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Abstract: The paper describes an optimization based design method of reconfigurable dual beam uniform circular antenna array. Artificial Bees
Colony Optimization algorithm (ABC) is applied to find the set of excitation (amplitude and phase) distributions of the optimally spaced array to
generate a sector pattern main beam with desired side lobe level. The same excitation amplitudes are applied to the array with zero phases that result
in a pencil-shaped main beam with the same side lobe level. We presented two arrays of isotropic elements and half-wavelength dipoles. In the
second example mutual coupling between the dipoles are considered and analyzed using induced EMF method. Simulation results in both the cases

are in good agreement with the desired ones.
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L INTRODUCTION

Multiple shaped radiation patterns are achieved utilizing
different set of excitation amplitude and phase distribution.
Thus it requires beam-forming network of considerable
complexity. Use of common amplitude and variable phase
excitation for different patterns reduces the complexity in
designing feed network. There are several examples that uses
phase only synthesis of multiple beams is reported in articles
[1-6].

Bucci et al. [1] proposed the method of projection to
synthesize reconfigurable array antennas with asymmetrical
pencil and flat-top beam patterns using common amplitude and
varying phase distributions. Phase only pattern synthesis
method to generate multiple patterns with pre-fixed amplitude
distribution using modified Woodward-Lawson technique was
described in article [2]. Around the same time Diaz et al. [4]
synthesized phase-differentiated multiple pattern antenna
arrays using simulated annealing algorithm. Gies [4] utilized
Woodward-Lawson method as well as a direct optimization
technique based on particle swarm optimization for designing
dual beam array. Article [5] synthesized fully digital
controlled reconfigurable linear array antennas with fixed
dynamic range ratio. The metaheuristic approach towards the
design of reconfigurable multiple beam circular array antenna
using gravitational search algorithm (GSA) is traced in article
[6].

Evolutionary optimization algorithms have an extensive use
in the area of antenna design problems. The uses of these
optimizers are widely and clearly appreciated in antenna array
synthesis. To date, different algorithms like GA, PSO, DE have
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been successfully applied to different -electromagnetic
problems including antenna design and array synthesis. There
are many published articles dealing with the synthesis of
circular array using different evolutionary optimizers [7-9].
Literature [7] used evolutionary approaches like real-coded
genetic algorithm (GA) for designing circular arrays with
maximal side lobe level reduction under the constraint of a
fixed beam width. Shihab et al. applied the particle swarm
optimization (PSO) algorithm to the same problem and
achieved better results as compared to those reported in [8].
Article [9] compared three powerful population-based
optimization algorithms—PSO, GA, and differential evolution
(DE) on the design problem of scanned circular arrays.

In this paper we use a recently developed metaheuristic
algorithm, called artificial bees colony optimization algorithm
(ABC) [10-12] for designing reconfigurable dual beam circular
antenna array. The contribution of this paper relies on the
possibility of using ABC for the synthesis of reconfigurable
dual beams using two different antenna array configurations:
first one consists of optimally spaced uniform circular array of
isotropic elements and second one is the uniform circular array
of cylindrical dipoles. In the second example, mutual coupling
effect between the elements is considered and analyzed via
induced EMF method. The objective of the work (in both the
examples) is to generate dual radiation patterns with desired
side lobe level sharing a common amplitude distributions while
zero phases are used for pencil shaped main beam and a
variable phase distributions are applied for sector pattern main
beam.
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II. FORMULATION

We consider N isotropic antenna elements along a circle of
radius r in the x-y plane with intermediate spacing d as shown
in fig. 1. The far field pattern of the array is given by eq.(1)
[13].
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Figure.1. Uniform Circular Array of N isotropic elements
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ABC is used to optimize the antenna array shown in Fig.1.
For the dual-beam array optimization, the fitness function must
quantify the entire array radiation pattern. The fitness function
to be minimized for dual-beam array optimization problem can
be expressed as f0110WS'

m—Zw“&)+Zw -8 ®
n=1

The superscript p indicates the de31gn specification for the
pencil beam and the superscript f indicates the design
specification for the flat-top beam pattern. The design
specification of the first summation in Equation (3) includes
the desired and obtained values of SLL and HPBW for the
pencil beam pattern where the second summation in Equation
(3) includes SLL and ripple factor for the flat-top beam pattern.
The desired tolerance levels of the ripple for the sector beam
pattern in the coverage region are kept at 0.5 dB from the peak
value of 0 dB. Side lobe level is fixed at -20dB.

We employ ABC to calculate the current excitation
distributions as well as the optimal spacing between two
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consecutive elements in order to generate the reconfigurable
array patterns. We start solving the problem with the position
coordinates x; of the randomly chosen solution in the
algorithm. Given the values of x;, (n =1, . . . , N), a
corresponding value of the fitness function fit(x;;, xp, . . ., Xin )
is derived. ABC is applied to calculate the best position that
corresponds to the minimum fitness value.

