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Abstract-In order to solve the problem of design and
optimization for E-shaped patch microstrip antenna, chaotic
particle swarm optimization (CPSO) algorithm was proposed
to assist the procedure. First, the E-shaped antenna’s model
was created, and then, the parameters of this antenna were
adjusted according to the CPSO algorithm, and the procedure
was repeated until the antenna’s capabilities meet the
requirements. The simulation results showed that, the
optimized model of such antenna, was capable of dualfrequency operation in 1.8GHz and 2.4GHz, and it was also
capable of wide bandwidth, could meet the requirements very
well.

length Ls , the slot’s width Ws , and the feed position X .
And the resonant frequency and bandwidth could be
optimized by adjusting these six parameters.
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I.

INTRODUCTION

The development of small-integrated antennas played a
significant role in the progress of the rapidly expanding
military and commercial communications applications.
Microstrip patch antennas were widely used because of their
several advantages such as light weight, low volume, low
fabrication cost, and capability of dual even more
frequencies operations.
For the E-shaped patch microstrip antenna, two parallel
slots were incorporated to introduce a second resonant mode,
resulting in a dual-band antenna, which could guarantee the
channel separated and channel matched with each other. If
the feed point is located at the tip of the center arm as in[1],
the second resonant mode will be introduced at a lower
frequency than the fundamental resonant mode. If the feed
point is moved to the base of the center arm [2], the second
resonant mode will be introduced at a higher frequency than
the fundamental resonant mode.
In this paper, a wideband E-shaped microstrip antenna
was designed to work in the 1.8~2.4GHz frequency band,
and to solve the drawback of particle swarm optimization
algorithm, chaotic algorithm was introduced in the
optimization of the parameters of this antenna. The
simulation showed that, the antenna had two resonant
frequencies and wide bandwidth.
II.
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GEOMETRY OF ANTENNA

The Geometry of the E-shaped microstrip was showed
in figure 1. The geometrical parameters were the patch
length L , the patch width W , the height H , the slot

Ws

X

Ground plane

L
coaxial
feed
bottom plane

H

Figure 1 Configuration of E-shaped antenna

For a normal path antenna, its radiation excitation could
be equivalent with a simple LC resonant circuit[3]. And for
an E-shaped patch antenna, because of its slots, it could be
equivalent with a dual-frequency resonant circuit, further
more; its bandwidth would be expanded due to the coupling
of the two channel of resonant circuit.
In[4], the bandwidth of an E-shaped antenna was:

W=

c ε r + 1 −1 2
(
)
2f
2

The length was similar to

(1)

λg 2

,

λg

was the

wavelength in the medium.

λg = c f ε r

Published by Atlantis Press, Paris, France.
© the authors
3016

(2)

Proceedings of the 2nd International Conference on Computer Science and Electronics Engineering (ICCSEE 2013)

The length of the antenna was:

L = c 2 f ε c − 2 ΔL

(3)

And, the effective dielectric constant was:

1+ ε r ε r −1
12 H −1 2
+
(1 +
)
2
2
W
And the ΔL was ：

εc =

ΔL = 0.412 H

(4)

(ε c + 0.3)(W H + 0.264)
(ε c − 0.258)(W H + 0.8)

(5)

f was operational
frequency, ε r was relative dielectric constant, H was the
As before, c was speed of light,

thickness of the dielectric plate.
Considering the size, weight, cost and other factors, the
substrate plane would be as small as possible, in this paper,
the size was smaller than 100mm × 120mm, and the antenna
was planted on a air substrate of 15mm thick. In order to
designing a E-shaped with dual-frequency working among
1.8 and 2.4Ghz, these parameters should be optimized, and
they should limited as follows[5]: L :36～96mm， W :36～
96mm， Ls :0～96mm， Ws :0～48mm， P :0～48mm，

X :0 ～ 48mm. Furthermore, they should match the
following inequalities:

 Lx < L

 P > Ws

2

WS W
P + 2 < 2

x < L

2
III.

(t )

random factor between

p

x(n) ≤ 0.4
 x(n) 0.4
x(n + 1) = 
(1 − x(n)) 0.6 x(n) > 0.4

(8)

C. Chaotic Particle Swarm Optimization Algorithm
The factor which affected the convergence of PSO was
the diversity of particle swarm, the introduction of chaotic
(t )
sequences would increase its diversity; and the gbest would
be modified by the Tent sequences in every iteration, which
would lead a global optimization. It was called the chaotic
particle swarm optimization (CPSO) algorithm, and it
would be used in the optimization of E-shaped patch
microstrip antenna.
IV.

