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ARTICLE INFO ABSTRACT

This paper presents a 4-element conformal phased array antenna with beam steering capa-
bilities designed for mounting on unmanned aerial vehicles (UAVs) for X-band applications. 
The antenna integrates a T-junction power divider to achieve electronically steered beams 
and reduce side lobe levels. The design features a 1×4 array with optimized parameters, “S”-
shaped structures for beam steering, and tapered lines for impedance matching that transition 
logarithmically from 100Ω to 50Ω to ensure effective signal transmission. The proposed array 
antenna has a size of 70 mm × 50 mm and a thickness of 1.57 mm. Consequently, the array 
antenna achieves a reflection coefficient of -30.91 dB with a bandwidth of approximately 250 
MHz, centered at 10.3 GHz, and a gain of 10.28 dBi, oriented at 𝜃 = 0°. In addition, for surface 
compatibility analysis, the phased array antenna is bent on a cylinder with a radius of 133 mm 
for analysis and measurements. The experimental results confirm the antenna’s suitability for 
X-band UAV applications.
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INTRODUCTION

Throughout history, wars have been shaped by the back-
ground, experience and doctrines of the past. However, due 
to the multidimensional and complex nature of today’s war-
fare technology, environments need to be analyzed and con-
sidered in every aspect. In environments such as land, sea, 
air and space, manned and unmanned weapons, vehicles 
and robots are currently used as the critical components in 

contemporary warfare. Thanks to today’s technology, long-
term plans for unmanned systems to be used in military 
operations are actively in progress [1, 2]. As a result of the 
developments in recent years, unmanned aerial vehicles 
have taken their place in the war environment. They are 
known to be actively used not only in defense technologies, 
but also in various fields such as agriculture [3, 4], logistics 
[5-7], telecommunications [8, 9], disaster management [10, 
11] and smart city applications [12]. Based on the altitude, 
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UAVs are generally classified as hand-held, Close, NATO, 
Tactical, Medium Altitude Long Endurance (MALE), High 
Altitude Long Endurance (HALE) and Hypersonic [13]. 
Although UAVs are known to be able to operate unmanned 
in concept, they need to communicate with the ground 
control station on the ground. This communication allows 
command and control, payload data and weapon con-
trol to be provided instantaneously. The transmitted data 
enables the professional teams at the ground control station 
to make the right decision and timing to use the aircraft 
for its intended purpose [14-16]. UAVs are equipped with 
multiple antennas, serving various functions such as com-
munication with the ground control station and supporting 
transmission of the data between payload systems and avi-
onics equipments [17]. The positioning of each antenna on 
the aircraft is critical since radiation characteristics of the 
antennas are affected by the environmental conditions. As 
an example, antennas for communication with ground con-
trol station are positioned to the lower part of the aircraft, 
while GPS antennas are located to the upper parts [18].

The capabilities of UAVs are evaluated in direct pro-
portion to the payloads they carry. In this context, Electro-
Optical/Infra-Red (EO/IR) cameras, electronic warfare 
systems, radar systems and weapons are considered as pay-
loads. Recently, usage of Synthetic Aperture Radars (SARs) 
became popular for topographic monitoring and mapping 
of the landscape in UAVs. It is able to operate regardless 
of daylight and weather conditions [19, 20]. Besides a wide 
range of applications in the military field, the SAR systems 
are also commonly used in geology [21], disaster preven-
tion [22], airborne SAR systems [23], and meteorological 
observation [24]. Extending the operating time of the air-
craft in the air is one of the primary considerations in avi-
onics engineering. Therefore, studies have been carried out 
to improve factors such as aerodynamic structure, weight 
and power consumption of the aircraft in order to increase 
the hover time [25, 26]. 

