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Abstract: The wireless cellular base station antenna system employs switched beam technology which suffers
from its inefficiency to track the user and limited capacity. The Smart antenna tracks the mobile user more
efficiently by directing the main beam towards the user and forming nulls in the directions of the interfering
signal. Smart antennas include the design of antenna array and adjusting the incoming signal by changing the
weights of the amplitude and phase using efficient DSP algorithms [1]. This paper mainly focuses on the
adaptive beam forming algorithms such as LMS, SMI, RLS, CGA, CMA and LSCMA applied for uniform linear
array antenna. The above adaptive algorithms are simulated using MATLAB. Results obtained are then
compared.
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I.  Introduction

Smart antennas are antenna arrays or group of antenna with smart processing algorithms used to
identify direction of arrival signal. Diversity effect involves the transmission and reception of multiple radio
frequency waves to reduce the error rate and increase data speed. Smart antenna improves capacity and signal
quality. Smart antenna also called adaptive array antennas.

The increasing demand for wireless communication services without a corresponding increase in Radio
frequency (RF) spectrum allocation and a better performance motivates the need for new techniques to improve
spectrum utilization and system performance. Consequently, future wireless applications are characterized by a
better performance and adaptive. Fixed beam forming is employing at the base station of wireless
communication system which has a drawback of system performance and lack of adaptive techniques. For
increasing these requirements uses spatial processing with adaptive antenna array. Smart antennas have two
main functions: direction of arrival estimation (DOA) and Beamforming.

Il.  Beam Forming

Beam forming is the method used to create the radiation pattern of the antenna arrays by adding
constructively the phase of the signals in the direction of desired targets and nulling the pattern of undesired
targets. In Beamforming, both the amplitude and phase of each antenna elements are controlled. Combined
amplitude and phase control can be used to adjust side lobe levels and steer nulls better than can be achieved by
phase control alone [2, 3, 4]. Beam forming in a smart antenna array makes use of a number of individual
antennas and associated signal processors to create a desired transmission radiation patter. The major benefits to
using a smart, active antenna system come from a reduction in overall system power, reduction in
communication interference, increase in system capacity and increase in power efficiency.

2.1 Switched Beamforming
Switched beam antenna systems from multiple fixed beams with heightened sensitivity in particular

directions. These antenna systems detect signal strength, choose from one of several predetermined, fixed beams
and switch from one beam to another as the mobile moves throughout the sector. Instead of shaping the
directional antenna pattern with the metallic properties and physical design of a single element, switched beam
systems combine the outputs of multiple antennas in such a way as to form finely directional beams with more
spatial selectivity than can be achieved with conventional, single-element approaches [5]. Figure 1 shows the
switch beamforming in this technique same strength beam form in all direction.
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Fig.1: Switched Beam Antenna

2.2 Adaptive Beamforming

Adaptive Beamforming is a technique in which an group or array of antennas is used to achieve
maximum reception in a specified direction while forming nulls in the directions of the interfering signal. The
weights are computed and adaptively updated in real time based on signal samples. The adaptive process
permits narrower beams in look direction and reduced output in other directions, which results in significant
improvement in Signal to Interference Noise Ratio [6]. Figure 2 shows the adaptive beamforming in this
technique maximum radiation in the direction of user and null in direction of interference signal form.
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Fig.2: Adaptive Array antennas

2.2.1  Least mean squares (LMS) algorithms

Least mean square algorithm is most commonly used adaptive algorithms. LMS is a gradient descent
and it is also known as stochastic gradient descent (SGD) algorithm. The name SGD comes from the fact the
gradient estimate typically used in steepest descent algorithm is replaced with an instantaneous and hence noisy
estimate of the gradient. Steepest algorithm iteratively finds the weight vector ‘w’ that minimize a cost of
function J(w).

w(k+1) = w(k) — pvwj(W)

Here [ is a positive step size
Vw is gradient operator with respect to the weight factor.
When the cost function is given by

J(w) = el wi(n) — s(n)1’}

w(k+ 1) = w(k) — px(n)e*(n)

LMS weight vector is given by

Error signal e(n) is given by

e(n) = y(n) — s(n)
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The LMS algorithm initiated with some arbitrary value for the weight vector is seen to converge and stay stable
for

o<pu<
& Amax

Here Amax is the largest eigenvalue. If [ is taken to be very small then the algorithm converges very slowly. A
large value of L may lead to a faster convergence but less stable around the minimum value.

