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Ground penetration radar (GPR) Summary

Buried Tunnel Today, geophysical methods are one of the most feasible means for
Forward Modeling exploration, detection and localization of underground targets. One of the
Finite-Difference Numerical most used geophysical methods is ground penetration radar (GPR). In this
Method method, based on the depth, shape and electromagnetic properties of the target
Pardis Tunnel and surrounding environment, electromagnetic waves with different central

frequencies are propagated through the medium. In this paper, first, the theory

of GPR, and then, forward modeling of GPR data using finite difference time
domain (FDTD) method with consideration of convolutional perfectly matched layer (CPML) absorbing condition are
presented. Finally, forward modeling of a buried tunnel in different geological environments is presented and the results
are assessed. A schematic model of a tunnel in Tehran-Pardis highway is also constructed and the results of the
simulation of the tunnel are compared with the field data.

Introduction

Detection of buried targets and structures are among challenging subjects in engineering, military and environmental
assessments. Today, high accuracy geophysical methods have been developed to map and detect underground targets.
Using geophysical methods for identifying the physical properties of the earth such as electrical, magnetic and elastic
properties is important. GPR is a practical method for imaging high resolution shallow depth targets. GPR numerical
models are tools for connecting the subsurface properties and GPR data. First, we define a model for the considered
target according to geological and hydrological properties, and then, we change the model to the one that is interpreted
based on electromagnetic properties, and finally, using GPR numerical modeling, the simulation of acquisition data for
the study area is made. GPR response should be simulated using an appropriate forward modeling method to recognize
the response of different models, and also, using the obtained model for inversion of GPR data. What has become by far
the most common approach for GPR modeling over the past decade, however, is the FDTD technique, which is
relatively conceptually simple and accurate for arbitrarily complex models, and capable of accommodating realistic
antenna designing and features such as dispersion in electrical properties. In this paper, the FDTD technique was used
with consideration of absorbing boundaries for simulation of a buried tunnel having a dimension 1*2 m in different
circumstances.

Methodology and Approaches

In GPR systems, electromagnetic waves are sent by a transmitter with frequency extensions of 1 MHz to 1000 MHz,
and the reflected EM field from underground inhomogeneities is recorded in receivers. Recorded signal is dependent on
the changes of recorded physical properties of the surrounding environment such as dielectric permittivity, magnetic
permeability, and electrical conductivity, and GPR wave characteristics such as phase velocity of the electromagnetic
wave, attenuation of wave field and magnetic Impedance. Maxwell equations describe the electromagnetic fields
mathematically and structural equations describe the properties of the substance. Combination of these equations is the
basis of numerical view of GPR signals. The purpose of numerical modeling of GPR data is to obtain a better
understanding of electromagnetic waves propagation in the subsurface. In this paper, the FDTD numerical method has
been used for forwarding modeling of the propagated EM signals. In the forward modeling process, the CPML has been
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considered as an absorbing condition in the borders of the propagation plane.
Results and Conclusions
In this paper, as a synthetic example, a buried tunnel having a dimension of 1 x 2 m was considered in the depth of 10
m with different borders and dry and moisture surface layer. The source with central frequency of 50 and 100 MHz was
used to evaluate the responses. The obtained results showed the effect of depth, source frequency, geological and
electrical properties of the tunnel, surrounding environment and its border on the amplitude of the reflected hyperbolas,
which were useful in the detection of the tunnel, and obtaining information about the tunnel depth and its properties.
According to the synthetic responses, the antenna with the central frequency of 50 MHz was used for data acquisition
from Pardis tunnel. The schematic model for this tunnel was constructed. The results of the numerical modeling of GPR
data for this model were compared with the real field GPR data. The results confirmed the appropriate performance of
the simulation and the validity of the acquisition parameters.




