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Genetic Approach in Patch Antenna Design

Shruti Vashist, M. K Soni, P. K.Singhal

Abstract—Microstrip patch antenna is one of the important
elements in modern wireless communication systems and hence
its design optimization is an important aspect for improving the
overall performance of the system. In this paper Genetic
Algorithm optimization technique has been utilized in IE3D
software for optimization of the rectangular microstrip patch
antenna dimensions in order to achieve better return loss, SWR
and radiation properties. The patch is designed to operate in ISM
band with the centre frequency at 2.4GHz and various important
performance metrics of the patch antenna are analyzed for
performing comparative analysis between un-optimized patch
design and optimized patch design. A GUI has been designed in
MATLAB for obtaining the patch dimensions based on
theoretical formulas.

IndexTerms: Rotman lens Antenna, IE3D, Genetic Algorithm,
MPA.

I. INTRODUCTION

The rapid advancement in the wireless communication field
in the past few decades has led to the development of more
efficient antenna design to be used for various cutting edge
applications. Antenna is an important structure in any
wireless communication system and good antenna design
definitely improves the overall performance of the system.
Most applications require low cost, minimal weight, low
profile antennas that are capable of providing high
performance over a large range of frequency. The
continuous improvement in modern integrated circuit
technology has made sure that the size and weight of
wireless electronic system must keep on reducing. In order
to work with small size electronic system, high performance
antenna designs are the need of the time. All the above
mentioned requirements are best met by microstrip antennas.
They are easily fabricated and are also easy to integrate into
arrays or into microwave printed circuits. The design of high
performance microstrip antenna has always been a challenge
for the antenna designers.

This is due to the fact that patch antennas have narrow
impedance width and at times the requirements of a
particular application can be very hard for example many
applications require antennas that are capable of operating in
more than one frequency band (eg. IEEE 802.11b/g in
2.4GHz band and IEEE 802.11a at 5.3GHz and 5.8GHz) [1].
Microstrip antennas have the main limitations in terms of
bandwidth, poor polarization purity, limited power capacity
and efficiency; all imposed by the presence of dielectric
substrate. The radiating patch may be square, rectangular,
triangular or any other configuration. Square microstrip
antennas have a big advantage due to their polarization
diversity particularly its ability to realize dual or circularly
polarized radiation patterns.
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In order to overcome the shortcomings of the patch antenna
it is important to make an optimal antenna design for best
performance. Various existing optimization algorithms can
come handy in this case and genetic algorithm which is one
of the global optimization algorithms has been used widely
in the past by antenna designers for the optimization of the
patch shape in order to achieve better overall performance of
the antenna.

In this paper genetic algorithm has been used for
optimization of edge fed rectangular microstrip patch
antenna dimensions with inset. The paper is organized as
follows: Section Il presents a design approach for microstrip
patch antenna, Section Il gives a brief about genetic
algorithm and the designed MATLAB GUI, in section IV
simulation results are presented and finally in section V
conclusions are drawn.

Il. DESIGN APPROACH

A. Design specifications:
The rectangular microstrip antenna is made up of a

rectangular patch with dimensions width (W) and length
(L) over a ground plane with a substrate thickness (h) and
dielectric constant ( &, ) as shown in figurel.There are

numerous substrates that can be used for design of
microstrip antennas and their dielectric constants are usually

in the range of 2.2< &, <12.The steps followed in design of
rectangular MSA’s as given below:

Electric field

Microstrip patch w
A————————y

Microstrip

feed line
/s

Substrate (€,)

Coaxial connector Ground plane

Fig 2.1 Microstrip patch antenna
The patch width (W ) for efficient radiation is given as

W A 2 )
2fr\e +1

Where W is patch width, V, is speed of light, fr isthe

resonant frequency and &, is the dielectric constant of the
substrate.

The effective dielectric constant ( &, ): Due to the
fringing and the wave propogation in the field line, an
effective dielectric constant (&, ) must be obtained from

equation (2).
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Ereft = 5r2+1+5r2—1 |:1+12W£:|

Where &, is the effective dielectric constant and h is the

height of the substrate.
The effective length ( L ) for a given resonance

frequency fr is given as:

L - c
eff 21;\/%

The length extension ( AL ) is given as-

W
+O.3j
AL =0.412h (8““ +0'3) ( h

(greﬁ _0'258) (VX—OB) ?

®3)

The patch length (L)

L=L, —2AL (5)

Input Impedance: Patch impedance is calculated using the
formula:

where

2
Go=s ] Sin[ko\NcosH} cos@ | 3, (k,Lsin0)sin® 0do
12077 % 2

I1

Inset Width (s): It is calculated using by the formula-
s =(2*g) + Wo

The ground plane dimensions: It has been seen that the
MSA'’s produces good result if the size of the ground plane
is greater than the patch dimensions by approximately six
times the substrate thickness all around periphery

L, =6h+L 9)
W, =6h+W (10)

Where Ly and Wy are the plane ground dimensions along the
patch length and width respectively.

