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ABSTRACT 
Particle swarm optimization (PSO) has been 
introduced to the electromagnetic community recently 
it is used for design optimization of microstrip patch 
antenna. Particle Swarm Optimization is an 
evolutionary optimization technique. In this paper PSO 
has been used for Optimization of Resonant Frequency 
and the Area of the patch of rectangular microstrip 
antenna. The investigation is made at 3GHz frequency 
range.  The technique develops in this paper seems to 
be a generalized soft computing tool to calculate 
parameters of microstrip antenna such as Area, 
Resonant frequency and Probe position  respectively. 
Accuracy of the results encourages the use of PSO. 
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1. INTRODUCTION 
Antenna acts as the interface between transmitter 
and space. An antenna only converts an 
electromagnetic signal to an electrical signal at a 
receiver or electrical signal to an electromagnetic 
signal at a[11] transmitter. Antenna can be defined as 
a conductor. Here the system of conductors used for 
radiating electromagnetic energy into space or for 
collecting electromagnetic energy from space.  
A microstrip antenna consists of conducting patch on 
a ground plane separated by dielectric substrate as 
shown in Figure 1. The radiating patch and the feed 
lines are usually photo etched on the dielectric 
substrate [7]. This concept was undeveloped until the 
revolution in electronic circuit miniaturization and 
large-scale integration in 1970. After that many 
authors have described the radiation from the ground 
plane by a dielectric substrate for different 
configurations.  The first practical antenna was 
developed by Howell [3] and Munson [6]. A 
microstrip antenna is patch of dimensions W x L 
fabricated on a substrate of thickness h and dielectric 
constant εr .This paper presents a method for 
optimization of patch length, width and feed position 
so we use optimization soft computing tool to 
calculate the patch area, resonant frequency and feed 
position.  Particle Swarm Optimization is optimization 

technique; it is used by many researchers [2-5], due 
to its more accurate, speed and deterministic nature. 

 

 
 

Figure 1: Structure of a Microstrip Patch Antenna 
  

1.1 Particle Swarm Optimization 
Technique                                                                 
The Particle Swarm Optimization (PSO) is one of the 
population-based stochastic optimization technique 
inspired by social behavior of bird flocking [4-9]. This 
is a local to global search method based on particle 
search. It follows the optimization process by means 
of local best (lbest), global best (gbest), particle 
displacement and particle velocity. In PSO, the 
individuals, called particles, are collected into a 
swarm and fly through the problem space by 
following the optima particles. [10]Each individual 
has a memory, remembering the best position of the 
search space it has visited. In particular, particle 
remembers the best position among those it has 
visited, referred to as pbest, and the best position by 
its neighbors. There are two versions for keeping the 
neighbors best position, namely lbest and gbest. The 
first (lbest) is related to the best position of the 
particle in the neighbors of the particle itself while 
gbest reefers to the best position recorded by the 
entire swarm. Each individual of the population has 
an adaptable velocity (position change), according to 
which it moves in the search space. Thus, its 
movement is an aggregated acceleration towards its 
best previously visited position and towards the best 
individual of a topological neighborhood. The 
evolution of particles, guided only by the best 
solution, tends to be regulated by behavior of the 
neighbors. In the simplest form, the position S and 
velocity V of each particle are represented by the 
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following equations by considering lbest rather than 
gbest as the best position of the particle referred to 
the neighbors [4,9]. The velocity expression of the 
particle is represented as [9] 
 
V (t) =W*V (t-l) + C1 * r1 (lbest- S (t-l)) + C2* 
r2 (gbest- S (t-l))                                                   (1) 
 
 The position of the particle is represented as [9] 
 
 S (t) =S (t-1) +V (t)                                             (2) 
 
Where V(t) is the velocity of the particle along the (t) 
th dimension and S(t) is the co-ordinate of the 
particle in that dimension. W is known as the ‘internal 
weight’ and its value, chosen to be between 0 and 1, 
determines to what extent the particle remains along 
its original course unaffected by the pull of IBEST and 
GBEST.C1 & C2 are the scaling factors that determines 
the relative ‘pull’ of IBEST and GBEST. C1is a factor 
determining how much the particle is influenced by 
its IBEST and C2 is a factor determining how the 
particle is influenced by the rest of the swarm. The 
random function ‘r1,r2’ is introduced to incorporate 
the slight unpredictable component of natural swarm 
behavior. 

 

2. RECTANGULAR PATCH ANTENNA 
 The parameters of this antenna can be calculated by 
the transmission line method as exemplified below. 
This model represents the microstrip antenna by two 
slots separated by a transmission line of length (L).  
Due to the finite dimensions of the patch along the 
length and width, the fields at the [8] edges of the 
patch undergo fringing. The fringing fields act to 
extend the effective length of the patch. Thus, the 
length of a half-wave patch is slightly less than a half 
wavelength in the dielectric material.  

 
 

 
 
             Fig. 2 Microstrip line and its electric field 
lines 
 
Due to fringing, electric field lines travel in non-
homogeneous material, typically substrate and air 
(shown in Fig 2), an effective dielectric constant 

(εreff ) is introduced. The effective dielectric constant 
is expressed by the function of frequency. Generally, 
the relationship of effective dielectric constant (εreff ), 
width (W), height (h) and relative dielectric constant 
(εr) of the substrate are related as follows [5] 
 

εreff =
εr +1
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                           (3) 

 
Extension of the length is obtained from below 
equation (4) [1] 
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                                 (4) 

 
Since the effective length of the patch has been 
extended by ΔL on each side, (shown in Fig. 3) the 
effective length of the patch is expressed as 
 
Leff =  L + 2∆L                                                   (5) 

 
  

 
 
              Fig. 3 Extension of the side of patch 

 
Length L and Width W of patch as follow 
 

Leff  =
c

2 fr εreff

                                                      (6) 
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3. RESULTS AND DESIGN  
The antenna is designed and optimized at 3GHz using 
PSO algorithm, Initial values are taken as per given in 
the table 1. 
 

