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Abstract- Design and implementation of a conformal microstrip patch antenna array on a conducting cylindrical surface for 
realizing the desired omnidirectional pattern in roll plane is presented.   A (14) planar microstrip patch array is devised to 
ensure conformality to the specified host cylindrical surface of diameter 90 mm. The design is simulated using full wave 
simulation software, HFSS and the patch antenna is designed and fabricated using PCB fabrication technology. VSWR and 
radiation pattern measurements are carried out in microwave anechoic chamber.  Simulation and measurement results agree 
very well and give encouraging results.  

   
IndexTerms- microstrip antenna, omnidirectional antenna,  wrap around antenna.  
 
I.INTRODUCTION 
 
Omnidirectional antennas find myriad applications in 
unmanned air vehicles, missiles, radio broadcasting, 
cordless phones, GPS, mobiles, etc.  Dipoles, 
monopoles, and slotted blade antennas possess 
inherent omnidirectional radiation characteristics.  
These antennas on an air vehicle curved surfaces such 
as cylinder, cone/ frustum of cones contribute 
substantial aerodynamic drag and conformal antennas 
need to be essentially used. Microstrip patch antennas 
or printed antennas possess the inherent property of 
conformability to curved surfaces [1,2]. But microstrip 
patch antennas possess several limitations such as 
modest gain, mutual coupling problems in array 
environment, reduced efficiency due to surface wave 
losses and poor end fire radiation characteristics.  
However all of these limitations can be overcome by 
diligent design techniques and microstrip antennas can 
be tailored for specific applications [3, 4].  
Microstrip patch antenna arrays conformed to 
cylindrical surfaces for realizing omnidirectional 
pattern in roll plane find extensive applications in 
telecommunications and as telemetry antennas in RF 
data links of UAVS, cellular base stations, etc. and has 
been pursued consistently in open literature [5-9].  The 
electrical size of the cylindrical structure poses a 
severs constraint as the small curvature affects the 
radiation pattern.   Small curvature cylinders have 
negligible effect on the radiation pattern whereas large 
curvatures might degrade the antenna radiation pattern 
in the form of nulls in the omnidirectional pattern [10].  
In this paper, we report the design and implementation 
of an omnidirectional patch antenna array designed for 
conforming to a specified 90 mm. diameter conducting 
cylinder.  The size of the cylinder dictated devising a 
(14) planar microstrip patch antenna array for 
conforming  to the cylindrical surface.  First, the 
planar array antenna is designed and optimized for  

 
realizing best VSWR and gain at the operating 
frequency of 2.34 GHz. using full wave simulation 
software, HFSS 2014.  Thus optimized planar array is 
wrapped to the specified conducting cylindrical 
surface and is simulated for realizing the desired 
omnidirectional radiation pattern in roll plane.  The 
microstrip patch antenna array is designed as high 
performance PCB using ECAD PCB layout design 
software, Visula and developed using conventional 
photolithographic technology.  
 
II. CONFORMAL CYLINDRICAL 
MICROSTRIP PATCH ANTENNA ARRAY 
DESIGN AND DEVELOPMENT  
 
A. Four Element Micro strip Antenna Array 
(MSPAA)Design  
A (14) element MSPAA is initially designed using a 
dielectric substrate with r = 2.5 and dielectric loss 
tangent, tan = 0.0019 with thickness = 0.8 mm. The 
geometry model of the MSPAA in HFSS software is 
shown in Fig. 1. and the simulated VSWR plot of the 
MSPAA  is shown in Fig. 2.  The simulated 2D and 3D 
radiation pattern of the planar MSPAA are shown in 
Fig. 3. and Fig.4 respectively.  

 

 
Fig. 1. Geometry Model Of The (14) MSPAA In HFSS. 
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Fig. 2. Plot Of Simulated VSWR Of The (14) MSPAA. 

VSWR = 1.08 At 2.34 GHZ. 
 

The design is optimized in HFSS to realize a VSWR of 
1.28 at 2.34 GHz. Gain of 12.02 dBi is obtained from 
the (14) MSPAA in  HFSS and is shown in the 2D 
plot, in Fig. 3.   VSWR bandwidth of 30 MHz is 
obtained.  The complete design details of the MSPAA 
obtained from the cavity model of analysis of 
rectangular patch antennas are given in Fig. 1.     
 

 
Fig. 3. Simulated 2D Radiation Pattern Of The (14) MSPAA 

With The Gain Of 12.02 Db. 
 
The 3D radiation pattern of the planar MSPAA is 
given in Fig. 4.  On successful wrapping to the 
cylindrical surface, this pattern is supposed to get 
modified to realize  the desired 'dough nut' pattern. 
    

 
Fig. 4. Simulated 3D Radiation Pattern Of The (14) MSPAA. 

 
B. Deriving the Omni directional radiation pattern 
from MSPAA 
The geometry model of the conformed (14) 
cylindrical MSPAA in HFSS is shown in Fig. 5 and 
the VSWR plot of the cylindrical MSPAA is shown in 
Fig. 6.   

 
Fig. 5.  Model Of Conformal Cylindrical MSPAA In HFSS. 

 

 
Fig. 6.Plot Of Simulated VSWR Of  The Cylindrical MSPAA 

VSWR = 1.08 At 2.34 GHZ. 
 
