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ABSTRACT 

A wireless sensor network (WSN) is composed of a thousand 

spatially distributed devices like a sensor nodes (mote) to 
sensing physical conditions such as temperature, pressure etc 
and then it sends the sensed data to the distinct location 
through the network. Sensor nodes are resource constrained so 
lifetime of network is important issue.  There are different 
routing protocols that have been proposed for this issue. 
Routing protocols are described for efficiently use energy of 
sensor nodes (motes).Energy efficiency and network lifetime 
are the primary issues in WSNs. Therefore, the good choice is 

to develop energy efficient routing protocol in WSN to 
decrease the energy consumption as well as to maximize 
network lifetime.  Energy efficient Chain based PEGASIS 
(Power-Efficient Gathering in Sensor Information Systems) 
routing protocol is utilizing less amount of energy of sensor 
node which is to increase life time of WSN. Review of 
PEGASIS protocol, its disadvantages and improvement 
techniques is discussed in this paper.   
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1. INTRODUCTION 
WSN is a one type of  wireless network composed of spatially 
distributed devices like as a mote(sensor node) to monitoring  
physical conditions such as sound, humidity, vibration, 
motion, pollutants , intensity, temperature, pressure, etc. at 
distinct locations and pass the data to throughout network. 
These low power, low memory devices or sensor nodes 

(mote) combine with a gateway and routers in WSN system. 
These nodes communicate with the user either directly or 
through the existing wired networks. One or more nodes 
among them will serve as sink(s) that are capable of 
communicating with the user either directly or through the 
existing wired networks.  Each node composed of processing 
capability (one or more microcontrollers, DSP chips or 
CPUs), may contain various categories of memory (like as 

program, flash and data memories), having a RF transceiver 
(normally use a single Omni-directional antenna), have a 
power source (e.g., batteries and solar cells), and 
accommodate various sensors and actuators. The sensor nodes 
(motes) has a wireless interface and communicate with each 
other node over either radio or infrared  and often self-
organize after being deployed in an ad hoc fashion[1]. 
 The nodes can be stationary or moving. 1) They can be aware 
of their location or not. 2) They can be homogeneous or not. 

Characteristics of sensor node: 1) Low cost 2) Low power 3) 
Small size 4) Short communication distance. 

The general architecture and the major components of a 
wireless sensor device (node) are in Fig 1. A wireless sensor 
device is generally composed of four basic components: a 
sensing unit, a processing unit, a transceiver unit and a power 
unit.

 

Fig 1: The general architecture of sensor networks [2]. 

 The sensor unit consists of sensor and ADC that is Analog to 
Digital Converter. The sensor unit is responsible for collecting 
information as the ADC requests, and returning the analog 

data it sensed. ADC is a translator that tells the CPU what the 
sensor unit has sensed, and also informs the sensor unit what 
to do. Communication unit is tasked to receive command or 
query from and transmit the data from CPU to the outside 
world. CPU is the most complex unit. It interprets the 
command or query to ADC, monitors and controls power if 
necessary, processes received data, computes the next hop to 
the sink, etc. Power unit supplies power to sensor unit, 

processing unit and communication unit. Each node may also 
consist of the two optional components namely Location 
finding system and Mobilizer. If the user requires the 
knowledge of location with high accuracy then the node 
should uses Location finding system and Mobilizer is used to 
enable node movement. 

2. APPLICATION OF WSNS 
Some of the applications of sensor networks are: 

1) Military: Military situation awareness [6], Sensing 
intruders on basis. Battle field surveillances [5].  
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2) Emergency situation: Disaster management, Fire/water 
detector [4], Hazardous chemical level and fires [3].  

3)  Physical world: Habitual monitoring, Observation of 
biological and artificial systems, Environmental 
monitoring of water and soil.  

4)  Medical and health: Sensors for blood flow, respiratory 
rate, ECG (electrocardiogram), pulse oxymeter, blood 
pressure and oxygen measurement, Monitoring people’s 
location and health condition [5].  

5)  Industrial: Factory process control and industrial 
automation [6], Monitoring and control of industrial 
equipment [3], Manufacturing monitoring [5]. 

6)  Home network: Home appliances, location awareness 

(Bluetooth), Person locator.  
7)  Automotive: Tire pressure monitoring [3], Active 

mobility, and coordinated vehicle tracking [6].  

8) Ocean: Monitoring fish [5]. 

3. WORKING OF PEGASIS PROTOCOL 
PEGASIS protocol which was introduced by Lindsey 
Stephanie [7], is a power-efficient gathering in sensor 
information systems. This protocol is a chain based routing 
protocol. Unlike leach, pegasis constructs chain instead of 

clusters so that the burden of dynamic clustering can be 
reduced. In PEGASIS Protocol, all nodes communicate with 
their closest neighbors and continue their communication until 
the aggregated data reached the BS. Thus this protocol 
improves the network lifetime, since it reduces the power 
consumption required per round. The difference from leach is 
to use multi-hop routing by forming chains and selecting only 
one node transmit to the Base station instead of using multiple 

nodes. The key features of PEGASIS are [2] 
• The BS is fixed at a far distance from the sensor 

nodes.  

