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Abstract 
 

In the past few decades, Wireless sensor networks have exhibited a significant amount of growth and have been used in various applica-

tions like traffic control, environment monitoring etc. It comprises an accumulation of sensor nodes that sense the data from their sur-

roundings and relay it to the base station. The network suffers from the limited energy constraints since the sensor nodes are mobile 

nodes and they run out of battery after a considerable amount of time. To overcome this, a certain level of heterogeneity is introduced 

among the nodes in terms of energy consumption to sustain the overall network lifetime. Various protocols are developed to prolong the 

network longevity. Among those, PEGASIS (Power-Efficient Gathering in Sensor Information Systems) and LEACH (Low- Energy 

Adaptive Clustering Hierarchy) are the significant ones, which ensures power-efficient gathering of the data in the sensor networks. This 

paper attempts to discuss the different aspects of PEGASIS and LEACH and their advantages and disadvantages in detail. 

 

 

1. Introduction 

Recent amelioration in the MEMES-based technology and digital 

electronics has made it possible to design the low -power micro 

sensors [1 3] that are sensitive to assimilate the data from their 

surroundings. These micro sensors are deployed in an area which 

can perceive, locate and collect the information and forward it to a 

centralized authority like base station. These sensors are deployed 

in huge amounts autonomously and can connect the logical world 

and the physical world [4] by sending the data to the destination 

terminal in either a single hop or multi-hop manner. The major 

flaw of these networks is plenty of sensor nodes and limited ener-

gy. Due to various limitations inherent in a wireless network like 

limited transmission capability, battery power etc., effective rout-

ing becomes a strenuous task. With an aim to make communica-

tion reliable and efficient, routing protocols [5, 6] are employed 

that aid in discovering and maintaining the paths that are energy-

efficient. On the basis of the network structure, routing protocols 

are divided into three categories: flat routing, cluster based or 

hierarchical routing and location based routing. 

In flat routing protocols, each and every node in the network per-

forms the same task and senses the data from the surroundings. No 

nodes in the system have any special processing capability what-

soever. Such protocols are well suited for small networks; howev-

er, they fail miserably when applied to large scale networks. In 

hierarchical routing protocols, nodes in the network play different 

roles depending upon their capabilities. The whole network is 

segmented into clusters and a node in each cluster is designated as 

cluster head which has special tasks from the regular nodes. It 

contributes considerably in improving the scalability, energy effi-

ciency and lifetime of the network. In this paper, the authors viv-

idly discuss the two major cluster based routing protocols: 

LEACH [7] and PEGASIS [8] and perform their comparative 

analysis in detail. 

Rest of the paper is organized as follows: Section 2 discusses 

elaborately the related work in the literature, section 3 compares 

the protocols: LEACH and PEGASIS in terms of various parame-

ters, section 4 discusses issues in the protocols and section 5 con-

cludes the study. 

2. Related work 

Extensive research has been carried out so far to develop efficient 

routing protocols suited for the vigorous wireless sensor network 

environment. 

Chourse et.al [9] discussed LEACH protocol in detail. Several 

versions of LEACH like TL-LEACH, M-LEACH, and LEACH-C 

have been proposed. A mathematical methodology is proposed to 

calculate the cluster head and various merits and demerits of 

LEACH are also discussed. The main issue in this is the distance 

between the cluster head and the base station. As the distance 

between the cluster head and the base station increases, the proto-

col is no longer scalable. 

Xu et.al [10] proposed a game-theoretic approach for efficient 

clustering in wireless sensor networks (GAEC). It aims at choos-

ing the cluster heads based on game theory and slave cluster heads 

are also chosen in case of failure of the original cluster head. Once 

a cluster head that is chosen fails, the other nodes in the network 

are reset which consumes a considerable amount of energy. 

