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Abstract: Wireless Sensor Networks (WSNs) have been widely considered as one of the most important technologies for the twenty first
century. Due to the advancements in microelectronic mechanical systems (MEMS) and wireless communication technologies, it has become
possible to deploy tiny, cheap, and smart sensors in any physical area. The routing is one of the dominant factors which decide the fate of limited
battery resources in WSNSs. In this paper, a review on the state-of-the-art on PEGASIS (Power efficient Gathering in Sensor Information System)
protocol has been presented. PEGASIS is highly significant in small areas applications, some of the variants of PEGASIS protocol has been
studied in this paper. After studying various protocols, it has been found that Chain Based Cluster Cooperative Protocol (CBCCP) has
tremendously improved network lifetime by incorporating cluster based concept in routing. Although it has outperformed various routing
protocols but it still leave a great margin of improvement in the inter cluster communication. This paper basically focuses on reflecting the
significance of chain based protocols in WSNs.

Keywords: PEGASIS (Power efficient Gathering in Sensor Information System), Hierarchical Routing, Chain Based Cluster Cooperative
Protocol (CBCCP), Wireless Sensor Network, Chain Based protocols, Network Lifetime.
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. Introduction sink through the nodes and thereafter it is forwarded to the
Historically, the concept of WSNs was originally introduced user via internet [1]. The sensor nodes are wirelessly
three decades ago. At that time, this concept was more a connected to each other. It’s the routing which decides
vision than a technology that could widely be exploited which node has to pass data to the other node in a particular
because of the state-of-the-art in sensor, computer, and determined path. So, routing becomes an essential element
wireless communication technologies. As a result, its for energy saving and making the network operating for
application was mostly limited to large military systems. longer period of time [2-3]. Routing is basically of three
However, recent technological advances in MEMS, types as shown in Fig.2. PEGASIS [4] is covered under
wirelesscommunication, and low - cost manufacturing hierarchical routing as different levels are formed through
technologies have enabled the development of tiny, cheap, which data is forwarded to the Base Station.
and smart sensors with sensing, processing, and
communications capabilities, which has therefore stimulated Types of Routing
the development of sensor networks and their applications.
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Fig.1 Architecture of Wireless Sensor Network

The architecture of WSN is shown in Fig.1. It is shown that
data collected from the sensing region is forwarded to the
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1.1 Design Constraints for Routing in Wireless Sensor
Networks

Due to the reduced computing, radio and battery resources

of sensors, routing protocols in wireless sensor networks are

expected to fulfill the following requirements:

a. Autonomy: The assumption of a dedicated unit that
controls the radio and routing resources does not stand
in wireless sensor networks as it could be an easy point
of attack. Since there will not be any centralized entity
to make the routing decision, the routing procedures are
transferred to the network nodes.

b. Energy Efficiency: Routing protocols should prolong
network lifetime while maintaining a good grade of
connectivity to allow the communication between
nodes. It is important to note that the battery
replacement in the sensors is infeasible since most of
the sensors are randomly placed. Under some
circumstances, the sensors are not even reachable. For
instance, in wireless underground sensor networks,
some devices are buried to make them able to sense the
soil.

c. Scalability: Wireless sensor networks are composed of
hundreds of nodes so routing protocols should work
with this amount of nodes.

d. Resilience: Sensors may unpredictably stop operating
due to environmental reasons or to the battery
consumption. Routing protocols should cope with this
eventuality so when a current-in-use node fails, an
alternative route could be discovered.

e. Device Heterogeneity: Although most of the civil
applications of wireless sensor network rely on
homogenous nodes, the introduction of different kinds
of sensors could report significant benefits. The use of
nodes with different processors, transceivers, power
units or sensing components may improve the
characteristics of the network.

1. PEGASIS Protocol
It is an improved version of LEACH [5]. Rather
thanforming clusters, it is based on forming chains of sensor
nodes. One nodeis mainly responsible for routing the
aggregated information to the sink. Everynode aggregates
the collected informationwith its own information, and then
passes the aggregated data to the next ring. The key idea in
using PEGASIS is that it uses all the nodes to transmit or
receive with its closest neighbor nodes. This is achieved by
the formation of a chain as shown in the Figure 3 below. All
the nodes which collect the data fuse it with the data
received by the neighbor node and transmit it to the next-
nearest neighbor. In this way all the nodes receive and fuse
their data, and pass it to the next neighbor in a chain format
till they all reach the base station. Every node in the
network takes turns as a leader of the chain and the one
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responsible to transmit the whole fused data collected by the
chain of nodes to the base station.

