2010 13th International
Conference on Ground
Penetrating Radar

(GPR 2010)

Lecce, Italy
21-25 June 2010

Editors:
Lorenzo Crocco Raffaele Persico
Luciana Orlando Massimiliano Pieraccini

I E E E IEEE Catalog Number: CFP10538-PRT
4 ISBN: 978-1-4244-4604-9



Table of Contents

SESSION Invited Talk: Origin of Reflection Horizons in Radioglaciology 1

Effects of surface topography and wind on reflection horizons in ice sheets 2

SESSION Session for finalists of the Award for young researcher 9

Influence of Soil Inhomogeneity on GPR for Landmine Detection 10

Imaging of 3D Magnetic Targets from Multiview Multistatic GPR Data 16

An Ultra-Wideband High-Dynamic Range GPR for detecting buried people after collapse
of buildings 22

Full-waveform Inversion of Crosshole Ground Penetrating radar Data to Characterize a
Gravel Aquifer close to the Thur River, Switzerland 28

A simple inversion model for the estimation of subsurface features of Mars poles 33
Influence of acquisition related uncertainties on Ground Penetrating Radar inversion
Results 37

Impact of Spatial Sampling and Antenna Polarization on 3D GPR Fracture Detection 43
SESSION Airborne 48

Exploration of geological structures with GPR from helicopter and on the ground in the
Letzlinger Heide (Germany) 49

SESSION Archaeology 55

3D High resolution GPR survey to help the reconstruction of the archaeological
stratigraphy of Lecce (Italy). 56

From Pseudo-3D to Full-resolution GPR Imaging in Archaeology: A complex Roman site
in Lugo, Spain 62

The contribution of GPR analysis to knowledge of the Cultural Heritage in Apulia
(southern Italy) 68

Processing stepped frequency continuous wave GPR systems to obtain maximum value
from archaeological data sets 74

Non-destructive technique to investigate an archaeological structure: a GPR survey in the
Domus Aurea (Rome, Italy) 80

Use of Ground Penetrating Radar to Map Subsurface Features at Lapa do Santo
Archaeological Site (Brazil) 84

GPR Applied to Map Jabuticabeira-11 Coastal Sambaqui Archaeological Site (Brazil) 88
Integrated GPR and Archaeological Investigations to study the site of Aquinum
(Frosinone Italy) 93

3-D GPR imaging of Central Pillar of the Mireuk Stone Pagoda in Korea 98

Mariana (Corsica). Integrating GPR in Roman urban survey 103

Integrated Geophysical Methods for the Knowledge of the Urban Layout of Hierapolis in
Phrygia (Turkey) 109

GPR investigation in different Archaeological sites in Tuscany. Analysis and comparison
of the obtained results. 115

Georadar Investigation of Graves and Wall Remains in Alacahdyik, Central Anatolia 121
GPR Research at the Tomb of Zeynel Bey in Hasankeyf Ancient City- Southeastern
Turkey 126

SESSION Borehole 130

Freshwater Ground Penetrating Radar The Significance of Seasonal Temperature
Variation 131

Salt dome exploration by directional borehole radar wireline service 137

Singlehole Borehole Rader Measurement Using Dipole Array Antenna Fed by Coaxial
Cable 148

Admittance inversion of crosshole radar data 142

SESSION Concrete/pavements 154

The Restoration of Road Coats and Related Objects Parameters Based on Method of
Computation Diagnostics — Ground Penetrating Radar Antennas Dipole Approximation 155



A 900mhz Shielded Bow-tie Antenna System for Ground Penetrating Radar 160
Evaluation of concrete water content and other durability indicators by electromagnetic
Measurements 165

On the variants of Jonscher’s model for the electromagnetic characterization of concrete 171
Integrated road pavement survey using GPR and LFWD 177

Evaluation of the Influence of a Scanning Method on the Resulting Quality of the GPR
Images 183

Experimental Approach for Determining the Received Pattern of a Rascan Holographic
Radar Antenna 189

Detection of accelerated reinforcement corrosion in concrete by Ground Penetrating
Radar 194

Nondestructive Detection of Delaminations in Concrete Bridge Decks. A First
Experimental Study 199

Nine Steps to Concrete Wisdom 208

Electromagnetic Monitoring of Concrete Structures 216

A Study of GPR Vertical Crack Responses in Pavement Using Field Data and Numerical
Modelling 221

