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Abstract:- Antenna Arrays make use of techniques like Maximal Ratio Combining or Diversity is combining to
achieve high Signal to Noise Ratio (SNR). The two kinds of the major algorithms used are Direction of Arrival
(DOA) and Beam forming. This paper studies and performs the performance analysis of existing beam forming
algorithms, namely Least Mean Square (LMS), Recursive Least Mean Square (RLS), Griffiths and Variable Step
Size Griffiths (VSSG). The algorithms are simulated for various cases Low RF Sources and Single Interference,
Large RF Source and Single Interference, Low RF Sources and Multiple Interference angles and finally in the

case of Large RF sources and multiple interference angles.
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I. Introduction

In today’s world, the number of mobile users is
increasing in an exponential format. With the limited
electromagnetic spectrum, many users have to be served
with the same QOS. Multiple antennas used as the base
station increase the capacity in an efficient way by serving
multiple users at the same time with the same frequency
but different angle of orientation. The entire process is
divided into transmission and reception dividends. The
Reception is responsible for detecting the angles from
which the sources are sending the electromagnetic waves,
and the transmission part is in charge of sending the
Radiation in the right direction and nullifies the jammer or
interference directions.

Il. Background
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The robust minimum variance [1] algorithm is a
distortionless response (MVDR) beam former. The
algorithm makes use of Kalman filter which reduces the
computational cost.

In the paper[2] smart antenna concepts are
described which increases the capacity by directing the
beam in different directions on the same frequency using
Least Mean Square (LMS), Recursive Least Mean Square
Algorithm(RLS), Normalized Least Mean Square
(NLMS) and Sample Matrix Inverse (SMI).

In the paper [3] the authors prove that the smart
antenna algorithms increase the capacity and at the same
time reduce the co-channel interference using LMS, RLS
and SMI.
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Ill. Algorithms

Table: 1

MNotation Meanmg

L Number of Antenna Elsments

x(7) Recerved signal at the base stzhon

P Distance betwsen antenna elements

alf,) Steering Vector for an angle &,

A Manifold wector for mulnple steering
vectors

5 Generated Signal Matrix 2t the Mobile
Station of specific frequency

I Step Size

M Number of Interference users

v(#) Total recetved signal at the base station

e(n) Error signal

91 - 8'-1’ M mterference angles

d(n) Beceived signal vector

1. Least Mean Square (LMS) Algorithm

LMS [2] is the most accurate algorithm and
then calculates the weight based on the computation of
weight vector which reduces the mean square error.
The weight vector is given by the following equation.

w(n +1) = w(n) + 2" (N)x(n)
Where, s is the step size which can be in the range

givenby o < - =
= B (R,

W(n) = weight for previous iteration.

B = Stepsize

e(n) = error signal which is the difference between
received signal and actually generated signal

x(n) = received signal at the base station.

The algorithm steps can be described as below

a. Compute the Lx1 steering vector for the
desired direction &, .
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ei27zd(L71)sin¢9

b. Compute the LxM array manifold vector
corresponding to M interference source

directions G,, 6, ,......... O _
1 1 1
ei27zd sing; eiZ;ad siné, eian sinfy 4

e

i27d (L-1)sing, ei2;zd (L-1)sing, eiZﬂd(L—l) sinBy 4

Cc. Obtain signal samples ‘S’ by sampling
continuous time signal of baseband frequency.
(For simulation sine wave samples is
considered).

d. Compute the autocorrelation matrix which is
the multiplication of the received signal with
its hermitian transpose

e. Compute the step size by computing the trace
of a matrix

f. Compute the following for all signal

samplesO<n<N,.

Where, N
sample.

is the total number of signal

2. RLS Algorithm

RLS [2] algorithm is similar to that of steepest-
descent is the weight vector is chosen to minimize the
ensemble average of the error squares. To achieve
reduced MSE the gain matrix is computed and used in
the weight vector. The weight vector is computed using
the following equations.

W(n) =W(n-1)+R*(n-1)x(n)[d(n) —c" (MW (n-1)]

R(n) == R*(n-1) 1 R’1(”1—1)C(n)0“ (MR*(n-1)
1+ =c" (n)R™*(n-1)c(n)
[04

a a

R(n) = 1 R(n—1) +c(n)c" (n)

(24
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With initialization W (0)=0 and
R(0) = c(n) ¢* (m)+v, (v," (n)

Where o =0.99 is an exponential weight based
forgetting factor?