II1. ARTIFICIAL BEES COLONY OPTIMIZATION
ALGORITHM

Karaboga [11] analyzes the foraging behavior of honey bee
swarm and proposes a new algorithm simulating this behavior
for solving multi-dimensional and multi-modal optimization
problems, called Artificial Bee Colony (ABC). In the
algorithm, an artificial bee colony consists of three groups of
bees: employed bees, onlookers and scouts. Employed bees are
associated with a particular food source, which they are
currently exploiting. They carry the information about this
particular source and share this information with a certain
probability by waggle dance. Unemployed bees seek a food
source to exploit. There are two types of unemployed bees:
scouts and onlookers. Scouts search the environment for new
food sources without any guidance and occasionally discover
rich, entirely unknown food sources. On the other hand
onlookers observe the waggle dance and so are placed on the
food sources by using a probability based selection process. As
the nectar amount of a food source increases, the probability
value with which the food source is preferred by onlookers
increases. In ABC, the first half of the colony comprises of the
employed bees and the second half includes the onlookers. For
every food source, there is only one employed bee. Another
issue that is considered in the algorithm is that the employed
bee whose food source has been exhausted by the bees
becomes a scout. In other words, if a solution representing a
food source is not improved by a predetermined number of
trials, then the food source is abandoned by its employed bee
and the employed bee is converted to a scout.

ABC begins with randomly distributed initial population of
size SN. Each solution x;; (i = 1, 2, ..., SN) is a D-dimensional
vector. Here, D is the dimension of the optimization
parameters. After initialization, the population of the positions
is subjected to be repeated over cycles, C = 1, 2, ..., MCN.
Expression (5) is used to initialize the population within the
search space bounded by the specified maxima and minima

and x . respectively.

xij mm j + rand (0 1)( mdxj - xmin j) (4)
After initialization ABC finds a neighborhood solution in
the vicinity of each x;; by using the equation (5)
Vi =Xy 0 \x; — Xy (5)

mmJ

where k € {1, 2,..., SN} and j € {1, 2,....D} are randomly

chosen indexes. Although k is determined randomly, it has to
be different from i. ¢;is a random number between -1 to 1. As
the difference between the parameters of the x; and xy
decreases, the perturbation on the position x;; reduces. Thus, as
the search approaches to the optimum solution, the step length
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is adaptively reduced. If a parameter value produced by this
operation exceeds its preset limit, the parameter is reset to an
acceptable value within that limit. The food source, which is
abandoned by the bees, is replaced with a new food source by
the scouts. The position that cannot be improved further
through the predetermined number of cycles is assumed to be
abandoned. The value of predetermined number of cycles is an
important control parameter of the ABC algorithm and called

as “limit”. The scout discovers new food source X i that is

initialized in the range of the parameter j € {1, 2,..,.D} is

determined using expression (4)

After the generation of the candidate source position v;; the
fitness value associated with each solution is evaluated. If the
fitness value is found better than the best fitness value achieved
so far, then it goes for next cycle otherwise the old solution x;;
is retained for the next generation. The probability value
associated with each solution is calculated using equation (6).

fit; (6)

pi:szv
Zﬁtn

n=1
where fit; is the fitness value of the solution i and evaluated
using eq.(7).

1
Jii =91+ J;
l+abs(J;) 1,<0

where J;is the cost function value of solution 7 as specified
in Eq.(3) .

The following control parameters are used in ABC
algorithm: The number of food sources, which is equal to the
number of employed or onlooker bees (SN), the value of limit
and the maximum cycle number (MCN).

Steps involved in ABC are as follows:

Stepl. Initialize the solutions x; randomly.

Step2. Evaluate the fitness of each population.

Step3. Produce new solution v;in the vicinity of each x;;.

Step4. Calculate the probability and fitness values associated
with every solution.

StepS. Apply the greedy selection process between x; and
Vij.

Step6. D]etermine the abandoned solution, if exists, and
replace it with a new randomly produced solution x;;
and evaluate them.

Step7. Memorize the best solution achieved so far.

Step8. Cycle=Cycle+1

Step9. Until cycle=MCN.

;20

1

(N

Iv. RESULTS AND DISCUSSIONS FOR
CIRCULAR ARRAY OF ISOTROPIC ANTENNAS

A 24-element optimally spaced circular array antenna is

studied in this article. The array elements are all identical. The
desired user direction of the array beam is considered
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Table 1: Desired and obtained results for reconfigurable array of isotropic

antennas
Pencil/Flat-top pair
Design Pencil Flat-top
Parameters
Desired | Obtained | Desired | Obtained
Side Lobe Level | 000 | 1971 | 2000 | -194
indB

Ripple in dB NA NA 0.50 0.75

HPBW (degree) 12 12.5 NA NA

a0 -

A0

ank

Maormalized Power Pattern in dB

A0

B(degree)

Fig.2. Normalized absolute power patterns in dB for dual-beam array of
isotropic antennas

at (6,,¢,)=(0,0) . The array is optimized in order to

generate a pencil beam with zero phases and a flat-top beam
with variable phases. Both the patterns are optimized in ¢=0
plane.

ABC algorithm [10-12] is employed for optimizing the
proposed array. For aforesaid problem the number of colony
size and maximum cycles are chosen 40 and 1000 respectively.
Thus total number of objective function evaluations becomes
40000. Other significant control parameters in ABC are
limit=20 and scout production period SPP= 20.

