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Abstract: Cognitive radio is an emerging technology in wireless communication for efficient utilization of 
the underutilized spectrum and alleviates the spectrum scarcity. Smart antennas efficiently utilize the 
spectrum in cognitive radio networks. In this paper, the cognitive system consists of the secondary user, 
which is equipped with the multiple antennas in the form of the array and follows the steering vector of the 
primary users. The cognitive transmitter shares the spectrum with the primary user through generating the 
nulls in the direction of the primary user and maximizes the power in the direction of the secondary users. 
However, whenever owing to mismatch the performance tarnished, the robust beam former having the null 
steering algorithm, mitigate the mismatch effect and enhance the performance. Convergence of the 
algorithm and outage probability particularly remains low in consequence of enhancement of the array size. 
Moreover, for further robustness, we estimate the angle, steer the beam by using stochastic algorithms and 
compare with Genetic Algorithm (GA). Mathematical formulation and simulation results show the strength 
and competence of the proposed algorithm.

Keywords: Cognitive radio • convergence • nulls steering • non-interference • robust beamforming •
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INTRODUCTION

Robust and high data rate transmission is required 
for the existing and the next generation mobile
communication system. Spectrum scarcity, motivate the 
researcher either to increase the spectrum or to arrange 
for efficiently utilizing the spectrum. Research on
applications of adaptive antenna arrays over the past 40 
years have been a thrilling subject which contributing to 
the growth of adaptive beamforming technique. In
beamforming the main beam is directed toward the
desired signal direction while cancelled the signal from 
other users. The beamformer robotically steer a beam 
by weighting the amplitude and phase of signal in 
response to changes in the propagation environment. 

There is a voracious claim for more radio spectrum 
due to an exponential boost in a variety of wireless 
applications in current years. Spectrum allocated to 
licensed band is up to the 3GHz and there is no vacant 
place of utilizing spectrum for the novel wireless
devices [1]. The first concept of the software defines 
radio was coined by the J. Mitolla [2] which latter
on enhanced as the cognitive radio. According to this, 
the secondary user utilizes the spectrum when the
primary user is not utilizing the vacant place or hole of 
the spectrum. A cognitive radio as discuss in [3] grant a 

solution to solve the spectrum scarcity problem. One of 
the key features of a cognitive radio is to sense the 
communication environment and consequently adapt its 
parameters to provide the best allowable quality of 
service for the unlicensed users with minimal
interference to the primary users [4]. The primary and 
secondary cooperate with each other’s and share the 
information’s [5, 6] such a way that no interference 
occurred at the primary receiver. The most efficient 
way of utilizing the spectrum is to sense and share [7, 
8] the spectrum accurately by using the different
detection techniques. 

Error correcting codes [9-11] are available in the 
literature which are used for efficiently utilizing the 
spectrum with an appropriate change in code rate and 
modulation scheme. The bandwidth allocated to the
spectrum is changing with the code rate and the
modulation scheme for primary and secondary users. 
Most of the previous work in cognitive radio
established in [12, 13] which is based on interference 
avoidance or interweave technique. According to this 
technique, when a secondary user is using a spectral 
band and all of a sudden, a primary user activated, the 
secondary user ought to detect the primary user’s signal 
and vacate the channel immediately in order to avoid 
interfering  primary  user’s  transmission. Therefore, the
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Cognitive Transmitter (CT) cannot access the spectrum 
concurrently with the primary transmitter. 

In recent times non-interference cognitive radio 
scheme revealed and the explanation given in [14],
which mostly based on transmission of data through 
beamforming technique. The design parameters are the 
beamforming weights at the cognitive transmitter,
which is equipped with antenna array. Taking the
advantage of transmitting beamforming techniques
[15], the aim of a non-interference cognitive scheme is 
the coexistence of primary and secondary user in the 
same geographical areas. It provides more flexible user 
access and improves spectral efficiency. The basic idea 
of the non-interference cognitive scheme is that the 
primary transmitter is not concerned about the existence 
of cognitive users and will not adapt its transmission 
behavior while the Cognitive Transmitter (CT) has to 
guarantee that its interference to the Primary Receiver 
(PR) is below a limit or threshold in order to gain 
access. The technique used in [16], explain the
spectrum sharing in cognitive radio taking into
consideration that the respective directions of arrivals
are well known and fixed.

