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Abstract The Ground Penetrating Radar (GPR), a geophysical technique that uses
non-destructive testing to detect objects and structure beneath the soil was a huge
contribution in survey and engineering, especially in underground utility. GPR has
been used since 1970 and the method is still undergoing upgrade alongside the
sophisticated processing software. Nevertheless, soil is the principal medium which
interferes with the signal penetration of GPR due to its physical and electrical
properties. Thus, a study using soil stratigraphy is a prerequisite to understanding
GPR radargram. In this study, a test bed was constructed to simulate different soil
layers which consist of existing clay, sand, small stone, and crusher run stone.
The GPR instrument with frequencies of 100, 250, 400, 750, and 900 MHz was
used to collect the data. The processing was carried out using reflex software for
image interpretation and three-dimensional (3D) visualizations. This study is
expected to help surveyors in understanding the measurement, for example, soil
composition, problems related to GPR underground surveying.
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1 Introduction

Malaysia is currently undergoing profound development and construction with an
extensive underground utility installation such as for water reticulation, sewerage,
electric, gas, and telephone [1, 2]. Thus, information on a particular location of
utility installation is necessary to decrease any disturbance that would result in
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property damages, design changes, service breakdown, and business disruption or
even cause injuries [3].

Due to the capability of subsurface imaging and user-friendly features, Ground
Penetrating Radar (GPR) is used in many engineering works such as civil engi-
neering [4–6], archaeology [7–10], forensics [11–13], earth sciences [14], military,
and environmental studies [15]. This underground utility mapping uses the prin-
ciple of geophysics to detect, identify, and investigate subsurface object buried in
the ground [6].

An object could be identified whether it is buried in shallow or deeper depths
based on the correct radar antenna frequency [16]. As the technology develops,
GPR had been featured in wide applications for the last 40 years with a continu-
ously upgraded software to facilitate better results [17].

GPR has become a very important tool for non-destructive testing for under-
ground exploration. In fact, it is capable to produce high-resolution images of the
shallow subsurface and underground utilities. However, one of the obstacles in
getting such information would revolve around the type of the soil [18]. Therefore,
this study would like to identify the properties of the soil for better GPR image
resolution.

Soil is an assemblage isolated unit of earth’s layer deposit which includes
mineral composition or organic source occasionally. Soil properties and charac-
teristics could be identified from the GPR imaging data. The performance of GPR
helps to differentiate types of soils [19, 20]. Therefore, the soil profile data and
information could be collected. However, different soil and moisture condition
affect the efficiency performance of GPR [21].

Various types of soils make the ground itself contain a number of soil layers.
The stratigraphy of soil gives information of the soil profile, whereby measurement
and study of the soil profile could be done by measuring the thickness of certain soil
layer [22, 23]. Moreover, stratigraphic information is very useful for visualization
of sedimentary structures, sand body geometry, and stratigraphic architecture [24,
25]. In that case, the visualization of stratigraphic structure could be upgraded to 3D
visualization for better evaluation.

Lately, 3D model mapping has been used in the surveying field. Most of the
maps, nowadays, are produced in 3D form which contain more details than
two-dimensional (2D) maps. 3D map shows more details on the surface of the
earth, as well as below the earth surface.

There are many benefits of the 3D view compared to 2D view. First, 3D view
allows a concise picture of an object for higher resolution. Yet, the versatility allows
users to easily understand the information given. Furthermore, 3D view enables
instant calculations and interpolation such as coordinate computation and provide
information of soil stratigraphy in order to correlate the soil strata [26]. The GPR
data is analysed by using software to create and view 3D stratigraphy [27].
Therefore, 3D stratigraphy view gives more information than old existing stratig-
raphy view.
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2 Methodology

2.1 Test Bed Simulation

The test bed is constructed at a selected site as shown in Fig. 1. The site is located at
the Universiti Teknologi Malaysia cluster area and marked with a red flag. The test
bed is built as a simulation for the imaging of soil stratigraphy. For this simulation,
the test bed is built with a dimension of 2 m length × 1 m wide × 1.2 m depth. In
order to create various types of soil layers, certain types of soil were selected such
as smooth sand, small granite stone, and crusher run stone.

The test bed was divided into three layers. The deepest layer is the smooth sand
followed by small granite stone, and crusher run stone. These entire layers are
perfectly divided into same depth, 0.4 m, with the same dimension in length and
width.

After the test bed is filled up with these soils, the soil then was compacted by
using a compactor machine. The best common means for soil stabilization to meet
the recommended road scheme necessity is through compaction. Soil compaction is
used to compress the soil to the ground by eliminating the air voids, pore spaces
between soil particles. Additionally, soil compaction is a recommended method to
reduce error as the air gap between the soils becomes smaller. Therefore, the errors
of radar images could be reduced. Figure 2 shows the three layers of the con-
structed test bed.

