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Design of a dual-wideband monopole
antenna by artificial bee colony algorithm for
UMTS, WLAN, and WiMAX applications

DENIZ USTUN' AND ALI AKDAGLI’

In this study, a dual-wideband monopole antenna has been designed and developed for the universal mobile telecommunica-
tions system (UMTS), wireless local area network (WLAN), and worldwide interoperability for microwave access (WiMAX)
applications. A novel approach integrating artificial bee colony (ABC) with the HyperLynx® 3D electromagnetic platform
based on the method of moments has been employed to calculate the design parameters of the monopole antenna performance
for the respective target frequencies and return loss. The proposed dual-wideband antenna operates in the dual-frequency
ranges of 1.69-3.99 and 4.75-6.22 GHz applicable for the UMTS, WLAN, and WiMAX applications and it is fabricated
on the flame resistant-4 substrate plate of 42 X 51 x 1.6 mm?. The performance of the presented monopole antenna is ana-
lyzed in terms of gain, radiation pattern, and s-parameter. The input reflection coefficient (S,,) parameter and radiation
pattern of the antenna are verified through the measurements. The measured values of the antenna parameters are found
to match well within tolerable limits with the simulation results. The results illustrate that the presented dual-wideband
monopole antenna obtained by using the ABC algorithm exhibits better performance in point of operating bands and s-
parameter as compared with the multi-band antennas previously published in the literature.
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. INTRODUCTION

With the development of technologies, communication
devices need the antenna that operates at multi-band applica-
tions. Therefore, the basic aim of the antenna designers is to
develop an antenna that integrates several wireless communi-
cation applications operating at different frequency bands into
the single device. The wireless network technologies such as
universal mobile telecommunications system (UMTS), wire-
less local area network (WLAN), and worldwide interoper-
ability for microwave access (WiMAX) have been widely
used in wireless communication. In order to meet the require-
ment of such multi-band operations besides the size reduc-
tion, the microstrip antennas (MAs) and the compact MAs
have been particularly preferred since their advantages such
as good radiation pattern, low cost, small size, easy fabrication,
and integrability with microwave devices. Numerous studies
have been recently proposed to improve the MA’s design
having properties as small size, wideband, or multi-band [1-12].
A dual-band microstrip-fed patch antenna with a pair of
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inverted L-shaped patches for multi-band applications was
presented in the literature [6]. The presented antenna with a
simple structure has very good performance, but the size of
the antenna is too big. In another work, an antenna design
suggested in [10] consists of a double-sided dipole. While
the antenna operates at the WLAN and WiMAX bands (2.5/
3.5/5.5 GHz), it does not work below 2 GHz corresponding
to UMTS application. A dual-band split-ring antenna with a
near-compact design was presented, but it only operates at
2.4 and 5.2 GHz frequencies of WLAN [9]. As explained
above, the antenna structures designed for wireless communi-
cation applications can be considered with their own benefits
and limitation. However, it should be noted that designing a
single antenna that fulfills all the demands such as wideband,
compactness, and multi-band operation properties is a chal-
lenging task.

Nowadays, a variety of electromagnetic (EM) simulator
software is commercially available HyperLynx® [13], which
is one of the most powerful EM simulation platforms based
on the methods of moment (MoM) [14] for the antenna
designs. The HyperLynx® is a new version of the IE3D™
EM simulation software. Varied optimization techniques
such as Powell, Genetic, and Random optimizers are available
in the IE3D™ EM simulation software. The direction and
bounds of the design variables in the optimization process
are controlled by IE3D™ EM simulation software. However,
the main disadvantage for the variables in the optimization is
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Table 1. The statistical results of 30 runs obtained by GA, PSO, DE, and ABC algorithms in [24] and Powell and Random optimizers.

