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The location of underground objects can be determined by using Ground Penetrating Radar (GPR) sys-
tem. The GPR operates in both MHz and GHz frequency band ranges and it uses ultra-wideband (UWB)
radar systems. These systems are used to obtain high-resolution values for the accurate detection of ob-
jects. Typically, UWB radar systems for GPR technology are implemented using different types of anten-
nas such as TEM horn antennas, cone slot antennas, helical antennas, bow-tie antennas, and Vivaldi an-
tennas. The antenna characteristics required by ground penetrating radar systems must have a large
bandwidth to check image resolution. This article describes the design method and theoretical conception
of a bow-tie antenna that is developed for GPR applications. The dimensional parameters of the antenna
are varied and their effects are judged in order to analyze its influence on return loss and operating band-
width. The prescribed antenna is designed on a low-cost FR-4 substrate of 520 mm x 240 mm dimensions.
Bow-tie antennas have been extensively studied and used to transmit and receive electromagnetic waves.
The advantages of using this form are high radiation efficiency, thin profile, ease of manufacture and low
manufacturing cost. Bow-tie antennas have been researched and developed as special-purpose electromag-
netic wave receivers or transmitters. We have studied the dimensions of the antenna in the frequency

range from 0.1 GHz to 3 GHz, using the electromagnetic simulation tool in the frequency domain CST.
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1. INTRODUCTION

GPR is a high-resolution method for imaging the
surface and subsurface. It is based on EM wave propa-
gation within the frequency range of 10 MHz — 10 GHz.
The GPR consists of two antennas, one emits electro-
magnetic waves which functions as transmitting an-
tenna and the other as receiving one or both of them at
the same time [1-2]. Transmitting antennas generate
electromagnetic waves and scatter the waves onto ob-
jects buried in the ground or behind walls. The wave
speed corresponds to the dielectric constant of the me-
dium. When a wave hits an object, part of the wave is
reflected by the object and the receiving antenna cap-
tures that part of the wave. The working schematic of
the GPR system is shown in Fig. 1 [2].
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Fig. 1 - General working principle of GPR.
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Different types of antennas such as horn antennas,
loop antennas, and microstrip antennas, but a lot of
research has been done on printed bowtie antennas to
improve their broadband characteristics, that’s why we
are chose in our work to improve the bowtie antenna
characteristics [3]. Bow-tie antennas are the preferred
antenna type for most researchers when performing
GPR measurements [4]. This can be explained in par-
ticular by its linear polarization characteristics, its low
directivity, its relatively limited bandwidth and its ease
of manufacture [3-5]. That's why we are chosen in our
work to improve the bowtie antenna characteristics.
This work develops a bow-tie antenna for GPR applica-
tions. This antenna consisting of a single piece of metal
with two horns and a feeder wire attached to it. It is
used in many applications such as Ground Penetrating
Radar and is widely used. An extensive research stud-
ies have been carried out demonstrating different an-
tenna design techniques for GPR applications [6-8].

This article presents the design of a bow-tie anten-
na for intended GPR applications. The influence of the
geometrical parameters of the antenna is studied, three
parameters of a T-BA will optimize, length, width and
the distance between two antenna triangles, to know
their influence on the resonant frequency and the
working bandwidth is analyzed. The antenna studies
are built on an inexpensive FR-4 substrate measuring
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520 mm x 240 mm. We checked the antenna dimen-
sions in the frequency range from 0.1 GHz to 3 GHz
using the CST frequency domain electromagnetic simu-
lation tool.

Antenna efficiency is also an important part of the sys-
tem. Better antenna efficiency depends on continuous
optimization. The physical characteristics of the antenna.

2. GEOMETRY OF ANTENNA

The prescribed design has been implemented on a
1.6 mm thick FR-4 substrate. The substrate’s dimen-
sions are designated as length, L = 520 mm, and width,
W =240 mm. The antenna is fed with a 300-ohm SMA
connector. The optimized dimensions are indicated in
Fig. 2 as L7=188.8 mm, Ln =136 mm, Wr=192 mm,
Wn=10.4 mm, S=46.4 mm, G =3 mm. The simulation
results are showing in Fig. 3.

Fig. 2 - Bowtie antenna geometry
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Fig. 3 — Su1 vs. frequency characteristics

3. RESULTS AND DISCUSSION

The proposed bow-tie antenna has been studied,
simulated and optimized by CST Microwave Studio,
taking all major design parameters into consideration.
This section discusses and explains the effects of length
variations, width variations and also analyze the di-
mensional changes in the distance between two anten-
na triangles on the resonance behavior (S11 parameter,
Bandwidth, resonant frequency etc) [5].

3.1 Length Variations

In this phase of geometrical investigations, we are
interested in improving the reflection coefficient of the
proposed antenna. In order to achieve this goal, we
have optimized the length of the antenna, starting with
the variation with a value of Lr=160 mm. The values
of length parameter are varied with a decreasing step
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of 10 mm and taken up to a value of L7= 120 mm. The
results are presented in Fig. 4.
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Fig. 4 - Si1 graphs of simulated antenna (variations of length).

