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1 Introduction

Ground-penetrating radar is a non-destructive geotechnical tool for detecting the
subsurface targets. It consists of transmitting antenna, receiving antenna and display
unit. The transmitting antenna transmits an electromagnetic pulse into the ground
to detect and classify the various subsurface objects like metal, pipe and air cavity,
and the reflected pulses are picked up by the receiving antenna. The reflections
from the target depend on the different dielectric value of the object. According
to the general principle, if the antenna frequency increases, then depth of penetra-
tion decreases with increase in resolution. The depth of penetration increases with
decrease in the antenna frequency and resolution also decreases. To detect various
patterns of different objects like metal, pipe and air cavity etc., various image and
signal processing techniques can be utilized. GPR is widely used in various appli-
cations in landmine investigation, geotechnical, underground utilities, archaeology,
etc. The interpretation of raw GPR radargram is a challenging task as it needs a better
algorithm for improved visualization of the targets.

In this work, two contributions are carried out to map the subsurface targets. The
wavelet transform with higher-order statistics method is implemented to map the
subsurface targets. The change-point method [1] is also used to detect the abrupt
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Fig. 1 GPR processing step

changes in the signal. By change-point algorithm, it is easy to detect the size of the
object.

2 Methodology

Processing of raw GPR images [2] to map the subsurface targets is one of the difficult
tasks. The subsurface targets are obscured with signal noise, echo, reflections from
soil, etc. Hence, the interpretation of GPR image is one of the difficult techniques to
differentiate between the target and the false target. An algorithm is implemented to
detect the different signatures of the target from GPR images. The processing steps
are firstly pre-processing of the GPR data, secondly applying the wavelets to the
pre-processed signal and next is the detection of abrupt changes in the signal using
a maximum change-point method. The block diagram of the processing steps is as
shown in Fig. 1.

3 GPR Data Collection

The data sets are acquired from Mala GPR Machine at IISc Bangalore. The ground-
coupled antenna with 800 MHz has been used to acquire the information of the



Implementation of Wavelet Algorithm and Maximum ... 199

subsurface targets. In this work, a model railway track is built at IISc without the
rails and sleepers. The underground objects used are metal (iron rod), M S steel and
clean ballast. The length and width of the track are 4.8, 1.6 m. Ballast is used to
construct a railway track. Ballast is irregular shaped stones, and the height of the
ballast is 0.6 m. For all these targets, the reflections are different due to the dielectric
value of the material.

4 Post-Processing Using Wavelets and Change-Point
Method

4.1 Wavelet Transform

The algorithm used to filter out the noise in GPR data is discrete wavelet trans-
form, after that a change-point method is applied to detect the abrupt changes in the
signal. The wavelet transform is a multiresolution technique to extract the informa-
tion content in the signal [3]. It is used to denoise the incoming signal. By choosing
the wavelet coefficients at a particular value, we can convert the data into the wavelet
domain. The coefficients chosen are from higher-order statistics method. In this
method, we considered two tests, skewness test and kurtosis test. A signal is decom-
posed into 10 levels. The wavelet coefficients of a 2D wavelet transform are given
by

W P™ (i) = WP (i) + WP (i) (1)

where WP (i), WP! (i) and W P? (i) are wavelet packet coefficients of m, n
and number of decomposition levels x = 1, 2, ..., x. number of scalesare s =n 1, 2,
i=1,2,..., K, where K = L/2x. Where L is the length of the input signal.

The information content in the signal can be extracted by third and fourth-order
moments, i.e. skewness and kurtosis test.

Skewness test. It is a distribution of asymmetry of the data. If the data are perfectly
symmetrical, then its skewness value is zero. The value is positive if it is skewed to
the left and negative for right side. It is given by the equation

Sy = i (Z,;c7>3 2)

i=1

where n = size of the sample, and S is the standard deviation. The third-order moment
of a probability model is referred to as a skewness, so it is 3. The practical formula
used for the skewness is,
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n Zi—o 3
Skewness = D=2 ; ( ) (3)

For large samples, the skewness distribution is normal with an error of \/g .Hence,

6
Variance (Skewness) = — 4
n

The Chebyshev inequality for any random variable y is given by

Prob(|S — E(S)| > 1) < Va:Z(S) (5)

Using inequality of Eq. (5) the skewness test of Eq. (3) can be given as, a \/g .
where a = 1/5/1 — 4.

1 1
<s>+
=5 T—5

(6)

We have chosen a percentage of ® = 90%.

Kurtosis test. Kurtosis is also called as a fourth-order moment, which is used to
measure the peak reflections of the target. It is given by the equation

K, — 2": (Zi;f )4 o

i=1

If the distribution is flat and long tailed, then it has a higher kurtosis value and
low kurtosis value for short-tailed distribution. The practical equation is given by

nn+1) 1 Zico\
Ka:(n—l)(n—2)(n—3)z< S) ®)

i=1

For large samples, the distribution is normal with an error of /24 /n.

. . . . . _ 1
Using the inequality, the kurtosis with a = TS5

. . 1
The kurtosis varies between =+ Vi Var (Ka).
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4.2 Change-Point Method

It is a method used for the detection of the maximum number of abrupt changes in
the GPR signal to calculate the size of a target [4]. In this, the GPR signal has been
analysed by implementing a change-point method by following these steps.

