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Abstract—In this paper the imaging of Ground Penetrating
Radar (GPR) scenario via Kirchhoff migration (KM) method is
seen as a validation of the controlled experimental data and as a
first step toward more elaborate imaging techniques. One of our
goals is to have the possibility to acquire experimental data in
a controlled laboratory environment. The bi-static GPR data is
then acquired and validated by comparison with electromagnetic
simulation. The imaging process is obtained using either the total
field or the filtered one.

Index Terms—GPR, imaging, Kirchhoff migration.

I. INTRODUCTION

The use of Ground-Penetrating Radar (GPR) has been

developed in an extended number of applications for many

years. The GPR technique is used in geophysics and civil

engineering to provide effective and accurate imaging of

underground structures and for buried objects detection. It

still needs development as shown by the recent COST Action

TU1208 “Civil Engineering Application of Ground Penetrating

Radar” [1], [2], [3]. Therefore, it is interesting to explore the

GPR performance for estimating the target location.

The migration techniques are the traditional GPR imaging

tools enabling to localize the targets with relatively

high-resolution [4], [5], [6]. The Kirchhoff migration is

applied onto the B-scan GPR data obtained either using the

measurements in the CentraleSupélec anechoic chamber or the

synthetic data computed by the electromagnetic simulation

software CST MICROWAVE STUDIO (CST-MWS). The

other migration techniques (Stolt, Stripmap, SAR) are

equivalent to Kirchhoff one. We have chosen this technique

because of its simplicity and reliability for GPR data analysis.

II. GPR SCENARIO

The front view scheme of GPR scenario is presented

in Fig. 1(a), where E/R denote the transmission/reception

Vivaldi antennas operating from 500MHz to 3.5GHz with

128 frequency-steps. The wooden box filled with dry sand

(εr � 2.53) is placed over a metal plate in order to eliminate

uncontrollable reflections below the box. Two metal bars of

the same length and of square/circular cross-section are buried

in the sand. The center of the sandbox is considered as the

origin of the axis, the B-scan displacement range going from

−200mm to 200mm with a step of 20mm. More details

of the GPR scenario parameters can be found in Fig. 1. The
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Fig. 1. GPR scenario scheme (a), the dimensions (in mm) being a = 1000,
b = 210, c = 600, H = 50, D = 50, L = 500, P1 = 125, � = 50,
P2 = 95, E = 50, S = 100, h = 2 and photos of the equipment (b) (c) (d).

same configuration is considered in the simulation procedure

with CST-MWS in which both the antennas and sandbox are

modeled (3D model). Comparison between experimental data

and synthetic data (either computed using CST-MWS or using

a laboratory-made software based on Discontinuous Galerkin

Time-Domain method) are shown in [7].

The experimental and synthetic radargrams are presented

in Fig. 2. The total field radargram (Fig 2(a)) includes the

reflections due to the air/sand interface, the antennas coupling,

then, the buried metallic objects and finally, the bottom metal

plate placed under the sandbox. The reflections due to the

air/sand interface and antennas coupling can be seen as a

perturbation and should, when possible, be eliminated. One

way to do it is to have access to the incident field defined as

the electromagnetic field existing in the absence of the targets

and to subtract it from the total field to be able to work with

the scattered field. However, in the practical GPR case, the

measurement of incident field is usually unavailable and could

be replaced by the average of the total field on the receivers

leading to the filtered field. The latter, shown in Fig 2(b),
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(b) Filtered field

Fig. 2. Radargrams with two buried objects: CST-MWS (left) and
measurement (right), the solid line contour present the exact position of buried
objects, the dashed line is the bottom metal plate.

is similar to the scattered one. A good agreement between

simulation and experimentation is obtained for all the fields.

III. GPR IMAGING RESULTS VIA KIRCHHOFF MIGRATION

As shown in the radargrams, the scatterers are delineated

by hyperbola signatures. In this section, the KM imaging

technique is applied to attempt to localize the targets with

a higher resolution.

KM is based on an integral solution of the scalar wave

equation. It is performed by using the Kirchhoff integral

representation of a field at a given point as a superposition

of waves propagating from adjacent points and times [8]. Our

KM imaging results are displayed in Fig. 3. As expected the

focusing onto the targets and the metal bottom plate locations

is achieved by applying the KM either onto the measured

data or the simulated one. The results using the filtered

field (Fig. 3(b)) show an improvement of the localization by

washing out the air/sand interface reflections and the antennas

coupling.

IV. CONCLUSION

In this paper, the synthetic and measured B-scan GPR

data are used for GPR imaging via Kirchhoff migration.

Localization of two obstacles has been achieved. A filtering

process is used to eliminate the environment influences while

the incident field is absent. More detailed informations and

results will be discussed during the conference.

As well-known the Kirchhoff migration does not provide

any information about target shape and/or extension and

should be seen as a first step toward more advanced imaging
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(b) Filtered field imaging

Fig. 3. KM imaging : CST-MWS (left) and measurement (right).

techniques such as an Enhanced Linear Sampling Method

already developed by the authors in a free space configuration

[9] and currently under extension for the GPR application.

ACKNOWLEDGMENT

This research was carried out within the framework of EU

funded COST Action TU1208 Civil Engineering Applications

of Ground Penetrating Radar.

REFERENCES

[1] D. J. Daniels, Ground Penetrating Radar. Institution of Engineering and
Technology (IET), 2004, vol. 1.

[2] L. Pajewski, A. Benedetto et al., “Applications of ground penetrating radar
in civil engineering–COST action TU1208,” in 7th IEEE International
Workshop on Advanced Ground Penetrating Radar (IWAGPR), 2013, pp.
1–6.

[3] A. Benedetto and L. Pajewski, Civil Engineering Applications of Ground
Penetrating Radar. Springer, 2015.

[4] R. Stolt, “Migration by fourier transform,” Geophysics, vol. 43, no. 1, pp.
23–48, 1978.

[5] C. G. Gilmore, “A comparison of imaging methods using GPR for
landmine detection and a preliminary investigation into the sem for
identification of buried objects,” Master’s thesis, University of Manitoba,
2004.

[6] F. Soldovieri, A. Brancaccio et al., “A kirchhoff-based shape
reconstruction algorithm for the multimonostatic configuration: The
realistic case of buried pipes,” IEEE Transactions on Geoscience and
Remote Sensing, vol. 46, no. 10, pp. 3031–3038, Oct 2008.

[7] X. Liu, M. Serhir et al., “3-d discontinuous galerkin time-domain
antenna modelling and overall ground-penetration radar scenario,” in 10th
International Symposium on Electric and Magnetic Fields (EMF 2016),
Lyon, France, pp. PC–1.

[8] J. Gazdag and P. Sguazzero, “Migration of seismic data,” Proceedings of
the IEEE, vol. 72, no. 10, pp. 1302–1315, 1984.

[9] X. Liu, M. Serhir et al., “GPR imaging via multi-frequency linear
sampling method,” in 10th International Symposium on Electric and
Magnetic Fields (EMF 2016), Lyon, France, pp. OA3–2.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