The primary and secondary networks share the
precious radio licensed spectrum efficiently. In the
cognitive radio system, first estimate the channel
impulse response from cognitive transmitted to the
primary receiver or primary users. As the primary users 
have the highest priority, so it will not provide the 
information of the primary to the secondary so it is very 
difficult to attain the channel state information. Due to 
the mobile mode of the primary user, the error may 
occur in the vector at the cognitive transmitter and the 
primary user’s. In this process, we iteratively maximize 
the minimum output power of the beamformer.
Adaptive algorithms are already developed by
exploiting the two methods given in [19]. 

In this paper, first adaptively estimates the linkage 
from a secondary transmitter to a primary receiver
through taking into consideration the possible mobility 
of the primary user in practical cellular networks. In the 
second stage, cognitive transmitter performs nulls-
steering beam forming whereas both the primary and 
cognitive transmitters can access the spectrum
simultaneously without canceling each other’s
transmission. In the first stage, we provide a systematic 
analysis of the performance degradation induced by the
mismatch. Furthermore, we develop a robust downlink 
beam-former that safeguard reliable presentation in the 
existence of a mismatch. Since mismatch-induced
performance degradation results from the fact that the 
nulls -steering beam-former places nulls to the wrong 
directions. By adding the noise in estimated correlation 
matrix  and  exploiting  it  to  derive  the  weight  of  the

robust beam-former. Moreover, the outage probability 
decreases largely by increasing antenna elements in the 
array size. However, further robustness in the system 
we compare the stochastic algorithms [18, 21] with GA 
for the direction of arrival and radiation pattern.
Consequently, we can conclude from the simulation 
results that the proposed non-intrusive cognitive
scheme is suitable for practical use.

COGNITIVE SYSTEM AND FORMULATION

In a communication network, licensed spectrum
has the authority to utilize the spectrum for the users at 
the radio terminals.The system consists of the primary 
base station and the primary radio terminals such as K-
1. In cognitive radio, the information’s exchanges by 
means of a cognitive transmitter to the cognitive
terminals where as the primary and the secondary
coexist within the same geographical region. The
system consists of the primary base station transmitter 
(PBS) and the primary receiver or primary user (P-Rx
or PU) while the cognitive system consists of the
cognitive base station transmitter (CBS) and cognitive 
receiver or cognitive user (C-Rx or CU). In other
words, the deployments of wireless links coexist
without declining system performance. According to 
the model as shown in Fig. 1, single antenna is
equipped at each of the radio terminal while an array of 
M antenna elements applied in both primary and
cognitive base station transmitters. The spacing
between the antenna elements is λ/2. Channel response 
from  the  cognitive  transmitter  to  the  cognitive 
receiver is hcc while from the cognitive transmitter to 
the primary receiver is hcp. Similarly for primary
transmitter to cognitive receiver is hpc while from
primary transmitter to primary receiver is hpp.
Transmitting signal from base station to the user
terminal can be expressed as

( ) ( )j js t w v t= (1)

where w symbolize the weight vector, while v(t) is the 
information data to be transmitted. The power of the 
signal calculated as. E{|v(t)|2} = 1. Therefore, the power 
utilization from (1) expressed as ||wi||2. The steering 
vector for the cognitive transmitter to the secondary 
receiver as well as from cognitive transmitted to the 
primary receiver written as

( )
( )

( )( )

1
exp j sin

.b

.
exp j M 1 sin

 
 π θ 
 θ =
 
 
 − π θ 

(2)
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Fig. 1: System model of cognitive radio

