ISSN 2278-3091

Volume 8, No.1.3, 2019

International Journal of Advanced Trends in Computer Science and Engineering
Available Online at http://www.warse.org/IJATCSE/static/pdf/file/ijatcse6581.32019.pdf
https://doi.org/10.30534/ijatcse/2019/6581.32019

Estimation of different subsurface materials depth using Ground Penetrating Radar

Rosmadi Ghazali*?, Abd Rauf Abd Rasam?, Mohamad Hezri Razali?, Rais Razali?, Zulkiflee Abd Latif"?
'Applied Remote Sensing & Geospatial Research Group,

ABSTRACT

This paper present the technique to compare the depth of pipe
measured with Ground Penetrating Radar (GPR) to the actual
value determine during pipe installation. In this study six
different subsurface materials were used to bury the pipes
meant to evaluate the impact of these materials toward the
depths obtained from reflected wave. Estimation of depth for
buried object required an understanding of ground-penetrating
radar (GPR) functioning that include the concept of pulse,
wavelength, strength of the energy (amplitude), travelling time
as well as reflection of electromagnetic wave. However, there
is a considerable lack of the study on the accuracy depth using
GPR. This study is attempted to address the knowledge deficit
by buring pipe at specific depth and measure it with GPR to
estimate depth. Despite increasing application, little
consideration has been given to the accuracy of the depth. This
study examines the accuracy of the depth by comparing the
actual depth with what measured by GPR. Corresponding GPR
and manual measurement of the depth were carried out at the
site specially prepared for this study. There are two metals and
two plastic pipes running through the material at the depth
0.5m and 1m respectively where a few pieces of plywood are
used as the separator between them GPR utilises propagating
electromagnetic (EM) that travel through subsurface material
from the transmitter in form of pulse. When the energy faces a
different dielectric constant on the journey it will reflect back
up to the receiver at a specific time window. For this study the
250 MHz frequency is used to capture image of different six
different samples of soils and one of it is a ready mix concrete.
The 250 MHz GPR data set gives a vertical resolution (0.125
m) with an approximate penetration depth of about 3 m.

Key words: GPR, Depth measurement, Reflection intensity,
Material composition, Construction.

1.INTRODUCTION

Ground Penetrating Radar (GPR) is a geophysical technique
that utilize ground penetrating wave which can be used to semi
continuously imaging the profile of subsurface material at
construction site or developed area. It measured the depth of
the submerge object based on the travel time at a specific
wavelength [1-2]. GPR is a save electromagnetic wave like
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other radio wave used for communication or broadcasting [2-
4]. The technique is capable of recording thousands of closely
proximity tiny subsurface object at a very fast rate or only a
portion of second in a specific time window allocated for
capturing reflected wave [5]. A GPR consists of transmitting
antenna which emits an electromagnetic wave (EM) that can
travel into the ground surface at specific speed and reflected
back up if it faces a dielectric contrast to be received by
antenna or continue travelling with certain refraction factor to
deeper depth until it lost all the energy.GPR reflections
happened when dielectric permittivity (er) of the current and
the next medium have a different value, which is primarily
determined by the nature of the material or outside factor such
as moisture content. This study try to evaluate the impact of the
selected material toward the reflected wave that passing
through the material and how it influence the appearance of
depth on image The abrupt changes of dielectric [6-7] face by
the wave caused a reflection means a strong and continuous
return of energy can be recorded by the receiver to display the
profile which includes the depth.

GPR profiling is common this days as it proven to be faster
to get information on object or utility with certain depth
underground depending on the central frequency of the GPR
but still little consideration has been given to the accuracy of
these depth measurements as the emphasis more focus on the x
and y location but not the depth (z) [8-9]. There are two
important concept of GPR need to be master to conduct this
study, the first one is vertical resolution and the other one is
depth measurement penetration [10]. GPR resolution is
determined by the wavelength of the central frequency that will
determine the speed of the wave and the smallest detectable
object can be sensed by the wave and captured in image [11-
12]. The higher the frequency transmitted for imaging means it
has a shorter wavelength then the better the resolution as have
of the wavelength is the smallest object detectable [13-15]. The
second one is the penetration depth of the GPR wave is depend
on the energy of the wave generated in the system for example,
instrument with central frequency of 300 MGh can penetrate
deeper than instruments with 800 MGh central frequency
because high frequency wave have lower energy compared to
low frequency wave then it penetrate lesser as the energy is
less.
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The usage of GPR technology for shallow underground
profiling is now growing in Malaysia in tandem with the
growing infrastructure  project development to cope the
demand at current need, spur by economic development .With
the availability of the underground feature mapping it will
assist the construction industry by speeding up the detection
process, reducing operation cost as GPR is not labour intensive
also can avoid damages through GPR imaging by that any
buried object can be determine earlier before major
construction work taking place. The most appealing advantage
of GPR surveys for utilities and construction work is that
ground surfaces, footways or roads do not required to be
excavated that can disturb the scene. Adopting GPR methods
prevents the need for unnecessary digging that cause
disturbance of land surface. For example a contractor in the
process of installing electrical pipes down a main carriageway;
a GPR survey work at an early stage of installation can identify
other utilities or structures buried underground to ensure
contractors only dig within an assigned area or line with
direction which is determine and allocated for the stretch to be
the safe from disturbing existing object but the depth must be
accurate to a certain level. This study focus on the impact of
underground material toward the depth appearance of buried
pipe on different types of material based what is shown on the
image.

