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Genetic algorithm for optimization
of L-shaped PIFA antennas

TRONG DUC NGUYEN', YVAN DUROC’, VAN YEM VU> AND TAN PHU VUONG'

Two new designs of the L-shaped Planar Inverted-F Antenna (PIFA) antennas with single and dual polarization operating at
the frequency band for IEEE 802.11b/g standard with satisfactory radiation characteristics are presented. We further propose
a genetic algorithm (GA) embedded in CST Microwave Studio for optimizing these antenna parameters. The agreement of
simulation and measurement results shows the performance of our joint model. Also, they show that our dual-polarization
antenna is suitable for indoor Multiple Input Multiple Output (MIMO) wireless environment applications.
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. INTRODUCTION

Nowadays, the development of mobile communication and
the miniaturization of radio frequency transceivers are experi-
encing an exponential growth, hence increasing the need for
compact antennas. As a result, new antenna prototypes have
been developed to provide a larger bandwidth as well as a
small dimension. The PIFA antenna is one of the most poten-
tial models.

The PIFA antenna has found widespread internal utiliz-
ation within wireless terminals, thanks to its compact size
for both single- and dual-band applications as well as single
and dual polarizations. The PIFA antenna has several advan-
tages such as the ease of fabrication, low implementation cost,
a compatibility and conformity of ground plane with complex
geometries [1, 2]. However, in this antenna, the length of
microstrip patch, the thickness of the air layer between the
patch and the ground plane as well as the shorting pin position
strongly influence the antenna reflection coefficient and oper-
ating frequency [3, 4]. It is difficult to have operating fre-
quency with an optimal antenna input reflection coefficient
in each frequency band. Therefore, antenna parameter optim-
ization is a critical issue. Many algorithms have been devel-
oped for this purpose, one of which is genetic algorithm
(GA) [5, 6]. GA is a stochastic searching algorithm that acts
on a population of possible solutions. They are based on the
mechanisms of population genetics and selection [5]. A lot
of applications used GA to optimize the parameters of
antenna. In [7], a GA is used to design and optimize a monopole
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antenna by selecting the best configuration of the antenna when
the length of the monopole changes. In [8], a combination of GA
and Finite Difference Time Domain (FDTD) based on cost
function is used to optimize the antenna’s structure and
loading conditions for maximal main lobe gain in a single
azimuth direction. In [8], a GA is used to adaptively alter the
polarization and directivity of a crossed dipole antenna.

In this paper, two new designs of the L-shape PIFA anten-
nas with single and dual polarization are proposed. These two
antennas operate at the frequency band for IEEE 802.11b/g
standard with satisfactory radiation characteristics. The simu-
lation and measurement parameters achieved show that our
proposed dual-polarization antenna is suitable for indoor
MIMO wireless environment applications. A specific GA
auto-embedded in CST Microwave Studio software has been
developed to optimize the proposed designs in terms of per-
formance and dimension. This paper presents several relevant
novelties in comparison with our recent work [9]. In particu-
lar, more parameters of the antenna are optimized and the
simulations are carried out on much more individuals. In
Section II, we first describe the structure of the designed
antennas and then present how to use GA for optimizing
our antennas. In Sections IIT and IV, the two PIFA antennas
are, respectively, detailed with respect to the design, simu-
lation, optimization and measurement. Conclusions are
finally given in Section V.

II. L-SHAPED PIFA ANTENNA
AND OPTIMIZATION PROBLEM

A) PIFA antenna

The Inverted-F Antenna (IFA) typically consists of an element
radiation plate located above a ground plane, a short circuit or
shorting pin and a feeding mechanism for element radiation [1,
10]. IFA is a variant of the monopole antenna in which the first
part of the monopole is folded parallel to the ground plane in
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order to reduce the height of the antenna, while the resonance is
still maintained. With this type of antenna, the ground plane
plays a major role in the operation of the antenna. The
current on the ground plane is bent by the excitation of the
current on the surface of the radiation patch and the resulting
electromagnetic field is formed by the interaction of the IFA
and an image of itself below the ground plane. The capacitance
and the input impedance of the antenna are replaced by a short-
ing pin that connects between the radiation elements to the
ground plane. IFA is able to receive both vertically and horizon-
tally polarized electromagnetic waves.

