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Tahzeeb Jamal, Talha Ahmed Khan, Shahzad Nasim, Raza Jafri 
 
Abstract: The continuous advancement in technical research and developments requires highly efficient and vigor performance intelligent systems. 
They comprise of embedded systems that accumulate and analyze information, and also communicate with other devices. In this paper, different inset 
fed patch antennas are proposed for intelligent systems at 2.4 GHz. The antennas consist of different substrates having optimized return loss i.e. -30 dB.  
The return loss is optimized using optimization algorithm i.e. Differential Evolution. These substrates include Rogers RT5870, FR-4 (Lossy) and Rogers 
RT-6010. The variation in antenna dimensions and properties such as gain and radiation power are compared for these substrates. It is found that gain 
is not significantly affected by varying the substrate material while the radiated power is decreased by using substrate having higher electrical 
conductivity keeping the substrate thickness constant at 2.4 GHz. It is also observed that the antenna having substrate of greater electrical conductivity 
converges rapidly as compared to the one having lower electrical conductivity. Simulation results proved that the gain of the antennas is not significantly 
affected by varying the substrate of antenna but the radiated power is decreased by using the substrate having greater electrical permittivity. 
 
Index Terms: Inset-fed patch antennas; Different substrates; Differential Evolution (DE); Return loss (s11) 

———————————————————— 

 

I. INTRODUCTION  
Microstrip patch antennas (MPAs) have gained much interest 
with the advancement in wireless communication. The low-
profile structure and low fabrication cost of MPA, made it 
feasible to use in variety of applications. Intelligent systems 
need a high performance, high gain antenna which makes 
MPA to be the appropriate choice. MPA consist of the metallic 
patch mounted over dielectric substrate and ground planes. 
These antennas show versatility in resonance frequency, 
return loss, beamwidth, bandwidth, radiation pattern and 
polarization. The metallic patch can be found in various 
shapes but the common shapes of patch include rectangle 
and circle [3], the variation in the material of substrate may 
vary the properties such as return loss, radiation pattern, 
VSWR (voltage standing wave ratio) and gain. The properties 
such as return loss and radiation pattern may also be altered 
by varying the geometry of patch antenna without varying the 
materials of substrate, ground and patch [1]. The recent 
trends in technology demands for a multiband antenna i.e. a 
system that should be able to comply with GSM, WLAN, 
WiMAX and ATC.   
The single antenna can be used to provide multi-band 
feature, which is possible from the MPA [2], by creating a 
multi-slotted patch that is fed by Coplanar Web guide (CPW). 
The enhancement in antenna performance due to slotting the 
patch can also be seen in [4, 5]. There are certain feeding 
techniques for the patch antenna which include microstrip line 
fed (that can be modified to inset fed), coaxial fed, aperture-
coupled fed and proximity- coupled fed antennas [6]. In this 
paper, microstrip inset fed patch antenna is used that is 

shown in Fig. 1. 
 

 
Fig. 1.  Inset fed Microstrip Patch Antenna [6] 

 
Fig. 1 illustrates the selection of geometrical parameters of 
antenna and appropriate feeding technique along with the 
required properties require tedious calculations. In order to 
achieve the optimized results, the geometry and in some 
cases the position of feed is varied on the basis of required 
optimized result using different optimization algorithms. The 
algorithms used for optimization include Particle Swarm 
Optimization [8, 10], Genetic Algorithm (GA) [9], Differential 
Evolution [10, 12, 13], Cuckoo Search Optimization [13] and 
Bacterial Forging Optimization [10]. Differential Evolution (DE) 
is the optimization algorithm that optimizes the objective 
function using mutation and crossover. DE outperforms 
Bacterial Forging Optimization and Particle Swarm 
Optimization, when used to optimize the patch antenna, in 
terms of both efficiency and convergence [10]. In our 
proposed research, inset fed patch antenna is optimized 
using Differential Evolution (DE) algorithm. The length, width 
and the length of inset feed are obtained using DE to get the 
optimum value of return loss (s11). The novelty of this 
approach is to compare gain and radiation patterns of the 
patch antennas having different substrates at 2.4 GHz. The 
return loss of each of them is optimized to -30dB. The 
substrates should have the dielectric constant in the range of 

