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Context: seismicdetectionof landmines

Experimentaketupdeveloppedat Geogia Tech.by WaymondR. Scottetal.
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Measuremenof the surfacedisplacemeninducedby the propa@tionof a
seismicwave with a GPRoperatingat 8SGHz( = 3.25cm)

Obsenation of particularresonnancearoundthemine

New tool to helpto distinguishbetweemmine andclutterobjects

To have goodcrossrangeresolution theradarmustbe placedvery closeto the
surface(3-4cm)

Investication of the useof NearField datato enhanceheresolution




Presentationof the model

Scalarwave equation
Surfacedisplacementiescribedy h(x; y): x;y 2 2
Dirichlet boundaryconditiononz = h(x;y)
Frequeng domainwith angularfrequeng ! = ck

2\ /éui h

' >////W// = 0)

For anincidentwave u; , we wantto recoverthescatteredeld us suchthat:

(a) us+ k’us = 0; forz > h(x;y)
(b)) us(x;y;h(xy) = ui(xy;h(xy); 8xy2 2
(c) SommerfeldRadiationcondition



Linearization and position of the problem

Linearizationof (b)
+ Bornapproximation
+ Substractionof thescatteredeld u? producedby a at surface

=) New problemwith unknavnu = us  u?:

(@) u+ k?u=0; forz > 0;
(B) u(xy:00= hxy)@uixy:0)Ef(xy); 8xy2 2
() SommerfeldRadiationcondition

Measurementaremadeat distancezgq
Simulationof actualmeasurementsy addingi.i.d. Gaussiamoise:

a(x; y) = u(x;y; za) + w(x;y)

Giventhedatag(x; y) we seekto recoverthedisplacemenh(x; y)




Spectralrepresentation

Performthe Fourier Transformin thetrans\ersecoordinate = (x;y):

@a( ;z)+ (k* jj)0(;z)=0; 8 2 ?and8z> 0
a(_;0) = f();

Radiationcondition

Thesolutioncanbewritten asa superpositiorof planewaves:

. P__—— .
Uiz = 5 [ PO T = 2 8, ()P0 d.

= D
Thetransfertfunction of thesystemis §,,( ) = ¢ ** 1]

Propagatingwave for k and evanescentwavefor > Kk



Far-Field regionversion Near-Field region
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Modulusof Sz, () versusj j=k.

Near Field Region: z4 < ,thecontrilkution of evanescenmodesds important

Far Field Region: Z4 , the contrilution of evanescenimodescanbe neglected

The propagationactsasa low frequency lter



Inversionwith Far-Field data

Evanescentvavesarengylected Inverseof ézd IS approximatedy:

&F ()= e @ K2 1% for ok
Z4
B 0

else.

which leadsto the following “Far-Field” estimationof f :

R0 = kOO + 85 Ow):;

wherel, is thecharacteristidunction of thefrequeng bandBx = f ;] |
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Resolutionanalysisin the Far-Field case

In thespacedomain,the rst termis a convolution with kernel
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=) Theresolutionis givenby theRayleighcriterion: |Rgr  1:22—:

jS;Fj 1 =) the noiseis NOT ampli ed



Inversionwith Near-Field data

Evanescentwaves “gr eaterthan noise” are takeninto account. If SNR isan
estimationof the Signal-to-NoiseRatio,theinverseof ézd IS approximatedy:

. Y
ea K2 11" for K
S5 o()= -
0 else,
wherekye = max  ; jSz, ()i 1=SNR ;

which leadsto thefollowing “Near-Field” estimationof f" :

0= Lo OFO+ S OWO);



Resolutionanalysisin the Near-Field case

The improvementof the resolutionis given by :

N[

Rrr 1 2
= 1+ — | — | log” SNR
RNF 4 2 <Zd> g

Distanceof obserationzy=

SNR | 1=100 1=10 1=5 1=2 1 2

20dB | 73.300 7.397 3.798 1.774 1.239 1.065
10dB | 36.660 3.798 2.087 1.239 1.065 1.016
6dB | 22.086 2.422 1.489 1.093 1.024 1.006

valuesof Rg £ =Ry g versusdifferentvaluesof noiseand observatiordistancez.