No. Function Minmum GA [24] PSO [24] DE [24] ABC [24] Powell Random

1 Step o Mean 1.17 X 10° [ [¢) o 88938 66572.8
StdDev 76.561450 o [¢) o] 75260.9 6448.46

2 Sphere o Mean 1.11 X 10° o o o o 64762.5
StdDev 74.214474 [ [¢) o [ 5539.96

3 Penalized2 o Mean 125.0613 0.00767535 0.0021975 o 0.00195899 1.03E 4+ o9
StdDev 12.001204 0.016288 0.004395 o 0.00443737 1.69E + 08

4 Penalized o Mean 13.3772 0.0207338 [¢) o 0.0839808 5.27E + 08
StdDev 1.448726 0.041468 o o 0.164237 9.17E + o7

5 Ackley o] Mean 14.67178 0.16462236 [¢) o] 19.4769 20.589
StdDev 0.178141 0.493867 [¢) o 0.1366 0.1655

6 Griewank o Mean 10.63346 0.01739118 0.0014792 o 4.10121 583.288
StdDev 1.161455 0.020808 0.002958 o 6.37749 53.1267

7 Schwefel —12569.5 Mean —11593.4 —6909.1359 —10266 —12569.487 —7939.78 —2370.68
StdDev 93.254240 457.957783 521.849292 o] 861.393 471.63

8 Rastrigin o] Mean 52.92259 43.9771369 11.716728 o] 255.637 430.589
StdDev 4.564860 11.728676 2.538172 [ 45.831 20.5459

9 Dixon-price o Mean 1.22 X 10° 0.66666667 0.66666667 o 3.60796 1.74E 4 06
StdDev 2.66 X 10> 1x10 8 1E-09 o 10.5965 3.92E + o4

10 Rosenbrock 0 Mean 1.96 X 10° 15.088617 18.203938 0.0887707 73.5318 2.36E + 08
StdDev 3.85 x 10* 24.170196 5.036187 0.077390 179.31 4.02E + o7

Min., minimum values, Mean, mean of the best values, StdDev, standard deviation of the best values.
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Fig. 1. Flowchart of the optimization technique for proposed the antenna design.

limited at a fixed rate of connection with each other. In the
IE3D™ software, more complex relationships between the opti-
mization variables cannot be adjusted and optimization process
may induce an overlap problem. [15]. Hence, the design of
antenna having slots with the complex structure cannot be
carried out using the optimizer available in the HyperLynx®.
The optimization methods based on the artificial intelli-
gence (AI) have taken much attention in recent years
because of providing fast, accurate, and flexible solutions in
designing, simulation, and optimization problems at micro-
wave frequencies. As Jin and Rahmat-Samii [16] studied in
their work that the multi-wideband patch antenna was per-
formed by using parallel particle swarm optimization (PSO)
together with the finite-difference time-domain (FDTD) algo-
rithm, while the PSO algorithm was utilized to compute a rect-
angular MA’s length and width [17]. The genetic algorithm
(GA) was used to determine the optimum feed position of
the probe-feed MA [18]. The broadband patch antenna was
designed by using the differential evolution (DE) algorithm
and MoM [19]. A new modified planar antenna with
meander lines and loads for passive RFID (radio-frequency
identification) tag application at ultra-high-frequency (UHF)

https://doi.org/10.1017/51759078716001355 Published online by Cambridge University Press

band was designed. The artificial bee colony (ABC) algorithm
in conjunction with other commercial EM simulation soft-
ware named FEKO was used, and while the size of the
antenna was minimized, the antenna gain was maximized
[20]. In another study, modified spiral antennas with
meander lines and loads for passive UHF tags were designed
and optimized by using a Gbest-guided ABC that improved
exploitation capability [21].

In the present work, the dual-wideband monopole antenna
operable in the bands of UMTS, WLAN, and WiMAX appli-
cations has been designed by using a new integrated modalit
that consists of the ABC algorithm [22-25] and HyperLynx
based on MoM. The ABC algorithm is one of the most widely
used optimization methods based on Al technique that can be
used to find approximate solutions to extremely difficult
numerical problems [22-25].

