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Abstract In this paper, the problem of designing linear
and elliptical antenna arrays for specific radiation properties
is dealt with. The biogeography-based optimization (BBO)
method, which represents a new evolutionary algorithm, is
used in the optimization process. BBO is used to minimize the
maximum side lobe level (SLL) and null control for isotropic
linear antenna arrays by optimizing different array parame-
ters (position, amplitude, and phase). Similarly, for elliptical
antenna array, four optimization techniques (BBO, genetic
algorithm, self-adaptive differential evolution, and sequential
quadratic programming) are used to determine an optimum
set of weights that provide a radiation pattern with maxi-
mum SLL reduction with the constraint of a fixed major
lobe beam width. The obtained results show the effective-
ness of BBO compared to other well-known optimization
methods.
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1 Introduction

Antenna arrays play an important role in modern wireless
applications, such as radio, TV, mobile and satellite [1]. They
are useful in high power transmission, reduced power con-
sumption and enhanced spectral efficiency. The synthesis
of antenna arrays with desired pattern has been a subject
of great interest in the literature. Several well-known evo-
lutionary optimization techniques, such as particle swarm
optimization (PSO), Taguchi optimization, genetic algorithm
(GA), central force optimization (CFO), and differential evo-
lution (DE), have been used in the synthesis of antenna arrays
[2–12].

Biogeography-based optimization (BBO) technique is a
new global evolutionary multi-dimensional optimization
method [13–15]. It is based on the science of biogeography
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which is the nature’s way of species distribution. The mathe-
matical model of BBO is based on the extinction and migra-
tion of species between neighboring habitats which is any
island that is geographically isolated from other islands.
Islands that are more suitable for habitation than others are
said to have a high habitat suitability index (HSI). HSI is con-
sidered as a dependent variable. Another interesting variable
is called suitability index variable (SIV) which character-
izes habitability. It is an independent variable of the habitat.
BBO has already proven itself as a valuable optimization
technique compared to other already developed techniques
[13–15].

The BBO has recently been applied successfully in opti-
mal power flow problems [16,17]. In the field of electro-
magnetism, BBO has been applied to the optimal design of
Yagi-Uda, linear and circular antenna arrays [18–22] and to
calculate the resonant frequencies of rectangular and circular
microstrip patch antennas [23,24]. Here, the BBO is further
applied to the design of linear antenna arrays and elliptical
antenna arrays. The goals of linear antenna arrays synthesis
are to have an optimal side lobe level and impose nulls in
certain directions. The optimized parameters will be the ele-
ments excitation amplitude, excitation phase, and location.
On the other hand, the goal of elliptical antenna arrays syn-
thesis is to have an optimal side lobe level with the constraint
of a fixed major lobe beam width by optimizing the elements
excitation amplitude only.

The rest of this paper is organized as follows: In Sect. 2,
BBO is briefly described. For further information about the
BBO algorithm; the reader can consult the references cited
above for the full details of the BBO algorithm, and [25] to
obtain the basic BBO Matlab codes. In Sect. 3, the geome-
try and array factor for both the linear and elliptical antenna
arrays are presented. Then, based on these models, in Sect. 4,
the fitness (or cost) function is presented. Moreover, numer-
ical results are given and compared to the results obtained
using other optimization methods. Finally, the paper is con-
cluded in Sect. 5.

2 BBO

Biogeography is the science specializing in studying the geo-
graphical distribution of living organisms. During early 19th
century, the basics of biogeography science were written
by Wallace [26] and Darwin [27]. This science remained
descriptive until Robert MacArthur and Edward Wilson, in
1967, presented mathematical models of biogeography called
The Theory of Island Biogeography [28] which is focused on
the nature’s way of species distribution. BBO which was
developed by Simon [25] is similar to artificial neural net-
work (ANN) [29] and GA [30], which are dependent on bio-
logical neurons and biological genetics, respectively. Math-

ematical models of BBO are based on the extinction and
migration of species between neighboring islands. An island
is any habitat (area) that is geographically isolated from other
habitats. Islands that are more suitable for habitation than oth-
ers are said to have a high habitat suitability index (HSI). HSI
is considered as a dependent variable because it is correlated
to many factors such as rainfall, temperature, and diversity
of vegetation and topography, … etc. Another interesting
variable is called the suitability index variable (SIV) which
characterizes habitability. It is an independent variable of the
habitat.

