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Abstract - Wireless sensor networks find many applications, where a node is small-sized, cheap, and power-limitedthat 
possess sensing, signal processing and wireless communication capabilities. Due to the limited resources and energy 
constraints, efficient routing algorithms should be employed in sensor networks. In this paper, we propose an energy 
efficient routing algorithms in wireless sensor networks. Our new energy-efficient algorithms is based on the cluster, 
whichtries to use low energy for managing the cluster-head selection. We describe the details of the algorithm and compare 
it with other schemes. Simulation results show that the proposed scheme achieves better performance in terms of message 
delivery ratio and network life time. 
 
Index terms - Energy efficient, routing algorithms, wireless sensor networks. 

I. INTRODUCTION 
 
In recent years, wireless sensor networks (WSN) have 
gained many popularities in critical applications. 
These networks are composed of many sensor nodes 
to which human cannot easily approach. Sensor 
networks often contain one or more sinks that provide 
for the central control. A sink typically serves as the 
access point for the user or as a gateway to another 
network. Large sensor networks can be composed of 
thousands of sensor nodes deployed in the field to 
observe certain regions. The advantages of wireless 
sensors networks is that they can be operated 
unattended in dangerous environments. Given the 
remote area to be scrutinized, the short lifetime of the 
battery-powered sensors and the possibility of having 
damaged nodes during deployment, a large number of 
sensors are employed in most applications. Usually, 
hundreds or even thousands of sensor nodes will be 
deployed. Sensor networks have several major 
constraints: limited processing capability, limited 
storage capacity, limited bandwidth, and limited 
energy resource. Researchers are working to solve 
many of the limitations affecting sensor nodes and 
networks. Some research issues include improved 
node design, improved protocols associated with a 
sensor network and still, others are working to 
resolve security issues [1].  
All these properties considered, clustering technique 
is one of the methods that realize efficient routing. 
Clusters are formed by each cluster head and cluster 
member collects information on surrounding 
environment and processes some data to deliver to the 
cluster head. Cluster head can prevent flooding of 
inefficient query by performing data aggregation to 
prevent the transmission of redundant information. 
LEACH is the most popular clustering techniques, 
where each member node selects one cluster head for 
each cluster in each round. Some disadvantages in 
LEACH and other protocols are that cluster heads are 
distributed unevenly and the low energy node may be 

selected to cluster-head many times. In this paper, we 
propose a new energy efficient algorithms that is 
based on the cluster-head selection method that tries 
to control the low energy node for managing the 
cluster-head selection. 
The rest of the paper is organized as follows. In 
section II, we introduce the related works. In Section 
III, we describe our energy-efficient routing 
algorithm. In Section IV, we present the results of our 
simulations. Finally, we summarize our results in the 
last Section. 
 
II. RELATED WORKS 
 
The sensor network is composed of tens and 
thousands of tiny sensor nodes. As many sensor 
nodes are placed at the location where users want to 
get information, information is collected and the 
collected information is transmitted to a node called 
sink. This sink is a node which can communicate with 
sensors in the sensor network. Sink transmits the 
information detected by the sensor to users. Users 
may directly request sink to provide the data they 
want. Then, sink transmits includes user requirements 
in a kind of question to send them to sensors. The 
information collected in the sensor is transmitted to 
sink through multi-hop sensor networks. The design 
of sensor network is affected by factors such as 
failure, expansibility, cost, topology, hardware 
restriction, transmitting media, power consumption, 
etc[2]-[4]. 
Routing algorithms in wireless sensor network is 
intensively studied recently. The existing routing 
protocol can be largely divided into three categories. 
In the data oriented routing technique, routes are sets 
from node at specific location to sink node by 
sending queries when sink node needs specific area or 
specific attributes. These techniques are used in the 
Directed Diffusion, SPIN and Rumor Routing. 
Location based routing algorithms include GEAR, 
LAR and GPSR protocol. In these algorithms, 