2.0BJECTIVES

The main aim of this study is to determine whether the
different type of underground material will affects the visibility
and depth of submerge object on the image. The study includes
scanning of metal and plastic pipe buried under different pre-
determine subsurface material. The specific objectives are;

1) to establish the most suitable method for calibrating GPR
surveys image of the underground pipe.

2) to compare the depth of pipe on the image with actual
depth measured during fixing in the pipe.

3) to evaluate the impact of the materials submerging the
pipe toward the depth shown on the image captured by
GPR receiver.

GPR usually utilise electromagnetic wave in the VHF-
UHF region of the electromagnetic spectrum where the
frequency is easy to compromise [16-19]. For the purpose of
penetrating deeper it is suggested to use the lowest possible
frequency because low frequencies give reasonably high
penetration depths into the earth with lesser resolution. But a
sufficiently high frequency must be selected so that the radar
wavelength is short, allowing better detection of object because
short wave means higher resolution, then a small objects such
as pipes . The 250 MHz GPR s a typical centre frequency for
utility detection for object with diameter bigger than 2 cm,
however 500 and 1000 MHz are sometimes used for shallow,
high-resolution probing. Frequencies as low as 20 MHz are
used for locating deep and big caves or mine tunnels. The
penetration capability of GPR signal is strongly dependent on
the soil electrical conductivity at the site that cause by soil
moisture and the central frequency [20-22]. If the soil

conductivity is high, attenuation of the radar signal in the soil
can severely restrict the maximum penetration depth of the
radar signal because conductor material reflect all the energy
back to GPR and no further penetration

This study was conducted at Batu Kentomen Army Camp of
Jalan Ipoh, Kuala Lumpur. Lack of vegetation and a flat
surface, along the study area provides an ideal place to acquire
GPR data. The other reason for selecting this area is it located
near to the required heavy machinery storage such as a
backhoe. Backhoe is required for this study to dig a one meter
depth ditch and then bury four specifically selected pipes two
of them metal and the other two is PVC pipe. Figures 1 give
some idea about the location plan from map and the actual
condition on the ground. The study area was designed to
accommodate the proposed data acquisition using GPR
Nogging Plus 250 MHz in order to capture image of the pipe
embedded in six different types of material. The six (6)
samples material are soil, sand, beach sand, rocks, concrete,
and clay.

Figure 1: Study area at Batu Kentomen Army Camp of
Jalan Ipoh, Kuala Lumpur

Each sample materials were placed in their personal segment
divided by plywood as the retainer to avoid any encroachment
by other material into the specific allocated space. The Metal
and plastic pie (PVC) were buried in the ground to test how the
content of the compartment can influence the depth of the pipe
in the image. The pipes were planted at different depths of
0.5m and 1.0m respectively to evaluate the vertical resolution
then analysis any possible correlation between type of material
and the depth portray on the image. Each dimension of the
segments determined based on the size of GPR equipment,
depth of buried pipes, as well as construction costs. On the
surface of the soils are plastered with cement to facilitate the
movement of GPR through the samples during the works of
data acquisition. The selection of potential location is based on
the ground criteria that suit the intention of the study.
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3.MATERIALS AND METHOD

Ground-penetrating radar (GPR) is a useful imaging tool for
subsurface investigations such as utility survey, detecting
unmarks grave, archaeology mapping etc. Selecting the
optimum antenna frequency before GPR surveys is critical. As
the impact of selecting the proper antenna frequency, survey
time and cost can be reduced. Also, appropriate antenna
frequency helps to achieve an acceptable accuracy in
determining the depth of buried targets. In addition to the
antenna frequency factor, GPR data acquisition success is also
affected by the soil physical parameters such as the dielectric
constant and conductivity. It is often that these parameters are
unknown, highly variable, and depend on a specific site. The
positive signals captured by receiver are displayed in black
while negative signals are indicated in white. The velocity of
GPR signal changes according to the medium as it passing
through. In vacuum are 0.3 m/ns and in of saturated and
compacted soil are 0.10 m/ns [23].