The paper is organized as follows. In Section II, the ABC is
briefly presented. Section III describes the antenna design pro-
cedure stage by stage. Section IV presents the processes of
prototyping the proposed antenna. The performance of the
proposed antenna is given in Section V. Finally, the conclu-
sions are given in Section VI.
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Fig. 2. Geometries of the antenna obtained by using the ABC algorithm in
each design stage: (a) stage o, (b) stage 1, (c) stage 2.
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II. ABC ALGORITHM

The ABC algorithm based on swarm intelligence is an opti-
mization technique inspired from the foraging behavior of
honey bees [22-25]. The ABC consists of three different
bees groups called employed, onlooker, and scout. In order
to determine the optimal solution of the optimization
problem, the bees in colony fly to search in a multi-
dimensional solution space. The employed bees are appointed
to particular nectar sources depending on themselves experi-
ences. The onlooker bees determine nectar position based
on observing the employed bees dance inside of the beehive
and thus they tune their positions. Scout bees perform a
random searching in the solution spaces to find the new
nectar sources. At first, the half of the bee colony is assigned
as onlooker bees and the other half is employed bees. The
number of nectar sources representing the possible solution
points for optimization problem around the hive is supposed
to be equal employed bees and then the nectar source is
exploited by the onlooker and employed bees. Thereafter,
the employed bee which consumes the source of nectar trans-
forms a scout bee to find more nectar sources once again.
Initially, random points between two certain constraints in a
solution space are determined for possible solutions related
to the nectar source positions. The quality of the determined
values regarding the quantities of the nectar is computed to
measure the profitability at the first step. At onlooker bees
step, the probability of the solution points is calculated and
new solutions are found around the solution points having
high probability. If the selected nectar position as the solution
is not able to enhance after a definite value of trial limit, a new
point is randomly identified as the same with the initial step
by scout bees. Eventually, the nectar position giving the best
solution determined so far is saved in memory. These steps
consecutively continue until a specified maximum cycle
number.

1. DESIGN PROCEDURE OF THE
ANTENNA STAGEBY STAGE

In our dual-wideband monopole antenna design, we suggest
to use the applied slot method into the patch and the
ground plane to achieve the desired operating bands for appli-
cations of the UMTS, WLAN, and WiMAX in wireless com-
munication technology. The dimensions of slot geometries
are calculated by the ABC. The studies related to the ABC
algorithm presented in the literature [23-25], which illustrates
that the ABC algorithm has better performance than the
others. Moreover, in order to evaluate the successes of the
ABC algorithm, Powell and Random optimizers, the perform-
ance experiments were performed on the ten different bench-
mark functions taken from Karaboga study [24]. Each
performance experiment for everyone benchmark function
were repeated 30 times with different random seeds and the
mean best values produced by the Powell and Random opti-
mizers were recorded. The results of performance experiments
given in Table 1 were compared with the performance values
of the GA, PSO, DE, and ABC algorithms given in [24]. It can
be clearly seen in Table 1 that the obtained optimization per-
formance values of the ABC algorithm on ten benchmark
functions are much better compared with Powell, Random
optimizers, and others.


https://doi.org/10.1017/S1759078716001355

X . s
-20 4 \ 1 NG v
= X B A v
=) YT ‘i AR
— ‘ I'l& 1N} \ 'l,l
= 30 A i H v
© | A8 I
Voo
-40 - ;
Stage 0 I
50 i Stage 1 I
] m———— Stage 2
1 2 4 5 6 7

3
Frequency (GHz)

Fig. 3. Simulated S,,-parameter variations of the antenna design.

In the present work, an improved novel optimization
method by integrating ABC algorithm with HyperLynx®
was preferred in the design stages of the monopole antenna.
The design details of the proposed antenna consist of three
stages: The first stage is the analyzing process of the draft
antenna by using HyperLynx® software. The second and
third stages are a determination process of optimal antenna
geometry. It includes the optimal calculation of the physical
parameter’s value of the slots on the patch and the ground
plane by using the proposed optimization method according
to specified design purposes. Furthermore, the DE and PSO

Table 2. Psychical parameters (in mm) of an RMA given in stage o.

W,

Parameters L ;"

¢ L, Wy Ly Wy

Values 51 42 25 30 19 3

Table 3. Lower and upper bounds (in mm) for stage 1.

Parameters P, P, P,
Lower bounds 0 o 0
Upper bounds 41 41 42

Table 4. Optimum values of the parameters (in mm) by using the ABC,
DE and PSO algorithms for stage 1.

Algorithms

ABC DE PSO
P, values 35.2 37.0 40.4
P, values 14.5 0.8 20.0
P, values 21.8 5.0 7.7

Table 5. The obtained normalized best cost values by the ABC, DE, and
PSO algorithms for stage 1.

