
32nd URSI GASS, Montreal, 19-26 August 2017 
 

 
 

Cooperative Spectrum Sensing by Combining  

𝒑 values in Cognitive Radio Network 

  
 

Srijibendu Bagchi (1) and Jawad Yaseen Siddiqui* (2) 

(1) RCC Institute of Information Technology, Kolkata, INDIA 

(2) Institute of Radio Physics and Electronics, University of Calcutta, Kolkata, INDIA 

 

 

Abstract 
 

This article describes a centralized cooperative spectrum 
sensing among a number of cognitive radio users without 
hard decision fusion. It has been considered that each user 

calculates its respective 𝑝 value and sends it to a fusion 
center. The fusion center ultimately decides for the 
vacancy of a frequency band by combining these values. 

The possibility of a combination technique by Good’s 
method has been explored in the present article. 
Subsequently false alarm and detection probabilities are 
calculated to get the receiver operating characteristics. 

Simulation results are provided to substantiate the 
efficiency of the proposed method. 

 

1. Introduction 
 

In recent times, cognitive radio (CR) has been accepted as 

a plausible way out to mitigate spectrum constraint 

problem by utilizing unused licensed frequency bands 

through dynamic spectrum access and management [1] 

and this necessitates a reliable spectrum sensing technique 

[2-3]. Energy detection through radiometry is a 

suboptimal detection technique and hence always not very 

accurate. Moreover, a major challenge for CR spectrum 

sensing is a hidden terminal problem. In this case, certain 

blocking exists between the PU transmitter and CR user 

resulting in shadow fading and the CR accesses the PU 

channel causing interference. This necessitates a robust 

spectrum hole detection and can be achieved by 

cooperative spectrum sensing (CSS). CSS has been 

discussed in different literatures where a number of CR 

users collaborate to find a vacant frequency band. CSS 

shows tangible improvement in spectrum sensing 

performance where hidden terminal problem exists [4-5]. 
Different rules in decision fusion for CSS have been 
proposed in several literatures. Among hard decision 
fusion rules, logical OR or logical AND operation may be 
opted over all the SU decisions. Voting rule has also been 
accepted as a probable alternative where the decision is 
made by the number of CR users voting for vacancy of 
spectrum hole. Lee et al [6] suggested that the CR users 
are divided into a number of groups with each group 
having a head with maximum signal to noise ratio (SNR). 
Each CR sends their reports to the local head which 
makes an initial decision. Then these decisions are sent to 
the Fusion Centre (FC) where final decision is made 
based on OR rule. Zhao et al [7] recommended for 

weighted CSS where focus is kept on minimizing total 
error probability. Soft combination of the weighted 
observations of the received signals is considered in [8].  
In this article, spectrum sensing is proposed by utilizing 
extreme value probability commonly known as value, 
discussed in the next section. This is basically a meta-

analysis which helps to combine information from 
different CR users to achieve higher statistical accuracy. 
If the values are less for all the CR users, there exists 
lesser probability to decide ultimately that the target 
frequency band is vacant. Thus values indicate how 

strongly a CR user decides for the vacancy of a frequency 
band unlike the earlier testing procedures. The scope of 

𝑝 values has been explored earlier by a number of 
literatures for different purposes. The combination of 

𝑝 values was initially proposed by Fisher where 𝑝values 

were considered lying within 0 to 1. Here we study the 𝑝 
value combination using Good’s method (an improved 
version of the method of Fisher) by assigning different 
weights to the respective values obtained from the CR 
users. In the present study weights are assigned in 
proportion to the average SNR values of the CR users. We 

assume the followings in the present study: 
 
a. Each CR user calculates the 𝑝  values independently. 
 
b. There is no malicious CR user in the CSS process.  
 
In the following discussions, false alarm probability 
(probability of deciding a frequency band occupied when 
it is actually vacant) and detection probability (probability 
of deciding a frequency band occupied when it is actually 
occupied) are considered as the figures of merit of the 
detection technique. 
The remainder of the paper is organized as follows. In 
section 2, the detection methodology is discussed in 
details. Numerical results are presented in section 3 while 
conclusions are summarized in Section 4. 
 