• The sensor nodes (motes) having homogeneous 
capability and energy constrained with uniform 
energy.  

• No mobility of sensor nodes.  

PEGASIS is based on two ideas: 1) chaining, and 2) Data 
Fusion. In PEGASIS, each node can take turn of being a 
leader of the chain, where the chain can be constructed using 
greedy algorithms that are deployed by the sensor nodes. 
PEGASIS assumes that sensor nodes having an overall 
knowledge of the network, nodes are stationary (no movement 
of sensor nodes), and motes (sensor nodes) have location 

information about all other motes in network. PEGASIS 
overcome the disadvantage of LEACH by minimizing the sum 
of distances that non leader-nodes must transmit, eliminating 
the overhead of dynamic cluster formation, specifying the 
number of transmissions and receives between all nodes and 
only one transmission to the BS per round. Also, PEGASIS is 
not scalable because global knowledge of the network is not 
getting easily. One type of PEGASIS network is shown in Fig 
2. 

 
Fig 2: PEGASIS network 

3.1  PEGASIS Algorithm Detail 

 1. Chain Formation: To construct the chain PEGASIS 

protocol starts from the furthest node from the BS and uses 
Greedy algorithm to form a chain. The main idea here is that 
each sensor node communicates only with its closest two 
neighbors in order to minimize the power consumption [8]. 

  
Fig 3: Chain formation in PEGASIS using Greedy 

algorithm 
In Fig. 3 node C0 lies the furthest from the base station so the 
chain construction starts from C0 which is connected to node 
C1, C1 is connected to node C2, and so on till C5. 

2. Leader Selection: At the beginning of each round, a 

chain leader is selected randomly. This way of selection is 
easy and fast since no extra computation is performed. 
Moreover, the random selection has the benefit that when 
nodes is to die at random locations to providing robust 

network. After the leader has been selected it passes a token 
message to initiate a data gathering process. Passing a token 
also consumes energy however, the cost of passing a token is 
very small since the size of the token message is very small 
[8]. 

3. Data Transmission: Per round, Gathering the data in 

each round, each node Gathering or receives data from near 
neighbor, fuses its own data with it, and transmits it to the 
other neighbor on the chain until the whole chain data reaches 
the chain leader. Finally, the chain leader sends this data to 
the BS. Fig.4 shows a simple example for data transmission in 
PEGASIS protocol. First the chosen leader C3 sends a token 
to all the nodes in the chain. Immediately after the chain 

nodes receive the token both nodes C0 and C5 (the two ends 
of the chain) start sending their data to C1and C4 respectively 
and fuse their data with the received data to C2 and C3 
respectively. Then in turn, C2 fuses its data with C1’s data 
and sends it to C3. After that Leader node C3 fuses its data 
with the data received from both C2 and C4 and sends it to the 
BS [8].  

 
Fig 4: Data transmission 

 

4. DISADVANTADES OF PEGASIS 
a) It is assumed that every sensor node are often able to 

communicate with sink directly, despite in practical 
cases nodes use multi-hop communication with the 
sink. Furthermore, long-range communication directly 
from the node to the sink will consume lots of energy.  

International Journal of Computer Application                                   Issue 4, Volume 5 (Sep - Oct  2014)                       

Available online on http://www.rspublication.com/ijca/ijca_index.htm                          ISSN: 2250-1797_______________________

_______________________________
 R S. Publication, rspublicationhouse@gmail.com                                                                                              Page 185



3 

b) The communication undergoes from extreme delays 
caused by the single chain for aloof nodes and a great 
possibility for any node converted to a blockage.  

c) It is the requirement of having a whole understanding of 
the network topology at every node for chain building 

and all nodes must be capable to communicate directly 
to the sink. So, this arrangement is incompatible for 
networks with a time fluctuating topology. 

d) Whenever a single node dies the whole chain has to be 
constructed as network becomes non-functional.  

e) The network is not scalable because each because 
global knowledge of the network is not get easily. 

f) In PEGASIS sensor nodes usually or probably die early.  
 

5. PEGASIS IMPROVEMENT 

TECHNIQUES 

Lots of work has been done to increase the efficiency of 
PEGASIS. Little work is done here to summarize that work. 

5.1 H-PEGASIS: Hierarchical PEGASIS is an 

extension of the PEGASIS protocol. The main aim of 

hierarchical PEGASIS is to reduce of transmission delays of 
packets towards the base station. In Hierarchical PEGASIS, 
energy×delay metric is taken into consideration to solve the 
data gathering problem. Simultaneous transmission of 
messages takes place in order to reduce the delay in 
PEGASIS. A chain is formed as a hierarchical tree by all the 
sensor nodes. A node is chosen at a particular level and this 
node transmits data to the nodes in the upper level of the 

hierarchy until it reaches the base station. This method 
ensures data transmitting in parallel and reduces the delay 
significantly. Such chain-based protocol has to improve in 
performance than the regular PEGASIS [9]. 