Suppose that one is faced with a global optimization prob-
lem and some candidate solutions. The candidate solutions of
a problem are represented by an array of integers as Habitat =
[SIV1, SIV2, SIV3, . . . , SI VN ]. The value of the fitness
function in BBO is called habitat suitability index (HSI)
which is found by evaluating the fitness function: fitness
(Habitat) = HSI = f (SIV1, SIV2, SIV3, . . . , SIVN ). The
migration process has two synonyms: they are emigration
and immigration. Whereas migration means moving species
from habitat to habitat, emigration is the process of leaving
species the habitat to somewhere and immigration means the
process of incoming species to this habitat from somewhere.
A habitat with large number of species is characterized by the
following; it has a high HSI, high emigration rate, low immi-
gration rate and considered as more stable because it shall
be almost filled with species. All these characteristics are
vice versa for a habitat with low number of species. Species
immigrating to low HSI habitats may increase the HSI of the
habitat, because of the relationship between biological diver-
sity of a habitat and its suitability. However, if the suitability
index stays low then species that immigrate will incline to go
extinct. The BBO algorithm consists of three steps: creating
a set of solutions to the problem, where they are randomly
selected, and then applying migration and mutation steps to
reach the optimal solution.

3 Geometry and Array Factor

3.1 Linear Antenna Array

Linear antenna array (LAA) is one of the easiest antenna
arrays in implementation and fabrication. Figure 1 shows a
linear antenna array that consists of 2N elements symmetri-
cally distributed along the x axis. In general, the array factor
of a LAA is given as follows [1]:

AF(∅) =
N∑

n =−N
n �=0

In exp( j [kxn cos(∅) + ϕn]) (1)
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Fig. 1 Geometry of 2N-element symmetric LAA placed along the x
axis

Fig. 2 Geometry of an elliptical antenna array (EAA) with isotropic
radiators

where k is the wave number, and In, ϕn , and xn are, respec-
tively, the excitation amplitude, phase, and location of the
array elements.

For simplicity, assuming I−n = In and ϕ−n = −ϕn , and
the 2N elements are placed symmetrically along the x axis,
the array factor can be simplified to become as follows:

AF(∅) = 2
N∑

n=1

In cos [kxn cos(∅) + ϕn] (2)

In order to minimize the maximum side lobe level (SLL), it is
clear from Eq. (2) that, there are three parameters controlling
the array factor: the amplitudes, the phases, and the positions
of the elements. In this paper, BBO method is used to design
LAAs by optimizing these parameters individually.

3.2 Elliptical Antenna Array

The geometry of an elliptical antenna array (EAA) whose N
isotropic antenna elements lie on an ellipse in the x–y plane
(θ = 90◦) is shown in Fig. 2. The origin is considered to be
the center of an ellipse. In free space, the array factor for this
elliptical array is given by [31–33]:

AF(θ,∅) =
N∑

n=1

In exp( j [k sin(θ)(a cos(∅n) cos(∅)

+b sin(∅n) sin(∅)) + αn]) (3)

where

k = 2π

λ
(4)

φn = 2π(n − 1)

N
(5)

e =
√

1 − b2

a2 (6)

In the above equations, In and αn represent the excitation
amplitude and phase of the nth element. φn is the angular
position of the nth element in the x–y plane, ∅ is the azimuth
angle measured from the positive x axis, θ is the elevation
angle measured from the positive z axis (in our design exam-
ples, the array factor in the x–y plane, i.e., θ = 90◦, is consid-
ered). Moreover, a, b and e are, respectively, the semi major
axis, semi minor axis and the ellipse eccentricity. It should be
mention here that the circular antenna array is a special case
of an elliptical antenna array when the eccentricity equals to
zero.

