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a  b  s  t  r  a  c  t

A  beacon  antenna  is  proposed  using  in beacon  device  of  digital  flight  data  recorder  for  harsh  environment.
The  antenna  has  a simple  structure  and works  at the  center  frequency  of  2.645  GHz.  Its fabrication  employs
a low-cost  and  planar  printed  technique.  The  antenna  contains  a  main  patch  and  3  derivative  elements,
act  as  radiators.  The  proposed  antenna  is  designed  by employing  the  genetic  algorithm  (GA). A prototype
antenna  is fabricated  and  measured.  The  measurement  results  agree  with  the  simulation  data  and  show
that  this  antenna  possesses  encouraging  features.  For  example,  it has  a well-formed  radiation  pattern  with
a high  gain  level  of  6dBi,  the  antenna  achieves  an  impedance  bandwidth  of 2.3%  of  the  center  frequency
(2.613  GHz  ∼2.675  GHz)  for S11 <  −10 dB and 3 dB gain-drop  bandwidth  of  95◦.

Crown  Copyright  © 2015  Published  by  Elsevier  GmbH.  All rights  reserved.

1. Introduction

With the development of wireless communication, the antenna
plays an important role in our daily lives, such as televisions, radios,
radars, electronic warfare, navigation, etc. [1], all using electromag-
netic waves to transmit information. Antennas [1] and [2] allow
the transmission of electromagnetic waves from the circuit to the
air, or to receive electromagnetic waves from the air to the cir-
cuit, its performance directly affects the performance of the whole
system. Designing antenna for harsh environment usually entails
considerable efforts due to the conjunction of several conflicting
requirements: small size, low profile, light weight, low cost [3],
high-g impact. The microstrip antennas [4–8] have these properties
used widely in commercial and military applications.

Due to volume restriction (70 mm3) of digital flight data
recorder of projectile, the beacon device is placed in recorder to
send specific radio signal indicating its location information by
using fully the steel shell and internal space of the recorder, the bea-
con antenna size must be small enough on the premise of ensuring
antenna performance. However, as antenna becomes smaller, its
radiation efficiency decreases rapidly, and the lossy substrate can
give additional decrement in its radiation efficiency [9]. In addition,
the antenna can still work normally under the condition of 10 g high
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impact to meet the requirement of missile flight recorders bea-
con system. These will bring a lot of problems for antenna design.
In the design process, many factors, such as size, shape, feeding
point of patch and dielectric substrate material of the antenna, etc.,
will affect the antenna performance. Traditional antenna design
methods have a number of defects such as long design period, low
efficiency, relying on the designers work experience and unlikely
produce truly optimal results, etc. In recent years, with the develop-
ment of high speed computer, optimization algorithms are used to
design antenna as a powerful computer aided design technology,
which is able to speed the antenna design and allow for greater
design complexity [10,11]. Hence, in this paper, genetic algorithm
(GA) and Ansoft HFSS software were combined to automatically
optimize structural parameters of the proposed antenna on a high-
g impact beacon system for high radiation gain, narrow frequency
bandwidth.

The paper is organized as follows: Section 2 introduces the
antenna optimization algorithm based on GA and HFSS. In Section
3, the configuration of proposed antenna is described. The antenna
optimization based on the GA is presented in Section 4. In Section
5, the simulated and measured properties of the designed antenna
are given. Conclusions are stated in Section 6.

2. Antenna optimization algorithm based on GA and HFSS

2.1. Genetic algorithm

The genetic algorithm (GA) is a self-adaption global optimiza-
tion algorithm by emulating the genetic and evolution mechanism
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Fig. 1. Flow chart.

of biology in nature [12–14]. It is based on fitness functions to find
out the optimal solution of problem through survival of the fittest.
This process is iterative, in which each iteration is also called a
genetic cycle. In each iteration, a set of random values constitutes
an individual. The population is a collection of individuals. Each
generation is generated from the parent generation by selection,
crossover and mutation. After a large number of generations the
best individuals will approximate the optimum parameters [10,15].

2.2. Automatic optimization algorithm of antenna

HFSS (High Frequency Structure Simulator) is a full wave three-
dimensional electromagnetic simulation software based on the
finite element method, can analyze antennas and other microwave
structures, but these analyses are often time consuming and need
large memories. Moreover, as parametric study is intrinsically
based on trial and error, there is no warranty to achieve a desir-
able goal even after numerous tests. To solve above problems, this
work use the GA in conjunction with the HFSS to optimize structural
parameters of the proposed antenna, a flow chart of the algorithm
is shown in Fig. 1.

3. The antenna configuration

In order to position digital flight data recorder of projectile, the
beacon antenna device does not want too wide bandwidth. In addi-
tion, for long distance communication, the antenna gain should be
high enough in the case of a limited volume. Fig. 2 illustrates a top
view and a side view of the proposed microstrip patch antenna. The
antenna works at a center frequency of 2.645 GHz and consists of a
main radiation patch (L × W)  and three derivative elements (L × W3,
W × W3), printed on FR4 substrate with relative permittivity εr = 4.6
and thickness of 1.5 mm.  The derivative elements are to inhibit side
lobe, spacing W4 between the main radiation patch and the deriva-
tive elements is used to adjust the electromagnetic coupling. To
ensure the normal work of antenna suffered tens of thousands of g
impact, we use microstrip line feed of L1 × W1, the microstrip line of
L2 × W2 is used to adjust the impedance matching. In addition, the
edge lines of the substrate (W5 = 5 mm)  is ground, linked together
with the ground plane of substrate bottom layer.

4. The antenna optimization

From the above analysis, there are total 8 parameters needed
to be optimized, i.e., W,  L, W1, L1, W2, L2, W3 and W4. The GA
can quickly find the optimum solution, but it may  not produce
good results when working in a large searching space with initial

Fig. 2. Geometry of the proposed microstrip patch antenna.

values that are far away from the optimum solution [9]. In order to
determine the proper initial values for a more efficient optimiza-
tion process and for reducing the searching space, some constrains
had been completed: the W is set to 20–40 mm,  L is 25–35 mm,  W1
is 1–5 mm,  L1 is 15–25 mm,  W2 is 2–5 mm,  L2 is 9–15 mm,  W3 is
2–5 mm and W4 is 0.1–1 mm.  According to Section 2, the proposed
antenna is optimized by GA. The fitness function plays a key role in
the GA because it guides the direction of the GA. In this work, the
targets are the impedance bandwidth of at least 2% for S11 < −10 dB

Fig. 3. The fabricated prototype antenna

Fig. 4. The measured and simulated reflection coefficient of the proposed antenna
at  different frequencies



Download English Version:

https://daneshyari.com/en/article/847134

Download Persian Version:

https://daneshyari.com/article/847134

Daneshyari.com

https://daneshyari.com/en/article/847134
https://daneshyari.com/article/847134
https://daneshyari.com