Can be GPR technique useful for strength characterization of concrete? 226
Determination of Wall Thickness and Condition of Asbestos Cement Pipes in Sewer
Rising Mains using Surface Penetrating Radar. 230

Mitigation of RF Interference in Air-Launched 2 ghz GPR Antennas 235

Rebars and defects detection by a GPR survey at a L’Aquila school damaged by the
earthquake of April 2009 241

SESSION Data Processing and Interpretation 246

GPR-PRO: A MATLAB module for GPR data processing 247

GPR data time varying deconvolution by kurtosis maximization. Time varying GPR data
Deconvolution 252

Quantitative interpretation of RASCAN holographic radar response from inclined plane
reflectors by a theoretical model 257

Sparsity Enhanced Fast Subsurface Imaging with GPR 261

Multiple Suppression in GPR Image for Testing Back-filled Grouting within Shield
Tunnel 266

2D and 3D GPR imaging and characterization of a carbonate hydrocarbon reservoir
analogue 272

The effect of coupling on the determination of time zero for radar antennae 278
Electromagnetic dispersion estimated from multi-offset, ground-penetrating radar 284
Background Removal from GPR Data Using Eigenvalues 290

Novel Short-Time MUSIC in Non-linear FMCW GPR Signal Analysis 295

Shaping the Future of GPR Soils Research 301

How many points per scan? 306

Practical Algorithms of Geometrical Migration 310

Automatic classification of metallic targets using pattern recognition of GPR reflection: a
study in the IAG-USP Test Site, S&o Paulo (Brazil) 315

Petroleum Industry Techniques Yield New Insights into 3D GPR Data 319

A GPR Imaging Algorithm with Artifacts Suppression 324

Experimenting with different polarization arrays in a test site 330

Different Time Gain and Amplitude-Color Arranging for Ground Penetrating Radar Data:
Applied Samples 335

A Novel Detection Warning Signal Creation Method for Hand-Held GPR Applications 339
Symmetry based 3D GPR feature enhancement and extraction 345

Rail radar - a fast maturing tool for monitoring trackbed 350

SESSION Demining and UXO 355



Adaptive Linear Prediction Based Buried Object Detection with Varying Detector Height 356
Real-time object detection using dynamic principal component analysis 360

Tapered Slot Antennas for Ground Penetrating Radar 366

Detection and Classification of Landmines using AR Modeling of GPR Data 370
Deployment of GPR System ALIS for Humanitarian Demining in Cambodia 375
SESSION Diagnostic of historical buildings 379

GPR resolution in Cultural Heritage applications 380

Masonry arch bridges evaluation by means of GPR 385

Wave parameter analysis of dielectric anisotropy in maritime pine timber using GPR 391
The Shrine of Edward the Confessor: a Study in Multi-Frequency GPR Investigation 396
A Review of Geometric Issues in GPR Prospecting of Cylindrical Structures in Cultural
Heritage Applications 402

GPR of a timber structural element 408

Integrated Prospecting in the Crypt of the Holy Spirit in Monopoli (Southern Italy) 413
SESSION Geology/geotechnical engineering 417

Velocity Analysis in the GPR Method for Loose-Zones Detection in the River
Embankments 418

GPR applications in dense cities: detection of paleochannels and infilled torrents in
Barcelona GPR applications in dense cities 424

Mapping thermal tufa deposits using gpr 429

Instability analysis of Villa Arianna site in Castellammare di Stabia (Naples) 435
Object dimension Vs antenna frequency 439

Imaging for foundation defects using gpr 444

Mapping oil leak flow path using Step Frequency Radar : a case study 449

A controlled experiment for water front monitoring using GPR technology 455
Detection of Granite Landmarks in Soil with GPR 460

Ultra Wide Band Radar Reflectometer for Density Profile Measurement of High
Temperature Plasmas 465

SESSION Glaciology 470

GPR as an effective tool for safety and glacier characterization: experiences and future
Development 471

Autonomous FMCW Radar Survey of Antarctic Shear Zone 477

Using englacial radar attenuation to better diagnose the subglacial environment: A review 482
Results of an Experimental Radar Survey on the Gornergletscher Glacier System
(Zwillingsgletscher), Valais, Switzerland 487

