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Abstract—Inwireless sensor networks, minimising energy 
consumption is the most importantchallenge that should be 
considered in their design. Routing consumes a considerable 
amount of energy in the communication to perform various 
functions such as clustering and neighbourhood discovery; 
therefore reducing the number of communications should be 
one of the objectives in the design of energy-efficient 
protocols.In this paper, a new virtualised clustering routing 
protocol, based on the Low Energy Adaptive Clustering 
Hierarchy Protocol (LEACH) and Network Function 
Virtualisation (NFV) techniques, was developed and 
analysedto improve the energy efficiency of the network and 
maximise the network’s lifetime. To calculate the amount of 
consumed energy for each node in the network, ananalytical 
model was developed to be used by a cloud-based server to 
estimate the energy that will be consumed in the proposed 
protocol.Analysis using the developed model showed that the 
new protocol could achieve an improvement in the network 
lifetime by reducing the number of communication messages 
and thus will minimise the sensor nodes’ energy consumption 
compared with the conventional LEACH protocol. 

Keywords-Wireless Sensor Networks (WSN); Network 
Function Virtulisation (NFV); energy consumption, clustering 

I. INTRODUCTION 
Wireless Sensor Networks (WSNs) are a type of wireless 

network that is used to monitor and control the environment 
in which they are deployed. They are formed by a large 
number of sensor nodes that communicate with each other to 
perform a specific task. Sensor nodes, which are used to 
measure changes in the environment, such as vibration, 
temperature, pressure, humidity, noise and pollution [1], are 
usually deployed randomly and in large density [1][2, 3][4]. 
The functions of these sensor nodes are collecting data, 
processing it and then communicating with each other to 
forward it to a central node, which is known as a base station 
or a sink, via shared wireless channels. The sinkeither uses 
the data locally or forwards it to other networks. 

Clustering is one of the routing techniques that divide the 
network into groups known as clusters, and for each cluster 
there is a single node that will be responsible for all functions 
within the cluster, such as aggregating and processing the 
data before sending it to the sink. This node is known as the 
cluster head (CH), and communicates with the sink directly 
or via singlehop or multi-hop communication [5][6][7]. The 
clustering function is divided into two phases: the setup 

phase that contains the cluster formation and cluster head 
selection; and the steadystate phase where the sensor nodes 
withinthe cluster will start to sense the data and send it to the 
CH, which will relay it to the sink.  

Although cluster-based routing has gained significant 
attention among researchers regarding load balancing, 
improved network lifetime, and fault tolerance, it still has a 
significant cost regarding communication. The 
communication cost is divided into before clustering and 
after clustering. The first type concerns the communications 
needed to perform the clustering process, while the second 
typeis further divided into intra-cost and inter-cost. Intra-cost 
is the cost of communication among the sensor nodes and 
inside the cluster itself, while inter-cost concerns the 
communication cost between the cluster head and the sink. 
Therefore, by managing these costs, the clustering process 
can become more efficient [8]. 

LEACH is the first hierarchal classification protocol 
introduced by [9][10]tominimise the energy consumption in 
the network.In this protocol, the nodesare organised in 
clusters with a dedicated CH that is responsible for managing 
other SNs within the cluster. Each CH will be connected 
directly to the sink.According to LEACH the protocol is 
divided into a number of rounds. In each round and after the 
setup phase, the CH aggregates the data it receives from the 
sensor nodes and forwards them to the sink as frames divided 
into time slots; one slot per node within that cluster 
[11][12][13]. 

Although LEACH is considered an energy 
efficientrouting protocol, it has certain drawbacks as listed 
below [15][14, 15][16][17]: 

 The clustering is unbalancing in that it may result in 
large and small clusters in size and may not cover all 
network area. 

 The inefficient cluster head selection scheme, which is 
based on random selection and does not consider the 
remaining energy of the sensor nodes; therefore, the 
nodes with low energy levels may be selected as a 
cluster head and thus will lead to reduced lifetimes for 
the nodes.  

 The dynamic clustering may cause an overhead on the 
network, as it does not take into consideration the SNs 
position and location. 

In this paper, a new virtualised clustering routing 
protocol, based on the Network Function Virtualisation 
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(NFV) techniquewas developed and analysedto improve the 
energy efficiency of the network and maximiseits lifetime. 
The main principle of this protocol is to virtualise the 
clustering function by moving it to a high-volume central 
server in the cloud. This process will result in areduction in 
the number of transmitted and received control messages and 
minimising the computation needed for each node during the 
stages of cluster formation and cluster head selection. This 
will then minimise the energy consumption and improve the 
network’s lifetime.  