Preliminary study is the most important step in ground
penetrating radar (GPR) survey work. The most important
aspect should be considered are the depth penetration required
for the targeted object and the resolution of the central
frequency. This is achievable by selecting instrument with the
right central frequency for the target depth, the deeper the
target the lower frequency required to make sure it have
enough energy to reach the target. The wave length of central
frequency determine whether it vertical resolution can separate
two different object vertically and small enough to catch the
buried pipe, the shorter the wavelength the smaller detectable
object and the resolution. Selecting suitable wavelength of the
instrument is not unique to radar but common to all other
geophysical techniques although but often overlooked in the
urge to rush off and collect data.

The selected host material in this study that cover the pipe must
be evaluated to make sure the energy from GPR to penetrate
and reflect to acquire depth data or refract to precede the
journey and reflect up again if it still has enough energy. First
of all the electrical properties of the host material must be
roughly estimated to make sure a possible reflection by the
pipe. The relative permittivity and electrical conductivity of the
material have to be considered to make sure the targeted depth
and diameter of the pipe can be detected before conducting the
experiment. It must be tallied with the capability of the
instrument used to capture the data. Second, the degree and
spatial scale of heterogeneity of the material in the
compartment also required for initial estimation. For the
purpose of this study the GPR instrument selected with the
right central frequency has been chosen have properly the
study will be a success.

Designing the compartment which includes the depth of the
digging, the width and length is another important part of the
study, the separation between two pipes must be wide enough
to make sure it suitable with the horizontal resolution of the
instrument that related with time window of it. Detail of the

design with dimension is depicted in Figure 2. The
configuration of the model on the ground is as in the Figure 3
before the space was filled up with the selected content. If any
the amplitude of the signals returned by this material is
relatively high which indicates that the underlying material is
very different in electromagnetic terms so the material will
reflect positive and negative energy based on the different in
dielectric between two layers . The reality is that frequency and
wavelength are entirely relevant; the size of grain or object to
be detected must be bigger than the resolution of the central
frequency. The aim of subsurface imaging is to obtain images
of a scene which is buried underneath in order to reconstruct
non-homogeneities perturbing the background medium.

Figure 3: Configuration of the model
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In these GPR surveying for depth measurement of pipe, the
common-offset, single-fold reflection profiling was used to
profile the model. This GPR system utilised a fixed antenna
geometry that is transported along a survey line to capture
profile of underground image versus distance along the
surveying line which also known as B-scan. Normally there are
seven main parameters need to determine before starting a
scanning work using a common-offset, single-fold GPR
reflection survey. It includes the frequency, the time window,
the time sampling interval, the station spacing, the antenna
spacing, the line location and spacing, and the antenna
orientation to make sure the work become a success. Selection
of the appropriate operating frequency for a radar survey is not
simple as it must be suitable with the size of the targeted
object. There is a trade-off between spatial resolution, depth of
penetration and system portability; it must be related to the size
of buried object and the depth of the object underground.
Usually it is better to trade off resolution for better penetration.
There is no use of having great resolution if the target cannot
be detected because it located deeper than the capability of the
energy to penetrate, it give a clear image but at shallower
depth.

Locating the position and mark it, is the most common way of
using GPR to trace existing utilities if the exact location of the
pipe underground is not yet determine .It is very similar to the
use of traditional current tracking utility detectors. The GPR
sensor is moved along sweeps perpendicularly to the buried
utility axis to make sure the image of pipe can be display on
the screen. When the GPR unit crosses the utility line, the
image shows a hyperbolic shape (inverted V) in the radar gram.
The apex or top of the hyperbola is actually the position of the
utility buried underground. The distance to the top of the
hyperbola is an estimate of depth of the pipe. GPR profile was
collected by manoeuvring the GPR antenna perpendicular to
the pipe installed underground for a better quality image and it
easier to identify the number of pipes that are under the ground.
Before detection begins, chord line's ahead by GPR instrument
must be marked on the ground first as guidance for operator to
push forward the GPR instrument.

