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Abstract - Wireless sensor networks (WSNs) distribute hundreds to thousands of inexpensive micro-sensor nodes in their 
regions, and these nodes are important parts of Internet of Things (IoT). In WSN-assisted IoT, the nodes are resource 
constrained in many ways, such as storage resources, computing resources, energy resources and so on. Robust routing 
protocols are required to maintain a long network lifetime and achieve higher energy utilization. In this paper, we propose a 
new energy-efficient centroid-based routing protocol (EECRP) for WSN-assisted IoT to improve the performance of the 
network. The proposed EECRP includes three key parts: a new distributed cluster formation technique that enables the self-
organization of local nodes, a new series of algorithms for adapting clusters and rotating the cluster head (CH) based on the 
centroid position to evenly distribute the energy load among all sensor nodes, and a new mechanism to reduce the energy 
consumption for long-distance communications. In particular, the residual energy of nodes is considered in EECRP for 
calculating the centurion’s position. Our simulation results indicate that EECRP performs better than LEACH, LEACH-C 
and GEEC. In addition, EECRP is suitable for networks that require a long lifetime and whose base station (BS) is located in 
the network. 
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I. INTRODUCTION 
 
Wireless Sensor Networks (WSNs) have gained 
worldwide attention for use in different applications. 
Sensor nodes are spatially distributed across a large 
area of interest to sense, measure, and gather 
information and transmit the data to the user. The 
nodes are typically equipped with radio transceivers, 
micro-controllers, and batteries. They are small in 
size, inexpensive, and could be deployed in large 
numbers. They can be used in applications such as 
military target tracking and surveillance, natural 
disaster relief, biomedical health monitoring, and 
industrial automation. 
 
The WSN is built of "nodes" – from a few to several 
hundreds or even thousands, where each node is 
connected to one (or sometimes several) sensors. 
Each such sensor network node has typically several 
parts: a radio transceiver with an internal antenna or 
connection to an external antenna, a microcontroller, 
an electronic circuit for interfacing with the sensors 
and an energy source, usually a battery or an 
embedded form of energy harvesting. A sensor node 
might vary in size from that of a shoebox down to the 
size of a grain of dust, although functioning "motes" 
of genuine microscopic dimensions have yet to be 
created. The cost of sensor nodes is similarly 
variable, ranging from a few to hundreds of dollars, 
depending on the complexity of the individual sensor 
nodes. Size and cost constraints on sensor nodes 
result in corresponding constraints on resources such 
as energy, memory, computational speed and 
communications bandwidth. The topology of the 
WSNs can vary from a simple star network to an 
advanced multi-hop wireless mesh network. The 

propagation technique between the hops of the 
network can be routing or flooding. 
 
II. MODULE DESCRPTION 
 
A. Network Scenario creation 
In communication networks, a topology is a usually 
schematic description of the arrangement of a 
network, including its nodes and connecting lines. 
There are two ways of defining network geometry: 
the physical topology and the logical (or signal) 
topology. The physical topology of a network is the 
actual geometric layout of workstations. Logical (or 
signal) topology refers to the nature of the paths the 
signals follow from node to node. The number nodes 
is going to participate in the simulation is decided. 
Here we conduct experiments to a group of wireless 
nodes in a network that operates on the AODV 
protocol. We hence use only a logical topology as it 
is wireless environment. 
 
B. Node Creation and Configuration 
Node creation is nothing but the creation of the 
wireless nodes in the network scenario that is 
decided. Node configuration essentially consists of 
defining the different node characteristics before 
creating them. They may consist of the type of 
addressing structure used in the simulation, defining 
the network components for mobile nodes, turning on 
or off the trace options at Agent/Router/MAC levels, 
selecting the type of ad-hoc routing protocol for 
wireless nodes or defining their energy model. 
Simulator:: node-config accommodates flexible and 
modular construction of different node definitions 
within the same base Node class. For instance, to 
create a mobile node capable of wireless 
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communication, one no longer needs a specialized 
node creation command. 
 
C. Neighbor Discovery 
Each wireless node finds its neighboring nodes, the 
ones that are within its transmitting range. Neighbor 
discovery in a WSN is the determination of all nodes 
with which a given node may communicate directly. 
On the contrary, neighbor discovery reveals all 
possible paths between any two nodes in a network. 
Neighbor discovery is achieved by the conditions 
specified in this paper: using distance and the number 
of hops conditions. 
 
