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ABSTARCT:

Cognitive Radio (CR) is Software Defined Radio (SDR) that continuously monitors its spectral
environment in search of spectrum holes and allots the unused frequency slot to the secondary user.
Spectrum sensing division of CR does the work of this searching. For the purpose of this exploration the
simplest technique which can be used is Energy Detection technique in which energy of the received
signal is calculated to detect the presence of primary user. An improved version of energy detection is by
detecting the users using power spectral density (PSD) of the received signals. This paper elaborates this
method using MATLAB simulation software. Here the receiver distinguishes the empty channel for the
use of secondary user which may or may not be affected by noise.

Keywords: Spectrum Sensing, Energy detection, Power spectral density, Dynamic spectrum management,
Cognitive radio.

1. INTRODUCTION:

One of the major challenges that the world of weissl communication is facing today is the ever asirey
demand of spectral bandwidth. The present disidbubdf spectrum is static i.e. only those users/tmm the
bandwidth is allotted can only use it. But the $peu is limited and the growing population of wieé
network and users is resulting in shortage of abel frequency bandwidth for use. Moreover, aceogydd
survey conducted by spectrum task force of FE® X the allocated bandwidth is highly underutilizetdhas
also been emphasized that instead of static alcadynamic management of spectrum can be usedive
the spectral inefficiency problem. It will help @ealing with the recent boom of wireless users @eitvork
also.
One of the pioneer techniques for dynamic managenfespectrum is Cognitive radio. It may be defirsdan
intelligent radio transceiveP™? that is designed for automatic detection of awéélaunused wireless
spectrum then accordingly changes its transmissimhreception parameters to allow more concurrémtiess
communications in a given spectrum band at onatilme. It allows more and more unlicensed usersi the
licensed band for wireless communication. The prina@m of cognitive radio network is to provide hig
reliable communications whenever and wherever ribeael to utilize the radio spectrum efficiently.eTB
major tasks that the cognitive radio has to perfaref’:-
1. Radio-scene analysis, which includes :-
a. Estimation of interference temperature of the raigironment
b. Detection of spectrum holes.
2. Channel identification, which includes :-
a. Estimation of channel-state information (CSI)
b. Prediction of channel capacity for use by the taitter.
3. Transmit-power control and dynamic spectrum managem

The term ‘Spectrum Holes’ here refers to the bdrfdeguencies assigned to a primary user, but,partcular
time and specific geographic location, the barmbisbeing utilized by that usét.
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2. SPECTRUM SENSING

The portion or part of the cognitive radio whichatiewith this spectrum holes is known as Spectrensisig. It
enables the cognitive radio to continuously monédicensed frequency band and opportunisticaipgmit
whenever it doesn’t detect a primary signal. Withaeility to autonomously detect and respond tosghectrum
usage, these type of secondary users can be cmetside the primitive forms of cognitive radio. Tbasic
requirements for spectrum sensing are the full emess of its radio environment and knowledge of its
geographical location. The tasks performed specsemsing unit involves:

1. Detection of spectrum holes;

2. Spectral resolution of each spectrum hole;

3. Estimation of the spatial directions of incomintgeifieres;

4. Signal classification.
The different techniques through which spectrunssegncan be done are as shown in figurel:-
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Fig. 1 Classification of Spectrum Sensing Technigue

However, there are different challenges and isezlaged to spectrum sensiR These are:-

1. Channel Uncertainty

2. Noise Uncertainty

3. Aggregate Interference Uncertainty
4. Sensing Interference Limit

3. ENERGY DETECTION TECHNIQUE

The Energy detection method is the simplest specsansing mechanisfif. Here energy of the received
signal is calculated to detect the presence of ginusers in the spectrum. Its biggest advantaghaisit
doesn’t depend upon the characteristics of thetisnal for signal detection. The primary usesasd to be
present if the calculated energy level of inconsignal is greater than the threshold energy lesephpose that

y (n)[ }s sampled signal to be analyzed and x (thésintelligent signal and w(n) be the noise afamces” such
that!,

y(n) = h (n)*x (n) + w(n).......... H (signal present)
YyM) =W (N) oo, H (signal absent)
The hypothesis fldenotes that primary user is present anddéhotes that the primary user is absent. The
hypothesis K will be true only if y(n) is greater than thresti@nergy levet and H will be true if y(n) is less
than the threshold energy lewvel
HoH................y(n) >¢
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H=H................ y(n) <g

