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ABSTRACT

The Radon Transform (RT) is known to be effective in de-
tecting lines in noisy images, but it is not capable of detect-
ing curves unless the curve parametrization is given. In this
paper, partial Radon transforms (PRT) are investigated as a
tool to detect curved features such as underground tunnels in
ground penetrating radar (GPR) images. The algorithm ap-
plies the Radon Transform to small batches of the total image
and updates the tunnel position parameters as new batches are
used. Missing data, as well as finding the ends of tunnels can
be handled with the proposed algorithm. Performance analy-
sis is given for various signal-to-noise ratios (SNR) and batch
sizes. The effect of the curvature level on the performance is
also analyzed.

Index Terms— Radon transforms,tunnel detection, curve
estimation, partial Radon Transform

1. INTRODUCTION

The Hough Transform (HT) [1] and the Radon Transform
(RT) [2] are two commonly used techniques for line detection.
These transforms map an image into a parameterized domain
such that the parameterized shapes (i.e., lines) correspond to
peaks in the parameter domain. This property makes it easier
to develop detection algorithms in parameter space, which has
led to many applications in image processing [3,4], computer
vision [3, 5] and underground imaging [6,7]. Line detection
techniques can be extended to the detection of curves using
the generalized Radon Transform (GRT) [8-10]. Previous
work on curve estimation using Radon transforms has focused
on detection of parameterized curves, such as circles in im-
ages [8], or hyperbolas and other parameterized curves [9,10].
However, none of the work on this areca has addressed the
problem of estimating a random non-parameterized curve.
The RT has been successfully applied to detect buried lin-
ear features [6, 7, 11], assuming that the buried object (e.g.,
a tunnel, or pipeline) is lincar over the distance of interest.
However, it is not reasonable to assume that buried objects
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are always linear over long distances, so the GRT fails to de-
tect curving features when the actual curve parametrization is
not known. In this paper, we propose using the RT in small
batches of data where the buried object might be assumed lin-
ear, and then update the position of the buried object when
new data is gathered. Thus, selection of the batch size is cru-
cial; for small batch sizes the Radon gain from summing the
signal values decreases, for large batch sizes the object might
curve which decreases the Radon gain. A batch size that takes
into account both of these factors must be used.

In Section 3 simulated GPR reflections from a curving
tunnel are generated. The proposed method is able to detect
the tunnel when the classical RT fails. Performance of the al-
gorithm for varying levels of signal-to-noise ratio (SNR) and
different batch sizes are analyzed. It is observed that the mean
square error (MSE) decreases for increasing SNR. Also, it is
seen that there is an optimum batch size that depends on the
curvature of the buried tunnel. For a fixed batch size and SNR
the tunnels having higher curvature had higher MSE values.
The next section explains the proposed algorithm in detail.

2. THEORY

The RT maps an image into a parameterized domain such that
the parameterized shapes (i.e., lines) correspond to peaks in
the parameter domain. The Radon transform of a digital im-
age f(x,y) using the parametrization of a line can be given
as follows:
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where m and n are the slope and the intercept of the line,
respectively. The GRT, which maps specific parameterized
curves into peaks in parameter space can be formulates as
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where j is a multi-dimensional vector defining the curve pa-
rameters and ¢, (1, j) and ¢, ({, j) are functions that define the
specific curve. While the GRT is effective in detecting any
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