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 Abstract: In this article, an optimized micro-strip patch antenna 
for vehicular communication is presented. It consists of 
rectangular radiating element with 50 Ω microstrip line feed. The 

FR-4 dielectric material is used as the substrate with relative 
permittivity of 4.4. ANSYS High Frequency Structure Simulator 
(HFSS) based on the Finite Element Method (FEM) is used to 
analyze the performance of the micro-strip patch antenna. Results 
show that the antenna operated at 5.9 GHz with return loss of 
-14.07 dB and Voltage Standing Wave Ratio (VSWR) of 1.13.  The 
optimization of the antenna is carried out by employing the 
meta-heuristic algorithms such as Genetic Algorithm (GA) and 
Particle Swarm Optimization (PSO). PSO is implemented with the 
help of MATLAB and GA is performed by ANSYS optimetrics 
tool. After applying the optimization algorithms, performance of 
the antenna has been improved. The return loss and VSWR 
obtained from GA are -34 dB and 1.0 whereas from PSO are -20 
dB and 1.65. On comparing GA and PSO, the results obtained 
from GA are better than PSO. The design methodology of 
micro-strip patch antenna and the employed optimization 
techniques are presented.  
 

Keywords: Genetic Algorithm (GA), meta-heuristic, 
Optimization, Particle Swarm Optimization (PSO) 

I. INTRODUCTION 

 In this current era of mobile communication, antennas play 

a major role in wireless devices. Antenna design has become 
more complex over the years with inherent tradeoff that exist 
between bandwidth, gain, radiation pattern and physical size. 
It makes the design of an antenna as a lengthy process [1-3]. 
In recent days, various methods have been used to optimize 
the antennas in order to enhance their performance. Some of 
the algorithms are Genetic Algorithm (GA) and Particle 
Swarm Optimization (PSO), which is also referred as 
meta-heuristic algorithms or evolutionary algorithms. The 
optimization of the antenna shape and size are performed by 
using GA that is one of the widely used global optimization 
algorithms.  
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Natural selection, evaluation, crossover and mutation are the 
basic concepts of GA [4-5]. 

The performances of the antennas are also improved by 
performing the optimization of resonant frequency, 
bandwidth, directivity, gain and size using GA [6]. Another 
computational method is PSO that helps to optimize a 
problem that constantly attempts to produce a best solution 
[7-9]. Here the particles are assumed to move around the 
search area for optimized result by updating their position and 
velocity. Recently PSO is capable of handling multiple design 
goals efficiently. Mathematical function of the desired 
parameters is taken as objective function [10-11]. In this 
paper, the performances analysis of micro-strip patch antenna 
is investigated by applying meta-heuristic algorithms such as 
GA and PSO. 

II. MICRO-STRIP PATCH ANTENNA 

Micro-strip patch antennas are more popular because of its 
small size and ease of fabrication. However, it provides low 
bandwidth. The bandwidth of these types of an antenna can be 
improved by using optimization algorithms. Micro-strip patch 
antenna consists of dielectric material, radiating element and 
ground plane. Radiating element is placed on a top of the 
dielectric material and the ground plane is located at the 
bottommost. In some of the patch antennas, to achieve wider 
bandwidth dielectric spacers replace dielectric material. 
These antennas are incorporated into mobile radio 
communications and telecommunication devices because of 
its low profile. Generally, micro-strip antennas have the 
shapes of square, rectangular, circular and elliptical, but any 
continuous shape is possible. The rectangular shape is widely 
employed to realize the micro-strip antenna. Suppose air is 
taken as the dielectric substrate for design, the length of the 
rectangular micro-strip antenna is approximately one-half of a 
free-space wavelength. The electrical length of the antenna is 
extended due to the effect of fringing fields. 

