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Abstract: Wireless sensor network (WSN) is a network made up of many micro-sensors. It is mainly used to accept and 
send different kinds of data to the base station. Sensor nodes deployed in network contains restrained battery power and it is 
not easy for a network with large number of nodes to exchange the battery. Hence, energy efficient routing protocol should 
be preferred to enhance the life expectancy of network. Hierarchical Routing Protocols are the best known protocols to 
minimize the energy diminution. PEGASIS is one of the best fundamental chain-based hierarchical routing protocols which 
can be hired to lessen the energy diminution in network. This paper encloses the survey of different chain based routing 
protocols that have been developed from PEGASIS and also discuss some of the shortcomings and issues in PEGASIS 
which are overcomed by the descendants of PEGASIS.  
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I. INTRODUCTION: 
 
Recent advancement in Micro-Electro-Mechanical 
System (MEMS) based sensor technology has 
brought a revolution to the development of small size 
multifunctional sensor nodes. Although the sensor 
nodes have restrained power and limited 
communication capacity, with the help of thousands 
of sensor node working together, a fault tolerant 
network can be built of high quality. With the 
collective effort of large number of nodes, sensor 
networks accept large amount of data and send them 
to the base station. Thus, Some issues such as the 
optimized communication path, to improve the 
network life expectancy and to enhance the energy 
efficiency has become the most imperative research 
area and has arousedpervasive research interest. 
A typical architecture of a wireless sensor network is 
shown in figure 1.  
 

 
 
In general, Routing in WSNs fall into three groups:  

A. Flat Based 
B. Hierarchical Based 
C. Location based 

 
The main motive behind routing and data collection is 
to combine the data attaining from the different  

 
sources along the way which provide us the facility to 
minimize the number of transmissions and in turn, 
beparsimonious with energy consumption. 
 

 Flat based routing protocol 
Communication protocol which dispenses the data to 
various routers that are connected to each other 
without any configuration or segmentation layout 
between them. In this routing scheme, every node 
contributes an equal role in the overall routing 
mechanism. Due to absence of predefined network 
layout and perimeter, it has some limitations such as 
flooding, routing overhead and highly energy 
consumption. Interior Gateway Protocol (IGP) is an 
example of flat routing protocol. 
 

 Hierarchical based routing protocol 
Hierarchical routing protocol is the best match when 
efficient communication and network scalability is 
needed. This routing scheme is an energy efficient 
method in which nodes with high energy are selected 
as cluster head to process and sends the information 
while nodes with low energy are used for sensing and 
send information to the cluster head. Open Shortest 
Path First (OSPF) is an example of hierarchical 
routing protocol. 
 

 Location based routing protocol 
This routing scheme uses location information about 
the wireless networks in routing data in an energy 
efficient way. Location information is used to 
determine the distance between nodes so that energy 
consumption can be estimated. Geographical 
Adaptive Fidelity (GAF) is an example of location 
based routing protocol. 
 
1.1 FIRST ORDER RADIO MODEL: 
 
 In our work, we assume a simple first order radio 
model where the considered radio characteristics are 
as follows: 
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Energy Dissipation at 
Transmitter (퐸 ): 50nJ/bit 
Receiver (퐸 ): 50nJ/bit 
Amplifier (퐸 ): 100pJ/bit/ 푚  
Let, ( 퐸 = 퐸  =  E ) and  
Energy loss due to channel transmission:푟  
If we transmit N-bit message a distance l using this 
model, it gives: 
To Transmit, 
퐸 (푁, 푙) = 퐸 (푁) + 퐸 (푁, 푙)    ---- (1) 
 
퐸 (푁, 푙)= 퐸 ∗ 푁 +  퐸 ∗ 푁 ∗ 푙  
 
To Receive, 
퐸 (푁) = E * N   ---------- (2) 

 
Figure 2: Block diagram of radio model 

 
In our work, we have assumed a symmetric radio 
channel where each sensor nodes are sensing the 
surroundings at a constant rate and thus always have 
information to transmit to the end-user. 
 