Initially, the analysis has been started with
L7=120 mm, the Si1 value for this case is noticed as
— 26 dB at the frequency 1.426 GHz. The bandwidth is
obtained from the frequency range 0.708 GHz to
2.035 GHz. For a value of L7= 130 mm, we can see that
the S11 value for this antenna is — 32 dB at 1.398 GHz
along with a frequency range coverage from 0.652 GHz
to 2.0 GHz resulting in a bandwidth of 1.347 GHz.
Then for the value of L7= 140 mm, the antenna func-
tions at 1.368 GHz with a reflection coefficient of
—42 dB. The entire bandwidth is attained from
0.608 GHz to 1.935 GHz. The prescribed design with
Lr =150 mm provides 1.351 GHz bandwidth from the
frequency range 0.572 GHz to 1.923 GHz. The antenna
shows a S11 (dB) of — 47 dB at 1.340 GHz in this design
case. Finally, with Lr=160 mm, the reflection coeffi-
cient value obtained for this antenna is — 60 dB at the
frequency of 1.654 GHz. The total bandwidth achieved
is 1.324 GHz from 0.534 GHz to 1.858 GHz.

Then the value proposed for the length is
Ly=160 mm.

3.2 Width Variation

In this section the variations of width, WT of the
antenna are performed to justify its effect on the an-
tenna’s characteristics (mainly operating bandwidth)
and to select its optimal value based on analysis. The
width values are varied in accordance of 20 mm step
size from 110 mm to 190 mm. Fig. 5 shows the result of
the simulation.
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Fig. 5 — Su1 graphs of simulated antenna (variation of width).
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DESIGN AND OPTIMIZATION OF A BOWTIE ANTENNA...

For a dimension of Wr= 110 mm, the reflection coef-
ficient value achieved by this antenna at 1.196 GHz
frequency is —55dB. The bandwidth is found as
1.3518 GHz from the frequency range of 0.609 GHz to
2.127 GHz. Next, the width is tuned to Wr= 130 mm.
The observations are Si1 of — 37 dB at 1.209 GHz, IBW
of 1.589 GHz and frequency band coverage from
0.519 GHz to 2.108 GHz. Again, when WT is varied and
fixed to 150 mm, this antenna has a return loss of
63 dB at 1.602 GHz. It operates with a bandwidth of
1.591 GHz from 0.499 GHz to 2.09 GHz. Further, for
Wr=170 mm, our analysis shows that this antenna's
return loss is 36 dB at 1.225 GHz. The bandwidth at-
tained for Wr=170 mm is 1.63 GHz (0.467 GHz to
2.097 GHz). Finally, when WT equals 190 mm, the
antenna resonates at 1.224 GHz with a Si1 of — 37 dB.
For this case, the antenna obtains maximum band-
width of 1.639 GHz and covers a frequency spectrum
from 0.455 GHz to 2.094 GHz. Then the value proposed
for the width is Wr= 150 mm.

Two Antenna

3.3 Distance Between the

Triangles

In this section, we have discussed the optimization
of the distance (S) between the two antenna triangles
through parametric variations. The distance or gap
parameter is varied with a uniform step size of 10 mm
from S =16.4 mm to S =56.4 mm. The results obtained
after analysis are presented in Fig. 6.
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Fig. 6 — S11 graphs of simulated antenna (variations of dis-
tance between the two antenna triangles).

In the first step of the execution of analysis, the dis-
tance between patch triangles (S) is set to 16.4 mm and
with this, the antenna resonates at 0.741 GHz with a
return loss 52.7 dB. Then the obtained bandwidth is
0.517 GHz from the frequency range 0.635 GHz to
1.152 GHz. For a value of S=26.4 mm, we can see that
the return loss value for this antenna is 37.7 dB at
1.074 GHz and it covers the frequency range 0.583 GHz
to 3 GHz, resulting in a bandwidth of 2.417 GHz. The
antenna results in a bandwidth of 2.573 GHz covering
a wide frequency spectrum of 0.427 to 3 GHz and reso-
nates at 1.150 GHz with a return loss of 30.4 dB for
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S=36.4 mm. After that, for S=46.4 mm, the band-
width is reported as 1.625 GHz (0.455 —2.080 GHz)
and a maximum return loss of 33.4 dB is attained at
1.222 GHz. Then, for S =56.4 mm, the return loss val-
ue obtained for this antenna is 34.6 dB at the frequen-
cy 1.265 GHz and the bandwidth obtained is 1.324 GHz
from the frequency range 0.477 GHz — 1.742 GHz. Then
the value proposed for the distance (S) between the two
antenna triangles is S = 16.4 mm.

3.4 Gain & Radiation Efficiency

It can be observed that the proposed antenna has a
peak gain of 5.54 dB at 1.55 GHz and the minimum radia-
tion efficiency is more than 94 % for full working band.

