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Abstract: Energy consumption has to be considered when developing energy-efficient routing
algorithms, which has been a challenging issue in the field of WSNs. The idea of LEACH is dynamic
clustering that brings extra overhead, such as head changes and advertisements, which may diminish
the gain in energy consumption. Moreover, PEGASIS a near optimal chain-based protocol proposed, it
was an improvement over LEACH protocol to extend the network lifetime. However, PEGASIS data
transmission will create time-delay and, the probability of long chain is always high because of the
limitations of greedy algorithm approach for such shortcomings, many protocols was proposed by
researchers recently improved algorithms based on PEGASIS such as PEG-Ant, PDCH and PCC et al.
Among them, EEPB, and IEEPB was proposed. In this paper, a survey of some routing protocols that
are classified based on PEGASIS topology was conducted, and conclude with some open research
problems for further research. Copyright © 2012 IFSA.

Keywords: Protocol, Energy efficiency, Life-time, Energy consumption, Wireless sensor network.

1. Introduction

Recent advances in technology and the convergence of micro-electro-mechanical systems technology,
nanotechnology, integrated circuit technology, wireless communication technology, image and signal
processing, ad-hoc networking routing protocols and embedded systems has made the concept of
Wireless Sensor Networks (WSNs), which have been broadly considered as one of the most imperative
technologies for the twenty first century [1]. Sensor network nodes are limited with respect to
communication bandwidth, restricted computational capacity and energy supply. As a result of energy
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constraints in sensor nodes, energy consumption has to be considered when developing energy-
efficient routing algorithms, which has been a challenging issue in the field of WSNs. Since WSNs
might differ depending on the application and network architecture, prolonging the lifetime of the
network by designing efficient routing protocols is critical. Most of the attention has been given to the
routing protocols with common objectives of trying to extend the lifetime of the sensor networks,
while not compromising data delivery. The LEACH [2] (Low-Energy Adaptive Clustering Hierarchy)
protocol was proposed by observing and looking at communication protocols, which can have
significant impact on the overall energy dissipation of networks. LEACH was proposed to form
clusters of the sensor nodes, based on the received signal strength and one node acting as local cluster
head serve as router to the sink in order to save energy. In LEACH, the idea of dynamic clustering
brings extra overhead, such as head changes and advertisements, which may diminish the gain in
energy consumption. Moreover, there are a lot of assumptions used in this protocol which are not
implementable for practical purposes. Moreover, PEGASIS [3] a near optimal chain-based protocol
proposed, it was an improvement over LEACH protocol to extend the network lifetime. In PEGASIS,
each node communicates only with a close neighbor and takes turns transmitting to the base station,
thus reducing the amount of energy spent per round. It has been outperform LEACH [3] by about 100—
300 % for different network sizes and topologies. However, PEGASIS introduces excessive delay, that
is; data transmission will create time-delay and, the probability of long chain is always high because of
the limitations of greedy algorithm approach that was used for chain construction and data
transmission. The method of choosing cluster head or head node is not suitable for load balance. When
selecting the head node, there is no consideration about the residual energy of nodes and location of
the base station, that is head node can be very far away from BS. In PEGASIS, all sensor nodes have
the same level of energy and are likely to die at the same time; it is also assumed that each sensor node
is able to communicate with the BS directly, this affect energy efficiency of the nodes for the entire
network area. In addition the single leader can also become a bottleneck thus reducing the efficiency
significantly. As a results of shortcomings for PEGASIS, many protocols was proposed by researchers
recently improved algorithms based on PEGASIS such as PEG-Ant [5], PDCH [9] and PCC [6] et al.
Among them, Energy Efficiency PEGSIS Based protocol (EEPB) was proposed by [7], and improved
EEPB [8].

This paper is organized as follows: In section 2, the main idea of PEGASIS routing protocol for
wireless sensor networks were discussed based on its routing techniques and network topology and its
strength and weaknesses. Other protocols based on PEGASIS idea is discussed, and their improved
areas are highlighted. Section 3 comprises the summary of the surveyed that highlight some key
features of these protocols, section 4 is the conclusion.

