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ABSTRACT: In this study, a coplanar waveguide (CPW)-fed half-moon monopole ultra-wideband (UWB) antenna is proposed, simulated,
fabricated, and experimentally validated for ground-penetrating radar (GPR) applications. The antenna is specially designed to provide
high forward gain and stable wideband performance via integrating a full-copper metallic reflector. The proposed antenna exhibits
good impedance matching and satisfactory reflection coefficient characteristics across the UWB frequency range of 3.1–10.6GHz. By
incorporating the metallic reflector, a significant radiation enhancement is achieved. The antenna attains a peak gain of 8.7 dBi at 6GHz
and maintains a gain above 6.5 dBi throughout the operating bandwidth. This gain improvement and suppression of back radiation are
particularly important for GPR systems, where deep subsurface penetration and high-resolution imaging are essential. The integration
of a metallic reflector provides a simple yet highly effective approach for gain enhancement without complex structures or advanced
materials, as confirmed by both simulated and experimental results. These findings demonstrate the suitability of the proposed antenna
for practical high-gain UWB GPR and broadband sensing applications.

1. INTRODUCTION

Ultra-wideband (UWB) antenna technology has become one
of the most active research areas in wireless communica-

tions due to its wide bandwidth, compact size, and suitability
for applications such as ground-penetrating radar (GPR), med-
ical imaging, and high-data-rate communication systems. In
GPR applications, antennas are required to maintain a wide
impedance bandwidth while providing high gain and stable
radiation characteristics to ensure sufficient penetration depth
and high-resolution imaging. Consequently, extensive research
has been conducted on printed monopole and microstrip patch
antennas for UWB applications, as these antennas offer com-
pact, low-profile solutions that are particularly well suited for
portable and field-deployable systems [1–6].
Metallic reflectors have attracted significant attention in the

antenna community due to their simple structure, low fabrica-
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tion cost, ease of implementation, and ability to provide consis-
tent gain enhancement across a wide frequency range. Unlike
frequency-selective surfaces (FSSs) andmetasurface reflectors,
which often require complex unit-cell designs and precise fabri-
cation processes, conventional metallic reflectors offer a prac-
tical and cost-effective solution for improving antenna direc-
tivity and radiation performance [7]. Therefore, metallic re-
flectors remain an attractive choice for wireless communica-
tion, radar, and sensing applications, where broadband opera-
tion, mechanical robustness, and low-cost implementation are
desired. Recent studies have demonstrated that metallic reflec-
tors can achieve competitive gain enhancement while maintain-
ing design simplicity and fabrication accessibility [8, 9].
In recent years, various approaches have been explored to

improve the gain and bandwidth performance of UWB anten-
nas. These approaches include microstrip arrays, modified
monopole geometries, parasitic elements, and aperture-based
structures. For example, Jayamani et al. introduced UWB mi-
crostrip patch antennas specifically designed for biomedical
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monitoring applications [10]. Similarly, Kalita et al. optimized
UWB patch antennas for GPR applications, demonstrating
enhanced penetration capabilities across the UWB frequency
range [11]. In addition, metasurface-inspired and reflector-
backed antenna designs have been widely investigated because
of their ability to significantly improve antenna gain and radi-
ation directivity [12–15]. However, many of these approaches
increase fabrication complexity, alignment requirements, and
implementation costs.
In GPR systems, gain enhancement remains an important de-

sign challenge. Conventional UWB monopole antennas typ-
ically exhibit omnidirectional radiation patterns, resulting in
relatively low forward gain and reduced subsurface imaging
performance. To address this limitation, several studies have
investigated reflector-backed UWB antennas to improve gain,
directivity, and penetration efficiency [16–18]. Representative
examples for GPR applications can be found in [19–23], while
similar concepts have also been successfully applied to medi-
cal imaging systems [24–28], where compact and high-gain an-
tenna configurations are highly desirable. Nevertheless, there
remains need for simple, low-cost, and easily fabricated solu-
tions capable of enhancing gainwhile preserving inherent wide-
band characteristics of CPW-fed monopole antennas.
Although several UWBantennas have been reported for GPR

