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Abstract— Cognitive radio is an intelligent wireless
communication technology in order to increase the spectrum
efficiency. Increasing efficiency of the spectrum usage is an
urgent need as an intrinsic result of the increasing demand for
higher data rates, better quality of services and higher
capacity. FCC decided to make a paradigm shift by allowing
more and more number of unlicensed users to transmit their
signals in licensed bands so as to efficiently utilize the available
spectrum. Spectrum sensing is the most important task upon
which the entire operation of the cognitive radio rests, there
are the various sensing techniques available, But there are some
practical challenges and limitations in these techniques. This
paper examines the implementation of Genetic Algorithm (GA)
based optimize Singular Value De-composition (SVD) method to
detect the presence of wireless signal. We simulated the
algorithm  using common  digital signal in  wireless
communication namely rectangular pulse, raised cosine and
root-raised cosine to test performance of the signal detector. The
algorithm is suitable for blind spectrum sensing where the
properties of the signal to be detected are unknown. The GA
optimized SVD gives better result in the low signal to noise (SNR)
environment.

Index Terms—Cognitive radio, Genetic Algorithm, Singular
Value De-composition, Signal detector, Spectrum Sensing.

I. INTRODUCTION

Cognitive radio(CR) is emerging as key enabling
technology for improving the utilization of electromagnetic
spectrum. The term cognitive radio was coined by Joseph
Mitola [1].Spectrum sensing is one of the most important
function in cognitive radio for the efficient utilization of
spectrum. Spectrum sensing is one of the major steps of
spectrum management, spectrum management consist of
four major steps: 1) spectrum sensing, 2) decision making, 3)
Spectrum sharing and 4) Spectrum mobility.

Spectrum sensing aims to determine spectrum availability
and the presence of licensed users or primary user. Spectrum
decision is to predict how long the spectrum holes are likely to
remain available for use to the unlicensed users or secondary
users. Spectrum sharing is to distribute the spectrum holes
fairly among the secondary users bearing in mind usage cost.
Spectrum mobility is to maintain seamless communication
requirements during the transition to better spectrum. There
are various spectrum sensing techniques such as energy
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detection (ED), the eigenvalue based detection, the covariance
based detection, feature based detection, and singular value
based detection. These methods are discussed in [3], [4], [5].
Maximum-maximum eigenvalue (MME) method is quite
better as compared to rest of other sensing methods. The MME.
method use random matrix theory (RMT) to detect the
presence of signal. This method can only be applied to
certain classes of square matrices. The SVD is quite similar to
the eigenvalue decomposition method. However, the SVD is
very general in the sense that it can be applied to any m x n
matrix. SVD has several advantage as compared to the other
decomposition method as it is more robust to numerical error
[7]. Genetic algorithm is an iterative process as a metaphor of
the Darwinian theory of evolution applied to biology Genetic
algorithm is an optimization technique here it is used to
optimize the value of L (number of column) in covariance
matrix. GA-SVD gives better result as compared to SVD based
detection.

The rest of the paper is organized as follows. Common
signal detection model for spectrum sensing is introduced in
section Il. SVD based signal detection given in section III.
Genetic Algorithm is described in section IV. Algorithm for
signal detection given in section V. In section VI threshold
value is determined. In Section VII, simulation parameters and
results of implementing GA optimized SVD based signal
detector is described. Finally conclusion is given in section
VIII.

Il. SYSTEM MODEL

Being the focus of this paper, for detecting a signal two
Hypothesis are involved, Hy and H;. Hp is null hypothesis
means signal is absent while Hy means signal is present. The
received signal under two Hypothesis is given as

Ho: y(n) = w(n) (1)
Hi: y(n) =s(n) + w(n) )
Where,

y(n): is a received signal

s(n): is a transmitted signal samples

w(n):is white noise which is independent and identically
distributed.

The decision statistics of the energy detector [4] can be
defined as the average energy of N observed samples, the
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probability of detection Py and probability of false alarm Py
are given by following formulas:

Pq =P (y > MHy) 3)
and P;=P (y > MHy) 4
I11. SVD BASED DETECTOR

The SVD-based signal detection is most efficient way of
sensing signal without knowing the properties of the
transmitted signal. SVD plays a crucial role in the field of
signal processing and statistics, specifically in the area of a
linear system. For a time series y (n) with n =1, 2. . . N,
commonly, we can construct a Henkel matrix with M = N-L+1
rows and L columns as follows,

y(1) y(2) y(L)
y(N-L+1) y(N—-L+2) y(N)

Then R is an M xL matrix. Its elements can be found by
substituting of y (n) , R,y =y (M+l-1), m=1,2.. Mand1=1,
2...L, Using SVD, R can be factorized as

R=UYVH (6)

Where U and V is an MXM and LxL unitary matrix
respectively. And the columns of matrix U and V are called
left and right singular vectors respectively.

The Y = diag (14,4, ..1,,) is a diagonal matrix whose
nonnegative entries are the square roots of the positive
eigenvalue of R"R or RR".

