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Abstract 
 
The conformal antenna receives more consideration towards the coverage augmentation of contemporary wireless communication sys-
tems. The foremost unprejudiced of conformal antenna is to reduce aerodynamic drag in aircraft. Consequently designing frequency re-
configurable conformal antenna has become a key concern in the airborne system. This article reviews the state-of-the-art conformal 

antenna design by considering the challenges of reducing the aerodynamic drag in the airborne applications. Microstrip patch antennas 
represent compact antenna that offer a conformal nature and capability of equipped integration with communication system. In this work, 
microstrip patch antenna is designed for airborne system for drag reduction. The hybrid particle swarm and cuckoo search optimization 
algorithm is utilized for the length and width. Then the algorithm values are used for the calculation of effective length. The performance 
of the proposed method is compared with hybrid artificial neural network and firefly, genetic algorithm and analyzed. 
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1. Introduction 

The antenna can form part of a specific high-performance airborne 
system with applications in the realization of frequency hopping 
radar. For large angular coverage in the azimuthal plane, low pro-
file conformal arrays of rectangular antennas are mounted on sin-
gly curved cylindrical surface. The singly curved surface forms as 

an approximation of the shape of an aircraft wing, fuselage or 
external pods. Such a design will Synopsis-3 facilitate the use of 
antenna in defense applications in radar and communication sys-
tems to avoid detection by enemy. This mainly devoted to design 
of frequency agile antennas conformable to both planar and cylin-
drical surfaces of airborne systems and facilitates specific opera-
tional requirements [1-3]. The need for conformal antennas is 
more pronounced for the large-sized apertures that are necessary 

for functions like military airborne surveillance radars. A confor-
mal microstrip antenna on a cylindrical surface with low profile 
has distinct advantage for applications related to fighter and 
spacecraft [4-7]. 
There are operational specific applications related to fighter air-
craft that require an antenna to conform on its surface like struc-
tural, aerodynamic, and space limitation compulsions.  Other main 
reasons for antenna design to conform to the aircraft surface are 
particularly electromagnetic requirement such as antenna beam 

shape and angular coverage. Microstrip antenna and arrays con-
formed to curved [8-11]. Microstrip antennas are employed in a 
wide range of microwave systems, such as radar, navigation, 
communication, remote sensing and biomedical systems. The 
radiating elements in these applications are usually incorporated in 
array environments that are considered to be planar. More recent 
developments pursue to mold array antennas into curved surfaces, 
particular examples being radar antennas integrated into the body 

of an aircraft, millimeter-wave imaging arrays mounted on un-

manned airborne vehicles, and antennas for medical imaging ap-
plications which may be required to conform to the shape of the 
human body [12-15]. 
Several types of conformal antennas are studied. In particular, 
cylindrical antennas are analyzed in more detail by varying their 

physical parameters in order to observe the effects on the perfor-
mance. After that, the different conformal antennas are directly 
compared with their planar counterparts. The possibility of con-
forming them in a determined shape makes them attractive for 
aircraft, automobiles, ships, where aerodynamic improved by ad-
justing the antennas to the contour of the vehicles [17-20]. 
This work mainly focuses on design of conformal microstrip patch 
antenna at above 1GHz frequency range in order to avoid the drag 

in airborne system. The designing parameters are obtained by 
hybrid particle swarm cuckoo search optimization algorithm [21-
25]. Finally performance of voltage standing wave ratio, directivi-
ty, gain, and the return loss are analyzed. 

2. Design 

The microstrip patch antenna consists of radiating patch and 
ground plane, the patch is placed on one side of the substrate and 
ground plane is on another side. The design of patch antenna in-
cludes frequency of operation, dielectric material of RT Duroid 
and dielectric constant is 2.45. The conformal microstrip patch 
antenna is presented for the airborne application in order to restrict 
the drag, in which the microstrip can radiate the electromagnetic 
waves. The conformal microstrip patch antenna is illustrated in 
figure 1. The substrate is place above the ground plane with the 

height as ‘h’. The feeding transmission line is connected along 
with the patch antenna. The relative permittivity is carried out by 
the substrate of the patch and the thickness of the patch can be 
represented as t. The frequency range of patch antenna design is 
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1GHz. The power radiated and received from the antenna is de-
pends on the radial distance and angular position [26-30]. 
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Fig. 1: Conformal Microstrip Patch Antenna 

The patch antenna length can be evaluated by [31-33], 
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The relative permittivity is calculated by, 

The width of the patch antenna can be calculated by, 
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The above equations are used to design the conformal microstrip 

patch antenna and measure the parameters like radiation pattern, 
directivity, gain and return loss. 

3. Proposed Algorithm 

The PS-CSO [34] is utilized for optimization of length and width.  
This algorithm is highly efficient and optimal results are obtained 

through the algorithm. The steps includes, 
 
Step 1: Initialize the population; it can be represented by, 


 ....,,,
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        (3) 

Where the number of particles can be represented as 


   .The 

population includes upper bound, lower bound, initial velocity and 
position. 

