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Abstract: In this investigation, we addressed the narrowband beam forming for multiuser 

system that is currently in the process of being implemented in smart antennas. This approach 

models the uniform linear array to track dynamic changes in the angle of arrival and 

simultaneously steers number of users with minimum Half Power Beam Width and maximum 

directivity, using Recursive Least Squares (RLS) algorithm. The novel aspect of the Recursive 

Least Squares (RLS) algorithm is its convergence speed and ability to track several users in the 

adaptive signal environment. Simulation results show that the Recursive Least Squares (RLS) 

algorithm yields 37dB interference suppression with convergence rate of 15 iterations. In the 

case of eight elements uniform linear array is considered and the algorithm is simulated in 

MATLAB. 

Keywords: Recursive Least Squares (RLS) algorithm, Narrowband beam forming, Smart 

Antennas. 

 

 

1. Introduction 

Adaptive beam forming arrays (ABA) are widely used to enhance the signal to noise ratio in 

communication systems, by identifying the desired signal and suppressing the undesired signals 

[2]. Signals from the array are coherently added to acquire the required spatial selectivity. Such 

arrays comprise of antennas, which can be used to steer the beam by providing appropriate 

delays to each element. This makes the signal arriving from a particular direction more desirable 

to detect, while suppressing the unwanted interference [11]. The antennas are distributed in 

space and the signals received at each element are delayed versions of the signals generated 

[12]. This concept can be employed by smart antennas to adaptively shape the radiation pattern 

using the adaptive beam forming technique [7]. This application has a great impact in 

communication applications as the future communication systems demand requirements in 

downloading the contents from a service provider at a greater speed, when requested by the 

subscriber. Computationally efficient Recursive least squares algorithm is able to automatically 

optimize the array pattern by adjusting the elemental control weights and track the target 
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location and suppress the interference by which the optimization can be achieved [8]. The 

algorithm minimizes the MSE between the desired signal and the array output [16]. 

 

2. The Problem formulation 

In modern life the demand for mobile communication services is growing in a rapid manner. 

Since the RF spectrum is limited, the need for better techniques to improve spectrum utilization 

is motivated. 

The chief goal of Wireless Communications research has long been to enhance user capacity, 

data rates and channel reliability. User capacity refers to the number of subscribers that can be 

simultaneously serviced by a wireless system. Increasing data rates allows subscribers to enjoy 

new services such as multimedia and broad band Internet access. Improving channel reliability 

can reduce symbol error rates or reduce the chances of dropped calls. Major obstacles to the 

goals include channel fading, noise interference and frequency selective distortion. It is 

impossible for a single smart antenna system to be ideal for these entire tasks. Certain array 

designs are more suited for interference rejection. Smart antennas mitigate fading through 

diversity reception and beam forming while minimizing interference through spatial filtering. 

Beamforming is one of the important parts in an end-to-end communication system. It is a key 

technology which allows normal cellular towers to aim their radio waves at the right user 

instead of off in all directions. In a multi-user environment such as mobile network many 

different narrowband adaptive beam forming algorithms have been the subject of active 

research Narrowband adaptive beam forming algorithms adaptively steers the beam pattern 

towards the direction of the desired user. Among these algorithms temporal updating Recursive 

Least squares (RLS) algorithm, which determine the optimum weight vectors sample by sample 

in time domain, has faster convergence rate over the conventional Least Mean Squares (LMS) 

algorithm. 

 

3   Methodology 

The algorithm chosen for the beam forming purpose here is the Recursive Least Square 

algorithm for its faster convergence rate. 

 

3.1 RECURSIVE LEAST SQUARES ALGORITHM 

 

The Recursive Least Squares (RLS) algorithm offers an alternative to the LMS algorithm as a 

tool for the solution of adaptive filtering problems. The convergence of the LMS algorithm 

depends upon the eigen values of R. In an environment yielding R with a large eigen value 

spread, the algorithm converges with slow speed. This problem is solved in RLS algorithm by 

replacing the gradient step size   with a gain matrix. This algorithm uses the least squares 
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estimate of the tap weight vector of the filter at iteration ( 1)n , to compute the updated 

estimate of the vector at iteration n upon the arrival of new data. Hence this algorithm is 

referred as the Recursive Least Squares (RLS) algorithm. The fundamental difference between 

the RLS algorithm and the LMS algorithm may be stated as: The step size parameter  in the 

LMS algorithm is replaced by the inverse of the correlation matrix of the input vector ( )u n , 

which has the effect of whitening the tap inputs.  

The convergence behavior of the RLS algorithm is: 

 The rate of convergence of the RLS algorithm is typically of an order of magnitude 

faster than that of the LMS algorithm. 