The paper is structured in six sections. Section 1 
introduces the sources of energy consumption in WSN and 
the general radio energy model that will be used in 
developing the analytical model. Section 2 discusses radio 
model that will used in the research. In section 3, the 
proposed protocol is discussed, while the analytical model is 
introduced in section 4. Section 5 evaluates the proposed 
protocol by comparing it with the traditional LEACH 
protocol. Section 6concludes the paper.   

II. RADIO ENERGY MODEL 
In this research, the simple model for the radio hardware, 

where the energy will be consumed by the transmitter and 
the receiver to run the radio electronics to transmit, receive 
and amplify the signals, will be used to analyse the energy 
dissipation during transmission and receiving, as shown in 
Fig. 1 [9]. 

The power attenuation is dependent on the distance 
between the transmitter and receiver, as described in 
equations 1 and 2 which represent the energy consumed in 
transmitting and receiving a k-bit data over a distance d. 

 
 
 
 
 
 

 

 

 

Figure 1.  Radio energy consumption model (redrawn from [9]) 

Et=Eelec εamp*k*dn (1) 

Er=Eelec   (2) 

 
where Et= energy consumed to transmit data in  Joule (J), 

d = distance between two nodes in metre, 

Er=energy consumed to receive a k-bit datain  Joule (J), 

K= packet size in bits, 

Eelec= energy consumed in the electronics = 50nJ/bit, 

n = path loss exponent, 

= energy consumption in power amplifier in 
Joule (J),  

In the equationsabove, the values n and are constant 
values and selected according to the radio propagationmodel  
[9].  

III. THE PROPOSED PROTOCOL 
As discussed earlier in this paper, the communications 

(transmission and receiving) among the sensor nodes and 
between sensor nodes and the sink are the main source of 
energy dissipation during the clustering function; therefore, 
to improve the energy efficiency, these communication 
activities need to be controlled and minimised. The features 
and assumptions for the proposed protocol are: 

 Dynamic cluster head selection: a cluster head will be 
re-elected in each cycle. 

 Homogenous: all of the sensor nodes have the same 
energy level (at the beginning of the process), 
processing and storage capabilities. 

 Centralised: the NFV server will be responsible for the 
majority of the computational activities.  

 Non-probabilistic: a more deterministic technique will 
be used to select the cluster head and form the clusters. 

 Random node deployment strategy: Nodes are 
deployed based on a uniform random distribution in a 
2-dimensional space. 

 The sensor nodes have a fixed position after 
deployment (stationary). 

 The sink is in stationary mode and does not have 
energy constraints. 

 The sensor nodes will always have data to send within 
their time slot. 

 Inter and intra-communication will be a single hop. 
 The energy consumption of sleep mode is small and 

has negligible influence on the overall consumption 
[18][19][20]. 

To prevent a collision, the server will assign a time slot 
for each node to use for sending data to the cluster head 
nodes.In addition, to make the node distinguish its cluster 
head, each cluster head will have a unique code that will be 
used by its nodes to recognise their data from other data.  

The operation of the protocol is divided into two main 
steps (node discovery and clustering), each is further divided 
into two phases: the setup step and steady state step. The 
general operation of the proposed protocol technique is 
shown in Fig. 2. These steps are discussed in the next 
sections. 

A. Node Discovery 
In this step, the NFV server will receive the nodes’ 

information from the sink. To do this, the sensor nodes will 
broadcast their information to the sink, which will send them 
to the server as illustrated in Fig. 2. 
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B. Clustering Function 
This stage will be performed by the central server (NFV 

server). In this step, the round is divided into two stages: the 
set-up stage, where the clusters will be formed and cluster 
head nodes selected, and the steady state stage, where the 
nodes within the cluster perform their usual activities such as 
sensing and sending the data to their cluster head. 

1)  Setup Stage (cluster formation and cluster head 
selection by NFV server) 

In this stage, the server will be responsible for the cluster 
formation and cluster head selection. In doing so, the server 
uses ananalytical model to estimate the amount of energy 
consumption for the nodes, and a k-means clustering 
algorithm to form the clusters. The server performs the 
following functions: 

Calculate an optimum number of clusters : According to 
the k-means clustering algorithm, which is a supervised 
clustering algorithm, the number of clusters needs to be 
calculated first and fed into the algorithm. In this research, 
the formula, proposed in [21] to estimate the optimum 
number of clusters, had beenused; this is shown in (3. 

 
Figure 2. Proposed Protocol Diagram 

The equation is used to determine the range that the 
optimum number of clusters will be within, based on the 
nearest and farthest nodes from the sink (dmin, dmax). In 
this work, we studied the effect of the number of clusters on 
the performance; please see section 5 for further details. 

