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1 Introduction
Cognitive Radio (CR) facilitates unlicensed 

or secondary users (SUs) to utilize the unused 

spectrum resources (called spectrum holes or 

white spaces) effectively owned by licenced or 

primary users (PUs) [1, 2]. Spectrum sensing 

is the prime role of CR network for spectrum 

investigation to determine the white spaces and 

to prevent PUs from harmful interference. The 

probability of detection (Pd) and the probabili-

ty of false alarm (Pf) are two important perfor-

mance metrics  used to compute the consisten-

cy of spectrum sensing schemes for identifying 

the accessibility or otherwise of white spaces. 

However, some specific impairment of prop-

agation is shadowing, receiver uncertainty, 

interference, and multipath fading in commu-

nication channels that affect the functioning of 

PU detection [3].

CSS is another technique to overcome the 

above problems in CR network, to improve the 

PU detection performance [4]. This technique 

involves directing multiple CR users to send 
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their sensing result and a cooperative decision 

is made about the availability of unused spec-

trum or white spaces. It also enhances the PU 

detection probability through the study of mul-

tiuser’s diversity. CSS also gives a better sens-

ing performance, but increase communication 

overhead that take more energy consumption 

as well as further delays of sensing and report-

ing, especially in larger networks [5]. It can be 

minimised by a partitioning of more CRs to 

formulate a cluster.

In CR ad hoc network, clustering is a key 

mechanism of topology management that or-

ganizes nodes into the logical group of nodes 

(or cluster) to offer network-wide performance 

improvement. Each cluster contains a cluster 

head (CH) while other nodes in a cluster are 

referred as member nodes (MN). In a cluster, 

the CH also acts as controller and executes di-

verse functions, like channel sensing coordina-

tion, routing and aggregation of data. Further, 

it offers inter-cluster communications in which 

each CH in a cluster communicates with its 
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neighbour CH and FC. Each cluster, the MNs 

determines any events and sends to their CH 

through either multi-hop or single-hop routing 

through intra-cluster communications

Various schemes have been designed for min-

imizing the energy consumption. Qing et al. 

[6] proposed a Distributed Energy Efficient 

Clustering (DEEC) protocol. In this approach, 

nodes autonomously selected as cluster heads 

based on initial energy EnI( )  and ReEn . A 

node should not have enough energy level, it 

does not participate CH selection. Smaragdakis 

et al. [7] proposed a Stable Election Protocol 

(SEP) to extend the time duration before the 

first dead node occurs in a heterogeneous net-

work. In this approach, complex and normal 

nodes are renowned when selecting the cluster 

head. Younis et al. [8] proposed Hybrid Ener-

gy-Efficient Distributed (HEED) protocol. In 

this approach, CH selected with higher ReEn  

level and more number of neighboring nodes. 

Rauniyar et al. [9] proposed Energy Efficient 

Clustering Scheme based on CSS (ECS). In this 

approach, a spectrum aware pair-wise coupling 

is used for grouping the nodes into clusters. 

ECS scheme does not sufficiently address the 

mobility of nodes in a network. Moreover, all 

of these clustering schemes use a fixed channel 

allocation policy and cannot handle mobility of 

nodes in a network. Therefore, the mobility of 

nodes is very much essential in CR ad hoc net-

works to enhance the CSS. 

We proposed a novel approach, distributed 

dynamic load balanced clustering (DDLPC) 

for enhancing CSS in CR ad hoc network. Its 

prime aim is to enhance the energy efficiency 

in CR networks. Our work is distinguished 

from above mentioned schemes; this DDLPC 

achieves better sensing capability and prolong 

the network lifetime. The contributions of this 

works are outlined as follows:

• DDLPC algorithm is proposed to enhance 

CSS in CR ad hoc network, which consists 

of three stages: Cluster formation, CH selec-

tion, and re-clustering stages. 

• First, the cluster can be formulated using 

cooperative footprint decision (CFD) model. 

