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Abstract—In this paper we focus on spectrum sensing in cognitive radio to sense the presence of primary user. Cognitive 
users are allowed to utilize the licensed spectrum when the primary user is absent. Here Energy detection technique is 
considered best for spectrum sensing. Additive White Gaussian Noise (AWGN) and Rayleigh fading channel is considered 
for local spectrum sensing. To enhance the detection capability of primary user, the data of neighboring cognitive radios is 
collaboratively collected at global sensing, and a decision is made depending upon the unanimous decision of all the 
cognitive radios. The final decision may differ depending upon level of co-operation between the neighbors. 
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I. INTRODUCTION 
 
The available radio spectrum is limited and it is 
getting crowded day by day as there is increase in the 
number of wireless devices and applications. The 
issue of spectrum under-utilization in wireless 
communication can be solved in a better way using 
Cognitive Radio (CR). A cognitive radio is a system 
capable of sensing several spectrum bands, determine 
if there are unused portions, and adapt to operate in 
the vacant bands [1]. The spectrum sensing 
mechanisms implemented by CRs should reliably 
detect the presence and absence of primary signals in 
real time. If the primary user is not using the 
available bandwidth then it should be allotted to 
secondary cognitive users, to increase the efficiency 
of network. Once cognitive radios detect the presence 
of a primary user in their operating band, they must 
vacate the band immediately, and must not hamper 
the primary users functioning. Hence, accurate 
spectrum sensing is an essential feature of CR 
systems. 
 
 However, the effect of fading and shadowing on the 
spectrum sensing process can be very negative. These 
two problems can result in a secondary user failing to 
detect a primary signal, which is known as the hidden 
node problem. In order to avoid this problem, 
cognitive radio systems must be somewhat more 
sensitive in detecting the primary transmissions than 
the primary receivers. In order to reduce the 
individual sensitivity requirements of CRs, the 
technique that has been used is collaborative 
spectrum sensing.  
 
Our objective is to minimize the interference to the 
primary radio while meeting the requirement of 
opportunistic spectrum utilization. For this purpose 
performance of an Energy detector which is one of 
the spectrum sensing techniques is studied. The study 

includes behavior of detector under different channels 
like Additive White Gaussian Noise (AWGN) 
Channel and Rayleigh fading channel. Further to 
improve spectrum sensing efficiency, collaborative 
spectrum sensing is considered. This technique 
increases the probability of sensing the spectrum 
holes and avoiding the interference to primary user. 
Collaborative spectrum sensing is based on 
combining the sensing results of multiple cognitive 
radio nodes to reach the final decision.  
 
II. SYSTEM MODEL 

 
The system model considered for cooperative sensing 
and non cooperative sensing are described in this 
section. The sensing of spectrum is divided into parts 
one is Local spectrum sensing, which consists of CR 
users sensing the radio channel which is indented for 
primary user (licensed user). The second part consists 
of Global sensing, which deals with collecting the 
decisions of all the CRs at central decision fusion 
center. The availability of spectrum holes is then 
decided by this block. Here we assume that there are 
‘N’ CRs in the vicinity which are interested in 
detecting spectrum holes and utilize the spectrum to 
its fullest extent.  

A. Local Sensing  
The sensing of signals through the radio environment 
which are intended for primary user is very 
challenging job. There are many proposed techniques 
such as Matched filter, Energy detector, 
Cyclostationary feature detector, but out of them 
Energy detector [ 2] is best as, it requires no prior 
knowledge of the signal and complexity is also very 
low. Hence Energy detector technique is 
implemented in our system for local sensing. The 
local spectrum sensing is carried out by using binary 
hypothesis testing. 
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x(t) = 

 

Where x(t) is signal received by CR, s(t) is signal 
transmitted for primary user, n(t) is AWGN 
introduced and h is amplitude gain . 

 
Fig. 1. Non Cooperative spectrum sensing: Cognitive Radios 
(CR) senses the radio channel by local sensing, intended for 
Primary user (PU) and sends the status of channel to central 

fusion block as global sensing. 
 

B. Maintaining the Integrity of the 
Specifications 

 
In Energy detection the sensed signal is passed 
through bandpass filter of bandwidth W and then 
squared to remove noise and integrated for time T 
interval, which gives a statistic value ( ) this value is 
compared with predefined threshold value (λ). The 
probability of detection (Pd) = Prob(  > λ| ) and 
Probability of false alarm (Pf) = Prob(  > λ| ) can 
be calculated as follows [3] 

  

 

  
 

Where Γ (. , .) is incomplete gamma function, 
variance  , a=1,N=2(TW) degrees of freedom 
and (. , .) is generalized Marcum Q- function 
 

B. Global Sensing 
In global sensing the decision generated by each CR 
at local sensing is transmitted in binary form. One bit 
decision  {0, 1} is transmitted to the central decision 
fusion center. {0} indicated that primary user is 
absent and {1} indicates that primary user is present. 
At central fusion center one bit decisions are clubbed 
together as follows 

 
Where H1 and Ho is the processed decision of central 
fusion center whether primary user is present or 
absent.  