The proper number of scans varies depending on the size of the
target and the soil or material one is working in. A smaller scan
spacing (more scans per unit) will slows down the survey, so it
is best to collect as many scans as possible while maintaining
an acceptable survey speed. As the pipe is cylindrical objects
like an old oil tank or buried drums, the bidirectional grid is
used; these targets may look flat when scanned in one
direction, so they can be easily missed or mistaken for a soil
layer. Using a bidirectional grid would identify a cylindrical
target

4.GPR DATA PROCESSING

Unprocessed GPR data often provide fairly good quality
subsurface images, however the data may be difficult to
interpret. Enhanced processing can improve image clarity as
well as spatial and temporal resolution. a GPR survey is only

part of the work. What follows is the GPR data analysis. There
are a couple of data processing techniques that can and should
be performed before proper conclusions can be drawn from the
raw signals. One important step of utility detection is the post-
processing of the ground penetrating radar (GPR) data
collected. Detecting underground utilities with a GPR requires
expertise on the field. That is why post-processing software is
crucial for interpreting results. Data processing usually involve
data preparation, dewow, background remover, frequency
filtering, Automatic gain control, and migration.

Dew owing is performed meant to reduce the data to a mean
zero level and allows positive—negative amplitude to be used in
the recorded traces [24]. If dewow is applied incorrectly, the
data will contain a decaying, low-frequency component which
distorts the whole trace. Fortunately, most modern GPR
systems now apply dewow to each trace automatically with the
filter parameters set to the optimal conditions. Background
removal was applied to all GPR profiles from site after
performing the dewow to remove continuous flat reflections.
With background removal, continuous flat reflections at top of
the profile are attenuated and the profile is better imaged.

Bandpass filtering is the other processing implemented on the
radargram captured at the site to remove unwanted frequencies
in the raw radar grams. In this process the radar gram pulses
was converted to the spectral domain. All recorded signals can
be decomposed into a combination of individual pure
frequencies which have different amplitudes and phases. The
combination of the amplitudes at different frequencies and the
phase that those frequency components arrive at the receiving
antenna defines the unique radar signals that get recorded.

Background subtraction is a data processing steps conducted on
the image for an average trace removal. The average trace
removal aims at removing horizontal bandings from the
profiles due to system noise, interference and reflections. It
allows the subtle weaker signals to become better visible after
processing by enhancing the dipping events while wiping out
horizontal noise. It is necessary to apply background
subtraction in areas of suspected horizontal events of interest.

Radar signals are rapidly attenuated during the propagation into
the ground. Signals from greater depths are very small
compared to signals from shallower depth [25]. Reflected GPR
data present high amplitude only at shallow depth and it
requires some treatment before visual display. Equalizing
amplitudes can be achieved by applying a time dependent gain
function compensates for the rapid fall of amplitude GPR data
captured from deeper depths. Scale factor for a given window
is calculated and applied to the sample at the centre of window.
Then the window slide down one sample and the process is
repeated. Automatic Gain Control was not applied to the GPR
data from the study area because amplitude of multiples at the
deeper part close to reflectors at the shallow part then AGC
does not effect to the data.
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Migration procedures essentially aim at reconstructing buried
scattering objects from reflection collected above or just at the
air/soil interface. It is a process that require to be done on the
image to enhances the display of the reflections by moving the
collapsed of diffraction hyperbolas and dipping reflections to
the true geometrical position. As the travel time of a wave is
longer it causes the reflections to be incorrect in term of depths
or locations. Size and geometry of reflectors also can be
distorted. The migration process can make some adjustment to
the signal by collapsing hyperbola to its origin and moves
reflectors to correct positions.

5.DEPTH OF PIPE ON GPR IMAGE

Generally Interpretation of GPR image of the acquired at
the scanning site involved of the identification of the shape,
position (spatial location and depth) and the orientation of the
buried features. Changes in grain or shape can influence the
level of connectivity of the material and influence the
macroscopic electrical properties [26].Ground Penetrating
Radar (GPR) is a geophysical method of underground imaging
based on electromagnetic wave(EM) reflection which is
sensitive to dielectric permittivity contrasts between two
consecutive layers of material. The vertical resolution of the
GPR instrument depends on the velocity and the frequency of
the EM waves produce by the by the antenna which is A/10 of
the central frequency for vertical resolution , it varies from 14
cm to 20 cm for frequencies of 200-500 MHz and velocities of
0.1-0.18 m/ns [27].At the scale of vertical accuracy achievable
by GPR, the dielectric constant of the effective medium is
controlled by the volumetric fraction of each sub-material
(concrete, beach sand, sand, rock, clay and soil). Therefore,
one can say that the GPR response to subsurface grain depends
principally on the nature of its matrix, its porosity and its fluid
saturation.

