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Abstract In this paper a novel form of the familiar
E-shaped patch antenna is presented. In the presented
approach, by using the genetic algorithm (GA) based
on fuzzy decision-making, some modifications have
been implemented to the incorporated slots which lead
to even more enhancement in the antenna bandwidth.
The MOM (Method of Moment) is employed for anal-
ysis at the frequency band of 1.8GHz-2.6GHz by the
optimization parameters of supply locations and slot
dimensions. In the implemented fuzzy system, inputs
are parameters like population, and outputs are param-
eters like recombination to produce the next gener-
ation. Fuzzy inference system (FIS) is used for the
control of GA parameters. The design is also optimized
by successive iterations of a computer-aided analy-
sis package and experimental modifications. Prototype
antenna, resonating at wireless communication frequen-
cies of 1.88 and 2.37 GHz, has been constructed and
experimental results are in relatively good agreement
with the analysis. Dimensions of the modified slots
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for bandwidth enhancement, while maintaining good
radiation characteristics, have been determined and the
obtained antenna bandwidth of 36.7% is larger than
that of a corresponding unslotted rectangular microstrip
antenna or a conventional E-Shaped patch antenna.
Details of the antenna design approach and experimen-
tal results are presented and discussed.

Keywords W-shaped antenna - Fuzzy system -
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1 Introduction

Modern wireless communication systems require wide
bandwidth to provide high speed data transmission.
For optimum system performance, high radiation effi-
ciency, small volume, simple and low-loss impedance
matching to the receive and transmit paths are neces-
sary prerequisites of the antennas.

Microstrip antennas are appropriate candidates to
meet the mentioned requirements and therefore they
are used in a broad range of applications from radars,
telemetry, navigation, biomedical systems, mobile
satellite communications, the direct broadcast system
(DBS), global positioning system (GPS) to remote sens-
ing, primarily due to their compactness, fabrication
simplicity, conformability and low manufacturing cost.
However, they have a significant drawback of narrow
bandwidth.
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Various designs have been proposed and implemen-
ted to reduce this effect. One of the approaches is the
incorporation of two parallel slots.

The proposed design herein is thoroughly studied in
the following sections. The bandwidth of the antenna is
optimized using the genetic algorithm based on fuzzy
decision-making. Due to the measureless number of
variables and large number of output characteristics
related with many antenna structures, antennas cannot
be optimized by conventional techniques, which use
gradient methods.

Applications of genetic algorithms for optimization
problems are widely known as well as their advantages
and disadvantages in comparison with classical numer-
ical methods [1]. The genetic algorithms’ performance
is determined by the investigation and utilization rela-
tionship kept throughout the GA run. This balance be-
tween the utilization of the whole solution space and
the detailed searching of some parts can be modified
to change the GA operators setting (i.e. selection, cross-
over and mutation). Fuzzy logic may be used for dynam-
ically computing appropriate GA control parameters
using the experience and knowledge of the GA experts.
This adaptive change of the selected GA parameters is
taking place by the way of Fuzzy inference system on
the basis of GA feedback [2]. GA feedback is realized
by means of special designed GA characteristics. The
FIS is designed on the basis of GA expert knowledge.
The method of moments with the vector triangular ba-
sis function is used for analysis as well as PDE! Tool-
box of Matlab software [3,4]. VSWR is measured and
compared with the numerical data. Experimental re-
sults are presented to validate the discussed analysis.
Furthermore, the current distribution on the W-shaped
patchis studied to demonstrate the wide-band behavior.
At the end, a wide-band W-shaped patch antenna with
36.7% bandwidth is designed to cover 1.88 and 2.37
GHz frequencies. These ranges of frequencies are the
ones which are paid considerable attention in modern
wireless communications.

In order to demonstrate the advantages of the pro-
posed design studied in this paper, it’s necessary to
investigate what previous designs have to offer and
what they lack to pave the way for better understanding
of benefits of the proposed design.