LMS have low computational complexity and its main disadvantage is slow convergence rate. LMS algorithm is
one of the most popular algorithms in adaptive signal processing, due to its simplicity and robustness [6, 7].

2.2.2  Sample Matrix Inversion Algorithm

SMI algorithm is given by Reed Mallett and Brennen in 1974. SMI is a time average estimate of the
array correlation matrix using k-time samples. If the random process is ergodic in the correlation, the time
average estimate will equal the actual correlation matrix. SMI also overcome problems of LMS scheme [7, 8].
We can estimate the correlation matrix by calculating the time average such that

k

1
Ry = ) x(0x" ()
k=1
X is arrival signal, given by
x = [x;(n),x,(n), ... X, (M]T

Output signal

y = whx
Here k is observation interval and correlation vector r

k
1
v = Z d* (0x(k)
k=1

The k -length block of data is called a block adaptive approach.
The SMI weights given by
Wy = R (R)r(k)

2.2.3  Recursive Least Square Algorithm
SMI overcome the problems of LMS algorithm but SMI have the computational burden and potential
singularities that cause problems. For removing the problems of SMI a new algorithm was given known as RLS

algorithm. In RLS the correlation matrix and the correlation vector omitting K as
k

Ro() = ) x@x" (i)

i=1
k

r(k) = Z d* ()x(i)
i=1

Here k, is the block length and last time sample k and Ry(k), r(k) is the correlation estimates ending at time
sample k [7, 9].
k
Ri(9 = D = x(Dx ()

i=1

k
o = ) a7 de(D)x(i)
2

=
here o is the forgetting factor or exponential weighting factor. a is a positive constant such that 0<= a<=1 .When
also o=1 indicates infinite memory.

2.2.4  Conjugate Gradient Method

CGA method improves the convergence rate. CGA is an effective method for symmetric positive
definite systems. The aim of Conjugate Gradient method is to iteratively search for the optimum solution by
choosing perpendicular path for new iteration. This method provides faster convergence [9].

The covariance matrix of the input vector X for a finite sample size is defined as the maximum
likelihood estimation of matrix R and can be calculate as
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RN)=1/N*Y X X"
1
RN) = Wz XXH

Here
X(t)=received signal
wh=output of the beam form antenna.
(.)"=Hermetian operator.
The optimum weight vector that is given by
W= R1lv

Here

V= [ejEdsin @@2ifdsing oj(k—1)Zdsin (p]
where k= no. of antennas.
The difference in length between the paths is dsin®, the signal that arrives at antenna k, leads in phase with
Ekdsin®, where £=2m/A and A is the wavelength.
W=weight vector
V=Array propagation vector.

2.25  Constant Modulus Algorithm
CMA is a blind algorithm. The idea behind it to reduce systems overhead and maintain gain on the
signal while minimizing the total output energy. As per name of algorithm it gives constant amplitude. This
method enhances the performance of system. Consider a signal of magnitude o within the received data vector X
[9,10]. The CMA is perhaps the most well-known blind algorithm and it is used in many practical applications
because it does not require carrier synchronization. Dominique Godard used a cost function called a dispersion
function of order p which is given by,
J(1) = E[(ly([P —R,)*
Where y = w"X(Kk) is the array output at the time k and p is the positive integer and q is a positive integer =1.
The gradient of this cost function is zero whenR,, is defined by
_E[ISG0)[2P]
PTE[S(IP]
Where s(k) is the zero-memory estimate of y(k). the resulting error signal is given by

e(l) = y®Ily([P7 (R, ly(R)[P)

w(k+1) = w(k)- pux(k)e*(k)
By selecting values of 1 or 2 for p different version of CMA may be obtained.
J() = E[(ly()] — Ry)?
The case of p =1, the cost function will be reduced to