These nonnegative entries are called the singular values of R
and they are arranged in a decreasing manner with the largest
number in the upper left-hand corner of the matrix. The
[ ] #denotes the Hermitian transpose of a matrix.

Whenever the primary signal or any other signal is not
present, then the received signal y(n) comprises only AWGN
contribution such that its singular values are similar and close
to zero. When other signals are active and having power more
than a threshold offset, then there will be several dominant
singular values that represent these signals. As a result, the
signal can be detected by examining the presence of dominant
singular values [7].

In implementing SVD based signal detector, we adopt method
by Zeng and Liang (2007) in [12].SVD based signal detector
has following algorithm to detect the presence of signal,

1. Select number of columns of a covariance matrix, L such
that k < L < N-k, where N is the number of sampling
points and k is the number of dominant singular values.

2. Factorized the covariance matrix.

3. Obtain the maximum and minimum eigenvalue i.e. A,y
and A,,;,, of the covariance matrix.

4. Computation of threshold value y.

5. Compare the ratio with the threshold. If 1,4/ Amin > ¥,

is to be found then the decision will be in favour that
signal is present otherwise it is not present.
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IV. GENETIC ALGORITHM

A genetic algorithm is basically a part of the evolutionary
computing, one of the rapidly growing area of artificial
intelligence. Genetic algorithm is inspired by Darwin's theory
regarding evolution..

In a genetic algorithm, a population of strings known as the
chromosomes which encode candidate solutions generally
called individuals,. Basically, all the solutions are represented
in binary sequences consisting of 0’s and 1’s, but other
encodings techniques are also possible. The evolution
generally starts with a population of randomly generated
individuals and it happens in generations. The fitness of
every individual in the population is evaluated in each
generation, and  multiple individuals are then
stochastically chosen from the current population (based on
their fitness), and modified (recombined and possibly
randomly mutated) to generate a new population. This newly
generated population is used in the next iteration of
the algorithm. Usually, the algorithm is terminated whenever
either there is a production of a maximum number of
generations, or a adequate fitness level has been acquired for
the population. If the termination of algorithm is because of a
maximum number of generations, then a satisfactory optimal
solution may or may not have been reached

A path through the different components of the GA is
represented as a flowchart in Figure 1 and described below:

Define cost function, cost variable
Select GA parameters

v

Generate initial population

v

> Decode Chromosome

v

Find cost for each Chromosome

v

Select mates

v

Matina

v

Mutation

v

Converaence Check

v

Done

Fig. 1 A path through the components of the GA
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1. Define cost function and cost:
For each problem there is a cost function. For instance,
maximum of a 3D surface with peaks and valleys when
displayed in variable space, then a Cost (value) for
fitness, is allotted to each solution.

2. Chromosomes and genes:
A gene is a number lying from 0 to n-1. An array of these
genes defines a chromosome.

3. Create a Random Initial Population:
An initial population is generated from a random
selection of chromosomes. It is the parameter upon which
the number of generations needed for convergence
depends.

4. Decoding of chromosome and finding the cost:
A cost function is defined to find the assigned cost for
each chromosome. The cost function has a result known
as cost value. As a final point, averaging the cost values
of each generation converges to the desired answer.

5. Mating and next generation:

Those chromosomes with a higher fitness (lesser cost)
value are used to produce the next generation. The
offspring is a product of the father and the mother. The
composition of offspring consists of a combination of genes
derived from both (this process is termed as "crossing
over").

If a chromosome contained in the new generation, produces
an output which is close enough or equal to the desired
answer then the solution of problem has been obtained. If
not so, then the newly generation will go through the same
procedure as followed by their parents. This process will
continue until a optimal solution is reached.

V. THRESHOLD DETERMINATION

The decision statistic for the maximum minimum
eigenvalue (MME) detection is defined as the ratio of
maximum to minimum eigenvalues of received signal
covariance matrix as follows:

T,= Amax/lmin (7)

An asymptotic formula of signal detection threshold in term of
desired probability of false alarm for MME has been proposed
in. The detection threshold in terms of desired probability of
false alarm is calculated by using the results of the theorem.

VI. AGA-SVD BASED SIGNAL DETECTOR

The SVD-based signal detection is most efficient way of
sensing signal without knowing the properties of the
transmitted signal. Our approach in this work is to add
absolute precision in the base method. Here comes the GA-
SVD Based signal detector, marked as the more efficient
method than previous methods, in terms of sensing of Signal
without having knowledge of the basic properties of
transmitted signal code
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The Optimized SVD Algorithm is proposed by employing the
Genetic Algorithm along with the existing SVD Based Signal
detector. This Algorithm proceeds through the different stages
which are here represented as the Flow Diagram, as shown in
the figure 2.

Generation of digital MPSK signal

|

Filtering with Filters

I

Transmitting Signal

g

Channel-AWGN

J

Receiving Signal

g

Optimizing parameters of Detector

U

Converting to Hankel Matrix

|

Applying SVD and finding max
and min Eigenvalue

If max/min >
threshold

Noise

Signal
Detected

Figure 2 Flow diagram for GA-SVD Signal Detector

In this paper, k = 2, and the value of L is optimized by Genetic
Algorithm.
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VIl. SIMULATION PARAMETERS & RESULTS
A) SIMULATION PARAMETERS

The various Simulation result of SVD and GA for
different inputs like Rectangular pulse, Raised Cosine pulse &
Root Raised Cosine pulse for Probability of detection with
respect to SNR, in aforementioned environment is shown
here.

