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Abstract: This paper proposes a portable broadband high-gain antenna for unmanned aerial 
vehicle (UAV) low-altitude control, operating within the dedicated remotely piloted aircraft 
system (RPAS) band (5.03–5.91 GHz). The total size of the antenna is 240×240×187 mm3. It uses 
a printed log-periodic dipole antenna (PLPDA) as feed, and a four-layer frequency selective 
surface (FSS) cascaded as radome to enhance gain. Experimental results demonstrate that the 
antenna gain ranges from 10.1 to 15.9 dB and the half-power beam width (HPBW, 2θ0.5) <23°
within the operation band. Compared to existing portable UAV low-altitude control systems, 
the proposed antenna achieves an average gain enhancement of 4.7 dB.
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1 Introduction

With the advent of intensified exploitation and 
utilization of low-altitude airspace resources, there has 
been an explosive growth in the application of unmanned 
aerial vehicles (UAVs) across diverse domains such as 
logistics, inspection, aerial photography, and emergency 
response. While the widespread deployment of UAVs 
significantly enhances socio-economic efficiency, it 
concurrently precipitates increasingly critical challenges 
in low-altitude control. Particularly for sensitive airspace 
zones, major event security operations, and critical 
infrastructure protection, flexible configuration and low-
cost counter-drone technologies has become an urgent 
priority[1-5].

Existing low altitude control system (LACS), 
predominantly based on fixed base stations or radar, 
exhibit limited effectiveness against "low-slow-small" 
(LSS) UAVs (operating altitude <1000 m, speed <200 km/
h, radar cross-section <2 m²) and with high cost, large 
response latency, and poor deployment flexibility, which 

render them inadequate for meeting the demands of 
emergent and mobile counter-drone operations. In 
contrast, the portable LACS demonstrate distinct 
advantages in scenarios requiring immediate intervention 
or point defense, attributable to their high mobility and 
rapid response capabilities[6]. These systems can not only 
be implemented in portable jamming guns due to their 
compact size, but also extend jamming range through 
aerial-mounted platforms.

Recent advances in portable LACS include: Ikhwan 
Kim et al. [7]proposed a broadband gain enhanced narrow 
beam Vivaldi antenna with directors for a portable LACS. 
This antenna covers GPS L1, ISM 2.4 GHz, ISM 5.8 GHz, 
and the remotely piloted aircraft system (RPAS) band 
(5.03 – 5.91 GHz), with a measured peak gain of 10 dB 
and the 2θ0.5 of 20.9° . Wang et al. [8]developed a 
miniaturized portable UAV interference antenna 
operating at 1575.42±1.023 MHz, 2.4–2.5 GHz, and 5.6–
5.8 GHz. Test results demonstrate that the gain reaches 
10.3 dBi within 1.57 – 1.58 GHz, 9 dBi within 2.4 –
2.5 GHz, and 10 dBi within 5.6 – 5.8 GHz, respectively. 
Xie et al. [9]introduced a dual-band dual-feed UAV 
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interference antenna operating at 1570 – 1580 MHz and 
2400–2500 MHz. The designed antenna achieves a gain 
of 10 dB within the target bands, while exhibiting a 2θ0.5 
of approximately 40° at 2.4 GHz. Based on the above 
literature analysis, two critical factors must be considered 
for jamming antenna design in portable LACS:

1. Multi-band miniaturization: The antenna should 
cover key UAV operating bands—GPS L1, ISM 2.4 GHz, 
ISM 5.8 GHz, and RPAS (5.03 – 5.91 GHz) —while 
maintaining compact dimensions and lightweight 
construction. 

2. High gain is essential to achieve effective long-
range jamming signals, supported by fixed LACS 
implementations where 15-dBi Yagi-Uda antennas 
achieve only 380 meters of jamming distance at 2.4 
GHz[10]. 

Concurrently, narrow 2θ0.5 must be ensured for 
precise target discrimination and minimal collateral 
interference. The synergy of broad bandwidth and high 
gain constitutes the core bottleneck in extending the 
effective control range of portable counter-UAV systems.

In order to solve the problems mentioned above, in 
this paper, we optimise the performance of the antenna 
used in portable LACS by using an antenna radome. The 
radome integrates a novel design of heterogeneous FSS 
units, constructed by cascading four layers, which has not 
been previously reported in the literature. This 
configuration achieves 360° broad transmission phase 
coverage within the 5.03–5.91 GHz frequency band, with 
a transmission loss of less than 1 dB. Meanwhile, within 
a compact volume of 240×240×187 mm³, it effectively 
increases the antenna gain and reduces the 2θ0.5 beamwidth.