II. PEGASIS (Power Efficient Gathering in 

Sensor Information Systems): 
 
The core idea of PEGASIS is a chain formation 
among all the sensor nodes deployed in the network. 
In process to form a chain, each node can 
communicate (transmission & reception) only with 
the closest neighbor. Each node will take data fusion 
in order and ultimately a designated node (Cluster 
head) sends the data to the base station. Each Node 
take turn transmitting to the base station so that the 
average energy consumed by each node per round is 
reduced.With the considered energy model 
parameters, we have implemented a simple chain 
built using greedy algorithm. 

 

Simulation Settings 
We used  
A network size 100 x 100 m  
Base station Location x,y ( 50, 50) 
Total number of nodes = 30 
 
Problems with PEGASIS Protocol 
The problems related to current PEGASIS protocol 
are as follows: 

 Each sensor node in the wireless sensor 
network is required to have extra local 
information about the neighboring nodes. 

 There is no energy consideration while 
selecting the head node. 

 Selection of the head node does not depend 
on the location of the base station. 

 
III. CCS (CONCENTRIC CLUSTERING 

SCHEME): 
 
Concentric Clustering means that the shape of a 
cluster is concentric circles when the sensor networks 
are divided into several clusters. This scheme is 
implemented in order to avoid the data transmission 
as well as excess energy consumption in the basic 
PEGASIS. 
The Concentric Clustering Scheme consists of four 
steps. These are: 

 Concentric circle level assignment 
The concentric circles are formed around the base 
station using the strength of signal. Each concentric 
circle is assigned its own level. The number of 
concentric circles is depended on the different 
parameters such as the number of nodes, the sensor 
network density, or the base station location.

 
Figure: Concentric circle level assignment 

 
 Chain construction in each level 

In each level area, the chain construction takes places 
between the nodes present in that particular area. 
Using greedy algorithm, the chain construction takes 
place from the farthest node from the base station. 
This process is same with the current PEGASIS 
protocol. The more the distance of the node from the 
base station, the high is its level. 
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Figure: Chain construction in each level 

 
 Chain leader construction 

At each level area, one of the nodes is selected as the 
chain leader. After the selection of the chain leader, 
each chain leader informs its own location 
information to the upper and lower level chain leaders 
in one grade. During the data transmission process, a 
chain leader is received the data from all nodes in the 
same level and the chain leader in the upper level. 
The collected data is then transmitted to the chain 
leader in lower level by one grade. 

 
Figure: Chain leader construction 

 
 Data Transmission 

The process of data transmission is based on the 
current PEGASIS protocol. All the nodes in each 
level receive the data along the chain from their 
nearest node. The node then fuses the received data 
and its own data before transmitting it to the next 
node. The chain leader receives the data from the 
node in same level and the chain leader in the upper 
level. Also, the chain leader in each level is 
responsible for transmitting the aggregated data to the 
chain leader of the lower level by one grade. 
Therefore, the lifetime of wireless sensor networks 
can be improved in the concentric clustering scheme 
by avoiding redundant data transmission. 

 

 
Figure: Data transmission 

 
IV. DERP (Distance based Energy Efficient 

Routing Protocol): 
 
Distance Based Energy Efficient Routing Protocol 
(DERP) is a proposed protocol to overcome the 
problem faced by current PEGASIS protocol in 
transferring the data from the far away node which 
acts as a head to the sink. It improves the greedy 
algorithm by considering the distance between chain 
leader and the sink. DERP selects a pre-chain leader 
(P-CL) to distribute the even energy between sensor 
nodes. Apart from this, DERP extends to a multi-hop 
clustering protocol by using relay node depends on 
the distance between the P-CL and Sink. 
To address the problems of energy consumption, a 
novel chain based DERP protocol is introduced, 
which considers distance between chain leader and 
the sink. The energy efficiency can be improved by 
extending the single hop communication schemes in 
LEACH and PEGASIS to multi hop communication. 
 
