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A resistor-loaded half-ellipse antenna system mounted on a vehicle as a candidate for the exploration of the lunar subsurface
is investigated. The antenna system includes two identical half-ellipse antennas, one is used for transmission, and the other is
for reception. A resistive loading technique for broadening the bandwidth and improving impulse radiation is introduced. The
performance of the proposed antenna with different height above ground surface is studied, and the influence of the vehicle on
the antenna is analyzed. Then the antenna is manufactured and mounted on a vehicle as some tests are done. The simulated and
measured antenna VSWR and radiation patterns are compared together, and good agreements between them are achieved.

1. Introduction

Ground penetrating radar (GPR) has been widely used for a
large number applications, including archaeology, geophys-
ical research, mine detection, and civil engineering [1]. In
recent years, more and more researchers pay attention to
the lunar and planetary exploration [2]. GPR is a preferred
candidate for such missions in particular in the case of the
rather small landers because of the extremely severe con-
straints on mass, power, instrument deployment, operation,
and nondestructive detecting technique.

The antenna is one of the most critical components in a
GPR system. It has to couple the energy from air to ground,
which is lossy and dispersive. Two separate antennas are often
used for transmission and reception, as it is difficult to isolate
the receiver from the transmitter due to the unavailability
of fast switches. In order to distinguish the desired signal of
the target object from the random signal, it is very essential
that the antenna is capable of transmitting the signal with
suppressed late-time ringing. In general, antennas suitable
for GPR system can be divided into several types, such
as resistively loaded dipole [3, 4], bow-tie antenna [5, 6],
spiral antenna [7], and TEM horn [8, 9]. In the last couple

of decades, bow-tie antennas have been commonly used in
many applications because their bandwidth was enlarged and
late-time ringing could be suppressed by means of various
loading schemes. Reactive (capacitive or inductive) loading
has been introduced in [10, 11]; unfortunately such reactive
loading usually realized as gaps or slots in the antenna, if
not combined with any form of resistive load, could not be
suitable for impulse GPR applications since it usually exhibits
a significant level of late-time ringing which might seriously
degrade the GPR performance. Reference [12] presented a
RC-loaded bow-tie antenna and foam-based absorbers for
improving pulse radiation. Comparing with the reactive
(capacitive or inductive) loading, such method can reduce
the late-time ringing, but the ringing still displays a relatively
high level. In [13], a cavity-backed resistively loaded bow-
tie antenna has been investigated by using FDTD, including
optimal resistive loading and near-field performance, but
there is no attention to the input impedance and radiated
waveform. Furthermore, most bow-tie antennas used in GPR
systems have triangular shape arms. However, the impedance
of this kind of antenna always has a high impedance about
200Ω that is difficult in matching with the 50Ω coaxial cable
in the absence of an impedance transformer [14].
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In view of the above-mentioned problem, in this paper
a resistor-loaded half-ellipse antenna system mounted on
a vehicle as a candidate for the exploration of the lunar
subsurface is proposed. The antenna system includes two
identical half-ellipse antennas. Each antenna has a pair of
half-elliptical-shape arms, which is loaded by continuous
resistive elements. A rectangular conducting backed cavity
is attached above the antenna system to seek good radiation
directivity. In order to improve the matching between the
antenna and the feed line, two identical half-ellipse arms are
used for the antenna element and fed by a pair of coaxial
cables whose outer shields are connected to each other for
a reference ground, and the inner conductors are connected
to each arm of the antenna, respectively; then one balanced
feed network with the input impedance of 100 ohm can be
obtained. The antenna VSWR and radiation patterns are
studied.Then both the effects of antenna height above ground
surface and the vehicle to the VSWR and radiated pulse of
antenna are all studied. Finally some tests are done in the
desert. The tests have well illustrated the performance of the
antenna system.

2. Antenna Design and Structure

In order to broaden the bandwidth and improve impulse
radiation, the antenna is loaded by resistive elements. The
Wu-King profile is the most widely used resistive loading
technique [3]. Though it has been shown that in this case
antenna radiation efficiency may go down to as low as 30%
[15], the efficiency is not the most important issue in applica-
tions such as vehicle-mounted GPR for shallow target under
enough high power. In such an application, to obtain good
fidelity of radiation waveform, low radiation efficiency is also
acceptable by the resistive loadings. The loading profile here
adopted for half-ellipse antenna is derived from the work
of Wu-King. The Wu-King profile can be represented as the
resistance per unit length:
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discussed in [3]. In order to use the Wu-King profile to
calculate our planar half-ellipse structure, two equivalent
processes are used based on the equal surface area. The
planar half-ellipse is equalized to a rectangle and then the
rectangle is equalized to a slender rod. After this the Wu-
King profile can be easily implemented in our design. In
this paper, 𝜓

0
= 1.1, the input impedance of the antenna

is about 100Ω. The antenna resistive loading is technically
performed by realizing multiple equally spaced concentric
slots having fixed width 2mm. Referring to the Wu-King
profile and the actual resistance distribution table, these slots
are bridged with chip resistors 𝑅𝑖 under some adjustment
and optimization of processing, whose resistance value is,
respectively, 10Ω, 12Ω, 15Ω, 20Ω, 26Ω, and 44Ω from the
drive point. Each chip resistor 𝑅𝑖 along the slot is formed by
five parallel resistors.
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Figure 1: Geometry of the resistor-loaded HEA.