A. Micro-strip Patch antenna design and configuration 

The proposed antenna designed in HFSS17.0 is shown in 
figure 1. Here FR4 is used as the substrate of the antenna 
because it is cheap and easy to fabricate. The chosen 
dielectric height is 1.6 mm, dielectric constant is 4.4 and loss 
tangent is 0.02 and the resonant frequency is about 
5.9GHz.The detailed parameters of the patch antenna are 
shown in the Table 1. The formulae to determine patch 
dimensions are as follows: 
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Table–1: Parameters of the patch 

Parameters Lp Wp Lf Wf Lt Wt 
Values(mm) 10 11 6.97 3.05 12.71 0.8 

 

 
Fig 1. Micro-strip patch antenna (a) Top view  

(b) Bottom view  

III. GENETIC ALGORITHM 

 
Holland and De Jong introduced the hypothesis of GA that 

contains the optimization search approaches and concepts 
based on natural selection and evolution. Figure 2 presents the 
functional block diagram for genetic algorithm. The first step 
of GA is the creation of initial population. Each individual in a 
population are coded as a string of bits, which is called as 
chromosome. A good chromosome is determined by the best 
value of objective function.  Initially, the individuals are 
randomly generated.  

 

 
Fig 2.Functional diagram of Genetic Algorithm 

 
The cost function or objective function is used to calculate 

the fitness of individual in the population. The new generation 
is formed by mating these individuals. The individuals who 
have higher fitness are chosen for reproduction. Crossover 
and mutation are used to allow the search of objective 
function. The best individuals are arrived into the next 

generation without any change. This process is repetitively 
performed until it reached a stop criterion. While designing an 
antenna with the help of GA the output can be generations of 
desired radiation pattern, impedance matching, side lobe 
suppression. GA by itself is very robust and so automatically 
converges to the local minimum point and even initiation is 
not less required, the amount of design information is 
minimum.   

 
A. Genetic algorithm implementation 
 

The optimization steps for designing antenna are 
summarized as below:  
Step 1: The parameter which has to be optimized is taken as a 
variable initially. Here the length and width of the patch are 
taken as ‘a’ and ‘b’ 
Step 2: The variable sweep is added in optimetrics for which 
different combinations are created. 
Step 3: Run and analyze the performance. 
Step 4: Choose Genetic algorithm as optimizer  
Step5: Set calculation range and condition for the desired 
goal  ie.,S11. 
Step 6: Desired cost function is chosen. 
Step 7: Optimization is terminated when stopping condition 
is met. 

B. Parameter 1: Return loss – Results (After and Before 
apply GA) 

The return losses of the conventional patch and optimized 
patch antenna are depicted in Fig.3 and Fig 4 respectively. 

 

 
Fig 3. Return loss of conventional patch antenna  

 

 
Fig 4. Return loss of optimized patch antenna  

 
 





Freq = 5.9 GHz 
R.L = -14.07dB 

Freq = 6 GHz 
R.L = -34.16dB 



International Journal of Innovative Technology and Exploring Engineering (IJITEE) 
ISSN: 2278-3075 (Online), Volume-8 Issue-12, October 2019 

3492 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: L26131081219/2019©BEIESP 
DOI:10.35940/ijitee.L2613.1081219 
Journal Website: www.ijitee.org 

The above result shows that the S11value has been enhanced to 
-34.16dB resonating at 6GHz. 

C. Parameter 2: VSWR – Results (After and Before 
apply GA) 

 
The VSWR of the conventional patch optimized patch are 

depicted in Fig.5 and Fig 6 respectively. 

 

Fig 5. VSWR of conventional patch antenna (1.13) 
 

 
Fig 6. VSWR optimized patch antenna (1.0) 

Standing wave ratio is always minimum in design process. By 
comparing above two results, after optimized produce a good 
reduce in voltage standing wave ratio level this mean after 
optimization interference is properly avoided.  

IV. PARTICLE SWARM OPTIMIZATION 

Particle Swarm Optimization (PSO) is formulated by 
Kennedy and Eberhart. This algorithm is inspired by social 
behavior of birds and shoals of fish. PSO is a population 
based optimization which is non-deterministic and its 
performances are comparable to genetic algorithm. To find 
the best solution in PSO, swarm of particles is moving around 
the search space. The particles in the search space adjust its 
position and velocity based on its own behavior and the 
behavior of other particles. PSO adopts three methods namely   

i) Separation – To avoid crowding among the particles. 
ii) Alignment – Moving towards the average head     
                           particle. 
iii) Cohesion -  Towards the average position of swarm. 

A. PSO Algorithm Implementation 

The design and configuration are same as that of GA but 
the software here used is MATLAB 2018a. The flow chart for 
PSO is presented in Fig 7. 
 