To direct the peak of the main beam in the (θ0, φ0) direc-
tion, the excitation phase is chosen to be:

αn = −k sin(θ0)(a cos(∅n) cos(φ0) + b sin(∅n) sin(φ0))

(7)

In our design problems, θ0 and φ0 are chosen to be 90◦ and
0◦, respectively, i.e., the peak of the main beam is directed
along the positive x axis. The ellipse eccentricity is fixed in
all elliptical array examples (e = 0.5). a is chosen depending
on the number of elements. Here, it is chosen as 0.5, 1.15 and
1.6 for 8, 12 and 20 elements elliptical antenna array (EAA),
respectively. These values, which are found by several trial
runs, provide maximum reduction in the side lobe level.

4 Fitness Function and Numerical Results

In all of the following design examples, the following BBO
parameters are used: habitat modification probability = 1,
mutation probability = 0.01 and elitism parameter = 2. Popu-
lation size and number of generations, which were tuned by
trial until the best solutions are obtained, are given in each
case individually

4.1 Linear Antenna Array Optimization

In order to minimize the maximum SLL, the following fitness
function is used:
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Table 1 Optimum amplitude
values found by BBO method
for the 10-elements LAA

Optimization technique I1 I2 I3 I4 I5 Max SLL (dB)

BBO 1.0000 0.8988 0.7189 0.5025 0.3862 −25.21

PSO [8] 1.0000 0.9010 0.7255 0.5120 0.4088 −24.62

Taguchi [9] 1.0000 0.8999 0.7228 0.5077 0.3994 −24.87

Uniform 1.0000 1.0000 1.0000 1.0000 1.0000 −12.97

Minimize fittness = max

{
20 log10

∣∣∣∣
AF(∅)

AF(∅0)

∣∣∣∣

}

Subject to ∅ ε [0,∅n] (8)

where [0,∅n] is the side lobes region which depends on the
number of elements. Here, it is chosen as [0, 76◦], [0, 80◦]
and [0, 84.25◦] for 10, 16 and 20 elements LAAs, respec-
tively. ∅0 is the angle in the direction of the main beam. In
our design examples, ∅0 is chosen to be 90◦. Three optimiza-
tion cases will be considered; optimizing elements ampli-
tudes, optimizing elements positions, and optimizing ele-
ments phases.

4.1.1 Optimizing Elements Amplitudes (In)

To optimize the amplitudes, ϕn and xn are fixed to be those
corresponding to the uniform array. Assuming ϕn = 0 and
the spacing between adjacent elements equal to (λ/2), the
array factor becomes:

AF(∅) = 2
N∑

n=1

In cos [(n − 0.5)π cos(∅)] (9)

The excitation currents amplitudes are assumed to be within
the range [0, 1]. Two cases of linear arrays are optimized (10
and 16 elements) using the BBO technique. In addition, the
solutions obtained using other technique will be included for
comparison purpose.

Example 1: 10 Elements LAA

Using the equation of fitness function associated with the
array factor for 10 elements linear array, the BBO code is run
for 20 independent times. Table 1 shows the best optimum
amplitudes obtained using the BBO. Moreover, the results
obtained using other optimization techniques are included in
the same table. Figure 3 shows the radiation pattern obtained
by BBO compared to those obtained using particle swarm
optimization (PSO) [8] and Taguchi [9] results.

Table 2 shows the consistency of BBO algorithm in 20
runs. The optimal maximum SLLs for the 20 trials are shown
in Fig. 4. A Laptop with 2 GHz Intel Centrino CPU and
2048 RAM was used for simulating the BBO’s code, and the
simulation time was only 7 s (population size = 50, num-
ber of generations = 200). The maximum side lobe lev-
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Fig. 3 Radiation pattern of 10 elements LAA optimized with respect
to amplitude using the results in Table 1