After formation of the cluster, a CH is se-

lected.

• During the CH selection, each node inde-

pendently calculates their coop-footprint 

cost (CFC) that includes cooperative gain 

( g ) and residual energy ( ReEn ).  Both 

g  and ReEn  is determined after the first 

round.  All the nodes share the CFC with 

their neighbors. The node with highest CFC 

becomes a CH. 

• The re-clustering stage deals with mobility 

or replacement of nodes in a network. 

• Through extensive simulation results, we 

analyse the performance of the proposed 

DDLPC. The results reveal that the DDLPC 

outperforms than other schemes in analyz-

ing the clusters stability, network lifetime, 

energy efficiency, and accuracy of channel 

sensing.

The rest of the paper organizes five sections. 

Section 2 summarize related works and em-

phasizes the dissimilarities between it and pro-

posed work. Section 3 explains our DDLBC in 

CR ad hoc network in terms of cluster formula-

tion, analysis of clusters stability, network life-

time, energy efficiency, and accuracy of chan-

nel sensing. Section 4 presents our simulation 

results and relevant performance analysis.  At 

last, Section 5 illustrates the conclusions and 

discusses the future work.

2 Related Works
Energy efficient CSS in CR ad hoc network is 

a key challenge for several applications. Clus-

tering plays a vital role in providing energy 

efficiency in CR ad hoc network. Mustapha et 

al. [2] proposed a clustering algorithm with 

reinforcement learning (EESA-RLC) to reduce 

energy consumption and enhance the channel 

sensing. Yau et al. [10] surveyed the various 

clustering algorithms to establish single-hop 

or multi-hop clusters in CR networks and their 

metrics. They also addressed the various clus-

tering schemes in CR ad hoc network. The 

algorithms are categorized by clustering pur-

poses and metrics. Zhang et al. [11] addressed 

the proper channel assignment policy to each 

SU in a cluster based CSS and maximized the 

throughput for all SUs. H Zhang et al. [12] 

presents distributed spectrum-aware clustering 

(DSAC) for restricting interference to PUs and 

also minimize the energy consumption using 

group-wise constrained clustering. Miah et al. 

[13] proposed eigenvalue detection technique 

with superposition approach in cluster-based 
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CSS to attain better detection performance and 

sense the PUs signal accurately. 

Ghorbel et al. [14] presented clear expressions 

of comprehensive study of Pd, Pf and cluster 

based CSS. Sun et al. [15] addressed the group-

ing all the SUs into some clusters and selecting 

one user in each cluster to report to the base 

station and can utilize the user selection diver-

sity to enhance the sensing performance.  Wang 

et al. [16] proposed the clustering mechanism 

with CSS improved the performance of chan-

nel sensing and reduce the computational cost. 

Bai et al. [17] addressed spectrum efficiency in 

CR network. In this approach, CR users with 

adequate information in each cluster will send 

their sensing results to each CH for decreased 

the number of sensing bits during spectrum 

sensing. 

Nguyen et al. [18] proposed a frequency divi-

sion-based parallel reporting mechanism with 

a selective method that can significantly min-

imize the energy consumption and reporting 

time in cluster based CSS. Wang et al. [19] in-

vestigate issues of cluster-based CSS in 2-layer 

hierarchical CR networks with soft data fusion 

for minimizing the Pf. Zhang et al. [20] ad-

dressed the distributed clustering algorithm 

with soft-constraint affinity propagation mes-

sage passing model for improving the efficien-

cy and robustness of the clusters. Our previous 

work [21], mobility aware clustering scheme 

addressed the node behaviors can be estimated 

in terms of distance, speed, acceleration, and 

relative velocity with regular intervals. This ap-

proach is used to improve the clustering struc-

ture and scalability.

Our work is related to that of Qing et al. [6] and 

Rauniyar et al. [9]. We will compare our work 

with theirs in the following section. Compared 

to related work [6, 9, 13, 12, 15, 16, 18-20], our 

work is distinguished by the type of clustering. 

