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Abstract
Ground Penetrating Radar (GPR) employs an ultra-wideband (UWB) signal for detecting
objects under the ground surface. In a certain GPR application, a proper UWB signal
is needed to obtain a good detection result. Ricker wavelet is one type of UWB signal
that can be used in GPR operation. The effect of adjusting the Ricker wavelet duty
cycle on the B-scan result was investigated and the result is discussed in this paper.
Laboratory experiments were performed by modelling the GPR system using Vector
Network Analyzer (VNA). The result shows that selecting a Ricker wavelet’s duty cycle
is successful to show the target clearly.
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1 Introduction
Buried object detection is one of several engi-

neering research. It has a huge range of applica-
tions, such as ground exploration, buried mines
detection, cable repair, cable maintenance, pipe
repair, and many more. [1, 2]. More detailed func-
tions of GPR are for concrete thickness [3, 4], void
detection, and corrosion. GPR system include an
antenna, amplifier, signal processing, display, and
many more. The function of the antenna is to
transmit and receive electromagnetic waves to and
from the ground. The received electromagnetic
waves from the antenna are forwarded to the sig-
nal processing to convert the sinusoidal signal into
an image. The accumulated signals are displayed
and stored as data and images on the computer
[5].

In geo-radar, the method of generating seismic
data with a pulse shape and a good signaling pro-
cess requires a good method, one of the best is the
Ricker wavelets [6, 7]. Ricker wavelets is theoreti-
cally a solution to the Stokes differential equation
that can be applied to propagated seismic waves

[8]. Ricker wavelets needs to be approximated
to find the best detection results by improving
resolution to increase detection results [7, 9]. One
way to improve the resolution is to find the best
duty cycle.

This paper describes a Fast Fourier Transform
(FFT) of Ricker’s pulses with received signal from
a vector network analyzer (VNA). The results
are transformed into a B-scan so that the tar-
get becomes easier to recognize. There are three
forms of the pulse with the simulated duty cycle
of 0.585%, 3.42%, and 9.52%. These three results
are compared and observed to find the best result
that shows the target shape as clearly as possible.
Another benefit of this study is knowing the ap-
propriate pulse width for the best configuration
in GPR.

2 Pulse Shaping in GPR
2.1 GPR System

In Fig. 1, briefly describe the GPR system
that consists of the display, transmitter (Tx), re-
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ceiver (Rx), Tx antenna, and Rx antenna. Tx
is connected to the Tx antenna to transmit elec-
tromagnetic waves to the ground to detect un-
derground targets [5]. The electromagnetic waves
that hit the target are reflected to the Rx antenna.
The Rx antenna is connected to the Rx to pro-
cess the received signal. In GPR, there are three
reflections produced from the transmission of elec-
tromagnetic waves symbolized by S1, S2, and S3
which are a reflection provided by the receiving
antenna, a reflection of the ground surface, and a
reflection of the target [3], respectively. Accord-
ing to a generally accepted terminology, the GPR
data is divided into three, namely A-scan, B-scan,
and C-scan.

Display
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Rx
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Target

Ground
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Fig. 1. GPR System Signals Modelling.

A-scan is the trace of a single signal or spatial
point recorded in the form of two-dimensional
data by a GPR receiver. The primary value of
the A-scan is the monitoring of quality control
data which may include signal reflections of the
target [5] [10]. The A-scan scheme takes only one
point and results where three reflections occur as
three sums exist in Eq. (1). Where Sr, St, r1St,
r2St is a received signal, a transmitted signal,
a ground-surface reflection, and a reflection of
target [3], respectively.

Sr(t,X) = St + r1St(t− α1) + r2St(t− α2) (1)

B-scan is two-dimensional data, referring to
the fact that every B-scan consists of a collection
of A-scans, which includes one scanned path [10]
[5]. If a target occurs, B-scan forms a hyperbole.
B-scan is only a color image if there is no target
[11]. The B-scan scheme takes multiple A-scans
in a single path found in Eq. (2)

SB = [Sr(t,X1)Sr(t,X1)...Sr(t,Xn)] (2)

where SB contains a B-scan containing several
Sr(t,X), A-scan.

2.2 Pulse Shaping
The pulse shaping technique is to optimize

power, attenuation, and bandwidth using an ultra-
wideband (UWB) signal. Overall, the structure
of pulses can affect the shape of the target dis-
played on the B-scan. The resolution range (∆r)
depends on the GPR bandwidth that generated
and calculated as shown in Eq. (3), and band-
width depends on the pulse width that generated
as shown in Eq. (4)

∆r =
v

2B
(3)

B =
1

τp
(4)

where v is the speed of electromagnetic waves
in the ground, B is the bandwidth and τp is the
pulse width[6]. Equation (3) and (4) imply that
in order to gain large resolution it requires small
bandwidth with a large pulse width.

The Ricker wavelet is one of the UWB signals
used in pulse shaping. It is a Stokes differences
equation solution that takes into consideration
the effect of Newtonian viscosity which applies
to seismic waves spread by homogeneous media
[8]. Ricker wavelet is a time-domain waveform
illustrated in Fig 2. Generalized wavelets are
mathematically defined as Gaussian function frac-
tional derivatives [12]. The Ricker Wavelet in the
time domain defined as shown in Eq. (5)[8]

Fig. 2. Ricker Wavelet Pulse Shape.
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Fig. 3. GPR Modelling Using VNA.

where τ is the time (in seconds) and ω is the most
intense frequency (in radians per second), which
can affect the width of the pulse in one period.