4. ENERGY DETECTION USING PSD

The estimation of energy using energy spectralitleanalysis is suitable only for transient sign@ilse pulse).
For continuous time signals it is advantageousateelpower spectral density instead. It is due ¢oréason that
power of a signal will be a finite quantity evenitd energy content is infinite. Power Spectral §ignis the
distribution of average power over some range efjdencies. The total power of a signal x (t) may be

calculated as under:-
-

1 ,
P=lim—| =x(t)dt
r -7

t—+an

The quantity $(w) is the Power Spectral Density if x (t) is consatbto be a WSS process.

E||F ?
So(w) = lim _“ X;’}Ewﬂ ]

It is a real-valued, non negative function for whitx (t) is real-valued the power spectrum wid the even
function ofw. Here X (t) is the truncated process given by
xi(t) = x(t) Rect (/2T).

5. ALGORITHM

For the detection of spectrum holes a mere caloul@tf the PSD of the received signal can be uSednparing
the PSD values at each channel we can estimateréisence of spectrum holds As shown in fig.2 the first
step in algorithm for the detection of primary sser the radio environment of cognitive radio usPgD is
modulation of incoming input signal at differentacimels having different carrier frequencies. Thifollowed
by multiplexing and transmission of the modulateghals through the channel where noise may or n@y n
corrupt the signals. Calculation of threshold poleeel is also done. At receiver, PSD of receivigghal from
different channels using Bartlett's method is cklted. Lastly, a comparison of the calculated powih the
threshold power level is done to finally make aisiea on the presence of primary user. If poweelés less
than the threshold level, primary user is absedtcarannel can be used by secondary user. If theplawel is
high, primary user is present.

6. EXPERIMENTAL

For the simulation purpose we had taken 5 diffeckainnels each having different carrier frequendiese the
inputs taken are sinusoidal signal and exponesigalal. At transmitter, input signal is first modtéd using
carrier frequencies of different channel and sbrdugh different channels as per the user. Theotnggsignal
is then finally multiplexed to obtain a combinedrgl and then transmitted. Before reception thencbbmay
incorporate noise (AWGN) as specified by user. &deiver the received signal is processed to olterPSD
of the incoming signal so as to obtain power cantenDb) of the received signal at channel frequies. Now
the calculated PSD value is compared with the tated threshold value. If the obtained power conigtess
than the threshold value primary user is absetitahparticular channel and vice versa.
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Lewel Calcu lation

Estimated PSD =
Threshold Power Lewel

WES

7 Primary User Is Primary User Is
Absent B Present

Fig. 2 Algorithm for primary user detection

7. RESULTSAND DISCUSSION

Following the above algorithm it has been found phesence of primary users can be detected bylatitay
PSD of the received signal.

Fig. 3 Simulation of Transmitter operation

As shown in figure 3 during transmitter operatibe tiser has been asked whether he wants to ustahael
or not (answer being in y for yes and n for no)eThsults have been shown in the figure 4 whereivec
compares the threshold value with the calculatesldP@ontent of the received signal and estimategthsence.
Moreover AWGN noise has also been induced so amake the simulation more realistic. For this pugos
user is asked to provide the required SNR valub@iystem according to which noise is added.daré 4(a)
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noise has been added such that the SNR value sf/ttem becomes -10db. In figure 4(b) again noéskleen
added but this time SNR value is further decrease@0db. For the first case detection has beemnfttrat the
channel is free and can be used by secondaryBiseas the SNR value is decreased the increassé tmiel
result in incorrect detection of primary user. A®wn primary users are absent in channel 2 and #ebaiver
has made erroneous detection.