One of the first schemes introduced to enhance the
patch antenna’s bandwidth was in [5] and [6]. Three

' Partial differential equation.
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gap-coupled microstrip antenna configurations: radiat-
ing edges gap-coupled, non-radiating edges gap-cou-
pled, and four edges gap-coupled microstrip antennas
were proposed. In those configurations, additional rect-
angular resonators were coupled capacitively through
narrow coupling gaps either to the radiating edges, or
to the non-radiating edges, or to all the four edges of
the rectangular patch antennas, respectively. In [7], au-
thors presented multiple resonator antennas wherein
the coupling between the resonators is through sec-
tions of microstrip line instead of via coupling gaps
used in the antennas mentioned above. The lengths
of these connecting strips are taken larger than twice
the substrate thickness to minimize capacitive coupling
through gaps.

In [8], an antenna structure was proposed which
had some advantages over other candidate elements be-
cause the bandwidth was increased while maintaining
a low-profile geometry and without additional internal
matching networks. This antenna was the radiation-
coupled Dual L antenna.

In [9], the authors presented a coaxially-fed single-
layer single-patch microstrip antenna in the form of a
rectangular patch with a U-shaped slot which exhibited
relatively wideband characteristic. In [10], experimen-
tal results on the U-slot patch, including cross polari-
zation measurements and the effects of patch size, slot
size and feed position on performance were discussed.

In[11] (and also in [12]), the author presented a new
structure: it was a microstrip patch etched-out of sheet
metal and supported in the center by a post (metallic
or nonmetallic). It could be fed by another microstrip
line, which was either at the same level and parallel to
the patch itself, or oblique or even perpendicular to the
ground plane.

In [13], authors presented a C band aperture fed
microstrip antenna element with stacked configuration
of two patches with thick substrates and an air gap
which showed good wide-band behavior.

In [14] with the loading of a pair of right-angle
slots and a modified U-shaped slot in a rectangular mi-
crostrip patch, bandwidth enhancement of microstrip
antennas was demonstrated.

In [15], authors presented a single-layer rectangular
patch antenna using a coupled line feed. The coupled
line matching technique increases the bandwidth of the
patch antenna by a factor of more than 2.5 as compared
to the normal edge-fed patch with the same geometrical
dimension.
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(b)

Fig.1 Geometry of a wide-band W-shaped patch antenna which
has two V-shaped slots. (a) Top view, (b) Side view

In [16] (and also in [17] and some other earlier
papers), the E-shaped patch antenna was introduced.
Two parallel slots were incorporated into the patch of
a microstrip antenna to expand its bandwidth. The slot
length, width, and position were optimized to achieve a
wide bandwidth. A 32.3% E-shaped patch antenna was
also designed.

In [18], a broadband low-profile E-shaped patch
antenna with a novel microstrip-compatible feed is pre-
sented. The new feed structure makes E-shaped patch
antennas more suitable for integration with microstrip
circuits.

In [19], a novel coaxial-fed E-shaped microstrip
patch antenna is proposed. The proposed antenna is
found to have a much broader impedance bandwidth as
compared to the U-slot antenna. An impedance band-
width of about 33.8% is achieved for this antenna.

In [20], the authors presented a design of a broad-
band probe-fed planar patch antenna. The proposed an-
tenna had a thick air-layer substrate, and bandwidth
enhancement was achieved by cutting a small portion
of the ground plane and adding an inverted U-shaped
ground plane to be close to the radiating patch, and then
feeding the antenna at the inverted U-shaped ground-
plane portion using a 50 2 coax feed with a short probe
pin. Experimental results showed that an impedance
bandwidth greater that 20% could be achieved for the
proposed antenna.

However, these methods typically enlarge the antenna
size, either in the antenna plane or in the antenna height.
Thick substrates lead to higher dielectric loss and the
emergence of surface waves which degrades the antenna
radiation pattern and reduces radiation efficiency.
Other proposed designs usually suffer from complex
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Fig. 2 The geometry of the current distribution

fabrication processes. Duetothesereasons, single-patch
low-profile wide-band antennas have attracted many
researchers’ attention. Compared to previous mentioned
microstrip patch antenna designs, the W-shaped patch
antenna is simpler in construction and offers even more
enhanced bandwidth.

