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As technology developed this decade proves communication is 

the most important factor for the data interchange. Smart 

antennas have been considered to be one of the most demanding 

communication technologies. It adapted as most demanding 

technology because of high-bit rate or high quality in broadband 

commercial wireless communication. 

Direction-of-arrival (DOA) estimation is based on the MUSIC 

algorithm for identifying the directions of the source signals 

incident on the sensor array comprising the smart antenna 

system. Adaptive beam forming is achieved using the LMS 

algorithm for directing the main beam towards the desired source 

signals and generating deep nulls in the directions of interfering 

signals. The smart antenna system designed involves a hardware 

part which provides real data measurements of the incident 

signals received by the sensor array. Results obtained verify the 

improved performance of the smart antenna system when the 

practical measurements of the signal environment surrounding 

the sensor array are used. This takes the form of sharper peaks in 

the MUSIC angular spectrum and deep nulls in the LMS array 

beam pattern. 

Keywords: Smart antenna, Angle of arrival, LMS, NLMS and 

MUSIC. 

I. INTRODUCTION 

Smart antennas are also known as adaptive array antennas 

[1], multiple antennas and recently MIMO are antenna 

arrays with smart signal processing algorithms used to 

identify spatial signal signature such as the direction of 

arrival (DOA) of the signal. It is mainly used to 

calculate beam forming vectors, to track and locate the 

antenna beam on the mobile/target. The antenna could 

optionally be any sensor. Smart antenna techniques are used 

in acoustic signal processing, track and scan RADAR, radio 

astronomy and radio telescopes and mostly in cellular 

systems like W-CDMA and UMTS. Smart antenna [2] is 

defined as an antenna array system that is aided by a 

processing system that processes the signals received by the 

array or transmitted by the array using suitable array 

algorithms to improve wireless system performance. Its 

array consists of a set of distributed antenna elements 

(dipoles, monopoles or directional antenna elements) 

arranged in certain geometry of desired signal strength and 

reduces the interference from other signals. Hence they can 

be viewed as a combination of regular or conventional 

antenna elements whose transmit or received signals are 

processed using smart algorithms. Generic implementation 

of Smart Antenna system shows a generic implementation 

smart antenna system. 
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The antenna arrays have input or output as RF signals in 

the analog domain. These signals are passed to/from the RF 

analog front end which usually consists of low noise 

amplifiers, mixers and analog filters. In the receive mode, 

the RF signals are converted to digital domain by analog to 

digital converters and in transmit mode, the base band 

digital signals are converted to RF using digital to analog 

converters . The down-conversion from RF to base band or 

up-conversion from base band to RF can involve the use of 

IF signals. The base band signals received from each 

antenna is then combined using the smart algorithms in a 

digital processing section. Each antenna element hence has a 

RF chain going from the antenna element to RF front end to 

digital conversion for receiver and vice-versa for 

transmitter. 

II. MATHEMATICAL BACKGROUND OF LMS 

ALGORITHM 

An Adaptive Beam forming using least mean square 

algorithm consists of multiple antennas, complex weights, 

the function of which is to amplify (or attenuate) and delay 

the signals from each antenna element and a summer to add 

all of the processed signals, in order to tune out the signals 

of interest. Hence it is sometimes referred to as spatial 

filtering. The output response of the uniform linear array is 

given by 

𝑌(𝑛) =  𝑤𝐻𝑋(𝑛)                                                                (1) 

Where w is the complex weight vector and X is the 

received signal vector given. The complex weight vector w 

is obtained using an adaptive Beam forming algorithm. The 

least mean square algorithm is a gradient based approach in 

which an error, ε (n) is formed as 

∈ (𝑛) =  𝑑(𝑛) −  𝑤𝐻 𝑋(𝑛)                                             (2) 
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Where d (n) denotes the sequence of reference or training 

symbols known a priori at the receiver at time n. This error 

signal ε is used by the beamformer to adaptively adjust the 

complex weight vector w so that the mean squared error 

(MSE) is minimized. The choice of weights that minimize 

the MSE is such that the radiation pattern has a beam in the 

reference signal and that there are nulls in the radiation 

pattern in the direction of the interferers. 

The LMS algorithm is based on the steepest descent 

method which recursively computes an updates the sensor 

array weights vector w. It is reasonable that successive 

corrections to the weights vector in the direction of the 

negative of the gradient vector should eventually lead to 

minimum MSE, which point the weights vector assume its 

optimum value. In a standard LMS algorithm, the array 

weights vector w is initialized arbitrarily, and is then 

updated using the LMS equation given below [6]. 