2. PEGASIS-Based Routing Protocols

In this section, some PEGASIS-based routing protocols for wireless sensor networks are surveyed and
discussed, their strength and weaknesses were also presented.

2.1. Power Efficient Gathering in Sensor Information Systems (PEGASIS)

PEGASIS [3] was proposed to enhance over LEACH protocol. The protocol, called Power Efficient
Gathering in Sensor Information Systems (PEGASIS), is a near optimal chain-based protocol. The
basic idea of the protocol is to extend network lifetime, nodes need only to communicate with their
closest neighbors [3, 4] and they take turns in communicating with the base-station. Rather than
forming multiple clusters, PEGASIS forms chains from sensor nodes so that each node transmits and
receives from a neighbor and only one node is selected from that chain to transmit to the base station
(sink). Gathered data moves from node to node, aggregated and eventually sent to the base station. The
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chain construction is performed in a greedy way. PEGASIS has two main objectives. Firstly, increase
the lifetime of each node by using collaborative techniques Secondly, allow only local coordination
between nodes that are closer so that the bandwidth consumed in communication is reduced. PEGASIS
has been shown to outperform LEACH by about 100-300 % [3, 4] for different network sizes and
topologies. Such performance gain is achieved through the elimination of the overhead caused by
dynamic cluster formation in LEACH and through decreasing the number of transmissions and
reception by using data aggregation. The greedy algorithm used to build the chain in the original
PEGASIS only achieves a local optimization. However, PEGASIS introduces excessive delay for
distant node on the chain also assumes that each sensor node is able to communicate with the BS
directly and all sensor nodes have the same level of energy and are likely to die at the same time. In
addition the single leader can become a bottleneck. It usually does not operate exhaustively on all the
data, so it mostly fails to find the globally optimal solution. Moreover, considering that data will be
transmitted along the formed chain, and energy supply is the key restriction of WSN, we should pay
more attention to the energy problem.

2.2. Improved PEGASIS based on Ant Colony Algorithm

A protocol using ant colony algorithm was proposed by [5]. The protocol was based on the PEGASIS
protocol but using an improved ant colony algorithm rather than the greedy algorithm to construct the
chain. The traditional ant colony algorithm is used to solve the Travelling Salesman Problem (TSP)
which is to find a loop among some fixed cities. The task is to find a shortest possible tour that visits
each city exactly once [5S]. Compared with the original PEGASIS, PEGant achieved a global
optimization. It forms a chain that makes the path more even-distributed and the total square of
transmission distance much less. Moreover, in the constructing process, the energy factor has been
taken into account, which brings about a balance of energy consumption between nodes. In each round
of transmission, according to the current energy of each node, a leader is selected to directly
communicate with the base station (BS).

Ant colony algorithm originates from the actual behavior of ants which communicate with each other
by pheromone. Pheromone is a chemical substance released by ants and in turn affecting their moving
decisions. Initially, no pheromone is laid on the branches and ants have no bit of information about the
length of branches. However, once a shorter one is found, it will receive pheromone at a higher rate.
The more quantities ants leave pheromone on the path, the larger probability they visit this path next
time. Thus, there will be a positive feedback in the group of ants [5]. In the building process, to choose
a node as the next one on the chain, all of the current node's neighbors are candidates and take factors
such as the remained energy of the candidate, the amount of consumed energy if we transmit unit data
along the branch between the current node and the candidate, and also the quantity of pheromone on
the branch as selection standard. The protocol operate in two portions that is, chain building and leader
selection.

Chain Building: There is assumption that the BS has infinite energy, and all of the nodes initiated by
the same amount of energy are located in fixed positions. BS, as the controller, is in time informed
each node's current condition such as the position and the remained energy of the node. In data
transmitting, the amount of consumed energy is in proportion to the total square of distance. Therefore,
there is consideration of the fact that whether the square sum of neighbors' distance along the chain is
the minimum as the standard to judge whether it is an optimization [5].

