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ABSTRACT: Network Coding(NC) is a technique used for secure and effective communications, by 
maximize the network capacity, throughput and robustness. NC has also been applied in Cognitive Radio 
Network(CRN). In CRN, there is a necessity of proficient and viable transmission of information by 
secondary users(SUs). Cognitive radio is an emerging field, which utilize spectrum holes or white space 
effectively and efficiently. The main objective of this project is to reduce the spectrum sensing error rate, 
which can successfully fill the spectrum holes and also serve without interference to the licensed user. In 
this project, we investigated the Random Linear Network Coding(RLNC) and optimal voting rule to reduce 
spectrum sensing error rate and this performance were analyzed using MATLAB. 
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I. INTRODUCTION 
In recent year’s wireless technology has grown 
rapidly. As a result, there is a scarcity for 
spectrum, more and more spectrum resources are 
needed to support emerging wireless services. 
Cognitive radio is a type of wireless 
communication in which correspondence diverts 
are being used and which are not, and quickly 
move into empty channels while keeping away 
from involved ones. This optimizes the use of 
available spectrum while minimize interference to 
other users. A key requirement of the CR is the 
sensing of unused spectrum and it is designed to 
aware of the changes in the environment to which 
it belongs. 
Cognitive radio network consists of two type of 
users: primary users (licensed user), secondary 
users (unlicensed users), CRN worldwide builds 
the range of usage by permitting(unlicensed) 
secondary user to get the authorized range while 
ensuring the transmission of the primary users 
(licensed user), the SU need to capture the idle 
time in PUs transmission with reliable spectrum 
sensing. Network coding has also been 
implemented in CRN which increases the 
spectrum sensing chances for SUs. NC is applied to 
enhance the spectrum detection of idle PUs and 
thereby increases the throughput when applied on 
a licensed users channel, NC increases the 
spectrum availability for unlicensed users and to 
improve the transmission efficiency. 
Cooperative spectrum sensing is to deal with 
hidden terminal problem in CR network, which 
will overcome intense multipath fading shown in 

Fig. 1. The spectrum sensing function allows the 
CR system to adapt the surroundings by 
recognizing the PU that get the information within 
the range of an CR user present.  

 
Fig. 1 Cooperative spectrum with hidden terminal 

problem. 
 

There exist three main CR network methods 
which could be utilized to identify the presence of 
licensed user; Matched filtering, cyclostationary 
feature detection, energy detection. Additionally, 
there exist a hidden node problem, wherein a CR 
may be excessively a long way from the essential 
client so as to distinguish the presence, but 
sufficiently close to the primary receiver in order 
to interfere with the reception transmitted. [8] 
[10]. Network coding is also used for spectrum 
sensing. Random Linear Network Coding (RLNC) 
is an effective NC approach that authorize 
network node to provoke independently and 
random linear mappings of input and output data 
symbols over a finite field. In this paper to reduce 
the spectrum sensing error rate optimal voting 
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rule is implemented and RLNC algorithm also 
developed to minimize spectrum sensing error 
rate. And the performance study was take place 
between optimal voting rule with and without 
network coding.  
 

II. METHODOLOGY 
A. Cooperative spectrum sensing: 
A CRN consist of one common receiver and K 
secondary user, shown in Fig. 2. Local sensing 
function for PU detection is formulated as binary 
hypothesis – testing methodology which consist of 
2 cases H0 and H1. Where  
H0 is licensed user is absent; H1 is licensed user is 
in operation. 
Xi(t) represent the received signal at the ith CR in 
time slot t. s(t) denote PU signal, wi(t) and hi(t) 
denoting the AWGN and complex gain of sensing 
channel between ith CR (SU) and the PU. 

 
Fig 2:  A CR network consists of K secondary user 

and a common receiver. 
 