Computs the dezired and interfarenca
stesring vector

¥

I Compauta the cormuptad compomant =) I
¥

Initialize B0 =0 o4 RD) =) cF (R + v s,
1Ir

v

Computs the Asray weights and inversa of covarianos
matrix
2| o T e i B T |
Foa )] _i3-={n_1:. _1 :R {Hl L (e (R n -1 :
’ L+ — eSO B (= D)

L4

angd

Wi ==+ B {r-Dx{dldi - {(mifFi{n-1)]

Figl: RLS algorithm

3. Griffiths Algorithm

Griffiths’ algorithm [4] utilizes certain a priori
knowledge (when available) to create an efficient real-
time adaptation process. The weight vector for the gifts
algorithm is given by

w(n+1)=w(n)+2 x e(n) x(n)
= W(n)+2 2 (d(n) = y(m)x(n)
= w(n) +2u 1, ~ 20y () X(n)
Where u is the step size, I, is the cross-

correlation and y(n) is the array output

a. Compute Lx1 steering vector for the desired
direction.
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b. Compute array manifold vector for jamming
directions.

Compute the cross-correlation matrix I, .
Compute the following things for all signal
samples0<n<S, .

Where S, represents total number of signal
samples

x(n) =S, d(n)+ i 5(8,)i(n) + n.(n)

() =W* ()e(m)
e(n) = s(n)—y(n)
Wn+1)=Wm)+2ur_ —2uy(mx(m)

4. VSSG Algorithm

The Variable Step Size Griffiths’[5] algorithm
are a combination of the Variable Step Size LMS
algorithm and the Griffiths’ algorithm. It makes use of
advantages of VSSLMS and Griffiths algorithm. The
convergence is copied from VSSLMS and smoothness
with Griffith’s algorithm. The weight is computed using
the following equation

W(n +1) = w(n) il

]

Where ||X|| is the norm of induced signal x(n)?

The value of | is calculated by taking the difference
between cross-correlation of reference signal with
induced signal and cross-correlation between array
output and induced signal given by

l=r—y"x(n)
The upper bound for step size in VSSG is
given by

'uupper = 0'07

The algorithm can be described using the following
Steps.

a. Compute Lx1 steering vector for the desired
direction.

b. Compute array manifold vector for jamming
directions.

c. Compute the following for all signal

samples0<n<S, .

Where S represents a total number of signal
samples.

Page | 144



Yashoda B.S et.al, “Performance Analysis of Existing Beam forming Methods for Various Antenna Elements and Interference Sources”,

International Journal Of Computer Engineering In Research Trends, 4(4):142-149, April-2017.

x(n) = Sgd(m)+ ¥ ._ (S(6.)i(n) + ny(n))

Y(n) = W" (n) x(n)

e(n) = S(n) -y(n)
u(n+1) = ap(n) +y | e() | *
where  p(n+1) = pypper if - (N+1) > ypper
-0 if u(n+l)<0

= u(n+1) otherwise

IV. Results

Set Up

Table 2:
Parameter Name Parameter Value
Type of Antenna Dipole
Type of Array Uniform Linear Array
Variability ~90° </ <90°
Antenna Separation A

2

Noise Random Noise

Frequency of Operation | 1MHz

Casel: Low RF Elements and Single Interference User

Parameter Name Parameter Value
Mumber of Antzmna | §
El=ments
Desirad Angle 43
Wumber of Interfersncs [ 1
Anpls
Direction of Interfersnce | 60
Angls

Parameters for Simulation

1. Radiation Pattern Polar Plots

This determines whether the algorithms are
capable of forming the main beam in the look direction
and then reduced or zero radiation at interference
directions

2. Mean Square Error

Mean Square is defined as the difference
between actual signal and total received signal at the
base station

MSE = |y(n) —s(n)|”

Where,

s(n) = generated signal

y(n) = recieved signal at base station
3. Root Mean Square Error (RMSE)

If the beam forming algorithm is repeated for a
range of angles, then the RMSE is the square root sum
of all MSE values

RMSE =]y, () — s, (n)|°
@ = direction of desired user
10<@+5<70

Comparision of Algorithms w.rt MSE

S TR N L S R

({1 TN S R PR SO S WO S —

7 O . T SRR P R SRR Y S -

IMean Square Ermor

N s it S S S S o

10 20 30 40 50 60 70 80 90 100
Mumber of lterations

Fig2: MSE Comparison

Fig2 shows the MSE comparison between LMS, Griffiths, and VSSG. VSSG has the lowest MSE as compared to

Griffiths and LMS algorithm. The VSSG has the lowest MSE.
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Fig3: Beam forming algorithm
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Fig4: RMSE Error

Fig 3 shows the radiation pattern for the beam forming algorithms; all the algorithms are capable of forming the
main beam towards the desired user.

Fig 4 shows the RMSE plot, the RMSE of VSSG algorithm is the lowest as compared to Griffiths and LMS

algorithms.

Case2: Low RF Elements and Multiple Interference Users

Parameter Name

Parameter Value

Comparision of Algorithms w.r.t MSE

Number of Antenna Elements 8

Desired Angle 45

Number of Interference Angle 3

Direction of Interference Angle | [10 30 60]

Mean Square Errar

10 20 30 40 50 60 70 80 90 100
Mumber of lterations

Fig5: MSE for Case2

Fig 5 shows the MSE comparison between LMS, Griffiths, and VSSG. VSSG has the lowest MSE as
compared to Griffiths and LMS algorithm. The VSSG has the lowest MSE. For the case of low RF sources and
multiple interference angles.

