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Abstract: This paper introduces robust adaptive beamforming algorithm using novel antenna array geometry. The 

proposed array geometry consists of doubly crossed uniform linear arrays (ULAs) which gives high accuracy 

beamforming and angular resolution as compared to conventional ULA.  Furthermore, use of this geometry to adaptive 

beamforming algorithms namely LMS, NLMS and proposed variable step size NLMS (VSSNLMS) improves the 

convergence rate and interference suppression in smart antenna system. This makes the system robust for interferences 

and can be used in wireless communication applications, where the fast convergence and interference suppressions are 

major issues. 
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I. INTRODUCTION 

   Smart antennas have received increasing interest for 

mitigating interference in many wireless applications [1]. 

Rapid growth in demand for smart antennas is fuelled by 

two major reasons. First, the technology for high speed 

analog-to-digital converters (ADC) [2] and high speed 

digital signal processing is burgeoning at an alarming rate.  

Even though the concept of smart antennas has been 

around since the late 50s, the technology required in order 

to make the necessary rapid and computationally intense 

calculations has only emerged recently [3],[4]. Smart 

antennas are the practical realization of the subject of 

adaptive array signal processing and have a wide range of 

interesting applications and a block diagram of such a 

system is shown in Fig. 1 [5]. Proposal of fast converging 

algorithms are indeed required to meet the demands of 3G 

and 4G networks for the high speed data transfer in mobile 

communications [6]. In adaptive beamforming, deep nulls 

are produced in the directions of undesired signals which 

symbolize co-channel interference from mobile users in 

the adjacent cells [7], [8].      
 

 In this paper, we propose VSSNLMS algorithm and  

analyse its performance with LMS and NLMS using 2D 

novel array geometry to improve the accuracy of 

beamforming and to mitigate the interferences.  

 

II. PROBLEM FORMULATION 
 

A. Signal Model of Conventional ULA 

    Let us consider system model with ULA consisting of 

„N‟ isotropic sensors.  Let „m‟ (m < N be the 

unconstrained signals impinging on a ULA at directions 

θ1, θ2 ... θm. Consider „d‟ as inter element spacing of ULA 

and its value chosen to be  2/  in order to reduce mutual 

coupling effects. The narrowband signal received by a 

linear antenna array with M - Omni-directional antenna 

elements at the time instant n can be expressed as 

 
                 

               )()()()( nnninsnx                            (1) 

Where )(ns , )(ni  and )(nn denote the N×1 vectors of 

the signal of interest (SOI), interference and noise 

respectively. For simplicity, all these components of the 

received signal (1) are assumed to be statistically 

independent to each other. This assumption is fairly 

practical since the SOI and the signals from interferers 

(other objects or users) are typically independent. The 

conventional (forward-only) estimate of the covariance 

matrix defined as R =   2)()( nxnxE H
I, where σ

2
 

is the noise power at a single antenna element, I denotes 

the identity matrix and (·)
 H and E [·] stand for the 

Hermitian transpose and mathematical expectation 

respectively. 
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Fig.1:  Adaptive beam former used in smart antenna array 

 

B. Signal Model of 2D Antenna Array 

    It consists of doubly crossed ULAs, i.e., superposition 

of horizontal and vertical ULA and has identical size and 

computational load as compared to ULA.  Fig. 2 shows the 

geometry of horizontal–vertical ULA [9].  

            Weight Estimator 
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Fig.2:  Geometry of horizontal–vertical ULA. 
 

Now, let us apply all components of the received signal (1) 

to the above geometry to analyse the performance. The 

user signal )(nx can then be modelled for k snapshots as: 

   txaanxnxnx mmvm

M

m

hvh 







 



 )()()()(
1  

Here  mha  and  mva  are the N x 1  array steering 

vectors of horizontal- and vertical array respectively. The 

expressions of these steering vectors are given by: 
 

       Tmmh dnja  sin/21exp              (2)                 

        Tmmv dnja  cos/21exp            (3) 

              

III. PROPOSED VSSNLMS   ALGORITHM 
 

   The main aim of the VSSNLMS is to overcome the 

problem of slow converengence rate of NLMS, which uses 

fixed step size. This can be achieved by using variable step 

size for NLMS. This improves the converengence rate and 

speeds up the algorithm. Furthermore, we studied 

VSSNLMS using 2D novel ULA geometry and the results 

are compared with LMS and NLMS algorithms.  The array 

weight is given by  

2
)(

)()()(
)()1(

nx

nxnen
nwnw








                      (4) 

The step size varied for the various iterations and is given 

by the equation 
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Algorithm: 2D Novel Variable step size  normalized least 

mean square(VSSNLMS) algorithm for interference 

suppression    
 

1.  Compute the steering vector for desired direction 0  

2.  Compute the array manifold vector corresponding to M   

     interference sources. 