Algorithms Normalized best cost value
ABC 0.7379
DE 0.7583
PSO 0.7946
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Fig. 4. Evolution curves and S,, graphs for the ABC, DE, and PSO algorithms
in Stage 1: (a) Evolution curves, (b) S,,-parameters.

algorithms were also applied for the optimization of the
monopole antenna design to compare with the performance
of the ABC algorithm. The optimization process was per-
formed on the personal computer having an Intel iy processor
and 16 GB memory. The antenna was designed on a volume of
42 X 51 x 1.6 mm® with a dielectric permittivity of 4.4 (flame
resistant-4 (FR4)). In the simulations, the radiating element
was supposed to 50 () microstrip feed line with a strip
width of 3 mm, which was induced by 1V wave source.
Besides, the mesh lines per wavelength ratio were set to be
20 in limit of 7 GHz. The used optimization cost functions
(CFs) for the antenna design problem can include the other
antenna parameters such as; pattern, gain, and polarization
(as depending on the purpose of the design). However, the
multi-objective CFs have several disadvantages like; increasing
computer system requirements or computational time of
optimal solutions for the optimization problem. In order to
avoid these disadvantages, the S,; parameter, one of the
most important factors for the antenna operating band, was
used as the objective function in our antenna design. The

Table 6. Lower and upper bounds (in mm) for stage 2.

Parameters P, P, P, P, P,
Lower bounds 0 o o 0 o
Upper bounds 41 41 42 15 15

https://doi.org/10.1017/51759078716001355 Published online by Cambridge University Press
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Table 7. Optimum values of the parameters (in mm) by using the ABC, pass and stop frequency points.
DE, and PSO algorithms for stage 2.

N
Algorithms CF — %Z C(fn), ()
ABC DE PSO n=t

P, values 40.5 40.6 40.4 C(f) = { 0, if(S110btained < S11Desired) - }’ (2)

P, values 4.9 4.2 20.1 |S11Desired — S110btained|, Otherwise

P, values 3.7 3.6 3.0

P, values 0.7 0.7 05 where C given in equation (2) is the cost terms in the CF, n =

P; values 55 5.6 7t 1,2,..,N=9gandf, = {1.9, 2.0, 2.1, 2.4, 2.5, 3.5, 5.2, 5.5, 5.8}

Table 8. The obtained normalized best cost values by the ABC, DE, and
PSO algorithms for stage 2.

Algorithms Normalized best cost value
ABC 0.5049
DE 0.5325
PSO 0.5975

simulation was carried out over the range of frequency from 1
to 7 GHz for 61 frequency points. But the CF given in equa-
tion (1) was used the chosen nine frequency points related
to UMTS, WLAN, and WiMAX bands. The CF consisted of

(a)

Normalized best cost value

20 40 60 80 100

§,, (dB)

Frequency (GHz)
(b)
(b)
Fig. 5. Evolution curves and S,, graphs for the ABC, DE, and PSO algorithms
in stage 2: (a) Evolution curves, (b) S,,-parameters. Fig. 6. The illustration of the fabricated antenna: (a) Front view (b) Back view.
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Table 9. Reported multiband antennas in the literature.

References Size (mm?) Total area (mm?) UMTS (GHz) WLAN (GHz) WiMAX (GHz)
[1] 30 X 25 750 - 2.4/5.2/5.8 -

[2] 50 X 30 1500 - 2.4/5.2/5.8 -

[3] 30 X 25 750 - - 2.5/3.5/5.5
[4] 23 X 36.5 839,5 - 2.4/5.8 2.5/3.5

[5] 20 X 38 760 - 2.4/5.8 2.5/3.5

[6] 70 X 60 4200 - 5.2/5.8 3.5/5.5

8] 62 X 64 3720 - 5.2/5.8 3.5

(9] 14 X 15 210 - 2.4/5.2 -

[10] 50 X 50 2500 - 2.4 3.5/5.5
[11] 28 X 32 896 - 2.4/5.2 2.5/3.5
[12] 22 X 26 572 - 2.4/5.2 -
Proposed antenna 42 X 51 2142 1.9/2.1 2.4/5.2/5.8 2.5/3.5/5.5

GHz frequencies. The maximum value of S, , psireq is chosen as
—30 dB for this study.