J.Yang et.al. [11] developed a new data transmission scheme 

based on unequal clustering (DTUC). It aims to solve the hot spot 

problem which occurs due to multihop transmission mode of data 

transfer. In this scheme, clusters are created considering the dis-

tance and probability of the nodes from the sink node. 
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Vidhyapriya et. al [12] put forth a multipath adaptive routing 

technique which is energy efficient and adaptive. It utilizes multi-

ple paths between source and destination. Adaptive routing tech-

niques have an extra benefit over non-adaptive techniques as they 

reduce the routing overheads and prevent the sensor nodes from 

running out of their battery prematurely. 

An improvised version of ant colony algorithm for chain for-

mation in PEGASIS [13] was proposed by Guo et.al. It aims at 

forming the chain which makes the paths even-distributed. 

Linping et.al. [14] employed the concept of double cluster heads 

for PEGASIS. In this, the whole network is divided into various 

data levels and the cluster heads are designated as primary cluster 

heads and secondary cluster heads. The task of the primary cluster 

heads is to relay the data at a certain level from the chain to the 

secondary cluster heads. On the other hand, secondary cluster 

heads are responsible for transmitting the data at the lower level 

from the primary cluster heads to higher level clusters. 

An improved Energy efficient PEGASIS-based protocol (IEEPB) 

was developed by Sen et.al [15]. It compares the distance between 

the neighbouring nodes twice and hence prevents the formation of 

long links between them during the chain formation. The leader 

node is chosen by considering the normalized value of distance 

between the base station and nodes and the nodes energy. 

3. Comparison of two cluster based routing 

protocols: LEACH and pegasis 

3.1. LEACH: Low –energy adaptive clustering hierar-

chy 

LEACH is one of the state-of-the-art protocols in WSNs devel-

oped by Heinzelman et.al [7]. It is an adaptive clustering protocol 

in which the sensors in the network organizes themselves into 

clusters and randomly select a cluster head in the cluster. The 

cluster heads (CHs) are not fixed in this protocol as compared to 

the other conventional clustering protocols. If they would have 

been fixed initially, those sensors which have limited battery may 

be chosen to be the CH initially would die out soon leading to the 

cluster failure. In order to avoid draining out the battery of a single 

sensor, the high energy sensor nodes are being rotated randomly to 

be the cluster heads. Apart from this, energy consumption is min-

imized to a large extent in LEACH because it performs data fusion 

in which amount of data is being compressed while it is forwarded 

from the cluster heads to the base station. The whole operation 

consists of two phases: Setup phase and steady phase. In the setup 

phase, the nodes in the network take the crucial decision of be-

coming a CH for the current round which depends upon various 

factors like percentage of CHs and the number of times a node has 

become CH which depends on the following formula: 

 

f(x) = {

P

1−P(r mod(
1

P
))

, if n ∈ G

0, otherwise
                                               (1) 

 

Where P is the percentage of CHs, r is the number of rounds and 

G is the member nodes that have not been elected as CH in the 

past 1/P rounds. Once a CH is elected, it sends an advertisement 

message to all the neighbouring nodes. Based on the received 

signal strength, the nodes join the nearest cluster. After joining, 

the nodes send a membership message to the respective cluster 

head. In order to utilize the maximum energy, the nodes are ran-

domly chosen. In the steady phase, the nodes in the cluster trans-

mit the data to the respective cluster heads and the cluster heads 

aggregate the data and transmit it to the base station. 

TDMA/CDMA MAC is used to avoid collisions. 

3.2. Pegasus: power efficient gathering in sensor infor-

mation systems 

PEGASIS is an improvement over LEACH developed by Lindsey 

et.al. In this, a chain is formulated by the nodes in the chain con-

struction phase and a ’leader node’ is chosen using greedy algo-

rithm techniques. The node which initiates the data transfer trans-

mits the node to its immediate node in the chain, which appends 

its own information and forwards it to the next node in the chain. 

This process is repeated until the data reaches the leader node, 

which is closest to the base station. The leader node then com-

presses the data as much as possible to improve the energy effi-

ciency and send it to the base station ultimately. The energy distri-

bution is uniform among the nodes, since all the nodes in the net-

work only have to transmit the data through the chain. Only the 

leader node is vested with the task of aggregating the data and 

compressing it. To evenly distribute the energy load among the 

nodes, the nodes are rotated to become leader nodes time to time. 