Due to their low profile, compact size and easy fabrica-
tion, microstrip antennas [27-29] are actively used in a wide 
range of applications such as aviation [30-32], space [33], 
automotive [34, 35], sensor systems [36, 37]. The ability of 
microstrip antennas to meet the bandwidth and high gain 
demands and application of them in different shapes with 
different feeding methods have made them diverse in terms 
of usage [38]. They can also be used in the form of arrays 
to demonstrate different radiation characteristics. With 
the array antenna structure, it is possible to shape antenna 
parameters such as directivity, gain and side lobe level and 
steer the beam [39]. 

Within the scope of this paper, a synthetic aperture 
radar system (SAR) antenna is introduced for the UAVs. A 
microstrip antenna scanning system, which can be consid-
ered equivalent to the SAR system, has been designed in 
conformal form to detect and track potential targets and pro-
duce high-resolution radar images for target classification 
and land topography formation in all weather conditions. 

The planar and low-weight structure of the conformal array 
also supports to increase the duration of UAVs in the air 
and make them capable of performing longer missions 
during operation. The paper introduces a more efficient 
and lightweight alternative to currently used mechanically 
steered, bulky radar system that is designed to be used on 
air platforms for intelligence, reconnaissance-surveillance, 
suppression and attack operations. As an example of the 
NxN conformal array, a 1x4 element phased array antenna 
prototype utilizing a T-junction power divider is fabri-
cated and concept of beam steering is demonstrated exper-
imentally. The simulation and measurement results show 
that proposed design offers a practical solution for UAVs, 
reducing weight and aerodynamic drag, thereby increasing 
operational efficiency and extending hover time, while still 
providing effective radar performance for SAR applications 
in the X-band.

CONFORMAL PHASED ARRAY ANTENNA FOR 
UNMANNED AERIAL VEHICLES

Conformal Phased Array Antenna (PAA) is ideal for 
advanced communications, remote sensing, and radar 
imaging applications in UAV systems, particularly in sce-
narios requiring electronic beam steering capabilities. 
Figure 1 illustrates the electronic beamforming scenarios, 
highlighting interactions among UAVs equipped with con-
formal PAAs, base stations, fixed-wing and rotary-wing 
UAVs, satellites, and ground radar. Ground radar and base 
stations work with UAVs to monitor and manage airspace 
or conduct targeted data collection. The conformal PAA 
enables UAVs to perform electronic beamforming, allowing 
dynamic steering of radar beams and communication links 
without physical movement of the antenna. This capability 

Figure 1. Illustration of electronic beamforming applica-
tion scenarios for UAVs with PAA.
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is crucial for covering large areas, tracking moving tar-
gets, focusing on specific targets, real-time surveillance, 
high-resolution imaging, and secure, seamless data trans-
fer. The number of elements, N, in the PAA significantly 
influences its beamforming performance. As the number 
of elements increases, the antenna’s ability to scan across 
wider angles and achieve finer beam resolution improves. 
For example, an NxN conformal array can be integrated 
onto the UAV surface, enabling advanced beam scanning 
capabilities. As a specific application example, this paper 
presents a 4x4 element conformal PAA that offers a practi-
cal solution for efficient beam steering in UAV applications, 
providing improved control over signal directionality and 
range. 

Conformal NxN Array Antenna Design
An array antenna structure is designed to achieve spe-

cific directivity and polarization characteristics by position-
ing and configuring multiple radiating elements. In this 
study, a methodology for N×N array antenna is introduced, 
utilizing unit patch antennas fed by coaxial transmission 
lines. The unit element is a microstrip antenna with a gain 
of approximately 7 dBi within the frequency range of 8-12 
GHz. The unit patch has dimensions of 9.53 mm in width 
and 7.33 mm in length, with a frequency bandwidth of 2.52 
GHz between 9.88 and 12.4 GHz. The antennas within the 
array are positioned such that the distance between adja-
cent feed points is λ/2. This generalized NxN array antenna 
design approach can be applied to various configurations, 
allowing for adjustments in spacing and overall dimensions 
based on specific requirements. To reduce drag effect on 
the aircraft, a surface-compatible design is employed. The 
antenna is bent to conform to the cylindrical surface of the 
airframe, which is formed by a circular section with radius 
R and an elliptical section with axis lengths R1 and R2. 
Positioned at the bottom of the airframe, the antenna fits 
the circular section with radius R, as illustrated in Figure 2. 
By considering the physical dimensions of the well-known 
UAVs, R, R1 and R2 values are determined as 185 cm, 89 

cm and 133 cm, respectively. These values are accounted for 
the bending criteria of the conformal phased antenna array. 