2.2 ≤ ≤ 12 [6]. Therefore, the substrates that are used in 

———————————————— 
 Tahzeeb Jamal is associated with Department of Electrical 

Engineering, Usman Institute of Technology, Karachi 

 Talha Ahmed Khan is associated with Department of Electrical & 
Electronics Engineering British Malaysian Institute (BMI), University 
Kuala Lumpur (UniKL) & Usman Institute of Technology, Karachi 
Pakistan Email; Talha.khan@s.unikl.edu.my 

 Shahzad Nasim is associated with Department of Management 
Sciences & Technology, Begum Nusrat Bhutto Women University, 
Sukkur  Email: shahzadnasim@live.com 

 Raza Jafri is associated with Sindh Institute of Management & 

Technology & Sindh Madressat-ul-Islam University, Karachi 

mailto:Talha.khan@s.unikl.edu.my
mailto:shahzadnasim@live.com


INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VO`LUME 10, ISSUE 04, APRIL 2021                              ISSN 2277-8616 

 

390 
IJSTR©2021 
www.ijstr.org 

 

this paper include RT-Duroid ( 2.2), FR-4 (Lossy) 

( 4.3) and Duroid 6010 ( 10.2). The metallic patch 
and ground plane are made up of Copper (Annealed). The 
antenna is simulated using CST MWS (CST Microwave 
Studio) and DE was processed on MATLAB to get the most 
optimized antenna output. This research paper is further 
classified into four sections. Section II is discussing about the 
geometrical parameters of inset-Fed Patch antenna. Section 
III explains the optimization algorithm named as Differential 
Evolution. Section IV defines the methodology using CST 
Microwave studio. In section V experimental results and 
discussion are illustrated moreover the conclusion is 
discussed in the section VI. 
 

II. GEOMETRY OF INSET-FED PATCH ANTENNA 
The inset fed patch antenna consists of a metallic rectangular 
patch mounted on a dielectric substrate and a ground plane. 
In inset fed patch antenna, it is easier to match the 
impedance by choosing the appropriate inset feed position. 
The substrate having thickness has to be much lesser than 
the free-space wavelength (λ). The substrate thickness (t) 

should be in the limit of 0.003  ≤ 0.05 . The substrate 

having lower permittivity have to be thick to perform properly 
at the expense of increase in size while substrates of higher 
permittivity would be thinner than the substrates having lower 
permittivity [14].  The length of the rectangular patch must be 

in the range of λ/3 ≤ ≤ λ/2.  

The inset fed patch antennas can be designed having width 
(W) of patch, using the following formula: 
 

 
 
Where, 

 Free-space velocity of light 

 Dielectric constant of the substrate 
 
The ratio of width of patch (W) and height of substrate (h) 
should be greater than 1. The effective dielectric constant 

of the substrate would be [15]: 
 

 
 

The effective length ( ) would be [16]:  
 

 
 
The length of the patch could be found by: 
 

 
 
Where, 

= Effective dielectric constant of the substrate 

 = Effective length of the patch 

 = Permeability of substrate 
The substrate would have the same length (Lg) and width 
(Wg) as that of the ground plane i.e. 

 

 
 

 
Fig. 2.   Geometry of Inset Fed Patch Antenna  

 
Fig. 2 elaborates the geometrical parameter analysis in detail. 
Using the above mentioned formulas, with the substrate 
thickness 0.035 mm, the length of inset feed (d) for each 
substrate is L/2 and gap (g) between feed line and patch is 1 
mm, the parameters and return loss of each patch antenna 
would be: 
 

TABLE I.  PARAMETERS OF ANTENNA WITHOUT 

OPTIMIZING S11 

Name of 
substrates 

Antenna Parameters 

L 
 (in mm) 

W 
(in mm) 

Wo 
(in mm) 

S11 
(in dB) 

RT-5870 
(lossy) 

48.62 41.17 8.234 
-15 dB at 
2.4 GHz 

FR-4 (Lossy) 38.37 30.12 3.024 
-8.5 dB 
at 2.4 
GHz 

RT- 6010 26.28 19.47 3.894 
-4 dB at 
2.4 GHz 

 
Table 1, shows the antenna parameters without optimization. 
The geometrical parameters in Table I are calculated using 
given formulas and s11 is found using CST at 2.4 GHz. 
 

