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Abstract- Cooperation among secondary users improves the spectrum sensing performance by allowing local decisions 
measured over independent sensing channels. This reduces the miss-detection and false alarm probabilities. While most of 
the works in cooperative spectrum sensing techniques assume perfect channels between the cooperating secondary users, in 
this paper we considered the effect of imperfect channels. Total error rate and success probabilities are calculated for an 
imperfect channels.  The optimal number of cooperative secondary users is estimated over fading channel. Simulation results 
show that the variation of success probability with respect to channel imperfection. 
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I. INTRODUCTION 
 
Cognitive radio concept was first presented by Mitola 
[1] to solve the problem of spectrum scarcity 
identified by the Federal Communication 
Commission [2]. The main principle of this concept is 
to access the primary user spectrum by the secondary 
user when it is free without causing any interference 
to the PU. Therefore, spectrum sensing technique is 
used to identify the presence or the absence of a PU. 
Different spectrum sensing algorithms and their 
advantages and disadvantages are discussed in [3], 
[4]. With single secondary user the false alarm 
probability increases. So, to improve the probability 
of detection and reduce the probability of false alarm 
cooperative spectrum sensing (CSS) has been used. 
This CSS utilizes the cooperation among SUs for 
spectrum sensing and then improves the probability 
of successful detections of PUs by taking advantage 
of the spatial diversity obtained from the users 
channel conditions each having independent 
shadowing and multi path fading effects. In addition, 
cooperation reduces the possibility of the hidden node 
problem also. 
Cooperative spectrum sensing concept has been 
studied in the literature [5]–[7]. More specifically, [8] 
and [9] provide a detailed review of most of the 
works done in this area and highlight the main 
advantages and the limits. The performance of single 
CR user based spectrum sensing in fading channels 
such as Rayleigh, Nakagami, Weibull has been 
studied in [10]. In cooperative spectrum sensing,all 
CR users sense the PU individually and send their 
sensing information in the form of 1-bit binary 
decisions (1 or 0) to Fusion center (FC). The hard 
decision combining rule (OR, AND, and MAJORITY 
rule) is performed at FC using a counting rule to 

make the final decision regarding whether the 
primary user present or not [11]-[16].  
 
However, the existed works more of them examined 
the additive white Gaussian noise (AWGN) channel.  
In this paper, we study cooperative spectrum sensing 
over Rayleigh fading channel.The contributions of 
this paper are summarized as follows: In Section 2, 
the system model is introduced. In Section 3, 
detection and false alarm probabilities of non-fading 
AWGN and Rayleigh fading channel is described. 
Success probability over Rayleigh fading channel is 
derived in Section 4. The simulation result and 
discussion are presented in section 5. Finally, we 
draw our conclusion in Section 6. 

 
II. SYSTEM MODEL 
 
Consider a cooperative spectrum sensing with K 
number of secondary users, one primary user and one 
fusion center which is shown in the fig 1. 

 
Fig 1: Cooperative spectrum sensing with K secondary users, 

one primary user and one Fusion center 
 
In CSS, each secondary user senses the local 
spectrum independently and then forwards their 
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binary local decisions (1 or 0) to the fusion center. 
The fusion center combines all the local decisions and 
makes a final decision to identify the presence or 
absence of the PU. In a CR network, hypothesis 
testing is used to identify the presence or absence of 
the PU as 

H0: Primary user is absent 
H1: Primary user is present 

Under these two hypotheses the received signal 
strength of the secondary user is given as [17] 
respectively 
 

 
 
Where nj(t) is the additive white Gaussian noise of 
the jth secondary user, hj is the channel gain of the 
sensing channel between the PU and the jth secondary 
user and s(t) is the transmitted signal of the PU. 
 
III. PROBABILITY OF FALSE ALARM AND 
PROBABILITY OF DETECTION 
 
For a non fading channel, the probability of detection 
and the probability of false alarm of  jth secondary 
user are given as [18] 

 
 
Where U is the time bandwidth product, λ is the 
detection threshold, γ is the signal to noise ratio, 
Q(. , . )  is the Marcum Q-function,  Γ(. , . ) is the 
incomplete gamma function and Γ(. )  is the gamma 
function. 
In this paper we assumed a fading channel as 
Rayleigh fading channel instead of additive white 
Gaussian noise (AWGN) non-fading channel because 
received signal is the combination multipath fading 
signals.  If the signal amplitude follows a Rayleigh 
distribution, then the signal to noise ratio (γ)follows 
an exponential probability density function which is 
given as [19] 

 
The probability of detection for a Rayleigh fading 
channel is given as 

 