The velocity can be updated by, 
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Step 2: The fitness function evaluation is mentioned in equation (1, 

2). Whereas the fitness value of new and old are compared. The 
better result is selected for next generation. 

Step 3: The population and fitness function can be evaluated 
through the PSO, in which the global optimal solution can be find 

out by cuckoo search. In each iteration, the position can be updat-
ed by, 

      lkk
nn

1       (5) 

Where  denotes the step size parameter,  k
n

  is the nest 

position,  l   random search vector, 

Step 4: If the conditions are satisfied then find the optimal solution 
and corresponding flow chart is shown in figure 2. 
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Fig. 2: Flow Chart of PS-CSO 

 

The hybrid algorithm is used to get the optimal length and width 
to design the microstrip patch antenna. The PSO algorithm is for 
initial updation, in which the accurate values are updated by the 
position updation, this can be done through the cuckoo search 
optimization algorithm. In each iteration, the position values are 
gets to change.  

4. Results and Discussion 

The below figure 3, shows that the HFSS design of microstrip 
patch antenna, in which the coordinated like x, y, and z. The sub-
strate is placed over the ground plane with the particular dimen-
sion. The length, width, height and thickness of the dielectric sub-
strate is measured, in which the length and width is measured from 

the optimization algorithm. The patch length and width is about 25 
mm, and 15 mm respectively. 

The return loss of the conformal antenna is shown in figure 4, in 
which the loss is reduced at the rate of about -13.9dB. The loss is 
calculated using the equation (3). The difference between upper 
cut-off frequency and lower cut off frequency is defined in terms 
of bandwidth.   
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Fig. 3: Design of Conformal Microstrip Patch Antenna 

 
Fig. 4: Return Loss of Conformal Microstrip Patch Antenna 

The voltage standing wave ratio(VSWR) is about 1. The VSWR is 
always a real and positive number for antennas. The smallest 
VSWR is, better the antenna is matched to the transmission line 
and the more power is delivered to the antenna. In this case, no 

power is reflected from the antenna, which is ideal, which often 
antennas must satisfy a bandwidth requirement that is given in 
terms of VSWR and it is shown in figure 5. 

 
Fig. 5: Voltage Standing Wave Ratio 

A transmitting antenna with a gain of 6 dB resources that the pow-

er received far from the antenna will be 6 dB higher than what 
would be expected from a lossless isotropic antenna with the same 
input power. Note that a lossless antenna would be an antenna 
with an antenna efficiency of 100%. Similarly, a receive antenna 
with a gain of 6 dB in a particular direction would receive 6 dB 

more power than a lossless isotropic antenna and it is shown in 
above figure 6. 

 

 
Fig. 6: Directivity of Antenna 

The below Table 1 shows that the comparison results of proposed 
with the existing methods. Thus the comparison results can 
demonstrate the efficiency of the proposed work and it can have 

the loss, gain, directivity, and voltage standing wave ratio. 

Table 1: Comparison Results 

Algorithm Parameter Value 

 

PSO [35] 

Resonant frequency 1.95GHz 

Length 36.43mm 

Width 25.79mm 

Return loss -27dB 

 

GA[36] 

Resonant frequency 5GHz 

Length 200mm 

Width 100mm 

Gain 14.1 

 

AGA [37] 

Resonant frequency 15GHz 

Length 16mm 

Width 4mm 

Gain 15 

ABC [38] Resonant frequency 1.5GHz 

Length 6cm 

Width 4cm 

Gain 16 

PSCSO (Proposed) Resonant frequency Above 1GHz 

Patch Length 

Patch Width 

15.236mm 

25.236mm 

Substrate Length 

Substrate Width 

12.7mm 

8.4mm 

Ground Length 

Ground Width 

20mm 

30mm 

Feed line Length 

Feed line Width 

20mm 

30mm 

Return loss -13.8dB  

Gain 5.4 dB  

Directivity 7.74dB 

Voltage standing wave ratio 9.5dB 

5. Conclusion  

The conformal patch antenna is successfully designed, simulated 
and analyzed. The patch antenna with the gain and directivity is 
highly improved in the proposed system. The radiation pattern of 

the antenna is designed for the location of airborne system, in 
order to reduce the drag. The effectiveness of the conformal an-
tenna is checked by the hybrid particle swarm and cuckoo search 
optimization algorithm. The difference between the upper and 
lower cut off frequency is the bandwidth and it is about 1.4GHz. 
The performance of the gain, directivity, voltage standing wave 
ratio is compared with the existing methods like artificial neural 
network firefly, genetic algorithm. From the comparison results, 

we can say the proposed system is better than the existing methods. 
The modern aircraft consists of increased number of antennas 
which paves the way for drag. Thus the performances of antenna 
arrays that are used in airborne systems get affected by an aerody-
namic drag. This drag has arisen due to the force of an aircraft that 
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blocks the aircraft's motion via air. Therefore, conformal antennas 
are used to minimize the aerodynamic drag in the airborne systems. 
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