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Abstract— The capacity of cellular system is limited by two different
phenomena namely, multipath fading and multi-access interference. The
Third Generation based Wide Band Code Division Multiple Access (WCDMA) Networks use smart antenna techniques that include Direction
of Arrival (DOA) approach and adaptive beamforming algorithm to
remove multipath fading, multi-access interference and to increase the
Signal to Interference Noise Ratio (SINR), and system capacity to
improve the communication quality. In this paper, DOA is estimated
using Multiple Signal Classification (MUSIC) method which makes use
of the Eigen structure. Subsequently, the adaptive beam forming
algorithm is employed which comprises of complex weightings, time
delays and the summer. Here, we improve on the Minimum Variance
Distortion less Response (MVDR) method in order to assign the
weightings. We have proposed a new method to compute the complex
weighting coefficients based on certain data-dependent criteria known
as constraints. Instead of using a single linear equality constraint, as in
MVDR, multiple constraints that broaden the null area of interferers
have been used to calculate the optimum weights. Simulations have
been carried out in the presence of noise to compute BER for the
conventional MVDR method and proposed method by varying (i) the
number of antenna elements, and (ii) the spacing between the antenna
elements. For both the cases, the performance of the proposed method is
better than MVDR method.

A higher performance in WCDMA network can be
facilitated with the help of smart antennas by efficiently
minimizing multipath fading and co-channel interference.
This can be accomplished by focusing the radiation only in
the preferred direction and regulating it to varying traffic
conditions or signal environments [6]. Smart antennas
utilize a set of radiating elements arranged in the form of
an array connected to digital signal processor. The signals
provided by the antenna elements are joined to make a
movable or switchable beam pattern that would track the
desired user [7]. Conventional antennas give out energy in
every direction leading to wastage of power. Comparing
with the conventional systems, the smart antennas radiate
energy in the desired user path only [8].
Smart antennas mainly consist of two parts; namely DOA
approach and the Beamforming. The DOA approach
determines the number of source signals, direction of
arrival of each signal, signals from the desired user and
signals from the interferers. The DOA evaluation
performance of an array relies on the number and locations
of the array elements. A great deal of DOA evaluation
algorithms have been developed and analyzed [9-11]. Some
of the DOA algorithms are maximum likelihood method,
linear-prediction method, multiple signal classification
(MUSIC) method and Estimation of signal parameters via
Rotational Invariance Techniques (ESPRIT) method [1213].

Index Terms— W-CDMA, Smart antennas, Antenna Array, Direction of
Arrival estimation, Adaptive Beam forming.
I. INTRODUCTION

The Third generation cellular networks are being designed
to provide high data rate services, multimedia traffic as well
as voice signals. The 3G system utilizes Wide Band Code
Division Multiple Access (WCDMA) as the radio access
technology that has many advantages such as highly
efficient spectrum utilization and variable user data rates
services [1-3]. These advantages of WCDMA are limited by
multipath fading and multi-access interferences, which
create problems such as high bit error rate, low capacity
and poor signal to interference noise ratio for the high data
rate services offered by 3rd generation cellular networks [4].
Researchers have done a lot of work to solve these
problems. However, it is most important to configure
receiver and transmitter flexibly in response to signal
environment. Several techniques such as phased array
antenna and diversity antenna have been studied in many
applications that use active array configuration to adapt the
antenna pattern according to change of mobile
communication environment. This can noticeably increase
the performance characteristics such as capacity and quality
of communication network [5].

