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Abstract

A novel super Ultra-Wideband (UWB) monopole antenna for Ground Penetrating Radar (GPR) application is investigated in this paper. 

The designed antenna is constructed by a grooved elliptical patch and a corrugated semi-elliptical ground plane. The designed antenna 

is fabricated on the FR4-substrate that has a compact size of 0.195 λ0 × 0.1625 λ0 × 0.00975 λ0 at 1.95 GHz. The measurements are 

performed by using a well calibrated R&S®ZNB Vector Network Analyzer. The measured results show that the fabricated prototype 

covers a super UWB extending from 1.95 GHz to upper than 20 GHz (>164.46 %). Additionally, the voltage standing wave ratio (VSWR) 

and the gain responses of the antenna are simulated in close proximity to a dry/wet sand box to verify the penetration ability of the 

antenna. The results are acceptable which guarantee the aptitude of this antenna to operate as a GPR antenna.
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1 Introduction
Ground Penetrating Radar (GPR) is one of non-invasive 
and non-destructive technologies that employ electro-
magnetic waves for inspecting, examining and ana-
lyzing or evaluating the media, materials or all kind of 
underground surfaces in a variety of disciplines. As the 
eye of human, an antenna is an essential hardware com-
ponent that specify the detection performance of a GPR 
system. Because the profundity of detection is of high 
importance for practical applications, the broadband char-
acteristic for GPR antennas is required for detection at 
various depth levels. Nowadays, ultra-wideband (UWB) 
antennas have found various applications in GPR such 
as the inspection of sites and the localization of buried 
structures [1–4]. In this framework, some GPR antennas 
have been proposed in recent literature such those pre-
sented in [5–9]. A heavy horn GPR antenna that has a big 
size of about 410 × 300 × 800 mm3 and that operates in 
a narrow band extending from 1 GHz to 2 GHz has been 
proposed in [5]. In [6], a complex Vivaldi antenna oper-
ating in a large bandwidth extending from 0.4 GHz to 
10 GHz has been presented. However, its big size of about 
120 × 130 × 10 mm3 is another main drawback that limits 

its application for GPR detections. A voluminous tapered 
slot GPR antenna that operates in a wideband ranging 
from 0.6 GHz to 4 GHz and that has a large size of about 
180 × 220 × 1.6 mm3 has been proposed in [7]. In [8], a bow-
tie GPR antenna that operates only between 0.98 GHz and 
4.5 GHz and that has a big size of 200 × 150 × 40.8 mm2 
has been proposed. By presenting the same drawback of 
the big size, a magnetic loop GPR antenna that operates 
between 0.1 GHz to 6 GHz and that has large dimensions 
of 200 × 225 × 1.6 mm2 has been proposed in [9]. The main 
disadvantages of all these presented antennas are the 
bulky dimensions, the high weigh, and the complexity that 
limit their integration within the GPR systems. Besides, 
there is always a need for other efficient and high penetra-
tion antennas for various GPR applications. In this paper, 
a compact super UWB antenna is proposed for GPR appli-
cation. A set of grooves and corrugations are inserted in 
the radiating patch and in the ground plane, respectively, 
to enhance the impedance bandwidth and the impedance 
matching. A prototype is realized and measured by utiliz-
ing a R&S®ZNB Vector Network Analyzer. A penetration 
test is established in order to check the usefulness of the 
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antenna for GPR application. A good penetration level is 
obtained which confirms the ability of the antenna to oper-
ate as a GPR antenna.

2 Antenna design and results 
Both the front view and the back view of the designed super 
UWB antenna are shown in the Fig. 1. The designed antenna 
is calculated and analyzed by the use of the commercial soft-
ware CST Microwave StudioTM [10]. The antenna's evolution 
during the design stage is illustrated in the Fig. 2. The ini-
tial design is a conventional monopole antenna (antenna A) 
that is constructed by a reduced rectangular ground plane 
and a rectangular patch. In the second design (antenna B), 
the rectangular ground plane is replaced by a corrugated 
semi-elliptical ground plane. In addition, the rectangular 
patch is replaced by a grooved elliptical patch in the final 
design (antenna C). The designed antenna is fabricated on 
a low-cost 1.5-mm-thick FR4 substrate that has a relative 
dielectric constant of 4.4 and a loss tangent of 0.025. The 

