplitudes of dipole moments

ü Minimum least squares algorithm ++ ⋅⋅=
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Parametric identification 

Ø Geometric parameters of dipoles
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Measurement setup

Ø Time-domain measurement system

ü Scanning
probe

ü Digital oscilloscope

ü Object plane
ü Reference

probe

ü Observation
plane
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Experimental Results
Ø Line scanning

ü Scanning path 20 mm
ü Scanning step 2 mm

Scanning path 1

Scanning path 2

Reference probe 
positions
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Experimental Results
Ø Spatial distribution of clock power, F = 400 MHz
ü Hx probe polarization ü Hy probe polarization
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Experimental Results

Ø Equivalent dipoles

Scanning paths Dipols

ü Model order 4-5
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Experimental Results
Ø Area scanning

ü Scanning area 12x12 mm
ü Scanning step 2 mm

Scanning region

Reference probe 
position
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Experimental Results

ü Hx probe polarization ü Hy probe polarization

Ø Spatial distribution of clock power at frequency
400 MHz in the volume over the PCB
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Experimental Results

Ø Equivalent dipoles

ü h = 2 mm, F = 400 MHz

ü Hx

ü Hy

Ø Spatial distribution
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34

Experimental Results
Ø Comparison of experimental and predicted

power distributions for Hx polarization
ü Experimental ü Prediction
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35

Experimental Results
Ø Comparison of experimental and predicted

power distributions for Hy polarization
ü Experimental ü Prediction
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• The near-field measurements of stochastic radiation from PCB
can be used for the localization of EMI sources with predefined
clock frequency.

• The improvement of the localization accuracy could be
achieved by parametric identification procedure in addition to
the conventional averaging and inverse technique for
stochastic EM field.

• The proposed signal processing algorithms for the EMI sources
localization and the approach for prediction of the enclose
unintentional emissions pattern were verified by experimental
measurements.

Conclusion
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Thank you for your kind attention!

Questions? 