A brief flowchart of the proposed optimization technique is
given in Fig. 1. The ABC algorithm integrating the EM
program mainly used to exchange the generated simulation
(sim) and the s-parameter (.sp) data files by the
HyperLynx®. At the first step, the ABC initial parameters
called as trial, iteration numbers, and colony size are set.
Then, the possible solutions representing the values of
antenna design variables are randomly generated. The ABC
algorithm has changed these values in the generated simula-
tion (.sim) file. The new simulation (.sim) file is then simu-
lated by HyperLynx®. The return loss results of the antenna
obtained with simulation are saved in s-parameter (.sp) file.
In the last step, the CF is calculated by using return loss
data and it is evaluated by the ABC algorithm. The algorithm
generates new sets of data called possible solutions for per-
forming better antenna design. The data sets are being recur-
sively improved until the number of iterations as a target.

In all of antenna design, the common optimization para-
meters used in each algorithm such as population size and
maximum evolution numbers were. The population size was
50 and the maximum evolution number was 100. The specific
parameters of the algorithms were given below:

ABC setting: The limit parameter value of the ABC was
defined by using the dimension of the problem and size of
the colony as given in the following eqauation:

limit = SN x D, (3)

where SN is the number of the employed bees or food sources,
and D is the dimension of the problem.

DE setting: F which affects the differential variation between
solutions is a real constant. This value is set to 0.6 in this
work. The value of the crossover determining the change of
the diversity of the population was selected to be 0.9 in this
work.

PSO setting: @1 and @2 which are the cognitive and social con-
stants may be used for variation of weighting between individ-
ual and population experience, respectively. In this study,
these constants were both set to 1.8 and inertia weight that
is the scale factor of the particle velocity, was set 0.6.

The design of the antenna is demonstrated with three main
stages for the better understanding of the antenna design
process. The obtained final geometry of the antenna by the

https://doi.org/10.1017/51759078716001355 Published online by Cambridge University Press

ABC algorithm in each design stage are given in Figs 2(a),
2(b), and 2(c) and the simulated S,, curves are illustrated in
Fig. 3.

A rectangular MA has given in Fig. 2(a) as stage o, of which
psychical parameters are tabulated in Table 2, has been used as
a starting antenna. As shown in Fig. 3, the starting antenna in
stage o only operates at the frequencies of 4.5 and 5.25 GHz.
The performance of stage o is not sufficient in terms of
desired bands for UMTS, WLAN, and WiMAX applications.

In order to increase the performance of S,, at stage o, the
starting antenna was modified by the applied slot etching
method to the antenna’s patch and the ground plane. Then
to determine the proper physical parameters that have an
influence on the S,, performance positively, many simulations
were carried out. After many trials, the following physical var-
iations (depending on P,, P,, P,, P,, and P), which produces
good results are selected to use in the optimization process. P,,
P,, and P, represent the variations on the ground plane,
whereas P, and P, symbolize the variations on patch of the
antenna. In stage 1, the parameters of variation (P,, P,, and P,)
selected for the antenna ground plane are optimized by
using the ABC, DE, and PSO algorithms to obtain the best
S, performance than that of stage o. The lower and upper
bounds of the parameters are listed in Table 3 and optimum
parameters determined by optimization algorithms are given
in Table 4. The best normalized cost values by the ABC, DE,
and PSO algorithms for stage 1 are displayed in Table 5. We

=50 A
= = - Simulated
Measured
-60 - . ' : T
1 2 3 4 5 6 7

Frequency (GHz)

Fig. 7. Simulated and measured S,,-parameters of the proposed antenna.
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Fig. 8. Simulated and measured radiation patterns of the prototype antenna for different frequencies: (a) xz-plane for 2.4 GHz, (b) yz-plane for 2.4 GHz,
(c) xz-plane for 3.5 GHz, (d) yz-plane for 3.5 GHz, (e) xz-plane for 5.5 GHz, (f) yz-plane for 5.5 GHz.