applications, many existing designs rely on complex antenna
geometries, large physical dimensions, antenna arrays, or ad-
ditional structures such as frequency-selective surfaces (FSSs),
electromagnetic bandgap (EBG) structures, and metasurfaces
to achieve high gain and directional radiation characteristics.
These approaches often increase fabrication complexity, cost,
and overall antenna size, limiting their suitability for compact
and low-cost GPR systems. To address these limitations, the
proposed antenna employs a simple half-moon monopole ge-
ometry integrated with a metallic reflector to enhance gain
and directivity while maintaining a compact structure and wide
impedance bandwidth. The design offers an attractive balance
between performance, simplicity, and fabrication cost, making
it a promising candidate for portable and real-world GPR ap-
plications. Simulation and experimental analyses verify good
impedance matching in the UWB frequency range, with a peak
gain of up to 8.7 dBi. By incorporating a full-copper reflec-
tor, the proposed antenna not only improves radiation directiv-
ity but also enhances subsurface signal penetration, making it
highly suitable for practical GPR applications. These results
highlight the potential of the proposed design as a compact,
high-gain, cost-effective solution for next-generation GPR and
broadband sensing systems.

2. DESIGN OF UWB CPW-FED HALFMOON
MONOPOLE PATCH ANTENNA
The designed antenna is fabricated on an FR-4 substrate with
a relative permittivity of 4.3, a substrate thickness of 1.6mm,
and the antenna’s dimensions are as large as 70 × 70mm2, in-
cluding the feeding structure [5]. This design uses a copla-
nar waveguide (CPW) feeding technique which offers broad
impedance bandwidth, very good single-layer metallization
quality, and easy integration with active circuitry. The design

targets conventional UWB monopole antenna characteristics,
such as moderate gain and compromised performance at lower
frequencies of the UWB spectrum, which restrict its applica-
tions in ground-penetrating radar (GPR), biomedical sensing,
and high-data-rate wireless link. A half-moon-shaped radia-
tor with geometrical modifications is presented, and its perfor-
mance improvement is highlighted by adding a full copper re-
flector. Fig. 1 illustrates the radiating element of the proposed
antenna, which consists of an elliptical half-moon patch, a cir-
cular stub, and a triangular stub. The elliptical section, defined
by the horizontal radius (R) and vertical radius (R1), primarily
determines the antenna’s fundamental resonant modes. A cir-
cular stub with radius (R2) is attached laterally to increase the
effective surface current path, thereby enhancing impedance
bandwidth. In addition, a triangular stub with height (T l) is
embedded at the top of the radiating patch to provide capaci-
tive loading and improve impedance matching, particularly at
higher frequencies. The combination of the elliptical half-moon
patch, circular stub, and triangular stub creates a hybrid radi-
ating structure capable of generating multiple resonant modes,
thereby supporting ultra-wideband operation. The proposed an-
tenna, both with and without the metallic reflector, is presented
in Fig. 1.
A CPW feedline with specified width (Wf ) and length (Lf ),

which is matched to a characteristic impedance of 50Ω, excites
the antenna. There is a gap of (Gw) between the feedline and
ground planes. They are also additionally symmetrically trun-
cated from below, along with ground planes of dimensionsW1,
W2,Lg,Lg1, andLg2, which adjust impedance bandwidth and
make radiation patterns stable. These types of truncated CPW
grounds are particularly well suited to suppress spurious reflec-
tions and improve radiation efficiency.
Optimized parameters used in Computer Simulation Tech-

nology (CST) Microwave Studio after iterative tuning are sum-
marized in Table 1. The elliptic radiating patch with R =
19mm andR1 = 14mm, circular stub withR2 = 10mm. This
notch triangle pressure is 12.5mm in depth. The feedline’s di-
mensions are Lf = 35mm andWf = 3.39mm, with a gap of
Gw = 0.4mm on its either side. Copper metallization thick-
ness is 0.035mm. The extended configuration introduces a full
copper reflector for gain and directivity improvement at lower
frequencies, where monopole antennas are known to lack per-
formance. The reflector is located at an optimum gap from the
substrate, and it intensifies the forward radiation by construc-
tive interference but suppresses back-lobe radiation. It offers a
low-cost, fabricable alternative in an uncomplicated way.