SESSION GPR wave interaction with the earth 493

Tests of Sommerfeld Ground Wave Theory using Ground-Penetrating Radar Pulses 494
Complex Permittivity of Common Minerals and One Soil at Low Water Contents 499
Effects of Iron Pipe Corrosion on GPR Detection 505

Attenuation of Large Bandwidth Microwave Signals in Water and Wet Sand 510
Influence of interface roughness and heterogeneities on the waveguide inversion of
dispersive GPR data 516

Inversion of guided waves in georadar data 521

2D ground-penetrating radar AVO response to a 3D dielectric permittivity anomaly 527
GPR as an Imaging Device: Some Problems & Potential Solutions 532

SESSION Hydrology 538

Inference of Vertical Soil Moisture Distribution using High-Frequency CMP and
Reflection Traveltime Analysis 539

4D GPR Tracking of Water Infiltration in Fractured High-Porosity Limestone 545

A comparison of 1D vertical models of biogenic gas content within a northern peatland
from common mid-point and cross-borehole GPR 551

Qualitative monitoring of the water content evolution in an inhomogeneous soil column 557



Monitoring of Sequential Gasoline-Ethanol Releases using High Frequency Ground
Penetrating Radar 562

Water table detection by GPR in Sardon,Salamanca, Spain 568

GPR for large-scale estimation of groundwater recharge distribution. Investigation of the
shallow hydrogeology at the central Gnangara Mound, Perth 573

Simulation of porosity field using wavelet Bayesian inversion of crosswell GPR and log
data 579

GPR, ERT and CPT data integration for high resolution aquifer modeling 585

Aiding of the GPR method by other measurement techniques for liquid contamination
detection 591

Ground-Penetrating Radar reflection data sensitivity to van Genuchten parameter
variations GPR reflection data sensitivity to van Genuchten parameters 597

Application of non-destructive GPR technology of the urban subsoil from a governmental
instance. The case of the Government of the Autonomous City of Buenos Aires,
Argentina. Mapping of the Subsoil of the City 602

Comparing Electromagnetic Induction and Ground Penetrating Radar Techniques for
Estimating Soil Moisture Content 606

Monitoring of Seasonal Influence on Spatial Distribution of Moisture Content at a Natural
Kanto Loam Site Using Ground Wave of GPR 612

GPR Reflection and Dispersion Analysis Methods for Water Content: Multi-year study of
GPR estimates and soil core measurements of water content 617

High-resolution imaging of a vineyard in south of France using ground penetrating radar
and electromagnetic induction 623

SESSION Inverse problems/tomography 627

Dielectric and Magnetic Anomaly Imaging from GPR Data 628

Advantages and Restrictions of Holographic Subsurface Radars 633

Recent Advances in RF Tomography for Underground Imaging 639

Subsurface Sensing at Sub-terahertz and Terahertz Frequencies 645

An Ultrawideband Time Reversal-based RADAR for Microwave-range Imaging in
Cluttered Media 649

Resolution-improved microwave tomography by means of hyperspectral analysis tools 654
Half-space estimation by time gating based strategy 659

Full-waveform inversion of multi-offset surface GPR data 664

Exact solution of idealized subsurface sensing problem 668

Tackling the non-linearity problem in GPR waveform inversion 674

Crosshole GPR traveltime tomography in elliptically anisotropic media 680

Multiscale analysis of 3D GPR data using the continuous wavelet transform 685

TWI in-situ Experimental Results 689

Localization of buried objects 694

Inversion and sensitivity analysis of GPR data with waveguide dispersion using Markov
Chain Monte Carlo simulation 698

SESSION Mining and Tunnelling 703

Simulation and application of GPR in Artificial Freezing Engineering 704
Determination of space behind pre-cast concrete elements in tunnels using GPR 708
Automatic classification of GPR signals 713

Applications of GPR in Mineral Resource Evaluations 719

SESSION Novel GPR Systems and Antennas 724

Multi-Channel Ground Penetrating Radar Based on Ultra-Wideband Short-Pulse Signal:
Hardware and Software 725

Modified Bowtie Antenna for GPR Applications 731

Disposable Stepped-Frequency GPR and Soil Measurement Devices 736

A novel ofdm based ground penetrating radar 741



Design and numerical analysis of a new reconfigurable antenna for georadar applications 747
Miniature multimode deep ground penetrating radar 752