III. DIFFERENTIAL EVOLUTION 
Differential Evolution (DE) is one of the evolutionary 
algorithms that optimize the objective function by considering 
the minimum value of objective function. The algorithm was 
first introduced by Price and Storm in 1995. It involves four 
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processes that can be easily understood by ‗Human 
Evolution‘. 
 

 Generation: Random parent population is generated 

 Mutation: Modification in parent population that forms 
new population 

 Crossover: Recombination of new population with 
randomly generated population gives rise to newer 
population 

 Selection: On the basis of fitness, selection between 
parent population and newer population is made 

 
Fig. 3.   Block Diagram of Differential Evolution 

 
Fig. 3 explains the main flow of DE. Initially, random 
population of MxN matrix (xMxN) is generated, where M 
represents the number of variables that are used to define and 
optimize the objective function, and N represents the random 
generated population per variable. The Objective Function 
(OF) f(xMxN) is then the function of random population consists 
of 1xN elements y1xN =  f(xMxN). The random vector xMxa is 
taken as target vector ‗a‘ can be value from 1 to N chosen 
randomly in each iteration. The donor vector (vMx1) is 
generated when mutation is done on the target vector (xMxa) 
such that vMxa = xMxa + F(xMxi - xMxj), where i and j are not equal 
to ‗a‘ or target vector and ‗F‘ represents the mutation factor 
that would lie in the range [0.4, 1] [17]. After mutation, the 
crossover is performed that forms the trial vector (uMx1). A 
crossover rate (CR) is defined that is used to select whether 
the elements of donor vector or target vector exist, on the 
basis of some criteria. The value of CR is randomly distributed 
between (0,1) [17]. There are two types of crossovers (i) 
Binomial (ii) Exponential. The criterion for the selection of 
donor or target vector is different in each type of crossover. A 
uniformly distributed random generated vector (yMx1) between 
[0, 1] is used in this criterion.  

In this paper, DE/rand/1/bin algorithm is used that represents 
the use of binomial crossover. The criterion for binomial 
crossover is: 

 

 
 
It should be noted that trial vector must contain at least one 
element from donor vector. The objective function of trial 
vector is found.  
After crossover, selection is made between trial vector (uMx1) 
and target vector (xMxa) on the basis of their objective 
functions. The one with smaller value of objective function 
would be considered. The process is repeated for all N vectors 
of random population. When the initial population is updated, 
the similar process will continue until specified iterations. 
 

IV. METHODOLOGY 
Upon utilizing the above given formulas for antenna designing 
may not give the optimized or required result i.e. may not 
provide optimum return loss (s11). In order to get the optimum 
result, requires tedious calculation through hit-and-trial. So, 
the handshaking between MATLAB and CST is done for the 
optimization of inset fed patch antenna that saves time from 
hit-and-trial for getting optimum result. In this paper CST was 
used to simulate patch antenna while MATLAB has been 
utilized for Differential Evolution (DE) algorithm. The initial 
population of length (L), width (W) and length of inset feed (Li) 
was generated on MATLAB. Each comprised of 30 elements 
having randomly generated population in the following range: 
 
Length (L): λ/3 to λ/2 
Width (W): 2λ/3 to λ 
Length of inset feed (Li): 0 to L/2 
 
The mutation factor for the DE would be 0.4 while crossover 
rate would be 0.6. The total number of iterations for each type 
of substrate would be 200. The objective function for DE [12] 
is: 
 
OF = minimize (|S – S‘| + |f – f‘|) 
 
Where, 
S = optimum return loss i.e. -30 dB 
f = optimum frequency i.e. 2.4 GHz 
S‘ = minimum return loss 
f‘ = frequency at minimum return loss 
 
The proposed methodology compares the return loss (s11), 
gain and radiated power of inset fed patch antennas along 
with the antenna dimensions. The material used for patch and 
ground is Copper (Annealed) while the materials used for 

substrates will be Rogers RT-Duroid ( 2.2), FR-4 (Lossy) 

( 4.4) and Rogers RT-Duroid 6010 ( 10.7). The 

height of the three substrates RT-Duroid, FR-4 (Lossy) and 
Duroid 6010 would be would remain same i.e. 0.035. 