Leader Selection: In each round of communication, the node whose current energy is the maximum is
selected as the leader. Along the built chain and in the direction of the leader, starting from the end
nodes, each node fuses the received data, if it has it available with its own as one packet to transmit to
the other neighbor. Eventually, the leader transmits the final fused data to the BS.
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From the experiment results compared with the original PEGASIS which uses greedy algorithm to
build the chain, PEG-ant protocol was obviously prolong the time when the first node dies. However,
because of the consideration of energy factor in both chain building and leader selection to balance
energy consumption, all of the nodes almost die at the same time. When the first node dies in PEG-ant
protocol, the dead nodes in the original PEGASIS have taken up at least 70 % [5].

2.3. Energy Efficiency PEGASIS Algorithm

Many protocols was proposed by researchers recently improved algorithms based on PEGASIS such
as PEG-Ant [5], PDCH [9] and PCC [6] et al. Among them, Energy Efficiency PEGSIS Based
protocol (EEPB) was proposed by [7], to adopt threshold when constructing chain to decrease the
formation of long link, selects the leader by considering both the residual energy of nodes and the
distance between node and BS, and adjusts the reselection frequency of leader according to remaining
nodes in the network.

However, EEPB overcomes several problems over PEGASIS but still has deficiencies. When EEPB
builds a chain, the threshold adopted is uncertain and complex to determine, which causes the
inevitability of long link if valued inappropriately. When EEPB selects the leader, it ignores the
suitable proportion of nodes energy and distance between node and BS which optimizes the leader
selection according to various application environments [7].

2.4. Improved Energy Efficiency PEGASIS Algorithm

The improvement of energy-efficient PEGASIS-based routing protocol (EEPB) was proposed to solve
the problems stated above, which is called IEEPB [8]. The main idea of IEEPB is to compares the
distance between nodes twice and finds the shortest path to link the two adjacent nodes. IEEPB is an
improved chain-based routing algorithm over EEPB. It is operating by rounds which contain 3 stages:
(1) chain construction phase, (2) leader selection phase, (3) data transmission phase.

Chain Construction Phase: To form a chain, the algorithm determines the number of nodes, initial
energy, and BS location information. Then chain construction start with broadcasts the whole network
with a hello message by BS to obtain basic network information such as ID of nodes alive and distance
from each node to BS. Then set the node which is farthest from BS as end node, it joins the chain first
and is labeled as node 1. End node of the chain obtains the information of distance between itself and
other nodes which have not joined the chain yet, finds the nearest node and sets it as node i waiting to
join the chain, i represents the i-th node joined. Node i gets the information of distance between itself
and i-1 nodes which are on the chain, finds the nearest node j (1 <j <i—1) and directly connects with
it to join the chain. At this point node i becomes the new end node of the chain, it recycle and connect
node i+1, i+2...The process continues till all sensor nodes have joined the chain, so that there forms a
branching chain finally.

Leader Selection Phase: IEEPB chooses the leader using weighting method which considers both the
residual energy of nodes and the distance from node to BS. IEEPB will select the new leader according
to the combined weight in each round by estimating distance to BS, which is distance between sensor
node and BS. As sensor nodes are location unaware, they have no idea about their geographic location.
At initial stage, BS broadcasts information message to the whole network and node i can estimate its
distance from BS by the received signal strength. Then it calculates the energy portion and combined
weight for each node. And finally compare the different weights of each node and the node with
minimum weight is selected as the leader in this round. The coefficient flexibility optimizes the leader
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selection and enables the algorithm to be applicable to various network situations with diverse
requirements.