The channel impulse response achieve by using the 
steering vector as

L

l l
l 1

h b
=

= β∑ (3)

where  base  station  and  radio terminal paths are 
denoted  as  L while bl∈CM×1 is the steering vector 
which  show  the  Direction  of  Arrival  (DOA) of the 
lth  path  measured relative to the array normal
direction. Considering the path loss as well as
shadowing effect of the lth path in mind, we assume 
that the delay spread is small compared with the bit 
duration. Hence, (3) only characterizes the azimuth
angle  dispersion.  The  basic  idea  of  signal separation 
is  to  treat  the  channel  impulse  response  h as only 
one of its kind in space division multiple accesses. As 
we know that, the primary users have the highest 
priority   to   access  the  authorized  spectrum  where
as the secondary user has lower priority. Primary user 
did not need to know the presence of the secondary 
user. The non-intrusively cognitive scheme should
guarantee that the radiation pattern of cognitive
transmitter automatically generates nulls in the
directions  of  primary  users.   On   the   other  hand, 
the  primary  users  not required to deal with the
existence  of  all  cognitive  users. Therefore, the focus 
in this paper is the design of beamformer in cognitive 
transmitter, which fulfills the two purposes. First
estimate the primary (licensed) user’s track, which
based  on  the  observed  vector data sequences. 
Secondly, transmit beamformer steers the nulls to all 
the primary users in such a manner that the
performance of the Primary Receiver (PR) is not
affected by the cognitive link.

The proposed adaptive non-interference cognitive 
radio scheme is composed of two stages. In the first 
stage, the cognitive user needs not only to estimate the 
DOA of all the primary users but also to track them. 
Assuming that there are K users in the primary network 
and then the signal received by the array of primary 
receiver can be written as

( ) ( ) ( ) � ( ) ( )
K

r i a c i h n i CAc i n ij j cp, jj 1
= + = +∑

=
(4)

where

aj = Amplitude of the jth user,
A ≡ diag{a1 a2 …aj} = Bits transmitted by the jth user
cj(i) = ±1
( ) ( ) ( ) ( ) T

1 2 jc i c i c i ...c i =  
n(i) = Noise

( ) ( )H 2
Mn i n i Ε = σ Ι 

{hcp,j}j = 1…K = Impulse response from CT and the kth 
primary user. 

Based on the model of (3), the impulse response 
from the cognitive transmitter to the primary receiver 
express {h cp,j}j = 1…K as:

( )
kL

l l
cp, j j j cp , j

l 1

h b ; j 1...,K
=

= β θ =∑ (5)

where,
Lk = Paths between the CT and kth primary user 

( )l M 1
j cp, jb C ×θ ∈  = Normalized steering vector that show 

the DOA ( )l
cp,ka  of the lth path measured relative to the 

array normal direction.

CBS-Tx

P-Rx
C-Rx
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l
kβ  = Fading coefficient corresponding to the DOA 
l
cp,kθ .

First we apply the MPDR beamformer [18]. To 
minimize the output power to select the weight vectors, 
{wj}j = 1…K such that,

( ){ }2H H
j j rr jw r i w R wΕ =

A constrained optimization problem obtain in a
specific way in such a way that 

Hminw R warg j rr j
w j

Hsubjecttow h 1j cp, j






 =


(6)

where

( ) ( ) � �HH 2 2
rr MR r i r i CA C I = Ε = + σ 

is a correlation matrix of the observation vector.
Using the Lagrange multiplier method, the solution 

of (6) can be obtained as

�
�

�

1R hrr1 cp , jw R hrrj j cp, j 1Hh R hrrcp,j cp,j

−
−= α =

−
(7)

Where

�

1
j 1Hh R hrrcp,j cp, j

α =
−

Stands for the output power of the MPDR
beamformer at wj. Output power degraded due to the 
mismatch of the primary user’s. We adaptively estimate 
{hcp,j}j = 1…K toward the direction of maximizing {αj}j = 

1…K which yields 



�

� 11
h arg arg h R hmax mincp,j rrcp,j cp, j1 hjh h R hrrcp, j cp,j cp, j

−
= =

−
(8)

Reformulate (7) by using the constraint as

� 1H Harg h R h subjecttoh h 1min rrcp,j cp,j cp,j c p, jhcp, j


−

=



(9)

The  cost  function  is established by solving (9) 
with  using  the  method  of Lagrange multipliers such 
that we get 

� 1H HJ h h R h h h 1rrcp,j cp,j cp,j k cp,j cp,j
−   = − λ −      

(10)

where λk  is  the  corresponding  Lagrange  multiplier. 
The gradient of J with respect to hcp,j  and by solving 
(10) yields