𝑤(𝑛 + 1) =  𝑤(𝑛) +  𝜇𝑋(𝑛)𝜖(𝑛)
∗                                    (3) 

Where w (n + 1) denotes the weights vector to be 

computed at iteration n + 1 and µ is the LMS step size 

which is related to the rate of convergence. In order to 

ensure the stability and convergence of the algorithm, the 

adaptive step size should be chosen within the range 

specified as 

0 ≤  𝜇 ≤  1

2𝜆𝑚𝑎𝑥
                                                              (4) 

where λmax is the maximum Eigen value of the input 

correlation matrix. 

III. MATHEMATICAL BACKGROUND OF NLMS 

ALGORITHM 

This algorithm uses data-dependent step size at each 

iteration and avoids the requirement for calculating the 

Eigen value of autocorrelation matrix or its trace for 

selection of the maximum permissible step size. In case of 

this algorithm, only weight update function changes and all 

other equations remains the same as described for LMS [2] 

[3] [4]. The weight update equation for the NLMS algorithm 

is defined as: 

𝑤(𝑛+1) =  𝑤(𝑛) +  µ𝑒(𝑛)

𝑥(𝑛)
∗

∈+𝑥(𝑛)
𝐻 𝑥(𝑛)

                                  (5) 

Where H denotes the Hermitian transpose, used for 

complex conjugate of the input signal x(n).   µ is the step 

size used for convergence to obtain optimum solution for 

smart/adaptive antenna consisting of number of elements N 

spaced equally d that ultimately  leads to get minimum 

MSE. A small positive constant epsilon used for controlling 

instability in updating of weights. 

IV. MATHEMATICAL BACKGROUND OF MUSIC 

Music stands for Muiltiple Signal Classification, one of 

the high resolution subspace DOA algorithms, which gives 

the estimation of number of signals arrived, hence their 

direction of arrival. MUSIC [5] [6]deals with the 

decomposition of covariance matrix into two orthogonal 

matrices, i.e., signal-subspace and noise-subspace. 

Estimation of DOA is performed from one of these 

subspaces, assuming that noise in each channel is highly 

uncorrelated. This makes the covariance matrix diagonal. 

The covariance matrix is given by: 

𝑆𝑥 = 𝐹(Ѳ)𝑆𝑆  𝐹(Ѳ)𝐻 + 𝜎𝑤
2                                            (6) 

Where  𝐹(Ѳ) = [𝐹(Ѳ1): 𝐹(Ѳ2): … . ∶ 𝐹(Ѳ𝐷)] 
is a M x D array steering matrix. 𝜎 is noise variance and Ss  

is an identity matrix of size M x M.  

Writing the spatial covariance matrix in terms of Eigen 

values and eigenvectors gives: 

𝑆𝑋 = ∑ Pi ∅i𝑀
𝑖=0 ∅i

H                                                      (7) 

The noise subspace Eigen values and eigenvectors are.. 

                   𝑃𝑖  and  ∅𝑖     ; I = D+1, D+2, ….  ,M. 

 

The noise subspaces can be written in the form of M x 

(M-D): 

𝑈𝑁 = [ ∅𝐷+1, ∅𝐷+2, … . . , ∅𝑀,] 
Above Equation indicates that we can find out the desired 

value DOA of teta1, teta2,......, D by finding a set of vectors 

that span and projecting array manifold matrix onto for all 

values of and evaluating the D values of , where the 

projection is zero . 

The MUSIC Pseudo spectrum is given as, 

𝑃𝑀𝑈 (Ѳ) =  1/𝑎𝑏𝑠[𝐹(Ѳ)𝐻   𝑈𝑁 𝑈𝑁
𝐻 𝐹(Ѳ)]                        (8) 

V. SIMULATION RESULTS: 

 

Figure: 1 

 

Figure: 2 
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Figure: 3 

VI. CONCLUSION 

This paper presents the performance analysis of the 

popular algorithm using Matlab. LMS algorithm has good 

response towards desired direction and has better capability 

to place null towards interferer than NLMS. But the 

convergence speeds of NLMS algorithm is good than LMS 

as the speed of convergence for NLMS does not depend on 

Eigen value of input correlation matrix that play significant 

role in optimum solution in case of LMS. Sharper peaks in 

the MUSIC angular spectrum indicate locations of desired 

users. This paper provides references to studies where array 

beam-forming and DOA schemes are considered for mobile 

communications systems. Peaks of LMS are formed in the 

same desired direction and deep null in the direction of the 

undesired interference. This takes the form of sharper peaks 

in the MUSIC angular spectrum indicating locations of 

desired users, and deep nulls in the LMS array beam pattern 

indicating the location of the undesired interference signals.   
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