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Abstract- Now we are in the era of 4G technologies but as per 
the advancement in technology the expectations of users from 
the network increased resulting available unlicensed radio 
spectrum crowded day by day. As a result the usages of 
unlicensed spectrum are increased and On the other hand the 
licensed spectrums are underutilized results in spectrum 
scarcity. So the cognitive radio is the technique which 
intelligently senses the environment and gives the opportunity 
to the unlicensed users to access the licensed band under some 
conditions. The one of the main target in cognitive radio is to 
sense the environment and to find the spectrum hole known as 
spectrum sensing. The energy consumption is the main factor 
when we consider the spectrum sensing in the cognitive radio 
because the cognitive radios are basically low power sensors. 
There are two types of spectrum sensing i.e. non cooperative 
and cooperative. In the non cooperative spectrum sensing 
scheme the energy consumption is more as that of cooperative 
spectrum sensing technique because it generates the result by 
cooperating all other local sensing nodes. In this research 
main aim is to design energy efficient spectrum sensing 
algorithms keeping in mind the end goal to limit the maximum 
energy consumption. For this we design optimal clustering by 
using an artificial intelligence like genetic algorithm which is 
one of the inspired techniques by evolutionary and biological 
behavior. In our model the cluster heads are re-established in 
each round so that the load is well distributed among all the 
nodes of the network resulting energy efficiency and increased 
lifetime of the network. 

    Index Terms- Cognitive Radio, Genetic algorithm, 
spectrum sensing. 

I. INTRODUCTION

Now a day the expectations of users from the wireless 
communication network increased dramatically. As it is 
seen that the number of personal gadgets increased per 
person from one to many so the requirement of more and 
more radio spectrum needed. Every user wants more and 
more applications, higher data rate, higher capacity and 
higher mobility for their portable devices. The part of 
spectrum used for all these future potential applications are 
already very highly utilized resulting spectrum scarcity. 
According to the estimations provided by different 
countries demonstrates that the 5% to 50% part of the radio 
spectrum is not used efficiently by allocated users. This 
inefficiency results comes about because of static spectrum 
allocations, fixed radio functions, rigid regulations and 
limited network coordination. To fulfill this requirement of 
the radio spectrum there is the need to use the spectrum 

efficiently. In context of that the change in future devices 
and networks are required. The unused portions of the RF 
spectrum (known as white spaces) are made available for 
public use is ruled by FCC in November 2008 with the 
conditions that the White space devices must include 
technologies such as spectrum sensing and geographic 
location capabilities to prevent interference to the primary 
users. The cognitive radio is one of the emerging 
technologies to use the radio spectrum efficiently. This is 
obvious from the definition of CR received by the FCC is 
that: “A Cognitive radio is a radio that can change its 
transmitter parameters based on interaction with the 
environment in which it operates” The Joseph Mitola first 
proposed this concept of cognitive radio in a seminar at 
KTH in 1998 and published in article Mitola et.al 1999. 
The transceiver of cognitive radio must have capacity to 
decide their location, sensing neighboring active nodes, 
adjust modulation characteristics and output power. In this 
terminology, there are primary users (PUs) and secondary 
user (SUs).The primary users are those who paid for the 
access of radio frequency spectrum like GSM, WiMAX, 
WLAN and LTE. These are also known as the licensed 
users with highest priority to access the allocated spectrum. 
On another side the secondary users are low priority users 
also known as unlicensed users. A SU can access spectral 
resources of a PU when the PU is not using them. However 
the frequency band is vacated by the SU as soon as the PU 
becomes active in order to achieve no interference is 
caused to the PU. In this way the SUs dynamically access 
the spectrum by opportunistic access of the PU resource. A 
SU can opportunistically use distinctive spectrum holes 
relating to different Pus keeping in mind the end goal to 
fulfil its bandwidth requirement without causing 
interference to the PUs. The detection of spectrum white 
spaces is the foremost task to perform by the cognitive 
radios. To accomplish this task, the cognitive radios firstly 
collect the information about the spectrum band. After 
detecting the spectrum white spaces the spectrum sensing is 
estimated. Spectrum sensing is the strategy of occasionally 
observing appointed frequency band, planning to recognize 
nearness or nonappearance of primary users. The spectrum 
sensing is basically of two types. The one is non 
cooperative and another is cooperative. The cooperative 
spectrum sensing is the main concern of this paper as it 
minimizes the use of energy in the network. The 
cooperative spectrum sensing is performed in the clustering 
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approach. For this we design optimal clustering by using an 
artificial intelligence like genetic algorithm which is one of 
the inspired techniques by evolutionary and biological 
behavior. Cognitive radio cooperative spectrum sensing 
happens when there may be the sharing of the detected 
information picked up by the cognitive radios in the 
cognitive radio network. This process gives a superior 
picture of the range utilization over the area where the 
cognitive radios are found. The centralized and distributed 
are the two strategies followed by the cooperative spectrum 
sensing. Within the centralized approach there's a master 
node in the network of nodes. Every one of the nodes sends 
their information to this master node. At this point master 
node analyze the information and decide if the spectrum is 
in use or not. Alternatively in the distributed technique the 
control of the cluster does not depend upon one single 
node. All the different nodes are able to share sensed 
information with each other and take decisions on behalf of 
that sensed information. 
 