2 Antenna Radome Design

The proposed antenna comprises two components: a 
feed antenna and a radome. Specifically, the feed antenna 
employs a printed log-periodic dipole antenna (PLPDA), 
which reduces both weight and volume compared to horn-
fed jamming antennas[11,12], thereby offering better 
suitability for portable applications. The radome is 
constructed of a four-layer cascaded FSS structure, where 
each FSS layer integrates two distinct low-transmission-
loss heterogeneous elements, which are named UC1 and 
UC2, respectively. Modeling and optimization of these 
elements were conducted using an equivalent circuit 
model (ECM) approach.

2.1 Radome Unit Cell Design

To achieve the wideband characteristics of RPAS, an 
ECM is adopted for designing wideband radome unit 
cells, as illustrated in Fig. 1, where the hybrid resonator 
consists of a parallel combination of an inductor and a 
series LC resonator. The reasons for choosing this ECM 
are as follows: 1) its commonality and universality in 
literature[13-15]; 2) it has many mapping unit topologies; 3) 
the formulas deriving circuit parameters from the desired 

frequency response have been proposed in literature[13].
The ECM can produce a transmission zero fz and a 
transmission pole fp :

fz =
1

2π L1C1

(1)

fp = 2πfz
1

C1 L0 (2πfz )2 + 1
(2)

After establishing the ECM, the corresponding 
radome unit cell structure can be derived.

Fig. 2 illustrates the three-dimensional structure of 
UC1 of the radome. The metal layer in Fig. 2(a) is 
supported by an F4B substrate (relative permittivity = 
2.65, loss tangent = 0.001) with a thickness h = 1 mm. 
The metal layer of which comprises an external square 
ring and an internal central connecting structure: the 
external square ring (length P, width t) is modeled as an 
inductor L0, while the internal arm-like structure (length 
D1, width a) is modeled as a strip inductor L1. The gap 
between the square ring edge and the internal arm (width 
b) forms a capacitance C1. The characteristic impedance 
of the dielectric substrate Zsub is negligible due to its ultra-
thin thickness h[16]Fig. 3(a) demonstrates a comparison of 
the S-parameters obtained through full-wave simulation 
and the equivalent circuit method. It is observed that both 
the reflection coefficient S11 and the transmission 
coefficient S21 exhibit excellent agreement, validating 
that UC1 is designed to resonate at 5.8 GHz with 
broadband characteristics. Furthermore, the S21 results in 
Fig. 3(a) indicate that the transmission loss of UC1 for 
electromagnetic waves is < 1 dB at the resonant 
frequency.

Fig.1 Equivalent circuit of radome unit cell.

Fig.2 The proposed UC1 and its simulated setup. 
(a) Top view; (b) Perspective view.
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In order to ensure that the radome unit cells can 
cover 360° full phase adjustment capability, the structure 
shown in Fig.2(b) is cascaded[17]. As shown in this figure, 
UC1 comprises four metallic radiating layers, four 
dielectric layers, and three air gaps with a thickness g = 
8 mm. Following optimization via ECM, the key design 
parameters for the UC1 metal layer were determined as 
follows: square ring length P = 20 mm, ring width t = 
0.5 mm, gap b = 3.9mm and center connecting 
component width a = 1 mm. To ensure broadband 
operation and low transmission loss, parametric 
optimization was performed on the inter-dipole angles 
(θ1, θ2), resulting in optimal angles of θ1 = 30° and θ2 = 
60° . By varying the dipole arm length D1, the phase of 

electromagnetic waves transmitted through UC1 can be tuned.
Full-wave simulations employing periodic 

boundaries in both x- and y- directions were conducted on 
the four-layer cascaded UC1 structure as shown in Fig.2
(b). As denoted in Fig.4(a), when D1 ranges from 10 to 14 
mm, the transmission loss remains substantially below 1 
dB within 5 – 6GHz, confirming its broadband low-loss 
characteristics within the RPAS band. The phase tuning 
range as shown in Fig. 4(b) achieves 360° coverage at 6 
GHz and 324° at 5.8 GHz, while maintaining 237° at the 
lower band edge of 5 GHz. These results indicate that 
UC1 satisfies the < -1 dB transmission loss requirement 
but fails to achieve 360° phase coverage across the 
operational bandwidth.

To address the limitations of UC1 in the RPAS band 
regarding transmission phase and transmission loss, we 
propose UC2 based on the equivalent circuit model 
(ECM) in Fig. 1 and building upon the UC1 design. Fig.5 
depicts the three-dimensional structure of UC2 of the 
radome. As shown in Fig. 5(a), the most significant 
difference from UC1 lies in the central connecting part: 
the metallic layer of UC2 adopts a composite design 
consisting of a square loop embedded with cross-shaped 
arms and arc-shaped patches. This reconfiguration of the 
central component (corresponding to inductor L1) enables 
adjustment of the unit cell's resonant frequency. Fig. 3(b) 
compares the S-parameters of UC2 obtained through full-

wave simulation and the equivalent circuit method. The 
reflection coefficient S11 and transmission coefficient 
S21 demonstrate strong consistency across both 
methodologies, validating the accuracy of the equivalent 
circuit approach. UC2 resonates at 5.4 GHz with 
broadband characteristics, maintaining transmission loss 
below 1 dB across the operational bandwidth.