2 Geometry

The antenna geometry is shown in Fig. 1. The antenna
has one patch and (L,W,h) parameters are used to char-
acterize the size of the patch. The patch is fed by a
coaxial probe at position (X¢,Yr). For enhancing the
antenna bandwidth, two V-shaped slots are incorpo-
rated into the patch and positioned as illustrated in the
Fig. 1. The shape of the patch resembles the letter “W”,
therefore the name "W-shaped patch antenna" is cho-
sen for referring to the structure. The slot length (L),
position (Py), outer width (W), and inner width (Wy;)
are the parameters which have been optimized to obtain
the desirable bandwidth.

An empirical model can be useful in an initial
design and usually plays an appreciable role in antenna
scaling. Typically, these empirical models include the
cavity model and the transmission line model for mod-
eling of the initial microstrip patch antenna. The trans-
mission line analysis for a microstrip patch antenna is
a well-established approach among the antenna engi-
neers [21].

In [22] and [23], based on the observation of the
current distribution, a simplified transmission-line
equivalent circuit for the modeling of E-shaped patch
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antenna was proposed. The proposed model can be used
for antenna’s resonant frequency prediction. It can be
concluded that around the W-shaped arms, there are
three coupled transmission lines based on the current
distribution on the patch (Fig. 2).

Surface current plots can take the role of facilitating
the understanding of electromagnetic behavior of intri-
cate antenna structure which radiates in a complicated
wireless package environment. They provide insight
into the radiation characteristic of the antenna and give
a snapshot of the interactions between the antenna and
wireless package.

3 Fuzzy Inference System

The fuzzy inference system is a popular computing
structure based on the concept of fuzzy set theory, fuzzy
if-then rules, and fuzzy reasoning. Therefore it is used
for the control of GA parameters [2].

Fuzzy inference systems are the most essential mod-
eling tool based on fuzzy set theory. Our FIS is built by
domain experts [2] and is used for automatic adapta-
tion (control) of strategic GA parameters. The Matlab
Fuzzy Logic Toolbox was used for FIS development

[2].

Fig. 3 Si; of the W-shaped
patch antenna (measured

A short description of FIS:

1. Input: GA characteristics (population P).

2. Fuzzy models: The Sugeno fuzzy model [3].

3. Fuzzy rules and membership Function: Made by
field expert knowledge.

4. Output: Crisp values of selected GA parameters
(we have to use a defuzzifier to convert a fuzzy set
to a crisp value).

5. Values of selected GA parameters:

P.: Probability of Crossover
P : Probability of Mutation (percentage of bit mu-
tation)

The antenna is optimized using fuzzy Gaussian set
for P. and Py, parameters, and also genetic algorithm
by binary coding. The population size was 70 indi-
viduals and 50 generations were evaluated. The goal
is to minimize the maximum S;; magnitude at three
frequencies, 1.9 GHz, 2.1 GHz, and 2.4 GHz. The cost
function in this case was given by:

Cost_Function = min(Sj,) , Vn (D
where the subscript n refers to the number of frequen-

cies in analysis and n = 3 in this paper.

Return Loss
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Fig. 4 Input impedance response

4 Measurement and Miscellaneous Issues

In this section, a wide-band W-shaped patch antenna,
which is an optimized E-shaped antenna using genetic
algorithm based on fuzzy decision making, is studied
in detail. The antenna dimensions and feed position
follow: (in millimeters):

E plane pattern 20

(a)

190 ey

—: 1.9MHz
== 2.4MHz

270

180

-~ . 24MHz

(L,W,h) = (70, 50, 15)
Ly =40, Wy = 10,Wy, = 16,P; = 16
X¢, Yi) = (35, 44)

Fig 3 shows the S;; results of the W-shaped patch
antenna that are calculated by PDE Tool Box of MAT-
LAB and measured on an HP- 8410C network analyzer.

It can be seen that the W-shaped patch antenna res-
onates at 1.88 and 2.37 GHz frequencies and has a
wide bandwidth of 36.7%. Two simple patch antennas
without slots and an E-shaped patch antenna, which is
optimized and has closest possible dimensions to the
W-Shaped patch, are also simulated for comparison.
The E-Shaped patch antenna has a bandwidth of about
31.8%.