 
Fig 1.Centralized approach 

II. RELATED WORK 

Cognitive radio research is mainly due to the dramatically 
increased expectations of users from wireless 
communication networks. This work is stimulated by 
means of the FCC Report and Order allowing the operation 
of networks along with low-power devices and sensors in 
the VHF-UHF band as well as by means of the IEEE 
802.22 group regulating the dynamic spectrum get access 
for TV bands and wireless microphones. The Joseph Mitola 
first proposed this concept of cognitive radio in a seminar 
at KTH in 1998 and published in article Mitola et.al 1999. 
The need of this concept arise because every user wants 
more and more applications, higher data rate, higher 
capacity and higher mobility for their portable devices and 
each of them have more than one device along with them. 
So all these future potential applications need more 
spectrums which is very crucial task now a days because 
the part of spectrum used for all these applications are 
already very highly utilized resulting spectrum scarcity. 
Due to this reason cognitive radio is one of the emerging 
technology and many researchers are working in the field 
of it so that the spectrum will used efficiently and 
overcome from the problem of spectrum scarcity. Although 
this concept has emerged primarily to enhance spectrum 
utilization, the importance of energy consumption poses 
new challenges, because energy efficiency and 
communication performance can be at odds. As cognitive 
radios are basically low power sensors So there are number 
of researchers work on the energy efficiency techniques for 
the networks of cognitive radio. The challenges of energy 

efficiency in cognitive radio network [2]. The usage of 
history to help achieve energy efficient spectrum sensing in 
infrastructure cognitive radio networks is focused by [13]. 
The scheme employs an iteratively developed history 
processing database which is used by cognitive radios to 
make decision about spectrum sensing, subsequently 
resulting into reduced spectrum scanning and improved 
energy efficiency. The key objectives for allotted or 
distributed spectrum sensing in cognitive sensor networks 
are the Reliability and energy consumption in detection 
[10]. They proposed joint sleeping and censoring scheme as 
an energy efficient spectrum sensing technique in light of 
the fact that in conventional distributed sensing approaches, 
in spite of the fact that the detection performance improves 
with the number of radios, but the energy consumption is 
more in network. So the target of proposed plan is to 
minimize the energy consumed in distributed sensing 
subject to constraints on the detection performance, through 
optimally choosing the sleeping and censoring design 
parameters. The different techniques have been analyzed to 
improve the energy efficiency of CRNs [8]. To deal with 
the Energy Efficient optimization problem with multiple 
interference power constraint the Water filling factors aided 
search method is used. The issue of resource allocation 
optimization for a single-cell multiuser cognitive radio 
network within the presence of primary user networks [14]. 
The authors addressed two particular challenges i.e. the 
incorporation of primary user activity in the design of 
resource allocation technique and the restricted hardware 
capabilities of cognitive terminals in comparison with these 
available at the cognitive base station. So author proposed a 
novel resource allocation framework based on bandwidth 
power product minimization. 

III. PROPOSED WORK 

Based on the literature survey proposed objective is to 
deploy an energy efficient spectrum sensing using optimum 
hierarchical clustering method in which the cluster head 
selection probability is computed by using genetic 
algorithm optimization. As a result the network life time 
and energy is increased. 
The implementation of objectives entitled in this work will 
be implemented using Multi-User Multi-Relay DF 
Cognitive Radio Network system model with M 
Intermediate users (IUs) that act as nearby detecting 
gadgets are thought to be organised into clusters, the place 
every cluster has a cluster head that settles  a cluster 
decision based on the local decisions received from its 
cluster members and report the outcome to the cognitive 
base station that acts as a fusion centre FC by way of the 
secondary user.  
We assume that the primary user signal at IUs is not prior 
known, for that reason, We adopt an energy detector to 
conduct the local sensing, which is appropriate for any 
signal type. In this energy detection algorithm, just the 
transmitted power of the primary system is known. 
Therefore, this power may be recognized initially, after 
which when put next with a predefined threshold to decide 
whether or not the spectrum band is larger than the 
detection threshold λ, the detector will accessible or not. At 
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the point, When the energy of the received signal show that 
the primary user is available, which will portrayed by exist 
hypothesis H1, otherwise, the primary user is absent, which 
will be represented by null hypothesis H0.  
The framework structure of a cognitive radio network 
according to clustering process is illustrated in Fig 2. 
 