Consistent with UC1, parametric optimization was 
applied to the angle θ3 to ensure broadband operation and 
low transmission loss, yielding an optimal θ3 = 32° . 
Varying the cross-arm length D2 enables transmission 
phase tuning of UC2. Full-wave simulations with 
periodic boundaries in both x- and y- directions were 

Fig.3 Performance comparison between full-wave simulation and equivalent circuit (a) UC1. (b) UC2.

Fig.4 Simulated transmission coefficient of the UC1 (a) Loss (b) Phase
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performed on the four-layer cascaded UC2 structure as 
shown in Fig.5(b). The transmission loss results presented 
in Fig.6(a) reveal that when D2 varies between 11.0 mm 
and 11.5 mm, UC2 exhibits a further reduction in 
transmission loss compared to UC1, demonstrating 
enhanced electromagnetic wave transmission efficiency. 
Fig. 6(b) indicates a transmission phase tuning range of 
80° to 152° for UC2 within the RPAS band, which 
confirms that by adopting a phase-complementary 
design integrating UC1 and UC2, the radome 
achieves < 1 dB transmission loss concurrently with a 
360° continuous phase tuning range covering the RPAS 
operational band.

2.2 Radome Design

Fig.7 illustrates the operational principle of the FSS-
based radome, where the feed antenna is equivalent to an 
ideal point source located in the near-field region of the 
radome. To improve the gain, we convert the spherical 
wavefront radiated by the feed antenna into a planar 
wavefront via the radome. To realize the wavefront 
conversion, each radome unit cell provides a transmission 
phase shift that compensates for the spatial path delay 
caused by varying propagation distances from the feed's 
phase center. The required compensation phase φi for the 
i-th unit cell is given by:

φi = k(Ri - ri × r̂0 )+φ0 (3)

where k denotes the free-space wavenumber, Ri represents 
the distance from the feed's phase center to the i-th cell, ri 

is the position vector of the i-th cell, r0 indicates the main 
beam direction, and φ0 is a constant reference phase for 

radome design. Since k = 2πf με  is a linear function of 

frequency, φiexhibits inherent frequency dependence. 
Consequently, the transmission phase of each unit cell is 
jointly determined by its phase value φi ( f0 ) at the center 
frequency f0 and its phase slope across the band, 
imposing significant design challenges in simultaneously 
fulfill both requirements. In this work, f0 is set to 5.8 
GHz, and the phase compensation is designed solely 
based on φi ( f0 ) at this frequency. Combined with Eq. (3), 
Fig.8 depicts the phase compensation distribution across 
the proposed radome.

Fig.5 The proposed UC2 and its simulated setup
(a) Top view; (b) Perspective view

Fig.6 Simulated transmission coefficient of the UC2. (a) Loss. (b) Phase

Fig.7 Schematic view of the wideband radome Fig.8 Phase compensation distribution across the proposed radome
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2.3 Portable LACS Antenna Design

The proposed antenna employs a PLPDA as a feed, 
with a detailed structure illustrated in Fig. 9(a). The 
PLPDA geometry conforms to the specific scaling 
relationship equation:

l1

l2
=

w2

w3
= τ (4)

The feed antenna utilizes a 1.6-mm-thick FR4 
substrate (relative permittivity = 4.4, loss tangent = 0.02). 
To ensure effective impedance matching to a 50-Ω SMA 
connector, the feedline width is designed as 3 mm, and 
other detailed PLPDA parameters are listed in Table 1.

The antenna structure is depicted in Fig. 9(b). The 
radome, comprising a four-layer cascaded FSS 
configuration, consists of a 12×12 periodic array of 
heterogeneous unit cells per layer, yielding overall 
dimensions of 240×240×187 mm3. Besides, the phase 
center of the PLPDA feed exhibits frequency-dependent 
displacement. To mitigate this effect, the phase center 

at the operational frequency of 5.8 GHz was 
specifically selected and precisely positioned at the 
focal point of the radome, with a feed-to-radome 
distance of F = 86 mm.

3 Results and Discussion

Full-wave simulations of the antenna structure as 
shown in Fig. 9(b) were performed by using ANSYS 
HFSS. As shown in Fig. 10, the radome effectively 
transforms the spherical wavefront incident from the feed 
antenna into a quasi-planar wavefront at 5.4 GHz and 5.8 
GHz and the 3D radiation patterns at 5.4 GHz and 5.8 
GHz are shown in Fig. 11.