2.3 GPR Modelling Using VNA
VNA is being used to analyze networks with

high precision and accuracy where ultra-wideband
transmitters and receivers with a frequency range
are appropriate for communication technology
needs. The transmitter is the VNA port-1, while
the receiver is port- 2 [3, 13]. Fig. 3 displays the
data retrieval process using VNA which allows
electromagnetic wave transmission through the
Tx anntena. After hitting the target, the Rx
antenna receives the signals which subsequently
are displayed on the VNA monitor.

Data generated by S21 will be processed by
software. After the processing in software, S21 is
transformed into H(f) and used to calculate the
received waveform as written in Eq.(6)

Sr(f) = St(f)H(f) (6)

where H(f) is a delay propagation that a received
signal, St(f) is a transmitted waveform, and Sr(f)
is the received waveform that shown in the dis-
play which is the final result of the multiplication.
St(f) can be changed for the pulse shape.

3 Experiment Setup
The experiment has seven steps to complete

data retrieval. The first step is to place the table
near to the sandbox with the VNA on the table.
The second step is to mount the antenna into the
stand with the distance between the antennas at
8 cm and the distance from the ground at 12 cm.
The third step is to connect the antenna to the

VNA using a coaxial cable. The fourth step is to
place the antenna in the sandbox. The sixth step
is to change the measurement to S21 and adjust
the data format to a complex number. The final
step is to save VNA data with the save trace data
button.

FFT receives a signal from VNA and displays
the signal as A-scan data using the software. If
the A-scan data is incorrect, the data retrieval is
performed again to obtain the desired data. When
all A-scan data has been obtained, the next step
is to process A-scan data with Ricker wavelet and
several duty cycles and then continue to process A-
scan data in a B-scan. On the B-scan, it is enough
to see the target while the A-scan is difficult to
see the target.

Fig. 4. Experiment Design.

Measurements is made using a VNA connected
to the antenna. In Fig 4, the sandbox is placed
outside the room and made from wood with (1x1x1)
m dimension. The wood is a dielectric material,
so it assumed not affect the final results of the
data. The target used is a can with a height of 13
cm and a diameter of 5 cm. The sandbox is half
full, as shown in Fig. 4. The can is placed at a
depth of 3 cm while the distance from the antenna
to the ground surface is 12 cm, so the distance
between the antenna and the can is 15 cm. The
GPR is connected to the VNA through a bistatic
Vivaldi antenna. VNA is configured to receive an
electromagnetic wave from the receiver antenna
at port 2. The data collected by the VNA is S21.
The GPR moves every 1 cm step and scans the
target to obtain B-scan data.

4 Result and Analysis
When conducting the experiment, almost all

pulse widths were tested. In this study, the duty
cycles are chosen so that the images on the B-scan
are varied from clear to invisible ones.
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Fig. 5. A-scan using Ricker wavelet with 0.585%
duty cycle

Fig. 6. A-scan using Ricker wavelet with 3.42%
duty cycle

Fig. 5 reveals that the shape of the A-scan
generated with the Ricker wavelet 0.585% duty
cycle in a single period. In Fig. 6 shows the
form of A-scan generated with Ricker Wavelet
at a time of 3.42% duty cycle in one period. In
Fig. 7 shows the form of A-scan generated with
Ricker Wavelet at a time of 6.35% duty cycle in
one period. In Fig. 8 shows that the A-scan gen-
erated with Ricker Wavelet at a time of 9.52%
duty cycle in one period. The four images show
the difference of each A-scan from the multipli-
cation result between the echo signal and Ricker
wavelet with different pulse width. The A-scan
image cannot describe whether a pulse is good,
because the shape of the target is not detected,
so it is forwarded to the B-scan to see whether
the target is detected or not.

In B-scan, the red circle is highlight to the
buried target. In Fig. 9 reveals that the shape of
the B-scan was generated with the Ricker wavelet
0.585% duty cycle in one period. It seems from
the image that the target is still blurry and not yet
visible. However, the image also shows portions of
thin or medium clutter. In Fig. 10 shows that the
form of B-scan was generated with Ricker Wavelet
at a time of 3.42% duty cycle in one period. It
can be seen from the picture that the target is
clearly visible, with a very prominent arch. It also
shows a thicker clutter in the figure. In Fig. 11
shows that the form of B-scan was generated with
Ricker Wavelet at a time of 6.35% duty cycle in

Fig. 7. A-scan using Ricker wavelet with 6.35%
duty cycle

Fig. 8. A-scan using Ricker wavelet with 9.52%
duty cycle

one period. The target picture seems fuzzy, so
it’s hard to see it. In Fig. 12 shows that the form
of B-scan was generated with Ricker Wavelet at a
time of 9.52% duty cycle in one period. It looks
from the picture that the target is so blurred or
even not visible that it’s hard to see, and it’s got
a very thick clutter.

There are similarities in the effects of the im-
ages for each separate duty cycle in the A-scan
and B-scan. If the duty cycle is higher, the A-scan
will impact the larger pulse width. Targets are
only visible on the B-scan, because there is an
indentation of the target. The effect of the duty
cycle can be seen in the thickness of the clutter,
the higher the duty cycle, the thicker the clutter.
When the duty cycle is high it will produce a wide
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Fig. 9. B-scan using Ricker wavelet with 0.585%
duty cycle
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Fig. 10. B-scan using Ricker wavelet with 3.42%
duty cycle
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Fig. 11. B-scan using Ricker wavelet with 6.35%
duty cycle

pulse width and produce a high resolution.

5 Conclusion
This paper concludes that the clarity of the

buried object images are dependent on the duty
cycles. This study found the best duty cycle is
3.42% of Ricker wavelet. For this experiment, it
can also be seen that the larger the duty cycle the
greater the received signal. If the duty cycle is
too large, the target overwritten by the received
signal so that it cannot be seen.
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Fig. 12. B-scan using Ricker wavelet with 9.52%
duty cycle
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