We have formulated clustering with MDP al-

gorithm, re-clustering through mobility of us-

ers, inter and intra-cluster communication, for 

a Distributed Dynamic Load Balanced Clus-

tering Scheme. The prime aim of this scheme 

is to enhance energy efficiency by analyzing 

the sensing and reporting time of CR users. It 

also evaluates the re-clustering strategy for the 

member in a cluster to minimise the energy 

consumption and prolong the network lifetime. 

In addition, because our approach is different 

from those of related work, we assume that it is 

necessary to determine the re-clustering with 

mobility if MN moves from one cluster region 

to other. In a simulation result, we obtain differ-

ent analyses of clustering and mobility of nodes 

strategies to meet the better sensing capabili-

ty in CSS. As a novel contribution, this is the 

first work to use a Distributed Dynamic Load 

Balanced Clustering Scheme for enhancing the 

energy efficiency in CR networks.

3 DDLBC Scheme

3.1. Clustering and Cluster Head Selection
We consider CSS in a distributed CR ad hoc net-
work with M  SUs, N  PU channels and a fusion 

can opportunistically sense the channel for detect-

The M
In a cluster, SU is also referred as member node 

with the best sensing result to reduce the energy 

-
culated as:

      Re v

maxEn
 (1)

Where maxEn  indicates the maximum energy of 
the SU and  v  represents the number of vacant 

Then, each member has exchanged CFC in-

formation to other nearby members in CR 

network. The CH is selected according to the 

largest CFC value. The cluster based CSS in CR 

ad hoc network system is illustrated in Fig. 1. 

However, the CSS is accomplished through the 

following stages:

1. Each SU (or MN) in CR network perform 

the confined spectrum sensing. Each SU 

gathers the CFC and sends a local observa-

tion  obLo  to the CH. The obLo  is associ-

ated to ReEn  by MDP function   as

   ob ReLo En  (2)
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2. Then, CH receives that obLo  from the SUs 

in the cluster, and then makes a cumulative 

cluster decision cc  according to the 

certain fusion function  . All the CH 

sends their better decision to the FC.

cc ob ob ob  (3)

3. Finally, the FC makes the final decision 

D  according to the fusion strategies. 

The CH and FC make the D  according to 

a fusion function  to reduce the interfer-

ence from the SUs to the PU.

D cc cc cc cc K (4)

Fig. 1. Cluster based CSS in CR ad hoc network system 
model

Each SU to choose a communication channel 

(CC) from the control channel set provided by 

CH.  Assume that, if each SU can  discover  the  

presence  of  PUs in  the  current CC,  to  notify  

the other  SU within a cluster when the channel 

is currently occupied by PU. Even though, we 

formulate the dP  and the fP  of a cluster with 

two fusion rules as  and  .

3.1.1 Formulation of Fusion Decision   
Fusion Decision  for CSS is expressed by two 

fusion rules,  and  can be denoted as

1,            
 :         

 0,        
Re

ob

En
Lo

 (5)

,
1

1,      
:         

0,             

N

cc i
iD

 (6)

Where each SU in a cluster makes a decision by 

comparing it’s ReEn  with the threshold value 

( ). Then CH for every cluster makes a cc  

by using an MDP-rule to every cc  decision 

in the particular cluster. Therefore, the dP  and 

the fP  for the M  SUs of the k  clusters can be 

expressed as follows:

1
1

1

k
d k

k   (7)

0
0

0

k
f k

k  (8)

where 1  and 0  represent the presence and 

absence of PUs signal respectively,  and  de-

notes the mean and variance of hypothesis test. 

From (7) and (8), we can obtain the analytical 

results for the cluster based CSS in CR ad hoc 

network with fusion decision .