Fig. 4 Detection of primary users when (a) -10 SHR-80db SNR

8. CONCLUSION

Cognitive Radio is an emerging technology which banextensively used for the efficient use of thdio
spectrum thus fulfilling the increasing demand #qiency bands. For the smooth functioning of dogni
radio spectrum sensing plays an important rolefepght techniques of spectrum sensing can be used f
detection of spectrum holes in the radio spectanergy Detection is one of the easiest techniqisgmsing
the spectrum holes. It does not depend on the Isignghannel characteristics for detection of speutholes.
The above proposed algorithm makes use of Powetrapdensity of the received signal to detectghesence
of primary user. Furthermore, there are some cafstadse detection of primary user due to noiserifigrences.
The proposed algorithm suggests that the systersndosork as efficiently if the SNR value of thecedver
goes below -30db. It is because of the fact thgiadi power is low as compared to the noise affgcthe
system. There exist a number of issues like falaema high noise interference, etc which are needd
considered for better working of the system.

References

[1] Nigel Laflin and Bela Dajka, BBC,”A Simple Guide Radio Spectrum”, EBU Technical Review, January7200

[2] Mansi Subhedar and Gajanan Birajdar, “SpectrumiSgrieechniques in Cognitive Radio Networks: A Sytvinternational Journal
of Next-Generation Networks (IINGN) Vol.3, No.2n&w2011.

[3] Rajeev Shukla and Deepak Sharma, “Estimation oftBj@a Holes in Cognitive Radio using PSD”, IJICTIN8p No.7, October 2013.

[4] Juan Andrés Bazerque, Georgios B. Giannakis, “Distied Spectrum Sensing For Cognitive Radio Net&d@y Exploiting Sparsity”,
IEEE Transactions On Signal Processing, Vol. 58,3\®arch 2010.

[5] Joseph Mitola Il and Gerald Q. Maguire, Jr. “Cdiy@ Radio: Making Software Radios More PersondfEE Personal
Communications, August 1999.

[6] Simon Haykin, David J. Thomson, Jeffrey H. Ree8péctrum Sensing for Cognitive Radio” Proceedirfgh® IEEE, Vol. 0018-9219
2009 IEEE 97, No. 5, May 2009.

[7] Federal Communications Commission (FCC), — Spectrum Policy Task Force, | Report, 2002, pp 2-135.

523



E-ISSN: 2321—9637
Volume 1, Issue 5, December 2013

| nter national Journal of Research in Advent Technology

Available Online at: http://www.ijrat.org

[8] Won-Yeol Lee and lan. F. Akyildiz, “Optimal SpeatmuSensing Framework for Cognitive Radio NetwordEEE Transactions on
Wireless Communications, Vol. 7, no. 10, Octobed&0

[9] Yue Wang, Zhi Tian, Chunyan Feng, “ Collecting [2¢iten Diversity and Complexity Gains in Cooperatspectrum Sensing”, IEEE
Transactions On Wireless Communications, Vol. 14, 8 August 2012.

[10] Anita Garhwal and Partha Pratim Bhattacharya, “Av8y on Spectrum Sensing Techniques in CognitivéidRalnternational Journal
of Computer Science & Communication Networks V¢R)1196-206 Oct-Nov 2011.

[11]Amir Ghasemi, Elvino S. Sousa, “Spectrum SensinGagnitive Radio Networks: Requirements, Challereyed Design Trade-offs”,
IEEE Communications Magazine April 2008.

[12]S. Haykin, “Cognitive Radio: Brain-empowered wisdecommunications”, |IEEE Journal on Selected Aiea€ommunications,
Special Issue on Cognitive Networks, vol. 23, @jl-220, February 2009.

[13]Tevfik Yutcek and Hiseyin Arslan, “A Survey of Spectrum Sensing Aldumis for Cognitive Radio Applications”, |EEE
Communications Surveys & Tutorials, Vol. 11, NoFirst Quarter 2009.

[14] Tugba Erpek ,Mark Lofquist ,Ken Patton, “Spectrumc@pancy Measurements Loring Commerce Centre LonestMaine” Shared
Spectrum Company 1595 Spring Hill Road, Suite 1iéhka, VA 22182-2228, September 18-20, 2007.

524