The another part of smart antenna is beamforming network
which forms an antenna pattern with a main beam steered
in the direction of desired user while placing nulls in the
direction of interfering users direction by constantly
updating the complex weights. Based on angle information,
the beamforming network computes the complex weights
required for beam steering. There are two beamforming
processes; one is switched beamforming and another is
adaptive beamforming. Switched beam systems have
several available fixed beam patterns. A decision is made as
to which beam to access, at any given point in time, based
upon the requirements of the system. Adaptive
beamforming allows the antenna array to steer the beam to
any direction of interest while simultaneously nulling the
interfering signals. This can be done by updating the
complex weights of the filter adaptively in response to
16
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changing environment and/or as the desired user and
interference user moves.
There are many adaptive beamforming algorithms (Blind or
Non Blind) to update the complex weight vectors, each with
its speed of convergence for optimum solution and required
processing time [14]. Least Mean Square (LMS), Recursive
Least Square (RLS) and Sample Matrix Inversion (SMI) are
characterized as Non Blind adaptive algorithm as they
require the training sequence to update the complex weights
[15]. A typical method of forming the adaptive weights
without the knowledge of training sequence is via the
MVDR algorithm [16], which uses a single linear
constraint to maintain a unit gain in the boresight direction.
The dedicated pilot channel of WCDMA frame structure
supports the use of weight vector in each slot. Here, the
weight vector of MVDR Beamforming method to be applied
in that slot is updated by the use of constraint method.
Instead of using a single constraint for calculating the
weight vector i.e. for setting the antenna gain in desired
direction unity (which may not always be true), variable
constraints that set the different antenna gain in desired
direction is used. The result of which is that the optimum
weights are dependent on that constraint. These updated
weights reduce the error between the desired and actual
beam pattern formed and produce the optimal beam
forming. The Direction of arrival at which the signal is
received is estimated by using MUSIC method which makes
use of the Eigen structure. In this algorithm, initially the
covariance matrix is calculated and from this matrix the
normalized angular MUSIC spectrum is derived. We also
consider the fading effect which occurs during the
propagation of high data rate signals.
The rest of the paper is organized as follows: In section II,
MUSIC algorithm for DOA estimation and MVDR
Beamforming algorithm is presented. In section III, we
describe the proposed method i.e. Modified MVDR in order
to assign the weightings using constraint criteria. The
detailed experimental results and discussions are given in
section IV. Finally, the conclusions are summed up in
section V.

Classification sub-space based technique that exploits the
Eigen structure of the input covariance matrix. The Eigen
structure of the covariance matrix belongs to either of two
orthogonal signal or noise subspaces. It gives information
about the number of incident signals, Direction of Arrival
of each signal (DOA estimation), strengths and cross
correlation between incident signals, noise power, etc.
Suppose, there are K users arriving at angles θ1, θ2 ,…….,θK
on the antenna array of length N. The received input data
vector at the antenna array can be given as linear
combination of signals from K users and noise as
K

U (t ) 

 a( )E (t )  n  AE  n
i

i

(1)

i 1

Where A is the steering vector matrix which consists of
vectors a (θ1), a (θ2), a (θ3)….a (θK), E is the signal vector
matrix and n is the noise vector matrix with variance 𝜎n2.
The received vector U and the steering vector A can be
combined to form N-dimensional vector space. The
Covariance Matrix can be given as
M  E(UU H )  A M S A H   n 2
(2)
Where MS is the signal correlation matrix. Subsequently,
the Eigen decomposition of the covariance matrix is done to
obtain the eigenvalues and eigenvectors of the covariance
matrix M. The eigenvectors of the covariance matrix M
belong to either of the two orthogonal subspaces i.e. the
signal subspace and the noise subspace [17]. The dimension
of the signal subspace is K, while the dimension of the
noise subspace is N-K. This can be expressed as:
EiS  [e1 , e2 ,...,eK ]
(3)
Ei N  [eK 1 , eK 2 ,...,eN ]
(4)
Where EiS is the Eigen vector for the signal, having the
signal Eigen values [e1 , e2 ,...,eK ] that spans the signal
subspace and Ei N is the Eigen vector for the noise, having
the noise Eigen values [eK 1 , eK 2 ,...,eN ] . The N-K
smallest eigenvalues of M are equal to  n2 , and the
eigenvectors Ei N corresponding to these eigenvalues span
the noise subspace.
As the K steering vectors make up steering matrix A that
lies in the signal subspace and are orthogonal to the noise
subspace, so by searching through all possible array
steering vectors to find those which are orthogonal to the
space spanned by the noise eigenvectors Ei N , the DOA’s
θ1,θ2,θ3,.. θK can be determined. After the Eigen
decomposition, the normalized angular MUSIC spectrum is
calculated [18-19];
AH .A
G( )  H
(5)
A .Vn .Vn H . A
By inspecting the denominator part in equation (5), it is
clear that peaks in the MUSIC angular spectrum occur at
angles θ for which steering vector matrix A is orthogonal to
the noise subspace matrix Vn containing the noise
eigenvectors Ei N . Those angles θ define the desired
directions-of-arrival of the signals impinging on the
antenna array.