PIFA is considered to be a kind of linear IFA in which the
radiation element is replaced by a radiation patch in order to
expand the bandwidth as well as minimize the power of elec-
tromagnetic wave and reduce its absorption. PIFA is suitable
for indoor wireless environment since it is of high-gain in
both vertical and horizontal states of polarization. Figure 1
shows the geometry of a PIFA antenna.

B) L-shaped PIFA antenna

The L-shaped microstrip patch is illustrated in Fig. 2. The
antenna is fed through a discrete port on the ground plane.
The shorting pin connects the microstrip patch to the
ground plane mounted on a dielectric substrate.

The radiation patch length of an L-shape PIFA antenna is
easily varied. Therefore, the reflection coefficient and operat-
ing frequency of antenna are both easily turned variable
without changing antenna size. Thus, the antenna can be
minimized as well as the space can be saved.

C) Optimization of the L-shaped PIFA
antenna by using GA

The application of GA to antenna parameter optimizations is
not novel. The recent versions of CST Microwave Studio have
their own embedded GA [11]. However, optimizing antenna
parameters can only be done with the tools of the CST soft-
ware. Consequently, users are restricted by only available
CST tools. Using our method, the users can optimize the
antenna parameters in such a way they need and they can
use their own data format for example. In other words, the
proposed method allows being independent of the CST
tools. This approach also allows the GA algorithm to be
embedded in other simulation softwares.

In this application, we use GA to optimize multiple simul-
taneously parameters of the antenna in order to simplify the
procedure (the principle and activity of GA for PIFA

microstrip patch
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ground plane /

probé

(a)

Fig. 1. Geometry and parameters of PIFA antenna.
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Fig. 2. Architecture of PIFA antenna L-shape.

antenna optimization will be detailed further below). The
GA is embedded in the CST tool Macro. Thus, the construc-
tion, simulation, and optimization of the antenna can be fully
implemented through the available functions of CST and pro-
gramming language Visual Studio in file*. BAS (the interface
and example of source codes are shown in Fig. 3). The FDTD
method is used to calculate electromagnetic characteristics of
antennas.

The most important factor in the GA algorithm is the selec-
tion of individuals and fitness function.

For the PIFA antenna structures presented previously, as
illustrated in Fig. 1, the resonant frequency f, is calculated
using the following formulas [1, 3].

itw/l<1 (1)

f_{rfldl_(l_r)fz
T ifw/l>1 (2)

M+ (1 —r"Mf,

where
h= )
e @
r =% (5)
m= 6)

where ¢ is the speed of light, s is the width or radius of the
shorting pin, [ and w are the length and width of the micro-
strip patch, respectively, h is the thickness of the air layer
between the patch and the ground plane.
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Fig. 3. The interfaces and example of source code in CST Macro.

These antennas operate in the frequency band ranging from
2.41 to 2.47 GHz. The dielectric substrate proposed is FR4 with
thickness of 1.6 mm (a relative permittivity of 4.4 and a loss
tangent of 0.02). Then by applying equations (1), (3), (4) and
(6), we obtain the dimensions of antenna: [ = w ~ 40 mm.

To optimize this antenna, we used the following individ-
uals: the length of microstrip is represented by a 13-bit
binary string (the maximum length of the antenna’s patch is
40 mm); the thickness of the air layer between the patch
and ground plane is represented by a 10-bit binary string;
the discrete position and shorting pin position are represented
by the 13-bit binary string.

The number of individuals used to optimize the antenna is
4 and each individual is encoded by the binary string with
minimum length of 10. Therefore, the number of calculations
done in the optimization process is very large and the memory
can be overload. To avoid huge calculations and memory
overload, we performed the GA algorithm on antennas with
only two or three variable parameters. In addition, for sim-
plify, the value of the binary the string bit encoding these
populations is converted and displayed in decimal form.

As a requirement, the frequency band must be between
2.41 and 2.47 GHz. Otherwise, the fitness functions are
selected as follows:

(1) For adaptation of antenna: fitness = min (S,, < —15 dB).
(2) For coupling between two antennas: fitness = (S,,
< —15dB).