Beam Steering with the Conformal Phased Antenna Array
Electronic beam steering enables directional control of 

the antenna without physical movement by manipulating 
the radiation pattern through adjustments in the phase 
and amplitude of the antenna feed. Effective beam steering 
necessitates the introduction of a phase difference between 
antenna elements. This phase difference can be achieved 
by incorporating a phase shifter into the antenna design, 
as illustrated in Figure 3. In this work, a power divider 
designed in accordance with T-junction power divider 
principles is employed to control the phase of the antenna 
array elements of a array fed by a microstrip transmission 
line-fed unit antenna is designed for X-band applications.

In electronic beam steering, increasing the number of 
antenna elements proportionally enhances the array’s direc-
tivity and gain. However, in lossy environments, the gain 
peaks after a certain number of elements and subsequently 

Figure 2. The demonstration and problem space definition of the conformal phased array on the UAV.

Figure 3. Phased array antenna mechanism.
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decreases. Phased array antennas can scan rapidly by feed-
ing each element with appropriate phase values, eliminating 
mechanical constraints. Assuming identical elements with 
half-wavelength spacing and uniform feed, applying the 
same phase shift to all elements results in a main beam per-
pendicular to the antenna surface due to zero relative phase 
difference. Introducing a relative phase difference steers the 
main beam. For a beam shift by 𝜃0, the phase difference is 
∆∅ = 2π(d/λ)sinθo. Thus, the phase values for each element 
are given by ∆∅ + m ∆∅, where m = 0,1,2,…,(N - 1) [40].

Beam Steering with a Conformal 4x4 Array Antenna
As an example of the concept presented above, a 4 x 4 

array antenna comprising microstrip antennas with coaxial 
feeds is generated. The top and bottom views of the PAA are 
shown in Figure 4a and b, respectively. The centers of the 
coaxial feeds are spaced 15 mm (λ0/2 at 10 GHz) apart both 
horizontally and vertically, resulting in an overall antenna 
array dimension of 63.2 x 63.2 mm2 (W × L). To obtain the 
conformal array, the planar array is bent over the surface of 
a cylindrical structure with a radius of R.

Figure 5a presents the S11 parameters for both the PAA 
and the conformal PAA. The PAA, designed for the X-band 
with a center frequency of 10 GHz and a bandwidth of 
approximately 450 MHz (spanning from 9.8 GHz to 10.25 
GHz), has a return loss level of 24.2 dB at the center fre-
quency. The conformal PAA exhibits a similar bandwidth 
of approximately 400 MHz. Analysis of the PAA’s far-field 
radiation pattern, as shown in Figure 5b, reveals that the 
main beam is directed at θ = 0° with a gain of 17.13 dBi. The 
side lobe level and the 3 dB beamwidth of the pattern are 
13.9 dB and 24.9°, respectively at ϕ = 0° plane, whereas they 
are 13.7 dB and 25.2° at ϕ = 90° plane. Bending the antenna 
to fit the cylindrical surface of the airframe resulted in a 
gain reduction of 0.44 dB. However, the gain level of 16.69 
dBi achieved with the conformal PAA remains sufficient 

for the targeted UAV. As illustrated in Figure 5c, similar to 
the PAA antenna, the side lobe level is around 11 dB, and 
the 3 dB beamwidth is approximately 25.5° at ϕ = 0° plane, 
whereas they are 13.4 dB and 25.2° at ϕ = 90° plane.