3. STEPWISE DESIGN EVALUATION OF ANTENNA

Figure 2 illustrates the systematic methodology, optimiza-
tion, and validation of the proposed CPW-fed half-moon
monopole ultra-wideband (UWB) antenna. The design process
began with developing a conventional CPW-fed half-moon
monopole antenna operating over the 3.1–10.6GHz UWB
frequency range. The antenna geometry was then optimized to
achieve lower-frequency operation while maintaining a wide
impedance bandwidth. Once the desired performance criteria
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(a) (b)

FIGURE 1. UWB antenna configuration. (a) Geometrical parameters of the proposed stub-loaded half-moon patch antenna and (b) antenna with
metallic back reflector.

TABLE 1. Parameters of the proposed ultra-wideband CPW-fed half-
moon monopole patch antenna.

Parameters Values (mm)
Substrate Width (Ws) 70
Substrate Length (Ls) 70
Substrate Thickness (h) 1.6
Copper Thickness (t) 0.035
Feedline Length (Lf ) 35
Feedline Width (Lw) 3.39

CPW gap between of Feedline (Gw) 0.4
CPW Length of main (Lg) 34.6

CPW Length of secondary (Lg1) 27
CPW width lower (W1) 32.905
CPW width Upper (W2) 16.405

CPW Narrow Length (Lg2) 18.166
Elliptical Cylinder Horizontal, (R) 19
Elliptical Cylinder Vertical, (R1) 14

Triangle Length, (T l) 12.50
Spherical (R2) 10

were achieved, a full-copper metallic reflector was integrated
behind the antenna to enhance its radiation characteristics.
Subsequently, the reflector’s influence on antenna perfor-

mance was thoroughly investigated, particularly in reflection
coefficient, impedance bandwidth, gain, and radiation behav-
ior. Several reflector configurations and spacing parameters
were evaluated through an iterative optimization process un-

til the desired performance objectives were satisfied. Finally,
a comparative analysis between antennas with and without
a metallic reflector was conducted to quantify improvements
achieved in gain enhancement and radiation directivity. This
systematic workflow ensured the development of a compact,
high-gain, and wideband antenna suitable for GPR and other
broadband sensing applications.

3.1. Design and Simulation of the Antenna to Attain UWB Fre-
quency Response
In the first stage, a CPW-fed half-moon monopole patch an-
tenna was designed using CST Microwave Studio instead of
High Frequency Structure Simulator (HFSS), as compared and
discussed in [29]. The design process involved careful ad-
justment of substrate dimensions, a ground plane configura-
tion, and a feed line geometry to ensure broadband impedance
matching and radiation stability. The antenna was simulated in
the 1–11GHz frequency range, and baseline performance pa-
rameters, including the reflection coefficient, are extracted for
evaluation. The antenna development process followed a step-
wise progression, as illustrated in Fig. 3. The reflection coeffi-
cient plot for the design process is shown in Fig. 3(e).
The initial elliptical patch antenna (Fig. 3(a)) provided a

baseline monopole structure with multiple resonance bands
within the required UWB bandwidth. |S11| plot depicts the
resonance at 3.5GHz (2.5–4.7GHz), 6.9GHz and 9GHz (8.5–
10.1GHz). To improve impedance matching over the required
bandwidth, a circular slot was etched on top of the elliptical ra-
diator (Fig. 3(b)), which introduced additional resonant modes
and covered the entire UWB spectrum except at 4.7GHz.
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FIGURE 2. Flowchart illustrating the design, optimization, and performance evaluation procedure of the proposed CPW-fed half-moon UWB antenna
with a full-copper metallic reflector.