Simple patch antennas have the same height and
width as the W-shaped patch antenna. The narrow patch
antenna, which has a 19-mm length, has a bandwidth
of 13.8% while the wide patch antenna with the same
length as the W-shaped patch antenna doesn’t match
t050 .

Time required for simulation by using a Pentium IV
(CPU: 2.4 GHz) PC and 1 GHz RAM has been about
13:30h and this time is about 1:30h less than ordinary
genetic algorithm optimization.

Figure 4 shows the impedance curve for W-shaped
and E-shaped antenna on the smith chart.

H plane pattern 90

(b) -

270

Fig. 5 Measured co-pol. patterns at two frequencies of 1.9 GHz and 2.4 GHz. (a) E-plane pattern, (b) H-plane pattern
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(a)  Xof Eplane pattern freq:1.9GHz
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270

Xof H plane pattern  freq:2.4GHz
90

Fig. 6 Measured cross-pol radiation patterns at two frequencies of 1.9 GHz and 2.4 GHz. (a) x-E plane patterns (b) x-H plane pattern

5 Pattern Measurements

The radiation pattern of the W-shaped patch antenna is
measured in the far-field chamber located at the Khaje-
nasir university antenna lab. The patterns are measured
attworesonant frequencies: 1.9 and 2.4 GHz and shown
in Figs. 5 & 6. In the E plane, the 3-dB beam width is
45° at 2.4 GHz and 60° at 1.9 GHz.

@ Springer

In the H-plane, the radiation pattern is similar at
1.9GHz and 2.4 GHz. The 3 dB beamwidth is 60° at
both frequencies. This high cross-pol is a result of the
leaky radiation of the slots. Although itis a bit high, it’s
not an important factor in some communication appli-
cations.

Fig. 7 shows that the simulated directivity of the
antenna. [tis 9.1 dB at 2.4 GHz and 8.2 dB at 1.9 GHz.
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Fig.7 Calculated directivity of the E-shaped patch antenna ver-
sus frequency

Since the antenna matches well in this frequency range,
it should have the similar level of gain. The efficiency
is noticeably higher, since there are no dielectric losses
and no surface wave losses.

Table 1 shows the specifications of the optimized
E-shaped antenna

Table 2 illustrates the provision of the optimized
W-shaped antenna.

And Table 3 compare narrow patch antenna with
W-shaped antenna.

A photo of the antenna is shown in Fig. 8.

6 Conclusion

The low-profile W-shaped patch antenna with wide
bandwidth was presented in this paper. Optimization
was carried out using genetic algorithm based on fuzzy
decision-making. GA-FIS is improving GA with self-
control mechanism based on fuzzy inference system
(FIS). Parameters were set by GA-FIS. Measured
results on fabricated antenna were used to confirm the
simulation results. The visualization of the surface cur-
rents on the W-Shaped antenna was used to explain
the antenna radiation characteristics. The results and
design details on the antenna presented here can be cho-
sen as beginning design for professionals interested in
utilizing low-profile integrated antennas. At the end, a
36.7% bandwidth W-shaped patch antenna is designed,
measured, and characterized in detail which can be
applied to modern wireless communication frequen-
cies of 1.88 GHz to 2.37 GHz.

Table 1 Specifications of optimized E-shaped antenna BW =
31.8%

Freq. (GHz) 1.9 2.3
S11 (dB) Simulated —15.5 —16

Table 2 Specifications of optimized W-shaped antenna (new
method) BW=36.7%

Freq. (GHz) Simulated 1.88 2.37
Measurement 1.83 2.32
Simulated -21 —44
S11 (dB) Measurement -31 —-37
Gain (dB) 7.6 8
Efficiency 87% 77.6%

Table 3 Comparison of optimized W-shaped antenna with
ordinary patch antenna (Narrow Patch)

Narrow patch W-shaped antenna

Freq. (GHz) 2.58 2.37
Si1 (dB) —41.5 —44
Fractional bandwidth 13.8% 36.7%

Fig. 8 A photo of a W-shaped patch antenna resonating at
frequencies of 1.88 and 2.37 GHz
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