Table 2 Performance of BBO algorithm for 10 elements LAA in 20
runs

Best SLL (dB) −25.2100

Worst SLL (dB) −24.0763

Mean (dB) −24.9704

SD (dB) 0.2596

Fig. 4 The maximum SLL obtained by BBO in 20 independent trials
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Table 3 Optimum amplitude
values found by BBO for the 10
elements LAA in comparison
with other optimization
techniques

Optimization technique I1 I2 I3 I4 I5 Max SLL (dB)

BBO 1.0000 0.9382 0.8258 0.6733 1.0000 −15.97

CFO [12] 1.0000 0.9690 0.8590 0.6760 1.0000 −15.93

DE [12] 1.0000 0.9390 0.8270 0.6760 1.0000 −15.96

Uniform 1.0000 1.0000 1.0000 1.0000 1.0000 −12.97
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Fig. 5 Radiation pattern of 10 elements LAA optimized with respect
to amplitude using the results in Table 3

els obtained using the BBO, PSO and Taguchi methods are
−25.21, −24.62, −24.87 dB, respectively. BBO results are
slightly better than other methods. It should be noted that the
maximum SLL for the uniform array is −12.97 dB.

To have a fair comparison between the optimized array and
the uniform array, the first null beam width (FNBW) of the
two arrays should be the same which equals to 23◦. This can
be achieved by fixing the outermost elements amplitude at
I±5 = 1 and the other four elements amplitude are optimized.
In this case, the array factor becomes:

AF(∅) = 2
4∑

n=1

In cos [(n − 0.5)π cos(∅)]

+2 cos [4.5π cos(∅)] (10)

Table 3 shows the optimum amplitude results, while Fig. 5
shows the radiation pattern.

The maximum SLL obtained by BBO (population size =
50, number of generations = 250) is too close to that obtained
in [12]. Table 4 and Fig. 6 show the consistency of BBO algo-
rithm (population size = 50, number of generations = 250)
and the optimal maximum SLLs for 20 trials, respectively.

Example 2: 16 Elements LAA

In this example, a 16-element LAA is optimized using BBO
method (population size = 60, number of generations = 200).

Table 4 Performance of BBO algorithm for 10 elements LAA in 20
runs

Best SLL (dB) −15.9700

Worst SLL (dB) −15.2522

Mean (dB) −15.6088

SD (dB) 0.2122

Fig. 6 The maximum SLL obtained by BBO in 20 independent trials

The best results are listed in Table 5. Figure 7 shows the
radiation pattern obtained by BBO compared to other meth-
ods. The maximum SLL obtained using BBO method is
−33.06 dB, while that obtained using the PSO, Taguchi and
the uniform array is −30.63, −31.21, −13.15 dB, respec-
tively.

4.1.2 Optimizing Elements Positions (xn)

In order to optimize the elements positions in the LAA by
the BBO, the elements amplitudes and the elements phases
are fixed as In = 1 and ϕn = 0 for n = 1, . . ., N . Here,
the elements positions of a 10 elements LAA are optimized
such that its total length does not exceed that of a uniform
array with 0.5λ inter element spacing. Therefore, the posi-
tions of the outermost elements x±5 are fixed at ±2.25λ, and
the positions of the other four elements are optimized. This
simplifies the array factor to be as follows:
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Table 5 Optimum amplitude
values found by BBO for the 16
elements LAA in comparison
with other optimization
techniques

Optimization technique I1, I2, I3 , …, I8 Max SLL (dB)

BBO 1, 0.9402, 0.8487, 0.7104, 0.5596, 0.4115, 0.2697, 0.2035 −33.06

PSO [8] 1, 0.9521, 0.8605, 0.7372, 0.5940, 0.4465, 0.3079, 0.2724 −30.63

Taguchi [9] 1, 0.9500, 0.8575, 0.7317, 0.5861, 0.4381, 0.2988, 0.2552 −31.21

Uniform 1, 1, 1, 1, 1, 1, 1, 1 −13.15
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Fig. 7 Radiation pattern of 16 elements LAA optimized with respect
to amplitude using the results in Table 5

AF(∅) = 2

[
4∑

1

cos [kxnπ cos(∅)] + cos [4.5π cos(∅)]

]

(11)

Table 6 contains the optimized positions obtained using the
BBO (population size = 65, number of generations = 500),
while Fig. 8 shows the obtained array factor. The maximum
SLL obtained by BBO method (−19.7 dB) is the same as
that obtained by PSO, Taguchi and DE methods.