Fig. 1 Simulation site
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Data collection had been done by using GPR equipment with a variety of signal
frequencies. The signal frequencies that had been used were 100, 250, 400, 750,
and 900 MHz.

The extraction of the stratigraphy shows different resolution for different fre-
quency. The low frequency creates a poor resolution, whereas the high frequency
produces good resolution [28]. Hence, moderate frequency would best be
employed.

The data collection surveys were performed by gridding method. It is commonly
used to establish rectangular grids with 1 m or less line spacing, with interval of
0.5 m in this method [29–31]. The gridding sizes covered 3 m × 2 m area.

2.2 Data Processing

As for the data processing, the data underwent various stages before being pre-
sented as useful information. These stages include generalization, computation,
adjustment, image filtering, and interpretation of raw radar data which validate the
quality of the collected data. Then, the data is generated into 3D view. The software
used to process this data is called Reflex2D and Reflex3D software. The result and
analysis of the study is discussed in the next section.

3 Result and Discussion

3.1 Extraction of the Stratigraphy

The extraction of stratigraphy from the GPR images needs to be carried out
according to several steps. The extraction of the stratigraphy is conducted by using

Fig. 2 Soil layers of the constructed test bed; layer 1 is the smooth sand, layer 2 is the small
granite stone, and layer 3 is the crusher run stone
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Reflex2D software. In order to rectify and reduce errors, image filtering was
employed. This software was used to process and identify the soil layers.

Then, the basic understanding of radar image interpretation is that the radar
image would partially show the separation of the soil. Due to some blunders, the
image would shows more small layers than what exactly the soil layer has. This is
because the signal from the radar would reflect when it encounters different
mediums. The signal detects too many different changes of conductivities and
velocity. As a result, the best way to solve this problem is to design the main layers
of the soil. Figure 3 shows a radar image with the design of the main soil layers.
The soil layers stratigraphy were then extracted from the radar images.

Next, it is possible to identify and extract the soil stratigraphy based on their
reflection velocity from the radargram. From the radargram, the soil stratigraphy
which is based on soil conductivity and permittivity could be determined. Indeed,
different types of soil have different properties. Figure 4 shows the extraction of soil
layer based on soil velocity from the radargram.

Fig. 3 Design of main soil layers on the radar image

Fig. 4 Extraction of soil layer based on soil velocity
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In this study, different frequencies of the GPR were used for the data acquisition.
As we know, high-frequency signals would provide high resolution of radar ima-
ges. As mentioned, the frequency involved in this study were 100, 250, 450, 750,
and 900 MHz. The range of the frequency involved has covered both low and high
frequency. As data was collected from different frequencies, a comparison of the
data in terms of resolution of the data could be identified. The resolution is the
depth or thickness of the soil layers.

There are different image resolutions between frequencies. The soil stratigraphy
extraction was extracted from each image of different frequency, referred to the soil
velocity of the radargram. After image analyses, the depths of different layers were
slightly different based on their frequency. Therefore, the velocity readings of the
different layers would prove the changes of soil stratigraphy. Table 1 shows the
reading of soil layer depths and changes of soil velocity based on their frequency.

The signal velocity of the soil changes as the signal penetrates through different
soil layers. In fact, based on Table 1, the velocity readings show that there is not
much difference between the frequencies as the signal penetrates different soil
layers. The outcome shows that the time gap between the construction of the test
bed and the data acquisition was too long. The layers of soil were slightly mixed
with the existing soils as the test bed was widely exposed to the weather conditions
such as rain; thus, causing the thickness to vary in Table 1. The velocity reading for
the first soil layer, which is the crusher runs stone, was almost the same for all the
frequencies ranged between 0.130 and 0.135 m/ns. Despite that, from the evidence,
it is proven that the soil layers have different velocity properties. The velocity
reading for second and third layer similarly suits the test bed layers, which are small

Table 1 Soil layers velocity and depth based on their frequency

Frequency (MHz) Soil layer Velocity (m/ns) Depth (m) No. of traces

100 1 0.157 1.203 29

2 0.128 0.808

3 0.135 0.414

250 1 0.150 1.188 53

2 0.120 0.788

3 0.130 0.364

400 1 0.153 1.168 60

2 0.128 0.791

3 0.132 0.382

700 1 0.161 1.250 53

2 0.120 0.785

3 0.132 0.402

900 1 0.155 1.053 92

2 0.120 0.712

3 0.133 0.402
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granite stone and smooth dry sand, respectively. Both soil velocities are ranged
between 0.7 and 0.8 m/ns, and between 1.0 and 1.2 m/ns, respectively.