The cylindrical MSPAA is enclosed in a 'radiation 
box' of electrical size λ/4,(where λ is the free space 
wavelength at the desired resonant frequency of the 
antenna),  to enable computation of the radiated field 
of the antenna, in HFSS.  No shift in the resonant 
frequency is observed with wrapping, indicating the 
accuracy of simulation.   
The simulated 2D radiation pattern of the conformed 
cylindrical MSPAA is shown in Fig. 7. The desired 
omnidirectional pattern in roll plane is achieved.  An 
omni-directionality of 0.7 dB is obtained.  This result 
is very encouraging as the nulls usually resulting from 
conforming the MSPAA to a  large curvature cylinder 
are absent and is indicative of not only exact 
conformality but also accurate computation of the 
radiated fields of the MSPAA.  
 

 
Fig. 7.  2D Radiation Pattern Of Conformal Cylindrical 

MSPAA. Omni-Directionality = 0.7 Db. 
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The 3D radiation plot  depicting the doughnut pattern 
is shown in Fig. 8. Since the simulated results meet all 
the desired specifications, the design translated to 
hardware and the design and simulation validating 
measurements are presented in the next section.  
 

 
Fig. 8. 3D Radiation Pattern Of Conformal Cylindrical 

MSPAA. 
 

C. Planar MSPAA fabrication and measurements 
The (14) MSPAA is designed using the ECAD PCB 
layout design software, Visula v2.3. A microwave 
dielectric substrate with r = 2.5 and dielectric loss 
tangent, tan = 0.0019 with thickness = 0.8 mm is used 
for fabrication of the antenna.  Conventional but 
accurate printed circuit board (PCB) fabrication 
technology is used for fabrication of the planar 
MSPAA.  A photograph of the fabricated (14) 
MSPAA is shown in Fig. 9.   
 

 
Fig.9. Photograph Of The Fabricated (14) MSPAA On 

Ultralam Dielectric Substrate. 
   
Using hp vector network analyzer based 
instrumentation, the planar (14) MSPAA is tested for 
its VSWR and the measured VSWR plot of the 
antenna is shown in Fig. 10.  A VSWR of 1.16 is 
measured at the operating centre frequency of 2.34 
GHz. and validates the highly accurate design and 
simulation and indicative of reliable translation of 
design to hardware. Next, radiation pattern 
measurements are carried out on the planar (14) 

MSPAA in a microwave anechoic chamber  and is 
plotted in Fig. 11.  A high directivity standard gain 
horn antenna is used as a transmitting antenna and the 
planar MSPAA is tested in the receiving mode.  Gain 
measurements are also carried out using a laboratory 
standard, standard gain, linearly polarized  horn 
antenna. Radiation pattern measurements are carried 
out after ensuring polarization match of the 
transmitting antenna and exact  line of sight between 
the two antennas.  
 

 
Fig. 10.  Plot Of  Measured VSWR  Of Planar  (14) MSPAA. 

 

 
Fig. 11.  Measured 2D Radiation Pattern Of Planar (14) 

MSPAA In Microwave Anechoic Chamber. 
  
The (14) planar MSPAA is securely placed on a low 
loss,  RF transparent thermocol stand on a single axis 
positioner turn table and is rotated over complete 360.   
It is observed that a gain of 12 dBi is measured and is 
shown as blue colored plot in Fig.  11. The realized 
gain of 12 dBi is  a strong indicator of the accurate 
design, simulation and also indicative of  reliable and 
accurate fabrication technology. 
In the following section, the wrapping  of (14) 
MSPAA onto the specified cylindrical  air-vehicle 
surface is elaborated with measurement results. D. 
Cylindrical MSPAA fabrication and radiation pattern 
measurements As an exact gain of 12 dBi has been 
realized with good VSWR indicative of good 
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impedance matching, the planar MSPAA is wrapped 
or conformed to the specified cylindrical surface of 
radius = 90 mm, ensuring neither overlap nor gap 
while wrapping.   The bending radius and other 
material parameters of the dielectric substrate is given 
due consideration so as to ensure realization of the 
desired radiation pattern of  the conformed antenna. A 
photograph of the conformal cylindrical microstrip 
patch antenna is shown in Fig. 12.  Thus conformed 
MSPAA is tested for its VSWR and the VSWR plot of 
the cylindrical MSPAA is shown in Fig. 13.  
 

 
Fig.12. Photograph Of Conformal Cylindrical Omnidirectional 

Microstrip Antenna. 
 

 
Fig.13. Measured VSWR Of The  Conformal Cylindrical 

Microstrip Antenna. 
  
From Fig. 13, it is observed that a VSWR of 1.26 has 
been measured at the resonant frequency of 2.345 
GHz. with VSWR bandwidth (at VSWR=  2.0 points) 
of 30 MHz has been realized. Ensuring good VSWR of 
the antenna, the cylindrical MSPAA is then tested for 
its radiation pattern in roll and yaw planes.  A polar 
plot of the measured radiation pattern in roll plane is 
shown in Fig. 14 and the yaw plane radiation pattern is 
shown in Fig. 15. From the measured  roll plane plot of 
Fig. 14, it is observed that a good Omni directional 
pattern has been  realized in roll plane, meeting the 
requirements. From the measured  yaw plane pattern, 

shown in Fig. 15, it is observed that a figure of eight 
pattern has been realized.  
  

 
Fig. 14. Measured Radiation Pattern Of Conformal Cylindrical 

Omnidirectional Antenna.  Roll Plane Pattern. 
 

 
Fig. 15. Measured Radiation Pattern Of Conformal Cylindrical 

Omnidirectional Antenna. Yaw Plane Pattern. 
 

CONCLUSION 
 
The design and development of a conformal 
cylindrical microstrip patch antenna array on a 
specified cylindrical surface meets all requirements of 
omnidirectional radiation pattern in roll plane.  
Simulation and measured results agree very closely 
and are highly encouraging. The conformal cylindrical 
omnidirectional antenna is suited for telemetry 
applications in RF data links.  
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