International Journal of Advanced Computational Engineering and Networking, ISSN: 2320-2106,             Volume-5, Issue-9, Sep.-2017 
http://iraj.in 

 Energy Efficient Routing Protocols in Wireless Sensor Networks 

7 

unnecessary routing set up are removed by asking 
question to specific region by using location 
information. Cluster based routing protocol is to 
prevent unnecessary energy consumptions caused by 
redundant transmission of similar data of adjacent 
node and to reduce load on the relay node. 
LEACH protocol and improved protocols [5]-[8] are 
the typical examples of cluster-based protocol. The 
operation of LEACH protocol is composed of two 
stages called round and it is formed of the repetition 
of such round. As adjacent sensor nodes usually have 
similar data, cluster head collects data from cluster 
member node to reduce energy waste caused by 
redundant transmission of information. Then, they are 
aggregated to be directly transmitted to sink node. 
Network life time is extended by collecting data to 
evenly disperse energy consumption of all sensor 
nodes in the network and integrating them in sink 
node to equally replace cluster head with large energy 
in each round time unit.  
 
PEGASIS is near optimal for data gathering 
application in sensor networks [9]. In this protocol, 
chain is formed among the sensor nodes so that each 
node will receive from and transmit to closer 
neighbor. Then data are aggregated while moving 
from node to node, and finally a designated node 
transmits aggregated data to the BS. Nodes take turns 
transmitting to the BS so that the average energy 
spent by each node per round is minimized. Building 
a chain to minimize the total length is similar to the 
traveling salesman problem. PEGASIS performs 
better than LEACH by eliminating the overhead of 
dynamic cluster formation, minimizing the distance 
non leader-nodes must transmit, limiting the number 
of transmissions and receives among all nodes, and 
using only one transmission to the BS per round. 
Adaptive Periodic TEEN(APTEEN), which is a 
modified version of TEEN, incorporate both 
proactive and reactive concepts. APTEEN first 
compute all routes and then improve the routes at the 
time of routing. But, this requires additional 
complexity to implement the threshold function and 
count time features [10][11]. 
 
In Directed Diffusion protocol, this protocol is 
application specific and can save energy by selecting 
optimal paths by caching and processing data in the 
network. But, for data aggregation it needs time 
synchronization technique that is very difficult to 
achieve in WSNs. In addition, the overhead involved 
in recording information, thus increasing the cost of a 
sensor node. 
 
III. OUR ALGORITHMS 
 
In this section, we propose our algorithms based on 
LEACH algorithms. Our routing algorithms work in 
rounds and each round divides into two stages: the 
Setup stage and the Steady State stage. 

1. Setup stage 
Initially, each sensor decides if it will be a CH or not 
based on the remaining energy of the node in the 
network, and the number of times that the sensor has 
been a CH to control the energy consumption as even 
as possible. In addition, each node uses the remaining 
energy information of the neighbor node which has 
been collected in the Steady Stage. This decision is 
made by the sensor s choosing a random number 
between 0 and 1. Then it calculates the threshold for 
T(s), then it compares the random number with result 
T(s); if the number is less than T(s), s becomes CH 
for the current round. T(s) for x round with desired 
percentage of cluster heads P is calculated by (1): 

T(S) = f(x) = ∗(   )
, if n ∊ G

0, 표푡 푒푟푤푖푠푒
�(1) 

G is a set of nodes that have not been CHs in the last 
1/p round. 
Setup phase consists of four steps. In the first step, or 
advertisement step, each sensor node decides its 
probability to become a cluster head (CH), based on 
its remaining energy which was received in the hello 
message, for the current round. Sensor that decides to 
become a CH broadcasts an advertising message to 
other nodes using CSMA protocol to avoid the 
collision. In the second step, the remaining sensors, 
acting as a member node, choose a cluster head that 
has the highest signal received. Then they send 
request messages to desired CHs. In the third step, 
CH counts the number of nodes in its cluster, and 
sends this information to the sink node. Then the sink 
node calculates the average number of nodes in all 
clusters, and send REPLY_OVER message back to 
the cluster head if the number of nodes in the cluster 
is over certain percentage(for example, 30%) of the 
average number. Otherwise, the sink node send 
REPLY_NORMAL messages back to the cluster 
head. In the fourth step, CHs broadcast confirmation 
messages to their cluster members. These messages 
include the time slot schedule to be used during the 
steady state phase. 
 