� 1Hh R hrrj cp,j cp, j
−

λ = (11)

Compare (11) with (7), we can obtain that j
j

1
λ =

α

the inverse of the minimum power distortionless
response beamformer’s output power. To accommodate 
the time-varying characteristics of data vector, we first 
deduce the adaptation rule for Rrr as:

( ) ( ) ( ) ( )
^ ^ HR n R n 1 r n r nrr rr= ς − + (12)

where ς denotes the forgetting factor. By applying the 
matrix inversion lemma [17], the update equation for 

( )1
rrR n− is written as

( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( )

1 11
rr r r1

r r rr
H 1

rr

R n 1 r n r n R n 11 1R n R n 1
r n R n 1 r n 1

∧∧
− −−∧∧

−
∧

−

− −
= − −
ς ς − +

(13)

The iterative equation for {hcp,j}j = 1…K can be 
obtained using a classical steepest descent algorithm 
[18]. Thus, at the (n+1)th iteration, the estimate of hcp,j
can be obtained as

( ) ( ) ( )

( ) ( ) ( )( ) ( )

h n 1 h n J ncp,j cp,j h2 cp, j

1h n 1 R n n h ncp, j rr n M cp, j

∧∧ µ
+ = − ∇

∧ ∧ ∧ −= + − µ −λ Ι

(14)

where  the  step  size µ control the speed of
convergence.  Adding   unit-norm   constraint   of  h cp,j
at each iteration,

 ( )
 ( )

 ( )h n 1cp,j h n 1cp , j
h n 1cp,j

+
→ +

+

then it follows from (11) to update λj by

( ) ( ) ( ) ( )H 1n 1 h n 1 R n h n 1j cp,j rr cp, j

∧∧
−λ + = + + (15)
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To improve the convergence speed, the initial
guess,  ( ){ }cp, j

j 1,...,K
h 0

=
, should be in the nearness to hcp,j .

Without corrupting the signal-to-interference-plus-
noise ratio (SINR) at PR, we considered non-
interference cognitive radio system which currently
discovers the vital idea of designing the optimal
transmit beamformer of cognitive transmitter. In a
cognitive system when the array size of the cognitive 
transmitter exceeds the number of primary users and 
cognitive receiver, it is probable to design a transmitter-
based multi-user interference rejection scheme. In other 
words, we want at design a transmit beamformer at CT 
that places nulls at each primary user while
simultaneously provides gain at the CR. Therefore, the 
weight vector for CT, should be designed to meet the 
following zero-forcing criterion:

H H
cc c c cp,j ch w a , h w 0= = (16)

where hcc indicate the impulse response between the CT 
and CR αc is a positive constant that accounts for the 
gain provided by the CT. The minimum norm solution 
for wc can be obtained as

( ) 1H
c c 1w a C C C e

−
= (17)

where

cc cp,1 cp,KC h h ...,h ≡  

is a M-by-(K+1) matrix and e1 is the first column vector 
of the identity matrix IK+1. The power utilization of CT 
can be calculated as 

( ) 12 2 H
c c c

11
P w a C C

− = =   
(18)

The primary base station (PB) is not aware of the 
existence of cognitive users. Therefore, the weight
vectors at PB, {wp,j}j = 1…K-1 are designed according to

H
p , j pp,m

p

0;j m
w h

a ; j m
≠=  =

(19)

where hpp,j  represent the steering vector between the PB 
and jth PR. Defining the M-by-(K-1) matrix, 

pp,1 pp,2 pp,K 1P h h ...,h − ≡  

then similar to (17), {wp,j}j = 1…K-1 can be obtained as

( ) 1H
p, j p jw a P P P e

−
= (20)

where ej is the jth column vector of Ij-1. Overall
transmission power of PB is as

( )
2K 1 K 1 12 H

PB p,j p
j 1 j 1 j , j

P w P P
− − −

= =

 = = α   ∑ ∑ (21)

In the perfect case, where {hcp,j}j = 1…K have been 
perfectly estimated and array size exceeds the number 
of primary users; CT is able to place perfect nulls at 
primary users. Thus, the averaged SINR at the jth PR 
calculated as