V. RESULT 
DE algorithm was processed for 200 iterations, the return loss 
(s11), gain and radiation power of each of the antennas with 
different substrates are given below: 
A. Rogers RT5870 (Lossy): 
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The antenna dimensions and properties at optimized return 
loss are: 
 
 
 
 
TABLE II.  DIMENSIONS OF ROGERS RT5870 ANTENNA AFTER 

OPTIMIZATION 
 

Antenna Parameters for Substrate Rogers RT5870  

Length (L) 60.4590 mm 

Width (W) 111.5952 mm 

Length of Inset Feed (Li) 35.5006 mm 

 
Table II. Shows the geometrical parameters of substrate Rogers 

RT5870 after optimization. 
TABLE III.  PROPERTIES OF ROGERS RT5870 ANTENNA AFTER 

OPTIMIZATION 

Antenna Properties for Substrate Rogers RT5870 

Return loss (s11) -29.89 dB at 2.48 GHz 

Gain  6.946 

Radiated Power -11.296 dB 

 
Table III. describes the antenna properties of substrate 

Rogers RT5870 after optimization. 

B. FR-4 (Lossy) 
The antenna dimensions and properties at optimized return 
loss are: 
TABLE IV.  DIMENSIONS OF FR-4 (LOSSY) AFTER OPTIMIZATION 

 

Antenna Parameters for Substrate FR-4 (Lossy)  

Length (L) 75.379 mm 

Width (W) 111.7633 mm 

Length of Inset Feed (Li) 37.7522 mm 

 
Table IV. demonstrates the antenna geometrical parameters 

of substrate FR-4 Lossy after optimization. 
 
TABLE V.  PROPERTIES OF FR-4 (LOSSY) AFTER OPTIMIZATION 

 

Antenna Properties for Substrate FR-4 (Lossy)  

Return loss (s11) -30.04 dB at 2.45 GHz 

Gain  6.218 

Radiated Power -12.4 dB 

 
Table V. shows the antenna properties of substrate FR-4 

(Lossy) after optimization. 
 

C. Rogers RT6010 (Lossy): 
The antenna dimensions and properties at optimized return 
loss are: 
TABLE VI.  DIMENSIONS OF ROGERS RT-6010 ANTENNA AFTER 

OPTIMIZATION 
 

Antenna Parameters for Substrate Rogers RT6010  

Length (L) 70.4143 mm 

Width (W) 134.2880 mm 

Length of Inset Feed (Li) 28.9985 mm 

 
Table VI displays the antenna geometrical parameters of 

substrate Rogers RT6010 after optimization. 
 

TABLE VII.  PROPERTIES OF ROGERS RT-6010 ANTENNA 

AFTER OPTIMIZATION 

Antenna Properties for Substrate Rogers RT6010 

Return loss (s11) -29.89 dB at 2.43 GHz 

Gain  6.556 

Radiated Power -14.199 dB 

 
Table VII shows the antenna properties of substrate Rogers 
RT6010 after optimization. 
 

VI. CONCLUSION 
The three antennas having substrates Rogers RT5870 

( 2.3), FR-4 (Lossy) ( 4.3) and Rogers RT6010 

( 10.3) are optimized to return loss -30 dB at 2.4 GHz and 
their gain and radiated powers were compared. Differential 
Evolution was used as an optimization algorithm. It can be 
concluded from the return loss of antennas that the proposed 
antennas can be used in the frequency range of 2.43 GHz to 
2.48 GHz ISM bands. The gain of the antennas was not 
significantly affected by varying the substrate of antenna but 
the radiated power was decreased by using the substrate 
having greater electrical permittivity. The optimization of each 
substrate can be observed on the following graph: 
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Fig.4.Graphical Analysis 

 
Fig. 4 clarifies the graphical simulation analysis of the various 
antenna substrates after optimization. It can be concluded 
from the above graph that antennas having substrate of 
greater electrical conductivity converges fast as compared to 
the antennas having lower electrical conductivity. 
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