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Abstract? The deconvolution technique is widely useddf probe into accounthe apriori information concerning thstatistical
correction in the near field techniquemeasurement However, the characteristicef measurementoise

measurement noise makes the resulbbtained by this method

inefficient and requires the use of azery low noisemeasurement Using the constrained least squares filtering (CLSF)
facility . In this paper, we present a methodto improve the probe  process[5], which has been applied successfully in dagit
correction accuracy by an inverse filtering approach that takes image processingwe can guarane the stability of the
into account the statistical characterisics of the measurement  deconvolution technique when data are gpted bynoise.
(CLSF). Computations with EM software data of two different \5iance of themeasuremennoise. These parameters can be
structuresillustrate the reliability of the method. calculateceasilyfrom the measured signal.

I.  INTRODUCTION . METHOD

Nowadays, technological progress allows aleping . |e measured signal collected by the prapeyhfat the
integrated circuits with higher speed and smaller siese  9iven heighh and the frequendy, is the resulef the convolution
developments have increased the electromagnetic of the exact f!eld distributiore(xy h,f) and the. proberequnse
interferences (EMI) which are difficult to diagnose with (ransfer function)h(xy,h). The measured signals possibly
conventional measurement systeffike measurement ofhe corruptedby the noise function n(x,y,h,f)introduceed during the
nearfield emitted from electronic devices appears to be ameasurement
promising @proach in electromagnetic compatibilisyudies

Consequently different mapping techniqueshave been n(x.y)

developed toinvestigate the electromagnetic fieldn the

immediate vicinityof the circuit undertestto appreciatethe l

electromagnetic interactionsand find the appropriate o P o

solutions. e(x.y) » hixy) 1) = v(xy)
However, the measured field is directly correlated with the Figurell. Test procedure

used probend a posprocessingstep is needed to extract the
actualdevice under testadiated field This is caled probe Thetest proedure is written as
compensation techniqueOne of these methods ishet

complexdeconvolution technique vixyhf) dxyh® fixyhd axyhy

The complex deconvolution techniqugas been useth i
nearfield probe correctbn in [1-3] in orderto enhance the vixyhf)  3dByhHlfx Xy yhjdedy (xyh,
measurement data resolutiorAlso, a high resaltion f i
characterization of the device under test emitted fietplires where e e, gehh ;1
the use of a small prold]. Hence,a small probe possessas
lower sensitivity, and consequentlyreduced signal to noise €. &, € hx h, h, represent electric and magnetic field
ratio. However, as presented ifi] and [2], authors have Ccomponents
neglected the measurement noise contributidns drawback The convolution integral is easily evaluated in a spectral
makes the result obtained by éhdeconvolution method  gomain as a simple multiplication of two dimensional Fourier
inefficient and requires the use of a very low noiseransform of the respective functions
measurement facility.

In this paper wepropose an improved deconvolution V(kky kz ) E kxky kz)E K kxky k2)f (N kx,ky, K
technigue basednothe inverse filtering approach thtakes



Capital lettersindicate the 2D Fourier transforms of the o (lx K a
correspondingpatial functions. E'(kx ky) (kx k) <V kx ky

X
Hkx k) ER kx kf<

Many studies on this issu@ [1-3] have evaluaté the
device under test radiated field usingjrect inversefiltering ) )
(DIF) technique The estimatedield E'(kx,kykzf) is calculated ~Where, H*(kx,ky) is thecomplex conjugate of H(kx,ky)
by dividing the Fourier transform of the measured signal . . . .
V(kx,kykzf) by the Fourier transfornof the probe response IS a parameter tobe adjusted that, in practice can be
H(kx,kykzf). Neverthelesshe DIFtechniquehas been applied €Stimatedy
without taking into account theeasurermnt noise

Determining the fieldE(kx ky kzf) from the expression (2) E Yi(v A
shows that

where |/ is themeasurement nsén(x,y) varianceand Vs
Vi (kx ky kz § N kx ky kz ) " 0uy) Y

E'(kx ky, kz i i
(kx ky kz 1) Hckykz §  H ke ky kz } the measured signa(x,y) variance.
. N(kx ky kz 1) P(kx,ky) is the Fourier transform ofhe discrete 2DLaplacian
Elckykz 9 B kxky kz ¥ — = o (ke ky kz ) operatordeterminedy:
Equation 3llustrates that even if the probe resporisevell 0O 1 O0a

known we cannot accurately determine the ex&iT (x ) 1 4 f
radiatedfield E(kx,ky,h,f) Indeed theimpactof measurement pixy S
noise can become importafdr the case whereH(kx,ky,h,f) 0 1 0«
takes very smill values.

In this work we propose to solve this problem by an .  PROBE RESPONSE
inverse filtering approach that integrates the statistical
characteristics of noise using tlwenstrainedleast squares
filtering (CLSF) [B]. This method requirethe knowledge of
the mean andhe variance of the noiselhis is an important
advantage over other types of inverse filtering that regbi&e
knowledge of the power spectral density of noise (Wiener
filter) [5] in the sense thathése parameterémean and
variance)can beevaluatedeasily foreachmeasureentsetup.