II. DOA ESTIMATION MODULES

DOA estimation algorithms can be classified as:
1. Conventional Techniques
2. Subspace Techniques
3. Maximum Likelihood Techniques
4. Integrated Techniques
Each of these methods varies in computational complexity,
resolution power and accuracy. The first two methods are
spectral based that calculate the spatial spectrum of the
received signal and find the direction of arrival from the
location of peak in the spectrum. The next two approaches
utilize parametric array processing method that directly
estimates the direction of arrival without calculating the
spectrum first. Due to higher computational complexity of
parametric method, spectral based MUSIC algorithm is
used for DOA estimation and MVDR for beamforming .
A. MUSIC Algorithm
MUSIC algorithm is a high resolution Multiple Signal
17
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B. MVDR Algorithm

The array output consists of the signal component plus
noise components and it can be given as:
R(t )  C(t )  n(t )}
(12)
Here, the noise signal n (t) consists of white Gaussian noise
n1 (t), noise considering the deep fading channels such as
Rayleigh fading n 2 (t) and Ricean fading n 3 (t). Hence the
noise signal can be expanded as:
n(t )  n1 (t )  n2 (t )  n3 (t )
(13)
The spatial correlation matrix M of the received signal
vector R (t) can be given as:
M  E{R(t ) R H (t )}
(14)
Where E {.} is the ensemble average or expectation
operator and H is the conjugate transpose operator. The
spatial correlation matrix M can now be expressed as:
M  E{C(t )C(t ) H }  n(t )n(t ) H
(15)

Let a uniform linear array consists of N equispaced sensors
and the antenna array receives a number of signals from L
users arriving at different angles θ1, θ2,…….,θL .as shown in
figure 1. The received signal be denoted by S i (t ) .At a
particular instant of time t=1, 2,…, k, where k is the total
number of instances considered, the array output will
consist of the signal plus noise components. The received
signal vector can be defined as
L

C (t ) 

 a( )S (t )
i

(6)

i

i 1

Where S (t) is an L×1 vector of user waveforms, and for a
particular user at direction θ from the array boresight;
a (θ) is an N×1 vector referred to as the array
response to that user or array steering vector representing
the array steering response at θ direction. This vector is
defined by:

Applying the value of C (t) from equation (9), we get:

M  AL (t ) E{S (t )S H (t )} AL H (t )}  n(t )n(t ) H

(16)

This equation can be approximated by applying temporal averaging over P
samples taken from the signals incident on the antenna/sensor array. This
averaging process leads to forming a covariance matrix M given as:

M
Where

n

1
P

P

 A ( p)[ S ( p)S

H

L

( p)] AL H ( p)   n 2 I

(17)

p 1

is the noise variance and I is the identity matrix.

The MVDR technique minimizes the contribution of the undesired
interferences by minimizing the output power while maintaining the gain
along the desired direction to be constant, usually unity i.e. min E [y(θ)2] =
min w HM w , w HAL = 1. Here y(θ) is the output, W is the weight vector, H is
the conjugate transpose operator, M is the correlation matrix, AL is the user
signal direction vector. Using Lagrange multiplier, the weight vector is given
by,

W

M 1 A
AH M 1 A

(18)

Where AL = A for simplicity.

III. PROPOSED MVDR METHOD

Fig. 1: Structure of Uniform Antenna Array with Beamforming Network.

Beamforming is

a signal processing method, which is
employed in antenna arrays for the directional signal
reception. Beamforming unit mainly consists of complex
weightings, time delays and the summer. Here the elements
are used to combine the signals in a particular way so as to
form radiation pattern with maximum towards the signal of
interest and nulls towards other signals. Signals arriving at
particular angle experience constructive interference while
the others experience destructive interference. The beam
pattern consists of a main lobe together with nulls and side
lobes. An adaptive beamformer automatically adapts its
response to various conditions.
The output response of the linear antenna array with weight
vector w  [w0 , w1 ,...,wK 1 ] and signal vector C is given
by:

a ( )  exp[  j( N  1) ]T
or

a ( )  [1



T


e  j ...........e  j  N  1 ]

(7)

Where T is the transposition operator and 𝜙 is the electrical phase shift from
element to element along the array, given by:

d 

  2   sin 


(8)

Where d is the spacing between the antenna elements and
λ is the wavelength of the received signal.
The user signal vector C (t) of equation (6) having size
N×1 can be written as
C(t )  AL .S (t )
(9)
Where AL is N  L matrix of user signal direction vector and
is given by