Figure 4.Depth of pipes buried in concrete

As can be seen on the image in figure 4, it shows layers of
concrete on top of the others and the texture is a little bit rough
as compare to sand or clay because of the grain size that mix
up in the concrete. The size of granite in the concrete is bigger
than 1cm which is the maximum vertical resolution of the
250MHz GPR instrument so the image appear like a
distribution grain all over the space because the grain detected
by the frequency. As the concrete dry the particle of material
with the same electromagnetic property will appear as an
object of bigger size in form of layer that the reason the object
consist of a few pixel it appear bigger and longer than the
other material used in this study. This is likely due to

reflections from foreign objects mixed in the concrete like
pebbles, small pores or small chunks. Buried within the
concrete shows there is little wave reflections that occur around
the pipe. The layers within concrete show the very of wetness
which clearly portrayed a bit darker than the dryer surface
seem lighter in greyness. Image also shows that the reflection
wave of metal pipe is a little more contrast than the plastic pipe
with darker grey it means the metal is a conductor so it reflects
more positive as the permittivity of the concrete is lower than
the permittivity metal. For the plastic pipe dielectric of
concrete and plastic pipe is not much different so the gray
colour is not much different. Around the both pipe there are
spaces of air which seem white because of negative energy
reflected as air space is lower in dielectric compared to
concrete or concrete or the pipes. The sizes of granite cause the
air space occur around the pipes.

Figure 5: Depth of pipes buried in beach sand

Image in figure 5 shows the texture of beach sand is more
event and not undulating compared to surrounding area. This is
because beach sand physical texture is actually very tiny
compared with soil texture that is around it mostly because the
pulse from GPR detected a smooth texture of material not like
the concrete it group to a bigger size with the same
electromagnetic property . There is no existence of layers
through the 1m X 1m compartment because the reflected wave
has the same intensity of energy; there was no fluctuation of
energy horizontally or vertically. This thing happen because of
the size of particle is smaller than the resolution of the GPR so
everything is look the same and event, layers can be seen if the
central frequency of GPR is 6GHz that detect up to 1mm object
[28] Beach sand can be uneven if there are foreign particles,
mix soil or is not fully compressed. Salinity factors also
contribute a bit of difference in this image. Metal pipe images
reflect more energy (dielectric of 300) than plastic pipe
(dielectric of 3.3) as has been mention earlier the conductor
material reflect more energy but it is important to realise if the
energy mostly reflected the possibility for the wave moving
further is lesser then. The white space representing air pocket
around the pipes and negative energy on the radar gram is
smaller since the size of particle allows them to be more
compact and reach closer to the pipes.
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Figure 6:.Depth of pipes buried in sand

Comparing the size of material in figure 5 and figure 6 it show
the sand form a combination larger number of pixel; this is
because the sand particle size is relatively coarse and a little
bigger than beach sand. This experiment show the GPR of
250MHz central frequency has vertical resolution of less than 1
cm; it is clearly in image of material beach sand with diameter
of less than 1 cm [29]. There was a slight wave / uneven
surfaces adjacent plastic pipe because the sand is not exactly
properly compressed so the image some kind of layers wetter
sand than the others. Image on plastic pipes is a little disturbed
because it was a little wet sand around the plastic pipe. Water
content and compaction cause the image to appear in layers of
different greyness because the amplitude captured from
reflected energy was not the same. The white image around the
pipe is smaller compare to the concrete material but bigger than
the beach sand as the compaction of sand is better compared to
concrete but lesser than sand beach.

Figure 7: Depth of pipes buried in clay

Figure 7 is the radargram for clay compartment, Clay is known
to have a frequency dependent permittivity and it range from 3-
5 in dry condition and 20- 30 in wet condition. The clays
permissibility is attributed to its fine particle size and therefore
large reactive surface area (due to an excess of negative
charge) which can absorb a significant amount of water. Image
shows the texture of clay soil formed quite confusing because
of uneven complexion and compaction, the existence of pipe
lookalike hyperbolic is because of the big size of clay merge
together that make it like a round object that confused with
actual pipe. There is some difficulty to interpret because there
are many hyperbolic images within the coverage from the
particle of clay those forms as solid objects. The clay used in
this study is a bit dry so it come inform of bigger size up to two
cm in size, that cause the image look like many object other
than pipe. The metal pipe seem darker as the relative dielectric
between the two materials is big, the pipe reflect more positive
energy relatively to the clay.

