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Abstract 
  
This work discusses the performance analysis of WiMAX system with antenna array optimized by applying Big Bang 
Big Crunch (BB-BC) algorithm. This algorithm has two phases; Big Bang phase similar to Big Bang Theory and Big 
Crunch phase similar to Big Crunch Theory. In the Big Bang phase, the randomly generated population of candidates 
is uniformly distributed over the search space. Then, in the Big Crunch phase these candidates are concentrated to a 
point using a convergence operator namely centre of mass. Using centre of mass, the new position of each candidate 
is calculated. This process is repeated until convergence is achieved. Radiation patterns at transmitting side have 
been obtained. Results show a considerable decrease in side lobe levels at transmitting side.  
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1. Introduction 
 
The demand for high-speed broadband internet and 
multimedia has grown exponentially in last two 
decades. The IEEE 802.16 group was formed in 1998 to 
develop an air-interface standard for wireless 
broadband. The group’s initial focus was the 
development of a LOS-based point-to-multipoint 
wireless broadband system for operation in the 
10GHz–66GHz millimetre wave band. The early WiMAX 
solutions based on IEEE 802.16-2004 targeted fixed 
applications, and are referred to as fixed WiMAX [1]. 
The IEEE group completed and approved IEEE 
802.16e-2005, an amendment to the IEEE 802.16-2004 
standard that added mobility support. The IEEE 
802.16e-2005 forms the basis for the WiMAX solution 
for nomadic and mobile applications and is often 
referred to as mobile WiMAX. Nowadays only two 
standards of WiMAX are prevalent: IEEE 802.16d-2004 
also referred to as fixed WiMAX and IEEE 802.16e-
2005 also referred to as mobile WiMAX. WiMAX 
supports various features like adaptive antenna 
system, multiple antenna techniques and beam forming 
etc. These features enhance the performance of WiMAX 
[1-6]. The basic simulation model of WiMAX OFDM 
system is represented in [7], which is helpful in 
building a system level model for a WiMAX Orthogonal 
Frequency Division Multiplexing based transceiver. 
OFDM technique theoretically saves the bandwidth 
about 50%.  
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On the capacity of cellular system is discussed in [8] 
which shows that multiple antennas can improve the 
capacity of cellular systems. It also describes that the 
mutual information of a single, isolated, multiple 
transmit and receive antenna array link is exploited by 
transmitting the maximum number of independent 
data streams for a flat fading channel with independent 
fading coefficients for each path. Transmit and receive 
antenna arrays used in MIMO system is described in 
[8]. 

Previous works have shown that antenna array is 
more efficient when it is optimized using some 
optimization algorithms. Nowadays metaheuristic 
algorithms are replacing conventional algorithm like 
numerical methods, linear programming etc. In [9] 
antenna array optimization using Genetic algorithm 
has been described, sidelobe level and null control 
using particle swarm optimization is shown in [10]. A 
new optimization algorithm based on evolution of 
universe, known as Big Bang-Big Crunch (BB-BC) was 
proposed in [11]. This algorithm has two phases; Big 
Bang phase similar to Big Bang Theory and Big Crunch 
phase similar to Big Crunch Theory. In the Big Bang 
phase, the randomly generated population of 
candidates is uniformly distributed over the search 
space. Then, in the Big Crunch phase these candidates 
are concentrated to a point using a convergence 
operator namely centre of mass. Using centre of mass, 
the new position of each candidate is calculated. This 
process is repeated until convergence is achieved. Most 
of the applications of BB-BC algorithm in engineering 
field have been reported for the optimal design of 
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structures. Camp used BB-BC algorithm to minimize 
the total weight of structures subjected to material and 
performance constraints [12].  Hybrid BB-BC (HBB-BC) 
in [13] is shown for the optimal sizing of space truss 
structures which was later extended for optimal design 
of Schwedler and ribbed domes. In [14] BB-BC 
algorithm for parameter estimation of structural 
systems is described. Genc, BB-BC algorithm is used in 
bearing only target tracking [15]. Results were found 
to be superior to classical genetic algorithm in terms of 
both speed and accuracy. Further BB-BC algorithm is 
used for voltage stability improvement. In their study 
BB-BC algorithm determined settings of control 
variables such as transformer tap, reactive power 
compensating devices, and generator voltages [16].  

The simulations were carried out on IEEE 30 -bus 
and 118-bus test bus systems. The results of the 
algorithm were compared with the results obtained by 
PSO; demonstrate the efficiency of the BB-BC 
algorithm. Hybridized BB-BC algorithm with local 
directional moves for target motion analysis in [17] 
and was found to be more accurate with same 
computational time. BB-BC algorithm for course 
timetabling problem is discussed in [18] it has been 
shown that the BB-BC can produce good quality 
solutions and comparable with some of the methods 
applied in the literature. Thus BB-BC algorithm shows 
better results in some cases as compared to previous 
well-known algorithms and in some cases has 
comparable results.  