The algorithm is designed to generate a vector of 49 real
values between zero and one. The first 24 values of the vector
is mapped and scaled to desired amplitude weight between 0
and 1, next 24 values of the vector are maa)ped and scaled to
desired phase weight between -180” to 180° and the last value
is mapped and scaled to desired intermediate spacing weight
range between 0.4 to 0.8 wavelengths.

The design specifications of the reconfigurable array are
shown in Table 1. There is a good agreement between desired
and obtained results. However, the obtained value of the ripple
(absolute value) for the flat-top beam in the region
—-18° <0 <18" is 0.75 dB, which is slightly higher than the
desired tolerance of 0.5 dB. Radiation patterns using the
optimized data are plotted in Fig.2. Table 2 shows amplitude
and phase distribution of the elements.
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V.CIRCULAR ARRAY OF HALF- WAVELENGTH
DIPOLE ANTENNAS

This section illustrates the performances of the uniform
circular array of half-wavelength thin dipoles [14]. Figure 3
shows the proposed circular array geometry. Analysis of
circular dipole array is the same as isotropic circular array but
here the elements are dipoles. Mutual coupling has a significant
impact on array pattern. Induced EMF method is used to
predict the array pattern in presence of mutual coupling [15].

In optimizing circular dipole array, the parameters to be
controlled are voltage excitation (amplitude and phase) of

individual array elements. The resulting feed current is given
by:

=27V ®)
where V is the voltage excitation distributions used to
obtain desired array pattern and Z is the impedance matrix.
Self-impedances Z,, and mutual impedances Z,, of Z
matrix are calculated by induced emf method [14], which
assume the current distribution on the dipoles to be sinusoidal.

Table 2 Amplitude and phase distributions for reconfigurable array of isotropic antennas

Parameters

Amplitude and phase distribution for the dual beam array

0.0901 0.22326 0.136

0.21639

0.43463 0.71257 0.76575 0.81876

Amplitude 0.70978 0.010035 0.04036

0.32903

0.53043 0.2187 0.24858 0.49575

0.92516 0.89923 0.79722

0.5804

0.28325 0.14474 0.19763 0.21772

-13.064 14.497 43.146

-8.1252

-69.196 56.358 -18.637 -60.995

Phase in

degree -53.993

-89.561 -127.19

85.162

-83.617 -30.416 -101.65 -66.017

-97.873 -107.65 116.42

128.77

-135.11 149.65 -126.56 -61.823

Optimized inter-element spacing d=0.5388

Fig.3. Uniform circular array of dipole antennas

For dual beam reconfiguration same fitness function is used
as described in Eq. (3). However, desired side lobe level is
fixed at -16dB in this case.

VL RESULTS AND DISCUSSIONS FOR
CIRCULAR ARRAY OF DIPOLE ANTENNAS

A 24-element circular array antenna is studied in this
article. The array elements are identical and spacing between
two consecutive dipoles is fixed at 0.5 4. The desired user
direction of the array beam is considered at (6,, ¢, )= (90",90" )
The array is optimized in order to generate a pencil beam with
zero phases and a flat-top beam with variable phases. Both the
patterns are optimized in 6=90" plane.
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ABC algorithm with the similar parametric settings as used
in case of isotropic sources is applied to optimize the proposed
array.

The algorithm is designed to generate a vector of 48 real
values between zero and one. The first 24 values of the vector
is mapped and scaled to desired amplitude weight between O
and 1 and last 24 values of the vector are mapped and scaled to
desired phase weight between -180° to 180°.

The design specifications of the reconfigurable array are
shown in Table 3. There is a good agreement between desired
and obtained results. However, the obtained value of the ripple
(absolute value) for the flat-top beam in the region
70° < <110° is 0.93 db, slightly higher than the desired
tolerance of 0.5 dB. Table 4 shows amplitude and phase
distribution of the elements.

Radiation patterns using the optimized data are plotted in
Fig.4.

Table 3 Desired and obtained results for reconfigurable array of dipole

antennas
Pencil/Flat-top pair

Design .

Parameters Pencil Flat-top
Desired | Obtained | Desired | Obtained
Side Lobe

Level in dB -16.00 -15.95 -16.00 -15.91
RippleindB | 5 NA 0.50 0.93

HPBW 12 12.4 NA NA

(degree)
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Fig.4 Normalized absolute power patterns in dB for dual-beam array of dipole antennas

Table 4 Amplitude and phase distributions for reconfigurable array of dipole antennas

Parameters Voltage Amplitude and phase distribution for the dual beam array
0.28027 0.3366 0.67121 0.47772 0.62667 0.96395 0.79085 0.70471
Amplitude 0.25461 0.42746 047119 0.19759 0.21697 0.043398 0.24058 0.5199
0.86446 0.79726 0.57883 0.44313 0.43029 0.016636 0.21003 0.30501
43.816 -43.214 -65.3 -117.52 121.33 63.133 80.377 102.79
P ;"“e in 135.46 -31.982 -28.379 40.061 5.598 -35.233 -141.21 110.78
egree
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