can see that the best normalized cost value of the ABC algo-
rithm for stage 1 is smaller than the DE and PSO algorithms.
The convergence graphs of all the optimization algorithms are
depicted in Fig. 4(a). The convergence rate of the ABC is the
faster than the other. It is clearly observed from Fig. 4(b) thata
major improvement in the operating frequency bands of the
monopole antenna is obtained through the optimization

https://doi.org/10.1017/51759078716001355 Published online by Cambridge University Press

methods. As seen from the values of S,, given in Fig. 4(b)
that the operating bands of the designed antenna by using
the DE and PSO algorithms cover all of the operating frequen-
cies mentioned above for the WLAN and UMTS. But the
desired operating frequency (3.5 GHz) for WiMAX applica-
tion is not in the operation bands of the antenna designed.
The bandwidths (S,; < —10dB) of the design antenna by
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the ABC algorithm for the first operating band is 1.56-
3.64 GHz. Also, The frequency range of the second operating
band is 5.34-6.10 GHz. Additionally, the design antenna by
ABC includes the desired bandwidth for WiMAX operation
in 3.5 GHz band. Even so, the second operating band of the
antenna is insufficient. It is well known that the slots etched
into the patch of the antenna can be created the positive
effect of the S,, characteristics. Hence, the final antenna geom-
etry in stage 2 is formed by cutting symmetrically from the
bottom side of the patch and two new parameters are added
to the old parameters. The parameters (P,, P,, P,, P,, and
P,) determined in stage 2 are then optimized. The lower
and upper bounds of the parameters are displayed in
Table 6 and parameter optimum values using algorithms are
shown in Table 7. The achieved normalized best cost values
by the ABC, DE and PSO are given in Table 8. It can be
seen that the normalized best cost value of the ABC algorithm
is smaller than the DE and PSO. The convergence graphs of all
the optimization algorithms are illustrated in Fig. 5(a). The
ABC convergence rate is faster than the DE and PSO algo-
rithms. As shown from Fig. 5(b) that a deeper and broadened
frequency range according to the first band has been attained
with last modification for all optimization algorithms used in
the present work. Besides, the second band was both broa-
dened and the shifting to upper frequencies for the ABC
and DE algorithms. For the antenna designed by the proposed
optimization method, the impedance bandwidths of the first
and second operating bands attained are 2.30 (1.69-3.99)
and 1.47 GHz (4.75-6.22 GHz), respectively. The simulation
results are clearly shown that the operation bands of the
final antenna design cover the above-mentioned all of operat-
ing bands of UMTS, WLAN, and WiMAX.

V. PROTOTYPING THE PROPOSED
ANTENNA DESIGN

The patch element and ground plane are fabricated on the FR4
printed circuit boards (PCB). The FR4 substrates having an
epoxy glass are the material of choice for most microwave
applications since it is very low cost and has good mechanical
properties [26, 27]. The FR4 material is widely used as a sub-
strate in most of the microwave antenna and filter designs. In
the presented design, an FR4 material having a thickness of

Gain (dBi)

1 2 3 4 5 6 i
Frequency (GHz)

Fig. 9. The peak gain curve of the proposed antenna.
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1.6 mm, dielectric permittivity of 4.4, copper foil thickness
of 0.35 mm, and a tangent loss of 0.02 was used. The strip
line and slot structures on the top and the bottom planes
were given shape by using LPKF ProtoMat E33 compact
circuit board plotter device. In the design, one-feed point
with linear polarization was used. The S,,-parameter of the
design antenna was measured by means of an Agilent
Eso071B ENA Series RF network analyzer.

The final antenna prototype illustrated in Fig. 6 has been
successfully realized according to the dimensions in Table 7
calculated by the ABC. The measured and simulated
s-parameter plots are comparatively given in Fig. 7. It is
noted that the some differences between the results of simula-
tion and measurement can be depended on the variations of
the geometry, thicknesses, and permittivity of substrate, mis-
match of feeding cables and copper cladding in the fabrication
process.