Figure 6a presents the beam scanning results for both 
the PAA and the conformal PAA, with the main beams 
directed at 5° intervals in the ϕ = 0° plane. Here, θ represents 
the radiation direction, while ϕ denotes the azimuth angle. 
The normal of the aircraft surface, where the phased array 
is located aligns with the z-axis. When the beam is steered 
to θ = 45°, there is a 1.17 dB reduction in gain for the PAA 
and a 1.86 dB reduction for the conformal PAA compared 
to the gain at θ = 0°, and 1.8 dB and 1.41 dB for the pla-
nar and conformal arrays, respectively in the ϕ = 90° plane. 
Generally, patterns with gain values exceeding 15 dB can 
effectively radiate to the desired angle. Figure 6b shows the 
results for beam scanning in the ϕ = 90° plane over an angu-
lar range of −45° ≤ θ ≤ 45°, with the main beams steered 
at 5° intervals. The results are similar to those obtained in 
the ϕ = 0° plane. Analysis of the side lobe levels in Figure 6 
reveals the following: In the ϕ = 0° plane, the side lobe level 
for the PAA at θ = 5°, is 19.46 dB, decreasing to 14.22 dB at 
θ = 45°. For the conformal PAA in the same plane, the side 
lobe levels are 12.41 dB at θ = 5°, and 6.64 dB at θ = 45°. In 
the ϕ = 90° plane, the side lobe level for the PAA is 17.9 dB 
at θ = 5°, and 13.53 dB at θ = 45°. For the conformal PAA, 
the side lobe levels are 13.03 dB at θ = 5°, and 8.86 dB at θ 
= 45°. 

An Application Example: Conformal 1x4 Phased Array 
Design with T-Junction Power Divider

To demonstrate the beam steering performance of the 
conformal array experimentally, three 1x4 phased arrays 
consisting of patch unit elements are designed to radiate 
towards three different directions (towards θ = 0°, 15° and 
-20° in ϕ = 0° plane). T-junction power divider is used for 

(a) (b)
Figure 4. 4x4 microstrip array antenna (a) Top view of the PAA; (b) Bottom view of the PAA.
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the feeding network of the arrays. Corresponding phases 
of the antennas are achieved by adjusting the lengths of the 
transmission lines. 

T-junction power divider
T-junction power dividers have been widely studied in 

the literature and have a wide range of applications, such 
as multiband dividers [41, 42], filter dividers [43, 44] and 
harmonic suppression dividers [45]. The advantages of 
T-junction power dividers, such as low cost and simple 
manufacturing, make them preferred in array applications. 
Another advantage is the isolation between input and out-
put ports [46, 47]. T-junction power divider circuits are 
composed of quarter-wavelength transmission lines with 

varying characteristic impedance values [48]. A λ/4 trans-
former is used for impedance matching. For characteris-
tic impedance matching, the quarter-wave transmission 
line must have an impedance of , so that all the ports 
are matched to impedance Z0 [49]. The 1x4 phased array 
with a T-junction power divider is shown in Figure 7a. It is 
composed of a 1x4 microstrip array, located above the red 
dashed line for signal radiation, while a T-junction power 
divider, positioned below the dashed line, is employed to 
control the phase of the antenna array elements. The geo-
metric dimensions of the 1x4 phased antenna array with a 
T-junction power divider are presented in Table 1. The out-
put phase variation of the T-junction power divider in the 8 
GHz to 12 GHz frequency band is shown in Figure 7b. It is 

(a)

(b)	 (c)

Figure 5. Radiation characteristics of the 4x4 planar and conformal array (a) Reflection coefficient; (b) 3D gain of the 
planar PAA; (c) 3D gain of the conformal PAA.

