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Abstract
Wireless Sensor Network (WSN) comprises a large number of 
homogeneous or heterogeneous nodes having capabilities of 
sensing, computation and to communicate wirelessly with each 
other. They are used for continuous monitoring of various civil 
and military applications. Nodes in the WSN are battery powered, 
so energy is the main constraint while designing a network. 
In this paper, we present a survey on Low Energy Adaptive 
Clustering Hierarchy (LEACH) protocol and its various variant. 
These communication protocols make use of adaptive clustering 
techniques which help in reducing overall energy consumption 
of the network. LEACH protocol utilizes the randomized rotation 
of cluster heads to distribute the energy load among all the nodes 
in the sensor networks. LEACH uses localized coordination for 
strengthening of network and blend data fusion into routing protocol 
to lower the amount of information that is to be transmitted to the 
base station. LEACH provides better energy efficiency than the 
conventional routing protocols.
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I. Introduction
The WSN consists of nodes from a few to several hundreds or 
thousands, where each node is connected to sensor (one or many). 
Each sensor node has a radio transceiver, a microcontroller, a 
GPS, an electronic circuit for interfacing with the sensors and a 
passive energy source, mostly a primary battery [4]. The size of 
the sensor nodes may vary from that of a cricket ball down to the 
particle of dust. The topology of WSN may vary from simple tree 
topology to complex advanced multi-hop wireless mesh network 
topology. Cluster-based routing algorithm is more energy efficient 
than a non-cluster routing algorithm. A wireless sensor network 
system usually consists of sensor nodes, sink node or base station. 
The energy, the storage capacity and communication capability 
of sensor nodes are very limited. Base station is connected to the 
wired world through computers. Unlike sensor nodes deployed in 
field the base station has no limitation of energy. The data sensed 
by sensor nodes is transmitted either directly or along other nodes 
one by one, that will reach the base station after a single-hop 
or multi-hop routing and finally reach the base station, through 
the wireless network. Random deployment of the nodes in the 
region makes battery recharge or exchange very difficult or nearly 
impossible. Due to their energy limitation, wireless sensors can 
transmit up to a finite range, so multi hop data routing is  more 
energy efficient than direct transmission to the base station. A 
primary design goal of WSN is to use the energy efficiently.
The principle of clustering is to use the data aggregation in the 
cluster head to reduce the amount of data transmitted and hence 
number of transmissions to the base station, thereby, lower the 
energy consumption in communication network. In the clustering 
hierarchy for wireless sensor networks, LEACH protocol is the 
most popular routing protocol in wireless sensor network because 
it is the simplest and most efficient routing protocol. It enhances 
the network lifetime a lot by using the adaptive clustering approach 

and multi hop communication among the sensor nodes [6].
There is a wide variety of models for the sensor networks. Here 
we consider sensor networks with the following assumptions: 

Fixed base station located far away from the sensors nodes. • 
Homogeneous and energy constrained nodes.• 

Fig. 1: Clustering

II. LEACH
The LEACH routing protocol is developed by Dr. Wendi Rabnir 
Heinzelman [1], which uses the adaptive clustering, clustering 
task is rotated among the nodes and randomization to distribute 
the energy load among the sensor nodes. LEACH is based on data 
aggregation (data fusion) technique that aggregates the original 
data into a smaller size of data by removing redundant data that 
carry only relevant information to all individual sensors. LEACH 
divides the wireless sensor network area into several clusters. 
Each cluster has a cluster head (local base station) that combine 
the data from the sensor nodes and this data is processed by the 
microprocessor and then transmitted to the base station. LEACH 
uses a randomize rotation of high-energy cluster heads rather 
than selecting them in a fix manner, so that every node should 
get opportunity to become cluster head at least one time and this 
avoid the drain of battery of each sensor node and also avoid the 
quick death of node as in case of direct communication, in which 
the node nearest to the base station drain energy rapidly [1]. Thus 
load is distributed equally among all the nodes and enhancing 
network life time.
Sensor nodes choose themselves to be local cluster heads at a 
particular time instant with a certain probability. On the basis of 
minimum communication energy requirement each sensor node 
chooses the cluster it wants to be a part of. Once all the nodes are 
arranged into clusters, each cluster-head creates a cluster task for 
the nodes in its cluster. This allows the radio transceiver of each 
sensor node to be turned off at the times when not in use. It is 
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turned on only   during its transmission time, hence minimizing the 
energy dissipation in each sensor node. Once the cluster-head has 
received the data from all the nodes in its cluster, the cluster-head 
fuses the data and then transmits the fused data to the base station. 
As the base station is located far away from the sensor nodes, it 
requires higher energy for transmission. However, due to small 
number of cluster-heads, only a few nodes are affected.
As already discussed, being a cluster-head more energy depletion 
of that node. In order to uniformly distribute the energy load over 
multiple nodes, the cluster-head position is not fixed; rather, this 
position is self-chosen by the node at different time instant. Thus 
a set T of  sensor nodes might choose themselves cluster-heads 
at time instant t, but at time instant t + b a new set T1 of nodes 
choose themselves as cluster-heads, as shown in Figure 2 [1]. 
The decision to become a cluster-head depends on the amount 
of energy left at the node. In this way, nodes with more energy 
remaining become the cluster heads and will perform the energy-
loading functions of the network. Each node  have a choice to 
take its decision to be a cluster head independently of the other 
sensor nodes in the cluster and thus no extra efforts are required 
to find the cluster-heads.

Figure 2: Dynamic Clusters: (a) Cluster Head = At Time t  (b) 
Cluster Head = At Time t + b

To schedule the sensor nodes under a cluster, a cluster head uses 
Time Division Multiple Access (TDMA). Different cluster heads 
communicates to base station through Code Division Multiple 
Access (CDMA). The cluster heads collect the data from the 
nodes in its clusters and combine it before sending it to the base 
station (BS).
After a particular time instant, the cluster formation step is 
repeated and other nodes are given a chance to become cluster 
heads and thus energy consumption is uniformly distributed in 
the network.

A. Leach Protocol Phases
LEACH protocol mainly works in rounds, where each round 
starts with set-up phase for cluster organization and followed by 
a steady-state phase for data transfer to base station [1]. Generally 
steady-state phase is long as compared to set-up phase.

1. Set-Up Phase
Advertisement Phase.• 
Cluster Set-up Phase.• 
Schedule Creation.• 

In the advertisement phase, an advertisement packet is send by the 
cluster head to inform their neighbor nodes that they become the 
cluster heads, than that advertisement packet is received by the 
non-cluster head nodes with the strongest received signal strength 
[7]. Initially, when clusters are being formed, each node decides 
whether to become a cluster-head or not for the current round. 
This decision is depends on the number of times the node has 
been chosen cluster-head so far and desired percentage of cluster 
heads for the network. This decision is made by a sensor node n 
by choosing a number r between 0 and 1. If this number is less 
than a threshold T (n), the node will become a cluster-head node 
for the current round otherwise not [1]. The threshold is set as:

Where P = is the desired percentage of cluster heads, r = is the 
current round and G is the set of nodes which have been cluster 
head for last 1/P round
In cluster setup phase, the non-cluster head nodes decides to which 
cluster head they belongs and inform their respective cluster head 
that they become a member to that cluster and IDs are given to 
them by CSMA. After the cluster-setup phase, the cluster head 
knows the number of sensor nodes that belongs to cluster and their 
IDs. The steady-state phase begins after set up phase.
On the basis of received message, the cluster head forms a 
TDMA schedule, takes a CSMA code randomly, and broadcast 
the TDMA table to cluster member nodes telling each node when 
it can transmit. 

B. Steady-State Phase

Fig. 3: LEACH Protocol Phases
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Data transmission starts in this phase.  Sensor nodes send their 
data to cluster head during their allocated TDMA slot. The TDMA 
schedule uses minimum amount of energy for transmission. We can 
switch off the radio transceiver of each non cluster head node until 
its allocated TDMA time slot, to minimize the energy consumption 
of sensor nodes [7]. When all the data has been received, the cluster 
head combines this data and send it to the BS. Thus LEACH is 
capable to perform the local data aggregation in each cluster to 
reduce the amount of data and number of transmissions to the 
base station.