Assumptions made by DERP are: 

 Sensor nodes are immobile and energy 
inhibited. 

 Communication is direct between sensor 
node and sink. 

 Single hop communication is used. 
 Distance between sensor nodes is measured 

by received signal strength. 
 The location of sink node is constant with 

infinite energy. 
 
Chain Formation in single hop DERP: 
The farthest node from the sink is selected and a 
chain is formed using the greedy algorithm. After the 
chain formation, sink broadcasts a message. The node 
which responds first is then selected as the P-CL 
node. Whenever any event occurs, the data is 
transmitted. 
The data is delivered from the source node to the sink 
via P-CL. When the data reached to the P-CL node, 
which is present in data delivery path, the 
transmission of data stopped. The received data on 
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the P-CL node is then forwarded to the sink. The 
selection of the new P-CL node depends on the 
energy content of that particular node. Therefore, P-
CL concept is adopted to evenly distribute energy 
among the sensor nodes. 
 
Chain formations in multi hop DERP: 
In a single hop communication, the energy 
consumption is only reduced when the two nodes are 
in close proximity to each other. The energy 
dissipation depends on the distance between two 
nodes. The multi hop communication takes place only 
when the distance between two nodes is greater than 
the addition of distance between two hops. If the 
single hop communication scheme is better than it is 
chosen over the multi hop scheme. 
 

 
Fig: DERP Flowchart 

 
V. IEEPB (Improved Energy Efficient 

PEGASIS Based routing protocol): 
 
EEPB overcomes some shortcomings over PEGASIS 
but has still some limitations as following: 
The chain formation in EEPB has uncertain and 
complex threshold adoption.  
EEPB ignores the appropriate proportion of sensor 
node energy and also the distance between base 
station and node during selection of leader node. 

Thus, IEEPB (Improved Energy Efficient PEGASIS 
Based routing protocol) resolves several issues over 
EEPB. It has mainly three steps to implement the 
round operation such as 
 

 Chain formation 
It starts with initialization of the network parameters 
and after determining the node number, initial energy 
and the location information of base station. 
Base station sends a message to all nodes to know 
their information and position. Then, the farthest 
node is being assigned to start to form a chain with its 
neighbor. Each node gets the distance information 
between itself and neighbor nodes. It continues to 
form a chain till all nodes has connected. 
 

 Selection of head node  
It selects the head node using weight method by 
considering both the distance between node to the 
base station and the residual energy of nodes. 
I) The distance parameter is estimated as (consider 
multipath model) 
        D = D  / D   where, 
D  = average distance (node to base station). 
D  = Estimated distance via received signal strength 
between (nodes to base station). 
II) The energy parameter is estimated as 
E =        E  / E   where,       
E  = node residual energy. 
E = Node initial energy. 
III) The weight parameter is estimated as 
    W = w E  + w D   where, 
w andw  are the weight factors coefficient  
And must satisfy 
w +w  = 1 
Now, comparison of the weights each node occur 
which lead to the selection of head node (i.e. node 
having minimum weight) of this round. 
 

 Communication phase 
After implementing two phases which has been 
already discussed, the head node sends a token to 
start the transmission from the farthest node (end 
node). IEEPB contain many end nodes. Every node 
sends the sensing data to neighbor node in given time 
slot (TDMA mechanism). Then, data fusion occurs 
between the received data and its own data and the 
same process continues till one round finished. One 
round will finish until base station accept the data 
from the head node. 
 
CONCLUSION 
 
In this survey, the shortcomings and problems 
addressed by the PEGASIS protocol and how these 
limitations are overcomed by the descendants are 
discussed. Each routing protocol has its own 
advantages in comparison to the fundamental 
PEGASIS routing protocol. 
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