For constructing the chain, each node must have a global 

knowledge of the whole network. Table 1 shows the merits and 

demerits of LEACH and PEGASIS. Table 2 shows the compara-

tive study of LEACH and PEGASIS in terms of various parame-

ters of a network. 

 

 

Table 1: Merits and Demerits of LEACH and PEGASIS 

Routing 
Scheme 

MERITS DEMERITS 

LEACH [7] 

• Avoids unnecessary collisions of CHs due to use of 

TDMA 

• Load sharing between the nodes. 

• Provides scalability as most of the communication 

is confined to clusters. 

• Excessive energy consumption is avoided due to 

allocated time slots. 

• Lack of uniform distribution and load balancing as CHs are select-

ed on the basis of probability 

• Not suitable for large scale networks as it uses single hop commu-

nication 

• Dynamic clustering leads to extra overheads 

• Energy hole and coverage problems 

PEGASIS [8] 

• Uniform distribution of energy load 

• Since clusters are formed dynamically, overheads 

are reduced 

• Data transmission is decreased. 

• Rotation of leader nodes. 

• Nodes become bottleneck due to long delays 

• Not very scalable network 

• Not suited for dynamic topologies  

• Requires global knowledge of the network. 

 
 

 

 

Table 2: Comparative Study of Leach and Pegasis 

Routing 

Scheme 
Year 

Energy 

Efficiency 

Hop 

Count 
Scalability 

Routing 

type 

Delivery 

delay 

Data delivery 

model 

Load 

balancing 

Cluster 

stability 

Algorithm 

complexity 

LEACH 2000 Very low Low Very low Proactive 
Very 

small 
Cluster based Medium Medium Low 

PEGASIS 2002 Low High Very low Reactive 
Very 

large 
Chain based Medium Low High 
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4. Issues in LEACH and pegasis 

Despite several advantages of cluster based routing protocols, 

there are various issues that need to be addressed to enhance the 

efficiency of routing protocols. The issues are discussed below: 

1) Selection of Cluster heads (CHs): It plays a vital role in a 

cluster based wireless sensor network. The CH so chosen 

must be a high energy node as it has the crucial tasks of ag-

gregating the data from the nodes in the cluster to the base 

station. At the same time, in order to balance the energy 

load in the network, the CHs have to be rotated at regular 

intervals based on some scheme. In a multi hop transmis-

sion, CHs have to be changed. 

2) Scalability: Both LEACH and PEGASIS suffer miserably 

from the scalability issues. The clustering techniques pro-

posed in these protocols are not adaptable amidst new de-

ployments of the nodes in an already large networks 

3) Energy efficiency: Despite large efforts to improve the en-

ergy efficiency in LEACH and PEGASIS, there is still 

scope to enhance it a little bit more. Experimental results 

exhibit PEGASIS is better than LEACH in terms of energy 

efficiency. 

4) Heterogeneity of nodes: Since nodes deployed are heteroge-

neous, it is a challenge to sustain the network lifetime be-

cause most crucial nodes like cluster heads in LEACH and 

Leader nodes in PEGASIS tend to consume more energy 

than others in spite of load balancing. 

5. Conclusion 

While designing the routing protocols for WSNs, energy efficien-

cy should be kept in mind as these networks are constrained by 

limited energy. This paper attempts to discuss two most popular 

cluster based routing protocols available in the literature: LEACH 

and PEGASIS. The performance of the two protocols is compared 

based on several parameters like hop count, routing type, energy 

efficiency etc. The merits and demerits of the protocols are also 

discussed distinctly. The inference drawn from this comparative 

study provides a deep insight into the facts that PEGASIS is better 

than LEACH in terms of energy efficiency and network limited in 

limited transmission range. On the other hand, in terms of hop 

count and delivery delay, LEACH performs better. Our future 

work will be to discuss other cluster based routing protocols. 
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