Table 1. Geometric dimensions of the 4-way inphase T-junction power divider

Parameter Sl1 Sl2 Sl3 Sl4 Sl5 Sw1 Sw2 Sw3 Sw4

Value (mm) 1.3 2 2 2 2 2 2 2 2
Parameter tw tl lW lı fl1 fl2 bl DW Dfl

Value (mm) 4.8 6.5 4.3 1.4 1.12 1.12 2 70 32.36
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(a)

(b)

(c)

Figure 6. Beam steering performance of the planar and conformal array (a) ϕ = 0° plane; (b) ϕ = 90° plane; (c) θ = 45° plane.
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observed that the phases of the four output ports are almost 
equal within the band. The impedance of each output port 
is 50Ω. The “S” shaped structures, required for beam steer-
ing to different angles, have an impedance of 100Ω. The 
tapered transmission lines, which are used for the transi-
tion logarithmically from 100Ω to 50Ω, are used to ensure 
smooth impedance matching and minimize reflections, 
enhancing bandwidth and reducing insertion loss.

1x4 T-junction power divider, which incorporates 
tapered lines for connection to the microstrip antenna and 
S-shaped lines for interconnecting the tapered sections, 
significantly impact the phase shifts of the output signals. 
Variations in the dimensions of Sl5 , Sw1 , Sw2, Sw3, and Sw4 
alter the effective electrical length and impedance char-
acteristics, thereby modifying the propagation delays and 
resulting phase relationships at the outputs.

Beam Steering with the 1x4 Phased Array

Beam orientation towards θ = 0°
The dimensions of the 1x4 PAA directed at θ = 0° are 

presented in Table 2. Very similar results are obtained when 
compared to a 1x4 planar microstrip-fed array antenna 
without a T-junction power divider. Reflection coefficient 
variation of the planar and conformal 1x4 phased arrays are 
given in Figure 8a. The T-junction power divider, which 
is used to adjust the input phases of the array elements, 
results in a frequency shift for both arrays. Although the 
bandwidth remains almost the same for the planar array, 

the lower operation frequency of the array has been real-
located to the upper region of the X-band. The normalized 
gain patterns of the arrays are demonstrated in Figure 8b, 
for the arrays oriented towards θ = 0°. It is observed that 
radiation patterns show very similar characteristic within 
the 10 dB beamwidth of the pattern. The one-dimensional 
directivity plot, the antenna array achieved a gain of 10.28 
dBi, with the main beam directed at θ = 0°. The side lobe 
level was around -10 dB, and the half-power beamwidth 
was measured to be 24.3°.

Beam orientation towards θ = 15°
The geometric dimensions of the 1x4 PAA oriented at 

15°, with modifications to the dimensions Sl5 , Sw1 , Sw2, Sw3, 
and Sw4, are presented in Table 3. The antennas aligned 
along the x-axis require a phase shift of approximately 46° 
to achieve beam steering at an angle of θ = 15°, following 
the formula βx= -kdxsinθcosϕ which defines the phase shift 
necessary for beam steering in an array antenna. Here, Bx 
represents the phase shift required for the antenna ele-
ments aligned along the x-axis to achieve the desired beam 
steering, k denotes the wavenumber, dx indicates the spac-
ing between the antenna elements along the x-axis, θ and 
ϕ are the angles representing the elevation angle at which 
the beam is steered, and the azimuth angle of the steer-
ing direction, respectively. Based on this calculation, the 
phase at port S21, the second output port, is measured as 
321°. The phase at port S31, the third output port, differs 
by 46° from the second port, resulting in a phase of 275°. 

(a)	  (b)

Figure 7. 1x4 phased array with the power divider (a) schematic view with design parameters; (b) output phases.

Table 2. Geometric dimensions of the 1x4 PAA, oriented towards θ = 0°

Parameter fl yl yw PL PW DW DL DMl

Value (mm) 2.5 2.4 1 9.4 14.12 70 50 17.63
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Similarly, the phase values at the remaining ports, S41 and 
S51, were analyzed to be 229° and 183°, respectively, main-
taining the same phase difference. Output phases of the 
4-way T-junction simulated in CST for radiating towards θ 
= 15° are illustrated in Figure 9. Figure 10 shows the simu-
lated reflection coefficient and normalized gain patterns of 
the planar and conformal 1 x 4 phased arrays designed to 
radiate towards θ = 15°. Although radiation towards θ = 15° 
is expected, the main beam direction of the patterns shows 
1° of disorientation.