In the case of single polarization antenna, only the first
function is considered. In the case of dual polarization, both
the functions are taken into account to traduce the effect of
one resonant element on the other (i.e. isolation character-
istic). Detailed forms of the final fitness function for each
antenna are described in the below Step 3.

The principle of GA for optimization of PIFA antennas is
shown in Fig. 4.
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Fig. 4. Principle of GA for optimization of PIFA antennas.

GA’s activity consists of:

Step 1: Initializing a population. There are six components:
ground plane, substrate, air, microstrip patch, discrete
port and shorting pin. Random generation of initial popu-
lation includes the length of microstrip, the thickness of the
air layer, the position of discrete port and the position of
shorting pin.

Step 2: Creating the antenna and solving the model in CST
software. In this step, the frequency and the S-parameters
(S,, for single-polarization antenna, and S,, and S,, for
dual-polarization antenna) are calculated.

Step 3: Selecting the candidate individuals for GA. For each
individual in the population, its output is evaluated based
on the fitness function in order to select the candidate for
GA. More precisely, when the microstrip length and the
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Fig. 5. L-shape microstrip patch.
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Fig. 6. Reflection coefficient, S, ,, of the single PIFA antenna (without GA).

port value vary, only those yielding the suitable frequency
band (i.e. range from 2.412 to 2.472 GHz) are considered.
Then, for each value of microstrip length, the maximum
value S,, (S,,_max) is sought. In the case of single polariz-
ation antenna, only pair values (microstrip length and port)
with §;,_max < —15dB are kept. In the case of dual-
polarization antenna, only pairs with §,,_max < —15 dB
and S,, < —15dB are kept. The choice of candidate of
shorting pin position and the air layer thickness is carried
out similarly.

Step 4: Optimizing. Based on the candidates obtained from
Step 3, making a crossover and mutation until the most
optimal configuration possible is found.

In fact, there are iterations consisting of Steps 2, 3, and 4 for
searching the best configuration (see Fig. 4).

1. SINGLE-POLARIZATION PIFA
ANTENNA

The geometric parameter of the antenna is illustrated in Fig. 5.
The microstrip patch has a dimension of I_pch x w_pch x
h_pch mm?®. The thickness of the layer of air between the
patch and ground plane is h_air. The discrete ports are
located at (x_prt, y_prt) on the ground plane. The shorting
is located on the dielectric substrate at (x_pin, y_pin). The
values of those mentioned parameters are turned variable
during the optimization step in order to find the best ones.

A) Simulation

In this part, we carry out several simulations of antenna with
FR4 dielectric substrate having a dimension of 40 x 40 x
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0.8 mm? in order to show the requirement of parameter
optimization.

We first vary the value of y_pin while fixing other par-
ameters. More precisely, I_pch =10 mm, w_pch = 4 mm,
h_air=3mm, x_prt=x_pin=—6mm, y_prt=o0mm
when y_pin takes one of the three following values {8, 10,
and 12 mm}, meaning that three antennas are considered.
The reflection coefficient and the operating frequency of
those antennas are, respectively, shown in Fig. 6 from which
it is clear that when finding manually the position of pin
which yields an optimal antenna configuration is difficult.

Similar simulations are carried out by varying I_pch, h_air
and y_prt and fixing the rest parameters, and we observe the
same problem.

Automatic parameter optimization is therefore a critical
issue.

B) GA for single-polarization antenna
optimizing

Table 1 presents an example of the input and output par-
ameters when the populations are generated randomly, and
Table 2 shows parameters (input and output) when fixing
the length of microstrip patch (I_pch = 9.10 mm) and the
thickness of the air layer (h_air = 3.0 mm), while changing
the shorting pin.

As mentioned in the previous section, three antenna par-
ameters, including the shorting pin position, the length of
microstrip patch and the thickness of the air layer, are opti-
mized simultaneously, while the port position y_prt is selected
as one of the following values y_prt = {o, 1, 2, 3, and 4 mm}.
For intuitiveness, the obtained values S,, when fixing one of
three considered values while varying the others are shown
in Fig. 7. There are therefore in total 3 cases: h_air is fixed
(Fig. 7(a)), Lpch is fixed (Fig. 7(b)) and y_pin is fixed
(Fig. 7(c)).