3.  obtain signal samples  by sampling continuous time 

signal of baseband frequency. (For simulation sine wave  

samples is considered). 

4.  Compute the autocorrelation matrix xxR  

5.   Compute the step size by using equation  

)(3

2

xxRtr
  

6. Compute the following for all signal samples sNn 0  

      where, sN
 
 is the total number of signal samples. 
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 7.   The array factor is computed using : 





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 8.   Plot AF versus angles to get array beam pattern. 

 9.    END 

 

IV. SIMULATION RESULTS 
 

A two dimensional novel ULA geometry has been used to 

implement the proposed VSSNLMS algorithm. The 

simulation results are compared with LMS and NLMS 

algorithms using both conventional ULA and 2D novel 

ULA.   
 

We considered antenna array elements N=8, element 

spacing d = 2/ , angle of SOI, θ = 0, signal to noise 

ratio (SNR) = 20 dB, white Gaussian noise with zero mean 

and 
2  variance. Let interference signals are arriving at 

angles -60
o
,-40

o
,-20

o
,
    

20
o
, 40

 o
 and 60

o
.   

 

The fixes step size is used for simulation of LMS and 

NLMS algorithms, whereas the variable step size is used 

for proposed VSSNLMS algorithm.  
 

 
Fig.3:   Beam pattern using LMS algorithm. 
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Fig.4:   Beam pattern using NLMS algorithm. 

 

 
Fig.5:   Beam pattern using VSSNLMS algorithm 

 

 
Fig.6:   Beam pattern using  2D-Novel LMS algorithm. 

 

 
Fig.7:   Beam pattern using  2D-Novel NLMS algorithm. 

 
Fig.8:   Beam pattern using 2D-Novel VSSNLMS 

algorithm. 
 

 
Fig. 9:   Convergence analysis of LMS, NLMS and 

VSSNLMS using 2D Novel ULA. 
 

Fig. 3, 4 and 5 show the beampattern of LMS, NLMS and 

VSSNLMS algorithms respectively using conventional 

ULA. Furthermore, we applied same parameters and 

algorithms to the 2D novel ULA geometry to study the 

performance analysis.  
 

The simulation results of novel method are shown in Fig. 

6, 7 and 8 respectively. Convergence rate of LMS, NLMS 

and VSSNLMS algorithms using 2D novel ULA is shown 

in Fig.  9. 
 

     Normalized power for selected nulls using 

conventional ULA and 2D novel ULA is summarized in 

Table I and II respectively.   
 

TABLE 1:  NORMALIZED POWER IN DB OF SELECTED 

NULLS 
 

Interference 

Signals 
LMS NLMS 

 

 
VSSNLMS 

-60 -48 -72 -80 

-40 -47 -70 -80 

-20 -45 -61 -68 

20 40 -78 -78 

40 43 -70 -72 

60 45 -70 -75 
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TABLE 2:  NORMALIZED POWER IN DB OF SELECTED 

NULLS 
 

Interference 

Signals 
2D-Novel 

LMS 

2D-Novel 

NLMS 

 

 

2D-Novel 

VSSNLMS 

-60 -56 -88 -90 

-40 -55 -80 -87 

-20 -52 -65 -80 

20 50 -60 -62 

40 -53 -68 -68 

60 -55 -72 -74 

 

    From Table I and II, it is clear that proposed VSSNLMS 

algorithm has deep nulls for both conventional and 2D 

novel method, but still interference suppression is more in 

2D VSSNLMS as compared to other methods.  
 

 From Fig. 9, we note that convergence rate of 2D LMS, 

2D NLMS and 2D VSSNLMS is 95, 90 and 75 

respectively.  Hence converengence rate of 2D VSSNLMS 

is fast as compared to other methods.   

 

V. CONCLUSION 
 

The adaptive beamforming algorithms namely LMS and 

NLMS have trade-off issue between convergence rate and 

steady-state Mean Square Error (MSE). The proposed 

VSSNLMS algorithm uses veriable step size to solve this 

problem.  As a result of this, VSSNLMS algorithm gives 

fast convergence rate by reducing MSE. Furthermore, the 

proposed VSSNLMS algorithm along with LMS and 

NLMS algorithms using 2D novel ULA gives still better 

resolution, beamforming, converengence and interference 

suppression as compared to conventional ULA. This 

makes it suitable for low-cost, low-power applications in 

anti-interference multiple-input–multiple-output (MIMO) 

wireless local area network (WLAN), i.e., MIMO WAN 

and as well as other MIMO systems such as Worldwide 

Interoperability for Microwave Access (WiMAX), Long 

Term Evolution (LTE), other mobile communication 

systems and so on. 
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