In this paper antenna array optimization algorithm 
BB-BC is applied on transmitter side of fixed WiMAX 
system to minimize the sidelobe power. 

The rest of the paper is organized as follows: 
Section II describes of the antenna array. Big bang big 
crunch algorithm is given in section III, WiMAX OFDM 
system with BB-BC algorithm is described in section IV. 
Simulation results are shown in section V and paper is 
concluded in section VI. 
 

2. Antenna Array 
 

An antenna array is a set of number of spatially 
separated antennas. Simply, an array of antennas does 
a superior job of receiving signals when compared with 
a single antenna, leading to their widespread use in 
wireless applications. Arrays in practice can have as 
few as two elements, which is common for the 
receiving arrays on cell phone towers. In general, array 
performance improves with added elements therefore, 
arrays in practice usually have more elements. Arrays 
can have several thousand elements. 

Antennas with a given radiation pattern may be 
arranged in a pattern such as line, circle or plane to 
yield a different radiation pattern. In linear array 
antenna elements are arranged along a straight line 
while in circular array antenna elements are arranged 
around a circular ring and in planar array antenna 
elements are arranged over some planar surface. There 

are several types of array such as phased array, 
broadside array and end fire array. 
Phased array - an array of identical elements which 
achieves a given pattern through the control of the 
element excitation phasing. Phased arrays can be used 
to steer the main beam of the antenna without 
physically moving the antenna. Given an antenna array 
of identical elements, the radiation pattern of the 
antenna array may be found according to the pattern 
multiplication theorem  

Array Pattern = Array element pattern × array 
factor, where, array element pattern is the pattern of 
the individual array element and array factor is a 
function depends only on the geometry of the array 
and the excitation (amplitude, phase) of the elements. 
Broad side array is the arrangement of identical 
antennas, which are placed along the axis 
perpendicular to the direction of maximum radiation. 
The identical antennas are equally spaced along the 
line of axis and all the elements are fed with equal 
magnitude of current with the same phase. This results 
in array pattern known as broad side array. It is 
evident that broad side array is bidirectional where 
maximum radiation is obtained in the direction of axis 
perpendicular to the array axis. For a broadside array, 
to have maximum array factor with θ = 90°, the phase 
angle α must be zero. In other words, all elements of 
the array must be driven with the same phase. With α = 
0°, the normalized array factor reduces to 
 

(𝐴𝐹)𝑛 =  
1

𝑛

sin (𝑁𝑘𝑑 𝑐𝑜𝑠𝜃/2)

sin (𝑘𝑑 𝑐𝑜𝑠𝜃/2)
                  (1) 

 
End fire array looks similar to broad side array except 
that the individual elements are fed with the current 
that is equal in magnitude but opposite in phase. In 
other words, the individual elements are excited in 
such a way that a progressive phase difference 
between adjacent elements becomes equal to the 
spacing between the antennas (elements). End-fire 
arrays are designed to focus the main beam of the 
array factor along the array axis in either the θ = 0° or 
θ = 180° directions. Maximum of the array factor 
occurs when Ψ = α + k d cosθ. This equation is to be 
satisfied with θ = 0°, the phase angle α must be α = - k 
d. For θ = 180°, the phase angle α must be α = k d, 
which gives  
 
𝜓 = 𝑘𝑑 (𝑐𝑜𝑠𝜃 ∓ 1)                               (2) 
 
The normalized array factor for an end-fire array 
reduces to 
 

(𝐴𝐹)𝑛 =  
1

𝑁

𝑠𝑖𝑛 (𝑁𝑘𝑑 (𝑐𝑜𝑠𝜃∓1)/2)

𝑠𝑖𝑛 (𝑘𝑑 (𝑐𝑜𝑠𝜃∓1)/2)
                      (3) 

 
3. Big Bang Big Crunch Algorithm  

 
The BB-BC method as developed by Erol and Eksin [11] 
consists of two steps: A Big Bang, where candidate 
solutions are randomly distributed over the search 
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space; and a Big Crunch, where a contraction operation 
estimates a weighted average of the randomly 
distributed candidate solutions. The initial Big Bang is 
identical to other evolutionary methods, in that an 
initial population of candidate solutions is generated 
randomly over the entire search space. The random 
nature of the Big Bang is associated to the energy 
dissipation or the transformation from an ordered 
state a convergent solution to a disordered or chaotic 
state new set of candidate solutions. After the Big Bang 
phase, a contraction operation is applied during the Big 
Crunch. In this case, the contraction operator takes the 
current positions of each candidate solution in the 
population and its associated penalized fitness function 
value and computes a center of mass. The center of 
mass is the weighted average of the candidate solution 
positions with respect to the inverse of the penalized 
fitness function values computed as 
 

