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SUMMARY

The article investigates the effectiveness of the ground-penetrating radar (GPR) method for
detecting explosive hazards in various geological conditions. The impact of soil physico-
chemical properties on identification accuracy is analyzed, and optimal survey parameters are
determined. Field experiments confirm the high efficiency of the method, particularly in sandy
and loamy environments. The study proposes automating data analysis through 3D modeling
and UAV integration
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Introduction

After intense combat operations, territories affected by shelling often face numerous man-made
disasters, one of the most critical being the contamination of vast areas with explosive ordnance. This
issue is especially severe today, given the existence of remote mining systems capable of covering large
areas with mines in a matter of hours, as well as multiple launch rocket systems (MRLS), where
unexploded munitions can pose a direct threat to all living things. For example, in Ukraine areas that
need to be surveyed for mines and unexploded ordnance at least almost 140,000 km? (Figure 1)

Therefore, clearing territories of explosive ordnance is a critically important task to ensure the safety of
civilians. Traditional demining methods, such as using manual metal detectors operated by sappers,
require significant time and human resources, which can significantly slow down the demining process
and lead to casualties.

Among modern technologies for detecting explosive ordnance, ground-penetrating radar (GPR) is
highly effective, allowing visualization of subsurface anomalies without direct contact with the surface
(Annan, 2003). The device transmits electromagnetic waves at frequencies ranging from 50 to 1000
MHz, reflecting off objects with different dielectric properties, enabling accurate subsurface object
placement. This method provides sappers with precise real-time data during initial surveys, significantly
accelerating the traditional demining process (Conyers, 2017; Goodman and Piro, 2013).
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Figure 1 Approximate image of the total area of Ukraine where explosive objects may be found (Source:

Ukrainian Deminers Association, data as of September 8, 2022).
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Method and Theory

GPR operates by transmitting electromagnetic waves into the ground and analyzing the reflected signals
from subsurface objects. The key principle behind GPR is the variation in dielectric permittivity
between different materials, which affects the speed and strength of wave reflection (Daniels, 2004).
When these waves encounter an object with a significantly different permittivity, part of the energy is
reflected back to the receiver, enabling the identification of buried objects such as mines and
unexploded ordnance (Goodman & Piro, 2013).

Field analyses were conducted at a specially prepared test site with surfaces containing various soil
types (sandy, loamy, black soil) using GPR devices VIY-2-300 and VIY-3. To simulate real conditions,
different types of explosive ordnance (anti-tank and anti-personnel mines such as TM-62, OZM-72, and
152-mm artillery shells) were buried and placed.

The data were processed using the Synchro/Planner software, leading to the decision to create 3D
models of detected anomalies. The initial program generated anomalies in 2D images, which were
difficult to interpret given the large number of surveyed profiles. Using 3D visualization significantly
improved the accuracy of detected objects, allowing for better decision-making in demining operations.
(Ivashchuk Vet al., 2021)

Additional research into the electromagnetic properties of various soil types was conducted to determine
the optimal operational parameters for GPR. The study included signal attenuation analysis, which
demonstrated that sandy and loamy soils provided the best conditions for radar wave propagation,
whereas clay-rich environments exhibited high absorption and distortion effects.

Results

The study confirmed the high efficiency of GPR in detecting explosive ordnance under various
conditions. It was found that in 85% of cases, explosive objects were successfully identified based on
characteristic anomalies in the radar images. The average burial depth of shells and mines ranged
between 10-80 cm (Conyers, 2013).

The best results were obtained in sandy and loamy soils, while effectiveness significantly decreased in
clay soils due to high signal attenuation (Figure 2) The use of 3D modeling significantly improved data
interpretation by constructing highly accurate and well-defined anomalies in the generated model.
Automation of analyzing large amounts of profiles could allow Al-based interpretation of minefield
areas in the future, further reducing time and enhancing efficiency.

Furthermore, combination of GPR with magnetometric surveys allows for the detection of both metallic
and non-metallic explosive devices, increasing the overall detection rate to 92%.

A promising advancement in GPR technology is the integration of UAVs equipped with GPR devices.
This modification would expand the range of surveyed areas, reduce risks for operators, and accelerate
the demining process. UAV-based GPR scanning allows for rapid surveying of large territories,
automating data collection and analysis while improving efficiency in hard-to-reach areas. Al-based
processing of obtained results is also a potential enhancement.
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Figure 2 Interpreted anomalies created by shells in a 3D model of a 20x10 m test site with triangular
markers indicating locations of mines. The best results were obtained in sandy and loamy soils, while
effectiveness significantly decreased in clay soils due to high signal attenuation.

Figure 3 Interpreted anomalies without markers and profile grids for more accurate assessment.
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Conclusions

Assessing the entire study and GPR method analysis, it can be concluded that it demonstrated high
efficiency in demining (85%), especially when combined with other methods such as magnetometry.
GPR scanning serves as the initial stage in territory demining rapidly covering large areas and
identifying the most heavily mined locations. The application of 3D modeling significantly accelerates
threat identification and optimizes sapper operations.

Future research should focus on improving signal processing algorithms for the GPR method,
particularly by employing machine learning techniques for the automated recognition of mines and
explosive devices. The integration of UAVs for remote sensing and data automation will further
enhance the effectiveness of demining efforts.

Additionally, it is recommended to conduct more field experiments in different climatic and geological
conditions to validate the adaptability of GPR. Developing advanced machine learning models trained
on large datasets of GPR scans will be essential for improving the recognition accuracy of different
types of explosive ordnance. Further exploration into hybrid sensor systems integrating GPR with
multispectral imaging and acoustic sensing could also provide valuable enhancements to demining
operations.

References

Annan, A.P. (2003). Ground Penetrating Radar Principles, Procedures & Applications. Sensors &
Software Inc.

Conyers, L.B. (2013). Ground-Penetrating Radar for Archaeology (Geophysical Methods for
Archaeology). 3" Edition. AltaMira Press.

Conyers, L.B. (2017) Ground-penetrating Radar. In: Encyclopedia of Geoarchaeology, Edited by
Allan Gilbert, Springer Reference, Heidelberg, London, New York, pp. 367-379.

Daniels, D. J. (2004). Ground Penetrating Radar in Landmine Detection.
Goodman, D., & Piro, S. (2013). GPR Remote Sensing in Archaeology. Springer.

Ivashchuk V., Prokhorenko V., Pavluk A. (2021) Synchro 3. Ver.3.11.3.3
http://viy.ua/download/install_VIY_ SGPR.zip

Land mines in Ukraine map (2023). Retrieved from https://www.dw.com/en/russian-mines-in-
ukraine-the-threat-is-pervasive/a-63214795

XVIII International Scientific Conference “Monitoring of Geological Processes
and Ecological Condition of the Environment”

14—17 April 2025, Kyiv, Ukraine



http://viy.ua/download/install_VIY_SGPR.zip
https://www.dw.com/en/russian-mines-in-ukraine-the-threat-is-pervasive/a-63214795
https://www.dw.com/en/russian-mines-in-ukraine-the-threat-is-pervasive/a-63214795

	Annan, A.P. (2003). Ground Penetrating Radar Principles, Procedures & Applications. Sensors & Software Inc.
	Conyers, L.B. (2017) Ground-penetrating Radar. In: Encyclopedia of Geoarchaeology, Edited by Allan Gilbert, Springer Reference, Heidelberg, London, New York, pp. 367-379.


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /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 ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



