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ABSTRACT 

A smart antenna is  array of antenna elements and signal processing algorithm. Smart antenna is the leading innovation for 
maximum coverage, improved quality and more capacity. Smart antenna technology endeavours to address this problem via 
advanced technology called Beamforming. Through adaptive beam forming, the base station can form narrower beam toward user 
that is wanted signal and nulls toward interfering users that is unwanted signals. The antenna arrays’ weight can be adjusted in 
such manner to form adaptive beam to track corresponding users automatically by using Beamforming Algorithm. At the same 
time to minimize interference due to other users, by introducing nulls in the directions of unwanted user. This paper is focused on 
adaptive Beamforming approach used in smart antennas and Recursive Least Square (RLS) adaptive algorithm used to compute 
the complex weights by own simulation and then further implementation of Particle Swarm Optimization (PSO) algorithm. The 
performance of the RLS algorithm and PSO algorithm is analyzed using MATLAB. All results and graphs are simulated using 
MATLAB software. 

 Index Term— Antenna Arrays,Adaptive Algorithm, Beamforming, RLS.. 

 

1. INTRODUCTION 

A smart antenna is array of antenna elements connected to a 

digital signal processor. This configuration artistically elevates 

the capacity of a wireless link using a combination of diversity 

gain, array gain, the capacity of a wireless link through a 

combination of diversity gain, array gain, and interference 

suppression [1]. 

This paper focuses on the Beamforming on the algorithm for 

obtaining excitation weights shown as W 1 , W 2,… ,W N− 1  

in Fig.1 such that the maximum pattern of the antenna and 

nulls of the antenna are formed towards the desired and 

interference signal respectively. 

The paper is organized as follows: Section 2 Beamforming set 

up. The Section 3 RLS algorithm 4 PSO algorithm 5 

simulation results discussion. Finally, Section 6 concludes the 

paper. 

      

2.  BEAMFORMING PROBLEM SET UP 

The adaptive beam forming problem configuration is shown 
below 

 

 
 

Figure 1 RLS adaptive beam forming network 

 
The weighted summation of the received signals is given as 
output of the array y(t). Si(t) at the array elements and the 
noise n(t) at the receivers. A reference signal d(t) that 
approaches the desired signal and previous weights[3]. The 
references signals is approximated to the desired signal using a 
training sequence, it  is known at the receiver. 
 
The array output is given by 
  
y (n)= wH x (n )     (4) 

 
                                               (5) 
 

x(n )= [x1(n )… …… xk (n)]∙
                (6) 

 
where 
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H = Hermitian (complex conjugate) transpose 
 
W = complex vector 
 

3. RLS ALGORITHM 
 
The convergence speed of LMS algorithm depends on the 
Eigen values of the array correlation matrix. With large Eigen 
value spread the algorithm converges with slow speed and this 
problem is resolved using RLS algorithm [5].In RLS, gradient 

step size μ  with gain matrix R(n). 
 

The RLS algorithm does not require any matrix inversion 
computations as the inverse correlation matrix is computed 
directly [10, 12]. It requires references signal and correlation 
matrix information. 

 
An important feature of the recursive least square algorithm is 
that its rate convergence is typically an order of magnitude 
faster than that of the simple least mean square. 

 
  
   

                R (n)= ∑
k = 0

n

δ0

n− k
x (n). xH

(k )          

 
Where 
 

 δ0  = real scalat less than but close to 1 
 
The RLS algorithm decreases the cumulative square error 

 
 

4. PARTICLE SWARM OPTIMIZATION 
(PSO) 

 

The PSO algorithm depends on the social interaction between 

independent particles, during their search for the optimum 

solution. A population of particles is randomly generated 

initially. Each particle represents a potential solution and has a 

position represented by a    position vector Xi
 �xi . A swarm 

of particles moves through the problem space, with the 

moving velocity of each particle represented by a velocity 

vector
 �vi . Each particle keeps track of its own best position, 

which is associated with the best fitness it has achieved so far 

in a vector
 �pi . Furthermore, the best position among all the 

particles obtained so far in the population is kept track of 

as �pg . The particle’s velocity update and position update are 

the main PSO operators, which can be expressed as: 

 �vi  (τ + 1) = w
 �vi  (τ) + c1r1 (

 �pi  (τ) − 
 �xi  (τ)) + c2r2 

( �pg (τ) − 
 �xi (τ)) 

 �xi  (τ + 1) = 
 �xi  (τ) +

 �vi  (τ + 1) 

Where c1 and c2 are acceleration constants and r1 and r2 are 

uniformly distributed random numbers in [0, 1]. The term 
 �vi  

is limited to its bounds. If the velocity violates this limit, it is 

set to its proper limit. w is the inertia weight factor and in 

general, it is set according to the following equation: 

w= wmax−
wmax− wmin

T
τ  

Where wmax and wmin  are maximum and minimum value 

of the weighting factor respectively. T is the maximum 

number of iterations and τ  is the current iteration number.                          

 PSO is an evolutionary algorithm based on the intelligence 

and co-operation of group of birds or fish schooling.  

5. SIMULATION RESULTS AND DISCUSSION 
 

The performance of Beamforming algorithms has been studied 
by means of MATLAB simulation.  
 

Beam plot Results Of RLS Algorithm and PSO 

AlgorithmBy Keeping ‘d’ Constant i.e. d=0.5 

LAMBDA and Varying N 

Number of 
elements 

RLS 
Algorithm 

HPBW 

for d=0.5 
Lambda 

(degree) 

PSO Algorithm 

HPBW 

for d=0.5 Lambda 

(degree) 

N=4 16.2 14.9 

N=6 13.5 10.5 

N=8 12.5 6.9 

N=10 9.3 5.7 

N=12 8.9 5.5 

 
Table 3 Simulation Results of  RLS and PSO Algorithm 
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Figure 2 Rectangular Beam Pattern For RLS Algorithm 

For N=4, 6,8,10 At d=0.5 λ  

 
 

Figure 4 Beamplot of PSO Algorithm for Different N 

= 4, 6, 8, 12 at d=0.5 λ  

 

 6. CONCLUSION 
 
From simulation of results of RLS and PSO algorithm, it is 
concluded that PSO is better optimization algorithm than using 
only RLS algorithm. 
From analysis of results, it is observed that as the number of 
antenna elements increase directivity of antenna increases.  
From simulation of results of RLS and PSO algorithm, it is 
concluded that PSO is better optimization algorithm than using 
only RLS algorithm. 

 

Linear antenna array Beamforming algorithm using particle 
swarm optimization is design and can be implemented in smart 
antenna systems 
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