𝑋𝑐𝑚 =
∑

1

𝑓𝑖

𝑁𝐶
𝑖=1  𝑋𝑖

∑
1

𝑓𝑖

𝑁
𝑖=1

                                     (4) 

 
Where, Xcm is position of the center of mass, Xi is the 
position of candidate i in an n-dimensional search 
space, fi is penalized fitness function value of candidate 

i, NC is candidate population size. The positions of the 
candidate solutions for the next iteration of the Big 
Bang are normally distributed around the center of 

mass, Xcm, using the following relationship 
 

𝑋𝑖
𝑛𝑒𝑤 =  𝑋𝑐𝑚 +  𝜎                                                (5) 

 
Where 𝑋𝑖

𝑛𝑒𝑤is the position of the new candidate 

solution i and σ is the standard deviation of a standard 

normal distribution. In BB–BC algorithm, the standard 
deviation is related to a subset of search space which 

decreases inversely with each succeeding Big Bang 
 

𝜎 =  
𝑟𝑗𝛼(𝑋𝑚𝑎𝑥− 𝑋𝑚𝑖𝑛)

𝑘
                            (6) 

 

where rj is a random number from a standard normal 
distribution; α is a parameter limiting the size of the 
search space, Xmax and Xmin are the upper and lower 

limits on the values of the design variables; and k the 
number of Big Bang iterations. For discrete variables or 

when index numbers relate to tabular discrete values, 
the continuous values 𝑋𝑖

𝑛𝑒𝑤are compared to the entire 

Xi and the nearest value is selected as 𝑋𝑖
𝑛𝑒𝑤  Since 

normally distributed numbers can exceed ±1, it is 

necessary to confirm and possibly limit candidate 
positions to the prescribed search space boundaries.   

 
4. WiMAX OFDM System with BB-BC Algorithm 

 
In this paper physical layer of WiMAX OFDM system is 
simulated. At the transmitting end linear antenna array 
has been used and the sidelobe levels are minimized 

using Big Bang Big Crunch algorithm. This algorithm 
provides optimized value of current being fed to each 
element through many iterations. These optimized 
weights are used to null the side lobe levels in antenna 
array field pattern. The objective here is to minimize 
the power levels in all side lobes. Radiation field 
pattern of antenna array is plotted using the following 
equation. 
 

𝐻(𝜃) = ∑ 𝑒𝑗(𝑖−1)(𝑘𝑑𝑐𝑜𝑠𝜃)𝑁
𝑖=1             (7) 

 
Where, k = 2π/λ, N = number of antenna elements, 
Fitness function (cost function) is 
  
F = 20 log10 (F/max(F)                    (8) 
 
F = abs(H)                         (9) 
 
By using Big Bang Big Crunch algorithm cost function is 

minimized which minimizes sidelobe levels. The 

system is simulated for broadside and end fire array of 

antenna elements and performance analysis of system 

is carried out in terms of radiation patterns. 

 

5. Simulation Results 

 

For minimizing sidelobes power level BB-BC algorithm 

is applied at transmitter side of WiMAX OFDM system 

and for simulation MATLAB is used. Simulation is done 

under following environment. For simulation Fixed 

WiMAX is used, number of transmitting antennas are 4, 

number of receiving antenna is 1, type of antenna array 

is broadside linear array. Inter-elemental distance is 

0.5λ. Frequency of operation is 11GHz and for 

Optimization BB-BC algorithm is applied to WiMAX 

system. 

In Fig. 3 side lobes can be seen clearly, these side 

lobes are minimized to a great extent in Fig. 4 by the 

use of BB-BC algorithm. It can minimize waste of 

transmitted power and help in interference reduction. 
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Fig. 3. Radiation pattern without BB-BC 

 
 

Fig. 4. Radiation pattern with BB-BC 
 
Conclusion 
 
In this work a successful attempt has been made to 
optimize antenna pattern at the transmitting side in a 
WiMAX system using BB-BC algorithm. The 
experimental model has been simulated in MATLAB. 
Four antennas at the transmitter and a single antenna 
at the receiving end is used. Big Bang Big Crunch 
algorithm has been used to optimize antenna weights 
(current to each element). BB-BC algorithm searches 
through some iterations over a search space the 
current vector for the antenna array at the transmitting 
side to optimize radiation pattern by minimizing side 
lobe and unwanted lobe levels. Reduced side lobe 
levels decrease the interference levels and thus help 
improve Signal to Noise ratio (SNR). Results show that 
there is a significant decrease in power levels of side 
lobes and thus minimizing transmitted power. Side 
lobe level reduction in comparison to non- optimized 
antenna array. 
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