Figure 7(a) presents the results obtained when the thick-
ness of the air layer is fixed (h_air = 3.0 mm). The shorting
pin position takes one of the following values y_pin = {9.40,
9.10, 9.10, 9.05, 9.00 mm}. In this figure, the blue, green and
red markers present, respectively, the S,, obtained with
I_pch = 9.10, 10.10, 11.55 mm (the results represented by
the blue markers correspond to those shown in Table 2
with the values S,, of {—19.16, —23.62, —32.23, —29.62
and —19.12 dB}).

Table 1. Parameters of the input and the output of the antenna design.

L_pch h_air y_prt y_pin F S

(mm) (mm) (mm) (mm) (GHz) (dB)

10.00 3.00 0.00 10.00 2.36 —9.83
8.95 3.00 —8.00 12.00 2.61 —25.67
6.00 3.00 —4.00 8.00 2.10 —17.19

Table 2. S,, parameter according to the position of the discrete port and
the shorting pin.

y_prt (mm) 4 3 2 1 o
y_pin (mm) 9.40 9.10 9.10 9.05 9.00
S,, (dB) —19.16 —23.62 —32.23 —29.62 —19.12
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Fig. 7. Modulus of S,, parameter [dB]. (a) When h_air = 3 mm, positions of
y_pin and y_port for: I_pch= 11.55 mm (red), 10.10 mm (green), and
9.10 mm (blue). (b) When I_pch = 10.10 mm, thickness of the layer of air
h_air and position of y_port for: y_pin = 10.0 mm (red), 11.0 mm (green),
and 9.0 mm (blue). (c) When y_pin = 10 mm, length of patch I_pch and
position of y_port 2for: h_air = 3.0 mm (red), 2.8 mm (green), and 3.2 mm
(blue).

Figure 7(b) shows the results when the length of microstrip
patch equal to 10.10 mm (I_pch = 10.10 mm). The thickness
of the air layer takes one of the following values h_air =

https://doi.org/10.1017/51759078711000985 Published online by Cambridge University Press

Table 3. The parameters of the optimal antenna configuration

(using GA).
Name Value (mm) Name Value (mm)
I_pch 11.50 y_prt -6
h_air 3.0 x_pin -6
x_prt —6 y_pin 11.75

Fig. 8. Photo of the realized 2.40 GHz single-polarization PIFA antenna.
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Fig. 9. Simulation and measurement results of S,, parameter (using GA).

(3.0, 2.8, 3.2, 2.9, and 3.1 mm). The blue, green and red
markers present, respectively, the S,, obtained with y_pin =
9.0, 11.0, and 10.0 mm.

Figure 7(c) presents the results when the shorting pin pos-
ition is fixed (y_pin = 10 mm). The length of patch takes one
of the following values |_pch = {9.10, 10.10, and 11.55 mm}.
The blue, green and red markers present, respectively, the
S,, obtained with h_air = 3.0, 2.8, and 3.2 mm.

Using crossover and mutation on the samples (maximizing
the value of §,, in this particular case), the optimal configur-
ation is depicted in Table 3.

As computational time, with 2'* x 2™ x 2" x 2'° iter-
ations, this algorithm requires a computational time of 4.5
days with a PC of 3.0 GHz, 3.25 Gb Ram and implemented
on Visual Basic. It may be worth noting that the implemen-
tation on Visual Basic is about four times faster than that
on Matlab.

C) Measurement result

The antenna is fabricated on FR4 dielectric substrate with a
dimension of 40 x 40 x 0.8 mm?. The dimension of the
ground plane is 40 X 40 X 0.035 mm?>. The thickness of the
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- Farfield
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Farfield (F=2.4) [1]

~0.3899 dB
~1.624 dB
1.872 dB

Fig. 10. Simulated radiation pattern of the single-polarization antenna.

air layer between the patch and the ground plane is 3 mm. The
microstrip patch (made from Perfect Electrical Conductor
(PEC)) has a dimension of 11.50 X 4 X 0.035 mm?. The dis-
crete port is located at (—6 mm; —6 mm) and the shorting
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Fig. 11. Dual-polarization antenna.