3.1.2  Formulation of Energy Fusion Decision 

Energy Fusion Decision  for CSS is derived 

by two fusion rules,  and  can be denoted as

:       ob ReLo En  (9)

,
1

1,      
:         

0,             

N

cc i
iD

 (10)

where CH collects the ReEn  of all the members 

in the cluster and then make D  by compar-

ing it with the value of  . For the CH of clus-

ter k , the collected ReEn  can be represented 

as . The density function of 

obLo  can be determined using the chi-square 

distribution  method as:

 (11)

where  is the SNR value at the CH of 

cluster k . From (11), the dP  and fP  for the 

M  SUs of the k  clusters can be described as 

follows:

 (12)

similarly,   

 (13)
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From (12) and (13), we obtain the analytical 

results for the cluster based CSS in CR ad hoc 

network with energy fusion decision . 

3.1.3 Intra-cluster communication 
In intra-cluster communication, all SUs in a 

cluster send their local sensing information to 

CH thorough the local communication chan-

nel. To reduce the energy consumption, choose 

CH dynamically because CH consumes more 

energy than MN in a network. However, load 

balancing approach allows all the MN has equal 

privileges to become CH to counterbalance the 

level of energy consumption in a cluster.

Before executing the algorithm that select a 

CH, the node with enough ReEn  is selected as 

CH and remains other SUs cooperate with CH 

in a cluster. The total energy for intra-cluster 

communication can be determined as:

 (14)

where T  is a minimum transmission pow-

er and ,k k
i jtr M M  denotes the distance 

between two nodes in a cluster which can be 

obtained through channel estimation.

Let us consider all MN has equal privileges 

to become CH, so the average energy for in-

tra-cluster communication can be determined 

as follows:

 (15)

Fig. 2. Inter and Intra-cluster communication model

From (15), we study the shorter distance of 

intra-cluster can better to reduce the distance 

between two MNs and their corresponding CH 

within a cluster. It facilitates to minimise the 

energy consumption and latency of intra-clus-

ter because of lower communication energy.

2.0.4 Inter-cluster communication
In inter-cluster communication, a CH within 

a cluster to collect local sensing information 

from MNs and formulates a collective sens-

ing information. This collective information is 

forwarded to FC either through neighboring 

CH , or straight to the FC 

,  through the idle channels 

with maximal transmission power. 

Fig. 2 shows the inter-cluster communication 

model of CR ad hoc networks. In this period, 

the CH reduces and sends the collective local 

sensing result to FC. The communication be-

tween CH in cluster 1, 2 and 3are represented 

by dashed arrow and then to FC. The total in-

ter-cluster communication energy can be deter-

mined as:

 (16)

The total energy consumption for communica-

tion of information can be determined as fol-

lows:

 (17)

where  represent the collective information is 

transmitted to FC and received by FC. There-

fore, the total energy consumption of whole 

network is represented by:

 (18)

3.1.5 Optimal number of clusters
We consider M  SUs and group them into k  

clusters. With load balancing method, each 

cluster has balanced level of SUs and each SU 

is an autonomous cluster. Suppose all M  SUs 

are grouped into only a cluster, the intra  be-

comes very large because of large intra-cluster 

distances. This will give too much energy con-

sumption. So, we need to form the number of 

optimal clusters carefully with M  SUs to min-

imize the energy consumption in CR ad hoc 

networks.

In load balancing method, SUs are distributed 

uniformly and analyse the optimal clusters that 
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can significantly reduce the energy consump-

tion in CR ad hoc networks. From (14) and 

(16), the total communication energy is com-

puted approximated as

 (19)

where  is loss factor which is used to find 

out the level of priority for access the channel, 

R  is a minimum reception power, cen  is 

a center of k clusters and maxtr  is the maximum 

communication range of each SU.

Suppose, all SUs are distributed uniformly and 

density functions (£) of each cluster can be de-

termining as follows:

 (20)

where   d is the average distance of a cluster, 

 jx and jy are the coordination points in a net-

work.

There are  Sus per cluster through load balanc-

ing method and the communication range of 

each cluster can be determined as . 