The results show that the designed antenna operates over
the two distinct operating bands. It illustrates a maximum
measurement return loss at 2.48, 3.56, and 5.62 GHz are
—24.07, —28.12, and —37.78 dB, respectively. The lower
bandwidth of 2.12 GHz (< —10dB) ranges from 1.78 to
3.90 GHz, while the upper band (bandwidth 1.54 GHz)
ranges from 5.00 to 6.54 GHz. Moreover, the operating
bands of the presented antenna significantly are enhanced
by increasing the size value of the antenna via loading the
slots. The reported studies for the multiband application in
the literature are tabulated in Table 9. Small antennas are
mostly useful where compactness is compulsory. However,
these antennas have not got the property of the wideband.
Although the similar antennas have compact properties, the
bands of these antennas do not cover some of the operating
bands of WLAN and WiMAX applications [1-5, 9, 11, 12].
Furthermore, the presented larger antennas in the literature
[6, 8, 10], the measured bands of the WLAN and WiMAX
have weaker values than the presented monopole antenna in
this study. Moreover, the operating band of the proposed
antenna covers the most of the WLAN and WiMAX applica-
tions. Further, it operates in the UMTS application band
ranges of 1.9 and 2.1 GHz. All the results illustrate that the
presented antenna configuration is a good candidate for the
UMTS, WLAN, and WiMAX applications.

V. PERFORMANCE ANALYSIS OF
THE PROPOSED ANTENNA

The radiation pattern of the prototype antenna is measured
when the port is excited with a 50 Q) load in an anechoic
chamber. The measured and simulated radiation patterns of
the proposed antenna for three frequencies of 2.4, 3.5, and
5.5 GHz are given in Fig. 8. The measured radiation patterns
of the antenna are in good agreement with the results of the
simulation. Additionally, they are nearly stable for the entire
bands of the operation and the radiation patterns generally
show the omnidirectional behavior for most of frequencies
at the operating frequency bands. The gain curve against fre-
quency of the antenna is illustrated in Fig. 9. The peak gain for
frequencies between 1.78 and 3.90 GHz is 5.03 dBi and the
value of the gain decreases in the interval of 5.00-6.54 GHz.
Moreover, the peak gain is 1.94 dBi for the second operating
band.
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Fig. 10. Distributions of surface current: (a) 2.0 GHz, (b) 2.4 GHz, (c) 3.5 GHz, (d) 5.2 GHz, (e) 5.5 GHz, (f) 5.8 GHz.

To research the underlying current mechanism of the pre-  are given in Fig. 10. The surface currents are intensively con-
sented antenna, the simulated surface current distribution at  centrated along with the left bottom edge of the patch as
the frequency points of 2.0, 2.4, 3.5, 5.2, 5.5, and 5.8 GHz  shown in Figs 10(a) and 10(b) for 2.0 and 2.4 GHz bands,
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respectively. Figure 10(c) indicates the simulated distributions
of current at 3.5 GHz. It is obviously seen that the strong res-
onant currents flow along both sides of the patch to yield the
middle resonance and the distributions of current are mainly
around the strip at the right of the ground plane for 3.5 GHz
band. In Fig. 10(d), the current distributions at 5.2 GHz are
intensively accumulated along with the left and right bottom
edges of the patch. Figures 10(e) and 10(f) show the distribu-
tions of current at 5.5 and 5.8 GHz, respectively. Obviously,
the upper resonant mode is mainly collected by the bottom
of the patch and right ground strip.

VI. CONCLUSIONS

In this paper, a new dual-wideband monopole antenna with
simulated and measured results is clearly presented for
UMTS, WLAN, and WiMAX applications. In order to
achieve the required bands of the above-mentioned applica-
tions, the slots are opened into the patch and ground planes
of the antenna and then the geometry of the slots is optimized
by using the proposed technique based on the ABC, DE, and
PSO algorithms integrated with MoM. The normalized best
cost values of the ABC algorithm for the antenna design
stages 1 and 2 are smaller than the DE and PSO algorithms.
The ABC algorithm is seen to have a faster convergence rate
than the DE and PSO algorithms. Furthermore, the combin-
ation of the slots leads to better impedance matching and cre-
ation of wide band. The proposed antenna has the capable of
producing two distinct bands with S,, < —10 dB. The operat-
ing bands were about 2.12 (1.78-3.90) and 1.54 GHz (5.00-
6.54 GHz). The peak gains for first and second operating
bands are 5.03 and 1.94 dBi, respectively. Moreover, the pro-
posed antenna shows nearly omnidirectional radiation behav-
ior at the entire operating bands. All these qualities of the
presented antenna make it a suitable candidate for UMTS,
WLAN, and WiMAX applications.
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