K 1 2H
2pp,j p , j

j 1 p
p r , j 2 2H 2

cp, j c

h w
a

SINR
h w

−

== =
σ+ σ

∑
(22)

The averaged SINR at the CR is affected by PB, 
which yield

( )

H 2
cc c c

cr K 1 2K 12 1H 2 2 H H
pc p , j p pc j

j 1 j 1

h w
SINR

h w h P P P e
− − −

= =

α= =
+ σ α∑ ∑

(23)

where  hpc  denotes  the  steering  vector  between  the 
PB  and  the  CR. To maintain the link of secondary 
users SINRcr should exceed a threshold value
SINRcr≥γth. Therefore

( )

( )

22 K 1 21p Hc
th pc j2 2

j 1

2
1p H H

th pc pc2

h P PP e 1

h P P P Ph 1

−
−

=

−

 αα
≥ γ + 

σ σ  
 α

= γ + 
σ  

∑
(24)

The minimum required transmission power of CT 
deduced from (19)

( )( ) ( )2 12 H H 2 H
c,min th p pc

1,1
P h P P P C C

− − = γ α + σ   
(25)

As we know that the smart antenna based on
perfect knowledge of {hcp,j}j = 1…K unluckily there is 
inevitable mismatch or estimation error between the
supposed and actual vector channel response. A
mismatch occurs whenever the CT assumes that
suppose response is {h cp,j}j = 1…K whereas the actual 
response is { }cp, j

j 1,...,K
h

=


cp, jcp, j cp , jh h h ; j 1,...,K= + ∆ = (26)
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where ∆hcp,k is the random distortion vector. Root mean 
square error between the supposed and the actual vector 
response is as written as 

 ( ) ( )
s

2N i
cp, j cp, j

i 1s

1
RMSE = h n h ; j 1,..,K

N =
− =∑

The resulting SINR in the form of the mismatch 
calculated as

  ( )

K 1
H

2p p, j p , j
j 1 pmis

p r , j H H 12 2 H 2
cp,j cp , jc c 1

h w
SINR

h w h C C C e

−

=
−

α
= =

+ σ η + σ

∑
(27)

To maintain the link, we have that mis
pr,k thSINR ≥ γ

which yields

 ( )

2
p

2 2
c

22 H 1H thcp, j 1

1 1
h C C C e

−

 α
 α σ ≤ −

σ γ 
 
 

(28)

It  follows  from  (26)  and  (27) that the primary 
and  secondary  (cognitive)  systems  may  coexist  if 
and only if

 ( )
( )

( )
 ( )

2
p

22 1p H H H
th pc pc2 2H 1H th

cp , j 1

2
p

2 2 21p H H H c
th pc pc 22 2 H 1H thcp,j 1

1
1 h P P P P h 1

h C C C e

1h P P P P h 1 1
h C C C e

−

−

−

−

  α
    α σ − > γ +    γ σ     

 α
  α α σ γ + ≤ ≤ −    σ σ γ    

(29)

Now we design the system which shows the robust 
transmits beamformer at the cognitive transmitter.
According to the study of the [20], the improvement in 
the robustness to mismatch obtained by adding the 
constraint. New constrained optimization problem
written in the form 

{
{

c

H
c cw

H
cc c c

2
c

argminw Rw

Subjectto h w

w

= α

≤ χ

(30)

where R = CCH,χ is the additional (quadratic) constraint 
to limit the transmission power for the CT. To solve 
(30), we impose the constraints by using Lagrange
multipliers. Thus, the cost function expressed as

( ) ( ) ( )H H H
c c c c c cc c cJ w w Rw w w h w= + δ − χ − λ −α (31)

Solution of (31) is 

( )
( )

1
c M cc

c,rob 1H
cc M cc

R h
w

h R h

−

−

α +δΙ
=

+δΙ
(32)

The resulting SINR can be obtained by substituting 
(33) into (28), which yields

  ( )
( )

K 1 2H
2pp,k p , j

j 1 prob
pr,k 2 2H H 12

cp,kcp,j 2 M cccp,rob
c 1H

cc M cc

h w
SINR

h R I hh w
h R I h

−

=

−

−

α
= =

+ δ+ σ
α

+ δ

∑
(33)

SINR derived in (33) is used for finding the robust 
signal to interference plus noise ratio of the primary and 
the secondary networks when there is error in the actual 
and the presumed signals.

