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Localization of signal traces
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Field recovering

» H-field distribution » Map of dipoles
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v The source is the surface current distribution
v Radiating of the H-field polarized component
v" Recovery of the linked electric dipoles

) g

The University of MQSCPW
Nottingham Aviation
UNITED KINGDOM « CHINA « MALAYSIA In St It ute




Outline

e Characterization of stochastic EM
radiated emission
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Stochastic EM radiated emission

> Time-domain of EM emissions
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v" Short pulses with high amplitude
v' Stationary clock synchronization sequence
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Stochastic EM radiated emission

»> Spectrogram of EM emissions
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Stochastic EM radiated emission
» Central frequency 399 MHz

v' Amplitude spectrum v' Spectrum vs. time
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Stochastic EM radiated emission
» Central frequency 400 MHz
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Outline

* Non-parametric estimation of stochastic
EMI sources
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EMI sources localization

»> Stochastic EMI sources localization algorithm

Source
i W, , C, x localization

Cross- . Parametric 1& ,-----,--ﬁ‘,---;,
SqlMm E> Z',> :,'> . : ;’> (e ~
q[ ] correlation Reconstruction Identification /:,:.;,_ ',_2’_‘_'_;7_’_ 7-‘;,'

v 5,[m] — measured spatial distribution
v' §o|m] — reference component

v' W, ,— cross-correlation matrix

v C,x — inverse cross-correlation matrix

III
A~
JN

8 | The University of MQSCPW
Nottingham Aviation 11
UNITED KINGDOM « CHINA « MALAYSIA In St Itute




Estimation of stochastic sources

» Direct reconstruction|> Model-Based Approach
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Estimation of stochastic sources

v" Field distribution
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Estimation of stochastic sources

» Electric dipole model
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Estimation of stochastic sources

v' 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

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

W, =H, - H, =[G,]-py - Ho, =[A\] Py W, =H, -Hp, =[A]- Py

v" Obtained parameters of dipole moments in the object plane
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Estimation of stochastic sources

> Cross-correlation Estimation
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Estimation of stochastic sources

» Reconstruction of Dipole Moments

Singular value decomposition [A]=[U]-[diag(o;)]-[V]
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Estimation of stochastic sources

» Typical L-curve for an ill-posed problem
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Outline

e Parametric identification of stochastic
EMI sources
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Parametric identification
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Parametric identification

» Space frequency-domain model
of planar sources
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Singular Values

Parametric identification

» Model Order Selection
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Parametric identification

> Effective source coordinates estimation
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Parametric identification

» Complex amplitudes of dipole moments
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Parametric identification

» Geometric parameters of dipoles
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Outline

* Experimental results
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Measurement setup

» Time-domain measurement system

v" Digital oscilloscope
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Experimental Results

» Line scanning

Scanning path 1

Scanning path 2

Reference probe
positions

v Scanning path 20 mm
v Scanning step 2 mm
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Experimental Results
» Spatial distribution of clock power, =400 MHz
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Experimental Results

Scanning paths

v' Model order 4-5
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Experimental Results

» Area scanning

Scanning region

Reference probe
position

v Scanning area 12x12 mm
v Scanning step 2 mm
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Experimental Results

» Spatial distribution of clock power at frequency
400 MHz in the volume over the PCB

v' H, probe polarization v' H, probe polarization
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Experimental Results

» Spatial distribution
'y ° > Equivalent dipoles
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Experimental Results

» Comparison of experimental and predicted

power distributions for H, polarization

v Experimental v" Prediction

Level [dB]
h [mm]

&
Level [dB]

The University of

Nottingham

UNITED KINGDOM « CHINA « MALAYSIA

Moscow

Aviation 34
—— Institute




Experimental Results

» Comparison of experimental and predicted
power distributions for H, polarization
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Conclusion

* 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.
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