 
Average probability of detection is obtained by 
substituting f (x) in equation (6) as 

 

 
 

IV. SUCCESS PROBABILITY 
 

In CSS, K secondary users sense the PU channel and 
forward their local decisions to the fusion center. The 
fusion center will combine all the local decisions 
according to soft, quantized soft and hard fusion 
rules. In the soft combination all the CRs will send 
their total sensing information to the FC. In the 
quantized soft method, CR users quantize the sensed 
data and then forward that quantized samples for soft 
combination. In the hard combining method each CR 
user make a one bit local decision and forward that 
local decision to the fusion center for hard combining 
[20].   In all these three methods we are using hard 
combining method for reducing the channel over 
head. 
By using Majority fusion rule the probability of 
detection and the probability of false alarm at the 
fusion center is given as [20] respectively 
 
V. SIMULATION RESULTS 
 
In this paper, we considered a CSS K number of 
secondary users, one primary user and one fusion 
cnter. Let us consider a time bandwith product of 
240, channel imperfection  as 15% to 25%, signal 
noise ratio of 10dB, path loss exponent of 2. 
The Fig 2 shows the variation of total error rate with 
respect to the detection threshold as the number of 
secondary users is changing from 1 to 10. We observe 
that as the detection threshold increases, the error 
rates decreases till threshold and the number of 
secondary users is constant and then increases 
continuously. This conveys that the error rate 
decreases to an optimal value i.e. for 5 numbers of 
secondary users then subsequently increases for 
higher number of SUs.  We say that the optimal 
number of SUs for minimum error rate is 5. 

 
Fig 2: Total error rate for different number of secondary users 
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Fig 3: Success Probability with respect to detection threshold 

for K=1 
In cooperative spectrum sensing, most of the work is 
done by assuming perfect channels between 
cooperative secondary users. We here considered 
imperfect channels between the cooperative 
secondary users for reporting their sensed information 
to the fusion center. The graphs are plotted for 
different secondary users 1, 5, 10, 15, 20 and 25 by 

 
Fig 4: Success Probability with respect to detection threshold 

for K=5 
 

varying the channel imperfection between the 
cooperative secondary users from 15% to 25%. 

 
Fig 5: Success Probability with respect to detection threshold 

for K=10 
 

For k=1, as the channel imperfection increases from 
15% to 25% there is no much variation in the success 
probability along with the detection threshold. The 
minimum probability of detection is 0.9 and 
maximum is 1. 
As the number of cooperative secondary users 
increases from K=1 to K=5 then the minimum 
success probability decreases from 0.9 to 0.6 for the 
same detection threshold. The variation in the success 
probability with the channel imperfection is shown in 
the figures 1 2 3. By this we observe that the number 

of cooperative CRs increases the success probability 
increases but in this case it decreases because of 
channel imperfection. 

 
Fig 6: Success Probability with respect to detection threshold 

for K=15 

 
Fig 7: Success Probability with respect to detection threshold 

for K=20 

 
Fig 8: Success Probability with respect to detection threshold 

for K=25 
 
As the number of users go on increasing from K=5 to 
K=10, the minimum success probability decreases 
from 0.6 to 0.35.  Further the number of users goes on 
increase the success probability decreases to zero for 
small detection thresholds and then increases as the 
detection threshold increases. 
 
CONCLUSIONS 
 
In this paper we discussed cooperative spectrum 
sensing based on energy detection in CR networks. 
Cooperative spectrum sensing improves the detection 
performance. We also have studied cooperative 
spectrum sensing over Rayleigh fading channel. The 
performance of CSS also has been investigated via 
the total error rate versus detection threshold. 
Performance of cooperative spectrum sensing over 
Rayleigh fading is presented and compared the 

http://iraj.in


International Journal of Electrical, Electronics and Data Communication, ISSN: 2320-2084  Volume-5, Issue-6, Jun-2017 
http://iraj.in 

 Estimation of Success Probability in Cooperative Spectrum Sensing over Fading Channel 
 

44 

success probabilities for different channel defects. In 
this paper, the sensing of primary user in a 
cooperative spectrum sensing model under Rayleigh 
fading was investigated by implementing the local 
spectrum sensing with the energy detection 
technique. We observe that the optimal number of 
cooperative secondary users is 5 for non fading and 
fading channels. 
 
REFERENCES 
 

[1] J. Mitola, G. Q. Macguire, “Cognitive radio: Making 
software radios more personal,” IEEE Pers. Commun. 
Mag., vol. 6, no. 4, pp. 13–18, Aug. 1999. 

[2] “Spectrum Policy Task Force”, Washington, D.C., USA, 
Rep. ET Docket,Nov. 2002. 