Figure 8: .Depth of pipes buried in rock

There are layers of undulating surface in the image it show the
rock has form layers of material with different electromagnetic
property. It shows a new material of almost the same feature
with existing material can have almost the same image. In this
case, the rock around the pipe reflected a wave with certain
intensity but it is lower than the intensity of reflected signal
from PVC pipe. This rock surface area similar to the
surrounding surface it is because surface of the soil around this
rock consisting of small rock and mixed soil. It is not difficult
to interpret metal pipe based on the hyperbolic image but it a
bit uncertain for the PVC pipe because the intensity of reflected
signal look almost the same with material around the pipe. In
these types of material the PVC pipe looks darker as relatively
clear contras of dielectric between and rock. The formation of
material of rock seem to have layers of air space between the
rock
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Figure 9: .Depth of pipes buried in local soil

The soil used in this study is composed of coarse sand, small
chunks of rock and impurities. The area at the bottom of the
pipe at the right side seems blurred because at the location
filled with sand with tiny particle. There is clearer view of the
image either metal or plastic pipe. This material is a mix of
small grain and slightly bigger size. There are layers of local
soil that structure like the permanent local material and some
look blurry as the grain has been crunch during the excavation.

6.CONCLUSION

This study shows GPR with central frequency of 250
MHz.(11.99 cm wavelength) can actually detect 3cm diameter
pipe with the accuracy of + lcm it means the horizontal
resolution is 1/10 of wavelength. The use of 250 MHz antennas
with 1cm resolution is not suitable for imaging of sand beach
or clay as the grain size is smaller than the wavelength
resolution capable to detect. The measurement of depth in clay
is less accurate because of the attenuation is high in clay than
other material in this study. The speed of wave is lower in clay
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because of the grain size that block the ray it make the time
travel is longer than the depth position at deeper position in the
image. The same thing appears in the sand beach compartment,
where the pipe seems deeper because of the time travel before
it receives back by the GPR.

The result highlights that antenna frequency selection is
critical, as it determine the smallest grain size can be capture in
the image and it is controlled by the specific objective of the
survey. The study also suggests a criteria that can be
established for selecting the most suitable antenna frequency to
image buried pipe in the same or different soil conditions. As
radar pulses passing through various materials on their way to
the buried pipe, their velocity will change, depending on the
electromagnetic properties of the material through which they
are travelling. Each abrupt velocity change due to dielectric
different between two adjacent materials it will generates a
reflected wave, which travels back to the surface to be recorded
as positive if the permissibility first material is lesser than the
next be image as a different layer. Not all the energy reflected
back, some of it will refract and keep moving in a different
direction to be reflected or refract again until it lose all the
energy. The Velocities of radar energy travelling the ground
are very important to measure the wave travel times then
calculate the estimated depth of any feature the wave came
across. It demonstrates that GPR response varies significantly
with typical variations in beach soil, clay, rock and soail
saturation, porosity, and water content. Thus, interpretation of
GPR data should either incorporate consideration of these
variables. This study whatever type of earth material the pipe
the parabolic shape always can be seem in the image as long as
the vertical resolution of the central frequency smaller than the
size of the pipe.

ACKNOWLEDGEMENT

The authors would like to thank Institute of Research
Management and Innovation (IRMI) for the research funding
under Bestari Perdana Grant (600-IRMI/PERDANA 5/3
BESTARI (079/2018)). Centre of Study for Surveying Sc. &
Geomatics, Faculty of Architecture, Planning and Surveying;
of Universiti Teknologi MARA (UiTM) Selangor, Malaysia
are greatly acknowledged.