2. The Detection Methodology 

 
In the proposed cooperative spectrum sensing, we 
consider K SU participate in the detection process and 
perform the detection with same sample size (say N ). 
This may be expressed in terms of binary hypotheses as 
given below: 
H0i: 𝑦𝑛𝑖 =  𝑤𝑛𝑖                  frequency band is vacant; 

H1i: 𝑦𝑛𝑖 = ℎ𝑖(𝑥𝑛) +  𝑤𝑛𝑖  frequency band is occupied   

𝑛 = 1,2, … . , 𝑁                                                    (1) 



where 𝑦𝑛𝑖  is the received sample signal (i =1, 2,…..,K), 𝑥𝑛 
is the transmitted PU signal,  𝑤𝑛𝑖   is the Gaussian noise 

variable and  ℎ𝑖 is the channel response. 
Each SU performs detection independently by calculating 
the test statistic as 

             𝑇𝑖 = ∑ |𝑦𝑛𝑖|𝑁
𝑛=1

2
                                  (2) 

 

When 𝑁 is comparatively large, the distribution of 𝑇𝑖   is 

given from the Central Limit Theorem as [9] 

 

𝑇𝑖  ~ N (𝑁, 2𝑁)                             under H0i  and  

𝑇𝑖  ~ N (𝑁(𝜌𝑖 + 1),2𝑁(2𝜌𝑖 + 1))        under H1i        (3) 

 

𝜌𝑖  being the average SNR (signal to noise ratio) of the 

transmitted PU signal as experienced by the ith SU. 

If the ith SU realizes a certain 𝑇𝑖  value (say 𝑇0𝑖 ) after the 

experimentation, the 𝑝 value is denoted as 𝑝0𝑖  under H0i 

and 𝑝1𝑖   under H1i . The expressions are given as 

 

               Pr {𝑇𝑖 ≥ 𝑇0𝑖 │H0i} = 𝑝0𝑖                          (4)    

and         Pr {𝑇𝑖 ≥ 𝑇0𝑖  │H1i} = 𝑝1𝑖                           (5) 

 

 

 
Figure 1.  p value 

 

 

Hence, the expressions for 𝑝0𝑖 and 𝑝1𝑖  can be given as 

 

                𝑝0𝑖 = 𝑄 (
𝑇0𝑖−𝑁𝑖

√2𝑁𝑖
)                          (6) 

                and  𝑝1𝑖 = 𝑄 (
𝑇0𝑖−𝑁𝑖(𝜌𝑖+1)

√2𝑁𝑖(2𝜌𝑖+1) 
)                    (7) 

 

where 𝑄(𝑘) =
1

√2𝜋
∫ 𝑒−

1

2
 𝑧2∞

𝑘
𝑑𝑧 

 

If we denote 
𝑇0𝑖−𝑁𝑖

√2𝑁𝑖
= 𝑎𝑖 and 

𝑇0𝑖−𝑁𝑖(𝜌𝑖+1)

√2𝑁𝑖(2𝜌𝑖+1) 
= 𝑏𝑖 , then from 

(6) and (7) we may write 

 

 𝑏𝑖 = 𝑐𝑖𝑎𝑖 − 𝑑𝑖                                       (8) 

 

where 𝑐𝑖 =
1

√2𝜌𝑖+1
  and 𝑑𝑖 =

𝑁𝑖𝜌𝑖

√2𝑁𝑖(2𝜌𝑖+1)
 

 

Approximating the expressions for 𝑝0𝑖 and 𝑝1𝑖  in (6) and 

(7) by the upper limit of the Q function in Chernoff’s 

bound, we may obtain that 𝑝0𝑖 ≅
1

2
𝑒−

1
2𝑎𝑖

2
and 𝑝1𝑖 ≅

1

2
𝑒−

1
2𝑏𝑖

2
. Using these results along with equation (8), the 

following expression is ultimately formulated as 

 

𝑝1𝑖 =  (𝑝0𝑖

𝑐𝑖
2

) 𝐵𝑖                               (9) 

 

where 𝐵𝑖 = 2𝑐𝑖
2−1𝑒𝑎𝑖𝑐𝑖𝑑𝑖−1

2𝑑𝑖
2
 

 

Each SU sends the 𝑝0𝑖 (i =1, 2,…..,K) values to the FC 

instead of binary hard decisions and combining these 

values the FC ultimately decides for the vacancy of 

spectrum hole. Decision is taken on the basis of binary 

hypotheses at the FC (H0FC: the overall decision is the 

target frequency band is vacant and H1FC: the overall 

decision is the target frequency band is occupied). If 𝑝𝑟be 

some threshold probability value, the test rule at the FC 

can be ultimately expressed as below: 

 

If 𝜏𝐺 > 𝑝𝑟  accept   H0FC and reject otherwise where  𝜏𝐺 is 

the test statistic that is to be formulated. 