LMS weight vector is given by

where
_E[ISWI]
e IS0
If we scale the output estimate s(k) to unity we can write the error signal of equation e(k) as
y(k)
e(k) = y(k) —7—=
k) = (y(k) Iy(k)l)

Thus the weight vector becomes
w(k+1) =w(k)- B(1 = 550) v *(X(K)
Similarly when p = 2 the cost function will reduce to
J() = E[(Iy()] — Ry)?
The case of p =1, the cost function will be reduced to
Where
_ElISGOI]
2TE[s(0I2]
If we scale the output estimate s(k) to unity we can write the error signal of equation e(k) as
e() =y @A - ly®)I*)

w(k+1) = w(k)- p(1 — ly(k)[>)y =(K)x(k)

One of the attractive features of the CMA is that carrier synchronization is not required; furthermore it
can be applied successfully to non-constant modulus signal if the Kurtosis of the beam former output is less than
two. This means that CMA can be applied to for example PSK signals that have non-rectangular pulse shape.
This is important because it implies that the CMA is also robust to symbol timing error when applied to pulse-
shaped PSK signals. Pulse shaping typically is used to limit the occupied bandwidth of the transmitted signal.

Thus the weight vector becomes
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2.2.6 Least Square-Constant Modulus Algorithm
LSCMA is improved version of CMA it provide fast convergence. It is a block update iterative
algorithm that is guaranteed to be stable and easily implemented [10].
Output is given as
Yo (k) = WHX(K)
Weight vector W,
The initial weight vector W, can be taken as
W, =[100.....0]"
If no a priori information is available, the nth signal estimate is then hard limited to yield
i g = I ®
" lyn (O

New weight vector is formed according to
Wiy = Ry I'xg
Where,
Rex = XX (K))y
ry = X(K)dn*(K)y
Equations denote a time average over 0 <k < N-1. Weight vector W,.1) minimizes the mean square error.

I11.  Simulation Results And Discussion
The simulation of different Beamforming algorithm has been done with MATLAB™. The incident
signal is obtained from linear array antenna containing of 16 elements. In terms of wavelength the element are
separated from each other by distance of about 0.5. We have considered the value of signal to noise ratio is
20dB and we have taken100 snapshots from 16 elements antenna array.
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Fig.3: Array factor plot for LMS algorithm when the desired user with AOA 45, the spacing between the
elements is 0.54 , SNR is 20dB and no. of elements is16.
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Fig.4: Array factor plot for SMI algorithm when the desired user with AOA 45, the spacing between the
elements is 0.54 , SNR is 20dB and no. of elements is16.
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Fig.5: Array factor plot for RLS algorithm when the desired user with AOA 45, the spacing between the
elements is 0.54 , SNR is 20dB and no. of elements is16.
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Fig.6: Array factor plot for CG algorithm when the desired user with AOA 45, the spacing between the
elements is 0.54 , SNR is 20dB and no. of elements is16.
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Fig.7: Array factor plot for CMA algorithm when the desired user with AOA 45, the spacing between the
elements is 0.54 , SNR is 20dB and no. of elements is16.
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Fig.8: Array factor plot for LS-CM algorithm when the desired user with AOA 45, the spacing between
the elements is 0.54 , SNR is 20dB and no. of elements is16.

For reliable comparison between the LMS, SMI, RLS, CG, CM, LS-CM algorithms 100 trials were run
for each case and their result were averaged before comparison. The LMS, RLS, SMI, CM and LSCM
algorithms are simulated using MATLAB.

