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Abstract— The ground plane plays an important role on the
performance of a planar inverted-F antenna (PIFA). In this regard,
the ground plane modification using slots is proposed in this
research to obtain a dual band antenna for WiMAX application.

Popular optimization techniques, as genetic algorithm (GA) and
particle swarm optimization (PSO), were used to design the shape
of the ground plane in order to improve the bandwidth and to
achieve dual band antenna instead of single band antenna.

The proposed method divides the overall ground plane into
different cells. Through this technique it is possible to obtain a dual
band antenna reduced by more than 50%, thereby reducing the
overall ground plane.

Both GA and PSO designs are provided. This new method shows
many advantages over PIFA antenna in terms of performance and
weight.

Index Terms—PIFA Antenna, Genetic algorithm, Particle swarm
optimization, WiMAX, Bandwidth.

I. INTRODUCTION
With the rapid progress in the wireless communication, there is an increase demand for antenna

solutions that provide multi band, small size, low cost, and high performance [1]. Therefore, new
antennas should be developed providing larger bandwidth and at the same time smaller dimensions.
Planar Inverted-F Antenna (PIFA) is the most widely used antenna owing to its low profile, simple
structure and ease of fabrication, and primarily its high efficiency and wideband characteristic
[2].Because of all these interesting characteristics, PIFAs are extremely attractive to be used in multi-
band applications, and growing research activity is being focused on them.The wireless
communication device provides the ability to integrate multiband. Therefore, a dual or multiband
antenna is attractive in many commercial applications as it is designed to have a single radiator with a
capability to transmit and receive multiple frequencies [3].

The objective of this study is to demonstrate a very effective method of bandwidth enhancement and
multiband for PIFA antenna. Our research provides a dual band PIFA antenna and maximizes the
bandwidth while keeping its overall size small. While doing so, the genetic algorithm and Particle
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swarm optimization techniques (GA and PSO) combined with slotted ground plane have been
analyzed to find a better antenna’s performance.

The GA is considered to be a robust and stochastic search method modeled on the principles and
concepts of nature selection and evolution because no restrictions on the solution space are made
during the process. The power of this algorithm comes from its ability to exploit historical
information structures from previous solution guesses in an attempt to increase performance of future
solution structures [4].

On the other hand, methods of global optimization as the particle swarm optimization (PSO) were
introduced to the electromagnetic (EM) community to find optimal solution for a complex
electromagnetic problem [5].

The PSO was originally introduced by J. Kennedy et al. (1995) [6], it is a robust stochastic
evolutionary computation technique based on the movement and intelligence of swarm [7]. The PSO
has been applied to many EM applications, such as multiband and wide-band patch antenna designs
[8]-[9], monopole antenna [10] and fractal antenna design [11].

There is a lot of interest in discovering new techniques in order to achieve smaller, wideband and
multiband antennas. Usually, optimizing the antenna geometry is the common way to design an
antenna to get good performance as shown in [12]-[13]-[14]. It has been shown in [15]-[17] that the
slots on the ground plane play a very important role in the improvement of bandwidth of the PIFA
antenna. On the other hand, [18] shows the influence of the T-shaped slot on the ground Plane. In
[19], by slotting the ground plane with V-shaped slots and adjusting the parameters of slots, two more
resonances were excited and the bandwidth is increased. Finally, the introducing of an open slot on
the ground plane for increasing operational bandwidth of a compact planar inverted F antenna (PIFA)
was described in [20].

Therefore, the purpose of the present paper is to reach a dual band and smaller PIFA antenna by
adding several slots on the ground plane, their locations and dimensions are obtained by using genetic
algorithm (GA) and particle swarm (PS) optimization techniques, the objective is to show how this
solution can also provide a bandwidth enhancement.

The paper is divided as follows: after an introduction, section 2 shows the initial antenna
dimensions and configuration, then section 3 describes the used method in order to get good results
and section 4 shows the simulation results obtained for the proposed designs firstly by GA then by

PSO. Finally, section 5 is a conclusion for this research.

A. Genetic Algorithm overview
The genetic algorithm (GA) is the most popular of the evolutionary methods in the electromagnetic

community. Relying on Darwin's original thoughts it has been argued that life in this world in all its
diverse was evolved by natural selection and adaptation processes controlled by the survivability of

the fittest species. With this acceptance has come, the temptation that perhaps one might be able to
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utilize natures, "selection and adaptation engine" and apply it to the solution of engineering problems
via the applications of the Genetic Algorithm (GA) [21].