IHI.GENETIC ALGORITHM

GA’s are the search algorithms based on the mechanics of
natural selection and natural genetics. They are stochastic
search procedures modeled on the Darwinian concepts of
natural selection and evolution. In GA a set or population of
potential solutions is caused to evolve towards a global
optimal solution. GA optimization technique is different
from local optimization techniques which produce results
that are highly dependent on the starting point or initial
guess. GA’s can handle discontinuous and non differentiable
functions. They are also well suited for constrained
optimization problems. Table 3.1 gives a brief about various
important terms related to genetic algorithm.

Fitness function is the only connection between the physical
problem being optimized and the genetic algorithm. Fitness
function is used to assign a fitness value to each of the
individuals in the GA population. Fitness value returned by
the fitness function is in some manner proportional to the
goodness of a given tried solution.

1= 12072 GA starts with coding the unknown variables into
5 chromosome, randomly generating N number of solutions.
= . (kW cosé . 3 The chromosomes are weighted based on their fitness
l; =IO sin 2 cosd | sin°0do function values and the inferior ones will be updated by
selection, crossover and mutation operations. Optimization
is terminated when stopping criteria is met.
ko= (2 * pi)/A
0= (27 p1) Table 3.1
Inset Depth y,: Inset depth is given by the formula- ?:rnr?]tlc Meaning
Rin(y =0) = ;COSZ (ﬁ—y"j ---------- (8) Allele Characteristic value
Z(Gl * Glz) L Gene It is a coded optimization parameter
Characteristic impedance of patch: It is calculated using Chromosome | A trial solution vector consisting of genes
the formula- Generation Successively created populations
60 8h W W Child A member of next generation
Z,=———In| —+—|for —o<l-- 9) generen
W 4h 4h Parent A member of next generation
greff o - T P
Fitness Evaluation Criteria
7 1207 Reproduction | Process of producing new solution based
¢ W, W, on fitness value
\ Ere nh +1.393+0.6671In h +1.44 Population Set of trial solutions
W Crossover It is a process of producing new solution
for —2 >1--mmmmmn (10) from crossover principle
h Mutation Change in the value within the
here Wi is the strio width chromosome
where is the strip width.
© P The block diagram of simple genetic algorithm is shown in
Notch Width (g): It is given by the formula- Fig.3:1 and its_ use in patch antenna design is demonstrated
12 in Fig.3.2. Fig. 3.3 shows
g= Vo 4.65x10 simple diagram of Microstrip o0 Endiner, |
\/2 X & o f patch antenna with inset.
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Fig. 3.3 MPA Diagram showing various design

parameters
L- Patch Length
W-Patch Width
S- Inset Width
Yo- Inset Depth
g- notch width
W, — Strip Width
Height of Diglectric Center
substrate constant of freguency
Chin mm) substrate 10 (GHZ)
(Er
15 4.4 24
Patch Patch Width Inset Length
Length L W (i) w0 (mm)
]
294424 33.0383 105318
Inzet width Patch Resistance Cut wvicth 5
0 [mm) Rin (ahm] (mm)
41244 3067542 4.5311

length of ground
plane Ly (mm)

39.0424

Wicth of ground
plane Lg (mm)

47 5363

Push Button

Fig. 3.4 GUI designed in MATLAB for an edge fed
antenna with an inset

Fig. 3.4 shows the GUI of the patch calculator designed in
MATLAB. This calculator make use of the formulas
presented in section-11 . The benefit of such a calculator is
the reduction in time for calculating the patch dimensions for
different set of inputs which otherwise has to be done
manually and for large array simulations with different
antenna characteristics the design time can be too long
because of the huge complexity level of the calculations
involved.
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Fig. 3.1 Block diagram of simple Genetic Algorithm
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Fig.3.2 Flow chart showing use of GA in MPA design
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IV.SIMULATION RESULTS

The specifications of the designed edge fed microstrip patch
antenna with inset are as follows-

Frequency = 2.4GHz

Dielectic constant of substrate = 4.4 (FR-4)

Height of substrate = 1.6mm

Loss tangent of dielectric substrate = 0.001

Feeding = Inset feed

Polarization = Linear

Patch antenna has been designed in IE3D software and
various important performance metrics are measured to
analyze the performance of the designed MPA.

Fig. 4.1 shows the designed patch MPA in IE3D s/w-

[ —
Fig.4.1 MPA in IE3D
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Fig.4.2 Return loss plot

Return loss: Return loss plot for the designed MPA is
shown in Fig.4.2. The designed patch has centre frequency
at 2.41GHz. Center frequency is the frequency at which the
return loss of antenna is minimum and return loss of —
19.5537 dB at 2.41GHz shows that antenna design is good
but resonance frequency (center frequency) is not exactly at
2.4GHz. This in accuracy in terms of the center frequency is
removed by optimizing the patch using genetic algorithm in
IE3D environment. Genetic algorithm is one of the EM
optimization techniques integrated with IE3D s/w. This can
be utilized to reduce the efforts of manual tuning of the
patch dimensions in order to achieve the desired goal. In this
case the optimization goals are: Re[S(1,1)] 0 and
Im[S(1,1)] =0 at 2.4 GHz.