In some applications, minimizing the close-in SLL (i.e.,
the first side lobe nearest to the main beam) is of interest. To
achieve this target, the fitness function is modified to become:

Minimize fittness = α1 max

{
20 log10

∣∣∣∣
AF(∅AS)

AF(∅0)

∣∣∣∣

}

+α2 max

{
20 log10

∣∣∣∣
AF(∅NS)

AF(∅0)

∣∣∣∣

}

0 20 40 60 80 100 120 140 160 180
-40

-35

-30

-25

-20

-15

-10

-5

0

N
or

m
al

iz
ed

 A
F

 (
dB

)

φ (Degrees)

Uniform

PSO

Taguchi
DE

BBO

Fig. 8 Radiation pattern of 10 elements LAA optimized with respect
to positions using the results in Table 6

Subject to ∅AS = [
0◦, 76◦] and

[
104◦, 180◦]

and ∅NS = [
69◦, 76◦] and

[
104◦, 111◦]

(12)

where α1 and α2 are weighting factors, which are chosen
to be 1 and 2, respectively. The amount of each reduction
depends on the values of α1 and α2, where α1 controls all
the optimized region ∅AS, and α2 control the close-in region
∅NS. The obtained radiation pattern is shown in Fig. 9 and
the results are presented in Table 7.

The close-in SLL for BBO (population size = 65, number
of generations = 300), PSO and Taguchi is minimized to
−31.02, −31.02 and −30.41 dB, respectively, while the far
side lobe is minimized to −18.14, −18.31 and −18.08 dB,
respectively.

Table 6 Optimum positions
values (in terms of wavelength)
found by BBO for the 10
elements LAA in comparison
with other optimization
techniques

Element number 1 2 3 4 5 Max SLL (dB)

BBO 0.21451 0.60006 1.0610 1.5870 2.25 −19.70

PSO [8] 0.2146 0.5999 1.0611 1.5870 2.25 −19.70

Taguchi [9] 0.2142 0.5989 1.0597 1.5861 2.25 −19.70

DE [12] 0.2147 0.5998 1.0613 1.5871 2.25 −19.70

Uniform 0.2500 0.7500 1.2500 1.7500 2.25 −12.97
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Fig. 9 Radiation pattern of 10 elements LAA optimized with respect
to positions using the results in Table 7

4.1.3 Optimizing Elements Phases (ϕn)

As in previous examples, in order to optimize the phases
of the element, the other parameters have to be fixed. The
amplitudes are set to unity and the spacing between adjacent
elements is set to 0.5λ. The phases of the element are assumed
to be symmetric as ϕn = ϕ−n for n = 1, 2, . . . , N , where ϕn

is the phase of the nth element. Thus, the array factor can be
written as follows:

AF(∅) = 2
N∑

n=1

exp( jϕn) cos [(n − 0.5)π sin(∅)] (13)

A 20-element LAA is optimized with respect to elements
phases using BBO. Table 8 shows the optimum phase values
obtained using BBO (population size = 70, number of gen-
erations = 350) as compared to those obtained using Taguchi
method. It can be seen that the maximum SLL obtained by
BBO (−16.1693 dB) is very close to that obtained using
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Fig. 10 Radiation pattern of 20 elements LAA optimized with respect
to phases using BBO compared to Taguchi technique

Taguchi (−16.2399 dB). Figure 10 shows the radiation pat-
tern compared with Taguchi and uniform array.