Table 1. Initial values for Optimization 

 
Parameters Value 

Center frequency of 
antenna 

3GHz 

Substrate thickness 1.578 mm 

Permittivity of the 
substrate 

2.42 

Tangent loss of 
substrate 

0.0012 

Metal conductivity Infinite 

Thickness of the metal 0.7 mm 

Input impedance 50 ohm 

 
The optimized values are calculated as per given in 
the table 2. 

 
Table 2. Optimized Parameters of Patch Antenna 

 
Parameters Value 

Patch length 1.266 (in) 

Patch Width 1.2432 (in) 

Patch Area 1.5738(in) 

Probe Offset 0.33979 (in) 

Input Impedance 50.3858 ohm 

Input Impedance Error 0.7716% 

Resonance Frequency 3 GHz 

Resonance Frequency 
Error 

0% 

VSWR 2:1 

Bandwidth 0.066667% 

 
For a radio (transmitter or receiver) to deliver power 
to an antenna, the impedance of the radio and 
transmission line must be well matched to the 
antenna's impedance. The parameter VSWR is a 
measure that numerically describes how well the 
antenna is impedance matched to the radio or 
transmission line it is connected to. VSWR is 
determined from the voltage measured along a 
transmission line leading to an antenna. VSWR is the 
ratio of the peak amplitude of a standing wave to the 
minimum amplitude of a standing wave When an 

antenna is not matched to the receiver, power is 
reflected (so that the reflection coefficient, , is not 
zero). This causes a "reflected voltage wave", which 
creates standing waves along the transmission line.  

 

 
 

Figure 4: Return loss 
 The results are the peaks and valleys as seen. If the 
VSWR = 1.0, there would be no reflected power and 
the voltage would have a constant magnitude along 
the transmission line. 
Figure 4 shows that return loss of the rectangular 
microstrip patch antenna at the 3GHz Frequency is  
-18.52dB. 

 

 
                          
                             Figure 5: VSWR 
Figure 5 show that VSWR (voltage Standing Wave 
Ratio) of the rectangular microstrip patch antenna is 
1.269 
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                    Figure 6: Designed patch 
Figure 6 shows that length, width and probe offset of 
the rectangular microstrip patch antenna at the 3GHz 
Frequency is 1.266(in), 1.2432(in) and 0.33979(in) 
respectively.    

 

4. CONCLUSION 
Due to their small size patch antenna are gaining 
popularity. A rectangular micro strip patch antenna 
has been designed in MATLAB and is optimized for 
Area and proves position with targeted resonant 
frequency of 3GHZ. Results shows that antenna 
exactly resonate at 3GHZ frequency with reasonable 
return losses. 

5. ACKNOWLEDGMENT 
This work is supported by Electronics and 
Communication Department of Bhai Gurdas Institute 
of Engineering and Technology Sangrur, Punjab, by 
providing excellent laboratories (Computer Lab and 
MATLAB software) for the development and testing 
of the algorithm. 

6. REFERENCES 

[1] C.A. Balanis, Advanced Engineering                                                                                                                                                                                                                                           
Electromagnetics, John Wiley & sons, New 
York,1989. 

[2] Eberhart, R. C. and Shi, Y. "Particle swarm 
optimization: developments, applications and 
resources", Proc. Congress on Evolutionary 
Computation, 2001, IEEE service center, 
PiscatawaY,N1.,Seoul,Korea.,2001. 

[3] Howell, J. Q., “Microstrip Antennas”, IEEE AP-S 
int. Symp.digest, pp177-180, 1972. 

[4] Kennedy, 1. and Eberhart.R. C. "Particle swarm  
ptimization," Proc. IEEE int'l conf. on neural 
networks, Vol IV, IEEE service center, 
Piscataway, NJ (1995), pp. 1942-1948. 

[5] Malay Gangopadhyaya, Pinaki Mukherjee and 
Bhaskar Gupta, “Resonant Frequency 
Optimization of Coaxially Fed rectangular 
Microstrip Antenna Using Particle Swarm 
Optimization Algorithm”, Annual IEEE India 
Conference (INDICON),pp.1-3,2010. 

[6] Munson, R.E., “conformal Microstrip antennas 
and Microstrip phased arrays”, IEEE transaction 

on antennas and propagation, vol-AP22, pp74- 
78, 1974. 

[7] Prasanna L. Zade1, Dr. N. K. Choudhary2, M. S.  
arlawar3 1, 3 Y. C. College of Engineering, 
Nagpur. 

[8] Shibaji Chakraborty#1, Uddipan Mukherjee#2 
#Department of Electronics & Communication, 
Institute of Engineering & Management Y-12, 
Sector-V, Salt lake Electronics Complex,Kolkata-
700091. 

[9] Shi Y. and Eberhart. R.C, "A modified particle 
swarm optimizer," Proceedings of the IEEE 
International Conference on Evolutionary 
Computation., IEEE Press, Piscataway, NJ(1998), 
pp. 69-73. 

[10] Vidya Sagar Chintakindi1 , Shyam.S.Pattnaikt, 
O.P.Bajpae, Swapna Devil, Sastry V.R.S. 
Gollapudi1, Patra.K.Pradyumnal 1. Department 
of ETV & ECE, NITTTR, Chandigarh- 160019 , 
India 

[11] Y.Rahmat-Samii and E.Michielssen, 
lectromagnetic optimization by genetic 
algorithms, Willey, New York (1999). 

                                                                                                                                                             