REFERENCES

[11 Krysinski, L. and Sudyka, J. ” GPR Abilities in
Investigation of the Pavement Transversal Cracks”.
Journal of Applied Geophysics,Vol. 97, pp.27-36. March
2013

https://doi.org/10.1016/j.jappgeo.2013.03.010

Poluha, B. , Porsani, J. , Almeida, E. , dos Santos, V. and
Allen, S. “Depth Estimates of Buried Utility Systems
Using the GPR Method: Studies at the IAG/USP
Geophysics  Test  Site”. International  Journal  of
Geosciences, Vol.8, No.5, pp. 726-742, May 2017
https://doi.org/10.4236/ijg.2017.85040

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

369

Indelicato. A, “The Impact of Frequency in Surveying
Engineering  Slopes Using  Ground  Penetrating
Radar”. International Journal of Geosciences, VVol. 8,
No.3, pp.296-304, March 2017.
https://doi.org/10.4236/ijg.2017.83014

Akhter, H., Promei. N,” The Methods and Recent
Invented Tools and Techniques Used in Archaeology for
Delicately Preserving the Past for the
Future”. Archaeological Discovery, Vol.6, No.4, pp 338-
354, October 2018

https://doi.org/10.4236/ad.2018.64017

Er-Reguig.Z , Ammor. H, “A Multi-element Microstrip
Antenna for LTE Bands, Wi-Fi and WiMAX Application
in Femtocell Network”, Indonesian Journal of Electrical
Engineering and Informatics (IJEEI) Vol. 6, No. 2, pp.
183~189, June 2018
https://doi.org/10.11591/ijeei.v6i2.445

Oh, M., Yoon, Y., Jang, E. and Moon, D., Study of
Dielectric and Thermal Conductivity Characteristics of
Polyimide Composite. Materials Sciences and
Applications, Vol.10, No.3, pp 197-204, March 2019
https://doi.org/10.4236/msa.2019.103016
https://doi.org/10.4236/msa.2015.611103

Raihan, R. , Rabbi, F. , Vadlamudi, V., Reifsnider, K.,
“Composite Materials Damage Modelling Based on
Dielectric Properties”. Materials Sciences and
Applications, Vol.6,No.11, pp 1033-1053. November
2015.

Tess X.H. Lai.W.W.L, Chang.R.K.W, Goodman.D,
“GPR imaging criteria”. Journal of Applied Geophysics,
Vol.165,pp 37-48, June 2019.
https://doi.org/10.1016/j.jappgeo.2019.04.008

Tosti, F.; Bianchini, C.L.; D’Amico, F.; Alani, A.M.;
Benedetto, “A. An experimental-based model for the
assessment of the mechanical properties of road
pavements using ground-penetrating radar. Constr.
Build. Materia, Vol.165, pp 966-974.March 2018.
https://doi.org/10.1016/j.conbuildmat.2018.01.179

Lai, W.W.L., Chang, R.K.W., Sham, J.F.C., “A blind test
of non-destructive underground void detection by ground
penetrating radar (GPR)”. Journal. of Applied.
Geographys. Vol.149, pp.10-17, February 2018.
https://doi.org/10.1016/j.jappgeo.2017.12.010

Benedetto. F, Tosti. F, “GPR spectral analysis for clay
content evaluation by the frequency shift method”.
Journal of Applied Geophysics, Vol.97, pp. 89-96,
October 2013
https://doi.org/10.1016/j.jappgeo.2013.03.012

Bertolla, L., Porsani, J.L., Soldovier, F., Catapano, I.,
“GPR-4D monitoring a controlled LNAPL spill in a
masonry tank at USP, Brazil”. Journal. Applied. Geophys.
Vol.103 no.4, pp.237-244, April 2014.
https://doi.org/10.1016/j.jappgeo.2014.02.006
Hammouch. N, Ammor.H “A confocal microwave
imaging implementation for breast cancer”. detection
Indonesian Journal of Electrical Engineering and
Informatics (IJEEI) Vol. 7, No. 2, pp. 263~270, 2 June
2019.



Rosmadi Ghazali et al., International Journal of Advanced Trends in Computer Science and Engineering, 8(1.3), 2019, 363 - 370

[14]

[15]

[16]

[17]

[18]

Hoarau, Q., Ginolhac, G., Atto, A.M., Nicolas, J.M.,
Ovarlez, J.P.,. “Robust adaptive detection of buried pipes
using GPR”. Signal Processing. Vol. 132, pp. 293-305.
March 2017

https://doi.org/10.1016/j.sigpro.2016.07.001

Hamann, G, “Spectral velocity analysis for the
determination of ground-wave velocities and their
uncertainties in multi-offset GPR data”. Near Surface.
Geographys. Vol.11 no.2,pp. 167-176 September 2012.
https://doi.org/10.3997/1873-0604.2012038
Muhamad.N.N, Nadzir. N.M, Rahim M.K.A, Zubir. F,
Majid. H.A, “UHF meander bowtie antenna for RFID
application”,Indonesian Journal of Electrical Engineering
and Informatics (IJEEI) Vol. 7, No. 2, pp. 295~302, June
2019

