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Low Sidelobe and Tilted Beam Microstrip Antenna
for Circularly-Polarized SAR Onboard UAV

Yohandril> *, Asrizal', Asif Awaludin?, and Josaphat T. Sri Sumantyo®

Abstract—This work is purposed to provide microstrip antennas for a CP-SAR system with low
sidelobe, tilted beam, and circular polarization. This antenna is configured for the L-band (1.27 GHz)
mounting on an Unmanned Aerial Vehicle (UAV). The proposed microstrip antenna consists of three-
square radiating elements, due to the ease in fabrication. Meanwhile, the proximity structure has been
adopted in the feeding network. The tilted beam was obtained by arranging the different phases for
each element. On the other hand, a low sidelobe was achieved by managing the power distribution of
each patch using the Chebyshev polynomial. The proposed antenna was precisely printed and examined
in an anechoic chamber to verify the characteristics of the antenna such as polarization, sidelobe level,
and beam direction. Based on the measurement results, the proposed antenna has a tilted beam and a
low side lobe that meets the specifications of the CP-SAR system.

1. INTRODUCTION

Synthetic-Aperture Radar (SAR) is one of the powerful technologies that can be used in wide range
of fields [1,2]. Various researches are continually underway to improve SAR capabilities in both
hardware [3] and data processing technology [4]. The latest technology in SAR is Circularly Polarized
SAR (CP-SAR) [5]. This technology allows the transmission and reception of electromagnetic waves in
circular polarization. Due to its characteristics, the SAR with circular polarization has been extensively
studied. In addition, circular polarization is an advantageous way of transmitting electromagnetic
waves due to the ability to minimize propagation errors [6] and cross-polarization [7,8]. The CP-SAR
has detailed information compared to linear polarization (LP-SAR) such as tilting angle, ellipticity,
and axial ratio [3]. This parameter reveals more detailed information the CP-SAR sensor acquires. In
addition, circular polarization is not affected by the rotational effect of Faraday, as electromagnetic
waves propagate in the ionosphere [9]. On the basis of its advantages, the Josaphat Microwave and
Remote Sensing Laboratory (JMRSL) is developing a CP-SAR system for UAVs. The CP-SAR system
is targeted for a variety of purposes, such as disaster monitoring, land cover, forest, and fire mapping.
A photograph of our UAV for CP-SAR is shown in Figure 1.

A number of circular polarization antennas have been developed [10,11]. However, the developed
antenna did not comply with the CP-SAR specifications for UAV such as low sidelobe and tilted beam.
In our previous work, a circularly polarized microstrip antenna for UAV has been developed [12,13].
Mostly, the developed antenna generates radiation perpendicular to the theta plane. The antenna is
therefore mounted on the side body of the UAV to meet the side-looking radar requirement. As a result,
a load balancer is required on the other side of UAV as shown in Figure 2(a). The aircraft was made
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Figure 1. Photograph of our UAV for CP-SAR having total length 4.75 m, wingspan 6 m, and maximum
payload 25kg.
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Figure 2. Illustration of installation of microstrip antenna, (a) previous antenna on the side of UAV
with load balancer and (b) low sidelobe and tilted beam antenna on the bottom of UAV and no-load
balancer required.

heavier by a load balancer which occupies the space inside the UAV. Consequently, heavier UAV needs
a more powerful engine and fewer sensors that the UAV can carry. Moreover, the sidelobe level of the
antenna was less satisfactory for the CP-SAR system [14]. In that case, high sidelobe produces errors
when a backscattering signal is collected.

To overcome this problem, the antenna has to be installed at the bottom of the UAV while keeping
radiation sideways and low sidelobe as illustrated in Figure 2(b). The circular polarization antenna was
constructed using a three simple square microstrip antenna with corner truncated since it is easy to
fabricate. Meanwhile, the proximity feed method is used to power the antenna. The proximity feed has
an advantage as it can increase the antenna bandwidth [15]. The power distribution of each patch is
regulated using the Chebyshev polynomial to achieve a low sidelobe antenna. On the other hand, the
tilted beam was formulated using the principle of phased array [16].

The purpose of this work is to realize an array of microstrip antenna for UAV, which has a circular
polarization, low sidelobe, and tilted beam. This proposed antenna will be installed on the bottom
of the UAV. The antenna analysis and design will be presented in Section 2. Moreover, method and
antenna performance are discussed in Sections 3 and 4, respectively.

2. DESIGN OF PROPOSED ANTENNA

A CP-SAR system has several devices, one of which is antenna. Antennas are important components
which act as transmitters and receivers in the CP-SAR system. Table 1 displays the main parameters
of antenna for CP-SAR installed aboard UAV.

The antenna was designed for uniform space (d = A\o/2) at the level of sidelobe of 20 dB. The Array
Factor (AF) can be formulated as [17] for array antenna with three patches (P =3, M =1).

AF(u) = a1 + ag cos2u (1)
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Table 1. The main parameters of antenna for CP-SAR installed aboard UAV.