Beam orientation towards θ = -20°
The geometric dimensions of the 1x4 PAA oriented at 

-20°, with modifications to the dimensions Sl5 , Sw1 , Sw2, 
Sw3, and Sw4, are presented in Table 4. The antennas require 
a phase shift of approximately -61° to achieve beam steering 
at an angle of θ = -20°, as defined by the phase shift formula. 
The phase value at port S21, is measured at 155°, while the 
phase at the S31 is found to be 216°. The phase values at 
the remaining two ports are calculated at 277° and 338°, 
respectively. Output phases of the 4-way T-junction simu-
lated in CST for radiating towards θ = -20° are illustrated in 
Figure 11. Figure 12 shows the simulated reflection coeffi-
cient and normalized gain patterns of the planar and con-
formal 1 x 4 phased arrays designed to radiate towards θ = 
-20°. Although the input phases of the array are adjusted to 

steer the mean beam towards θ = -20°, the full wave analysis 
result shows that the main beam is oriented towards θ = 
-18°. This slight disorientation is attributed to minor phase 
differences between the inputs of the array as demonstrated 
in Figure 11. 

(a)	 (b)
Figure 8. Performance of the planar and conformal 1x4 phased arrays designed to radiate towards θ = 0° (a) reflection 
coefficient; (b) normalized gain patterns.

Table 3. Geometric dimensions of the 1x4 PAA, oriented towards θ = 15°

Parameter Sl1 Sl2 Sl3 Sl4 Sl5 Sw1 Sw2 Sw3 Sw4 tw tl lW lı
Value (mm) 1.3 2 2 2 2.5 1.25 2.3 3.15 4.35 4.8 6.5 4.3 1.4
Parameter fl fl1 fl2 bl yl yw PL PW DW DL DMl Dfl

Value (mm) 2.5 1.12 1.12 2 2.4 1 9.4 14.12 70 50 17.63 32.26

Figure 9. Output phases of the 4-way T-junction for radiat-
ing towards θ = 15°.
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Experimental Verification
To demonstrate the beam steering performance of the 

conformal arrays, the 1x4 arrays whose input phases are 
arranged to radiate towards θ = 0°, 15° and -20° are fab-
ricated by chemical etching technique. The prototype of 
the conformal arrays with the T-junction power divider 
circuits are given in Figure 13. The conformal structure 

of the arrays is generated by bending the planar array on 
a cylindrical surface whose radius is equal to R parameter 
as given in Figure 2. The arrays and the feeding network 
were fabricated on Rogers RT5880 substrate (εr = 2.2, tan δ 
= 0.0009 at 10 GHz) with a thickness of 1.57 mm. The patch 
and ground plane of the array consists of copper with 35µm 
thickness. 

The reflection and radiation characteristics of the pla-
nar and conformal arrays are measured by using Anritsu 
MS4644A two-port vector network analyser. The measure-
ment of the patterns is performed in the horizontal plane 
within -90° ≤ θ ≤ 90° angular range. The measured reflec-
tion coefficient of the arrays is given in Figure 14 within 
the frequency range of 8-12 GHz. The S11 variation of the 
planar and conformal array designed to radiate towards θ 
= -20° has lower than -10 dB approximately above 9 GHz, 
whereas the operating bandwidth is narrower for the other 
cases. The lower operating frequency planar and conformal 
is 10 GHz for the arrays designed to radiate θ = 15°. The 
arrays that radiate boresight have narrower bandwidth of 
650 MHZ between 10.5 GHz and 11.15 GHz. 