The noiseis ampli ed in theFourierrangelk; ky ¢ ]
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A numerical example

CentralFrequeng : 5GHz( = 6cm)
Measurements: 128x 128array
Spacingoetweernoints: =16

SingleMonochromatiglanewave with normalincidence
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2D linear scale 1D sectionin theplaney = 0

Original shape:two disksof diameter = 2 andsepaatedby a distanceof = 4.
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Monochromatic planewave — SNR =20dB

-40 -35 -30 -256 -20 -15 -10 -5 0de

near eld near eld near eld

far- eld
zq = =10 Zg = =2 Z4 = 2

Above: 40dBscale
Bottom: comparisorbetweeroriginal andreconstructeghapen theplaney = 0.
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Monochromatic plane wave— SNR =6 dB

near eld

far- el
ar- eld 2g= =2

Above: 40dBscale
Bottom: comparisorbetweeroriginal andreconstructeghapen theplaney = 0.
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Useof a broadbandincident wave

Incident broadbandplane wave with directionof incidencek; :
1 1 (LRt 1t) ~
ui(r;t) = (Eﬁi ot = 2 A (BT
where ~ denoteghe Fourier Transformin time of
For eachangular frequency! oneobtainsanimageof the shapedenotech, ( )

Then computethe averagevalue usingthe Paver Spectrunof asweight:

1 N
hes () = el he (1)) ~(1)j“d!
. . _ TP
In thefollowing, we note' (! ) = ————
k k5
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Broadbandplane wave - SNR=20dB
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far- eld
zq = =10 Zg = =2 Z4 = 2

Above: 40dBscale
Bottom: comparisorbetweeroriginal andreconstructeghapen theplaney = 0.
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Broadbandplanewave - Far Field - SNR=6dB
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Above: 40dBscale

Bottom:comparisorbetweeroriginal andreconstructeghapen theplaney = 0.
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Broadbandplanewave - Near Field - SNR=6dB -z4 = =2
(No correctiononky¢)

40 35 30 25 20 15 10 5 0de

narrowband

Above: 40dBscale

Bottom: comparisorbetweeroriginal andreconstructeghapen theplaney = 0.
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Broadbandplanewave - Near Field - SNR=6dB -z4 = =2
(ky e 1S 10% greater)

40 35 30 25 20 15 10 5 0de
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Above: 40dBscale
Bottom: comparisorbetweeroriginal andreconstructeghapen theplaney = 0.
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Conclusion

Imagingwith NearField datais away to enhanceheresolution

SNRissue: importanttrade-of betweerresolutionandnoiseampli cation

Interestof a broadbandignal

Work in progress Investicationof NearField inversionfor imagingthe
undegroundwith a GPR.
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Work in progress

Investigationof Near-Field inversion for imaging the
underground with a GPR
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Typical setupfor numerical simulations

absorbing medium (PML)

e=1
array

12|
Resolutionof the scalarwave equationwith a2D nite elementcode.
Thesizeof thecomputationatiomainis 12 x 6 with 64 pointsper
wavelength surroundedy perfectlymatchedayers.Thecentralwavelength
is = 30cm (atcentralfrequeng fo = 1GH z withco = 310°m:s  1).
Thearrayis above thesurface(in theair, ; = 1). It hasl8elements
(source-receers)separatethy = 2 locatedat(Xp)1 p 1s. Thearraydatais
theresponsenatrix (Psr (t)) measuredor all elementgxs; X, ) attimet.
2 singlepointsscatterersrein thesoil. They aresituatedat distanceof = 2

from thearrayandcloseto eachother(typically = 4 appart).
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Zero offset migration and Near-Field migration

In ahomogeneoumedium,theimagingfunctionalfor zero-ofsetKirchhoff
Migration ata searchpointy?® is:

1 i! Xpiy >
ZOM %) = P (Y = o Pee(t)e ' DY 7dl
P P

where (Xp;y®) = jx, y°j=0isthetravel time.

In the NearField case amplitudesdbecomamportantsowe introducethe
correction(we usethe Born approximatiorhere):

MEMS) = P60y )G xpi )
p

whereé(xIO :y>: 1) is the Greenfunctionfor ahomogeneoumedium.
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Layered background

For alayeredmedium,we usethe spectraldecompositiorof the Greenfunctionin
planewavesandintroducea cutof for regularization.

i P— i (x xY%+i(z 29 k2 2
e 5y 0- 50y = | 2iz9 kg 2,€ 0
G(x; z;x%2%1) 55y (+RO)e ) o d
whereko = ! =@ isthewave numberandR( ) isthere ection coefcient for the

index of refractionn?:

N S
NN T
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Questionsthat we want to address

Near eld correction:We canusemary differentimagingfunctionals.How
canwe take advantageof the measuredNearField information?

Clutter: Whatis the effect of arandomsoil-air interface?

Born approximationThetargetsarevery closeto thesurface.Canmultiple
re ectionsbengjlected?

Signalto NoiseRatio: Thenoiseplaysavery importantrole in NearField.

Useof broadbandignals.
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