 The rate of convergence of the RLS algorithm is invariant to the eigen value spread of 

the ensemble- average correlation matrix of the input vector u(n). 

 The excess mean-square error of the RLS algorithm converges to zero as the number of 

iterations, n approaches infinity. 

The recursive equation for updating the tap-weight vector is 
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The intermediate quantity )(n  is computed as  

                  )()1()( nunPn                                

 The inverse correlation matrix is computed as  

                  )1()()()1()( 11   nPnunknPnP H                       
  is a positive constant close to, but less than unity. 

An iterative matrix reconstruction scheme has been used to incorporate the technique for 

dealing with the situation of coherent jammers. The tracking solution is implemented using the 

recursive least-squares (RLS) algorithm [5] where the ‘‘autocorrelation’’ matrix need not be 
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computed online. This provides a significant reduction in computational cost. The RLS 

implementation allows older localization estimates to be forgotten, which in turn enables 

tracking of changes in the target motion parameters.          

 

             Figure 3.1 Block Diagram of RLS Algorithm 

 

Figure 3.2 Adaptive Beam forming process 
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4. Simulations and Discussion 

  The simulation results are obtained using MATLAB. Here 8 number of antenna 

elements are taken to form the antenna array. In practical case the antenna elements can be 

micro strip patch, dipole, etc. The shape of a beam, particularly its beam width, is controlled by 

the size of the array. Generally, a narrow beam results from a larger array. The signals are 

modeled as Gaussian Minimum Shift Keying signals. Simulations are shown for LMS and RLS 

algorithms. 

Figure 4.1 shows the simulation result obtained using LMS algorithm in which the interfering 

signals are I5 degrees apart from the user direction. Here the interference suppression achieved 

is more than 30 dB. Hence the first null position is 15 degrees from user direction. The beam 

width of the first null is thus 30 dB. The half power beam width is 13 degrees. 

Figure 4.2 shows that the side lobe suppression is increased even when there are only two 

interferers each at 15 degrees apart from the user direction. Hence the First null beam width is 

30 degrees. The half power beam width is 14 degrees. Figure 4.3 shows the amplitude response 

antenna pattern using RLS algorithm, The user is at 0 degrees and interferers are at -36,-24,-

12,12,24,36and 48 degrees. Figure 4.4 shows the polar plot for the desired user at 30 degrees 

and interferers at 15 and 45 degrees. The beam shown here is narrower that the interferers are 

nullified so as to reduce the power in the interferer direction. Figure 4.5 compares the error 

convergence plots. Mean square error is plotted against the iterations. It shows that the error 

gets converges to a minimum value very faster using RlS algorithm than the LMS algorithm. 

When more than one user needs the beam simultaneously parallel processing is made to serve 

each of them simultaneously. The signal received by the array will be a mixed signal containing 

many user signal and interfering signals. When maximizing the beam towards the direction of a 

particular user all other signals other than the own user signal are considered as interfering 

signals. Each time for maximizing the beam towards the direction of a particular user the array 

output is subtracted from desired signal of that particular user or by using a common reference 

signal in an iterative manner.   

Figure 4.6 shows the beam pattern using RLS algorithm for two users simultaneously getting 

the beam. Here one user is at 0 degrees and the other is at 30 degrees. From the figure it is clear 

that both are receiving narrower beams in their own direction. Figure 4.7 shows the amplitude 

response antenna pattern obtained using RLS algorithm for two different users in which the 

interfering signals are I5 degrees apart from the user direction. Here the interference 

suppression achieved is more than 30 dB. 
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Figure 4.1 Response using LMS Algorithm 

 

 

Figure 4.2 Response using RLS Algorithm 
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Figure 4.3 Response using RLS Algorithm 

 

Figure 4.4 Beam pattern using RLS Algorithm 
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Figure 4.5 Error plot using LMS and RLS Algorithm 

 

 

 

Figure 4.6 Beam pattern using RLS Algorithm 
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Figure 4.7 Response using RLS Algorithm 

5   Conclusion 

This paper demonstrates beam forming using an adaptive array of antennas which offers several 

benefits over conventional beam forming, with the help of Recursive Least Squares algorithm to 

model the narrowband system allowing it to linearly vary its beam forming characteristics for 

multiuser. Most importantly, it is able to track the signal for several users for a HPBW of 14 0  in the 

range of -30 0  to 30 0 . Simulation results showed that RLS provides remarkable improvement in 

interference suppression of 37db, convergence rate of 15 iterations, side lobe suppression of 13 db 

and minimum mean square error over that of LMS. In general for k  number of elements, there can 

be a maximum of 1k   interferers. This work is done for three users of two interferers each. 
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