1.

e

It identifies the abrupt changes in the signal.
To find a signal change point, first, it chooses a point and divides the signal into
segments [5].
Next, it computes an empirical estimate for the maximum number of changes
for each section.
Within a section at each point, it calculates how much it deviates from empirical
value and then adds the deviations for all the points.
Region of interest (ROI) of detected target is identified.
By this, the starting trace (position) and end trace (position) of the target are
easily calculated.

Let us consider a signal Yy, Y5, Y3, ..., Yy, the function finds ‘»m’ number of

change points such that,

m—1
K=Y (vi—mp") +Z (Yi — (1))
2
m—1 1 1 N
= Yi— —— ' Yi Yj
(- ) X g
=m—Ivar([Yy, ..., Y — 1)+ N —m + 1Var([Y,, ..., Yn]) 9)
So findchangepts finds ‘m’ such that,
m—1
K(M) =Y AYi; X([Y1, ..., Yy — 1])
i=1
+ ) AYE X (Y- YaD) (10)

i=1

X 1s the empirical estimate, and A is the deviation from empirical value.
As the number of change points increases, residual error decreases. In this algo-

rithm, a MATLAB function called findchangepts and MaxNumChanges is used to
detect the abrupt changes in the GPR signal. MaxNumChanges uses an automatic
threshold to detect a value of change point [6].
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5 Results and Discussion

In this work, a GPR technique operates electromagnetic (EM) waves to provide a
better resolution and non-destructive measurements of different dielectric contrasts in
geological targets. When there is a target like metal or big sized ballast, it develops
a strong reflection of electromagnetic waves because of the sharp objects present
between the soil and the surrounding rock. The proposed algorithm is verified for
different targets. The GPR data consists of a total number of 135 traces with a distance
interval of 0.009712 m. The length of the metal piece buried underground is 1.2 m.
The model track is constructed at [ISc Bangalore as shown in Fig. 2. The length and
breadth of the track are 4.8 and 1.6 m. The ballast filled at a height of 0.6 m. Ballast
is a collection of big-sized stone which plays a very important role in maintaining a
good condition of the track [7].

The signals reflected from the target are picked up by the receiving antenna.
Further, it is processed using MATLAB. Figure 3 is the output after applying an
average subtraction trace on the GPR raw data [8]. The pre-processed image is
represented as a signal as shown in Fig. 4.

The comparison of wavelet with kurtosis and skewness test values for metal (iron
rod), clean ballast and metal circular disc is analysed and tabulated.

Table 1 shows the comparison of various targets with skewness and kurtosis tests. It
is clearly understood that dB3 performs better compared to the other mother wavelets.
Kurtosis test performs better with respect to the higher values than skewness test.

In this Fig. 5, the GPR signal is partitioned into two segments. In each segment,
the points are at a minimum distance from maximum number of changes. For metal
targets, it accurately detected the target by considering two change points between
the trace 25 and 45. By this, it is easy to calculate the size of the target which is
discussed in Table 2. The targets used are metal 1 (iron rod), metal 2 (MS steel-large
circular disc) and metal 3 (MS steel -small circular disc).

Fig. 2 Model track
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Fig. 4 Processed GPR signal in MATLAB
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Table 1 Evaluation of results using wavelets (skewness and kurtosis test)

J. Savita et al.

Wavelets | Metal track | No target | Metal Metal track | Metal No target
target (ballast) circular disc | target circular disc
(large) (large)
Skewness Kurtosis
Haar 1.1954 0.055802 | 1.32125 5.3774 3.6417 1.7909
dB2 1.2128 0.20548 1.30761 4.288 4.1728 1.6484
dB3 1.3041 0.26402 1.18864 4.7827 3.5847 1.6569
Sym?2 1.2128 0.20548 1.30761 4.288 4.1728 1.6484
Number of changepoints =2
-~ Total residual error = 5.4885
2 o
18T
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@
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Fig. 5 Applied change-point method (target—metal 1)
Table 2 Comparison of results using change-point method
Object | Traces |Distance | Actual | Obtained Error | SNR | Resolution
interval value value-(change-point | in %
method)
Metal 1 | 135 0.009712 |02m [0.19m 5 47 1.0296
Metal 2 | 42 0.009712 |0.12m [0.11m 8.3 38 1.0296
(Dia)
Metal 3 37 0.009712 | 0.08 m |0.072 m 10.05 |36 0.8261
(Dia)
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By implementation of maximum change-point algorithm, it is accurately identi-
fied the size of the target in all the three cases with error of 5% and resolution of
approximately 1.0.

6 Conclusion

The application of GPR in the field of geotechnical engineering gives a better result
in interpretation of radargrams by implementing a wavelet algorithm with higher-
order statistics and change-point method for detection of the various target. Wavelet
transform is applied on raw GPR data to remove the unwanted noise. Haar, dB2, dB3,
Sym?2 and Sym8 mother wavelets are applied on GPR data to extract the useful infor-
mation. The two tests called skewness and kurtosis are carried out. In this, kurtosis
performs better compared to the skewness test. Later, a change-point method is
implemented to identify the size of the target. A MATLAB function called find-
changept is used accurately to find the total number of traces in which the object is
buried underground. The change-point method works better to estimate the size of
the target.
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