N

z

w

n



.cn  w H .C

(19)

n 0

AL  [a(1 ), a( 2 ), a( 3 ) .........a( L )]
(10)
And S(t) is the L  1 user source waveform vector defined as
S (t )  [S1 (t ) S 2 (t ) ... S (t )]T
(11)

In optimal beamforming, the noise is effectively suppressed
by reducing the output energy. This is achieved by the fact
that gain of the signal is maintained constant and hence,

L
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the only way to achieve the reduction of total output energy
is by reducing the noise. This can be written as
wOBF  arg min{E | z | 2 }
(20)
Substituting equation (19) in equation (20) yields:
wOBF  arg min{E | wH .C |2 }
(21)
For calculating the optimized minima of a given
function subject to a constraint, the method of Lagrange
multipliers is an effective solution. Suppose the
optimization problem is to minimize the function
l ( y ) subject to the constraint g ( y)   . Using Lagrange
variable  , we can mathematically represent the above
optimization as:
 ( y,  )  l ( y)   ( g ( y)  c)
(22)

the validity of the proposed method. We also have a
detailed discussion of the method by varying various
parameters and plotting the graphs accordingly. We make
use of the Bit Error Rate graphs for analysis.
Here, angle value of output signal that comes with new
weights is calculated and if angle value comes greater than
zero then output is taken as one otherwise minus one. This
output is compared with transmitted data bits to find the
number of bits in error. We plot BER vs. E b/N0 graphs
from which we can infer the performance of the system.
Here Eb/N0 is the energy per bit (Eb) to noise power spectral
density (No) ratio of the received signal. Eb/N0 is basically a
normalized signal-to-noise ratio (SNR) measure of the
signal.
The proposed method for analysis is implemented in
MATLAB. For evaluation of the proposed method, we
make use of randomly generated signals.
For the detailed analysis by the use of the BER curve, we
consider two cases:
 By varying the distance between the antennas.

Our aim is to minimize the function E | w H .C | 2 subject to
the constraint w H  0   where  is a constant and

0

is

the spatial signature matrix. Here C  C.Ei where Ei is
the Eigen value matrix. Using Lagrange multiplier as in
equation (22), we obtain:
 (w,  )  E{| wH .C |2 }   [wH 0   ]
(23)
Expanding the square term in equation (23), we obtain:
 (w,  )  E{| wCC H wH }   [wH 0   ]
(24)
 wE{CC H }wH   [wH 0   ]

 By varying the number of elements in the antenna array.
Both the above mentioned cases are plotted for single
desired user having direction of arrival (DOA) 120 degree.
In the figure 2, graph is plotted for N=10 number of
antenna elements and d=0.2 spacing between the elements.
In the plot, the proposed method shows significant
improvement. For the Eb/N0 of 10dB, the proposed method
has BER of 7.1e-005 while the existing method has BER of
0.00478.

(25)

As E{CC }  M , where M is the covariance matrix, we
can simplify the equation as:
 (w,  )  wMwH   [wH 0   ]
(26)
H

 wMwH  wH 0  
(27)
On differentiating and equating equation (27) to zero, we
get:
d
(  )  wnewM   0  0
(28)
dw H
wnewM  0
(29)

Performance Graph for N=10,d= 0.2
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BER

Multiplying both sides of the equation (29) with nonsingular Eigen value matrix Ei , we get:
Ei(wnewM )  Ei0
(30)
Simplifying equation (30) for finding out the optimum
weight, we get:
 M 1 Ei 0
wnew 
(31)
Ei
Substituting the value of  which is found by using the

-4

10

constraint on the weight vector i.e. w H  0   in equation
(31) and then solving the gain constraint, we can set the
final weights to be:
M 1Ei
wnew  H 1 0
(32)
 0 M Ei 0
These final weights wnew , depends upon the gain
constant  and when set with different value, gives the
minimize energy (variance) of the output signal in the
undesired direction and the desired signal is not distorted.

MVDR Method
Proposed MVDR Method
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Fig. 2: BER Performance Graph for N= 10 and d =0.2.

Figure 3 is plotted for same number of elements i.e. N =10,
but the spacing between element is changed to 0.5. This
also shows the less BER with proposed method. For the
target Eb/N0 of 10dB, the proposed method has BER of
0.00383 while the existing method has BER of 0.00622.