III. Modified LEACH
In modified leach protocol process of selecting cluster head is 
different from simple LEACH protocol. Instead of randomized 
selection, the cluster head selection is based upon the minimum 
distance to destination and maximum residual energy [7]. By 
considering these factors an optimal path has been chosen from 
sensor nodes to BS for transmission.
In first round cluster head selection is same as in LEACH protocol. 
After choosing a cluster head calculate the distance between cluster 
head and sensor node, node having least distance becomes part of 
that cluster [7]. Now cluster head receives data from sensor nodes, 
combine them and then transmitted to the BS. Now consumed 
energy is calculated and subtracted from remaining energy of each 
node, if a node has less energy than the minimum than that node 
is removed and the life time close.
In modified LEACH protocol more sensor nodes are alive for 
long time than simple LEACH protocol. Also modified LEACH 
reduces the energy consumption nearly to half than the simple 
LEACH protocol.

IV. I-LEACH
Improved LEACH protocol has been designed for heterogeneous 
wireless sensor networks. In I-LEACH the formation of cluster 
does not based upon the random probability criteria but cluster 
heads are formed by using concept of residual energy. And cluster 
formation take place using coordinate concepts where cluster are 
formed using x-value coordinates of nodes [5], which results in 
uniform distribution of cluster heads among the nodes. Also non 
cluster nodes need not required to transmit over a long distance. 
Thus more energy is conserved in I-LEACH protocol but still in 
terms of number of completed round this protocol is less efficient 
than PEGASIS [5]. To overcome this problem U-LEACH protocol 
is designed.

V. U-LEACH
Universal-LEACH protocol has been designed for heterogeneous 
wireless sensor networks. It is a chain based adaptive clustering 
protocol [8]. In it, cluster head selection depends upon the initial 
and remaining energy of the nodes. In a particular cluster, the 
information transfer between the nodes take place by forming 
a shackle, starting from farthest node towards base station [8]. 
Clusters are formed on the basis of coordinates of network area. 
Clusters are formed on the basis of x-coordinate value of sensor 
nodes [5]. Here upon sensing a physical quantity nodes sends 
information to cluster head and cluster head send information to 
master cluster head (MCH) which forward the entire information 
from the network to the base station [8]. Choice of cluster head 
is based upon initial and remaining energy rather than random 
selection as in case of LEACH. Also data from the nodes towards 
cluster head flows through a chain formation process, which is 
energy efficient mechanism. This routing protocol is a combination 

of I-LEACH and PEGASIS protocol [8]. This routing protocol has 
better stability and more energy saving as compared to I-LEACH 
and PEGASIS protocol.

VI. Q-LEACH
In traditional LEACH protocol cluster size and shape is not fixed 
i.e. dynamic. Thus node which is farthest from the cluster head 
suffer more energy drainage, due to that network performance 
degrades. In Q-LEACH whole network is partitioned into four 
parts [8]. By doing this better coverage of whole network is 
achieved. By partitioning cluster formed inside these partitions 
are more deterministic in nature. Thus inside a specific cluster 
nodes are well distributed which results in energy efficient energy 
consumption. Here concept of randomized clustering is applied to 
each cluster of each sub sector [9]. Network parameters are more 
efficient in Q-LEACH as compared to traditional LEACH.

VII. Conclusion
In this paper, we present a comprehensive survey of LEACH 
protocol and its various variant those minimizes the global energy 
consumption by distributing the energy load to all sensor nodes 
at different point of time. Here at different point of times, every 
node is acquiring the burden of data from other sensor nodes 
in a cluster and data is fused by cluster head in order to get an 
aggregate signal, and this aggregate signal is transmitted to the 
base station. Distributing energy load among the sensor nodes of 
a network is efficient in reducing global energy consumption and 
thus enhancing system lifetime. Various LEACH protocols will 
outperform conventional communication protocols, in terms of 
energy consumption, ease of configuration, and system lifetime 
or quality of the network
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