Measured copolarized patterns of arrays are given for 
the planar and conformal arrays in Figure 15a and b, respec-
tively. The blue solid line demonstrates the normalized 
pattern of the array that is designed to radiate boresight, 
whereas red dash-dotted and black dashed lines repre-
sent the patterns of the arrays designed to radiate towards 

Table 4. Geometric dimensions of the 1x4 PAA, oriented at θ = -20°

Parameter Sl1 Sl2 Sl3 Sl4 Sl5 Sw1 Sw2 Sw3 Sw4 tw tl lW lı
Value (mm) 1.3 2 2 2 1.5 4.2 2.7 3.5 2.2 4.8 6.5 4.3 1.4
Parameter fl fl1 fl2 bl yl yw PL PW DW DL DMl Dfl

Value (mm) 2.5 1.12 1.12 2 2.4 1 9.4 14.12 70 50 17.63 32.26

(a)	 (b)
Figure 10. Performance of the planar and conformal 1x4 phased arrays designed to radiate towards θ = 15° (a) reflection 
coefficient; (b) normalized gain patterns.

Figure 11. Output phases of the 4-way T-junction for radi-
ating towards θ = -20°.
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θ = 0°, 15° and -20°, respectively. The main lobe directions 
of the patterns clearly show the beam steering performance 
of the 1 x 4 microstrip array for both planar and conformal 
arrays. Although the sidelobe level of the planar array that 
radiates to θ = -20° is close to 10 dB, the level is much higher 
for the other planar arrays. However, this is not the case for 
the conformal array. Bending the arrays results in higher 
side lobes, which reach 7.5 dB for the θ = 15° radiating con-
formal array. The gain of the planar arrays at 10 GHz are 
calculated as 11dBi, 10 dBi and 9 dBi for the θ = 0°, 15° 
and -20° radiation, respectively. Slight increase is observed 
at tha gain values for the conformal arrays. 12dBi, 10.1 dBi 
and 9.2 dBi are measured with the θ = 0°, 15° and -20° radi-
ating conformal arrays, respectively. The increase of gain is 
attributed to the bending, which helps to enhance forward 
radiation and resuls in higher front to back ratios.

(a)	 (b)

Figure 12. Performance of the planar and conformal 1x4 phased arrays designed to radiate towards θ = -20° (a) reflection 
coefficient; (b) normalized gain patterns.

(a) (b) (c)
Figure 13. Prototype of the fabricated conformal arrays designed to radiate towards (a) θ = 15°; (b) θ = -20°; and (c) θ = 0°.

Figure 14. Measured reflection coefficient of the arrays.
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CONCLUSION

This study presents the design, optimization, and exper-
imental validation of a 1x4 PAA for UAV applications oper-
ating in the X-band. The antenna features beam steering 
capabilities, achieved through a T-junction power divider 
network and innovative S-shaped structures that enable 
continuous adjustment of the radiation direction. The 
performance of the PAA is characterized by a low reflec-
tion coefficient of -30.91 dB at 10.3 GHz, a bandwidth of 
approximately 250 MHz, and a peak gain of 10.28 dBi. 
Additionally, the array demonstrated reliable beam steering 
capabilities, maintaining high gain levels and good radi-
ation patterns over a wide range of steering angles, with 
minor gain reductions (1.3 dBi for planar and 2 dBi for 
conformal arrays) when steered to off-boresight angles. The 
experimental results further validated the antenna’s perfor-
mance, showing consistent gain patterns and low sidelobe 
levels, with a gain enhancement in the conformal array due 
to its bent configuration, which improves forward radiation 
and front-to-back ratios. The proposed conformal phased 
array antenna design exhibits promising performance for 
UAV applications in the X-band, offering high directional 
gain, low sidelobes, and efficient beam steering capabili-
ties. The proposed conformal phased array antenna has the 
capability to steer the beam dynamically. For altering the 
direction of the main beam smoothly, a phase shifter should 
be utilized in the application. Future work can explore the 
scalability of this design to larger arrays and its integration 
with advanced UAV platforms for enhanced operational 
capabilities. The proposed conformal antenna design is 
compact and lightweight, making it well-suited for inte-
gration into UAV systems with limited space and weight 
constraints.
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