To impose nulls at specific angles in addition to reducing
the maximum SLL by optimizing the phases of the array
elements; the fitness function is modified to become:

Fitness = K1 fSL(∅) + K2 fNS(∅) (14)

fSL(∅) = max

{
20 log10

∣∣∣∣
AF(∅)

AF(∅0)

∣∣∣∣

}
(15)

fNS(∅) =
∑

k

{
20 log10

∣∣∣∣
AF(∅k−null)

AF(∅0)

∣∣∣∣

}
(16)

where K1 and K2 are weights; K1 and K2 are chosen to
be 1 and 0.25, respectively. fSL(∅) is the fitness function in
the side lobes region; fNS(∅) is the fitness function in the
direction of the kth null. Here, BBO method will be applied
on a 20-element LAA to provide bidirectional null steering
at 50◦ and 56.5◦ by optimizing the elements phases.

Table 7 Optimum positions
values (in terms of wavelength)
found by BBO for the 10
elements LAA in comparison
with other optimization
techniques

Element number 1 2 3 4 5 Max SLL (dB) Close in SLL (dB)

BBO 0.15085 0.5567 0.93079 1.5157 2.25 −18.14 −31.02

PSO [8] 0.1685 0.5461 0.9364 1.5107 2.25 −18.31 −31.02

Taguchi [9] 0.1642 0.5509 0.9362 1.5199 2.25 −18.08 −30.41

Uniform 0.25 0.75 1.25 1.75 2.25 −12.97 −12.97

Table 8 Optimum phase values
(degrees) found by BBO for the
20-element LAA in comparison
with Taguchi technique

Element number 1, 2, 3, …, 10 Max SLL (dB)

BBO 107.819, 101.786, 100.846, 103.407, 98.2620,
100.491, 52.1270, 156.228, 115.754, 100.038

−16.1693

Taguchi [9] 34.2964, 28.5577, 25.8514, 27.3278, 20.5199,
25.8157, −18.6239, 85.2445, 44.8992, 28.0623

−16.2399

Uniform 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 −13.19
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Table 9 Optimum phase values (degrees) found by BBO for the 20-element LAA with nulls at 50◦ and 56.5◦ in comparison with Taguchi technique

Element number 1, 2, 3, …, 10 Max SLL (dB) 1st null value (dB) 2nd null value (dB)

BBO 114.5916, 114.5916, 97.9128, 114.5916,
135.6821, 84.4654, 110.5866, 135.9400,
139.8590, −171.8873

−13.62 −89.26 −99.87

Taguchi [9] 55.7474, 59.2978, 69.5063, 56.3685,
29.6016, 90.8367, 71.5181, 46.7219,
44.3011, −14.4442

−14.29 −77.82 −79.51
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Fig. 11 Radiation pattern of 20 elements LAA optimized with respect
to phases using BBO with nulls at 50◦ and 56.5◦ compared to Taguchi
technique

The optimum values of the phases (in degrees) are shown
in Table 9. The BBO’s first null value is −89.26 dB (Taguchi
−77.82 dB), and the BBO’s second null value is −99.87 dB
(Taguchi −79.51 dB), and the maximum SLL for the BBO’s
optimized array is −13.62 dB (Taguchi −14.29 dB). Figure
11 shows the radiation pattern obtained by BBO (popula-
tion size = 170, number of generations = 665) compared to
Taguchi method. From the nulls values shown in Table 9, it
can be found that the BBO algorithm outperforms Taguchi
algorithm.

4.2 Elliptical Antenna Array (EAA) Optimization

Here, the objective is to design an EAA with deep nulls in the
directions φnu1 andφnu2 which define the first null beamwidth
(FNBW) while minimizing the side lobes levels. Thus, the
following fitness function is used:

Fitness = (W1 F1 + W2 F2)/ |AFmax|2 (17)

F1 = |AF(∅nu1)|2 + |AF(∅nu2)|2 (18)

F2 = max
{∣∣AF(∅ms1)

∣∣2
,
∣∣AF(∅ms2)

∣∣2
}

(19)
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Fig. 12 Radiation pattern for the optimized N = 8 EAA using the
results in Table 10

where the two angles {∅nu1,∅nu2} define the major lobe, i.e.,
the first null beam width (FNBW) = ∅nu2 − ∅nu1 = 2∅nu2.
∅ms1 and ∅ms2 are the angles where the maximum side lobe
level is attained during the optimization process in regions
(from −180 to ∅nu1) and (from ∅nu2 to 180), respectively. An
increment of 1◦ is used in the optimization process. Thus, the
function F2 minimizes the maximum SLL around the major
lobe. Moreover, AFmax is the maximum value of the array
factor, i.e., its value at φ0. W1 and W2 are weighting fac-
tors; both are chosen here to be unity. Thus, the optimization
problem is to search for the current amplitudes (In’s) that
minimize the fitness function in Eq. (17).