total antenna's size is 0.195 λ0 × 0.1625 λ0 × 0.00975 λ0 at 
1.95 GHz. The dimensions of the designed antenna were 
optimized to ameliorate its performances. They are as fol-
lows: L = 30 mm, L1 = 13.5 mm, L2 = 16.3 mm, L3 = 13 mm, 
L4 = 6.5 mm, L5 = 1.7 mm, R = 2 mm, R1 = 0.7 mm, a = 2 mm, 
b = 5.1 mm, c = 5.6 mm, d = 2 mm, e = 2.2 mm, f = 1.52 mm, 
t = 0.018 mm, h = 1.5 mm, W = 25 mm, W1 = 2.8 mm, 
W2 = 18 mm, W3 = 25 mm, W4 = 8.75 mm, W5 = 3.02 mm.

Fig. 3 shows that the working impedance bandwidth 
and the impedance matching are highly improved after 
the use of the corrugated semi-elliptical ground plane 
and the grooved elliptical patch. As noted in [11], other 
advantages of introducing cuts in a planar antenna are the 
reduction of weight and minimizing the conductor losses. 
Table 1 illustrates the working bandwidths of the three 
antennas.

(a)

(b) (c)

Fig. 1 Detailed configuration of the proposed super UWB antenna, 
(a) front view, (b) back view, (c) side view

(a)                                (b)                                (c)
Fig. 2 Antenna's evolution during the design stage, (a) antenna A, 

(b) antenna B, (c) antenna C

Fig. 3 VSWR and S11 of the different antennas

Table 1 Antennas bandwidth (BW) comparison

Antennas BW (GHz) BW (%)

Antenna A 3.69–5.72, 12.61- >20 43.19, 45.32

Antenna B 3.26 - >20 > 143.94

Antenna C 3.07 - >20 > 146.83
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Fig. 4 indicates that the real part of the impedance is nar-
rowly oscillating around 50 ohms which correspond to the 
value of the input impedance of the excitation port. Fig. 5 
shows a comparison between the accepted power and the 
undelivered powers (either the power outgoing the port 
or the power absorbed by the port) by the excitation port. 
Compared to the provided power, very low wasted powers 
are revealed throughout the working bandwidth that con-
firm the good adaptation of the antenna. Whereas, the imag-
inary part is closely oscillating around zero which indi-
cates the super UWB operation for the designed antenna. 
The current distributions on the antenna's surface at the fre-
quencies 3.5 GHz, 7 GHz, and 16 GHz, are presented in 
Fig. 6. As the frequency increases, a high current concentra-
tion can be visualized on the antenna's surface. A prototype 
of the designed antenna is fabricated using a laser printer 
(LPKF S103). The photograph of the fabricated prototype 
that has a total size of 0.195 λ0 × 0.1625 λ0 × 0.00975 λ0 
at 1.95 GHz is presented in Fig. 7.

The VSWR response of the fabricated prototype was 
measured and experienced by employing a R&S®ZNB 
Vector Network Analyzer. A good agreement between 
the simulated and the measured results are gotten and the 
super UWB operation is confirmed. Fig. 8 indicates that 
the fabricated prototype operates in a super UWB extend-
ing from 1.95 GHz to upper than 20 GHz (>164.46 %) 
which is wider than the reserved UWB frequency band 
of 110 % (3.1–10.6 GHz). The simulated co-polar and 

Fig. 4 Real and imaginary parts of the impedance

Fig. 5 Powers at the input port of the antenna

(a)

(b)

(c)
Fig. 6 Current distribution on the antenna's surface at different 

frequencies (a) 3.5 GHz, (b) 7 GHz, (c) 16 GHz
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cross-polar radiation patterns of the antenna, in both the 
xz-plane (H-plane) and the xz-plane (E-plane) at 3.5 GHz, 
7 GHz, and 16 GHz are presented and compared in Figs. 9 
and 10, respectively. As it is shown, the designed antenna 
has excellent omnidirectional radiation patterns in the 
xz-plane and almost bidirectional in the xz-plane, similar 
appearances are noted in [12, 13]. Because of the extra-
modes at upper frequencies, it is observed that the mag-
nitude of the cross-polar in the two planes augments with 
augmenting the frequency, also this augmentation can 
be attributed to the excitation of higher-order mode [14]. 
Moreover, the magnitude of the co-polar component 
undergoes a feeble distortion in shape at higher frequen-
cies owing to the reflections along the corrugations used 
in the ground plane and along the borders of the radiating 
patch; this is confirmed by the high surface current distri-
bution at theses edges (see Fig. 6).