SIMULATION AND OPTIMIZATION

The E-shaped patch microstrip antenna would be
modeled, and figure.2 showed the model created in Ansoft
HFSS.

CHAOS PARTICLE SWARM OPTIMIZATION
ALGORITHM

( t +1)

(t )

( t +1)

, Xi , Xi
were
In the equations above, Vi , Vi
the speed and positions in the current and the next time
separately; c1 , c2 were learning factors above 0; r1 , r2 were
(t )
best

B. Chaotic Optimization Algorithm
Chaotic optimization algorithm would be convergent
quickly, sensitive to initial values[7], and easy to escape
from local minimum. The chaotic sequences used in this
paper were Tent sequences, whose mathematic model was:

(6)

A. Particle Swarm Optimization Algorithm
Particle Swarm Optimization (PSO) algorithm was a
random optimization algorithm[6] based on swarm
intelligence. At the beginning of the algorithm, the position
and speed of the swarm were assigned randomly, and they
were refreshed by the equations:
(t )
(t )
Vi ( t +1) = ωVi ( t ) + c1r1 ( pbest
− X i( t ) ) + c2 r2 ( g best
− X i(t ) )
(7)
 ( t +1)
= X i( t ) + Vi ( t +1)
 X i

(t )
best

order to solve that drawback, the chaotic algorithm was
introduced.

[0,1] ; and ω was weight factor;

, g were the optimization position of the particle
and swarm.
The PSO would be convergent fast, but it had
disadvantage that it would trapped in local minimum. In

Figure 2 E-shaped patch microstrip antenna model in HFSS

The parameters of the E-shaped antenna would be
optimization using the CPSO algorithm with Matlab[8]. The
parameters were made as the particle of swarm, the restrict
of the antennas as the fitness function, and the parameters
were within (unit: mm): L ∈ (36,96) ; W ∈ (36,96) ;
Ls ∈ (0,96) ; Ws ∈ (0, 48) ; Ps ∈ (0, 48) ; X ∈ (0, 48) . The
setting of CPSO was: the swarm was 30, the iteration
numbers was 500. And the procedure was as follow:
Step1: Matlab executed the initial function, in which the
particles were initialed and the parameters..
Step2: Computed the parameters of the E-shaped
antennas mentioned above, using these parameters of the
particles and swarm.
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Step3: Created the models of these different parameters
in Matlab by calling HFSS-script, and simulated these
models in HFSS.
Step4: Computed the fitness function with the S
parameters in file tempdata.m, and optimized the particles
according to the fitness.
Step5: If it was not satisfied the termination condition,
go to step2.
Step6: If it was satisfied the termination condition,
stored these parameters and quit the iteration.
Step7: Exit.
And table.1 compared the initialed parameters with
those optimized.

Figure 3 Return loss ( S11 ) of antenna

TABLE 1. PARAMETERS INITIALED AND AFTER OPTIMIZATION
Parameters

L

W

Ls

Ws

P

X

Initialed

48

48

48

24

24

24

24

Optimized

55

46

47

19

11

13

15

a) VSWR of the initialed antenna

H

（unit：mm）

Fig.3-5 showed the return loss( S11 ), the voltage standing
wave ration (VSWR), and the directional diagram of the
initialed model and the optimized model of E-shaped
antenna.

b) VSWR of the optimized antenna
Figure 4 the voltage standing wave ratio (VSWR)

a) Return loss of the initialed antenna

a) Directional diagram of the initialed antenna

b) Return loss of the optimized antenna
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and its bandwidths expanded; and the gain increased yet.
Further more, the optimized antenna could work between
1.8-2.5GHz, and could work in the mobile communication
system, such as TD-LTE.
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