Parameters Specification
Working Frequency (GHz)  1.27 (L-Band)
Axial ratio (dB) <3
Elevation beam width 3.57°-31.02°
Polarization (Tx/Rx) RHCP or LHCP
Sidelobe level > 15dB

where u = 27(d/\) cosf, and u can be simplified for uniform spaces (d = A/2) as u = wcosf. The
excitation coefficient (a; and az) can be achieved by applying the polynomial of Chebyshev, and AF is
defined as.

AF(u) = 0.5+ 0.61 cos 2u (2)

Furthermore, the equation of the array factor was applied to calculate the power of each antenna patch.
The power distribution of each patch was managed over the feed network. Figure 3 depicts the power
comparison on each patch normalized to the center of the element.
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Figure 3. Illustration of power comparison for each patch of the antenna.

On the pattern of radiation, the main beam was tilted to 12 degrees to comply the CP-SAR
specification. There are various methods which can be adopted for tilted beam [18,19]. The simple
method used in this proposed antenna was phase shifting. Phase sifting was done in the feeding network
by controlling the additional feed line length (AL).

The proposed antenna geometry consists of the elements of the radiator and feed networks. The
three square microstrip antenna patches with corner truncated were implemented in this design. In
addition, a proximity feed method was implemented in the feed network. Figure 4 displays the power
divider (7-junction) for the distribution of the power on each element of the radiator.
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Figure 4. Power divider (T-Junction) with impedance matching (transformer).

Figure 4 depicts the division of input power into two outputs. The input power P; is sent to the
junction through a microstrip line with an impedance Z; and width Wj. In addition, the power P, was
split into two parts, namely P» and Ps. The width and impedance of P» and P3 are Wa, Zs, and W3,
Zs3, respectively.
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The feed network in the proposed antenna was designed to be based on the distribution of power.
Two T-junction (A and B) power dividers were used to distribute the power as shown in Figure 5. The
power division ratio for the A and B junctions is shown in Table 2.

Table 2. The ratio of the power dividing for A and B junction.

Junction P, P; Ratio (P3/P)
A 1.61 0.61 0.38
B 0.61 1 0.61
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Figure 5. The geometry design of the low sidelobe and tilted beam microstrip array antenna consists
of three elements and proximity feeding network.

3. METHOD

Simulation is done over 2 layers of geometry design as shown in Figure 5. In the design of the low
sidelobe and the tilted beam antenna, a finite ground plane model using the MoM was used. The
optimum designs are then precisely manufactured to ensure that the characteristics of the manufactured
antenna comply with the simulated model. A Nippon Pillar (NPC-H220A) substrate with a thickness
of 1.6 mm was selected to print the antenna. This substrate has a tangent loss of 0.0005 and a dielectric
constant of 2.17. In this design, the antenna was printed using two layers of substrate. Three radiators
were printed on the upper layer of the substrate and the proximity feed network on the lower layer.

The printed antenna was then investigated to determine its characteristics. The Vector Network
Analyzer (Agilent, E5062A) was operated to measure the coefficient of reflection and the voltage constant
wave ratio (VSWR). Meanwhile, radiation patterns and axial ratio were characterized in an anechoic
chamber (Figure 6) having dimensions of 4 x 8.5 x 2.4m?3,

Standard references consisting of a dipole antenna and a conical log spiral (RHCP and LHCP) were
used for characterization. The Antenna Under Test (AUT) was placed on a rotary table. The turntable
can precisely adjust the rotation of the antenna to determine the pattern of radiation. Moreover, the
speed and direction of the rotary table were adjusted using a controller from outside the chamber. The
frequency, power, and angle of radiation can be adjusted on a computer.

4. RESULTS AND DISCUSSION

The proposed antenna was printed on two layers. The top layer is three square radiators, and the
bottom layer is a feeder. The two layers of the antenna are assembled and pressed using plastic bolts.
Figure 7 shows a photograph of the low sidelobe and tilted beam microstrip antenna. The array antenna
was printed on the basis of optimum simulation parameters. Table 3 shows a list of the best parameters
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Figure 6. The antenna under test, (a) measurement system Schematic, (b) photograph.

Figure 7. Printed antenna on two layers of Nippon Pillar (NPC-H220A).

Table 3. Geometry parameters (mm) of low sidelobe and tilted beam microstrip array antenna.

Parameters Size (mm)

L 379.47
W 185.07
t 1.600
wy, 1y 79.20
d 53.97
c 9.120

of the antenna and the size (mm). In addition, the measured characteristics of the antenna were plotted
along with the simulation data.

The properties of the antenna, such as the coefficient of reflection (S11), VSWR, axial ratio (AR),
and the pattern of radiation, are shown in Figures 8-12. The simulation and measurement coefficients
of reflection (S11) are shown in Figure 8. The minimum coefficients of reflection for measured and
simulated results are —15.6dB and —26.74 dB, respectively. In addition, the simulated and measured
bandwidths at —10dB are 4.8% and 5.6% with respect to the 1.27 GHz frequency center.