The hypothesis is as follows 

 
The average probability of false alarm, probability 
of detection, probability of missed detection is 
given by [13] 
 

Pf, i = 
𝛤 𝑢 ,

𝜆𝑖
2
 

𝛤 𝑢 
    (1) 

Pd,i = Qu  2ϒ𝑖, 𝜆𝑖    (2) 
Pm, i = 1- pd, i (3) 
Regarding the equations referenced above λi and 
ϒi represent the energy detection threshold and 
the instantaneous Signal to Noise Ratio(SNR) at 
the ith CR (SU), respectively, Γ (a, x) denote the 
incomplete gamma function and Γ (a) is he 
complete gamma function. Qu (a,b) is the Marcum 
Q function and bandwidth product of the energy 
detector is representing as u. 
We have the Q function given by  

Qu (a, x) = 1/au-1 t
∞

x
u et2 + a2/2 Iu-1 (at) dt(4) 

IU-1 (.) represent the modified Bessel function of 
1st kind and its order being (u-1) 

Γ (a, x) =  𝑡
∞

𝑥
a-1 e-tdt   (5) 

Each cooperative partner in spectrum sensing 
makes a binary decision which is depend on the 
observation (local) and then decision bit name Di 
sent ahead to the common receiver through a non-
wrong channel. Di has value of 0 for the absent of 
primary user and a value of 1 for its presence. 
Fuses take place in the common receiver, this 
receiver fuses all the decision according to the 
logic 

Y =  𝐷𝑘
𝑖=1 i 

     ≥ 𝑛𝐻1 
< 𝑛𝐻0

   (6) 

We have H0, H1 as the deduction mode by the 
common receiver about the transmission of PU 
signal being certifiable or negative respectively. 
Where n is integer which speaks to n out of k 
voting rule. Spectrum sensing optimization is 
done using this voting rule. For n=k, we have AND 
rule and the OR rule is applicable if n=1. We 
consider that all CRs use the same threshold value 
as λ, we have probability of false alarm Pf, i 
reduced to mere Pf. Also for an Additive White 
GuassianNoise(AWGN) channel, Pd,i becomes Pd. 
Therefore, false alarm, and missed detection 
probability for cooperative spectrum sensing are 
given by: 

Qm = prob {H0|H1} = 1- (
k
l
)k

l=n P
l
d

(1-Pd)k-l(7) 

Qf = prob {H1|H1} = (
k
l
)k

l=n Pfl(1-Pf)k-l                  (8) 

B. Cooperative spectrum sensing optimization 
for minimum error rate: 
Cooperative spectrum sensing optimized is done 
by optimal voting rule for a constant value of K 
(CRs), which focuses the total error rate. For a 
given value of K, the optimal voting rule for 
minimizing Qf + Qm is given by  

nopt = min  𝑘 ,
𝑘

1+𝛼
    (9) 

α =  (ln(
𝑝𝑓

1−𝑝𝑚
))/ln(

𝑝𝑚

1−𝑝𝑓
)    

for a CRN with 25 users, the investigation 
performed using MATLAB and optimal voting rule 
adhering n=10. The optimal voting rule of n is 
achieved when G(n)/n = 0. i.e 
(1-Pm) nPmk-n = Pfn (1-Pf) k-n(10) 

G(n) =  (
k
l
)k

l=n [Pfl(1-Pf)k-l – (1-Pm)lPmk-l  (11) 