Substitute this value into (19), we get

 (21)

Obviously, (21) is a rounded function where 

number of optimal clusters can be determined 

by assigning K value to 0. The number of opti-

mal clusters can be determined as follows:

 (22)

From (22), we study the optimal number of 

clusters provides the better coverage by in-

creasing the number of MNs or maximising the 

cluster size in a cluster. It can also reduce the 

large amount of intra-cluster communication, 

mostly during transmission. Furthermore, it 

minimises overlaps between clusters and can 

reduce the channel conflict between clusters.

3.1.6  DDLBC algorithm 
The following DDLPC algorithm describes the 

various stages of CSS in CR network.

Define each node in a network as disjoint cluster: 
 

a. Node     CFC: 
  

  
    

:  

 
 

b. Cluster_CFC: 
  

 
 

c. Intra _Cluster _Communication: 
 

 CFC node_ID  
,  

,  

 

d. Inter_cluster _Communication: 
 Send   

 receives  as of  then 
New Cluster_ID:  
Assign Communication _Channel: 

 

e. Re-clustering: Mobility of Node  from one
cluster to another. Select new Cluster Head ID 

 Communication  

The DDLBC algorithm consist of five stages 

such as communication channel sensing, cluster 

formation, optimal number of cluster selection, 

intra / inter cluster communication, and re-clus-

tering.

2.0.7 Re-clustering

Re-clustering is necessary in a cluster whenev-

er a communication channel cannot be found, 

the MN far away from its cluster coverage area 

because of its mobility, and the current energy 
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level of CH is very low. Since, MN has mobility 

which moves from one cluster to other.  With 

stimulated time interval, re-clustering is per-

formed in a network. The time interval plays 

a vital role during the transmission. If the time 

interval is set too high, then CHs consume too 

much amount of energy and subsequently died 

before the re-clustering. Furthermore, with 

substandard time takes too much transmission 

cost.  

So, we evaluate ReEn  of the CH with an agreed 

threshold, if ReEn  is lesser than an agreed 

threshold, it sends re-clustering information to 

cluster region. Therefore, ,Re  and ,Re  

are denoted as the residual energy and average 

energy level of CH. Moreover, the provision of 

re-clustering is:

 (23)

The MN encapsulates it’s Re  in the packet 

while it sends them to the CH. When the pack-

et reaches the CH, it will again compute the 

average ReEn  of the cluster. If this value satis-

fies (24), the CH will send re-clustering mes-

sage in its cluster region which will cause the 

intra-cluster re-clustering. However, there are K 

clusters in the network, and the ReEn  of the i  

CH is iRe , the average ReEn  of the i  clus-

ter is 
iRe , and the number of SUs in a cluster 

is totM , so the average ReEn  of the network is 

computed as follows:

 (24)

Also, the average ReEn  of the CH is deter-

mined as:

 (25)

The FC re-computes the average ReEn  of the 

network while it accepts the collective informa-

tion from CH. If the CH energy level is lower 

than the average ReEn  of all the SUs, FC sends 

overall re-clustering information forces to the 

entire network accomplish re-clustering.

3 Simulation Results and 
Performance Analysis

The proposed scheme has been implemented in 

MATLAB. The prime aim of the simulation was 

to enhance energy efficiency in the CSS. 100 

SUs were randomly deployed in m m  

area of concern. The communication range is 

20 m. The Distributed Dynamic Load Balanced 

Clustering scheme analysed the efficiency of 

the cluster in terms of stability and instabili-

ty duration, optimal number of CH selection 

and network lifetime. The proposed DDLBC 

scheme also evaluated the number of collective 

information sent to the FC. The performance 

of the DDLBC scheme was evaluated and com-

pare with the DEEC [6] and ECS [9] schemes in 

terms of stability and instability duration, opti-

mal number of CH selection, network lifetime, 

and the number of collective information sent 

to the FC and also to EESA-RLC [2] in terms of 

average energy consumption for clusters. The 

simulation results were studied by varying the 

network size from 10 to 100. We have incor-

porated the re-clustering approach jointly with 

clustering based CSS systems to reduce the en-

ergy consumption and also cluster overhead. 