The estimation techniques such as ESPIRIT
(Estimation of Signal Parameters via Rotational
Invariance Technique), multiple signal classification
(MUSIC) and WIENER HOPF are explained in [21]
and we compare it with GA. Similarly the optimization 
techniques including RLS (Recursive Least Squares), 
Least Mean Squares and Constant Modulus Method are 
discuss in [18] and compare with GA. For comparing 
these schemes with the GA, we derive the fitness 
function used for the estimation of the DOA and
adaptive beamforming.

Consider the two signals receive on the antenna 
arrays of the primary and the secondary base station. 
When the signal hits on the array, it initiate the phase in 
the antenna elements which is the function of the
distance [21]. Thus the phase as the function of distance 
is written a

( )zb kdsin= θ (34)

where 2
k

π
=
λ

 and λ is signal wavelength.To take the 

observable fact in Genetic Algorithm, chromosomes 
communicate   as   the   weights  of  antenna  element
in  the  array  and  stimulate  phases. The relevant
weights multiplied with current and combined for
received  current.  Maximum  current  value  signifies 
the  incoming  signal  direction.  Hence, cost function
is actually the received current, which should be
maximized.

( )jkdsin
A_m ax np A w ,w e θ= × = (35)
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For different signals we consider the different
phases and aggregate the current of the different signals 
at the receiving end. The genetic formula will converge 
to any single direction at a time. We then remove that 
current to deduce a DOA:

jDOA
rec recA A e= − (36)

To find the other direction of the arrival of the 
signal we fed the fresh change for the second time until 
the level reach to the noise level.

Beamforming determines radiation intensity
directed in a particular spatial angle. After the
estimation of phases and magnitudes, radiation pattern 
is determined as:

( ) ( )
N

jnkdcosn
a

n N 0

Ab e
A

θ

=−
θ = ∑ (37)

Due to availability of the chromosome, we form
the cost function, which show the difference taken 
between the estimated DOA and main beam direction. 
Cost function, which shows the difference between the 
DOA and the main beam angle, is written as:

DOA main_beamp = θ − θ (38)

SIMULATION RESULTS

For simulation, we consider the uniform linear
array (ULA).The size of the array consists of M antenna 
elements while the spacing between them is half of the 
wavelength. Steering vector, denoted by b having size 
M-by-1.The primary user and the cognitive user coexist 
in the same geographical areas and utilize the spectrum 
efficiently. The primary and the secondary user transmit 
the data simultaneously.

According to the Fig. 2 we estimate the link from 
cognitive transmitter to the primary receiver by using 
the root mean square error. In this we supposed that the 
total number of trials =100,

Antenna elements = 16, Multiple path = L = 5, 
Number of primary users K= 8, Signal to noise ratio for 
each source signal = 10dB.

To observe the proposed adaptive algorithm of the 
convergence characteristic, we measure the RMSE
performance with respect to the number of iterations 
and the outcome is presented in Fig. 2. Moreover, the 
simulations  are  performed  using  values  of  the  step 
size = µ = 0.1, 0.4 and 0.6. Hence larger step size
corresponds to the faster speed of convergence. It is 
obvious from the graph that as the value of µ increases 
the  error  decreases. It  also show that RMSE decreases 

0 5 10 15 20 25 30X1000
0

0.05

0.1

0.15

0.2

0.25

Number of iteration

RMSE

mu=0.1
mu=0.4
mu=0.6

Fig. 2: Root  mean  square  vs  number  of  iterations  at 
µ = 0.1, 0.4, 0.6
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Fig. 3: Mismatch with robust and non-robust
beamforming

as n increases, which verifies the convergence
characteristics. After about 1000 iterations, it converges 
to a steady state.

