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ABSTRACT

The application of Genetic Algorithm (GA) to the optimization of important parameters (Directivity, Radiated Power,
Impedance etc.) of magnetically biased microstrip antenna, fabricated on ferrite substrate, is reported. The fitness func-
tions for the GA program have been developed using cavity method for the analysis of microstrip antenna. The effect of
external magnetic biasing has also been incorporated in the fitness function formulation as effective propagation con-
stant. Using stochastic based search method of GA the common characteristics of electro-magnetic were entertained
which cannot be handled by other optimization techniques. The genetic algorithm was run for 500 generations. The
computed results are in good agreement with the results obtained experimentally.
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1. Introduction

In this work, a precise and effective approach is applied
to calculate important parameters of circular patch an-
tenna. Microstrip patch antennas of all shapes are widely
used in communication systems where their small size,
conformal geometry and low cost can be used to advan-
tage. Due to the recent availability of low loss, commer-
cial microwave ferrites there is an increasing interest in
the performance of the patch antennas printed on ferrite
substrates. Although some work [1-6] have been per-
formed for microstrip antenna with GA approach for the
patch antennas without magnetic biasing but analysis of
almost all important parameters for ferrite substrate under
magnetic biasing for circular patch antenna is new one.
Present analysis also incorporate the dispersion effects
due to magnetic field biasing in the form of effective
propagation constant (k) which is not discussed in the
referenced articles. Some similar referenced works [7-11]
also have done mathematically or by conventional me-
thods for optimization but this technique is rather precise,
accurate and sensitive to optimize parameters of patch
antenna as well as other type of antenna also.

There are many optimization techniques frequently
using for the same work. The four methods used to opti-
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mization are: 1) Broyden—Fletcher—Goldfarb—Shanno
(BFGS) 2) Davidon—-Fletcher—Powell (DFP) 3) Nelder-
Mead downhill simplex (NMDS) 4) Steepest descent.
The above four algorithms are quite sensitive to the start-
ing values of the amplitude weights. These algorithms
quickly fall into a local minimum, because their theo-
retical development is based on finding the minimum of a
bowl-shaped objective function. Each algorithm was given
25 different starting values and the results were averaged.
GAs were introduced by Holland [12] and were applied
to many practical problems by Goldberg [13,14]. It is well
known that search technique, the genetic algorithm is a
parallel, robust and probabilistic search technique that is
simply and easily implemented without gradient calcula-
tion, compare with the conventional gradient base search
procedure. Most important of all, the GA proposed also
provides a mechanism for global search that is not easily
trapped in local optima. The GA proposed here an adap-
tive mutation rate strategy.

2. Genetic Algorithm (GA)

Genetic Algorithm (GA) is a stochastic based search me-
thod that can handle the common characteristics of elec-
tro-magnetic which cannot be handled by other optimiza-
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tion techniques. A GA has several advantages over the
traditional numerical optimization, including the facts
that it optimizes with continuous or discrete parameters,
doesn’t require derivative information, works with a large
number of variables, well suited for parallel computers,
provides a list of optimum parameters not just a single
solution and works with numerically generated data, ex-
perimental data, or analytical functions.

A chromosome in a computer algorithm is an array of
genes. Each chromosome has an associated cost function
assigned to the relative merit. The algorithm begins with
a large list of randomly generated chromosomes. Cost
function is evaluated for each chromosome. Genes are the
basic building blocks of a genetic algorithm. A gene is a
binary encoding of a parameter. The populations which
are able to reproduce best fitness are known as parents.
Then the GA goes into the production phase where the
parents are chosen by means of a selection process. The
most fitted members of the population are assigned the
highest probability of being selected for mating. The two
most common ways of choosing mates are roulette wheel
and tournament selection. The selected parents reproduce
using the genetic algorithm operator called crossover. In
crossover random points are selected. When the new

generation is complete, the process of crossover is stopped.
Mutation has a secondary role in the simple GA operation.

Mutation is needed because, even though reproduction
and crossover effectively search and recombine extant
notions, occasionally they may become overzealous and
lose some potentially useful genetic material. In simple
GA, mutation is the occasional random alteration of the
value of a string position. When used sparingly with re-
production and crossover, it is an insurance policy against
premature loss of important notions. Mutation rates are of
the order of one mutation per thousand bit transfers. Ac-
cording to the probability of mutation, the chromosome
are chosen at random and any one bit chosen at random is
flipped from “0” to “1” or vice versa. After mutation has
taken place, the fitness is evaluated. Then the old genera-
tion is replaced completely or partially. This process is
repeated. After a while all the chromosome and asso-
ciated fitness become same except for those that are
mutated. At this point the genetic algorithm has to be
stopped [15-16].

3. Structure & Theory of Antenna

Structure of microstrip circular patch antenna is depicted
in Figure 1. Here “a” and “a,” are the radius and effective
radius of microstrip patch respectively. Patch has been
modeled on LiTi ferrite substrate of thickness “h”. The
dielectric constant and saturation magnetization (4zM,)
of substrate is 17.5 and 2200 Gauss respectively.
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Figure 1. Schematic diagram of microstrip circular patch
antenna.