In the third stage, the elliptical radiator was modified by in-
tegrating a triangular stub in the circular slot as in Fig. 3(c).
Introducing this triangle improved capacitive coupling, leading
to deeper resonances and better impedance matching across the
UWB (2GHz to 10.3GHz). However, the bandwidth was fur-
ther extended to the higher cutoff frequency, and gain enhance-
ment was still inadequate for demanding UWB applications
such as GPR and biomedical sensing. A circular stub is added
on the radiator’s lateral side. In the final design (Fig. 3(d)),
the proposed CPW-fed half-moon monopole antenna integrates
three complementary features: an elliptical section for funda-
mental resonance, a triangular stub for higher-frequency stabi-
lization, and a circular stub to broaden impedance bandwidth.
The hybrid geometry, combined with a CPW feed and trun-
cated ground planes, achieves wideband operation with con-
sistent |S11| below −10 dB over a 1.9GHz–10.7GHz range.
Thus, the proposed UWB CPW-fed half-moon monopole patch
antenna (Fig. 3(d)) was chosen as the final design, as it suc-
cessfully addresses the limitations of the earlier configurations
while maintaining a compact, fabrication-friendly structure.
The comparative performance of the reflection coefficient

shows that the basic elliptical patch antenna has a partial UWB
coverage with several resonant dips. When the elliptical patch
is etched with a circular slot on top, additional resonances are
generated, which enhance impedance matching across mid-

band frequencies, although the response at higher frequencies
remains inconsistent. Adding a triangular stub offers stronger
resonant characteristics, with |S11| values exceeding −25 dB
near 8.5GHz and extended operation up to 10.7GHz. By con-
trast, after adding a circular stub, the antenna achieves the
widest impedance bandwidth, spanning approximately 1.00–
11.0GHz, with multiple resonances but unstable |S11| values
lying near −10 dB throughout the band.

3.2. Integration of the Full Copper Reflector

The second stage introduced a full-copper reflector with
0.035mm thickness behind the radiating patch at a distance
of 35mm (as in Fig. 1(c)). For gain optimization, the dis-
tance and separation between the antenna and reflector were
varied systematically, where all models we simulated were
under the same electromagnetic conditions to make a fair
comparison. These analyses allow quantifying effects of the
reflector on constructive interference, back-lobe suppression,
and beam directionality. To enhance radiation performance,
a passive full-copper reflector was used (140 × 140mm2),
which redirects backward-propagating energy into the forward
direction. Taking advantage of this allows gain and directivity
to be improved while keeping the design simple, low-cost,
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(e)

FIGURE 3. Evolution of antenna geometries and corresponding Reflection Coefficient plot: (a) Elliptical patch with truncated ground, (b) half-moon
patch antenna, (c) triangular stub loaded patch antenna, (d) circular stub-loaded antenna (proposed structure), and (e) reflection coefficient plot.

and requiring neither active components nor complicated
multilayered structures.

3.3. Validation and Comparative Analysis of Antenna with and
without Reflector

In the final stage, simulation results from the standalone and
reflector-assisted antennas were compared. Performance im-
provements were validated when the reflector-integrated de-
sign demonstrated enhanced gain and directivity while main-
taining acceptable impedance bandwidth and reflection coef-
ficient. Fig. 4 depicts the effect of the reflector plate on the
reflection coefficient and antenna gain. After adding the reflec-
tor plate, the antenna resonance shifts towards the lower cutoff
frequency at 2GHz, and the bandwidth ranges from 2.2GHz
to 10.6GHz, which is satisfactory for UWB operations. Gain
has significant improvement and remains above 6.5 dBi over
the entire bandwidth with the reflector. At 3GHz gain raised
from 5.5 dBi to 6.6 dBi and at 8GHz gain raised from 6.4 dBi
to 7.7 dBi. The simulated results were then justified with mea-
sured results, which are aligned with the study’s objectives.
Figure 4(b) illustrates the radiation efficiency of the proposed

antenna with and without the metallic reflector. The antenna
exhibits high efficiency across the entire operating band, ex-

ceeding 84% in both cases. Including the metallic reflector
provides a moderate improvement of approximately 3–4%, re-
sulting in a peak efficiency of about 96% near 7GHz. This en-
hancement is attributed to improved forward radiation and re-
duced power loss due to back radiation suppression. The results
confirm that the reflector improves the radiation performance
while maintaining stable efficiency over the UWB operating
band. Fig. 4(c) shows the effect of the reflector spacing on the
antenna reflection coefficient. At the lowest gap of 5mm, the
antenna impedance degrades significantly, and the curve shifts
above −10 dB. As the gap is increased above 35mm, the re-
flector effect is negligible. Thus, best impedance matching at
a reflector distance of 35mm, with the lowest |S11| values and
widest operating bandwidth, is selected.