Data Transmission Phase: After the IEEPB protocol performs the process of the first two phases, the
leader initiates a token passing approach to start the data transmission from the end node of the chain.
The chain formed in IEEPB has more than two end nodes. Each node delivers own sensing data to its
neighbor node in their time slots assigned by TDMA mechanism, then the neighbor nodes fuse them
with their own data and transmit these data to their other neighbor nodes. One round will end until BS
receives the data from the leader.

2.5. Improved PEGASIS Using Concentric Clustering Scheme

The idea of proposing enhanced PEGASIS protocol using concentric clustering scheme was proposed
by [6], due to the redundant data transmission causes by original PEGASIS protocol since one of
nodes on the chain is selected as the head node regardless of the base station's location. Enhanced
PEGASIS protocol based on the concentric clustering scheme was proposed to solve this problem. The
term "concentric clustering" means that the shape of a cluster is concentric circles when the sensor
networks are divided into several clusters. It is appropriate to use the concentric clustering scheme to
avoid the data transmission attended with the redundant energy consumption. When the PEGASIS
protocol constructs the chain, wireless sensor networks are divided into several numbers of the
concentric shaped clusters to give the flow of the data transmission. The enhanced PEGASIS protocol
consists of four processes (a) level assignment, (b) chain construction in the level area, (c) data
transmission and (d) head node construction in chain.

Level Assignment: Each node in the sensor networks is assigned its own level from the base station.
The level is given as the form like a concentric circle using the signal strength as shown in Fig. 1. The
interval of level may varies according to setting values in the base station. Additionally, the number of
these levels is depended on various parameters such as the density of the sensor networks, the number
of nodes, or the location of the base station [6].

Fig. 1. Level Assignment.

Chain Construction in the Level Area: In each level area, the chain construction is started at the
farthest node from the base station using the greedy algorithm as shown in Fig. 2. This process of the
chain construction is the same with the current PEGASIS protocol. In the enhanced PEASIS protocol,
the high level means that the node is located at the farther distance from the base station [6].
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Fig. 2. Chain Construction.

Head node construction in chain: One of nodes on the chain at each level area is selected as a head
node as shown in Fig. 3. A head node in L level is selected node number i mod ML (ML presents the
number of nodes which have the same level) in i round. After it selects head nodes, each head node
informs its own location information to the upper level head node and lower level head node in one
grade. In the process of the data transmission, a head node is received the data from all nodes in the
same level and the head node in the upper level. Finally, the head node will transmit these data to the
head node in lower level by one grade [6].

0

1
2
4 3
5
OHead node
O Node
@ Base Station

Fig. 3. Selection of Head Node.

Data Transmission: The data transmission is based on the process of the current PEGASIS protocol.
All nodes in each level transmit the data along the chain to the nearest node from themselves. The
node receives the data and fuses its own data and transmits these data to the next node. The head node
in each level transmits the data to the lower head node. Finally, level 1 head node transmits these data
to the base station as shown in Fig. 4. The head node in each level is responsible for receiving the data
from node in same level and the head node in upper level. Also, the head node is responsible for
transmitting the aggregated data to head node in lower level by one grade [6].
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Fig. 4. Data Transmission.

Fig. 5 shows the data transmissions from the head node in 3, 4, and 5 levels to the base station. In
Fig. 5, the sensor network is divided into five levels considering the location of the base station. All
data flow is headed to the base station and it is clear that the concentric clustering scheme makes the
sensor networks to avoid a redundant data transmission. Therefore, the energy can be save transmit
from each node to the base station and the life time of the wireless sensor networks can be prolong.
The enhanced PEGASIS protocol uses the concentric clustering scheme and the data flow always
forward to the base station to avoid the redundant transmission of the data and it save the energy about
35°0 in comparison with the original PEGASIS protocol as the performance evaluation shows [6].
However the protocol does not consider level assignment and the selection of a head node that can also
maximize the network life. Also by using greedy algorithm to construct a chain excessive delay may
be introduced for distant node.

OHead node

O Node

@ Base Station

Fig. 5. Data Transmission from Each Level.