It has been established that, for a biased ferrite slab, a
normal incident plane wave may excite two types of
waves (ordinary and extraordinary wave). In the case of
normal incident magnetic field biasing ordinary wave is
same as the plane wave in the dielectric slab. On the oth-
er hand, the extraordinary wave is a TE mode polarized
parallel to the biasing direction with its phase propaga-
tion constant K, [17-20].

w
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where
w, =yH, and w, =y4zM,

where H, is the bias field, 4zM, is the saturation
magnetization, y is the gyromagnetic ratio as y =
2.8 MHZ./Oe. To obtain good performance, there are
many feeding methods, such as CPW in the ground feed-
ing microstrip antenna, and CPW with stub patch feeding
slot antenna. Considering impedance matching of patches
coaxial feeding is generally preferred. Thus the far zone
expressions for circular patch microstrip antenna are ob-
tained as follows:

. kave X sin(khcos0)
BT ? khcoso (6)
x{J,.1 (kasin@)—-J,_, (kasing)}
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o kave X sin(khcos o)
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4. Application of Genetic Algorithm to the
Microstrip Antenna and Computed Result

All the vital parameters like thickness of the substrate,
bias magnetic field, radius, dielectric constant etc. were
coded into 5 bit scaled binary coding as the requirement
of fitness function. The Roulette wheel selection was
used for GA population. The genetic algorithm was run
for 500 generations. The probability of crossover was
varied from 0.7 to 0.85 and the probability of mutation
was varied from 0.001 to 0.002. The fitness functions
expressions of antenna used for optimization are:
e Fitness Function: 1—Effective Radius

RENEYE

e Fitness Function: 2—Radiation Power

Prs =55 HDE 4 [E[ Jr sinododg  (9)

in 00
e Fitness Function: 3—Directivity
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o =(kxa) ><(120><4F>radj 10
e Fitness Function: 4—Input Impedance
7 - (11)
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e Fitness Function: 5—Quality Factor
R (12)
Qr Qd Qc
where
eff k
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e Fitness Function: 6—Bandwidth
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The antenna parameters have been characterized by a
particular of combination of input variables like dielectric
constant, patch radius and substrate thickness of the fer-
rite which is determined using cavity model. The GA
consists of five components. These are the random num-
ber generator, a fitness evaluation unit and genetic oper-
ators for reproduction, crossover and mutation operations.
The flow chart with proposed initial values of GA com-
ponents, for optimization of parameters of microstrip
antenna, is shown in Figure 2.

5. Results and Calculations

Obtained Graphs (Figures 3-8) show the variation of best,
mean and expected values of radiation power of antenna.
During calculation GA program at every generation cal-
culate expected value, mean and best value, then plot
them for the corresponding parameter fitness functions.
Every graph has a certain generation points above which
convergence become very slowly and variation among
mean and best values become negligible.

All graphs (Figures 3-8) show the appreciate variation
in mean values but in best value, carry a very little varia-
tion due to big generation attempt which precise or accu-
rate the desired result. This big generation amount (500)
has been applied to removing the inaccuracy in the best
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Figure 2. Flow chart of genetic algorithm applied for the
optimization of parameters.
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Figure 3. Variation of best, mean and expected value of Eff. radius of circular patch antenna.
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Figure 5. Variation of best, mean and expected value of directive gain of circular patch antenna.
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Figure 6. Variation of best, mean and expected value of impedance of circular patch antenna.

30.4384
30.4384

Quality Factor

0 100 200 300
Generation

N W A

Expectation

1

30.4383

Figure 7. Variation of best, mean and expected value of quality factor of circular patch antenna.

304383

Best: 30.4383 Mean: 30.4383

30.4383 .

Fitness Scaling

*

T W

X Best fitness
% Mean fitness

400 500

30.4383 30.4383 30.4383 30.4383
Raw scores

Best: -34.7049 Mean: -34.7049

30.4383

30.4383 30.4383  30.4383

. -33.5 % Best fitness
=) % Mean fitness
=
k=)
=
<3
m
0 100 200 300 400 500
Generation
Fitness Scaling
4 *
=
Rt
s i e
153 *
= 2F %
5 I
1 *
-34.705 -34.7045 -34.704
Raw scores
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Table 1. Comparison of parameters calculated by GA program and experimentally obtained.

Parameters Opt. Values Exp. Values
Eff. Radius 0.2082 cm 0.2100 cm
Rad. Power 0.2110 mW 0.2000 mW
Directive Gain -10.05 dB -9.55dB
Impedance 138.88 ohms 100.55 ohms
Quality Factor 30.43% 28.40%
Bandwidth -34.70 dB -38.60 dB
result which can be judge by expected value graphs shown experimentally.
in every figure. The performance graphs (Figures 6 and 7)
of Input impedance and quality factor show a little bit REFERENCES

variation in best value, which shows the requirement of
more generation attempt but could not be performed
due to inefficiency of computer program.
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Appendix: List of Symbols

f. = resonant frequency

A = wavelength

h = height of substrate

a = radius of patch

air = effective radius of patch

& = dielectric constant

ot = effective dielectric constant

W, = initial permeability

Hesr = effective permeability

u, k = permeability tensor components of g
Kq = ordinary propagation constant

Ke+ = extraordinary propagation constant

= angular frequency of incident e-m-waves
, = external magnetic field angular frequency
wp = internal magnetic field angular frequency
i1 = (n+1)th order Bessel’s function of first kind
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Jna = (n = 1)" order Bessel’s function of first kind
H, = applied bias field

4zM = saturation magnetization

y = gyromagnetic ratio (2.8 MHz/Oe.)

Q; = total quality factor

Q, = total quality factor

Qq = total quality factor

Q. = total quality factor

LT = loss tangent of metal of patch (for copper = 0.0005)
o = conductivity of metal of patch (for copper = 107)

s = voltage standing wave ratio (VSWR)
Praq = radiation power

Z;, = input impedance

B = bandwidth

D, = directive gain

Es = E-plane field

E,. = H-plane field
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