In general, a GA must be able to perform six basic steps [22]:

1. Encode the solutions,

Create a string of the gene to form chromosome,
Generate an initial population,
Evaluate fitness values to individuals in the population,
Select parent solutions for breeding,

o gk~ w DN

Perform recombination and mutation to produce members of the next generation.

Initialize Parameters
to be Optimized

w

| Generate Inidale |

Population Randomly

II Evaluate fitness I

Substitute old
population for
new
population

Selection
Crossover

Mutation

Stop criteria
Met?

Stop and save last optimized parameters

Fig.1: Genetic algorithm block diagram

These performance requirements lead to the existence of three phases in a typical genetic-algorithm
optimization. These phases are (1) initiation, (2) reproduction, and (3) generation replacement. In the
simple, typical genetic-algorithm optimizer of Fig.1, initiation consists of filling an initial population
with a predetermined number of encoded, usually randomly created, parameter strings, or
chromosomes. Each of these chromosomes represents an individual prototype solution or, simply, an
individual. The set of individuals is called the current generation. Each individual in the set is
assigned a fitness value by evaluating the fitness function for each individual. The reproduction phase
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produces a new generation from the current generation. In reproduction, a pair of individuals is
selected from the population to act as parents. The parents undergo crossover and mutation, thereby
producing a pair of children. These children are then placed in the new generation. The selection,
crossover, and mutation operations are repeated until enough children have been generated to fill the

new generation [23].

B. Particle Swarm Optimization
Recently, the PSO technique has been successfully applied to the design of antennas and

microwave components. The results proved that this method is powerful and effective for
optimization problems [24]. It is similar to genetic algorithm [25].

The PSO algorithm is an evolutionary algorithm capable of solving difficult multidimensional
optimization problems in various fields. Fig. 2 shows the flowchart of a PSO algorithm.

As an evolutionary algorithm, the PSO algorithm depends on the social interaction between
independent particles, during their search for the optimum solution. A population of particles is
randomly generated initially. Each particle represents a potential solution and has a position
represented by a position vectorx,. A swarm of particles moves through the problem space; with the
moving velocity of each particle represented by a velocity vector v,. Each particle keeps track of its
own best position, which is associated with the best fitness it has achieved so far in a vector
p.. Furthermore; the best position among all the particles obtained so far in the population is kept track
of as pg [26].The particle’s velocity update and position update are the main PSO operators, which

can be expressed as [27]-[28]:

vi(t+1) = v (D) e (pi(0)-X (D) coxa(Pg(1)-%i(1)) )

X (v = x(D)+vi(t+1) 2)

where ¢; and ¢, are acceleration constants and ¥; and ¥, are uniformly distributed random numbers
in [0,1]. The term v; is limited to its bounds. If the velocity violates this limit, it is set to its proper

limit. o is the inertia weight factor and in general, it is set according to the following equation:

O= Omax- % T (3)

Where omaand ominis maximum and minimum value of the weighting factor respectively. T is the

maximum number of iterations and t is the current iteration number.
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Fig.2: Flowchart of a PSO algorithm

Il. PIFAANTENNA CONFIGURATION
Initially, the geometry parameters of the PIFA antenna can be approximately predicted, using the
following formula [29]

-_ ¢
T LW 4)

;

Where C is the speed of light; W and L are the width and length of the radiating element,
respectively, f; is the resonant frequency.

The geometry of the proposed antenna without slots is shown in Fig. 3. It is composed of ground
plane; top patch is constructed of copper with a 0.2 mm of thickness, feeding pin, and shorting pin
connecting to the ground plane. The dielectric material selected for the design is FR4 which has
dielectric constant of er= 4.4 and a height of 0.5mm.It is fed by 50 ohm microstrip line. The
dimensions of the antenna are shown in Table | and the specifications of the key elements for the

design of the rectangular planar inverted -F antenna are listed in Table I1.

Top patch

Shorting pin

0.5mm
Feeding pin Gromi

plane

Fig.3: 3D view geometry of PIFA antenna
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TABLEI. THE OVERALL DIMENSIONS OF THE ANTENNA (UNIT: mm?)