Different examples are optimized using the BBO. The
minimum and maximum allowable values for the variables
(i.e., the excitation amplitudes) are set to 0 and 1, respectively.
The design examples are performed for a specific FNBW,
which corresponds to a uniformly-fed elliptical array with
uniformly distributed elements and the same number of ele-
ments. For comparison purpose, the self-adaptive differen-
tial evolution (SADE) with competitive control-parameter
setting technique (debr18.m) [34], GA [30] and sequential
quadratic programming (SQP) [35] are used to perform the
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Table 10 Excitation weights for
the optimized N = 8 EAA N = 8 φnu2 = 51◦ I1, I2, I3, . . ., I8 Max SLL (dB)

BBO 0.2898, 0.9107, 0.1300, 1.0000, 0.2865, 0.9877, 0.1363, 0.8972 −17.8162

SADE 0.2593, 0.9845, 0.2005, 1.0000, 0.2539, 0.9998, 0.2004, 0.9843 −17.1144

GA 0.2710, 0.9907, 0.1168, 1.0000, 0.3169, 0.9758, 0.1742, 0.9681 −17.7335

SQP 0.2264, 0.9998, 0.2488, 0.9983, 0.2266, 0.9985, 0.2482, 1.0000 −16.5702

Uniform 1.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1.0 −8.0249

Table 11 Performance of the different algorithms for 8 elements EAA
in 15 runs

Algorithm Best SLL (dB) Worst SLL (dB) Mean (dB) SD (dB)

BBO −17.8162 −16.2697 −17.1213 0.4960

SADE −17.1144 −17.0915 −17.1034 0.0068

GA −17.7335 −14.6473 −16.8795 0.7165

SQP −16.5702 −16.5613 −16.5635 0.0027

Fig. 13 The maximum SLLs obtained by the algorithms in 15 inde-
pendent trials

optimization for the same design problems (The reader can
consult the cited reference for more information about these
techniques).
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Fig. 14 Radiation pattern for the optimized N = 12 EAA using the
results in Table 12

Example 1: 8 Elements EAA

In this example, an 8-element EAA is optimized. All codes
are run for 15 independent times. The best element ampli-
tude values determined by the optimization techniques for
the patterns given in Fig. 12 are tabulated in Table 10. The
best values are defined as the ones that give the maximum
side lobe level reduction.

Form Fig. 12, it can be noted that the BBO and GA out-
perform SADE and SQP technique. The maximum side lobe
levels obtained using the BBO, GA, SADE and SQP meth-
ods are −17.81, −17.73, 17.11, and −16.75 dB, respectively,
while the maximum SLL for the uniform array is −8.02 dB.

Table 12 Excitation weights for the optimized N = 12 EAA

N = 12 φnu2 = 22◦ I1, I 2, I3, …, I 12 Max SLL (dB)

BBO 0.9595, 0.2619, 0.5029, 0.2157, 0.6143, 0.3064, 1.0000, 0.1313, 0.6820, 0.1809, 0.7115, 0.1276 −8.6670

SADE 0.9769, 0.0821, 0.3614, 0.6023, 0.3834, 0.1443, 1.0000, 0.1741, 0.3890, 0.5443, 0.3686, 0.1107 −8.4979

GA 1.0000, 0, 0.8118, 0.0720, 0.9129, 0, 1.0000, 0.3832, 0.2980, 0.3832, 0.3602, 0.4305 −8.7542

SQP 0.9864, 0.1693, 0.7996, 0.0649, 0.8097, 0.2146, 1.0000, 0.2965, 0.6752, 0.1231, 0.7136, 0.2616 −8.5731

Uniform 1.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1.0 −3.8224
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Table 13 Excitation weights for
the optimized N = 20 EAA N = 20 φnu2=16◦ I1, I2, I3 . . ., I20 Max SLL (dB)