De Coster. A, Pérez Medina J. L., Nottebaere. M,
Alkhalifeh, Lambot. S. “Towards an improvement of
GPR-based detection of pipes and leaks in water
distribution networks” Journal of Applied Geophysics,
Vol. 162, pp 138-151 March 2019
https://doi.org/10.1016/j.jappgeo.2019.02.001

Feng. X, Liang. W, Liu.C, Nilot. E, Liang. S,
“Application of Freeman decomposition to full
polarimetric GPR for improving subsurface target
classification”, Signal Processing, Vol. 132, pp 284-292.
March 2017

https://doi.org/10.1016/j.sigpro.2016.07.030

[19] Wahab.A, Md Maniruzzaman A. Aziz, Abdul Mohd.

[20]

[21]

[22]

[23].

[24].

Sam.A.R, Kok. Y.Y, Kassim. K.A, “Review on
microwave non-destructive testing techniques and its
applications in concrete technology”. Construction and
Building Materials, Vol. 209, pp. 135-146, June 2019
https://doi.org/10.1016/j.conbuildmat.2019.03.110

Lauro. S.E, Mattei. E, Barone. P M., Pettinelli. E., Galli.
A, “Estimation of subsurface dielectric target depth for
GPR planetary exploration: Laboratory measurements and
modelling” Journal of Applied Geophysics, Vol. 93, pp
93-100, June 2013
https://doi.org/10.1016/j.jappgeo.2013.04.001
Hugenschmidt. J, Kalogeropoulos. A, Soldovieri.. F,
Prisco. G, “Processing strategies for high-resolution GPR
concrete inspections” NDT & E International, Vol. 43,
No. 4, pp 334-342, June 2010
https://doi.org/10.1016/j.ndteint.2010.02.002

Soldovieri .F, Prisco. G, Persico. R, “A strategy for the
determination of the dielectric permittivity of a lossy soil
exploiting GPR surface measurements and a cooperative
target”, Journal of Applied Geophysics, Vol. 67, No. 4, pp
288-295, April 2009
https://doi.org/10.1016/j.jappgeo.2008.09.007

N. Wagner, T.Bore, J.C.Robinet, D. Coelho, F. Taillade
and S. D. Lesole. Dielectric relaxation behaviour of
Callovo-Oxfordian clay rock: A hydraulic-mechanical-
electromagnetic coupling approach. JGR solid Earth,Vol
118 no.9, pp.4669-5146. September 2013.
https://doi.org/10.1002/jgrb.50343

Rivera Villarreyes, C, Baroni G., Oswald. S, “Integral
quantification of seasonal soil moisture changes in
farmland by cosmic-ray neutrons”, Hydrology and Earth

[25].

[26].

[27].

[28].

[29].

370

System Sciences, Vol. 15 no 12, 3843-3859, December
2011.

https://doi.org/10.5194/hess-15-3843-2011

Endres, A. L, Size scale considerations in modeling the
electrical conductivity of porous rocks and soils.
Exploration Geophysics, 31,no 2, 418- 423, 2000.
https://doi.org/10.1071/EG00418

N. Wagner, K. Emmerich, F. Bonitz, and K. Kupfer ,
“Experimental investigations on the frequency- and
temperature- dependent dielectric material properties of
soil”, IEEE Transactions on Geoscience and
RemoteSensing, vol. 49, no 7, pp. 2518-2530, July 2011.
https://doi.org/10.1109/TGRS.2011.2108303

Zhang, J., Lin, H., & Doolittle, J. “Soil layering and
preferential flow impacts on seasonal changes of GPR
signals in two contrasting soils”. Geoderma, 213, 560-
569.January 2014
https://doi.org/10.1016/j.geoderma.2013.08.035

U. Kaatze ,” Techniques for measuring the microwave
dielectric properties of materials”, Metrologia , vol. 47,
no 2,pp. 91-113, March 2010.
https://doi.org/10.1088/0026-1394/47/2/S10

Benedetto, A., Tosti, F., Ortuani, B., Giudici, M., Mele,
M."Mapping the spatial variation of soil moisture at the
large scale using GPR for pavement applications”, Near
Surface Geophysics, Vol.13, No.3, pp. 269-278, June
2015

https://doi.org/10.3997/1873-0604.2015006



