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Abstract— Cooperative spectrum sensing (CSS) scheme is 
employed to detect the primary user (PU) more quickly and 
accurately in cognitive radio (CR) systems. The performance of 
CSS scheme is usually significantly degraded when the inter-user 
and reporting channels experience path loss or deep fading. 
Meanwhile, the reporting channels are usually bandwidth limited. 
When the number of the secondary users (SUs) is very large, the 
sensing results need enormous bandwidth in the transmission. To 
solve this problem, a dynamical clustering CSS scheme with 
bandwidth constraints is proposed, where the SUs with better 
reporting channels are chosen as the cluster heads and the other 
SUs are dynamically grouped according to the inter-user channel 
conditions. In each cluster, the proposed scheme adopts the 
double thresholds scheme to make sure that only the SUs with 
high quality can send their sensing results. Simulation results 
demonstrate that the average number of sensing bits of the 
proposed scheme decreases greatly with a little loss in the sensing 
performance. This advantage is more obvious compared with the 
STBC based cooperative spectrum sensing scheme. 
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I. INTRODUCTION 

Recently, great progress and remarkable development of 
wireless communication technologies have been made. With 
the emergence of new wireless applications, the competition 
for unlicensed radio spectrum becomes more and more intense. 
The spectrum demand of the unlicensed users (secondary 
users, SUs) is extremely great. However, according to the 
studies on the utilization of the radio spectrum, a large portion 
of the spectrum that is allocated to the licensed users (primary 
users, PUs) is actually idle at most time. The temporal and 
geographical utilization of the licensed spectrum only ranges 
from 15% to 85% [1]. As a desired solution to the dilemma of 
the spectrum scarcity and spectrum underutilization, cognitive 
radio (CR) technology proposed by Mitola [2] has been 
widely studied to improve the utilization efficiency of the 
radio spectrum.  

Spectrum sensing (SS) is the key technology in CR system 
to improve the efficient utilization of spectrum by allowing 
SUs to use the “white space” [3] of licensed spectrum without 
causing harmful interference to the PUs. Usually, spectrum 
sensing of a single SU in the CR system bases on energy 
detection. However, when the detecting channels experience 

severe path loss or shadowing effect, the sensing performance 
of the SU may be degraded seriously and the hidden terminal 
problem may occur [4].  

In order to improve the sensing performance, cooperative 
spectrum sensing (CSS) has been proposed [5][6]. Every 
single SU performs local energy detection independently and 
transmits the decision results to the fusion centre via the 
reporting channel. Then, the fusion centre will make a final 
judgement whether the PU exists or not. Given that the 
reporting channels are usually subject to shadowing and 
fading in practice, [7] proposes a cluster-based spectrum 
sensing scheme to improve the sensing performance, where 
the SUs are grouped into some clusters and the SU with the 
best reporting channel is chosen as the cluster head to transmit 
the detection results to the fusion centre. However, the above 
inter-user channels are considered to be perfect. Considering 
that all the wireless channels may experience the fading, a 
dynamic multi-user selection based CSS scheme is given in 
[8], which dynamically selects the best SUs as cluster heads 
and considers the fading effects of the inter-user channels. A 
CSS scheme with space-time block coding (STBC) is 
introduced in [4] to further improve the sensing performance. 

However, the bandwidth needed in the transmission is 
usually limited [5]. If the number of SUs is very large, the 
bandwidth to transmit the detecting results may tend to be 
enormous. Double thresholds method is adopted in [9] to 
allow the SUs with enough information to report the sensing 
results to the cluster head merely. [10] has provided a further 
research in multi-cluster case. But both [9] and [10] assume 
that the inter-user channels and the reporting channels are 
perfect. In this paper, considering the practical imperfect 
channel conditions, we propose a dynamical clustering CSS 
scheme. SUs are dynamically grouped into clusters with a 
head user and the double thresholds method is used in each 
cluster. As a result, we can conclude that the proposed scheme 
could reduce the demand of bandwidth significantly with 
marginal loss in the sensing performance. This advantage is 
especially obvious compared with the STBC based CSS 
scheme. 

The rest of the paper is organized as follows. In section II, 
the CSS model in CR system is described briefly. Section III 
explains the dynamical clustering cooperative spectrum 
sensing scheme with bandwidth constraints in detail. The 
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simulation results and analysis are presented in section IV. 
Finally, we draw the conclusions in section V. 

II. COOPERATIVE SPECTRUM SENSING IN CR SYSTEM 

A practical CR system usually comprises primary users, 
secondary users, fusion centre and wireless channels. The 
wireless channels, including the detecting, reporting and inter-
user channels, usually experience fading or shadowing effects. 
The paper is mainly based on the assumption of Rayleigh 
fading channels which match well with the real wireless 
communications environments. 

A. Local Spectrum Sensing of a Single Secondary User 

In the practical CR systems, the SUs usually have no prior 
knowledge of the PU signals. Energy detection is an efficient 
method to detect the unknown signals [11]. Without loss of 
generality, the local spectrum sensing of a single secondary 
user is based on the energy detection in this paper.  