IV. SIMULATION AND RESULTS
In this section, we have a detailed analysis of the method
and make comparisons with the existing methods to prove
19
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Performance Graph for N=10,d= 0.5
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Figure 4 shows the graph when number of antenna
elements are taken 6 and spacing between the elements is
0.2. In the figure, the proposed method shows good
performance. For the Eb/N0 of 10dB, the proposed method
has BER of 0.00484 while the existing method has BER of
0.00954.
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Performance Graph for N=6,d= 0.5
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Fig. 3: BER Performance Graph for N= 10 and d =0.5.

A table has been shown from above figures for comparing
the performance by varying the distance between the
elements without changing the number of elements.

N=10

-5

10

Eb/No(dB)
6.93
10.99

0.00465

6.5e-005

13.86

0.00392

2.5e-005

16.09

0.00181

2e-005

10

d=0.5
MVDR Proposed
MVDR
0.0073
0.00498
5
0.0055
0.00360
7
0.0042
0.00107
9
0.0023
0.00011
0
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Fig. 5: BER Performance Graph for N= 6 and d =0.5.
Figure 5 shows the graph when number of antenna
elements are taken 6 and spacing between the elements is
0.5. In the figure, the proposed method shows less number
of bits in error. For the Eb/N0 of 10dB, the proposed
method has BER of 0.00484 while the existing method has
BER of 0.00960. The Plot of figure 4 and 5 is almost flat
for 2≈< Eb/No≈<10 and there is a fall in the curve for
Eb/No≈>11dB but both figures shows the effectiveness of
proposed method.

Table 1: BER Performances of Proposed method for N=10,
with d= 0.2 & d= 0.5.

d=0.2

From the Table 1, it is clear that proposed method shows
less BER for both values of d = 0.2 and d = 0.5. From the
table 1, figure 2 and 3, it is observed that performance
improves when spacing between the antenna elements
changes from d = 0.5 to d = 0.2. This is due to fact that at
less spacing, the power spectrum is more concentrated,
produces sharper peaks and lower noise floor towards the
desired user and produce deep null towards interfering user.

Eb/No(dB
)
6.93
10.99
13.86

Performance Graph for N=6,d= 0.2
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d=0.2
MVDR Proposed
MVDR
0.00487
0.00110

-4

10

10
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BER
N=6
N=10
MVDR Proposed MVDR Proposed
MVDR
MVDR
0.0099
0
0.0096
0
0.0096
0
0.0057
6

0.00489
0.00486
0.00021
6.5e-005

0.0048
7
0.0046
5
0.0039
2
0.0018
1

0.00110
6.5e-005
2.5e-005
2e-005

-3

10

BER

Table 2: BER Performances of Proposed method for d= 0.2,
with N=6 & N= 10.
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Fig. 4: BER Performance Graph for N= 6 and d =0.2.
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[8]

d=0.5

BER
N=6
Proposed
MVDR
0.0099
0.00499
0
0.0095
0.00483
8
0.0077
0.00152
3
0.0071
0.00012
3

MVDR
Eb/No(dB)
6.93
10.99
13.86
16.09

N=10
MVDR Proposed
MVDR
0.0073
0.00498
5
0.0055
0.00360
7
0.0042
0.00107
9
0.0023
0.00011
0

[9]

[10]

[11]

[12]

Table 3: BER Performances of Proposed method for d= 0.5,
with N=6 & N= 10.

[13]

The table no. 2 and 3 show the performance comparison by
varying the number of elements without changing the
distance between the elements. From the tables it is clear
that BER values decrease drastically as we go on increasing
the number of antenna elements from 6 to 10. Therefore,
the six antenna system does not have sufficient degree of
freedom for nulling the interference user or the part of array
gain has been spared to suppress the interferences leading
to reduced performance.

[14]

[15]

[16]

[17]

V. CONCLUSION
In this paper, we modified the MVDR Beamforming
method in order to assign the weights. These optimum
modified weights produce less error signal as compared to
conventional MVDR and result into minimum energy
(variance) of the output signal in the undesired direction
and the desired signal is not distorted. The Direction of
arrival of the signal received at the antenna array is
estimated using MUSIC method. For analyzing the
effectiveness of the method, we compared it with the
MVDR method and plotted Bit Error Rate graphs. An indepth analysis was done by varying the number of elements
and the spacing between the antenna elements. It is shown
that when the spacing between the elements is less and
number of antenna elements is more, the bit error rate falls
drastically which shows the effectiveness of the proposed
method.

[18]
[19]
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