 

C=                             (3) 

Where C -the number of clusters in the network,  
N- represent the number of sensor nodes that deployed in 

an area M*M,  
dtoBS(dmin<dtoBs<dmax) is the distance between the sink and 

the sensor node,  

and  are constant values representing the energy 
consumption in power amplifier in free space mode and 
multipath fading model.  
I- Cluster formation: After computing the number of 

clusters, the k-means algorithm [22] will be used 
toorganise the sensor nodes into clusters, with C used as 
an input.  

II- Cluster Head Selection: The cost function used in this 
step has two parameters: the distance between the node 
and the sink and the node’s energy level;thisis described 
in (4) 

                   (4) 

According to this equation, the node with the minimum 
distance from the sink and the maximum level of energy will 
be a cluster head for this clusterduringthe current round. 

2) Setup Stage (prepare the necessary data for 
transmission to the network) 

Overall, and after completing the clustering process, the 
server will send a messageto each cluster head node 
containing its member, node positions, time slots to transmit 
to the sink and cluster head code as in figure (2). Another 
messagecontaining the cluster head ID, cluster head code, 
cluster head position, and the node time slot will be sent to 
each node within the cluster.  

When the CH node receives the selection notification, the 
node will remain in on state all the time, while member 
nodes will be turned off waiting for their time slot to transmit 
the data or when an event occurs. It’s important to note that 
the cluster head selection process is distributed among all 
nodes, which means that the node that will be selected as the 
cluster head for the current round will not be selected as the 
cluster head for subsequent rounds, until all other nodes have 
been selected. 

3) Steady state stage (data transmission) 
In this stage, the sensor nodes will perform sensing and 
transmit their data to CH nodes according to the time slots 
defined by the server. 

4) Round rotation 
The round rotation will be based on a certain energy 

threshold which will be calculated by (5). 

=                               (5) 

where is the average of the sensor nodes’ current 
energy level in the cluster. 

IV. ANALYSIS OF THE ENERGY CONSUMPTION IN THE 
PROPOSED PROTOCOL 

Thelargest energy consumption for the sensor nodes will 
take place when performing the clustering function because 
of the number of communications involved. As nodes will 
either be a cluster head mode or cluster member mode, the 
server estimates the energy consumed by each node in the 
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network using the proposed analytical model based on 
whether the node is a member or head of the cluster. 

A. Cluster Head (CH) Node Energy Consumption Per 
Frame: 
The NFV server selects one sensor node as 

aclusterheadwhich will remain on all the time. The main 
functions of a cluster head will be receiving the sensed data 
from its members, processing it and then sending it to the 
sink according to its time slot. According to this, the energy 
consumed by a cluster head node (Ech) during 
communication and processing activities is shown in (6). 

 
Ech/frame= Ecommch/frame +Eprocessch/frame                        (6) 

 
where 

Ecommch/frame is the energy consumption in communication 
Eprocessch/frame is the energy consumption in processing. 

For communication, the energy will dissipate while 
receiving the clustering information form the sink Ercl1, 
receiving the sensed data from the cluster members within 
their time slotsErdatasn, and transmitting the sensed data to the 
sink Etdatasink at the end of each frame. Hence, (7) represents 
the energy consumed equation in transmitting every frame. 

Ecommch/frame= (7) 

wherei = the number of nodes within the cluster. 
The cluster head node will also be responsible for 

aggregating the received data, consuming further energy 
while processing the data (Eprocessch/frame). Therefore, the total 
energy consumed by the clusterhead in each frame is: 

Ech/frame=           (8) 

By replacing Ecommch/framewith (7), equation (9) will 
represent the energy consumption during the clustering stage. 
 

Ech/frame=
                                                              (9) 

B. Non-Cluster Head (CH) Node Energy Consumption Per 
Frame: 
For members of the cluster, the sensor nodes after 

receiving the clustering information will be turned off and 
remains off until turned back on depending on the 
application type and/or reaching its time slot. So in this mode, 
the sensor node energy will be consumed in communication 
and sensing domains, as shown in (10). 

 

Esn/frame=Ecomm/frame+Esensing/frame                       (10) 

where 
Ecomm/frame is the energyconsumption in communication 

Esensing/frame is the energy consumptionin sensing. 
For the first domain, the node will transmit the sensed 

data to its cluster head according to its time slot and once at 
each frame, and receive the clustering information from the 
sink, so the energy consumption for these will be (Etsn) and 

(Ersn) respectively.The energy dissipated in this domain will 
be as in (11) 

Ecomm/frame =     (11) 

The status change energy consumption in communication 
will include two cases 

- From on to off at the end of receiving ( )  
- From off to on before transmission ( ) 
Furthermore, part of the sensor node’s energy will be 

consumed during the sensing activity. Hence the 
completemodel forcalculating the amount of energy 
consumption will be as shown in (12). 