2.6. Improved PEGASIS based on Double Cluster Head

An EEPB algorithm was proposed in [7]. It introduced a new method to avoid long chain between
nodes. The new algorithm was proposed based on the branch chained of EEPB to improve the load
balance in the network. The new algorithm PDCH was based on double cluster head; it is used
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hierarchical chain topology to relief time-delay and adopts bottom level cluster head and super level
cluster head to improve the load balance [9].

Hierarchy and Connection Establishment PDCH: In the hierarchy structure, base station (BS) is the
center of a circle, every node's distance to BS decided the level which it belongs to. The BS will
preconfigure the number of levels. Every node receives the signal from the BS, and then according to
the signal strength it will detect the distance to BS. The number of nodes and the density of
distribution, the location of BS and so on will affect the number of level. And every level has ID. The
first level is 0, it belong to BS. The second level is 1, nodes belong to this level is the most closest to
BS and so forth. Consider Fig. 6 below, there have 5 levels.

Qss

O Node

Fig. 6. Hierarchy Structure.

The algorithm was adopt the EEPB algorithm to build chains in every level, the nodes belong to
different levels cannot build in the same chain, only the nodes with same ID can be built in the same
chain. In PDCH [9], there are some changes for building chains. The parameter tag[i] was set up on
every note. If node Ni have not join in the chains, tag[i] = 0, when node Ni was selected by Ni-I to join
the chain, the algorithm set Tag[i]++ and Tag[i-1]++, and so forth, every time when a new node join in
a chain, the parameter tag[i] of select note and was selected note are both automatic accumulate. If
tag[i]>2, it consider that Ni has branch chain, in the algorithm PDCH these nodes will become a cluster
head preferentially as shown in Fig. 7. In the Fig. 7, the red circles show that, the nodes which the
number of tag is more than 2. These nodes have one or more branch chain, so they have bigger chance
to be selected as cluster head than other nodes in every level [9].

The Improving Algorithm of Choosing Double Cluster Head: Network modeling: The network was
model by assumption that all nodes have location information about all other nodes. Nodes would have
to expend some extra energy to find their close neighbors. They could do this by sending enough
power to signal a node, and then gradually reduce its power to find which neighbor is closest to it. The
sensor nodes are homogeneous and energy constrained with uniform energy and no mobility of sensor
nodes [9].
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Fig. 7. Building Chain process.

Description of double cluster head algorithm: At every level, there is provision that only the nodes
belong to main chain can be the primary cluster head; the nodes belong to branch chain will be
selected to be the secondary cluster head. If there is no branch chain in one main chain node at last, it
will still use the method of unique cluster head. According to the parameter tag on every node, the
more the number of tag [i] the more priority that the node will be choose. If tag [i] of the nodes was the
same, it will choose the node which has more energy to be the primary cluster head. Then the node
selected on the main chain as the primary cluster head, and the node on the branch chain as the
secondary cluster head. The primary cluster head and secondary cluster head are both the cluster head
in one chain, and they have different work to do. The primary cluster head is in charge of data
receiving and fusion, then transmit data to secondary cluster head and the secondary cluster head is in
charge of transmitting the lower-level data and the local level data from main cluster head to upper-
level cluster-head, and so on. Fig. 8 shows the inter connections of primary cluster head, secondary
cluster head, nodes and the base station.
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O Q
5 O 0 Q Q O O Node
®) @ Secondary CH
o N
O O O Primary CH
Q X
O O

Fig. 8. Double Cluster Head Connections.

From the Fig. 8 above, we can see that the task of one cluster head in PEGASIS have allocated to two
nodes in the PDCH, this method make the cluster head work longer time, the efficiency of using
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energy rise, and based on this advantage there is reduction of up to frequency of 150 cluster head
change. In the process of data transmission, the main cluster head only in charge of receiving data
from the local level, so its burden is not as hard as the secondary cluster head. Several candidate
secondary cluster head can be set up based on the parameter tag. In the event of rest energy of the
secondary cluster head is not enough, it can be change from the candidate secondary cluster head in
time. In PDCH, there is no need to rebuild chain in every round, only when there have dead node so as
to the cluster head, when the average energy of all primary cluster heads lost 50 %, the cluster head
will be selected again in time to make sure the primary cluster head is working [9]. When the
secondary cluster head die, its work will turn to the primary cluster head till the round was completed,
then consider whether to change the cluster head or not. When the process going to the last, there have
not branch chain nodes to leave, then the algorithm will turn to the PEGASIS method [9].