4. MEASURED RESULT ANALYSIS

This section presents simulated and experimental performance
of the proposed CPW-fed half-moon and elliptical UWB an-
tenna configurations. It covers the analysis of the reflection
coefficient, the spacing effect of the metallic reflector, and the
radiation characteristics. Numerical simulations are carried out
in CST Microwave Studio, followed by experimental valida-
tion in antenna fabrication and measurement taken with a Vec-
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(a) (b)

(c)

FIGURE 4. Antenna performance with and without metallic reflector, (a) reflection coefficient plot, (b) gain and efficiency, and (c) parametric analysis
of metallic reflector spacing on reflection coefficient.

tor Network Analyzer (VNA). The analysis starts from an S11

comparison between simulated and measured values in terms
of impedance matching and bandwidth behaviour. The effect
of the 35mm reflector gap on reflection coefficient and an-
tenna performance is investigated, followed by an assessment
of radiation-field distributions at various frequencies. Collec-
tively, these results validate the simulation model and demon-
strate practical suitability of the proposed antenna design for
broadband and ground-penetrating radar (GPR) applications.
Antenna measurement results are depicted in Fig. 5, which
shows the reflection coefficient and screenshots of themeasure-
ment setup.
The measured results show a similar overall trend, although

S11 values are slightly higher, which is commonly attributed to
fabrication tolerances, connector losses, and variations in ex-
perimental environment. Despite these practical deviations, the
measured S11 remains below −10 dB at key frequencies, in-
cluding around 2GHz and 10.8GHz, confirming effective per-
formance within the UWB range. The close alignment between
predicted and tested responses verifies the accuracy of the mod-
elled design and confirms that adding a full copper reflector
maintains the antenna’s impedance characteristics. Fabrication
tolerances, such as variations in patch dimensions, feed width,
substrate properties, and reflector spacing, can influence the an-
tenna’s resonant frequencies, impedance bandwidth, and gain.
However, owing to its ultra-wideband operation, the proposed

antenna exhibits reasonable robustness against small manu-
facturing deviations, maintaining satisfactory performance for
GPR applications.
Figure 6(a) shows the antenna’s measured gain over the op-

erating bandwidth. The measured and simulated patterns are
in good agreement, indicating that the proposed antenna can
effectively communicate with external devices in sensing ap-
plications. The results show that the antenna’s gain variation
is stable in the range of about 5.5 dBi to 8.7 dBi in the operat-
ing band to ensure consistent radiation in UWB systems. The
appearance of numerous gain peaks at various frequencies indi-
cates that there are multiple resonances, and such a behavior is
typical of UWB antennas. Such resonances help preserve rela-
tively uniform gain in the entire band. Additionally, the com-
parison between two variants, with and without a metallic re-
flector, suggests that using the reflector increases antenna gain
significantly. This can be mainly explained by reducing the
backward radiation from the antenna and its increase directed
forward. In other words, there is an increase in directivity. The
reason behind such gain enhancement is based on reflector the-
ory in which constructive interference takes place.
The 2-D radiation pattern of the proposed antenna at different

frequencies is also examined in Figs. 6(b)–(d). For both con-
ditions, with and without a metallic reflector, at 4.5GHz and
7GHz, the antenna has an omnidirectional radiator in the E-
plane and bidirectional radiation patterns in the H-plane. This
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FIGURE 5. (a) and (b) Screenshots for measurement setup of antenna with VNA and in an anechoic chamber, and (c) measured reflection coefficient
of antenna with and without reflector plate.