LMS algorithm has good response towards desired direction and has better capability to place null
towards interferer. Recursive Least Square (RLS) converges with slow speeds when the environment yields a
correlation matrix R possessing a large Eigen spread. RLS has fastest convergence at the cost of high
computational burden when compared to LMS. RLS is the best choice and has also its application where quick
tracking of the signal is required. The RLS algorithm does not require any matrix inversion computations as the
inverse correlation matrix is computed directly. It requires reference signal and correlation matrix information.
It is almost ten times faster compared to LMS. The SMI algorithm has a faster convergence rate since it employs
direct inversion of the covariance matrix R. It provides good performance in a discontinuous traffic. However, it
requires that the number of interferers and their positions remain constant during the duration of the block
acquisition. Since SMI employs direct matrix inversion the convergence of this algorithm is much faster
compared to the LMS algorithm. CGM algorithm by replacing the gradient step size with a gain matrix, noticed
that increasing the number of elements of the antenna array ensures better performance. The CMA algorithm is
important because it does not require carrier synchronization. One severe disadvantage of the Godard CMA
algorithm is the slow convergence time. The slow convergence time limits the usefulness of the algorithm in
dynamic environment where the signal must be captured quickly. A fast converging CMA is the Least Square
CMA (LS-CMA) which is a block update iterative algorithm that is guaranteed to be stable and easily
implemented. Static LSCMA can converge 100 times faster than the conventional CMA. However, the
computational load makes the LSCMA impractical for a real-time application.

The simulation result shows performance of LSCM algorithm improves with increase of elements in
the array and we get the better performance. We have found improvement in result after changing other
parameters like SNR, Element Number. From results LSCM is found to be more accurate, stable and give faster
convergence than the other methods.

IV.  Conclusion
In this paper, we have presented the theory of smart antenna and studied different beamforming
technology like switched beamforming and adaptive beamforming. We studied algorithms of adaptive
beamforming technology. LSCMA method is found to be better than other method. It provides better efficiency
on higher no of sources; it gives more accuracy, stability and better coverage.

DOI: 10.9790/2834-10217085 www.iosrjournals.org 84 | Page



Performance Analysis of Smart Antenna Beam forming Techniques

1.
[21.

[3].
[41.

[5].
[6].

[71.

(8.

9.
[10].

References
J.M.Samhan, “Design and Implementation of Smart Antenna System”, IEEE Antennas and Wireless Propagation, Nov 2006.
Carl B.Dietrich,Jr., Warren L.Stutzman, Byung-Ki Kim, and Dietze, “Smart Antennas in Wireless Communications: Base-Stat ion
Diversity and Handset Beamforming” IEEE Antennas and Propagation Magazine, Vol. 42, No. 5, October 2000.
Lal C. Godara, “Applications of Antenna Arrays to Mobile Communications, Part I: Performance Improvement, Feasibility, and
System Considerations”, Proceedings of the IEEE, VOL. 85, NO. 7, JULY 1997.
Paul Petrus, “Novel Adaptive Array Algorithms and Their Impact on Cellular System Capacity”, PHD dissertation Blacksburg,
Virginia 18, March 1997.
Raviraj “Switched and Sectored Beamforming”,Adve 2005.
Kishore M, H M Guruprasad and Ramesh K “New Algorithms for Beam Formation and its Comparison”, International Journal of
Computer Applications (0975 — 8887) Volume 51— No.3, August 2012.
Bhavishya Ramineni, G.Chaitanya Sagar, K.Abhishek Jain, M.Siva Ganga Prasad, T.V.Ramakrishna, K.Sarat Kumar”
Comparison and performance evaluation of different adaptive beam forming algorithms in wireless communications with smart
antenna”, ([JERA) ISSN: 2248-9622 Vol. 2, Issue 3, May-Jun 2012, pp. 630-633.
K.R. Shankar Kumar and T.Gunasekaran” Performance Analysis of Adaptive Beamforming Algorithms for Microstrip Smart
Antennas”, TECHNIA International Journal of Computing Science and Communication Technologies, VOL. 2, NO. 1, July 2009.
(ISSN 0974-3375).
Naresh birudala, M. Siva subramanyam” Performance Analysis of Conjugate Gradient and Recursive Least Square Adaptive Filters
on Smart Antenna Systems”, International Journal of Engineering Trends and Technology (IJETT) - Volume4lIssue4- April 2013.
Nwalozie G.C, Okorogu V.N, Umeh K.C, and Oraetue C.D” Performance Analysis of Constant Modulus Algorithm (CMA) Blind
Adaptive Algorithm for Smart Antennas in a W-CDMA Network™, International Journal of Engineering Science and Innovative
Technology (IJESIT) Volume 1, Issue 2, November 2012.

DOI: 10.9790/2834-10217085 www.iosrjournals.org 85 | Page