Development of a bore-head GPR for Horizontal Directional Drilling (HDD) equipment 757
A kind of MIMO ground penetrating radar plane antenna array and corresponding

imaging method 763

Design and Full-Wave Analysis of Cavity-Backed Bow-Tie Antennas for Low-Frequency
GPR Applications 767

Experimental Evaluation of the Antenna Sub-system of the ORFEUS Surface GPR 777
Influence of Feed Line on DOA Estimation with Dipole Array Antenna for Directional
Borehole Radar 783

Diagnostic by imaging: 3D GPR investigation of brick masonry and post-tensioned

concrete 789

Textile Antenna for the Multi-sensor (Impulse GPR&EMI) Subsurface Detection System 795
Dynamic Monitoring of Fracture Extension in Unconsolidated Sand Specimen by GPR 800
Investigation of the Frequency Dependent Antenna Transfer Functions and Phase Center
Position for Modeling Off-Ground GPR 806

Taper-walled linearly tapered slot antenna: A low direct-coupling antenna for subsurface
imaging 811

High Power Variable Nanosecond Differential Pulses Generator Design for GPR System 816
SESSION Numerical modelling 821

Accurate Tools for Convergence Prediction of Series Solutions of Contrast Source

Integral Equations 822

Application of Ground Penetrating Radar (GPR) Exploration in Karst Mountain Areas 826
Analysis of Dispersion of Pulse Signals in Underground Tunnels using Finite-Difference
Time Domain and Short-Time Fourier Transform 830

GPR Measurements and FDTD Simulations for Landmine Detection 835

EM Characterization of Resistively Loaded Printed Dipole Antennas for GPR

Applications 840

Influence of HE11 mode on Direct Wave in Singlehole Borehole Radar 846

Scattering by a circular cylinder buried beneath a rough surface 852

Evaluating the practical performance of absorbing boundary conditions (ABC) in higherorder,
finite-difference, time-domain (FDTD) GPR modelling 857

Uncertainty in ground penetrating radar models 862

Full-waveform modeling of ground-coupled GPR antennas for wave propagation in
multilayered media: the problem solved ? 867

SESSION Planetary exploration 872

EISS: an HF mono and bistatic GPR for terrestrial and planetary deep soundings 873

GPR Characterization of Rocks Buried in the Martian Subsoil 880

Preliminary performance of Sub-Surface Radar for the EJSM/Laplace mission 884

Radar Subsurface Sounding over the Putative Frozen Sea in Cerberus Palus, Mars 888
Imaging the Subsurface Structure of Planum Boreum with the Mars Reconnaissance

Orbiter Shallow Radar 892

SESSION Sedimentology 897

Using ground penetrating radar to estimate active layer moisture conditions in the Arctic 898
A GPR survey on a morainic lake northerly Turin (Italy) 903

Estimation of Soil Electromagnetic Parameters Using Frequency Domain Techniques 909
Ground Penetrating Radar (GPR) Studies in the Agios Voukolos Church, Izmir, Turkey 914
Synthetic gpr modelling studies on shallow geological properties and its comparison with
the real data 919

Recent deformation of Quaternary sediments in the northwest Canterbury Plains, New
Zealand, as inferred from GPR and seismic data 923

Constructing Hydrocarbon Reservoir Analogues with Rapid Acquisition Long-Range



GPR 928

Shallow 3D GPR imaging of the Alpine Fault step-over zone near Inchbonnie, New
Zealand 934

Sedimentary structure of the Nazaré coastal dunes (Portugal) 940

SESSION Utilities detection and mapping 945

Experimental Investigation of Different Soil Types for Buried Object Imaging Using
Impulse GPR 946

Influence of pipe filling, geometry and antenna polarisation on GPR measurements.
Comparison of measured and modelled data 951

GPR Signal processing in frequency domain using Artificial Neural Network for water
content prediction in unsaturated subgrade 956

Application of Ground Penetrating Radar in the Urban Environment 962

Underground asset mapping with dual-frequency dual-polarized GPR massive array 966
ORFEUS GPR: a very large bandwidth and high dynamic range CWSF radar 971

A Stepped Frequency Radar for Use on Horizontal Directional Drills 976