is a characteristic feature of the monopole-type ultra-wideband
antenna. As a result, the antenna becomes a uniform radiator
along the azimuth plane, hence making the antenna suitable for
sensing applications where uniformity is expected. At 8.5GHz,
the small distortions in the radiation patterns may be due to the
occurrence of higher-order modes of excitation on the antenna’s
radiating surface. Additionally, including a metallic reflector
results in an improvement in the directivity pattern by reducing
backward radiation components and thus focusing the radiation
in one direction, as clearly indicated by the increased strength
of the major lobe. The appearance of side lobes and nulls at
some angles is attributed to the constructive and destructive in-
terference of waves emitted by different regions of the antenna.
Generally, steady and reproducible radiation patterns at differ-
ent frequencies indicate that the antenna is a reliable source of
radiation. Furthermore, to justify the antenna’s radiation and
gain results, 3-D radiation plots are also plotted for both with
and without a metallic reflector in Fig. 7. At all frequencies,
gain improvement is attained with the reflector plate.
From a structural perspective, many gain-enhanced anten-

nas reported in the literature rely on frequency-selective sur-
faces (FSSs), metamaterials, artificial electromagnetic materi-
als, or array configurations to improve radiation performance.

Although these approaches can provide significant gain en-
hancement, they often increase fabrication complexity, design
cost, and overall system size. In contrast, the proposed antenna
avoids such complexities by employing a compact half-moon
monopole radiator integrated with a metallic reflector, result-
ing in a simple, low-cost, easy-to-fabricate structure suitable
for practical deployment. As presented in Table 2, the pro-
posed antenna is compared with recently reported studies [30–
39], demonstrating its competitive performance in bandwidth,
gain, compactness, and implementation simplicity.
The comparison also indicates that several recent studies,

such as Gupta et al. [30], Patil et al. [31], and Shen et al. [32],
primarily focus onmicrowave imaging algorithms, breast phan-
tom characterization, or GPR system implementation rather
than antenna design optimization. Consequently, direct com-
parisons of gain and bandwidth are not always available. Nev-
ertheless, these studies highlight the growing importance of
compact and efficient UWB antennas for imaging and sensing
applications.
Overall, the proposed antenna offers an attractive balance

among wide bandwidth, moderate-to-high gain, compact size,
low complexity, and fabrication simplicity. While some ad-
vanced Vivaldi and array-based antennas achieve higher gains,
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(a)

(b) (c) (d)

FIGURE 6. Radiation performance, (a) gain, (b) radiation pattern at 4.5GHz, (c) at 7GHz, and (d) 8.5GHz.

(a) (b) (c)

(d) (e) (f)

FIGURE 7. 3-D radiation pattern of antenna (a)–(c) without reflector GHz, (d)–(f) with reflector, (a) and (d) at 4.5GHz, (b) and (e) at 7.5GHz, (c)
and (f) at 9.5GHz.
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TABLE 2. Summary of antenna with existing antenna designed for UWB sensing and GPR applications.

Ref. Antenna Type
Frequency
Range
(GHz)

Bandwidth
(%)

Peak Gain
(dBi)

Size
(mm3)

Reflector/
Metasurface

Application

[30]
Dielectric Resonator
Antenna (DRA)

UWB NR NR NR No

Breast Tumor
Localization/
Microwave
Imaging

[31]
UWB Sensing

Antenna
UWB NR NR NR No

Breast Phantom
Characterization

[32]
Aperture-Slot
Antipodal

Vivaldi Antenna
0.5–3.0* > 140∗ 8.3 40× 40× 1.6 FSS Reflector UWB/GPR

[33]
VNA-Based
GPR System

NR NR NR NR No GPR

[34]
Modified

Straight-Tapered
Vivaldi Antenna

0.8–4.0* > 130∗ 9–11* Compact No GPR

[35]
Semicircular

UWB Monopole
3–11 114 8.3 40× 40× 1.6 FSS Reflector

Breast Tumor
Localization/
Microwave
Imaging

[36]
Directional

Bow-Tie Antenna
0.317–0.94 98.6 9.3 0.38λ× 0.38λ× 0.05λ

Metallic Reflector
+Metamaterial

GPR

[37]
Dual-Polarized
Vivaldi Array

0.9–4.0 126 15.2 Compact Array
Artificial

Electromagnetic
Material

GPR

[38]
CPW-Fed UWB

Monopole
3.1–10.6 109 14.8 80× 80× 1.6 Metallic Reflectors UWB Radar

[39] Planar UWB Antenna 0.79–2.99 116 6.5 120× 120× 1.6 No SFCW-GPR

This
work

Half-Moon
Monopole with

Metallic Reflector
2–10.8 137.5% 8.7 70 × 70 Metallic Reflector GPR

the proposed design provides a practical and cost-effective al-
ternative for GPR applications without requiring sophisticated
electromagnetic structures or large antenna arrays. This com-
bination of performance and simplicity makes the proposed an-
tenna a promising candidate for portable and real-world GPR
systems.
Table 2 presents a comparison between the proposed half-