 

Good suggested different weights 𝑤𝑖  to the 𝑝𝑖  values 

where all the weights are positive and  ∑ 𝑤𝑖
𝐾
𝑖=1 = 1 and 

the test statistic is given as 

 

𝜏𝐺 = ∏ 𝑝𝑖
𝑤𝑖𝐾

𝑖=1   

 

i.e. 𝛬𝐺 = −2 log 𝜏𝐺 = −2 ∑ 𝑤𝑖
𝐾
𝑖=1 log 𝑝𝑖            (10) 

 

The distribution of the test statistic was obtained by Good 

but it is valid if the weights are unequal. An alternative 

approximated distribution was proposed by Bhoj [10] by 

equalizing the first three moments of the exact 

distribution. Following the proposition, the density 

function of 𝛬𝐺 is given by 

 

𝑔𝛬𝐺
(𝑦) =

1

2
∑ (𝑦/2𝑤𝑖)(1/𝑤𝑖)−1𝑒−(𝑦/2𝑤𝑖)/𝐾

𝑖=1 𝛤 (
1

𝑤𝑖
)    (11) 

Hence, the distribution function of 𝛬𝐺 is  

 

𝐺(𝑦) = 𝑃(𝛬𝐺 ≤ 𝑦) = ∑ 𝑤𝑖𝛶 (
1

𝑤𝑖
,

𝑦

2𝑤𝑖
)𝐾

𝑖=1 /𝛤 (
1

𝑤𝑖
)     (12) 

 

where 𝛾(𝑢, 𝑣) = ∫ 𝑧𝑢−1𝑒−𝑧𝑑𝑧
𝑣

0
 denotes incomplete 

Gamma function and 𝛤(𝑢) = ∫ 𝑧𝑢−1𝑒−𝑧𝑑𝑧
∞

0
 is the 

Gamma function. 

 

The false alarm probability (𝑃𝐺𝑓) is given by 

 

𝑃𝐺𝑓 = 𝑃𝐻0𝐹𝐶
(𝜏𝐺 < 𝑝𝑟) 

i.e. 𝑃𝐺𝑓 = 𝑃𝐻0𝐹𝐶
(𝛬𝐺 > −2 ln 𝑝𝑟) 

 

       i. e. 𝑃𝐺𝑓 = 1 − ∑ 𝑤𝑖𝛶 (
1

𝑤𝑖
,

− ln 𝑝𝑟

𝑤𝑖
)𝐾

𝑖=1 /𝛤 (
1

𝑤𝑖
)       (13)   

 



For a specific 𝑃𝐺𝑓  , 𝑝𝑟  value can be determined from 

equation (13) and we call it  𝑝𝑟𝐺 . 

 

Now, 𝜏𝐺│H1𝐹𝐶  = ∏ 𝑝1𝑖
𝑤𝑖𝐾

𝑖=1  = ∏ 𝑝0𝑖

𝑐𝑖
2𝑤𝑖𝐾

𝑖=1 𝐵𝑖
𝑤𝑖   (From (9))   

Hence 

 𝛬𝐺│H1𝐹𝐶  = −2 ∑ 𝑐𝑖
2𝐾

𝑖=1 𝑤𝑖 ln 𝑝0𝑖 − 2 ∑ 𝑤𝑖
𝐾
𝑖=1 ln 𝐵𝑖      (14) 

Therefore, the detection probability is given as 

 

𝑃𝐺𝑑 = 𝑃𝐻1𝐹𝐶
(𝛬𝐺 > −2 ln 𝑝𝑟𝐺) 

 

i. e. 𝑃𝐺𝑑 = 1 − ∑ 𝑐𝑖
2𝑤𝑖

𝛶(
1

𝑐𝑖
2𝑤𝑖

,
− ln 𝑝𝑟𝐺+∑ 𝑤𝑖 ln 𝐵𝑖

𝐾
𝑖=1

𝑐𝑖
2𝑤𝑖

)

𝛤(
1

𝑐𝑖
2𝑤𝑖

)

𝐾
𝑖=1      (15) 

 

 
 

Figure 2. ROC curves of the proposed scheme for 

different sample size 

 

3. Numerical Results 
 

Here the receiver operating characteristics (ROC) has 

been studied. K is taken as 4 while the average SNR is 

about 2 dB. P values are taken randomly from an uniform 

distribution within 0 to 1. To meet the constraint of 

Good’s formulation, the weights are simply assigned as 

𝑤𝑖 = 𝜌𝑖/ ∑ 𝜌𝑖
𝐾
𝑖=1  . The study is carried out for N = 70 and 

150 as shown in Figure 2. 
From Figure 2, it is found that the proposed scheme gives 
significantly satisfactory result in order to obtain a 
reliable detection probability for a comparatively low 
SNR. Also the performance improves as the sample size 
increases. Thus in order to get a desired detection 
probability for a specific false alarm probability the 
sample size can be adjusted accordingly. 
 

4. Conclusions 
 
In this article, a centralized CSS methodology has been 
presented using values. The novelty of this method lies in 
the fact that it reflects the strength of each CR decision 
along with its specific weight. Numerical results show 
that the performance of the proposed detector is quite 
satisfactory and it improves along with the sample size for 

low average SNR. Thus it may be concluded that CSS 
utilizing values can provide a very consistent performance 
even under different adverse channel conditions. 
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