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Abstract

This paper presents the comparison of two
different classification methods for Ground
Penetration Radar (GPR) images. Both
methods are used for detection of the target
hyperbola—like signatures on the GPR data,
and both use artificid two layers feed-
forward backpropogation Neural Network
(NN). The first method is based on the
Neural Network searching of the target
responses in Echograms (NNE), produced
by GPR. The second method is based on the
Neural Network classification of Fourier
Descriptors (FD) of the closed hyperbola/
non-hyperbola (FDNNH) shapes in the data.
The comparison is made in terms of quality
of the classification and computational time.

1. Introduction

GPR is a radar device whose god is to
detect and identify objects underneath the
ground. GPR uses an electromagnetic (radio
wave) antenna tuned to a frequency which
can penetrate soils, rock, concrete, ice, and
other common natura and manmade
materials.

In this research, the data was obtained by
Ground Penetration Radar SIR-2 equipment
from the Geophysical Survey System, Inc.
The data used in this research was supplied

by NASA-SSC, obtaned from a
geographically referenced archeological site
referred to as PC3d (Panama city, Fl.).

The NNE algorithms implemented in
MatLab consists of algorithms for @ image
noise filtering, b) scanning the echograms
with dliding window of fixed size, ¢) a
trained Neural Network. In this work, te
NNE image classification result is compared
with FDNNH [Tolstoy02] resullt.

In section 2, a description of the NNE
method which was elaborated in detail in
[ParsianiO3] is presented. A brief description
of the FDNNH is presented in section 3, for
the purpose of appropriate comparison of
both results in terms of quality and the
computational intensiveness.

2. NNE Method
2.1 Echogram scanning of GPR images

The GPR data can be transformed and
shown as 2D grey-level 8-bit image. The
vertical ais shows delay time of the radar
echo-signal, and horizontal axis hows the
distance from the start point of the scan

(Fig.1).



Figure 1 Typica GPR datain gray-leve
representation.

The types of information that can be
observed in the GPR image of Fig. 1 are:

a) System response time (the smooth band
above the straight black line),

b) The antenna ground coupling (light/dark
line right below the smooth band).

¢) The clear responses from the underground
objects which come in forms of light- gray
hyperbolas.

d) Responses from other deeper objects (less
intensive gray signalsin the middle part),

€) Noise, which has a large intensity in the
lowest part of the image.

The same image could be shown in the form
of asequence of echograms, [Chen02],
where signal amplitude replaces gray
intensity, asin Fig.2:
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Figure 2 A fraction of asingle echogram.

The diding window of 50 points was used to
select fractions of the echogram and use it as
input to the trained NN.

2.2 Neural Network Description

The recognition system in both cases was
implemented using Neural Network. The
structure used here was two layers feed-
forward backpropagation Neural Network,
with different numbers of inputs for
different classification methods. Fig.3 shows
the structure of this network.
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Figure 3 Neural Network

Neurons in the first layer use logsig transfer
function. Initial weights and biases are
generated randomly. Second layer includes
only one neuron. Its transfer function is
purelin, and output of this layer used to
determine the pattern used on the input.

2.3 NN Training using echogram signals

The 50-points portions of the echogram
were used as training samples for NNE
method. Figure 4 shows training examples
used in this algorithm:



