
Abstract
Wireless sensor network (WSN) require a various power 
management protocols to reduce the energy consumption. But 
the lifetime of sensor network greatly depend on their battery. 
Radio irregularity and fading in multihop WSN also affect lifetime 
of a sensor. Various cluster-based schemes are discussed as a 
solution for this problem. The proposed schemes centering on 
the clustering of network for conserve the energy of a network. 
The performance of the proposed system is evaluated in terms of 
energy efficiency and reliability.
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I. Introduction
Wireless sensor networks are one of most hot topics in computer 
science. Wireless sensor networks are networks in which thousands 
of small and battery powered nodes communicate with each other 
through their sensing capabilities. Power management is a major 
design constraint in sensor networks. Due to this constraint the 
sensing capability of sensor nodes reduces and their bandwidth 
limit [2]. These networks can contain hundreds or thousands of 
sensing nodes. It is desirable to make these nodes as cheap and 
energy-efficient as possible and rely on their large numbers to 
obtain high quality results. So protocols must be designed to 
achieve fault tolerance in the presence of individual node failure 
while minimizing energy consumption. In addition, since the 
limited wireless channel bandwidth must be shared among all 
the sensors in the network [3]. 

 In order to manage energy, it is common for sensor nodes to self-
organize into clusters periodically, in which one sensor is selected 
as cluster head. The cluster head is responsible for the organization 
of the cluster, data collection and aggregation within the cluster, 
as well as transmission of the aggregated data to the sink [4].

PEGASIS protocol presented in [5] form a chain including all 
nodes in the network using greedy algorithm so that each nodes 
transformed to and received from a neighbor. In each round,     
randomly selected node takes turns to transmit the aggregated 
information to the base station. Nodes in TEEN and APTEEN are 
designed to respond to sudden changes in the sensed attribute when 
node exceeds a user defined threshold. They assume that position 
of the base station is fixe and every node in the network directly 
communicates to base station. OEDSR is an demand protocol for 
wsns that minimizes a different link cost factor which is defined 
using available energy, end to end delay, and distance from to a 
base station.
 
The main idea of LEACH protocol is that all nodes are chosen 
to be the cluster heads periodically, and each period contains 
two stages with construction of clusters as the first stage and 
data communication as the second stage [7].  MIMO systems 
can dramatically reduce the transmission energy consumption in 
wireless fading channels .In those schemes, multiple individual 

single-antenna nodes cooperation information transmission and/
or reception for energy efficient communications [8]. This paper 
is organized as follows: Section II describes the various clustering 
protocols. Finally section III concludes the paper.

II. Related Work
WSN is regarded as an emerging technology that combines 
the concept of wireless network with sensors [11].Significant 
advances in microelectronics technology, computing and wireless 
communications reduce the energy consumption, improve 
the ability of communication and extend functions of WSNs 
continuously, which also reflect the basic characteristics of WSNs. 
Wireless sensor network comprises of hundreds to thousands of 
small nodes employed in a wide range of data gathering applications 
such as military, environmental monitoring and many other fields 
[2].  There are many factors which affect the energy consumption 
of wireless sensors networks. Because the concept of wireless 
sensor networks is based on a simple equation:
Sensing + CPU + Radio = Thousands of potential applications.

When wireless sensor networks sense the data it consumes energy. 
When C.P.U processes the data it consumes energy. So there 
are various techniques and protocols purposed for reducing the 
energy consumption. MIMO systems can dramatically reduce the 
transmission energy consumption in wireless fading channels [2]. 
Cooperative transmission and reception of data among sensors is 
known to diminish the per-node energy consumption, increasing 
the network lifetime [10]. In these schemes, multiple individual 
single antenna nodes cooperate on data transmission and reception 
for energy efficient communication.

A. Power Management Based on Hybrid Energy Efficient 
Distributed Clustering Algorithm
Hybrid Energy-Efficient Distributed Clustering (or HEED) is a 
multi-hop clustering algorithm for wireless sensor networks, with 
a focus on efficient clustering by proper selection of cluster heads 
based on the physical distance between nodes. O. Younis and S. 
Fahmy provided the main objectives of HEED are [11]:
•  Distribute energy consumption to prolong network 

lifetime;
•  Minimize energy during the cluster head selection phase;
•  Minimize the control overhead of the network.

The most important aspect of HEED is the method of cluster head 
selection. Cluster heads are determined based on two important 
parameters [11]:

1)  The residual energy of each node is used to probabilistically 
choose the initial set of cluster heads. This parameter is 
commonly used in many other clustering schemes.

2)  Intra-Cluster Communication Cost is used by nodes to 
determine the cluster to join. This is especially useful if a 
given node falls within the range of more than one cluster 
head. In HEED it is important to identify what the range of a 
node is in terms of its power levels as a given node will have 
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multiple discrete transmission power levels. The power level 
used by a node for intra-cluster announcements and during 
clustering is referred to as cluster power level [11]. 

B. Reducing Energy Consumption Based Power-Efficient 
Gathering in Sensor Information Systems (or PEGASIS)
Power-Efficient Gathering in Sensor Information Systems (or 
PEGASIS)[12] is a data-gathering algorithm that establishes 
the concept that energy savings can result from nodes not directly 
forming clusters. . Lindsey and C. S. Raghavendra presented  the 
idea that if nodes form a chain from source to sink, only 1 node 
in any given transmission time-frame will be transmitting to 
the base station. Data-fusion occurs at every node in the sensor 
network allowing for all relevant information to permeate across 
the network [12]. In addition, the average transmission range 
required by a node to relay information can be much less than 
in LEACH [23], resulting in an energy improvement versus the 
hierarchical clustering approach.

C. Reducing Energy Consumption Based on GROUP
The Group algorithm is a grid-based clustering algorithm. L. Yu, 
N. Wang, W. Zhang, and C. Zheng purposed an algorithm that one 
of the sinks (called the primary sink), dynamically, and randomly 
builds the cluster grid [13]. The cluster heads are arranged in a 
grid-like manner as in Fig. 3. Forwarding of data queries from 
the sink to source node are propagated from the Grid Seed (GS) 
to its cluster heads, and so on. The GS is a node within a given 
radius from the primary sink. In terms of cluster head selection, 
on a given round the primary sink selects a GS based on residual 
energy. Once the GS has been selected, the GS selects cluster 
heads along the corners of the grid at a range R. Each new cluster 
head will then select more cluster heads along the grid until all 
cluster heads have been selected.

D. Reducing Energy Consumption Based on CLUBS
In [14], Nagpal and Coore proposed CLUBS, an algorithm 
that forms clusters through local broadcast and converge in 
a time proportional to the local density of nodes. Basically, 
cluster formation in CLUBS is based on the following three 
characteristics:
•  Every node in the network must be connected to a cluster.
•  Maximum diameter of all clusters in the network should be 

same.
•  Clusters should support the intra-cluster communication, 

which means nodes in a cluster must be able to communicate 
with each others.

The algorithm forms clusters with a maximum of two hops. Each 
node in the network takes part in the cluster formation process by 
choosing a random number from a fixed integer range. Then it 
counts down from that number silently. If the countdown was not 
interrupted from any other neighboring node and it reaches zero, it 
announces itself CH and broadcasts a ‘‘recruit’’ message. When a 
neighboring node receives the recruit message that comes within 
two-hop diameter boundary, it stops the countdown, accepts the 
invitation and joins the cluster.

E. Reducing Energy Consumption Based on Fast local 
clustrering service
M. Demirbas, A. Arora, and V. Mittal purposed a distributed 
technique that produces approximately equalized clusters with 
minimum overlap [15]. The assumed radio model classifies 
nodes based on their proximity to the CH into inner (I-band) and 
outer (O-band). I-band nodes will suffer very little interference 

communicating with the CH, while message from o-band nodes 
may be lost. FLOC favors I-band membership in order to increase 
the robustness of the intra-cluster traffic. A node stays idle waiting 
for some random duration to receive an invitation from any potential 
CH. If the node gets no invitation, it becomes a candidate CH and 
broadcasts a candidacy message (transition 1). Upon hearing the 
candidacy message a recipient node ‘‘k’’ that is already an I-band 
member of a cluster Ck, will reply back to inform the candidate 
CH about such membership. The candidate CH will then realize 
the conflict and join Ck as an O-band node (transition 3). If the 
candidate CH receives no conflict messages, it becomes a CH and 
starts inviting members to its cluster (transition 4). 

F. Reducing Energy Consumption Based on Energy 
Efficient Hierarchical Clustering (EEHC)
Bandyopadhyay and Coyle [16] proposed EEHC; a distributed, 
randomized clustering algorithm for WSNs with the objective 
of maximizing the network lifetime. CHs collected the sensors’ 
readings in their individual clusters and send an aggregated report 
to the base-station. Their technique is based on two stages; initial 
and extended. In the initial stage, also called single-level clustering, 
each sensor node announces itself as a CH with probability p to 
the neighboring nodes within its communication range. These 
CHs are named as the volunteer CHs. All nodes that are within 
k hops range of a CH receive this announcement either by direct 
communication or by forwarding. Any node that receives such 
announcements and is not itself a CH becomes the member of 
the closest cluster. Forced CHs are nodes that are neither CH 
nor belong to a cluster. If the announcement does not reach to a 
node within a preset time interval t that is calculated based on 
the duration for a packet to reach a node that is k hops away, the 
node will become a forced CH assuming that it is not within k 
hops of all volunteer CHs.

G. Reducing Energy Consumption Based on Multi-hop 
Overlapping Clustering Algorithm:
A. Youssef, M. Younis, M. Youssef, A. Agrawala proposed [17] 
MOCA, a randomized, distributed Multi-hop Overlapping 
Clustering Algorithm for organizing the sensors into overlapping 
clusters. The goal of the clustering process is to ensure that each 
node is either a CH or within k hops from at least one CH, where 
k is a preset cluster radius. The algorithm initially assumes that 
each sensor in the network becomes a CH with probability p. Each 
CH then advertises itself to the sensors within its radio range. This 
advertisement is forwarded to all sensors that are no more than k 
hops away from the CH. A node sends a request to all CHs that it 
heard from in order to join their clusters. In the join request, the 
node includes the ID of all CHs it heard from, which implicitly 
implies that it is a boundary node. The CH nomination probability 
(p) is used to control the number of clusters in the network and the 
degree of overlap among them. The authors conducted extensive 
simulation to guide the selection of appropriate value of p in order 
to achieve particular cluster count and overlapping degree.

H. Reducing Energy Consumption Based on Attribute-
based Clustering Algorithm:
Attribute-based clustering: Wang et al. [18] promoted the idea 
of clustering the WSN based on the queries and attributes of 
the data. The main motive is to achieve efficient dissemination 
of data in the network. The concept resembles the data-centric 
design model of WSNs. The clustering would be established by 
mapping a hierarchy of data attributes to the network topology. The 
approach is based on the well know leader election algorithm. The 
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base-station starts the process by asking nodes to form clusters. 
Those nodes that hear the request decide whether they should 
nominate themselves as CHs based on their energy. After receiving 
the base-station request, sensor nodes having intention to become 
CH wait for a random time period that is based on the remaining 
battery supply. Nodes with more energy wait longer. If a node 
nominates itself, it broadcasts an announcement that further gets 
spread from node to node

I. Reducing Energy Consumption Based on Distributed 
Weight-Based Energy-Efficient Hierarchical Clustering 
(DWEHC):
 Ding et al. [19] have proposed DWEHC to achieve more 
aggressive goals than those of HEED. Basically, generating 
balanced cluster sizes and optimizing the intra-cluster topology. 
DWEHC proceeds in a distributed manner and has O (1) time 
complexity. Each sensor calculates its weight after locating the 
neighboring nodes in its area. The weight is a function of the 
sensor’s energy reserve and the proximity to the neighbors. In 
a neighborhood, the node with largest weight would be elected 
as a CH and the remaining nodes become members. At this 
stage the nodes are considered as first-level members since they 
have a direct link to the CH. A node progressively adjusts such 
membership in order to reach a CH using the least amount of 
energy. Basically, a node checks with its non- CH neighbors to 
find out their minimal cost for reaching a CH. Given the node’s 
knowledge of the distance to its neighbors, it can assess whether 
it is better to stay a first-level member or become a second-level 
one; reaching the CH over a two-hop path. It is worth noting that 
by doing so the node may switch to a CH other than its original 
one. The process continues until nodes settles on the most energy 
efficient intra-cluster topology. To limit the number of levels, every 
cluster is assigned a range within which member nodes should 
lay. 

III. Conclusion
The various power management protocols illustrated by many 
researchers as explained above have been suggested to improve 
the performance of battery for sensor nodes. They presented 
various characteristics of wireless sensor networks to improve the 
performance which makes them reliable and stable. The parameters 
which are basically included energy, sensing. These protocols are 
used in many applications of wireless sensors networks.
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