The geometry of the proposed antenna can be seen in
Figure 1. The dimensions are as follows: 𝐿 = 166mm,𝑊 =
120mm, ℎ = 22mm, and 𝑑 = 4mm, where 𝐿 is the length
of the half-ellipse arm,𝑊 is the half-ellipse arm width, ℎ is
the height of the backed cavity, and𝑑 is the space between two
half-ellipse arms. Due to mass, volume, and sensing require-
ments, a backed cavity with height of 22mmwhich could not
handicap themoving ability of the vehicle is adopted.The two
identical half-ellipse antennas are aligned horizontally next
to each other for transmission and reception. The antenna
elements inside the rectangular backed cavity are separated by
a piece ofmetal plate tominimize the coupling between them.
The antenna system which can operate from 250MHz to
750MHz with the central frequency 500MHz is constructed
on a 360mm × 300mm FR4 substrate with thickness of
1mm and relative permittivity of 4.4. The input impedance
of the antenna is shown in Figure 2, while one conventional
half-ellipse antenna (HEA) and bow-tie antenna having the
same size are also given for comparison. From Figure 2,
it is indicated that the real part of our antenna is around
100Ω and varies smoothly compared with HEA and bow-tie
antenna. By introducing the resistive loading in the antenna,
the antenna exhibits much more broadband characteristics.

The structure of the vehicle whose dimensions are 1.2m ×
0.8m × 0.87m is presented in Figure 3. The GPR antenna
system is mounted on the bottom of the vehicle, and there
is a distance of about 30 cm from the ground surface.

3. Simulations and Measurements

The antenna model has been performed by the commercial
electromagnetic simulator CST; then one prototype of the
proposed antenna is fabricated as shown in Figure 4. The
VSWR and radiation patterns are analyzed, and both the
effects of antenna height above ground surface and the vehicle
on the VSWR and radiated pulse of antenna are all studied.
Finally some tests are done in the desert.
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Figure 2: Comparison of the input impedance.
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Figure 3: The structure of the vehicle.

The simulated and measured VSWR of the vehicular
antenna system is shown in Figure 5. It can be seen that the
VSWR is less than 2 over the whole frequency range. The
simulated result is well consistent with themeasured one.The
simulated antenna efficiency is about 13% to 22% among the
whole frequency range as a great part of the energy provided
to the antenna is dissipated by the resistive loadings. In our
vehicle-mountedGPR for shallow subsurface target, to obtain
good fidelity of radiation waveform, low radiation efficiency
is also acceptable by the resistive loadings.

Figure 4: Fabricated antenna model.
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Figure 5: Simulated and measured VSWR of the antenna system.

The simulated and measured E-plane radiation patterns
at the frequencies of 250, 500, and 750MHz are shown in
Figure 6. It is observed that the antenna has smoothmain lobe
and good directivity, and the main radiation direction points
to the ground.The simulated radiation pattern of the antenna
is in good accord with the measured results. The simulated
andmeasured gain of proposed antenna is, respectively, about
−7 dBi and −7.5 dB at 500MHz.

The simulated and measured isolation between two
antennas are plotted in Figure 7. It is indicated that the iso-
lation is more than 35 dB over the 250–750MHz frequency
band.

Figure 8 shows the characteristics of VSWR and radiated
pulse waveform of the antenna with different heights above
ground surface. It can be seen that the VSWR of the antenna
attached to the ground surface is much better than that of
the antenna elevated above ground 30 cm. The amplitude of
the antenna with elevation above the ground surface 30 cm is
about a third of antenna attached to the ground, but both the
radiated waveforms can be satisfactory for the impulse GPR
application because of little distortion.

To investigate the characteristics of the antenna mounted
on the bottom of the vehicle and evaluate the impact of the
latter, the antenna and vehicle are simulated and manufac-
tured in the same computational volume. As seen in Figure 9,
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Figure 6: Normalized radiation patterns of E-plane: (a) 250MHz; (b) 500MHz; (c) 750MHz.

the VSWR of the antenna with the vehicle is consistent with
that of the antenna without the vehicle, and the influence of
the vehicle on the antenna is very little. The existence of the
vehicle only makes the late-time ringing of radiated pulse a
little larger.

In order to fully validate the performance of the vehicle-
mounted antenna system, it is applied in our GPR detection.
The antenna system is mounted on the bottom of the vehicle.
One antenna is directly excited by a balanced pulse generator
and radiates electromagnetic wave into the ground, and the
other is used for receiving the echoes from the underground
targets. As the vehicle moves forward, one continuous set

of the backscattered signals including the underground
targets will be recorded and the corresponding B-scan can
be obtained. Figure 10(a) gives out the experiment scene.
Figure 10(b) is the corresponding measured B-scan. A row of
uniform reinforced fabric can be found at the arrow and in a
relatively good arrangement with the terrain structure.

4. Conclusion

In this paper, a resistor-loaded half-ellipse antenna system
mounted on a vehicle has been introduced. The antenna
prototype is fabricated and installed on the vehicle and then
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Figure 7: The isolation between the antennas.
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Figure 8: Comparison of the antenna with different elevation above
the ground: (a) VSWR; (b) radiated waveform.
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Figure 9: Comparison of resistor-loadedHEAwith and without the
vehicle: (a) VSWR; (b) radiated waveform.

measured in an anechoic chamber. Both the effects of antenna
height above ground surface and the vehicle on the VSWR
and radiated pulse of antenna are all studied. Finally some
tests are done in the desert showing that the proposed
antenna system can be well used in a vehicle-mounted GPR
system.
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