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Feasibility Study on Beam-Forming Technique With
1-D Mechanical Beam Steering Antenna Using

Niching Genetic Algorithm
No-Weon Kang, Changyul Cheon, and Hyun-Kyo Jung

Abstract—Recently, mechanical beam steering microstrip patch
array antenna is fabricated using MEMS technology, and its pat-
tern is measured by experiment. As one of its applications, the au-
thors propose a new beam-forming method without phase shifters.
Based on the radiation pattern of the element antenna, niching ge-
netic algorithm adopting restricted competition selection (RCS) is
used for the optimal synthesis of the desired radiation pattern. The
proposed method successfully generates the desired beam pattern
by controlling the current and angle of the element antenna.

Index Terms—Array signal processing, beam-steering antenna,
niching genetic algorithms, optimization.

I. INTRODUCTION

I N WIRELESS communications, there has been an in-
creasing interest in smart antennas due to their high-energy

efficiency. Conventionally, phased array antennas have been
used to generate the desired beam shape by controlling the
magnitude and phase of each element antenna. To control the
phase of current, each element requires a phase shifter. The
phase shifter usually has a high insertion loss and thus degrades
the signal-to-noise ratio (SNR) of the system.

Recent development of the MEMS technology makes it pos-
sible to fabricate mechanically tilting antennas with low cost
by the batch process [1]. The antenna can tilt the beam direc-
tion by rotating the antenna mechanically. As an application of
the antenna, we propose a new beam-forming technique by ro-
tating each antenna element adequately instead of controlling
the phase. This technique can eliminate the phase shifters from
the system so that the system is cheaper and we can obtain more
gain and, thus, a better SNR of the system.

In this letter, we describe the feasibility and method of beam
forming using a one-dimensaional (1-D) mechanical beam
steering linear array antenna system without any phase shifter.
Conventionally, most beam shape design has been performed
using optimization algorithms that optimize for only single
optimal goal-like desired beam pattern by controlling design
variables such as amplitudes and phases of current [2], [3]. We
adopt the niching genetic algorithm using restricted competi-
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tion selection (RCS) [4]. This algorithm has been developed
to optimize multiple optimal goals. In our case, we select the
desired beam pattern such as cosecant or sector beam shape
and maximum gain as goals.

II. NICHING GENETIC ALGORITHM

Real world optimization problems often present multiple op-
tima in the feasible domain. In particular, it has been shown that
there are several good solutions for problems, such as the design
of array antenna [5]–[7] or optimizing array antenna radiation
patterns [8]–[11].

Recently, a great deal of a work has been carried out to en-
able more than one optimum to be found. We call the techniques
developed for this purpose multimodal optimization techniques
(MOTs). MOTs can be applied to single or multiobjective prob-
lems. However, there are several problems in performing multi-
objective optimization for a microwave device. At first, because
of the different sensitivities of the multiple objectives in the dif-
ferent subdomains of the feasible domain, the solution might
not represent the designer’s preference, particularly when some
utility functions are used. The next problem is that not all of the
constraints and manufacturing considerations can be taken into
account.

Therefore, we only use the most important criteria in con-
structing the objective function and apply multimodal optimiza-
tion techniques that identify the multiple optimal profiles by lo-
cating local optima as well as global ones. Possible alternative
solutions among multiple optima can then be “post processed”
using other criteria. That is, the designer might use other criteria
and his experience to select the best-generated solution.

In this letter, the objective of optimization is the synthesis of
the desired beam pattern, like cosecant or sector shape. Gener-
ally, in the case of beam shape synthesis, there are many solu-
tions that satisfy the designer’s purpose. We, therefore, apply
niching methods that can identify multiple optimal profiles, and
then select one.

Two well-known niching techniques are sharing and
crowding. In fitness sharing, the fitness of individuals is
reduced if there are many other individuals near them, and so
the GA is forced to maintain diversity in the population. But it
cannot distinguish local optima that are much closer to each
other than the niche radius; in other words, it is assumed that
the local optima are approximately evenly spread throughout
the search space. Improved crowding, namely deterministic
crowding (dc, by introducing competition between children
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Fig. 1. Mechanical beam steering array antenna.

Fig. 2. Radiation pattern of the element antenna(� = 0).

and parents of identical niches), fails in maintaining certain
sought after optima when these recombine to form fitter optima
in the search process.

Sharing and dc maintains many individuals in proportion to
their fitness. However, in problems such as optimization of mi-
crowave devices, an individual with the best fitness is needed per
niche because individuals in the same niche have similar shapes,
structures, and characteristics. Therefore, a new niching genetic
algorithm, known as restricted competition selection (RCS), has
been proposed [4].

To reach a stable subpopulation, the RCS restricts competi-
tion among dissimilar individuals during selection. As a result of
competition among similar individuals, and within the distance
between them in search space that is less than a dissimilarity
threshold (niche radius), the loser’s fitness is changed to zero
and the winner’s fitness remains unchanged. Therefore, only
the best individual per niche can be maintained. Moreover, an
elite set is also introduced to preserve the obtained local optima
during the generation.

III. SYNTHESIS OFARRAY ANTENNA BEAM PATTERN

When the antenna is tilted, the unit antenna’s radiation pat-
tern will be shifted to an angle the same as the tilting angle. If
we neglect the effect of mutual coupling between antennas and
consider each unit antenna’s phase difference, we can easily find
array pattern by simple superposition of each tilted antenna el-
ement’s radiation pattern. Basic configuration of 1-D antenna
array is shown in Fig. 1, and the radiation pattern of the element
when the tilt angle is zero is shown in Fig. 2. With

TABLE I
OPTIMIZED CURRENT AMPLITUDE AND TILT ANGLE OF COSECANT AND

SECTORBEAM PATTERN

Fig. 3. Synthesized cosecant beam pattern of the mechanical beam steering
array antenna.

time convention, the total radiation pattern is written as
(1)

(1)

where is the desired tilt angle, is the given current ampli-
tude of th antenna, and is the radiation pattern of element
antenna.

To find optimal current amplitude and tilting angle, we used
the RCS GA algorithm. We applied the method presented in this
letter to an array of a nine-equispaced unit beam steering array
with interelement spacing as 0.5. In the case of MEMS fabri-
cated beam steering antenna, the tilt angle cannot vary widely
because of the material restriction, so we restrict the tilt angle
[ 45 , 45 ]. We take an objective function as follows

(2)

where is the desired radiation pattern, like cosecant or
sector pattern. By minimizing the objective function, we can
synthesize the desired beam pattern.

After optimization, the RCS GA provides the elite set of each
antenna’s tilting angle and current amplitude. From this elite set
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Fig. 4. Synthesized sector beam pattern of the mechanical beam steering array
antenna.

we can select the elements that have the appropriate beam shape
and maximum gain. The obtained optimized design variables
are given in Table I. The maximum to minimum current ratio is
about five for both beam patterns. Figs. 3 and 4 show the syn-
thesized cosecant and sector radiation pattern optimized. These
figures show that the mechanical beam steering antennas can
be used as element antennas of the beam-forming array antenna
system without phase shifters.

IV. CONCLUSION

It is presented that beam forming without phase shifters is
feasible by using mechanical beam steering antennas. As an op-
timal synthesis process of a linear array antenna system to obtain
desired beam shape, we newly adopted the RCS GA that could

overcome some difficulties in single-search algorithms. More-
over, by the proposed method, the designer’s experience, and
view and judgment could be reflected effectively.
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