2.7. Improved PEGASIS Using Topology Architecture with Coverage Algorithm

Phase-Based Coverage Algorithm: As a polynomial-time algorithm operated in an efficient manner,
this method is utilized to identify whether the sensing range is fully covered by neighbor nodes with a
time complexity O(d log d), where d represents the number of neighbor nodes around the target sensor
node. With assumption that each sensor node shares an identical sensing radius RS, and a sensor node
Vi, located at (X, Yi), covers a sensing range Ci, then all the sensor nodes staying away from Vi within
the distance RS, are covered within Ci. In the coverage algorithm, there occur come cases where the
sensing range of target node Vi is not fully covered, even though the circumference is altogether
covered by neighbor nodes. As a way to resolve the above mentioned problem, as shown in Fig. 2.9, it
is requested that the target node v; stand away from the neighbor nodes at a distance shorter than the
sensing radius [10]. This algorithm, referred to as PBCA, employs circumferential angles and phase to
locate the sensor node permitted to enter to sleep mode. To begin with, all the sensor nodes are
activated in PBCA. Having located all the sensor nodes in the vicinity of active node Vi within the
sensing radius RS, one can recognize through PBCA in a precise manner whether it is a fully covered
case according to the circumference of the target sensor field covered by the neighbor nodes. Fig. 9 is
an example of a redundant node Vi [10].

(O

Fig. 9. An Example of Redundant Node.
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The PEGASIS Topology Architecture with PBCA: The topology architecture PEGASIS with the PBCA
(phase based coverage algorithm) was proposed by [10]. First, the topology architecture PEGASIS use
PBCA to find out the redundant sensor nodes which are covered by other nodes sensing range let these
redundant sensor nodes enter to sleep mode to reduce the energy consumption of WSNs. Then, the
architecture set up the PEGASIS by other active sensor nodes which are not selected to enter to sleep
mode using PBCA. In this algorithm, all the sensor nodes can be classified into two modes; they are
sleep and active modes. Subsequently, the smaller number of nodes is active mode to result to less
whole energy consumption in each round. At first, the system finds out the redundant sensor nodes by
PBCA algorithm. The Fig. 10 below is the flow chart diagram of PEGASIS topology architecture with
PBCA [10].

WSNs

I

PBCA
Algorithm

AN

Active Mode Sleep Mode

AN

PEGASIS
Topology
Architecture

N

Leader Node Sensor Node

Fig. 10. PEGASIS Topology Architecture with PBCA.

The PEGASIS with the PBCA algorithm was divided into three steps, active nodes selection,

PEGASIS topology architecture construction and the leader node selection.

1. Active nodes selection: The system will select some sensor nodes to be active nodes using PBCA
algorithm which calculates the sensor nodes which sensing range are fully covered by other sensor
nodes to enter to sleep nodes.

2. PEGASIS topology architecture construction: The PEGASIS topology architecture was constructed
by the active nodes which are selected to enter to active mode via PBCA algorithm.

3. The Leader node selection: Select the sensors that has the farthest distance to base station is used as
the starting point of chain, then a sensor nodes that is nearest to it will be found to become its
neighbor nodes, by repeating this action several times.