In Fig. 3, we consider performance evaluation of 
the non-robust and robust beamforming radiation
pattern. Draw the graph between the SNR vs. Gain. 
According to this we consider the number of antennas 
=20, Signal to Noise Ratio=20dB, Signal to interference 
ratio=15dB, mismatch angle is at 10 which is between 
the range of -30 to 30. By comparison, it is
comprehensible that whenever the mismatch angle of 10

is appear at the non-robust beamformer then the robust 
beam-former change the radiation pattern at the angle 
of 10 which is used for the maximization of the
secondary user while the nulls generated in the
direction of the primary user. Although the radiation 
pattern changes but the nulls, angles are not changes in 
the robust as well as in the non-robust beam-forming.
As a result due to the wrong estimation of direction of 
arrival of the mismatch angle at 10 by the conventional 
beam-former is accommodated by the robust beam-
former.So the main beam can be used for the secondary 
user for maximizing the power in the direction of the 
cognitive  user otherwise minimum power receive at the
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Fig. 4: SNR vs SINR for robust and non-robust
beamforming
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secondary receiver. This results also show that robust 
beamformer with mismatch angle at 10 have low side 
lobe levels equivalent to conventional beamformer
technique. These algorithms maintain the quality of the 
service of the secondary as well as primary users.

Figure 4 show the optimality of the robust and non-
robust beamformer where the mismatch angle is 10. We 
draw the graph against SNR vs. SINR considering the 
robust beamforming and non-robust beamforming. The 
optimum SINR obtain in robust beamforming is better 
as compare to non-robust beamforming.

In Fig. 5, we set primary signal to noise ratio 
at15dB while the threshold at 10dB.We evaluate the 
outage probability with respect to the number of
primary user’s K. Outage probability increases as
primary user’s increases. Moreover, as array size
increases with antenna elements (M=15, 25, 35, 40), the 
outage probability is extensively reduced.

The GA based beam-forming scheme is compared 
with widely adopted optimization approaches including 
RLS (Recursive Least Squares), (LMS) Least Mean 
Squares  and  (CMM)  Constant  Modulus  Method 
[21]. Figure  6  show   the   polar   array   pattern  which

Fig. 6: Polar array pattern SU at 450 and PU null at 600 
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Fig. 7: Polar array pattern SU at 300 and PU null at 600

demonstrate that we can steer the Beam = 30.26980

while the SU is at 30.57810 and DOA = 30.98890. The 
null is generated at the 600 in the direction of the 
primary user for avoiding the interference at the
primary receiver. According to Fig. 7 GA approach,
achieve finest outcome through minimum number of 
errors and required number of iterations for an average 
of 35 simulation runs. Similarly, the GA having the 
DOA estimation technique is compared with ESPIRIT 
(Estimation of Signal Parameters via Rotational
Invariance Technique), Multiple signal classification
(MUSIC) and WIENER HOPF Adaptive Algorithm
[18] for an average of 30 simulation runs. In Fig. 8, 
Polar array pattern show that Secondary use is at 
45.24380 and estimated at 45.51580. It is clear from Fig. 
9 that GA gives the outcome with less errors and 
minimum number of required iterations.The fitness
functions and crossover with mutation competency 
validate such performance.
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CONCLUSION

In this paper, we have proposed a non-interference
cognitive system that employed adaptive nulls -steering
techniques. Computer simulations confirm the reliable 
convergent rate of the iterative algorithm. In order to 
alleviate performance degradation induced by the
mismatch effect, we have developed a robust
beamformer and compared with existing works related 
to the issue of robust beamforming. The complexity 
comprehensively reduced since the adaptive estimator 
approximately knows the CSI. Simulation results
demonstrated that the robust transmit beam-forming
scheme broadly outperform when SINR measured
against mismatch. Moreover, we have verified that the 
outage probability decreases largely by adding the array 
size. Consequently, we can infer from the simulation 
results that the proposed non-intrusive cognitive
scheme is suitable for practical use in spectrum sharing. 
Furthermore, we compare the stochastic algorithms for 
estimation of direction of the arrival and adaptive
beamforming  with  the GA. The result show that GA is

better than the others existing algorithms and the
spectrum can be utilizes efficiently. In future GA can be 
compare with other evolutionary computing techniques 
such as PSO, DE etc. 