Table 4. The parameters of random antenna configuration.

Name Value (mm) Name Value (mm)
I_pch1 6 x_prt2 o
w_pchi 4 y_prt2 —16

I_pch2 8 X_pini —16
w_pch2 4 y_pini 6

h_air 3.0 X_pinz 7

x_prtl —16 y_pin2 —16

y_pri1 o]

pins are located on the dielectric substrate at (—6 mm;
11.75 mm). Figure 8 shows a photo of the realized antenna.

The simulation and measurement results of the input
reflection coefficient are shown in Fig. 9. The resonant fre-
quency of the antenna is 2.43 GHz with a bandwidth equal
to 300 Hz at S,;, = —10 dB. When compared with the band-
width of 400 Hz in simulation, there is a slight difference
simulation and measurement results, which is due to the
realization accuracy as well as the substrate, but it is clearly
seen from Fig. 9 that a good agreement between simulation
and measurement results is achieved.

i $11, $12 Parameters
g -0 i
o -20
e N
'E, a0 1 — —s11
] -- 812
-50 —_s22

1,00 1,20 140 1,60 1,80 2,00 2,20 2,40 2,60 2,80 3,00

Frequency (GHz)

Fig. 12. §,,, S,, and §,, parameters of dual-polarization antenna (without
GA). (a) When h_air = 3 mm, positions of y_pin and y_port for: |_pch =
9.25 mm (red), 7.75 mm (green), and 6.50 mm (blue). (b) When y_pin = 7 mm,
thickness of the layer of air h_air and position of y_port for: [_pch = 7.75 mm
(red), 6.50mm (green), and 9.25 mm (blue). (c) When [_pch = 7.75 mm,
thickness of the layer of air h_air and position of y_port for: y_pin = 8.0 mm
(red), 7.0 mm (green), and 6.0 mm (blue).

Table 5. Parameters of the input and the output of the antenna design.

1_pchl h_air y_prtl y_pinl F S,, (dB)S,, (dB)
(mm) (mm) (mm) (mm) (GHz)

10.00 3.00 0.00 10.00 2.8 —17.34 —25.02
8.95 3.00 —8.00 12.00 1.77 —0.28 —27.88
6.00 3.00 —4.00 8.00 2.26 —25.94 —16.11
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Table 6. S,, and S,, parameters according to the position of the discrete Table 7. The parameters of the optimal antenna configuration (using

port and the shorting pin. GA).
y_prt(mm) 1 o -1 —2 Name Value (mm) Name Value (mm)
y_pin (mm) 7.15 7.05 7.15 6.95 I_pch1 10.25 x_prt2 —4
S,, (dB) —15.39 —17.47 —20.50 —36.04 w_pchi 4 y_prt2 —16
S,, (dB) —16.95 —18.02 —18.02 —19.40 I_pch2 10.25 x_pini —16
w_pch2 4 y_pini 7
h_air 3 Xx_pin2 7
;__ x_prtl —16 y_pin2 —16
y_prt1 —4
40+
304

IS11}1812| parameters

Fig. 14. Photo of the realized 2.4 GHz orthogonal polarization PIFA antenna.
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Fig. 15. Simulation and measurement results of S,, and S,, parameter (using
GA). Since S,, = S,,, S,, = S,,, for clarification, only S,, and S,, are plotted

(b) here.

Finally, the 3D radiation pattern at 2.43 GHz of the single
polarization PIFA is shown in Fig. 10. It can be noted that the

40 ;
! antenna has a smooth radiation pattern such as a dipole: more
§ 0. ¥ precisely at 2.43 GHz the gain is 1.85 dBi.
£
g
= 204
ET ,,,,,,, V. DUAL-POLARIZATION PIFA
gm\. ANTENNA
5 g: : The geometric antenna parameters, illustrated in Fig. 11, are:

the microstrip patch with a dimension of I_pch1 x w_pch1 x

. 0 h_pchi mm? for antenna 1 and of I_pch2 x w_pch2 x h_pch2

T g B mm? for antenna 2. The thickness of the air layer between the

poﬁmn . . .