Design Specifications:
*  Modulation Scheme:- MPSK, M=8

» Signals:- (1) Rectangular Pulse
(2) Raised cosine
(3) Root Raised cosine
* SNR Range:- -16 to -4 db

. Pfa:—0.01-0.1
«  Environment:- AWGN.

B) SIMULATION RESULTS

Figure 3 shows simulation results of the probability of
detection (Pg) when the GA-SVD method and SVD method
are used for comparison when SNR ranges from -16 dB to -4
dB. From these figures, it can be concluded that the GA
optimized SVD based detection gives better results than SVD
based detection in low SNR. It can be noticed from the graph
that the performance of the SVD method and GA optimized
SVD are nearly equal at -6 dB, while GA optimized SVD
shows better results at -16 dB for all the three signals,
rectangular pulse signal, raised cosine and root-raised
cosine. Although SVD at certain points better than the GA
optimized SVD method for root raised cosine signal, but the
overall performance of the detector is better than the SVD
method.

CONCLUSION

We implemented a GA-based approach to detect common

signals in today’s digital communication system. The rationale
of detecting common signals is that, in order for a CR system
to operate with an expectable quality of service, the CR need
to avoid interference not only to/from primary users but any
other signals, which could affect the delivery of
information to the system. The brief simulation results show
that SVD of the data matrix is very useful in finding the
dominant singular values in which the presence of other
signals can be detected.
The method is more robust to numerical errors and very fast.
These qualities are desirable in IEEE 802.22 standard since it
is easily suited the need to shorten the period of sensing
and hence making the system reliable
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Fig. 3: Comparision of P4 between the GA-SVD and SVD detector for
(a) Rectangular pulse signal;
(b) Raised cosine signal
(c) Root-raised cosine signal

287



[11.

[2].

[3].

[4].

[5].

[6].

[71.

(8] .

[9]

[10]

REFERENCES

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

S. Xu, Y. Shang, and H. Wang, “SVD based Sensing of a Wireless
Microphone Signal in Cognitive Radio Networks,” IEEE
International Conference on Communications Systems, November
2008.

A. Ghasemi and E. S. Sousa, B Spectrum sensing in cognitive radio
networks: Requirements, challenges and design trade-offs, IEEE
Communication. Mag., vol. 46, pp. 32— 39, Apr. 2008.

A. Sahai, N. Hoven, and R. Tandra, B Some fundamental limits in
cognitive radio, in Proc. Allerton Conf. Commun., Contr. Comput.,
Urbana, IL, Oct. 2004.

H. V. Poor, an Introduction to Signal Detection and Estimation,
2nd ed. Berlin, Germany: Springer-Verlag, 1994.

Mohd. Hasbullah Omar, Suhaidi Hassan, Angela Amphawan, and
Shahrudin  Awang Nor, SVD-Based Signal Detector for Cognitive
Radio Networks,2011 UK Sim 13th International Conference on
Modelling and Simulation.

M. McHenry, “Dynamic Spectrum Sharing,” Presentation to IEEE
Communications Society, January 25, 2005.

S. Mangold, A. Jarosch, and C. Monney, “Cognitive Radio Trends
and Research Challenges,” Swisscom Comtec Magazine, pp. 24-27,
May 2005

LF AkyildizzW Lee, M.C Vuran, S Mohanty,”Next Generation/
Dynamic spectrum access/cognitive radio wireless networks: A
survey” Computer Networks 50(2006) 2127-2159, May 2006.

S.  Haykin, “Cognitive radio: brain-empowered  wireless
communications,” IEEEJ. Select. Areas Commun., vol. 3, no. 2, pp.
201-220, Feb. 2005.[11] “F. Digham, M. Alouini, and M. Simon, “On
the energy detection of unknown signals over fading channels,” in
Proc. IEEE Int. Conf. Commun., vol. 5, Seattle, Washington, USA,
May 2003, pp. 3575-3579.

[11] J. Mitola and G. Q. Maguire, “Cognitive radio: making software radios

more personal,” Personal Communications, IEEE, vol. 6, no. 4, pp. 13—
18, Aug. 1999.

[12] Shanthan Suresh, Shankar Prakriya, and Manav R. Bhatnagar, “Kurtosis

[13]

Based Spectrum Sensing in Cognitive Radio”, ELSEVIER, Volume 5,
Issue 3, Pages 230-239,September 2012.

Farrukh Javed, Imran Shafiand Asad Mahmoodm, “A Novel Radio
Mode Identification Approach for Spectrum Sensing in Cognitive
Radios”, IJCNIS, Vol. 4, No. 2, August 2012.

www.ijert.org

International Journal of Engineering Research & Technology (IJERT)
NCETECE 14 Conference Proceedings
ISSN: 2278-0181

288