In general, the simulated and measured coefficients of reflection are in good agreement. The working
frequency is, however, shifted slightly to a higher frequency. The slight shift in frequency is likely because
the printed patches are slightly smaller than the simulation size. In principle, the smaller the patch
antenna size is, the higher the working frequency is [20]. Moreover, the measured antenna bandwidth
is slightly wider (0.8%) than the simulation results. The wider width of the measuring bandwidth is
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Figure 8. The relationship between simulation  Figure 9. Simulation and measurement VSWR
and measurement coefficient of reflection and of the antenna.
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Figure 10. Simulation and measurement result  Figure 11. Simulation and measurement of
of the axial ratio (AR). normalized radiation pattern of the proposed
antenna at frequency 1.27 GHz.

suspected due to the presence of an air gap between the substrate layers [21].

Figure 9 shows the effect of the frequency on the simulation and measurement of VSWR.
Apparently, the simulation and measurement results are in good agreement. The measured and
simulated impedance bandwidths (VSWRs) are 5.31% and 4.80%, respectively. The measured VSWR
at the working frequency (1.27 GHz) is 1.48, and the simulated VSWR is 1.40. In short, the simulation
and measurement results show high compatibility and a high matching between the feeding network
and antenna [22].

The polarization characteristics of the antenna are determined by axial ratio (AR). The antenna
must have a maximum axial ratio of 3dB for circular polarization [23]. Figure 10 shows the relationship
between the axial ratio of the proposed antenna and the frequency. The bandwidth of measured axial
ratio (3-dB) is 9.75 MHz (0.76%). Meanwhile, the axial ratio bandwidth in the simulation is 13.6 MHz
(1.07%) with a lower axial ratio of 0.85dB at a frequency of 1.27 GHz. The operating frequency of the
measurement shifts slightly to higher frequencies. This is due to slight imperfections in the fabrication
process that make the printed antenna smaller than the simulation size [20]. Subsequently, measured
axial ratio looks higher than the simulation. This result is caused by the smaller corner-truncation at
the printed square patch than the simulation configuration [24].

The level of the sidelobe antenna can be shown in the normalized patterns of radiation as seen
in Figure 11. The radiation pattern is plotted as a function of the theta on the theta plane. On
the measured radiation pattern, the sidelobe appears on # = —98° and # = +118° with peaks of
—25.13dB and —21.07 dB, respectively. Meanwhile, the simulated radiation pattern shows the sidelobe
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at 0 = —120° and 0 = +165° with peaks of —22.11dB and —22.35 dB, respectively.

Generally, the simulation and measurement results of the radiation pattern are in good agreement.
A slight difference in the pattern of radiation can be attributed to imperfections in the characterization
process, such as a small shift when the antenna is rotated on the turntable. Nevertheless, the difference
between the main lobe and sidelobe of the fabricated antenna is 25.13 dB and 21.07 dB for § = —98° and
0 = +118°, respectively. Based on this sidelobe level it can be concluded that the developed antennas
can be used and meet the antenna requirements for CP-SAR onboard UAV [25].

The printed antenna, on the other hand, has the tilted main beam as shown in Figure 12. In
this graph, the main beam antenna is tilted at § = +12°. This angle complies with the required CP-
SAR antenna specifications, which are between 3.57° and 31.02° [25]. Moreover, the beamwidth of the
antenna is bit wide due to the limited number of patches [26].

------ Measurement

— Simulation

Figure 12. Antenna polarization at frequency 1.27 GHz.

Based on the antenna’s characteristics in terms of reflection coefficient, axial ratio, low sidelobe,
and tilted beam, the developed antenna meets the CP-SAR required specification. Table 4 presents the
comparison of some of the previous antennas and the proposed antenna.

Table 4 shows the performance of other work (CP antenna for satellite and Ultra-lightweight
antenna) as compared to the proposed array antenna. The CP antenna for satellite has a sidelobe level
varied from 16.6 to 20dB with 0° beam direction. On the other hand, the ultra-light weight antenna
has a sidelobe of 20dB and 0° beam direction. The proposed antenna has a sidelobe of 21.07dB and a
tilted beam of 12°.

Table 4. Comparison of several previous antennas with proposed antenna.

Antenna Beam Direction Sidelobe (dB)
CP antenna for satellite [27] 0° 16.6-20
Ultra-lightweight antenna [28] 0° 20
Proposed Array antenna 12° 21.07

5. CONCLUSION

The development of a low sidelobe and tilted beam microstrip array antenna has been presented in this
paper. The simulation and measurement results show a good agreement. In general, the performances
of the proposed antenna in terms of coefficient of reflection, and axial, sidelobe level, and tilted beam
satisfy the requirements of CP-SAR system. The proposed antenna has a low sidelobe level of 20 dB.
Moreover, the main radiation beam antenna can be tilted to 12°. With its good performance, this
circularly polarized antenna can be installed beneath a UAV for a variety of CP-SAR missions.
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