772 patch and ground plane is h_air. The discrete ports are located

© at (x_prt1, y_prt1) for antenna 1 and at (x_prt2, y_prt2) for

antenna 2 on the ground plane. The shorting is located on

Fig. 13. Modulus of S,, (“star” symbol) and S,, (“rectangular symbol”) the dielectric substrate at (x_pinl, y_p in1) for antenna 1 and
parameters (dB). at (x_pinz, y_pin2) for antenna 2.
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Type Farfield
Approximation enabled (kR >> 1)
Honitor Farfield (f=2.4) [1]
Component Abs
Dutput Gain
Frequency 2.4
Rad. effic. -0.8336 dB
Tot. effic. -1.306 dB

2.247 dB

Gain

Fig. 16. Simulated radiation pattern of the dual-polarization antenna.

A) Simulation

With a configuration of antenna as shown in Table 4, the results
of simulation are shown in Fig. 12. For the antenna 1, the oper-
ating frequency is 2.38 GHz and the corresponding value S,, is
—14.83 dB. For the antenna 2, the operating frequency is
2.48 GHz and the corresponding value S, , is —12.66 dB.

It is clear that automatic parameter optimization is a criti-
cal issue.

B) GA for dual-polarization antenna
optimizing

Table 5 presents an example of the input and output par-
ameters when the populations are generated randomly, and
Table 6 shows parameters (input and output) when fixing
the length of microstrip patch (I_pch = 7.75 mm) and the
thickness of the air layer (h_air = 3.0 mm) while changing
the shorting pin.

Similar to Fig. 7, Fig. 13 proposes a synthetic and graphic
presentation of the obtained results. In this figure, star
markers correspond to values of S,,, while rectangle
markers represent the values of S,, (Fig. 13(a) correspond to
the results presented in Table 6).

Using crossover and mutation on the samples (maximizing
the value of S, and §,, in this particular case) the optimal
configuration is shown in Table 7.

C) Measurement result

The antenna is fabricated on an FR4 dielectric substrate with a
dimension of 40 x 40 x 0.8 mm?. The ground plane has a
dimension of 40 x 40 X 0.035 mm?>. The thickness of the air
layer between the patch and the ground plane is 3 mm. The
microstrip patch (made from PEC) has a dimension of
10.25 X 4 X 0.035 mm°. The discrete port is located at
(—16 mm; —4mm) for antenna 1 and at (—4 mm;
—16 mm) for antenna 2; the shorting pins are located on
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the dielectric substrate at (—16 mm; 7 mm) for antenna 1
and at (7 mm; —16 mm) for antenna 2. Figure 14 shows a
photo of the realized antenna.

The simulation and measurement results of the input
reflection and transmission coefficients are shown in
Figure 15. The antenna resonant frequency is 2.43 GHz with
a bandwidth equal to 500 Hz at S,, = —10 dB. It should be
noted that this bandwidth is equal to 400 Hz in simulation.
In fact, a small error appeared when fabricating the antenna
can result in a large difference between the results of the
process of simulation (the accuracy in our simulation is
0.05 mm) and that in reality. But it is clearly seen that there
is a good agreement between simulation and measurement
results. Consequently, we are able to confirm that the obtained
parameters of the antenna with the developed GA are optimal.

Finally, Fig. 16 illustrates the radiation pattern at 2.43 GHz
of the proposed PIFA antenna system. It can be clearly seen
from this figure that the antenna has a smooth radiation
pattern at 2.43 GHz, which is like the radiation pattern of a
half-wavelength dipole with a gain of 2.15 dBi.

V. CONCLUSION

GAs are very useful for various radio electronic optimization
problems, especially for optimization of antenna problem. For
PIFA antenna, due to the sensitivity of the components on
operating frequency and antenna efficiency, the optimization
is absolutely necessary and GA is one relevant solution.

Two PIFA antennas are designed and optimized at
2.43 GHz based on GA. The GA is used to optimize antenna
parameters such as operating frequency, bandwidth, and radi-
ation pattern. The two proposed antennas are fabricated and
measured. They can completely cover the required bandwidths
of IEEE 802.11b/g with satisfactory radiation characteristics.
The agreement of simulation and measurement results shows
the performance of our joint model. The embedded GA can
be further applied to other antenna configurations.
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