D. Clustering Algorithm Scheme 
The clustering algorithm is used to find the most 
appropriate CH node for the cluster. The algorithm 
includes three phases: the initialization phase, the first 
cluster head selection phase and the rotate phase. 
The main task of the initialization phase is to 
exchange messages between the BS and the sensor 
nodes. The messages mainly contain the location and 
energy information of the nodes, the average energy 
of the entire network, the CH nodes chosen by the BS 
in the first round and the longest transmission 
distance. After implementing the entire phase, the 
exchanged information will be stored in the routing 
tables of the BS and sensor nodes. The first cluster 
head selection phase is mainly to complete the 
identification of the broadcast information of the BS. 
When the ID of the node is the same as that of the CH 
node, the node confirms that the node itself is the CH 
node and opens the transmitting antenna to prepare 
for the next phase. The rotate phase is established to 
choose a candidate CH node. In this way, the network 
can uniformly distribute the energy consumption to 
all nodes in the network. 
 
E. Centroid Algorithm scheme 
In the field of mathematics, the centroid is the center 
of weight, which is the imaginary point of mass 
concentration. Centroid position is important in 
engineering fields. In our study, we use the concept 
of the cluster energy centroid rather than the 
traditional weight centroid. The reasons for using the 
cluster energy centroid are as follows. First, the 
weight of sensor nodes in the network is meaningless. 
Second, the center of the weight centroid of nodes for 
the entire cluster is meaningless because node 
location and weight do not change in the operation of 
the network. Finally, in the entire network, the energy 
of the sensor nodes is the only factor that changes. 
The energy centroid can intuitively display the 
distribution of residual energy in the network. 
 
F. Protective Mechanism Scheme 
The MAX-dist value is broadcast to each node by the 
BS with the FEEDBACK message. This value is the 
protective mechanism of EECRP. The MAX-dist, 
calculated by the BS, is the communication threshold. 

Note that the MAX-dist value is calculated by taking 
the Avg-energy. When CH nodes are ready to send 
packets to the BS, the CH nodes compare their own 
distances to the BS with the MAX-dist sent by the BS 
in the FEEDBACK message. If the distance is 
smaller than the MAX-dist, then CH nodes will turn 
on their antennas and send packets. Conversely, if the 
distance is larger than the MAX-dist, then CH nodes 
will stop transmitting the data to the BS and store the 
packets, waiting for the next round. Although this 
mechanism will lead to a loss of data packets in the 
short term, it can avoid the long distance 
communications of CH nodes, which can reduce the 
energy consumption of the network. From the 
perspective of monitoring the entire network, it is 
better than harm to utilize the protective mechanism. 
 
G. Performance evaluation 
During simulation time the events are traced by using 
the trace files. The performance of the network is 
evaluated by executing the trace files. The events are 
recorded into trace files while executing record 
procedure. In this procedure, we trace the events like 
packet delivery rate, Packet lost rate, delay, 
throughput, residual energy etc of the different 
schemes considered in the proposed work. These 
trace values are write into the trace files. This 
procedure is recursively called for every 0.05 ms.so, 
trace values will be recorded for every 0.05 ms. 
 
H. Energy Considerations 
A WSN consists of sensor nodes deployed over a 
geographical area for monitoring physical phenomena 
like temperature, humidity, vibrations, seismic 
events, and so on. Typically, a sensor node is a tiny 
device that includes three basic components: a 
sensing subsystem for data acquisition from the 
physical surrounding environment, a processing 
subsystem for local data processing and storage, and 
a wireless communication subsystem for data 
transmission. In addition, a power source supplies the 
energy needed by the device to perform the 
programmed task. This power source often consists of 
a battery with a limited energy budget. In addition, it 
could be impossible or inconvenient to recharge the 
battery, because nodes may be deployed in a hostile 
or unpractical environment. On the other hand, the 
sensor network should have a lifetime long enough to 
fulfill the application requirements. In many cases a 
lifetime in the order of several months, or even years, 
may be required. Therefore, the crucial question is: 
“how to prolong the network lifetime to such a long 
time?” In some cases it is possible to scavenge energy 
from the external environment (e.g., by using solar 
cells as power source). However, external power 
supply sources often exhibit a non-continuous 
behavior so that an energy buffer (a battery) is needed 
as well. In any case, energy is a very critical resource 
and must be used very sparingly. Therefore, energy 
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conservation is a key issue in the design of systems 
based on WSNs.  
 