Antenna components Dimensions

Patch 38x24
Shorting pin 3x3.5
Feeding pin 2x0.5

Ground plane 40%x41%0.5

TABLE I1.SPECIFICATIONS OF PIFA ANTENNA

Antenna characteristic Specification
Patch Rectangular
Resonant frequency 3.5GHz
Bandwidth 411 %
Reflection Coefficient (Sy,) -23.89 dB
VSWR 1.208
Gain 6.37 dB
Feeding method Microstrip line

This PIFA antenna will be used as reference antenna for the optimization process in this paper.

I1l. METODOLOGY
In this study, genetic algorithm (GA) and particle swarm optimization (PSO) were used to design

the ground plane geometry in order to achieve multiband PIFA antenna with largest bandwidth.

The ground plane area (40 x 41 mm?) is divided into small cells as shown in Fig.4 where each cell
can be assigned either conducting or non-conducting properties. The size of a cell was taken equal to
5x5 mmZin order to achieve better results.

=z Overlap of | mm

Cells

40mm

Fig.4: Gridded ground plane

The ground plane is fragmented into 56 cells so as to overlap between adjacent cells with a 1 mm
width in order to search for the best solution of conducting cells. There are only two possible values,
binary coding is used. If a cell is existing , then the corresponding gene is assigned “1” and if a cell
non-existent considered as slot , the gene takes the “0” value.

The fitness function is the summation of reflection coefficient values at WiMAX band’s
frequencies. The fitness function F which is minimized in the search for the optimum solution is
written as:
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F=Xil; ST1(f(D)IN ()

In the equation above, f (i) is the sampling frequency, N is the number of the sample. S;; presents
the reflection coefficient.

The purpose here is to find an optimized ground plane with GA and PSO that achieves a reflection
coefficient less than —10 dB in the frequency bands given by WiMAX.

To achieve the objective, the GA and PSO optimizations are applied to define the cells on the
ground plane that give multiband antenna and large bandwidth.

The control parameters in the optimization using GA are as follows:

-Population size: 30

- Maximum number of generations: 200

-Crossover: two points, performed with probability of 50%

- Mutation: is Gaussian mutated in 100%

- Selection: Roulette method.

On the other hand, the number of particles in a swarm is set to be 30 and the maximum number of
iterations is set as 200.

The optimization process is implemented as shown in Fig.5. The two software programs MATLAB
and HFSS are linked.

Initial cells randomly generated

- - - = = - T | | ========= 1
| | L !
| ﬁ Update cells location H Parameters I

|
| | |
| | ! !
PS0O/GAO
| New Fitness function _ S11 Value ﬁl Return loss |
| population e e e e = = | :
| | | |
No | Yes I I
| Enough iterations ? H Optimal design | |
| | |
|
MATLAB | L HESS |

J -— o me mm omm oww omsm ol

Fig.5: The combination block diagram of MATLAB with HFSS

A strategy for the combination of optimization algorithms (GA and PSO) with HFSS is illustrated
in Fig.5. The optimization algorithms operations are compiled by HFSS. The calculation of fitness
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values is compiled by MATLAB. The design of PIFA antenna’s ground plane is justified by a
comparison with an evaluation of a fitness function. If the fitness meet requirement, the procedure is
completed. Otherwise, those new structures are produced by a GA/PSO procedure. Those new

structures are used in the next iteration for HFSS analysis to justify their performances.

IV. SIMULATION RESULTS AND COMPARISON

A. The simulated results obtained by GA
The proposed PIFA antenna obtained by GA is shown in Fig.7. The optimal design of the ground

plane (Fig.6) appears at the 200th iteration and has a configuration of:

O[1J0JoJoJoJ0J1
oloJojofofo[1]1
1[ofofo[1]1]0]1
1[o[1]1]1]1]1]0
ojoJo]1[o]of0]1
1[1]1]oJo]ofo]1
o[ 1]1]o[1]1[1]0
@) (b)

Fig.6: (a) Chromosome matrix, (b) Corresponding physical ground plane shape by using GA
The GA operates on a matrix chromosome, which describes the shape of the ground plane. This
chromosome design is described in Fig. 6 (a). Matrix cells which contain a 1 correspond to portions of
the antenna ground plane filled with metal; cells which contain a O correspond to portions of the
antenna that are not filled as shown in Fig.6 (b).
It is observed that more than 50 % of the ground plane is miniaturized.