 
Fig 2.Cluster-based cooperative spectrum sensing [16] 

 

In this scheme the following assumptions are made:  
1. First, all IRs are grouped into clusters utilizing our 

intelligent genetic algorithm and energy distribution 
based protocol, which proposed for cognitive radio 
network.  This protocol provides an efficient clustering 
arrangement algorithm, wherein the cluster heads CHs 
are chosen by way of the proposed scheme in 
centralized and intelligent way, with minimization of 
data transmission energy between a CH and other 
members in a cluster, as per the best reporting channel 
gain and the energy level of the IUs. 

2. Second, the CRN topology is stable and consists of one 
fusion centre FC, one primary transmitter and M of 
Intermediate users IUs and N Secondary users SUs. 
The FC has the area information of all CRs, potentially 
decided utilizing global Positioning method (GPS).  
The instantaneous channel state information of the 
reporting channel is available on the CRs. The channel 
between any two IUs in the equal cluster is excellent in 
view that they are nearly every different. 

Procedure of cluster-centered spectrum sensing algorithm 
1. IUj in cluster i conducts spectrum sensing exclusively 

and settles a neighborhood choice i.e. local decision 
Dij for i =1,…,K ,  j =1,…,Ni , where K is the quantity 
of =∑Mi , where M is the complete number of IUs 
clusters, N is the quantity of SUs in cluster i and in the 
network.  

2. Then, just the IUij that has a nearby double choice will 
report its outcomes to the CHi to settle on a cluster 
decision Ci based on OR-rule information combining 
strategy, otherwise no reporting decision is taken.  

3. Finally, all the CHsi for i = 1,2,… .,K that have a 
group choice Ci = 1 are permitted to send their 
outcomes to FC and after that a ultimate conclusion F 
is made by a FC utilizing OR-govern, as 

                                                                                  
On the off chance that no cluster decision is accounted for 
(i.e. Ci = 0), which implies no primary signal is recognized, 
and after that final decision F = 0 is taken. 
 
A. Radio energy dissipation model 
Energy attenuation model depending upon the distance 
value between two node i.e. transmitter and receiver is 
utilized. As per this radio energy dissipation demonstrated 
in [15] as a way to gain an suitable Signal-to-Noise Ratio 
(SNR) in transmitting an L-bit message over a distance d, 
the energy consumed by the radio is given by: 

																	 ,
. . ∈ . 		 	
. . ∈ . 		 	

                           

Here   is the energy dissipated per bit to run the 
transmitter or the receiver circuit, ∈ and ∈  depend on 
the transmitter amplifier model we use, and d is the 
distance between the sender and receiver.  
By equating the two expressions at d = d0, we have 

	 ∈ /∈ . To receive an L-bit message the radio 
expends . . 
 
B. Selection of CHs using Genetic algorithm 
A subset of Evolutionary Algorithms, Genetic Algorithm is 
used for generating optimal or near optimal solutions to 
complex problems by relying on techniques inspired by 
natural selection. Genetic algorithms are usually employed 
for generating optimal or near optimal solutions to complex 
problems by means of genetic operators viz., crossover, 
mutation and selection. A genetic algorithm works by 
evolving a population of possible solutions to a 
complicated problem towards an optimal solution. Every 
possible solution has its own group of characteristics 
(referred to as chromosomes or genotype) that can be 
changed and mutated. Traditional representation of 
solutions involves binary strings of 0s and 1s. However, 
other representations are also available. 
To start with, a random pool of all possible solutions 
(represented as chromosomes) to a given problem is 
generated. This population is then modified time and again 
in order to reach an ideal solution. At each step, one or 
more chromosomes from the current population are picked 
up as per some fitness function of the problem under 
consideration. These best fit individuals are then used to 
create new off springs, which are further added to the next 
generation. The new iteration of candidate solutions is then 
utilized within the next iteration of the algorithm. More 
often than not, the calculation stops when largest number of 
generations has been reached, or an satisfactory fitness 
value has been accomplished. The CH selection is obtained 
by solving the Genetic Algorithm terms of AI expectation. 
At the same time, we employ the proposed energy-efficient 
optimum clustering method to perform the resource 
allocation. We will demonstrate the effectiveness of the 
Proposed algorithm in terms of the energy efficiency 
(Lifetime of Network), spectrum-efficiency and 
computational complexity in MATLAB. 
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                     IV.   RESULTS AND DISCUSSIONS 
We are going to use 100×100 m Wireless Field of Area to 
apply the Method. The base Station is Placed at 50×50m 
field i.e. in the Centre of Cognitive radios (PU, IUs, SUs). 
The considered amount of dissipated energy is Zero 
initially and the residual energy is the Amount of initial 
energy in a CR user, Thus total energy can also be the 
amount of residual energy on account that it is the sum of 
dissipated & residual energy . 