Experimental measurements have shown that 
generally data transmission is very expensive in terms 
of energy consumption, while data processing 
consumes significantly less. The energy cost of 
transmitting a single bit of information is 
approximately the same as that needed for processing 
a thousand operations in a typical sensor node. The 
energy consumption of the sensing subsystem 
depends on the specific sensor type. In many cases it 
is negligible with respect to the energy consumed by 
the processing and, above all, the communication 
subsystems. In other cases, the energy expenditure for 
data sensing may be comparable to, or even greater 
than, the energy needed for data transmission. In 
general, energy-saving techniques focus on two 
subsystems: the networking subsystem (i.e., energy 
management is taken into account in the operations of 
each single node, as well as in the design of 
networking protocols), and the sensing subsystem 
(i.e., techniques are used to reduce the amount or 
frequency of energy-expensive samples). The lifetime 
of a sensor network can be extended by jointly 
applying different techniques. For example, energy 
efficient protocols are aimed at minimizing the 
energy consumption during network activities. 
However, a large amount of energy is consumed by 
node components (CPU, radio, etc.) even if they are 
idle. Power management schemes are thus used for 
switching off node components that are not 
temporarily needed. 
 
III. PROCESS OF PROPOSED ALGORITHM 
 
BS ← LOCATION messages 
Calculate: Avg-energy and MAX-dist 
Nodes ← FEEDBACK message 
if (Candidate CHs exist ) then 
Clustering 
Recalculate centroid 
Create schedule 
if (Alive node number > number of clusters) then 
if (Round time is not over then 
CH ← data (normal nodes) 
Fusion data 
BS ← data (CH nodes) 
return 
end if 
 
Recalculate: Avg-energy and MAX-dist 
Nodes ← FEEDBACK message 
Select candidate CH nodes 
return 
end if 
return 
end if 
 
 

IV. SIMULATION ANALYSIS 
 
The performance of the proposed method is analyzed 
by using the Network Simulator (NS2). The NS2 is 
an open source programming language written in 
C++ and Object oriented Tool Command Language 
(OTCL). NS2 is a discrete event time driven 
simulator which is used to mainly model the network 
protocols. The nodes are distributed in the simulation 
environment. The parameters used for the simulation 
of the proposed scheme are described in table 6.1. 
The simulation of the proposed scheme has 25 and 50 
nodes deployed in the simulation area 1000×1000. 
The traffic is handled using the traffic model 
Constant Bit Rate (CBR). Each and every node has 
the direct link with the nodes within the range 250m. 
The nodes are communicated with each other by 
using User Datagram Protocol (UDP). The radio 
waves are propagated by using the propagation model 
two ray ground. All the nodes receive the signal from 
all directions by using the omni-directional antenna. 
 

Table : Simulation parameters 

Parameter Value 

Channel Type Wireless Channel 

Simulation Time 100 ms 

Number of nodes 50 

MAC type 802.11 

Traffic model CBR 

Simulation Area 1000×1000 

Transmission range 250m 

Network Interface Type WirelessPhy 

Radio Propagation model TwoRayGround 

Mobility Model Random Way Point 

Antenna Model Omni Antenna 
 
The performance of the proposed scheme is analyzed 
by using the parameters Packet Delivery Rate (PDR), 
Packet Loss Rate (PLR), average delay, throughput 
and residual energy. 
 
Packet Delivery Rate 
The Packet Delivery Rate (PDR) is the rate of 
number of packets delivered to all destinations to the 
number of data packets sent by the source node.  
 
Packet Loss Rate 
The Packet Loss Rate (PLR) is defined as the 
difference between the sent packets and received 
packets in the network per unit time as in equation. 

 
0
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Throughput refers to the total number of packets 
successfully delivered across the network for every 
1000 packets sent. Throughput is obtained using 
equation. 
 

0
( )
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Average Delay 
The average delay is defined as the time difference 
between the current packets received and previous 
packets received. It is measured by the equation 
where n is the number of nodes, here n=25. 
 
Residual Energy 
The amount of energy remaining in a node at the 
current instance of time is called as residual energy. 
 
CONCLUSION AND FUTURE WORK 
 
In this paper, we propose a new energy-efficient 
centroid-based routing protocol (EECRP) to manage 
the energy of WSN-assisted IoT by solving the 
problem of forming clusters, which is based on the 
distance to the energy centroid. We also propose an 
optimization algorithm based on the number of dead 
nodes and the number of cluster head nodes. From the 
simulation results, when the BS is located in the 
network, the EECRP could transmit a considerable 
amount of data with very low energy dissipation. 
Meanwhile, the network lifetime of EECRP is longer 
than that of LEACH, LEACH-C and GEEC.  

 
In future work, we want to improve the protocol by 
finding the multi-hop path from the CH nodes to the 
BS. The multi-hop path is used by CH nodes to 
transmit data packets. We hope that our future 
protocol can perform well when the BS is located 
outside of the network. 
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