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ABSTRACT 

This work investigates the improvement in Bit Error Rate 

(BER) with different antenna configuration using 

beamforming technique. In this paper Linearly Constrained 

Minimum Variance (LCMV) beamforming is used and based 

on this BER graph is plotted. The idea is to show 

improvement in BER performance with increasing number of 

antenna and also to show that the data rate can be increased if 

BER is brought to a lower value. In this paper antenna 

configuration with linear array of 5,7 and 9 elements are 

shown. 

Keywords 

BER,LCMV, Shanon‟s Capacity, Beamforming. 

1. INTRODUCTION 
Beamforming is a general signal processing technique used to 

control the directionality of the reception or transmission of a 

signal on a antenna array. It is used to denote an array 

processing technique for estimating one or more desired 

signals[1]. The output provided by each antenna element is 

weighted according to a certain criterion in order to 

distinguish the spatial properties of a signal of interest from 

noise and interference. The name beamforming comes from 

the early forms of antenna arrays that were used to generate 

pencil beams, so as to receive signals from a specific direction 

and attenuate signals incoming from other directions. From 

this primary meaning related to propagation environments 

characterized by a low angular spread, beamforming has been 

extended to rich scattering scenarios and, at present, this term 

is used to denote the antenna processing techniques operating 

both in low and high-rank channels. In a low-rank 

environment, depending on the level of sophistication of the 

adopted processing algorithm, beamforming techniques can 

be subdivided in two main groups: fixed beamforming and 

adaptive beamforming[2]. In the first case the interference is 

mitigated but not suppressed and the system can be usually 

realized at a reasonable cost. Adaptive antennas, instead, 

require the adoption of complex signal processing algorithms 

in order to steer the main lobe towards the desired direction 

and to suppress the undesired sources. This second approach 

leads to optimal performance, but is more expensive and 

needs considerable implementation efforts. 

 

 

                Fig.1 Digital Beamforming at receiving end[1] 

A narrowband beamformer is a processor operating on the 

input signals at the N antennas as a single linear combiner 

with coefficients equal to the antenna weights 

 w=[w1,…..wN] ϵ C Nx1 . Therefore, the array output can be 

expressed as:  

                                 𝑦 𝑡 =  𝑁
𝐾=1 w*k xk(t)=wH x(t)….(i) 

where x(t)=[x1(t),……xN(t)]T is the received signal vector at 

the N antennas.  

In this paper the author has shown digital beamforming at the 

transmitting end. All the weight assignment techniques are 

same as beamforming at receiving end. The figure below will 

clear the image of transmit beamforming. 

Fig. 2.Digital Beamforming at transmitter end 
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In the above diagram the overall transmission beam can be 

adjusted in different directions by applying different phase 

shifts to the signals to be transmitted on the different 

antennas.The adjustments are generally based on estimates of 

the direction to the target receiver.  

There are several beamforming techniques like linerar 

Constraint Minimum Variance (LCMV) technique, Least 

Mean Square (LMS) technique, Q-R Decomposition (QRD) 

technique, Recursive Least Square (RLS) technique. In this 

paper the author has discussed about LCMV technique of 

beamforming using uniform linear array (ULA) antenna.   

2. LCMV BEAMFORMING 
The concept of “beamforming” refers to multichannel signal 

processing techniques that enhance the acoustic signals 

coming from a particular a priori known position, while 

reducing the signals coming from other directions. A number 

of beamforming techniques also exist. In this paper, the author 

has discussed about  linearly constrained minimum variance 

(LCMV) beamformers, which are widely used in acoustic 

array processing. The class of the LCMV beamformers is 

general enough to form a common framework to design 

beamforming algorithms for various physical setups. 

In LCMV beamforming Signals from the direction of interest 

are passed without distortion and it preserves the desired 

signal while minimizing the contributions from interfering 

signals and noise[5]. Antenna of linear array type is 

considered in this type of beamforming. 

The form of radiation beam in LCMV depends on the 

knowledge of the received desired signal. Moreover, LCMV 

technique can estimate the source of interference and control 

radiation lobe in order to accumulate high power to the 

desired direction.. Although this system does not have to 

know the radiated power of the desired signal or direction of 

interfence and white noise, it is capable of suppressing the 

disturbances as much as possible. The total signal is given by 

 XTOTAL =XS(t)+XI(t)+XN(t)………………………(ii) 

Where XS is the desired signal, XI is the interference signal, 

XN is the noise signal added from Gaussian noise, and XI+XN 

is the undesired signal. 

The array output can be written as follow 

Y=WHX………………………………(iii) 

The output power is given by 

P={E  I Y I2}= E{ WH X XH W}=WH E{ X XH W }= WH R 

……………………………………………………………..(iv)

where R is the covariance matrix for the received signal X. 

The LCMV algorithm depends on the steering vector, based 

on the incident angle that is obtained from the incident wave 

on each element. The optimum weights are selected to 

minimize the array output power while maintaining unity gain 

in the look direction.[6]   

2.1 Unifrom Linear Array 
All the individual radiators of an array are usually similar, 

with the most common array element being the half-wave 

dipole. The radiation pattern of an array in free-space depends 

on four factors: 

a) The relative positions of the individual radiators with 

respect to each other 

b) The relative phases of the currents of fields in them 

c) The relative magnitudes of the individual radiator 

currents or fields 

d) The patterns of the individual radiators. 