Fig.7: Optimal design of ground plane using GA

To show the influence of the slots on the ground plane, simulations of the ordinary PIFA without
slots on the ground plane and the optimized PIFA with slots on the ground plane were plotted.

The simulated reflection coefficients of the proposed PIFA antenna with/without slots are presented
in Fig.8.The maximum reflection coefficient and the bandwidths of the antenna without slots are
respectively -23.89 dB and 4.11 % at 3.5 GHz.

On the other hand, we notice that the maximum reflection coefficient of the antenna with slots is —
40.02 dB at 3.5 GHz, The upper and lower band frequencies are 3.324 GHz and 4.002 GHz
respectively and the absolute impedance bandwidth is 677 MHz and the bandwidth obtained for the
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proposed PIFA is 19.31%. It can be seen that a new resonance frequency at 5.78 GHz is added due to
the slots on the ground plane.

In this case, we remark that, the slots ground planes have a double function. On one hand, it
improves the bandwidth and reflection coefficient at resonate frequency. On the other hand, the slots
are placed underneath the PIFA to create other bands to cover specific frequency band.

As shown in Fig. 9, the simulated 2D radiation patterns for the proposed PIFA at 3.5 and 5.78 GHz
are plotted. The patterns are improved with a maximum gain of about 2.58 dB for 3.5 GHz and 5.65
dB for 5.78 GHz compared to the simulated radiation of the initial antenna shown in Figure9 (a).

The simulated surface current distributions at different frequencies for the proposed PIFA are
presented in Fig.10. As shown in Fig. 11, the real and imaginary components of the input impedance

in the two resonant frequencies (3.5 GHz and 5.78 GHz) are around 50 and 0 €, respectively.

----- with slots

25 | —— Without slots

230

35+

AQ | | | |
1 15 2 25 3 35 4 45 5 55 6

Frequency (GHz) -» %10

-180

@ (b) ©

Fig.9: 2D Radiation pattern: (a) 3.5 GHz antenna without slots,(b)and (c) are3.5GHz and 5.78GHzrespectively for proposed
antenna using GA
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Fig.10: Current distributions in the ground plane shaped by GA at (a) 3.5 GHz and (b) 5.78 GHz
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Fig.11: The input impedance Z in Q versus frequency in GHz for the studied PIFA obtained by GA

B. The simulated results obtained by PSO

The PSO algorithm optimizes the reflection coefficient of PIFA antenna in the WiMAX bands and
reduces the size of the ground plane compared to the size of the reference design. Through the 50

iterations, the PSO find the minimum size for the design (Fig.12 (b)) that has a configuration bellow
(Fig.12 (a)):

o101 )01 |00
00|00 ]|O|O |1 |O
1 /1|00 |1 |1 |01
1 /0|11 |1 )1 |01
o(o0jO0f1 |1 |1 |1 ]0
1 /0|10 |0 |0 |01
1 /0|12 (0|1 |1 |00
@ (b)

Fig.12: (a) Chromosome matrix, (b): Ground plane shape using PSO
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Fig.13: Geometry of the PIFA antenna obtained by PSO

As shown in Fig.13, the 53% of the ground plane area was miniaturized by PSO.

The optimized antenna resonates at three frequencies (3.5GHz, 4.76GHz and 5.62GHz) within the
WIMAX frequency band as shown in Fig.14. The slots are responsible for obtaining the perfect
impedance matching in the WiMAX bands. The reflection coefficient is improved from -25.65 dB to -
32.66 dB.

We notice also that new resonant frequencies appear at 4.76 and 5.62 GHz. The —10 dB bandwidth
reaches about 1070MHz (3.38-4.45GHz). It increases by approximately from 4.11 % to 30.57% at 3.5
GHz; thereafter, we get wideband instead narrow band. It can be seen that a new band of resonance
frequency at 5.78 GHz is added due to the slots on the ground plane.

The radiation patterns of the PIFA design were also computed and the corresponding polar plots for
each frequency band are shown in Fig. 15(a) and Fig.15 (b). As seen, the antenna exhibits almost
omnidirectional radiation patterns over the bands of interest.