To test the efficiency ofhis method, we chase a probe
measuring the normal electric field such a segid coaxial
cable. The response of thikind of probe is modeled by a
mathematical function as a Ricker wavelet weighted by a
factora[3][6]. TheRicker wavelefunction isexpressed in9)
andpresented in Fig .2

h(xy) 1 228X Y)expS?&(¥ V)

The objectiveof the probe compensation technique based
on the constrained least squares filterirgy to obtain an
estimate field e'(x,y,h,f)of the exact fielde(x,y,h,f)which

minimizes the criterion functio@ defined byEq. 4,
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Figure 2. The 2D normalized probe responsdor a
frequency of 1IGHz.
WhereH H is theL? norm. 1% is the Laplacianoperator M and
N arethedimensions of thenatrixe (x, y). This study is performed for two different deviceader

The solution for this optimization problenin the spectral  test(DUT) at the frequency of 1 GHz. The first DUT is a
domainis givenby Eq. 6 patch antenna whetbe rate of change in normal electric field

is smooth due to the fact that the electric chasgare
distributed over a large circular aréiéhe second structure és
gquadrature hybrid coupler. Thislevice radiates a very



concentrated normal electric field above relatively narrowof this part of the tsidy is to estimatethe normal field
strips (ez(x,y)) from anoisy voltage signal.

The twoDUT (patch antenm and couplerareetched on a
standard epoxy FR4 ldanate in a microstrip technique. The
geometric characteristics of both structures are detailed
Fig.3.

The structures arsimulatedusingCST Microwave Studio noiselevel of-60 dB (Fig.4 (C)).
[7]. Then, he computed normal component the electric ] )
field, ezx,y), is determined within a rectangular plane of size  Also, usirg the CLSF technique the effect ofthe added
100 x 100 mrh The measurement plane is located at 1 mnmoise has beewontrolled for both DUTs. As presented in
above their upper surface. Tkegx,y) field is sampled every Fig.4 and k9.5, for an addednoise level of-60dB, the
0.5 mmin both directions< andy. The field magnitude ahe  recorstructedfield has an average 2D errlwss than-37dB.

edges of the scanning plane shouldzZeeos to preent the  \vjsually, it is a very satisfactoryreconstructedield compared
truncation error in an inverse discrete Foudalculation The  \yith the DIF techniqueresuls.

results of these simulations are used as a reference for
evaluating the efficiency of the presented pwsicessing In Table.1 we presentthe YDOXH FRUUHVSRQG

methods.In fact, the noise level of the reconstructed field isaddednoise level.In order to verifythe stability of e'(x,y)
determined by comparing the actual fietfx,y) with the  reconstructioras a function of variation we have considered
reconstructed one'(x,y) the case for Wich theaddednoise level is60dB.

As it can beseen from Table lysing a DIF technique a
small perturbation on the voltage signgk,y) generates a
II'%rge disturbance on theeconstructedield, in such a way
that we totallyloose the field characteristics for an added

From Table.1, a addednoise level 0of60 dbcoresponds
=0.0052(this value is given by the Ef. For-20% of the

The noiseless voltaggx,y) is calculated by a convolution initial valuethe CLSFteChniqueIeadS to+2.5% variation of
product between the mathematical functisepreseting the  the reconstructed field noise level.

probe response and the normal electric field radiated by tHeor +20% of the initial valuethe CLSFtechniqueleads to-
Corresponding DUTssued from thsimulation. 4.5% variatbn of the reconstructed field noise level.

IV. RESULTS to

Thereafter, acontrolled noise n(x,y) is adled to the
calculatedvoltagev(x,y)with a givenvariance valueThe goal

100

_~ Feeding
point 100

— B

Input~_, |
=

7 -Output

i A A 100/

413
Isolated l

I

Ll

~\_ Scanning planes

Figure 3. Upper view and description of the used devices under tegteft) quadrature hybride coupler, (right)
circular patch antenna
TABLE . RECONSTRUCTED FIELD NOISE LEVELS ISSUED FOM DIF AND CLSF TEHNIQUES FOR A MEASUREMENT DISTANCE
OF 1MM AND A FREQUENCY OF 1GHZ
Patch antenna quadrature hybrid coupler
v(x,y) addednoise level value of Noise level (dB) of | Noise level (dB) of | Noise level (dB) of Noise level (dB) of
(dB) e'(x,y) using DIF €(x,y) using CLSF € (x,y) using DIF €(x,y) using CLSF
-100 5.2 10° -48 -62 51 -63
-80 5.18 10* -28 -50 -31 -50
-60 0.0052 -11 -36 -13 -37
-40 0.051 -10 -26 -10 -24




Figure 4. The normalized amplitude [dBV/m] and phase[deg] of the normal electric field radiated by the patch
antenna calculatedby DIF (left) and CLSF (right), for different added noiselevels a:-100dB, b:-80dB, c:-60dB and d:-40
dB



Figure 5. The normalized amplitude [dBV/m] and phasgdeg] of the normal electric field radiated by the
guadrature hybrid coupler calculated byDIF (left) and CLSF (right), for different noise levelsa:-100 dB, b=80 dB, c:60
dB and d:-40dB



V. CONCLUSION

In this work we have shown that the classical
deconvolution techniqu®r probe correctiomased on direct
Inverse Filtering (DIF)can present some limitations caused
by the presence of the measurement ndamsequentlya
filtering technique has been proposed to overcome this
limitation. Based orconstrained least squares filterjnthe
correctionmethod proposed in this wollasshown a good
ability to reducestrongly the effect of noise arthve give
very satisfactoryresults even for highlevel of noise In
addition, this method requires only the noise statistical
characteristics, which are easily obtained from the
measuremergetup.
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