 
 

Fig. 2. Cooperative spectrum sensing: Cognitive Radios (CR) 
senses the radio channel by local sensing, intended for Primary 

user (PU) .Here each CR is sharing information with each 
other and then sends the status of channel to central fusion 

block as global sensing. 
 

Non Cooperative sensing consist of imperfect channel 
which has different signal to noise ratios at each CR 
node as they are at different distance from the 
transmitter. Also when they transmit the locally 
sensed data to the fusion center there is ambiguity at 
the fusion center about the actual correctness of 
situation. False alarm probability (Qf) and Missed 
detection probability (Qm) for non cooperative 
sensing can be given as follows [4] [5]. 

 

 
Where Pf,i , Pm,i , Pe,i are the probability of false 
alarm, probability of missed detection and probability 
of error for local spectrum sensing of ith CR 
respectively. 
In cooperative sensing all the CRs are sharing their 
information with each other. Also the distance 
between the two CRs is small so the signal strength at 
all the nodes is almost the same. Thus we consider 
same threshold (λ) value to present at each CR and 
the output generated will be having higher probability 
of detection than Non cooperative sensing. . False 
alarm probability (Qf) and Missed detection 
probability (Qm) for cooperative sensing can be given 
as follows [6]. 
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Where Pf,i , Pm,i are the probability of false alarm and 
probability of missed detection for local spectrum 
sensing of ith CR respectively . 
 
III. SIMULATION RESULTS 
 
At the local sensing the Energy detector is used for 
spectrum sensing. The presence or absence of 
primary user is decided by measuring the energy of 
sensed signal. But the received signal gets added with 
Additive White Gaussian Noise (AWGN).  

 
Fig. 3. Spectrum Sensing performance over AWGN non fading 

channel with SNR = -10, 0, 10 dB for local sensing. 
 

In Fig. 3 complementary receiver operating 
characteristics (ROC) graph is plotted for AWGN 
channel using energy detector for probability of false 
alarm (Pf) versus probability of detection (Pd). This 
graph is plotted using Eq. (1) and Eq. (2) for various 
threshold values. 

 

 
Fig. 4. Spectrum Sensing performance over Rayleigh fading 

channel with SNR = -10, 0, 10 dB for local sensing. 
 
In Fig. 4 ROC is plotted for Rayleigh fading channel 
for local sensing. The graph is plotted for Pf  versus 
Pd using       Eq. (2) and Eq. (3) by putting N=20 and 
varying SNR values of -10, 0 ,10. It can be observed 
that as SNR increases the performance of energy 
detector increases for local sensing. This is due to 
hidden node problem and shadowing. Further the 
performance of energy detector can be enhanced 
using cooperative spectrum sensing. 

 
Fig. 5. Receiver operating characteristics (ROC) for 

Cooperative and Non Cooperative spectrum sensing over 
AWGN non fading channel for SNR=10dB. 

 
In Fig. 5 the receiver operating characteristics (ROC) 
for non cooperative sensing and cooperative sensing 
is plotted for False alarm probability (Qf) versus 
Missed detection probability (Qd).  Non cooperative 
spectrum sensing is implemented by using Eq. (5) 
and Eq. (6), here Pe = 10-1. Cooperative spectrum 
sensing is implemented using Eq. (7) and Eq. (8), by 
putting SNR = 10dB and k = 10. 
 

 
Fig. 6. Receiver operating characteristics for Cooperative and 

Non Cooperative spectrum sensing over Rayleigh fading 
channel for SNR=10dB. 

 
In Fig. 6 ROC for non cooperative sensing and 
cooperative sensing is plotted for False alarm 
probability (Qf) versus Missed detection probability 
(Qd) by using same equations as used for Fig.5. The 
probability of false alarm (Pf ) and probability of 
missed detection (Pm) of individual CR at local 
sensing is used for overall calculation. It can be seen 
that cooperative spectrum sensing outperforms the 
non cooperative spectrum sensing. Also as the 
number of CR increases the performance of the 
system increases. 
 
CONCLUSION 
 
In wireless communication spectrum is very valuable 
resource. Cognitive radio is one of the efforts to 
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utilize the available spectrum more efficiently 
through opportunistic spectrum usage. One of the 
important elements of cognitive radio is sensing the 
available spectrum opportunities. The new 
interpretation of spectrum space creates new 
opportunities and challenges for spectrum sensing 
while solving some of the traditional problems. Out 
of the individual spectrum sensing technique AWGN 
is good for ideal purpose but on terrestrial platform 
Rayleigh fading channel suits the system. To 
overcome individual sensing issues like fading, 
shadowing and hidden node collaborative spectrum 
sensing is suitable. Comparing non cooperative and 
cooperative spectrum sensing for different channels 
cooperative spectrum sensing projects to be the best 
suitable approach.  
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