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Ground Penetrating Radar (GPR) Summary

Forward Modeling Ground penetrating radar (GPR) method is a non-destructive geophysical
Inverse Modeling method that is used to detect subsurface heterogeneities, and also, to recognize

Shahrood University of Technology
Campus
Reflexw Software

various shallow targets. In the present research, forward and inverse modeling
of GPR data was carried out to detect subsurface buried pipes. In Shahrood
University of Technology campus, GPR data along several survey lines were
acquired using 250 MHz shielded antenna to detect hydrocarbon transfer pipes. To achieve the goal, the real radargram
along the survey lines in the area was obtained after applying different processing operations including signal saturation
correction, static correction and amplitude gain on the GPR data using ReflexW software. Then, the synthetic radargram
corresponding to the real radargrams was simulated using finite-different time domain (FDTD) method. In this study,
acquisition of field GPR data and synthetic models were carried out in TM mode. Afterward, the inversion method with
solution of an optimization problem was employed for validation of the interpretation of GPR radargram in order to
detect buried targets. The results of this study on the basis of conformity of real GPR data with GPR response of their
respective synthetic models validated the accuracy of GPR investigations in detection of buried pipes in the area.

Introduction

Significant advantages of GPR method to identify buried targets at shallow subsurface with respect to the other
geophysical methods, has been led to acceptability and development of this method for various applications. In this
method, simulation for accurate interpretation is usually necessary as in the other geophysical methods. In the present
research, forward modeling of GPR data for synthetic models corresponding to subsurface targets has, first, been carried
out. To simulate the governed behavior on the propagation of electromagnetic (EM) waves in GPR method, two-
dimensional finite difference method among various numerical methods has been used. In this paper, the design and
implementation of appropriate algorithm, inverse modeling of GPR data and validation of the forward modeling GPR
system have been made.

Methodology and Approaches

in this research, based on the nature and physical and geometric properties of the subsurface target in the field data,
their synthetic model have been built, and their two-dimensional forward modeling of GPR responses using ReflexW
software and improved finite difference frequency domain algorithms, have been obtained. Moreover, we have used an
effective algorithm, in which coding has been made in GUI environment of MATLAB programming software, and as a
result, reliable and accurate inverse modeling has been made. In the present study, to simulate the behavior of the
propagation of EM waves in GPR method, two-dimensional finite difference method has been used. The main
advantage of this method is its comparative simplicity of the concept, high accuracy and simple implementation for
complex and arbitrary models as well as easily adjusting the antenna when applied. In this study, acquisition of GPR
field data and synthetic data modeling have been made in TM mode. The radargrams of the GPR data have been
demonstrated using ReflexW software after performing necessary processing sequence.

Results and Conclusions
The results of this research for the presented GPR sections on the basis of forward and inverse modeling outputs of
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GPR data in comparison with real GPR radargrams validated the accuracy of GPR investigations in the area. Although
with a quick glance, the error obtained by the inverse modeling of real GPR data seems unexpected and unacceptable.
The high rate of error depends on many factors influencing the real earth models containing various limitations existent
in all forward modeling algorithms and software packages, impossibility of making forward modeling exactly according
to the real models (due to the complexity nature of the ground), taking into account the homogeneity and uniform host
environment and targets in the modeling process unlike the diversity and complexity of the real buried targets, the
presence of different types of noises and other factors. Therefore, making a controlled geophysical test site and trying
performance of inverse modeling algorithm for field GPR data in this site, as well as determining the important physical
parameters such as dielectric permittivity and electrical conductivity by experimental method through sampling from
different depths for complex geological environments are suggested by the authors.




