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ABSTRACT:

In present day communication wireless communication has becomethe mast popular communication.\Because of
this growing demand on wireless applications has put a lot of constraints ofythe available radio spectrum which
is limited and precious. In fixed spectrum assignments thefe“arexmany frequengies that are noet being properly
used. So cognitive radio helps us to use these unused frequency bands,which are also called as “White Spaces”.
This is a unique approach to improve utilization of#radio electromagnetic spectrum. Insstablishing the cognitive
radio there are 4 important methods. In this paper Wwe are going to discuss aboutsthe first and most important
method to implement cognitive radio i.e.,gspectrum sensing”. The challenges, issues and techniques that are

involved in spectrum sensing will discussed imdetail.
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I. INTRODUCTION

As the need of wireless cemmunication\@pplications are increasing the available Electromagnetic Spectrum band is
getting efowded day by day. According t@ many researches it has been found that the allocated spectrum (licensed
speetrum) is, not utilized properly, because of static allocation of spectrum. It has become most difficult to find
vacant bands either to set up a new service or to enhance the existing one. In order to overcome these problems we
are going for “Dynamic Specttum Management” which improves the utilization of spectrum. Cognitive Radio works
on this dynamic SpectrumgManagement principle which solves the issue of spectrum underutilization in wireless
communication in a better way. This radio provides a highly reliable communication. In this the unlicensed systems
(Secondary users) are allowed to use the unused spectrum of the licensed users (Primary users). Cognitive radio will
change its transmission parameters like wave form, protocol, operating frequency, networking etc .based on the
interaction with environment in which it operates. Figure 1 shows the Dynamic Spectrum Access in Cognitive
Radio.
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Figure 2: Illustration of spectrum holes utilization by SUs in cognitive radio system.

When compared to all other techniques, Spectrum Sensing is the most crucial task for the establishment of cognitive

radio based communication mechanism.
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Il. SPECTRUM SENSING

The major challenge of the cognitive radio is that the secondary user needs to detect the presence of primary user
and to quickly quit the frequency band if the corresponding primary radio emerges in order to avoid interference to
primary users.

Spectrum sensing technique can be categorized into two types. They are: Direct and Indirect Techniques. Direct

Technique is also called as frequency domain out in which estimation is carried out diréetly from signal approach.

Where as in Indirect Technique (also called as time domain approach), in this imation is performed

using autocorrelation of the signal. Another way of classification depends on the need of spectrum sensing as stated

below.

I11. Spectrum Sensing for Spectrum opportunities:
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Fig. 3: Spectrum Sensing Techniques
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V.Primary Transmitter Detection:
In this we are going to discuss about few primary transmitter detection techniques. We will be dealing  primary
transmitter based detection includes Matched Filter, Energy Detection &Cyclostationary spectrum sensing

techniques. They are:

1. Energy Detection: In this technique there is no need of prior knowledge of Pri signal energy.

HO

- PSD - BPF -] Integrator

Fig. 4: Block Diagram of E

Where, HO = Absence of User, H1 = Presence of User.

The block diagram for the energy detection techni i . i thod, signal is passed

Where y (k) is the sample to be e i (k) is the noise of variance ¢2. Let y(k) be a

ignal detector, then adecision rule can be stated as,received

received signal and v is chosen to be the noise variance ¢2.

e the desire probability of detection may be higher.

ance depends on the uncertainty of the noise.

differentiate between the sources of the received energy.
e It cannot be used for the detection of spread signals.
e The computation of the threshold value used for detection is highly susceptible for the variation of the noise

levels which leads to a low SNR environment.
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2. Matched Filter: A matched filter (MF) is a linear filter designed to maximize the output signal to noise
ratio for a given input signal. The operation of matched filter detection is expressed as:
Y[n] = Z h[n-k] X[K]

BPF Matched HO

Filter

Fig. 5: Block Diagram of Matched Fil

Where, HO = Absence of User, H1 = Presence of User.

When secondary user has a priori knowledge of primary user signal, matched filter detection is applied Matched

known to the cognitive users.

Advantages:Matched filter detection needs less detection ti use it requires only O (1/SNR) samples to meet

a given probability of detection constraint. When the informa the primary user signal is known to the

cognitive radio user, matched fil ion is optimal detection in/stationary Gaussian noise.

Disadvantages:Matched filter dete prior knowledge of every primary signal. If the information is not
accurate, MF perfo advantage of MF is that a CR would need a dedicated

receiver for ev
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Fig. 6: Sensing accuracy and complexity of various sensing methods
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3. Cyclostationary Based Sensing:The wireless communication device uses the Cyclostationary detection

method to detect the existence of primary users in the feature detection approach.
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Fig 7: Implementation of Cyclostationary feature detection

A block diagram of Cyclostationary feature detection is shown in Fig 6. The feature detection can be implemented
by applying the FFT cross products for all offsets with windowed averaging. The modulatedgsignalSiearries hoping
sequence, sine wave carriers, cyclic prefix or repeating, spreading and have the“ability to extract those distinct
modulated signals features. Two- dimensional spectral correlation isfthe way to detect these modulated features [6].
Although, these modulated signals are cyclostationary processgs Which has periedic autocorrelationf@nction and is

periodic in time. The cyclostationary signal is as shown in the Fig'8,

&Lt]' L 3

Cyclostationary signal
;
r

~y

t T CET. T [X-Axis
HT.+ ¢ T

Fig 8: Modulated signals

Limitations of.the Cyclostationary detection:
The CFD is mare robust to uneektain levels of noise and gives much better performance in low SNR regions.
However, this technique has its own limitations:

e High computational complexity

e Long sensingdime

V1. Simulation Results

The cognitive radio spectrum sensing methods considered in the project are matched filtering technique, Energy

detection method and Cyclostationary detection method. The sensing performance of each detection scheme is
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quantified by the receiver operating characteristic (ROC), such as Pf versus Pd and Pm. The simulation is carried
out in the Matlab environment. Fig9 shows the relation between the probability ofdetection and probability of false
alarm with various SNR values for matched filtering sensing method.Number of users are increased by 2 up to 10 in
order to show how energy detection performs well in enhancing the detection when the users get increased.In fig.10-
11, SNR=-12&-20 and Pfa from 0.01 to 1 by increasing 0.01 where 100 times are used. The probability of detection
is estimated based on the different probability of false alarm and time bandwidth factors.
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Fig 9: Pd Vs Py
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Fig 10: Pd Vs Pf
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(Number of samples to be taken)

Fig 11:Threshold Vs P

The ROC of Energy detection under AWGN channel is plottéd fo babili misdetection and probability of

false alarm is as shown in the Fig 12,13.

‘ igsl2: Pm Vs Pf(SNR=-20dB)
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Fig 13: Pm Vs Pf(SNR= -25dB)
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VII. Conclusion

The concept of using cognitive radio for air ground communication will be more beneficial to address the current
spectrum scarcity problem. In the cognitive radio cycle, Spectrum sensing plays the most crucial role depending on
which further steps are carried out. Here in this paper standard spectrum sensing techniques are analysed. Matched
filtering performs well when SNR is high and perform worst in the case of low SNR. Energy detection performs

well even in low SNR, but there are chances for misdetection. Cyclostationary method orms well but it has high

complexity. By analysing these methods through simulation which is carried o B environment, it is

found that energy detection performs well and it is not so complex as cyclostationary method and does not performs
as matched filter in low SNR environments. It is suggested that energy detecti

communication which performs well even in low SNR environment.
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