Table 1 
Parameters for wireless radio energy model [15] 

 
Our proposed algorithm considers a sensor network that is 
the hierarchically clustered. In our protocol, re-
establishment of clusters is performed in each and every 
“round.” In each round the new IUs are chosen & 
accordingly load is well allocated & balanced among SUs 
of network. Furthermore, to split communication cost to 
sink each SU transmits to closest IUs. Just IUs needs to 
answer to PU & may expend the huge quantity of energy, 
but this happens from time to time for every SU. There is 
an optimum percentage popt of the SU in this protocol that 
needs to wind up plainly the IU in each round accepting the 
uniform distribution of SUs in space. A random field is 
created and SUs are randomly placed, every SU contains a 
predetermined amount of energy.  
Figure 3 shows the existing hierarchical clustering 
approach for cognitive radio network having different 
number of primary and secondary users organised in such a 
way that all the users are divided into different clusters. 
Figure 4 shows the dead nodes of previously discussed 
cluster in figure 3. When User start sharing information 
between each other then there energy start decreasing with 
each round. When energy reached at a level of 0, that user 
is shown in red color and termed as dead user. Figure 5 
shows the modified optimal clustering approach of 
proposed system where we apply Genetic Algorithm. In 
this scenario there is one primary user placed at the center 
of the network showing in the blue color dot. The 
secondary users are taken as advanced nodes and the 
normal nodes as per their different energy levels. Figure 6 
compares the network lifetime of both the clustering 
schemes i.e. the existing one and the proposed one. The 
network of existing approach goes upto the 1400 rounds 
and then became dead on the other hand the network of 
proposed optimal clustering with genetic algorithm goes 
upto the 3330 rounds. So the lifetime of the network 
increased by 1930 rounds. This variation in the results of 
network lifetime also shows that the proposed scheme is 
energy efficient as we know that both the lifetime and 
energy of the network are directly proportional to each 
other. 

         
Fig 3.Existing clustering approach for cognitive radio 

 

                     
Fig 4.Dead nodes of cluster 

 

 Fig 
5.Optimal clustering with Genetic algorithm 

 
Fig 6.Comparison of Network Lifetime of Existing and Proposed System 
 

Parameters Values 
Initial energy (E0) 0.5 J/CR user 
Transmitter Electronics (Eelec) 50 n J/bit 
Receiver Electronics (Eelec) 50 n J/bit 
Data Packet Size (l) 4000 

Transmitter Amplifier ( fs) if d d0 10 pJ/bit/  

Transmitter Amplifier ( mp) if d d0 0.0013 p J/bit/  
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V. CONCLUSION 
Cooperative spectrum sensing enhances the detection 
efficiency i.e. performance of the cognitive radio network. 
Nevertheless, any such attain in efficiency comes with a 
resulting greater network energy consumption which is a 
imperative aspect in a low-power radio systems. In spite of 
the fact that network energy consumption is a main factor, 
considering the way that cognitive radios are mainly low-
power sensors, the individual energy consumption of every 
cognitive radio is a way more critical challenge, due to the 
fact that the highest power consumption of a low-power 
radio is restrained through its battery. In this work, the 
existing protocol had some limitations like energy 
consumption, network life time, forcefully selection of 
cluster heads, and load on nodes. This type of limitations 
degrades the existing protocol performance. New Energy 
Efficient Routing Protocol is proposed in the context of the 
drawbacks of the existing protocol. We studied number of 
optimization techniques some are based on local solution 
other on global solution. The rate of convergence of an 
algorithm is also a main factor through which we decided 
which technique we opt to find our solution. Re-clustering 
process plays vital role in protocol. During each round a 
specific percentage of total nodes are elected as cluster 
heads. CH elect according to their probability to chosen as 
CH in particular round. In proposed algorithm we elect 
cluster heads with the of GA approach. The results prove 
that proposed algorithm improves the network life span and 
energy consumption is less as compare to existing protocol.  
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