T T T T T 8

1.00
] Es——— e, |

5‘ 0.99 4 44
< 1 "
g 0.98 —&— Gain -2
E —O== Radiation Efficiency )
w | A0 D
g 0974 El
2 ] 123
5 0.96 4 z
& 1 44

0.95 4

0.94 4 4-8

T

T T T T
0.5 1.0 1.5 2.0 25 3.0
Frequency, (GHz)

Fig. 7 - Gain and Efficiency vs frequency of proposed bow-
tie antenna

4. CONCLUSION

An antenna is the most crucial component of a
ground penetrating radar (GPR) system. Better out-
comes for GPR applications will be produced by system
advancements in antenna designing methods. In this
presented article, a bow-tie antenna design is pre-
scribed for the GPR system. The structure is construct-
ed using FR4 substrate material. The width, the dis-
tance between the two antenna triangles and the
length of the antenna are all optimized to determine
which of these three parameters has the greater impact
on the antenna. Based on the simulation results, it is
noted that the antenna length and width have an in-
fluential effect in characteristics parameters by con-
tributing to the notable variations in the levels of re-
flection coefficients in between — 26 dB and — 60 dB for
the optimization of length, and between — 36.7 dB to
—66.5 dB for optimization of widths. The results ob-
tained with the variation of distance between antenna
triangulars show that this parameter has an effect on
the bandwidth of antenna and also on reflection coeffi-
cient. So, the distance between the two antenna trian-
gles has a major effect on the antenna than the varia-
tions in width and length.
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Po3pobkra Ta onTumisalisi aHTEeHU-MeTeJINKA /I Te0PaTaPHOl CHCTEMU
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Systems Laboratory, Morocco
4 Electronics and Communication Engineering, IMPS College of Engineering & Technology, Malda, West Bengal, India

MiciiesHaxoIKeHHs IiA3eMHUX 00’ €KTIB MOKHA BU3HAYMTH 34 JIOIIOMOTOI CHCTeMH reopajapa. ['eopa-
nap npairoe B giana3oni yactoT MI'n i I'T' 1 BuropucroBye yaprparmporocmyrosi (UWB) panapsi cucremu.
I1i cucreMy BUKOPHUCTOBYIOTHCS JJisi OTPUMAHHS 3HAYEHb BHCOKOI PO3ILJIBHOI 3JaTHOCTI JIJIsA TOYHOI'O BUSB-
snenHs 00’exriB. Ak npasuio, pamionorariiiai cucremu UWB 1t TexHos0rIi reopagapy peastiayoTbes 3 BU-
KOPHCTAHHSAM DI3HHX THINB aHTEeH, TAKUX sk pymnopHi anteHu TEM, koHycHI IIiJIHMHHI aHTEeHH, CIipaIbHL
aHTeHW, aHTEeHU-MeTeJHK 1 aHTeHn Birampml. XapakTepUCTUKN aHTEHU JJIS Te0paJapHUX CHCTEM IIOBHHHI
MATH BEJINKY CMYTY IIPOIMyCKAHHS [IJIA IIePeBIPKU PO3OLIBLHOI 3MATHOCTI 300paskeHHs. Y Il CTATTi ONMMCAHO
MeTO]T IIPOEKTYBAHHS Ta TEOPETUYHY KOHIIEIIII0 AHTeHU-MeTeJInKa, po3pobiieHoi s reopagapa. Poamipai
mapaMeTpy aHTeHHW 3MIHIOITBCSH, 1 iX BIUIAB OL[IHIOETHCA, 1100 IPOAHAII3yBaTH 11 BIIUB HA 3BOPOTHI BTPATH
Ta pobody CMyTy IpPOIyCKaHHA. JasdHadeHa aHTeHAa po3pobieHa Ha Hemoporii migkaamii FR-4 posmipamu
520 MM x 240 MM. AHTeHH-MeTe UK OyJIM IIMPOKO BUBYEHI Ta BUKOPUCTAHI JIJIA Iepesadvi Ta IMPUAoMY eJIeK-
TPOMATHITHMX XBHJIb. IlepeBaraMu BUKOPHCTAHHS ITiel (DOPMHU € BHCOKA e(EKTHUBHICTH BUIIPOMIHIOBAHHSI,
TOHKHM IIpo(isib, IPOCTa KOHCTPYKINA TA HU3bKA BAPTICTh BUTOTOBJICHHS. AHTEHH-METEJNK OyJIM JOCJIi-
JKeHI Ta po3polJieHl AK IpHUiiMAadvl 1 mmepemaBadl eJIEKTPOMATHITHUX XBHJIb CIEIIAJIbHOTO IIPU3HAYECHHS.
Hamu pospoGiena i gocmimkeHa aHTeHa i mgiamasoHa dactor Big 0,1 mo 3 T, BuKoprcToByoUn iHCTPY-
MEHT eJIEKTPOMATHITHOTO MOJEIIBAHHA B YyacToTHil obmacti CST.

Kmouoei ciosa: 'eopamap (GPR), Aurena-merenuk, BF, CST.
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