According to the work of Harry Urkowitz about the energy 
detection theory [11], the detection probability Pd, the false 
alarm probability Pf, and the missing detection probability Pm 
in the perfect environment are obtained respectively as, 
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 Pm=1-Pd, (3) 

where λ is the decision threshold and m=TW is the time-
bandwidth product. γ is the signal-to-noise ratio (SNR) of the 
detecting channel. Qm(a, b) is the generalized Marcrum Q-
function [12]. Г(a) and Г(a,b) are the complete and 
incomplete gamma function, respectively [13]. 

When the detecting channels experience Rayleigh fading, 
the average detection probability Pd of the single SU can be 
given by [14], 
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where fγ(x) denotes the probability density function (PDF) of 
SNR in Rayleigh fading channels.  represents the average 

SNR of the Rayleigh fading channel. The instantaneous SNR 
of the Rayleigh fading channel follows an exponential 
distribution as, 
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Meanwhile, Pf is independent of the SNR of the detecting 
channel and remains the same as formula (2).  

B. Cooperative Spectrum Sensing 

When the detecting channels experience severe fading or 

shadowing effects, the hidden terminal problem may occur. 
To solve the problem and improve the sensing performance, 
CSS is proposed, where each SU performs local energy 
detection and then transmits a 1-bit decision to the fusion 
centre which adopts or-rule to make the final decision.  

According to [7], the probabilities of detection, false alarm 
and missing detection of CSS scheme under Rayleigh fading 
conditions are given by the following formulas, respectively, 
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where N is the number of the SUs, Pd,i, Pf,i and Pm,i are the ith 
SU’s local probabilities of detection, false alarm and missing 
detection, respectively. Pe,i represents the bit error probability 
(BEP) of the Rayleigh fading reporting channel between the 
fusion centre and the ith SU. When the channel transmits 
BPSK signals, Pe,i can be calculated as [8], 
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where  denotes the average SNR of the reporting channel. 

The sensing performance of conventional CSS will degrade 
greatly if the reporting channels subject to serious fading. 
STBC technology can be applied in the CSS to decrease the 
BEP of the reporting channels and reduce the impacts on the 
sensing performance caused by the reporting channels.  

III.  DYNAMICAL CLUSTERING COOPERATIVE SPECTRUM 

SENSING SCHEME WITH BANDWIDTH CONSTRAINTS 

A. Dynamical Clustering Method 

Considering all the channels experience fading, the sensing 
performance may be weakened if the fading of the inter-user 
channels is disregarded in grouping the SUs. To alleviate the 
impact of the fading in inter-user channels, a dynamical 
clustering process is performed as follows.  

Firstly, the SU with the largest SNR is selected as a cluster 
head, and then the potential SU and the head user form a 
network with the fusion centre to judge whether the potential 
SU should join the head SU or not, as shown in Figure 1.  

 
Figure 1.  Relationship of potential user, head user and fusion centre 

Pe,d and Pe,h represent the BEPs when the potential user and 
the head user directly send message to the fusion centre. If the 
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potential user first sends its message to the head user and then 
the head user transfers the message to the fusion centre, the 
BEP Pe,t can be obtained as, 
    heintereheinterete PPPPP ,,,,, 111  . (10) 

If Pe,t  Pe,d, the potential user joins the head user as its 
member, if not, the potential user does not joint the head user. 

Repeat the above procedures among the left SUs until all 
the SUs are grouped. The clustering process is over. 

B. Double Thresholds Method 

In the CR systems, the sensing results are transmitted 
through a control channel which is usually bandwidth 
constrained. When the number of the SUs is large, the 
necessary communication bandwidth can be enormous.  

After the clustering process, two thresholds, λ1 and λ2, are 
used to justify the reliability of the SU. As shown in Figure 2, 
the energy statistic E of a single SU can be located in three 
assumption areas. 

Let H1 denote that the primary user exists and H0 represent 
the primary user is absent. If the collected energy E of a single 
SU exceeds the threshold λ2, it will make decision H1. If 
energy E is below the threshold λ1, decision H0 will be made. 
Otherwise, the SUs do not make any decision. The SUs with 
decisions are considered to be reliable and allowed to report 
their local binary decision results. 

 
Figure 2.  Assumption areas with double thresholds  

1)  Sensing Bits Analysis: The dynamical clustering CSS 
with bandwidth constraint is demonstrated in Figure 3. All the 
SUs are formed into clusters and only the SUs with reliable 
sensing information report the results to the head SU in each 
cluster. Then, the head SUs send the collected results to the 
fusion centre.  

 
Figure 3.  Dynamical clustering cooperative sepctrum sensing with 

bandwidth constraints 

Assume that there are N clusters and the number of the SUs 
in the ith cluster is Ni. Without loss of generality, we take the 
ith cluster for an elaborate analysis. 

Let L denote the SU making decision during the sensing 
and L’ denote the opposite event. Ei,j represents the energy 
statistic of the jth SU in the ith cluster. λ1,i and λ2,i are the low 
and high thresholds of the ith cluster, respectively.  