The simulated surface current distributions at different frequencies for the proposed PIFA are
presented in Fig.16 (a) shows the current pattern at 3.5 GHz. The current pattern at 5.62 GHz is given
in Fig. 16(b). It can be seen that the current is distributed almost all over the surface of the ground
plane.

As shown in Fig. 17, the real and imaginary components of the input impedance in the three

resonant frequencies are around 50 and 0 Q, respectively.
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Fig.15: 2D Radiation pattern for antenna obtained by PSO: (a) 2D for f=3.5GHz, (b) 2D for f=5.62GHz
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Fig.17: The input impedance Z in Q versus frequency in GHz for the PIFA obtained by PSO

As a solution, the use of gridded ground plane with overlapping cells is proposed in this paper, GA
and PSO find the best ground plane geometry with improved performance more effectively. A
comparison of the reflection coefficient over frequency in the optimized designs are shown in
Fig.18.We can easily visualize from these plots that a significant improvement in bandwidth has been
achieved with the proposed new ground plane for the low-frequency band as well as for the high-

frequency band. PSO and GA give similar geometry and show a correlation of 82.34%.

s, (dB) >

%0 i ; i ;
1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6
Frequency (GHz) = . 109

Fig.18: Simulated reflection coefficient for the optimized antenna obtained by GA and PSO

We can summarize the results given by PSO and GA in the Table 111 as bellow:
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TABLE I11.NUMERICAL VALUES OF THE BANDWIDTH, REFLECTION COEFFICIENT, GAIN FOR THE OPTIMIZED AND REFERENCED

Antenna Resonant frequency(GHz) Bandwidth (%) S;:1(dB) Gain (dB)
Reference antenna 35 411 -23.89 6.37
GA f;=3.5 19.31 -40.02 2.58
f,=5.78 16.14 -38.74 5.65
PSO f;=3.5 30.57 -32.66 3.55
,=5.62 37.90 -27.27 5.57

In this paper, we propose a slotted ground plane that can effectively reduce the PIFA weight by

more than 50%, improve the bandwidth and introduce more frequency band.

TABLE IV: COMPARISON OF THE RESULTS AND OTHERS GIVEN BY LITERATURE

Paper Antenna type Method Hight of Results
antenna(mm)
[30] Single and dual PIFA Meander-shaped h=4 e Reduce the
antenna ground plane hight of
antenna by
50%
[31] Mono band PIFA Open-end parallel h=6 e Reduce the
antenna slots in the ground volume of the
plane antenna
e  Bandwidth
enhancement
[32] Dual band PIFA U shape slot on the h=6 e  Bandwidth
antenna ground plane improved
[33] Multiband PIFA Two slots on the h=1.27 e Bandwidth
antenna ground plane enhancement
Our research Dual band PIFA Gridded ground h=3 e  Reduce the
antenna plane combined with ground plane
GA/PSO shape by more
than 50%
e  Produce new
resonant
frequency
e  Enhance the
bandwidth

Table IV presents some papers in literature that studying the effect of the slots on the ground plane.
Result in [30] and [31] shows using slots on the ground plane can reduce the volume of antenna. [32]
and [33] present using slotted ground plane to broadening the bandwidth. In this work, a PIFA
antenna with slots on the ground plane is used. These slots are optimized in dimensions and positions
by GA then by PSO, to cover the desired frequencies and to improve the bandwidth. Our approach
propose slotted ground plane as solution to achieve dual band antenna, to allow for reducing the
antenna volume without changing the geometrical shape of the radiating element and to enhance the
bandwidth.
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V. CONCLUSION
Using slotted ground plane is a simple way to achieve a multiband antenna without modifying PIFA

antenna geometry and increasing the handset volume. In this paper, genetic algorithm and particle
swarm optimization techniques were used to find the optimal slotted geometry of the ground plane
that satisfy these criteria.

Both antennas given by PSO and GA, show similar geometry and a good correlation coefficient of
82.34%. Comparing the antenna with and without slotted ground plane obtained by PSO and GA,
bandwidth has been improved at low frequency and new band appear at high frequency.

Therefore, a dual band antenna with good bandwidth and efficiency response was obtained by using
fragmented ground plane and evolutionary algorithms (GA and PSO). Since the mobile phone
industry requires small handset terminals with internal antennas, the proposed technique in this

research is a good way to reach these requirements.
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