Genetic Algorithm parameters are given below-

Error function limit = 0.01
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Standard deviation =0

Generations = 1000

Population size = 50

Mutation Rate = 0.15

Crossover Rate = 0.3

Random search =0

Iterations = 50

Optimized patch exhibits return loss of -28.5206dB at
exactly 2.4 GHz . Return loss plot of the optimized patch is
shown in Fig. 4.3.
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Fig.4.3 Return loss plot of the optimised MPA

VSWR: VSWR is used to describe the performance of an
antenna when attached to transmission line. It is the measure
of how well the antenna terminal impedance is matched to
the characteristic impedance of transmission line. Ideal value
of SWR is unity indicating that there is no standing wave on
the line .SWR values of up to 2.0 is acceptable in patch
antenna design. Bandwidth of the MPA is usually specified
as the frequency range over which VSWR is less than 2. Un-
optimized MPA has SWR of 2.27125 at 2.4GHz .

VSWR variation with frequency of the optimized patch
antenna is shown in Fig.4.4. From this plot it is quite clear
that the optimized patch has a SWR of 1.07791 at 2.4GHz.
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Fig.4.4 VSWR vs Freq. plot of the optimized MPA
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The bandwidth of the optimised patch antenna is found to be
around 25MHz which is nearly same as the bandwith of the
un-optimized patch.

Input impedance plot: One of the most important
requirement of a good patch design is that its input
impedance should be purely real at the frequency where
patch resonates. Fig.4.5 shows the input impedance variation
with frequency for the optimized patch. The patch designed
has the input impedance of 22.90Q at 2.4GHz and optimized
patch has input impedance of 46.54Q at 2.4GHz, so better
impedance matching is achieved in the optimized patch.

—e—[" Re[Z(1,1)] —e—" Im[Z(1,1)]
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Fig.4.5 Input impedance variation with frequency

Gain: It is one of the most important parameter of a patch
antenna .It is the ratio of radiation intensity in a given
direction to the radiation intensity that would be obtained if
the antenna radiates all the power in all the directions. Gain
of an antenna is expressed in dB but when gain is referenced
to the isotropic radiator the units are expressed as dBi. Fig
4.6 shows the three dimensional radiation pattern of the
optimized MPA in which the maximum gain achieved is
5.65934dBi at 2.4GHz which is 7.48 % more as compared to
the un-optimized MPA. 3dB beam width of the optimised
patch is (79.5957,160.643) degrees.

Fig.4.6 3-D radiation pattern plot

From the 3-D radiation pattern it can also be seen that no
side lobes and back lobes exists.

2-D Radiation pattern plot (polar plot): Polar plot for
®=0° at 2.4GHz for the optimized patch is shown in Fig.4.7.
From this plot it can be concluded that patch antenna
radiates normal to the surface and maximum energy is
radiated away from the users head which guarantees that an
acceptable level for specific absorption rate by the users
head can be maintained .
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Fig.4.7 Polar plot at 2.4GHz

Smith chart Display: Fig. 4.8 shows the smith chart display
for the optimized MPA. Smith chart is useful for finding the
input impedance of the antenna. Impedance of around 46.54
ohm is obtained at 2.4GHz.
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Fig.4.8 Smith chart display

The comarision between un-optimized and optimised MPA
is shown in table 4.1

Table 4.1 Comparative Analysis

Parameter Un-optimized Results | Optimized Results
Length (mm) 29.4424 29.6

Width (mm) 38.0363 39.775

Inset Depth 10.8319 10.875

(mm)

Return Loss -19.5537 -28.5206

(dB)

VSWR 2.27125 1.07791
Impedance 22.90 46.54

(ohm)

From the above table it can be seen that the performance of
the optimized patch is better than the un-optimized patch in
terms of return loss, VSWR and Input impedance.

V. CONCLUSION

From the simulation results of IE3D s/w presented in section
IV it can be concluded that Microstrip patch antenna design
optimization is very important aspect for achieving desired
performance goals.
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The optimized patch antenna using Genetic Algorithm
exhibits better return loss and radiation properties as
compared to the un-optimized patch designed using
theoretical formulas. The optimized patch exhibits 7.48%
more gain and 8.96dB better return loss as compared to
unoptimized patch antenna design. A lot of research in this
field has been done by employing patch of different shapes
or by introducing some kind of slot in the patch for obtaining
desired goals. Future research work should aim at utilizing
Genetic  Algorithm optimization technique to further
improve the performance of the patch antenna and its array
of different shapes and configurations.
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