Various UWB GPR antennas have been previously 
published. Unfortunately, most of these antennas are com-
plex or/and have huge size. In Table 2 [15–18], a compara-
tive analysis is established between the fabricated antenna 
and some other recent published GPR planar antennas 
to show its effectiveness for GPR application. It shows 
that the features and the performances of the fabricated 
antenna are similar or improved to those of some recent 
published antennas. Therefore, it could be concluded that 
our antenna can be a good candidate for GPR application.

3 Ground penetration test
In Section 3, a ground penetrating test is established 
in order to test the penetration ability for the designed 
antenna. As shown in Fig. 11, the antenna is positioned 
in a close proximity to a sand test box for combining 
the electromagnetic waves into the tested sub-surfaces. 

(b)(a)
Fig. 7 Fabricated prototype, (a) front view, (b) back view

Fig. 8 Measured and simulated VSWR of the proposed antenna 

(a)

(b)
Fig. 9 Normalized co-polarization radiation patterns at different 

frequencies, (a) xz-plane, (b) yz-plane
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A distance of about 3 mm between the antenna and the 
sand test box is kept during the simulation process. The 
sub-surfaces considered for the penetration test are: the 
dry sand (that has a relative dielectric constant of 3) and 
the wet sand (that has a relative dielectric constant of 12). 
In the first time, the established test box is filled only by 
a single layer of dry sand of thickness 13 cm and then a 
layer of wet sand is added below the dry sand layer; the 
total size of the considered test bed is 15 × 15 × 14 cm3. 
The thickness of the considered test box of 14 cm is thicker 

than the one considered in [19]. As depicted in Fig. 12, 
good values of VSWR are achieved in the presence of the 
considered test box indicating a good capability of pene-
tration for the designed antenna. Fig. 13 indicates that the 
simulated antenna has a reasonable gain which is fluctu-
ating between 2.04 dBi and 4.84 dBi throughout all the 
working bandwidth. The obtained values are better than 

(a)

(b)
Fig. 10 Normalized cross-polarization radiation patterns at different 

frequencies, (a) xz-plane,(b) yz-plane

Table 2 Designed antenna's comparative analysis with some other 
already mentioned planar antennas for GPR application

Ref. Substrate Sizes (mm3) BW (GHz) BW (%)

[15] FR4 270 × 235 × 1.5 0.18–6.2 188.71

[16] FR4 650 × 220 × 1.6 0.099–0.107 7.77

[17] FR4 360 × 300 × 1 0.25–0.75 1

[18] FR4 230 × 270 × 1.6 0.297–3.25 166.51

This work FR4 30 × 25×1.5 1.95–>20 >164.64

Fig. 11 Diagram of the GPR antenna over the considered test box

Fig. 12 VSWR in close proximity to the considered test box

Fig. 13 Gain achieved by the designed antenna
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the ones gained in [20]. Furthermore, in the presence of 
the sand test box the gain of the designed antenna has high 
values especially in the low frequencies below 12 GHz.

4 Conclusion
A new compact printed super UWB monopole antenna for 
GPR application is designed and fabricated. The operating 
bandwidth and the impedance matching are improved after 
introducing the grooved elliptical patch and the semi-ellip-
tical ground plane. The measured bandwidth extends from 
1.95 GHz to upper than 20 GHz (>164.46 %), covering 
tremendously the unlicensed UWB frequency band. The 
penetration capability of the designed antenna is checked 
throughout a dry/wet sand box to verify its capability to 

operate as a GPR antenna. Satisfactory results are obtained 
which consolidate its candidature for GPR application, 
such as: the inspection and the examination of the sub-sur-
faces and materials for the detection and the identification 
of the buried objects. Finally, the reduced size and the cir-
cular polarization are ones of the characteristics that to be 
taking in consideration in the future designs to meet the 
requirements of the future GPR systems.
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