Comparision of Algorithms w.r.t Array Factor

) .

— LMS

—RLS
Grifts

Array Factor

0
Angle(deg)

Fig6: Beam forming Algorithm Case2
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Fig7: RMSE Case2

Fig6 shows the beam forming algorithm, VSSG algorithm is the best as compared to other three algorithms, namely
LMS, RLS, and Griffiths.

Fig7 shows the RMSE for VSSG is the best as compared to LMS and Griffiths.

Case3: Large RF Elements and Single Interference User

Comparision of Algerithms w.r.t MSE
T T T T T

1 T
LMS
Parameter Name Parameter Value
Number of Antenna Elements | 100 .
Desired Angle 30 s
Number  of Interference | 1 &
Angle 2 1
Direction of Interference | 45
Angle _
0 1 I

] 7 ; i i
10 20 30 40 50 60 70 80 90 100
MNumber of lterations

Fig8: Performance MSE Case3

Fig8 shows the MSE Performance for case 3; the VSSG converges for about 22 iterations as compared to LMS and
Griffiths.

Comparision of Algorithms w.r.t Array Factor Comparision of Algorithms w.r.t MSE
40 T T T T T

RMSE

Array Factor

S ilif ok 0 1 1 I
40 -20 0 10 15 20 25 30 35 40 45 50 55 60
Desired Angle Variation

Angle(deg)

Fig9: Beam forming Algorithm Comparison Case3 Fig10: RMSE Algorithm Results Case3

Fig9 shows the radiation pattern of the RLS algorithm performance is worst as compared to the remaining
algorithms and also the beam is becoming sharper for other algorithms as a number of antennas increases.

Fig10 shows the RMSE comparison of the VVSSG is lowest, followed by Griffiths and last is LMS.
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Cased: Large RF Elements and Multiple Interference Users

Parameter Name Parameter Value

Comparision of Algorithms w.rt MSE
T T T T T T T T

LMS

Number of Antenna Elements 100
Desired Angle 30
Number of Interference Angle 3

Direction of Interference Angle [10 45 60]

Mean Square Error

10 20 30 40 50 60 70 80 90 100
Mumber of lterations

Figll: MSE Performance Analysis for Case4

Figl1 shows the MSE Performance for the case 3 VSSG converges for about 22 iterations as compared to LMS and

Griffiths. VSSG performs better than LMS and Griffiths.

Comparision of Algorithms w.r.t Array Factor
1 T T

Array Factar

0 80 60 40 20 0 2 40 60 80 100
Angle(deqg)

Figl2: Beam Forming Performance Analysis Case4

Comparision of Algorithms w.r.t MSE

0 | |
0 15 20 25 30 3® 40 4 B B 60
Desired Angle Variation

Fig13: Performance RMSE for Case4

Figl2 shows the beam forming plots comparison as shown in the fig VSSG, LMS and Griffiths are better as

compared to RLS Algorithm.

Figl3 shows the Performance of VSSG algorithm is best as compared to LMS and Griffiths for the case of the

significant elements and multiple interference angles.

V. Conclusion

From the simulation results for the various cases, the
following conclusions can be drawn.

Casel: Low RF Sources and Single Interference
Angle.

a) The MSE of VSSG is the best, followed by
Griffiths and last is the LMS.

b) The Beam forming works in a nice manner
for all the four algorithms, namely LMS,
RLS, Griffiths, and VSSG.

© 2017, IJCERT All Rights Reserved

¢) The RMSE of VSSG is the best as compared
to all the remaining algorithms namely LMS
and Griffiths.

Case2: Low RF Sources and Multiple Interference
Angles

a) The MSE of VSSG is the best, followed by
Griffiths and last is the LMS.

b) The Beam forming works in a nice manner
for all the three algorithms ,namely LMS,
RLS, Griffiths, and VSSG.
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c) The RMSE of VSSG is the best as compared
to all the remaining algorithms namely LMS
and Griffiths.

Case3: Large RF Sources and Single Interference
Angles.

a) The MSE of VSSG is the best, followed by
Griffiths and last is the LMS.

b) The Beam forming works in a nice manner
for algorithms, namely LMS, Griffiths, and
VSSG whereas for RLS it is worse.

c) The RMSE of VSSG is the best as compared
to all the remaining algorithms namely LMS
and Griffiths.

Case4: Large RF Sources and Multiple Interference

Angles.

a) The MSE of VSSG is the best , followed by
Griffiths and last is the LMS.

b) The Beam forming works in a nice manner
for algorithms , namely LMS, Griffiths, and
VSSG whereas for RLS it is worse.

¢) The RMSE of VSSG is the best as compared
to all the remaining algorithms namely LMS
and Griffiths.
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