Fig. 3 PEGASIS Chain Based Protocol

The significant features of this protocol are:

1) Itisanimproved version of LEACH.

2) This protocol is in position to outgo LEACH for
different or various network sizes and topologies cluster
formation in LEACH, and reduces the number or
quantity of data information transmission volume
through the chain of information aggregation.

3) The energy load is distributed uniformly within the
network. To prevent the subsequent early death of
sensor node, all sensor nodes act as leader successively.

There are few disadvantages of this protocol such as:

1) PEGASIS assumes that each sensor node is capable of
communicating with the BS directly. In practical cases,
sensor nodes use multi-hop communication to reach the
BS.

2) PEGASIS assumes that all sensor nodes have the equal
level of energy and are likely to die at the same time.

3) PEGASIS introduces excessive delay for distant nodes
on the chain.

4) The single leader can become a bottleneck for
Application Field.

5) PEGASIS is greedy chain protocol which leads to
lessen the overhead caused due to many cluster heads.

6) When a sensor node dies, chain is reconstructed to
bypass the dead node.

7) Head node receives all the aggregated data and sends to
the base station.

8) This protocol is most suited for surveillance application
such as motion detection and knowing its
characteristics.

1. PEGASISstate-of-the-art development
PEGASIS has given a breakthrough in the technological
advancements by providing a flexibility in which this
protocol can be implemented. There are following variants
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of PEGASIS protocols which use chain based method for
the network lifetime improvement.

YU Yong-chang and WEI Gang [6], proposed an algorithm
to build chain by adopting a threshold distance to decrease
the formation of long link. It selects the leader by
considering both the residual energy of nodes and the
distance between node and base station and adjusts the
reselection frequency of leader according to remaining
nodes in the network. The results show that the proposed
method has better performance than PEGASIS.

Hasan Al-Hasan, et al. [7], proposed a hierarchical routing
protocol for stationary wireless sensor networks. The
proposed method used a new chain construction algorithm
and chain leader election method that plays a very
critical role in the energy saving. The results show that this
protocol solved the main problems in PEGASIS and also
increased both the lifetime and the throughput of the
wireless sensor network.

Ravinder Kumar and Dr. P. S. Mundra [8], proposed an
efficient hierarchical chain based routing protocol which
was not suitable for large sensor networks with power
and time constraints. He used the concept of Beam Star
topology to divide the whole sensing field into a number of
smaller areas, so that it can create multiple shorter chains to
reduce the data propagation delay and redundant
transmission path, thus significantly improved the data
delivery of the packets as compare to the Chiron and routing
was done between cluster head (CH) to cluster head and
network is divided into two parts so that the chain leader of
the same covering angle will transmits the data to the next
chain leader but in the same covering angle in the sequential
manner. Since the number of sensor elements were reduced
so sensing time and power dissipation reduced and data
delivery was improved.

Wang Linping et al. in [9] have proposed an enhanced
algorithm of PEGASIS which balances the load on each
node and improves the network lifetime. In PEGASIS, there
is only one cluster head in each chain whereas in PDCH i.e.
PEGASIS Double Cluster Head, there are double cluster
heads which avoids the long chain problem existing in
PEGASIS. Simulations have been performed to compute the
rounds of communication and the percentage of dead nodes
in each round of communication. In the future work, PDCH
can perform better as compared to EEPB and PEGASIS for
raising the system distributed and parallel processing.
Zibouda et al. in [10], has proposed a new protocol i.e.
PEGASIS-MH in order to minimize the consumption of
energy and to enhance the life time of sensor network.
PEGASIS-MH protocol is developed for multi-hopping
within the sensing field. In case of single hop, cluster heads
that are located away from Base station are prone to
depletion of energy as they utilize strong signals in order to
reach BS. Therefore, multi-hop routing concept is utilized
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between the cluster heads to overcome the drawback which
was there in single hop routing concept. The simulation has
been done using NS-2 simulator and the results show that
the PEGASIS-MH is far better as compared to other
protocols such as LEACH, PEGASIS and Hierarchical
PEGASIS in terms of lifetime and energy efficiency. For
QoS, fault tolerance integration will be the future work.
Vibha Nehra and Ajay K. Sharma [11], [2013] proposed an
algorithm by using average distance among the sensor nodes
as the criteria for chaining and thereby providing better
performance in terms of energy dissipation and amount of
information sent to BS. The chaining speed of proposed
method is faster than PEGASIS. This algorithm avoids the
formation of LL and provides a stable and balanced lifetime
to the network. The s results proved that purposed algorithm
outperforms PEGASIS by achieving higher energy
efficiency extending lifetime of network.