REFERENCES

1. Federal Communications Commission, 2002.
Spectrum Policy Task Force. Rep. ET Docket no. 
02-135.

2. Mitola, J. III and G.Q. Maguire, 1999. Cognitive 
radio: Making software radios more personal. IEEE
Pers. Commun., 6 (4): 13-18.

3. Haykin, S., 2005. Cognitive radio: Brain-
empowered wireless communications. IEEE
Journal  on  Selected  Areas  in  Communications, 
23 (2): 201-220.

4. Goldsmith, A., S.A. Jafar, I. Maric and S.
Srinivasa,  2009.  Breaking  spectrum  gridlock
with cognitive radios: An information theoretic
perspective. In Proc. of IEEE, 97: 894-914.

5. Ganesan, G. and Y. Li, 2007. Cooperative
spectrum sensing in cognit ive radio networks.
IEEE  Transaction  on  Wireless  Communications,
6: 2204-2222.

6. Zhang, W. and K.B. Letaief, 2008. Cooperative
spectrum sensing with transmit and relay diversity 
in cognitive radio networks. IEEE Transaction on 
Wireless Communications, 7: 4761-4766.

7. Kaur, G. and P.P. Bhattacharya, 2011. Cooperative 
spectrum sensing and spectrum sharing in
cognitive radio: A review. International Journal of 
Computer  Applications  in  Engineering  Sciences, 
1 (3): 326-330.

8. Axell, E., G. Leus, E.G. Larsson and H. Vincent 
Poor, 2012. Spectrum sensing for cognitive radio-
State-of-the-art and recent advances. IEEE Signal 
Processing Magazine, 7: 101-116.

9. SKA: Plications, 62: 1645-1654. 2T. Shah, A.
Khan and A.A. Andrade, 2011. Encoding through 
generalized polynomial codes. Computational &
Applied Mathematics, 30 (2): 1-18.

10. SKA1: Shah, T., A. Khan and A.A. Andrade,
Constructions of codes through semigroup ring 
BX;(1/(2²))Z0. and encoding. Computers &
Mathematics with Ap011).

 11. Syed Azmat Hussain, Tariq Shah and Naveed
Ahmed Azam, 2012. Transmission model in
cognitive radio based on error correcting codes.
Archives Des Sciences, 65 (9): 568-571.

12. Carbric, D., S.M. Mishra, D. Willkomm, R.
Brodersen and A. Wolisz, 2005. A cognitive radio 
approach for usage of virtual unlicensed spectrum. 
In 14th IST Mobile and Wireless Communications 
Summit.



World Appl. Sci. J., 27 (12): 1669-1678, 2013

1678

13. Zhang, R. and Y.-C. Liang, 2008. Exploiting multi-
antennas for opportunistic spectrum sharing
in cognitive radio networks. IEEE J. Select. Topics 
in Signal Processing, 2 (1): 88-102.

14. Letaief, K.B. and W. Zhang, 2009. Cooperative
communications for cognitive radio networks.
Proceedings of the IEEE, 97 (5): 878-893.

15. Huang, S., Z. Ding and X. Liu, 2007. Non-
Intrusive Cognitive Radio Networks based on
Smart  Antenna  Technology. GLOBECOM:
4862-4867.

16. Azmat Hussain, S., A. Naveed Malik and I.M.
Qureshi, 2013. Spectrum Sharing in Cognitive
Radio Based on Spatial Coding. Research Journal 
of Information Technology, 5 (2): 55-61.

17. Haykin, S., 2002. Adaptive Filter Theory, 4th Edn. 
Prentice-Hall, Inc.

18. Van Trees, H.L., 2002. Optimum Array
Processing, John Wiley & Sons, Inc.

19. Balanis, C., 1997. Antenna Theory, Analysis and 
Design. 2nd Edn. Wiley.

20. Tian, Z., K.L. Bell and H.L. Van Trees, 2001. A
recursive least squares implementation for LCMP 
beamforming under quadratic constraint. IEEE
Trans. Signal Processing, 49 (6): 1138-1145.

 21. Proakis, J.G. and D.G. Manolakis, 2007. Digital
Signal Processing. 4th Edn. Pearson Prentice Hall.