moon monopole antenna and several recently reported UWB
antennas and GPR-related systems. The comparison highlights
key performance parameters, including operating frequency
range, bandwidth, gain, antenna size, gain-enhancement tech-
niques, and intended applications. Among reviewed antennas,
the proposed design achieves a wide operating bandwidth of 2–
10.8GHz, corresponding to a fractional bandwidth of 137.5%,
which is higher than that of several reported monopole-based
antennas, including a semicircular UWB monopole by Din et
al. [35] (114%), a CPW-fed monopole reported in [38] (109%),
and a planar UWB antenna reported in [39] (116%). This

wide bandwidth enables the proposed antenna to support high-
resolution GPR imaging and target detection over a broad fre-
quency spectrum.
In terms of gain performance, the proposed antenna pro-

vides a peak gain of 8.7 dBi, which is comparable to the
FSS-backed semicircular monopole reported by Din et al. [35]
(8.3 dBi) and the directional bow-tie antenna reported by Pi et
al. [36] (9.3 dBi). Although higher gains have been achieved
by Vivaldi-based antennas and antenna arrays, such as the dual-
polarized Vivaldi array reported by Hu et al. [37] (15.2 dBi) and
the reflector-backedmonopole reported by Turkmen-Kucuksari
et al. [38] (14.8 dBi), these designs generally require larger
apertures, more complex structures, array configurations, or ar-
tificial electromagnetic materials. In contrast, the proposed an-
tenna achieves competitive gain using only a simple metallic
reflector.
In real-world GPR applications, antenna performance may

be affected by soil moisture variations, ground inhomogene-
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ity, surface roughness, and clutter, which can cause signal
attenuation and distortion. Additionally, maintaining a con-
stant antenna-to-ground distance and minimizing electromag-
netic interference are practical challenges during field measure-
ments. Despite these factors, the proposed reflector-backed
half-moon monopole antenna offers a wide bandwidth, direc-
tional radiation, and compact size, making it well suited for
GPR deployment in diverse environments. Future work will fo-
cus on validating the proposed antenna under real-world GPR
conditions, including different soil types, moisture levels, and
buried target scenarios. Further investigations may also ex-
plore antenna arrays, advanced reflector/metasurface designs,
andmachine learning-based signal processing techniques to en-
hance detection accuracy, penetration depth, and imaging per-
formance in practical GPR applications.

5. CONCLUSION
This paper has presented a CPW-fed half-moonmonopole ultra-
wideband (UWB) antenna integrated with a full-copper reflec-
tor and demonstrated its design, simulation, fabrication, and ex-
perimental validation for ground-penetrating radar (GPR) ap-
plications. By employing a reflector spacing of 35mm, the
proposed antenna achieved an extended operating bandwidth
of 2–10.8GHz, along with a stable gain ranging from 6.5 dBi to
8.7 dBi in UWB. Incorporating a metallic reflector significantly
improved the antenna’s radiation characteristics by suppress-
ing back-lobe radiation and directing more energy toward the
forward direction, which is essential for enhancing subsurface
penetration and imaging resolution in GPR systems. Further-
more, excellent agreement between the simulated andmeasured
results validates the effectiveness and reliability of the proposed
design. The achieved performance demonstrates that a simple
reflector-based approach can provide high gain and wideband
operation without the need for complex, expensive, or artificial
electromagnetic structures. Owing to its compactness, low cost,
ease of fabrication, and favorable radiation characteristics, the
proposed antenna represents a promising candidate for practical
GPR systems and other broadband sensing applications.
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