This topology architecture builds more efficient routing for transmitting data compare to LEACH
topology architecture with PBCA [10]. And it can reduce much more energy consumption of nodes.
Furthermore, the total sensing area of this algorithm is wider than LEACH topology architecture with
PBCA for a long time and sensor nodes can live longer. Therefore, PEGASIS with the PBCA
algorithm can achieve maximum sensing coverage with minimal energy consumption in each sensor
node, and prolong the whole network lifetime. However, PEGASIS with PBCA extend the network

20



Sensors & Transducers Journal, Vol. 142, Issue 7, July 2012, pp. 10-22

lifetime but still did not solve the problem of selection a cluster head with regard to original PEGASIS.
Its also required smaller number of sensor nodes so it is not applicable in a network with huge number
of nodes.

3. Summary

In summary, various routing protocols based on PEGASIS topology were discussed and their
approaches and architecture was discussed. A protocol using ant colony algorithm was proposed to
improve PEGASIS by using an improved ant colony algorithm rather than the greedy algorithm to
construct the chain. This is used to solve the Travelling Salesman Problem (TSP) provided by greedy
algorithm in PEGASIS. EEPB was proposed to adopt threshold, when constructing chain to decrease
the formation of long link, selects the leader by considering both the residual energy of nodes and the
distance between node and BS, and adjusts the reselection frequency of leader according to remaining
nodes in the network. The improvement of EEPB was proposed to solve the problems of threshold,
which is called IEEPB. The main idea of IEEPB is to compares the distance between nodes twice and
finds the shortest path to link the two adjacent nodes. Also the enhanced PEGASIS protocol using
concentric clustering scheme was proposed, due to the redundant data transmission causes by
PEGASIS protocol, since one of nodes on the chain is selected as the head node regardless of the base
station's location. Enhanced PEGASIS protocol based on the concentric clustering scheme was
proposed to solve this problem. It provides appropriate solution by using the concentric clustering
scheme which is the avoidance of data transmission attended with the redundant energy consumption.
Furthermore, new algorithm PDCH was proposed based on the branch chained of EEPB to improve
the load balance in the network. The algorithm was based on double cluster head; it is used
hierarchical chain topology to relief time-delay and adopts bottom level cluster head and super level
cluster head to improve the load balance of the WSNs. The topology architecture PEGASIS with the
PBCA was also proposed. It is used to find out the redundant sensor nodes which are covered by other
nodes sensing range let these redundant sensor nodes enter to sleep mode to reduce the energy
consumption of WSNs. Then, the architecture set up the PEGASIS by other active sensor nodes which
are not selected to enter to sleep mode using PBCA. These are the protocol based on PEGASIS
architecture that are proposed to improved PEGASIS routing protocol, they are proposed with different
topology to achieved its aim.

4. Conclusion

Routing in sensor networks is very wide area of research, with a limited, but rapidly growing set of
research results and attracted a lot of attention in the recent years with unique challenges compared to
traditional data routing in wired networks. In this paper, comprehensive survey of routing protocol
based on PEGASIS algorithm was done for wireless sensor networks. All have common objective of
trying to extend the lifetime of the sensor network, and provision of energy efficient routing while not
compromising data delivery. Although the performance of these protocols is promising in terms of
routing and energy efficiency, further research would be needed to address issues such as: Quality of
Service posed by video, audio and imaging sensors and real-time applications. Energy-aware QoS
routing in sensor networks will ensure guaranteed bandwidth (or delay) through the duration of
connection as well as providing the use of most energy efficient path. Consideration of node mobility,
most of the current protocols assume that the sensor nodes and the base station are not mobile. Most of
the applications in security and environmental monitoring require the data collected from the sensor
nodes to be transmitted to a server so that further analysis can be done, so there is need of security and
privacy.
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sensors for physical or chemical, electrical or non-electrical quantities.

“It is an outstanding and most
completed practical guide about how to
deal with frequency, period, duty-cycle,
time interval, pulse width modulated,
phase-shift and pulse number output
sensors and ftransducers and quickly
create various low-cost digital sensors
and sensor systems ..." (from a review)

Sergey Y. Yurish /

Digital Sensors
and Sensor S}fstems.
Practical Design
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