The probabilities of the two events can be obtained as, 
    ijii EPLP ,2,,1   , (11) 

      LPEPLP ijii  11 ,2,,1  , (12) 

If P0,i and P1,i represent the probabilities of the absence and 
existence of the PU in the ith cluster, the number of the 
sensing bits in the ith cluster can be given as, 
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Consequently, we have 
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where ∆0,i=P{λ1,i<Ei,j<λ2,i|H0}and ∆1,i=P{λ1,i<Ei,j<λ2,i|H1} are 
the probabilities of making no decisions for the jth SU in the 
ith cluster under the assumptions H0 and H1, respectively. 

From (14), we find that ni is smaller than Ni. Hence, the 
proposed scheme can save the bandwidth compared with the 
other schemes. 

2)  Sensing Performance Analysis: Different from [9] and 
[10], we assume that all the channels experience Rayleigh 
fading and consider the influence of the inter-user channels. 

Let F(λ) and G(λ) denote the cumulative probability 
function (CPF) of the energy statistic E of the single SU under 
the hypothesis H0 and H1, respectively. Then we have [14] 
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Considering the ith cluster as an example, we have 
 ∆0,i=P{λ1,i<Ei,j<λ2,i|H0}=F(λ2,i)-F(λ1,i),  (17) 

 ∆1,i=P{λ1,i<Ei,j<λ2,i|H1}=G(λ2,i)-G(λ1,i), (18) 

β0,i and β1,i represent the probabilities of events that all the 
Ni SUs in the ith cluster make no decisions under the 
hypothesis H0 and H1, respectively. Then 

      ii N
ii

N
ii FF ,1,2,0,0   , (19) 

      ii N
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N
ii GG ,1,2,1,1   . (20) 
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If the number of the SUs making decisions in the ith cluster 
under the hypothesis H0 is denoted by N0,i and N1,i is the 
number of the SUs making decisions under the hypothesis H1, 
the detection and false alarm probabilities given by the cluster 
head SU after receiving the decision results from the member 
SUs in the ith cluster can be calculated as, 
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where Pe,k,i represents the BEP of the inter-user channel of the 
SU k to the head SU in the ith cluster. 

The head SUs of the N clusters will send their decisions to 
the fusion centre and then the final decision will be made. 
Hence, the sensing performance of the whole system can be 
derived by replacing Pd,i in (6) and Pf,i in (7) with Qd,i and Qf,i 
obtained above, respectively. 

IV. SIMULATION RESULTS AND ANALYSIS 

In this section, the simulation results and advantage of the 
proposed cooperative spectrum sensing scheme are given. In 
the simulation, we assume that the detecting channels of the 
SUs follow the same Rayleigh fading distribution, the inter-
user channels and the reporting channels of the SUs follow 
different Rayleigh fading distribution to simulate the real 
environment.  

The performance of the sensing bits of the proposed CSS is 
shown in Figure 4. It is shown that the proposed scheme is the 
same as that with one threshold when ∆0,i =0 (i=1, 2) and the 
normalized number of the sensing bits nnorm, which is 
calculated as the ratio of the number of sensing bits when ∆0,i 
does not equal 0 to that when ∆0,i equals 0, is the biggest. nnorm 
becomes smaller gradually when ∆0,i increases. For example, 
more than 30% reduction of the sensing bits is obtained when 
Qf is 0.01. Meanwhile, nrat, which denotes the ratio of the 
sensing bit number of the proposed scheme to that of the 
STBC based CSS, is the smallest compared with the other 
curves and it denotes that the sensing bits of the STBC based 
CSS scheme is the most. 

The performance of the proposed CSS scheme is depicted 
in Figure 5 when ∆0,i equals to 0.2 (i=1, 2). When the 
reporting channels experience fading, the performance of CSS 
degrades greatly, especially in the low bounder of Qf. If the 
inter-user channels are considered, the clustering method only 
causes the enormous loss of sensing performance due to the 
impact of inter-user channel fading. Although the STBC based 
scheme can improve the sensing performance significantly, 
the bandwidth to transmit the sensing bits will be enormous 
according to Figure 4. The proposed scheme could save a lot 
of bandwidth with some marginal loss of performance and the 
performance loss mainly occurs when Qf is larger than 0.5, 

whereas Qf  is usually demanded to be as small as possible. 
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Figure 4.  Performance of the sensing bit numbers of the proposed scheme 

compared with other cooprative spectrum sensing schemes 
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Figure 5.  Performance of the proposed cooperative spectrum sensing 

V. CONCLUSIONS 

In this paper, a dynamical clustering cooperative spectrum 
sensing scheme with bandwidth constraints is proposed. 
Considering that all the channels in the CR system experience 
fading or shadowing and the bandwidth is limited, the 
proposed scheme can reduce the number of the transmission 
bits significantly and save the bandwidth in CR systems. 
Meanwhile, the system sensing performance loss is marginal. 
The proposed scheme is especially applicable to the situation 
where the bandwidth resource is scarce. 
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