BBO 0.6634, 0.5887, 1.0000, 0.4806, 0.6545, 0, 1.0000,
0.2454, 1.0000, 0.6564, 0.8808, 0.7914, 0.9900,
0.2078, 0.8248, 0.2040, 0.6334, 0.3395, 0.9839,
0.7721

−9.9519

SADE 0.9828, 0.2855, 1.0000, 0.0507, 0.8302, 0.0131, 0.9962,
0.0001, 0.9824, 0.5792, 0.5660, 0.7042, 0.7802,
0.1993, 0.8023, 0.0222, 0.9226, 0.2485, 0.6544,
0.5746

−9.8416

GA 1.0000, 0.1836, 1.0000, 0.5729, 0.4626, 0.0721,
1.0000, 0.5965, 0.8917, 0.3782, 1.0000, 0.8016,
0.9200, 0.1355, 1.0000, 0.2750, 0.3863, 0.5729,
0.7350, 0.8917

−9.4235

SQP 0.8492, 0.2833, 0.8708, 0.1581, 0.7487, 0, 0.9457, 0,
0.8015, 0.6545, 0.5939, 0.5365, 0.8712, 0.0338,
0.6296, 0.0446, 1.0000, 0.2290, 0.6218, 0.5018

−9.8269

Uniform 1.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1.0,
1.0, 1.0, 1.0,1.0, 1.0, 1.0, 1.0, 1.0

−6.0211
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Fig. 15 Radiation pattern for the optimized N = 20 EAA using the
results in Table 13

Table 11 presents the statistical results of the side lobe level
(best, worst, mean and standard deviation values) for each
algorithm. The optimal maximum SLLs for the 15 trials are
shown in Fig. 13.

Example 2: 12 Elements EAA

The best optimized amplitudes obtained for 12 elements array
are tabulated in Table 12. Figure 14 shows the radiation pat-
tern for the optimized results and uniform array.

It is interesting to see that GA gives results slightly better
than the other techniques in this example. The maximum SLL
obtained by GA method is −8.75 dB, while that obtained by
BBO, SADE, SQP and the uniform array is −8.66, −8.49,
−8.57 and −3.82 dB, respectively.

Example 3: 20 Elements EAA

In this example, a 20 elements EAA is optimized. Table 13
and Fig. 15 show the optimum amplitudes and the radiation
pattern obtained using the different optimization techniques,
respectively. The maximum side lobe level for the optimized
array using BBO is −9.95 dB which is better than the uni-
form one by about 3.39 dB. From the results shown in Table
13, it can be found that the BBO results are slightly better
than other methods, and all results are very close together.
Moreover, Table 14 shows the parameter settings for the four
optimization techniques.

Table 14 The parameter settings for the optimization techniques

Number of
elements

BBO SADE GA SQP

Number of
generations

Population
size

Number of
generations

Population
size

Number of
generations

Population
size

Number of
generations

8 150 50 1500 20 150 50 40

12 260 40 1500 24 230 40 45

20 200 40 1500 40 200 40 65
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5 Conclusion

Biogeography-based optimization is a new technique in elec-
tromagnetics optimization. It was applied on the optimization
of linear antenna arrays and elliptical antenna arrays. Three
cases of linear array design have been considered; ampli-
tudes optimization, positions optimization and phases opti-
mization. On the other hand, the excitations of the antenna
elements in an elliptical array were optimized using BBO,
SADE, GA and SQP method. BBO results have been com-
pared to well-known optimization techniques (Taguchi, PSO,
SADE, GA, CFO and SQP) where it was found that the BBO
is a very good algorithm and its results are as good as those
obtained using other well-developed methods.
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