The aim of comparing clustering performance 

with associated approaches, we have formulat-

ed a Distributed Dynamic Load Balanced Clus-

tering in terms of cluster-based CSS in CR ad 

hoc networks. The simulation parameters are 

described in Table 1.

4.1 Bit error rate (BER)
Fig. 3 shows the bit error rate for number of 

SUs in a cluster versus the average SNR value 

can be determined from the simulation. The bit 

error rate (BER) is the number of bit errors per 

unit time. As the number of SUs increase, the 

BER decreases with the same SNR. This is be-

cause analyse the two different fusion strategies 

in a cluster to achieve the selection diversity. 

4.2 Stability and instability duration
Stability period is the duration of CR ad hoc 

network performance from the commencing of 

its operation and first node died out. We com-

pared our DDLBC with the ECS and DEEC 

schemes proposed in [6, 9]. Fig. 4 shows the 

total rounds against the number of dead CR 

ad hoc nodes. As shown in Fig. 4, our DDLBC 

scheme has higher stability duration than the 

other schemes. Under DDLBC scheme, the first 

dead node occurs nearly round 2100, where as 

the first dead node occur nearly rounds 1600, 

1300 under the ECS, DEEC approach. The sta-

bility duration of DDLBC compared with ECS 

scheme increases form round 1600 to round 

2100 and the DEEC increases from round 1300 
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to round 2100. So, DDLBC provides better sta-

bility duration (i.e. higher) to prolong the net-

work lifetime than the other schemes.

Table. 1 Simulation Parameters

Network size 200m×200m
Communication range 20 m

Initial Energy 1250 mJ

P
d

0.1

Collective information 

energy cost

50 pj/bit J

Loss factor 0.9

Number of PUs 4

Number of SUs 100

Number of licenced 

communication channels

4

Packet size 256 bit

CE
T

50nJ/bit

CE
R

50nJ/bit

Number of rounds 5000

Fig. 3. Bit error rate vs. SNR

Instability duration is the duration between the 

first dead node and the last dead node with-

in a cluster. Our DDLBC provides lower the 

instability duration than the other schemes. 

As shown in Fig. 5, the first node died nearly 

round 2100 and the last node died nearly 4800. 

But other ECS scheme provides the first and 

last node died out nearly 1600, 4200 and DEEC 

provides 1300, 3100 respectively. Furthermore, 

the performance analysis concludes that stabil-

ity duration of DDLBC is better than the ECE 

and DEEC and also the instability duration is 

much lower than the ECE and DEEC. This is 

due to some introduction of gateway user (or 

intermediate user) to DDLBC, which acts as 

bridge between the CH and the MN, thus low-

ering the instability region. 

Fig.4. Number of rounds vs. number of CRAHN dead 
nodes

4.3  Network lifetime
In cluster-based CSS system, network lifetime 

is the duration of the last alive node in a net-

work. Initially, all nodes are alive in a network. 

As shown in Fig. 5, out of 100 alive nodes, the 

first node in the DDLBC scheme died around 

2100 and later, nodes died at a regular interval. 

The ECS and DEEC schemes, there was a rapid 

increases in dead nodes after the round 1600, 

1500 respectively. Fig. 5 shows that our pro-

posed DDLBC scheme provides the reliability 

of nodes and to prolong the network lifetime. 

In this approach, the last alive node can still 

provide the response to the network.

Fig. 5. Number of round vs. number of Alive CRAHN 
nodes

4.4 Optimal number of cluster 
selection

From (22), we compute 4 optimal clusters that 

provide better coverage by increasing the num-

ber of MNs or maximising the cluster size in 

a cluster. It can also reduce the large amount 

of intra-cluster communication, mostly during 

transmission. Furthermore, it minimises over-

laps between clusters and can reduce the chan-

nel conflict between clusters. As shown in 
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Fig. 6, we compare the clusters with varying 

the number of SUs in network. Our proposed 

approach creates fewer clusters to reduce the 

distance for inter and intra cluster communi-

cation. Moreover, not only consider the success 

of CSS, also consider the network energy con-

sumption when selecting the number of opti-

mal clusters. 