We come to following judgement derived as a 
result of the above equation, applicable for any 
detector. 
α = 1 i.e. For the same order of pf and pm, the 
optimal choice of n=k/2. 
α = 0 i.e. This is for very small values of λ. Pm << 
pf. AND rule is optimal. 
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α = k-1, OR rule is optimal. Pf ≤pmk-1 
c. spectrum sensing model for minimum error rate 
using RLNC 
Markovian Chain (MC) models state that the 
advancement of perfect PU channel where the 
parameter λ and β limits the obstruction between 
the inactive and occupied periods separately. 
Consider CRN consist of one SU and M Pus. This 
SU tries to detect the idle periods of PU. Equal 
time is slotted for every packet transmission. At 
first at each slot, the SU chooses one of the M PUs 
channels to detect and conclude on transmit or 
not based on the current and possibly before 
observation. At each slot the SU notice n sample 
{Yi} i=1 are the iid ~N (o, p + σ2) under AWGN. 
Under hypothesis 1 (H1) denotes to be a busy slot, 
and under hypothesis 0 (H0) denotes idle slot are 
iid ~N (0, σ2), where P indicate the average PU 
power receiver by the SU. σ2 denotes the noise 
variance for a given detection threshold τ the 
probability of detection and false alarm are 

Pm = pr 
1

n
 Yi ≤ τ|H0n

i=1    (12) 

Pf = pr 
1

n
 Yi ≥ τ|H1n

i=1    (13) 

 

III. RESULT AND DISCUSSION 
Fig. 3 Gives the relationship among pd and pf, 
using optimal voting rule without NC. Fig. 4 
demonstrate the relationship among pd and pf 
using RLNC. Fig. 5 shows the comparison graph 
between with and without NC. Probability of 
detection has been increased while NC. 

 
Fig.3 Receiver operating characteristic curve for 

real Gaussian signal andAWGN noise 
(without Network Coding) 

  

 
Fig.4Receiver operating characteristic curve for 

AWGN noise and real Gaussian signal 
(with Network Coding) 

 

 
Fig.5 Comparison between with and without 

network coding 
 

Five percent improvement in probability of 
detection is achieved, which is shown in table 1. 
The   implementation of optimal voting rule and 
network coding carried on MATLAB. The result 
obtained using different SNR value for optimal 
voting rule. It can be observed from fig 6 for SNR = 
10dB is n=5, implicit minimum error rate has been 
achieved by using 5CR’s out of 10 available. (Qf + 
Qm) is the error rate. Therefore, the optimal 
number or CR’s should be half the value of the 
total CR’s. we can see the same simulation result 
for different SNR values. Fig.7, 8 shows the 
simulation results for SNR 5 and 15 dB. Fig. 
9,10are the result obtained using NC for SNR value 
15 and 10 dB. Therefore, the optimal number has 
been increased from 5 to 8 while using RLNC out 
of 10 available channel. 
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TABLE 1 
Comparison table between with and without NC 

Probability of  
False Alarm 

0.2 0.3 0.4 0.5 

Probability of Detection 
Without Network Coding 

0.84 0.89 0.9 0.93 

Probability of Detection 
with Network Coding 

0.9 0.94 0.95 0.96 

 

 
Fig-6 Total error rate over examined threshold 

range for a 10dB AWGN channel; for voting rules  
n = 1 to 10 and K=10. 

 

 
Fig-7 Total error rate over examined threshold 

range for a 15dB AWGN channel; for voting rules 
 n = 1 to 10 and K=10. 

 

 

Fig-8 Total error rate over examined threshold 
range for a 5dB AWGN channel; for voting rules 

 n = 1 to 10 and K=10. 

 

 
Fig-9 Total error rate over examined threshold 

range for a 15dB AWGN channel; for voting rules  
n = 1 to 10 and K=10(using RLNC) 

 

 
Fig-10 Total error rate over examined threshold 
range for a 10dB AWGN channel; for voting rules  

n = 1 to 10 and K=10 (using RLNC) 
 

IV CONCLUSION 
In this paper we examine the cooperative 
spectrum sensing method using optimal voting 
rule. The analysis conclude that the above method 
yields a minimum error rate at a value of K/2. 
RLNC algorithm has been developed for spectrum 
sensing and we compare the optimal voting rule 
(without network coding) and RLNC. Five percent 
improvement has been achieved which is shown 
in fig 5. Table 1 shows the comparison between 
the optimal voting rule with and without RLNC. 
Optimal number has been increased from 5 to 8 
using NC. 
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