To validate the design, the proposed PLPDA and 
radome were fabricated, with physical prototypes shown 
in Figs. 12(a) and (b). The radiation patterns and gain 
were measured in an anechoic chamber, while the S-
parameters of the PLPDA were measured by using a 
vector network analyzer.

Fig.13(a) shows good agreement between simulated 
and measured reflection coefficients of the PLPDA, 
confirming that the measured impedance bandwidth is 
less than -10 dB over 5 – 6 GHz. Fig. 13(b) compares 
simulated and measured peak gains for the PLPDA with 
and without the radome. Results indicate that with the 
radome, the antenna gain ranges from 10.1 dB to 15.9 dB, 
achieving a maximum peak gain of 15.9 dB at 5.8 GHz—
representing an average gain enhancement of 6.26 dB 
over the radome-free configuration. Additionally, the 
design achieves a 3-dB gain bandwidth of 50% (from 5.5 
to 6 GHz). Fig.13(b) also presents the simulated radiation 
efficiency of the overall antenna with the radome, which 
remains around 0.8 across the entire operating band, 
further validating the low transmission loss of the 
proposed radome design.

To characterize the radiation performance within the 
operational band, six discrete frequencies (5.03 GHz, 
5.2 GHz, 5.4 GHz, 5.6 GHz,5.8 GHz and 5.91 GHz) were 
selected for analysis. The simulated and measured 2D 
radiation patterns on the yoz and xoz planes at these 

Table 1 Design Parameters of the PLPDA (Unit: mm).

τ

0.824

l9

43.70

l

64.00

l10

3.00

w

72.50

w1

12.82

l1

9.29

w2

3.30

l2

11.27

w3

4.00

l3

13.67

w4

4.86

l4

16.60

w5

5.90

l5

20.15

w6

7.16

l6

24.45

w7

8.69

l7

29.67

w8

10.55

l8

36.01

w9

12.80

Fig.9 (a) Configuration of PLPDA (b) Structure 
of the Proposed Antenna
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frequencies are compared in Fig. 14, exhibiting good 
agreement with simulation results. With the radome, the 

2θ0.5 remains below 23° over 5–6GHz and progressively 
narrows as frequency increases. At 5.8 GHz, the 

Fig.11 Simulated 3-D radiation pattern at frequency of (a) 5.4 GHz and (b) 5.8 GHz

Fig.12 (a) Photograph of the proposed PLPDA (b) Prototype of the presented antenna

Fig.13 (a) Simulated and measured |S11| of the feed antenna. (b) Simulated and measured peak gains of the PLPDA 
with and without radome, and Simulated radiation efficiency of the PLPDA with radome

Fig.10 Simulated electric field contours on a cutting surface in the xoz-plane at the frequency of (a) 5.4 GHz and (b) 5.8 GHz
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measured 2θ0.5 is 16° representing a 73.3% reduction 
relative to the PLPDA's 60° at the same frequency. 
Furthermore, the cross-polarization remains below -20 
dB across the entire operating band. This confirms 
enhanced beam energy concentration and superior 
directivity enabled by the radome.

To quantitatively evaluate the efficiency of the 
radome in enhancing gain, the Gain-Enhancement- per-
Unit-Volume (GEPV) metric is introduced, defined as the 

ratio of the peak gain difference between the antenna with 
and without the radome to the radome's volume. Table 2 
compares the proposed antenna with other radome-
integrated antennas. It can be observed that the proposed 
antenna achieves a GEPV of 5.21×10-6 dB/mm³, which is 
slightly lower than some reference designs. However, it 
exhibits superior beamwidth constraint capability, 
indicated by a narrower 2θ0.5, making it more suitable for 
portable LACS applications.

Fig.14 Simulated and measured 2-D radiation patterns of the PLPDA with and without radome
(a), (c) ,(e), (g), (i)and (k) is yoz-plane at 5.03 GHz, 5.2 GHz, 5.4 GHz, 5.6 GHz,5.8 GHz and 5.91 GHz
(b), (d), (f), (h), (j)and (l) is xoy-plane at 5.03 GHz, 5.2 GHz, 5.4 GHz, 5.6 GHz,5.8 GHz and 5.91 GHz
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4 Conclusion

This paper presents a portable broadband high-gain 
antenna for UAV low-altitude countermeasures, operating 
within the RPAS-specific frequency band. The design 
employs a four-layer cascaded FSS to construct a radome, 
where the unit cells achieve continuous 360° transmission 
phase coverage with transmission loss below 1 dB. 
Measured results demonstrate that the antenna delivers a 
gain ranging from 10.1 dB to 15.9 dB over 5 – 6 GHz, 
reaching a peak gain of 15.9 dB at 5.8 GHz, while 
maintaining the 2θ0.5 below 23° throughout the 
operational band. Compared to existing portable UAV 
countermeasure systems, the proposed antenna achieves a 
peak gain improvement of 59% and a 56% reduction in 2θ0.5.
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