[3] T. Yucek and H. Arslan, “A survey of spectrum sensing 
algorithms for cognitive radio applications,” IEEE 
Commun. Surveys Tuts., vol. 11, no. 1, pp. 116–130, 
2009. 

[4] Y. Zeng, Y.-C. Liang, A. T. Hoang, and R. Zhang, “A 
review on spectrum sensing for cognitive radio: 
Challenges and solutions,” EURASIP J. Adv. Signal 
Process, vol. 2010, pp. 2:2–2:2, Jan. 2010. 

[5] Z. Quan, S. Cui, A. Sayed, and H. Poor, “Optimal 
multiband joint detection for spectrum sensing in cognitive 
radio networks,” IEEE Trans. Signal Process., vol. 57, no. 
3, pp. 1128–1140, Mar. 2009. 

[6] Z. Quan, S. Cui, and A. H. Sayed, “Optimal linear 
cooperation for spectrum sensing in cognitive radio 
networks,” IEEE J. Sel. Topics Signal Process., vol. 2, no. 
1, pp. 28–40, Feb. 2008. 

[7] G. Ganesan and Y. G. Li, “Cooperative spectrum sensing 
in cognitive radio—Part I: Two user networks,” IEEE 
Trans.Wireless Commun., vol. 6, no. 6, pp. 2204–2213, 
Jun. 2007. 

[8] H. Rif-Pous, M. Blasco, and C. Garrigues, “Review of 
robust cooperative spectrum sensing techniques for 
cognitive radio networks,” Wireless Pers. Commun., vol. 
67, no. 2, pp. 175–198, Nov. 2012. 

[9] I. F. Akyildiz, B. F. Lo, and R. Balakrishnan, “Cooperative 
spectrum sensing in cognitive radio networks: A survey,” 

Elsevier Phys. Commun., vol. 4, no. 1, pp. 40–62, Mar. 
2011. 

[10] S. Nallagonda, S. Suraparaju, S. D. Roy and S. Kundu, 
“Performance of energy detection based spectrum sensing 
in fading channels”, in Proc. of IEEE International 
Conference on Computer and Communication Technology 
(ICCCT’11),September, pp. 575-580. 

[11] A. Ghasemi and E. S. Sousa, “Opportunistic spectrum 
access in fading channels through collaborative sensing,” 
IEEE Journal on selected Areas in Communications, vol. 
2, no. 2, pp. 71-82, March, 2007. 

[12] A. Ghasemi and E. S. Sousa, “Impact of user collaboration 
on the performance of opportunistic spectrum access,” in 
Proc. IEEE Vehicular Technology Conference (VTC 
Fall'06), Montreal, September 2006. 

[13] A. Ghasemi and E. S. Sousa, “Collaborative spectrum 
sensing for opportunistic access in fading environments,” 
in Proc. of 1st IEEE Symp. New Frontiers in Dynamic 
Spectrum Access Networks, Baltimore, USA, Nov. 8-11, 
2005, pp. 131-136. 

[14] S. H Lee, Y. H. Lee, S, “Hard Decision Combining-based 
Cooperative Spectrum Sensing in Cognitive Radio 
Systems”. 

[15] S. Kyperountas, N. Correal and Q. Shi, “A comparison of 
Fusion Rules for Cooperative Spectrum Sensing in Fading 
Channels”, EMS Research, Motorola. 

[16] N. Armi, N.M. Saad and M. Arshad, “Hard Decision 
Fusion based Cooperative Spectrum [17]Sensing in 
Cognitive Radio System”, ITB, vol.3, No.2, 2009, pp. 109-
122. 

[17] Ajay Singh, Manav R.Bhatnagar and Ranjan K.Mallik, 
”Performance of an improved energy detector in multi hop 
cognitive  radio networks”, in  IEEE Transactions on 
Vehicular Technology, vol.65, PP.732-743, Feb.2016. 

[18] Rubeena sethi and Indu Bala, “ Performance evaluation of 
energy detector for cognitive radio networks”, in IOSR 
journal of electronics and communication engineering, 
vol.8, PP. 46-51, Dec 2013. 

[19] G. L. Stuber, Principles of Mobile Communications, 
second ed. Norwell, MA: Kluwer Academic Publishers, 
2002 

[20] I. F. Akyildiz, B. F. Lo, and R. Balakrishnan, "Cooperative 
Spectrum Sensing in Cognitive Radio Networks: A 
Survey," Physical Communication (Elsevier) Journal, vol. 
4, no. 1, pp. 40-62, March 2011. 

 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 

 

http://iraj.in