 
Fig 7:  Structural flow chart of PSO 

 
Step 1: Define dimension of the problem, solution space, 
objective function and population size. 
Step 2: Initialize population (X), velocity (V=0), personal 
best (pbest=X) 
Step 3: For each iteration 
Step 3.1: For each particle 
                               Evaluate objective function 
                               Update pbest 
                               End 
           Step 3.2: For each particle 
                               Find best local guide in search space 
                               Update velocity 
                               Update position  
                               End 
Step 4: Check for the termination criteria  

B. PSO mathematical equations 

The equation of velocity updation and position updation by 
particle i of component j is given by 
 

             tPtGARtPtGARtIVtV ijjijijijij  22111
 

 

    )1(1  tVtPtP ijijij  

Where 

 tVij         -    represents last velocity 

 1tVij   -    represents updated velocity 

 tPij         -    represents last position 

 1tPij   -    represents 

updated position 
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I                 -    represents inertia coefficient 
A1 A2               -      represents acceleration coefficient  
R1 R2          -     represents random number (0-1) 
 
The new velocity translates the position to a new position in 
the search space. 

 
Fig 8: Velocity and Position updating of PSO 

 

C. PSO objective function 

 
The objective function chosen is given below 
 

      2
arg

2
arg ** ettetctc BWBWQffPsqrtxF   

 
 
where P and Q represent biasing constant to control the 
impact of fctarget and BWtarget. The resonant frequency and 
required bandwidth are denoted by fc and BW. If the constant 
P is increased, the PSO is biased to optimize the antenna 
towards the resonant frequency. In case of increase in the 
value of Q, the bandwidth of the antenna is optimized by PSO.   
 

D. Parameter 1: Return loss– Results (After and Before 
apply PSO) 

The return losses of the conventional patch and optimized 
patch antenna using PSO code in Matlab are shown in Fig.9 
and Fig.10 respectively. 

 

 
Fig 9. Return loss plot for conventional patch antenna 

design using Matlab (run at 6GHz is -10dB) 
 
The above result shows the return loss of Micro-strip patch 
antenna at 6GHz by simulating in matlab, here taking all the 
frequencies return loss value of this patch antenna are 
considered as a swarm in PSO.  Besides evaluate the fitness of 
a swarm particles and find the best solution. 

 

 
Fig 10. Return loss of optimized patch antenna design 

using Matlab (run at 6GHz is -21.00dB) 

E. Parameter 2: VSWR– Results (After and Before 
apply PSO) 

The VSWR of the conventional patch and optimized patch 
antenna using PSO code in Matlab are shown in Fig.11 and 
Fig 12 respectively. 

 

 
Fig 11. VSWR of conventional patch antenna (3) 

 

 
Fig 12. VSWR of optimized patch antenna (1.65) 
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Table 2 : Performance comparison between the 
conventional and optimized antenna 

Antenna 
Resonant 
frequency 

[GHz] 

Return 
loss 
[dB] 

VSWR 

Conventional 
microstrip patch 

antenna 

 5.9 -14.07 1.13 

Conventional 
microstrip patch 
antenna with GA 

6 -34.16 
 

1.00 
 

Conventional patch 
antenna design using 

Matlab 

6 -10 3 

Conventional 
microstrip patch 

antenna with PSO 

6 -21 
 

1.65 
 

 
Table 2 shows the Performance comparison between the 
conventional and optimized antenna. It is noticed from the 
Table 2, antenna parameters such as return loss and VSWR 
are enhanced by GA in comparison with the PSO. 

V. CONCLUSION 

In this work, a microstrip patch antenna with Genetic 
algorithm and Particle Swarm Optimization has been 
presented for vehicular communication. ANSYS HFSS is 
used for analyzing the characteristics of antenna. 
MATLAB2018a and ANSYS optimetrics tool are utilized for 
implementing the algorithms to obtain the optimal results. 
The micro-strip antenna with GA exhibits returns loss of -34 
dB and VSWR of 1.0 at 5.9 GHz. Meanwhile, return loss and 
VSWR of micro-strip antenna with PSO are -20 dB and 1.65. 
The simulated results are revealed that the Genetic Algorithm 
yielded good results in terms of return loss and VSWR than 
the PSO. 
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