Esensing/frame=     (12) 

where 
and are constant values as described above and P 

is the number of sense activities. 
By combining (11) and (12), the amount of energy 

consumption for the cluster member node will be formulated 
as shown in (13). 

Esn/frame= + +2 (13) 

C. Remaining Energy Level for CHs and Cluster Members 
Nodes 
The NFV server will calculate the amount of remaining 

energy in each ordinary sensor node and each cluster head 
node per frame using (14) and (15).  

If the node is SN 

Ecurrent/frame=Eprevious-Esn/frame                  (14) 

If the node is CH 

Ecurrent/frame=Eprevious -Ech/frame                (15) 

D. Total Network Energy Consumption Per Frame: 
The energy consumption for a single cluster will be the 

summation of the energy consumption for the cluster 
members and cluster head nodes as in (16). 

 
Ech/frame +       (16) 

 
where  sn is the number of nodes in the cluster. 

E. Total Network Energy Consumption Per Frame: 
The total energy consumption for all the network is 

calculated using the formula in 17. 
 

Etotalnet/frame=       (17) 
 
whereC is the total number ofclusters within the network and 
Etotalnet/frameis the energy consumption for one cluster per 
frame 

V.  SIMULATIONS AND RESULT 
For the current stage of the implementation, we tested the 

protocol using a simulated network using the MATLAB 
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simulator where the sensor nodes are deployed randomly and 
based on the parameters shown in Table (1). 

After completing the cluster formation and the cluster 
head selection, the energy consumption for the first cycle had 
been calculated using the proposed mathematical model. 
This procedure has been repeated for different topologies and 
the average values of the energy consumption were used in 
the evaluation.Furthermore, the simulation was repeated for 
a range of clusters (between 1 and 10) to find the optimum 
number of clusters in terms of minimum energy 
consumption.In addition to that, the performance of the 
proposed protocol was tested with different node numbers 
(N=50 and 100) in order to investigate the network 
behaviour with different network sizes. The results are 
shown in Fig. 3. 

TABLE I. SIMULATION PARAMETERS  

Parameters  Values 

Number of Nodes 50, 100 

Network Area 100 * 100 m 

Base Station Position 50 * 175 m 

Initial Energy Level 2 J 

εfs =energy consumption in power amplifier in free 
space mode (short distance), its used if dn<d0  (if 
n=2) 

10 pJ/bit/m2  

Eelec 50 nJ/bit  

Data Size 4000 bits 

= energy consumption in power amplifier in 
two ground model (long distance), its used if dn>d0  
(if n=4) 

0.0013 
pJ/bit/m4 

do is the threshold distance between the sender and 
the receiver and its depend if the channel 
propagation is free space model or two ray ground 
model 

87.7m 

 
According to Fig. 3, the optimum number of clusters in 

terms of energy consumption is 7 for N=50 and 3 for N=100.  
In addition to that, a comparison was made between the 

amount of energy consumption with a different number of 
nodes, as shown in Fig. 3. The results show that the energy 
consumption of the network increased as the number of 
nodes increased. 

Furthermore, the simulation results for N=100 were 
compared to the results of LEACH protocol available in [9], 
the as shown in Fig. 4.  

From this figure, the proposed protocol has outperformed 
LEACH in terms of energy consumption is better, a there is a 
significant reduction in the amount of energy consumption in 
the network. 

Further work is planned to study the effect of using more 
efficient clustering on the overall network behaviourin order 
toachieve further energy efficiency 

 
Figure 3. Energy consumption compression between n=50 and 100 

 
Figure 4. Average Energy Consumption of proposed protocol and LEACH 

VI. CONCLUSIONS 
In the design of any routing protocol in WSN and 

because of the limited power resources of the sensor nodes, 
the main challenges are how to control the energy 
consumption and make the sensor nodes operates over the 
longest possible time. 

To extend the network lifetime, various methods can be 
used to reduce the power consumption of the sensor nodes. 
One of these methods is the reduction in the number of 
transmitted and received control messages and minimising 
the computation needed for each node during the stages of 
cluster formation and cluster head selection. In this paper, we 
introduced a new clustering basedrouting that reduces the 
number of communications between nodes and minimises 
the computation overhead in each node. The new protocol 
uses NFV principles to virtualise the clustering functions and 
move it to a centralized server with considerably higher 
processing capabilities. This allows the server to apply 
machine-learning techniques (k-means) to the clustering 
function, which achieve more efficient clustering. 
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Preliminary evaluation shows that asignificant reduction in 
the communication cost can be achieved. 
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