Fig. 6. Number of SUs vs. Number of optimal clusters

From Fig. 7, we can study the result of optimal 

cluster size in CR network for reducing energy 

consumption. Energy consumption can be de-

termined from SUs and their own CH for dis-

similar clusters. In simulation, we can use 100 

SUs to create 4 optimum numbers of clusters 

to reduce the intra-cluster distances and also 

reduce the communication between SUs and 

their CH. This is achieved to reduce the energy 

consumption in network because of inadequate 

intra-cluster communication. In a network, for 

more number of clusters created to reduce the 

energy consumption of network but inter clus-

ter consumes more energy. So, significantly 

reduce the energy consumption by calculating 

the optimal clusters that counterbalance the 

energy consumption for inter and intra clus-

ter communications. Our proposed DDLBC 

scheme is minimised the energy consumption 

and to compute the total number of optimal 

cluster is four. This is achieved because of bal-

ancing among members in each cluster. 

4.6 Number of cluster head selection
Fig. 8 indicates the CH selected each round. As 

shown in Fig. 8, DEEC and ECS schemes re-

sulted in more uncertainty issues for selecting 

CHs. Under DEEC, random numbers of CHs 

are selected every round. More CHs are select-

ed under ECS scheme to lead the increase of 

transmission and sensing cost. Our proposed 

DDLBC scheme allows CH selection based 

on energy efficiency which results in low un-

certainty. This is achieved because nodes with 

ReEn  participate to select the CH. Further, 

number of CH is selected for each round in a 

controlled way to extend the network lifetime.

Fig. 7. Average energy consumption for clusters

 Fig. 8. Optimal number of clusters selection

4.7 Collective information sent to the 
FC

Fig. 9 shows the collective information send 

to the FC.  Each CH collects the local sens-

ing information from MNs and consolidated 

into collective information. This is because, if 

the MNs have enough ReEn  level to send local 

sensing information to CH. As shown in Fig. 

9, our proposed approach compare with DEEC 

and ECS. Thus, there is significantly less col-

lective information send to the FC under our 

proposed approach. This is achieved to prolong 

the lifetime of network and increase a stabili-

ty of the clusters under the proposed DDLBC 

scheme.   
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Fig. 9. Collective information sent to the FC

5. Conclusion
We have employed a Distributed Dynamic 

Load Balanced Clustering scheme to reveal 

the grouping of MNs into some clusters to 

minimize energy consumption and increase 

the sensing capability in CR ad hoc networks. 

Our prime aim is to enhance the energy effi-

ciency of CSS based on clustering scheme. In 

addition, the sensing accuracy, network life-

time and cluster stability can also be improved. 

We used dynamic clustering scheme to select 

an optimal number of clusters as well as CHs. 

A node with enough initial and residual ener-

gy only can participate for selecting the CH to 

reduce the energy consumption. A collection 

information packet can be transmitted through 

an idle channel when the CHs select to cooper-

ative gain, avoiding unnecessary channel sens-

ing. This is a novel approach to enhance energy 

efficiency and encourage efficient cooperation 

among CHs and MNs. This proposed approach 

also analysed the energy consumption, network 

lifetime and stability of the clusters. Simulation 

results revealed that the proposed DDLBC 

scheme outperforms than other schemes. This 

is the first work that uses the Distributed Dy-

namic Load Balanced Clustering scheme for 

enhancing energy efficiency and prolongs the 

network lifetime in CR ad hoc networks. In 

further, we consider the participation of more 

PUs and also analyse network convergence 

and fusion strategies for our proposed DDLBC 

scheme.
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