Madhuri Gupta [12] [2014] has proposed a variant approach
for chain formation in the wireless sensor network which is
a modified version of chain based PEGASIS protocol. In
this paper, the process of forming chain is modified in order
to obtain a chain with multiple degree nodes. This approach
considered degree of connectivity and remaining energy of
each node. It achieved the target of the improvement in
energy consumption and prolongs the lifetime of the
network. Simulations results achieved 50% better results in
average energy consumption by the network under defined
scenario. It reduced the node death rate as energy dissipation
get reduced by 50% for the defined specification
BhavnaPatel [13] et al. proposed a Multi-chain PEGASIS
routing approach that increase lifetime of sensor networks
in terms of total number of deadnodes per humbers of
rounds, total number of alive nodes per numbers of
rounds and Total network energy per number of rounds. In
this proposed scheme the longer chains have been
replaced with the smaller multi chains which reduce the
load on the chain  leader. Multi-chain  PEGASIS
achieves balance of energy dissipation among the
chains unlike of a single chain in PEGASIS. Multi-
chain PEGASIS proved performance by using simulation
on MATLAB R2011b. This proposed approach gives
better performance than existing PEGASIS.

IVV. ChainBased Cluster Cooperative Protocol
(CBCCP) [14]
A new protocol is presented in this paper that addresses
someof the major requirements imposed by wireless sensor
networksuch as energy-efficient connectionless
communication combinedwith speed, fault tolerant, load
balancing and scalability. Balancedenergy consumption is
achieved by transmission of data to theintermediate nodes at
all the levels (level means subareas or clusters). Another
remarkable property is that, number of nodes canbe


http://www.ijritcc.org/

increased without any additional cost, as all the nodes
canstill send data with the help of relay nodes (within
cluster) andcluster coordinators (inter-cluster
communication).  Simulationresults  demonstrate  that
CBCCP not only prolongs network lifetimebut also speed up
data communication. The clusters it producesexhibit several
appealing characteristics like they are load balanced, fault
tolerant and scalable.This protocol is developed for the
applications where controlroom cannot be situated in the
center like border surveillance applications; we are further
working on the conditions where feasibilityof control room
is possible in the center.
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Fig. 4CBCCP Protocol

4.1 Pitfalls in CBCCP
Although the protocol CBCCP has improved the
performance of WSN by great margin but there are few
pitfalls of CBCCP which are listed below.

1. It has random topology for inter cluster
communication. Due to which the Cluster
Coordinator is randomly selected which is to be
used as to forward the data.

2. The selection of Cluster Heads and Cluster
Coordinators can be further optimized by selecting
various parameters like Energy, Distance and Node
density. But CBCCP doesn’t in consider any
optimization its approach.

3. The network will become complex if the mobility
is introduced in the network.

V. Performance Comparison of hierarchical
Protocols
The performance comparison of hierarchical protocols
varies from the topology to topology. It is observed that
PEGASIS variants have different performance on the basis
of the way they connect the chain.

VI. Conclusion
Wireless Sensor Network has been significant in observing
different physical phenomena. Routing has been the
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essential element in handling the limited battery issues. Here
in this paper, PEGASIS protocol which is a hierarchical
protocol has been focused for exploring the state of the art
of technological advancements. CBCCP protocol has
outperformed various clustering and chain based routing
protocols by merging the clustering and chain based
concepts. The pitfalls of CBCCP has been discussed which
give a research scope for the researchers working for the
advancements in PEGASIS protocol.
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