The basic theory of arrays is developed in terms of the first 

three factors. The fourth factor assumes that the individual 

radiators are fictional isotropic point sources. An isotropic 

point source is one that radiates with uniform intensity in all 

directions and has no physical size and also no „electrical‟ 

size, hence, it does not block or otherwise affect the radiation 

of the other elements of the array. An array radiation pattern 

can be calculated on the basis of these assumptions and then a 

correction to it can be made to take into account that in reality 

the individual radiators do affect each other and do not radiate 

isotropically. 

When more than two elements are used in an array, the 

principle of calculating the pattern (from which in turn the 

beamwidth and directive gain can be computed) is the same as 

for a two-element array.  Except that the fields of all the 

elements must be superposed at the field point. The simplest 

type of multi-element array is one in which all the radiators 

are in a line, with equal spacing between adjacent pairs. This 

is shown in Figure 3 below. The method of analysis is 

suggested by showing a field-point P joined by ray lines to 

each element. Such an array is called a linear array. When all 

the elements are radiating with equal intensity and the phase 

difference between adjacent elements is constant, the array is 

called uniform. The applet provided demonstrates a uniform 

linear array of up to nine elements. 

 

Figure 3 – Linear array of four radiating elements 

In this paper the author have used uniform linear array of 

antenna length 5,7 and 9. 

The simulation pattern of those antennas with the above stated 

number of array is shown below. 

 

Fig. 4 Radiation pattern of a single antenna 

file:///C:\Users\Editor\Downloads\Antenna.html
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As a component of linear array, cosine antenna elements are 

used and the radiation pattern is shown in above plot. 

 

Fig.5   5 element antenna radiation pattern 

 

Fig.6   7 element antenna radiation pattern 
 

 

Fig.7    9 element antenna radiation pattern 

In above figures , fig.5 is the radiation pattern for 5 element 

antenna array. The beamwidth as shown in the figure is 0.36 

degress. fig.6 is showing the radiation pattern for 7 element 

antenna array and the beamwidth is 0.26 degress and that for 9 

element antenna array(fig.7), it is 0.2 degrees. It shows that 

array directivity increases with increasing number of antenna. 

3. SIMULATION RESULTS 
Based on the above array configuration LCMV beam forming 

is applied on communication system in rician environment. 

The BER plots are shown as under. 

 

Fig. 8. BER plot using LCMV beamforming of 5 antenna 

element. 

 

Fig. 9. BER plot using LCMV beamforming of 7 antenna 

element. 

 

Fig. 10. BER plot using LCMV beamforming of 9 antenna 

element 



International Journal of Computer Applications (0975 – 8887)  

Volume 112 – No. 6, February 2015 

23 

Above plots shows the Bit error rate for different antenna 

configuration. Between 5 and 7 elements the difference is not 

much but the difference is clearly observed in case of 9 

element array. Still the work is going on for another 

algorithms of beamforming with suitable equalizing 

technique. 

4. REFERENCES 
[1] H. Ochiai, P. Mitran, H. Poor, and V. Tarokh, 

“Collaborative beamforming for distributed wireless ad 

hoc sensor networks,” IEEE Transactions on Signal 

Processing, vol. 53, no. 11, pp. 4110 – 4124, 2005.. 

[2] M. F. A. Ahmed and S. A. Vorobyov, “Collaborative 

beamforming for wireless sensor networks with Gaussian 

distributed sensor nodes,” IEEE Trans. Wireless. Comm., 

vol. 8, pp. 638–643, February 2009 

[3] G. Mateos, I. D. Schizas, and G. B. Giannakis, 

“Performance analysis of the consensus-based distributed 

LMS algorithm,” EURASIP Journal on Advances in 

Signal Processing, vol. 2009, Article ID 981030, 19 

pages, 2009. doi:10.1155/2009/981030.SIGCHI 

Conference on Human Factors in Computing Systems  

[4] A. Speranzon, C. Fischione, K. Johansson, and A. 

SangiovanniVincentelli, “A distributed minimum 

variance estimator for sensor networks,” IEEE Journal on 

Selected Areas in Communications, vol. 26, no. 4, pp. 

609 –621, May 2008. 

[5] A. Bertrand and M. Moonen , “Distributed node-specific 

LCMV beamforming in wireless sensor networks,” IEEE 

Transactions on Signal Processing, vol. 60, pp. 233– 246, 

January 2012.. 

[6] Himawan, I. McCowan, and S. Sridharan, “Clustered 

blind beamforming from ad-hoc microphone arrays,” 

IEEE Trans. Audio, Speech, and Language Processing, 

vol. 19, no. 4, pp. 661 –676, may 2011Brown, L. D., 

Hua, H., and Gao, C. 2003. A widget framework for 

augmented interaction in SCAPE.  

  

 

IJCATM : www.ijcaonline.org 