2. Steady stage 
The steady state stage follows setup stage. Actual 
communication takes place in the steady stage. The 
steady state phase is composed of frames. In this 
stage, member nodes send their data to the cluster 
head in their transmission slot, which is assigned in 
advance. In the first step of the steady state stage, 
each node start to send its sensor data to its CH based 
on the time slot schedule. When CH receives all 
sensor data, it aggregates them and it sends this 
aggregated data to the BS, which is called the second 
step. When sending hello messages to the 
neighboring nodes, each hello message include the 
remaining energy of its node. Each node maintains 
the remaining energy of neighbor node. So when 
receiving hello messages from neighbor node, each 
node updates this information in the table. This 
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remaining energy information is used when deciding 
the cluster head of certain cluster. 

 
IV. SIMULATIONS 
 
The performance of suggested algorithm is simulated 
and analyzed in this section. NS-2 is used to perform 
simulation to compare and analyze performance with 
the previous works LEACH [5].  
The size of network is 100m × 100m and sink is 
located outside of network. Simulation environments 
are as follows: simulation time is 900 sec, packet size 
is 50 bytes, communication range is 15 m, initial 
energy is 2 J, aggregation energy is 5 nJ, transmitter 
energy is 600 mW, receiver energy is 300 mW and 
idle energy is 120 mW. The performance of 
algorithm is observed with various parameters by 
increasing the number of message generating nodes 
from 20 to 60. We have performed two simulations to 
evaluate our protocols as follows:  
 Network Life Time: the number of alive nodes as 

time elapses 
 Packet Delivery Ratio: percentage of packets sent 

by the source which reaches the sink depending 
on the number of source nodes 

 
A. Network life time 
Network lifetime of WSN is very important due to 
the limited battery capacity. Threemetrics are given to 
show the impact of network energy consumption: the 
number of alive nodes as times elapse, the time the 
first node death as energy depletes and the time to last 
node death. 
 

 
Figure1: Number of Alive Nodes 

 

 
Figure 2: Time to First Node Death 

 

 
Figure3: Time to Last Node Death 

 
Figure1 shows the results of the number of alive 
nodes. The proposed scheme performs better than the 
previous schemes. After 600 seconds, most of nodes 
die for both schemes. Figure2and Figure3 show the 
results of the first node death time and last node death 
time, respectively. As the initial energy is bigger, the 
proposed scheme performs better than the previous 
schemes.  

 
Figure4: Message Delivery Ratio 
 

B. Message Delivery Ratio 
Figure4 shows message delivery ratio when the 
number of node was 100, the interval time between 
messages changes from 0 second to 100 seconds and 
the number of message for each node is 30. The 
suggested algorithm was found to have the packet 
delivery ratio higher than that of LEACH algorithm 
by about 7%. Though our scheme generates more 
packets than the previous one, more routes are 
available for its routing, resulting in more successful 
message arrivals.  
 
CONCLUSION 
 
Sensor networks have limitations in battery capacity, 
computation ability and the memory capacityof the 
sensor node that composes network. This paper 
suggests energy efficient routing algorithm based on 
cluster-based schemes in sensor network. Simulations 
were performed in terms of network survival time and 
message delivery ratio to compare the performance of 
suggested algorithm with that of the previous scheme. 
Due to the more efficient energy efficient algorithms, 
the suggested algorithm shows that the number of 
alive nodes as time passes are slightly higher than the 
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previous studies. In addition, our scheme shows 
higher message delivery ratio than that of the existing 
method by up to7%. 
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