5.2 IEEPB: Improved energy-efficient PEGASIS-based 

protocol (IEEPB) in order to improve the deficiencies of 

PEGASIS. The novel algorithm adopts a more reasonable 
method to build the chain which simplifies the chain 
construction process and avoids the formation of LL (long 
link). In leader selection phase, IEEPB uses weighting method 
which considers the node energy and distance between node 
and BS parameters to select more suitable leader and keep 
energy consumption balanced .IEEPB outperforms EEPB by 
achieving higher energy-efficiency and extending lifetime of 

network[10]. 

5.3 PEGASIS_M: PEGASIS_M (Multi-round Power-

Efficient Gathering in Sensor Information Systems). 
PEGASIS_M protocol is to make a chain among the sensor 
nodes so that each node could receive and transmit signal. The 

leader node cannot change at every round but after a certain 
number of rounds. The Multi-hop technology is used to 
reduce the energy consumption of the architecture. 

PEGASIS_M is used in a real-time detection system of 
runaway trains based on the wireless sensor network. The 
Giant magneto resistive (GMR) sensor is used to detect the 
train wheels. According to the difference of wheels types, 
locomotives and wagons can be distinguished. Wheel sensors 

are connected to the sensor node which could send detected 
signal to sink nodes by the radio. The sink node is connected 
to PC where the information of trains are gathered and 
processed .This system has those advantages such as low 
power dissipation, low cost and easy maintenance[12]. 

5.4 INTRA-GRID PEGASIS: This protocol use 

PEGASIS protocol, then associates with grid, the node is 
evenly distributed within each grid. This protocol can be 
divided into three stages, namely, the setup of grid, grid 
deployment and grid chaining. Intra-Grid PEGASIS topology 
is used to extend the lifetime of wireless sensor network [14]. 

5.5 MH-PEGASIS: A multi hops Power-Efficient 

Gathering in Sensor Information Systems). Hierarchical 
PEGASIS protocol is subject to certain constraints and 
assumptions that generate disadvantages. For example, the 
routing in a single hop within cluster-heads has an important 
drawback because CHs located far from the BS must use 
strong signals to communicate with BS which increases their 

energy consumption. To remedy this problem, MH-PEGASIS 
is an improvement to hierarchical PEGASIS protocol that 
allows the use of multi-hop routing between the cluster-heads 
(interclusters) in order to reach efficiently the BS.This 
protocol can be divided into four phase : (a) Announcement 
phase (b) cluster formation phase  (c) Inter & interclusters 
trees formation phase (d)  data communication phase. 
Average amount of energy consumed by MH-PEGASIS is 

lower than the average amount of energy consumed by the 
other protocols. 
The protocol MH-PEGASIS prolongs the network life time 
duration compared to the original hierarchical PEGASIS 
protocol and this is due to the multihop communications 
between CHs and BS as well as data aggregation at the CHs 
which allows reducing the amount of packets routed in the 
network [11]. 

5.6 PEGASIS-TC:  PEGASIS-TC which uses the 

concept of Topology control to manage the constrained 
energy resource. Node redundancy in Wireless Sensor 
Network leads to wastage of energy by providing the already 
available information.  This protocol turns off the node which 
lies in CTR (Critical transmission range) till there is a node to 

provide information. The energy thus saved is used in later 
stage to prolong network lifetime. PEGASIS-TC outperforms 
PEGASIS by achieving higher energy efficiency extending 
network lifetime [13].  

 

Table 1. specific criteria in routing protocol 
SR NO. PROTOCOL ENERGY DISTANCE NEIGHBOR MULTIHOP 

1. H-PEGASIS   ×   × 

2. IEEPB       × 

3. PEGASIS_M   ×     

4. INTRA-GRID PEGASIS       × 

5. MH-PEGASIS         

6. PEGASIS-TC       × 
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6.  CONCLUSION  

 In this paper, one of the main challenges in the design of 
routing protocols is energy efficiency due to the limited 
energy resources of sensors in WSN. Routing protocol can 

effectively increase WSN performance using efficiently 
utilizing energy of sensor node. Therefore, routing protocols 
designed for WSNs should be as energy efficient as possible 
to prolong the lifetime of individual sensors, and hence the 
network lifetime. Because of this reason PEGASIS protocol 
can be selected for better performance in terms of energy 
efficiency and network life time. PEGASIS overcome the 
issues of WSN. Hence future work may be well focused on 

modifying or improved PEGASIS routing protocols such that 
the improved PEGASIS protocol could minimize energy of 
the sensor network and extended the lifetime of network. The 
improved PEGASIS gives better result than normal 
PEGASIS.  
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