3.2 Generation of 3D View Stratigraphy

From the previous results (refer Sect. 3.1), the extraction of the soil stratigraphy
would help in the interpretation of generating 3D view of the soil layers. Production
of this 3D view would be carried out using Reflex3D software. The 3D view of
stratigraphy would give better resolution; hence, interpretation of soil layers could
be made. Consequently, 3D view would better demonstrate soil stratigraphy
compared to 2D stratigraphy view. Besides that, the 3D view gives the overall view
of soil profile. Figure 5 shows the 3D view of soil stratigraphy.

The soil layers shown in 3D view was extracted from the 2D radargram images
based on the amplitude changes. Different medium would give different reflectance
amplitudes and this is how the soil layers were separated. For this 3D view, the
amplitudes changes were illustrated using changes of colors. The amplitude is
shown through the color bars. The negative value of amplitude gives lower
amplitude reading while the positive value shows high amplitude reading.

For the extraction of the stratigraphy, different frequencies were used to study
the resolution of the images. The data from the variety of GPR frequencies were
used to generate the 3D view with various resolution acquisitions, which includes
100, 250, 450, 750, and 900 MHz. Figure 6 shows the 3D view of soil layers and
their extraction of stratigraphy slices powered by 900 MHz frequency GPR reading.

From the figure, it is concluded that higher frequency would generate a better 3D
view resolution. Hence, the 900 MHz frequency for GPR signal creates the best
resolution of soil stratigraphy as the soil layers could be clearly determined by its

Fig. 5 The 3D view of soil stratigraphy
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amplitudes color changes with the visualization being sharp and clear. In conclu-
sion, 400 MHz would give best resolution between moderate and high frequency.

3.3 Real Site Stratigraphy

Instead of the simulated test bed mentioned earlier in this chapter, this study also
utilizes an actual site data in order to create a realistic soil stratigraphy. For this
study, the actual site in question was located at Sungai Batu, Merbok, Kedah. The
National Heritage Department (NHD) with the cooperation of several agencies had
discovered a stone structure (Fig. 7) that resembles a wall which bears historical
structure. The data acquisition and data processing method applied were the same as
the test bed before in order to extract the soil stratigraphy. Figure 7 shows the view

Fig. 6 The 3D view of soil layers and their extraction of stratigraphy slice powered by 900 MHz
frequency GPR equipment

Fig. 7 The view of the actual site stratigraphy located in Sg. Batu, Merbok, Kedah
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of the real stratigraphy site while Fig. 8 shows the generated 3D view from the data
with the soil stratigraphy extracted.

Based on Fig. 8, there were various types of soil layers at this site. The 3D view
has clearly shown that the changes in the type of soil would result in obvious
changes in amplitudes color. The reading of soil velocity helped in determining the
soil types. Figure 9 shows the extraction of soil velocity from radargram image,
while Table 2 shows the reading of soil velocity properties.

Fig. 9 The extraction of soil velocity from radargram image

Table 2 Soil velocity at
Merbok, Kedah

Layer Velocity (m/ns) Materials (m)

1 0.30 Air

2 0.12 Limestone

3 0.13 Granite

4 0.06 Clays

Fig. 8 The generated 3D view with the soil stratigraphy extracted
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4 Conclusion

In this study, GPR has been used to produce a proper visualization for the internal
structure of soil stratigraphy. With proper analysis of filtered techniques for the
images, the soil stratigraphy could be interpreted and extracted. This study involved
a variety of frequencies in data acquisition. The frequencies covered range between
low and high frequencies of GPR, which are 100, 250, 400, 750, and 900 MHz.

From the previous section, this study has successfully identified and extracted
the soil stratigraphy from the filtered radar images. The soil layers had been
extracted and identified by detecting trace signals which have different reflectance
for each medium.

As the test bed was constructed with the understanding of the depth of soil
layers, the collected data was used to compare with the known information. From
that comparison, it was determined that GPR could be used for soil stratigraphy
interpretation instead of other existing equipment.

Moreover, high-frequency GPR would give the best resolution of radar images,
with low penetration signal by employing the frequency from 400 to 750 MHz.
Meanwhile, the low signal may penetrate deep but produces results in low reso-
lution of the radar images. However, both low and high frequency have their pros
and cons.

The 3D view of soil stratigraphy was generated based on the information and
details obtained from analysis of the radar images. As shown in Fig. 6, the soil
layers in 3D view mode were easier to analyse. The changes of amplitude color
could be seen in this view.

The result of observation of soil stratigraphy was shown in 3D view. The soil
stratigraphy is important in order to identify the medium of the ground. As dis-
cussed earlier, soil stratigraphy is not only important for the surveyors but also other
users in different fields such as agriculture and construction. As a conclusion, this
study is expected to help the surveyor to identify any underground utility mapping
problem.
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