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Abstract: In recent years, there has been a growing interest in wireless sensor networks. One of the major issues in wireless sensor network is 
developing an energy-efficient routing protocol and enhancing nodes’ lifetime from routing’s aspect. LEACH includes the distributed cluster 
formation, local processing to reduce global communication, and randomized rotation of the cluster-heads. A wireless sensor network consists of 
hundreds or thousands of small energy-limited sensors that are densely deployed in a large geographical region. It has been demonstrated that Low-
Energy Adaptive Clustering Hierarchy (LEACH) is an energy-efficient routing algorithm for Wireless Sensor Networks (WSN).  
In this paper, we present a cluster head selection approach for LEACH. We state the principles of the LEACH and give the main flowchart and 
pseudo codes realizing LEACH. We improves the choice method of the cluster head, makes some nodes which have more residual energy as cluster 
heads in next round. 
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I. INTRODUCTION 

A wireless sensor network is composed by hundreds or 
thousands of small compact devices, called sensor nodes, 
equipped with sensors (e.g. acoustic, seismic or image), that 
are densely deployed in the large geographical area. Sensor 
nodes collaborate to be able to cope with the environment; 
they operate completely wirelessly and are able to 
spontaneously create an ad hoc network, assemble the network 
themselves, dynamically adapt to device failure and 
degradation, manage movement of sensor nodes, and react to 
changes in task and network requirements. These sensors 
measure ambient conditions in the environment surrounding 
them and then transform these data into electric signals which 
can be processed to reveal some characteristics about 
phenomena located in the area around these sensors. Therefore 
we can get the information about the area and locations which 
are far away. The applications may be environment control 
such as office building, robot control and guidance in the 
automatic manufacturing environments, interactive toys, high 
security smart homes and the identification and 
personalization [1]. Wireless sensor networks (WSN) are the 
products which are integrated in the sensor techniques, 
embedded techniques and distributed information processing 
and communication techniques.  

The appearance of the wireless sensor network is a 
revolution in information sensing and detection. Although 
there have been significant improvements in processor design 
and computing, advances in battery technology still lag 
behind, making energy resource considerations the 
fundamental challenge in the wireless sensor networks.  
Consequently, there have been the active research efforts on 
the performance limits of the wireless sensor networks. These 

performance limits includes the network capacity and network 
lifetime. Network capacity typically refers to the maximum 
amount of bit volume that can be successfully delivered to the 
base station (“sink node”) by all the nodes in the network, 
while network lifetime refers to the maximum time limit that 
nodes in the network remain alive until one or more nodes 
drain up their energy.  

Wireless sensor networks usually contain sensors, which 
are randomly and widely deployed. Sensors are powered by 
battery, which is impossible to get recharged after 
deployment. But sensor networks are designed to last. Thus, 
energy efficiency is an important issue in the sensor networks 
[1][2],[3],[4],[12]. Since routing consumes a lot of energy, an 
efficient routing scheme in sensor networks is also important. 

A. Three Types of Node used in the WSN: 
a. Micro-sensor nodes (MSNs):-The MSNs can be 

application–specific sensor nodes (e.g.; temperature 
sensor nodes (TSNs), pressure sensor nodes (PSNs), 
and video sensor nodes (VSNs) and they constitute 
the lower tier of the network. They are deployed in 
group s (or clusters) at strategic locations for 
surveillance or monitoring applications. The MSNs 
are small and low-cost. The objective of a MSNs is 
very simple .Once triggered by an event it starts to 
capture live information (e.g.; video), it sends directly 
to the local AFN. For each cluster of MSNs, there is 
one AFN, which is different from an MSN in terms 
of physical properties and functions. 

b. Aggregation and forwarding nodes (AFN):- Data 
aggregation (or “fusion”) for data flows from local 
cluster of MSNs, and forwarding (or relaying) the 
aggregated information to the next hop AFN (toward 
the base station) .For data fusion, an AFN analyzes 
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the content of each data stream (e.g.; video) it 
receives, from which it composes a complete scene 
by exploiting the correlation among each individual 
data stream from the MSNs. An AFN also serves as a 
relay node for other AFNs to carry traffic toward the 
base station. Although an AFN is expected to be 
provisioned with much more energy than MSNs, it 
also consumes energy than a MSNs, it also consumes 
energy at a substantially higher rate (due to wireless 
communication over the large distances). 
Consequently, an AFN has a limited lifetime. Upon 
depletion of energy at an AFN, we expect that the 
coverage for the particular area under surveillance is 
lost, despite the fact that some of the MSNs within 
the cluster may still have remaining energy. 

c. Base-station (BS):-The sink node for data streams 
from all the AFN in the network. In this 
investigation, we assume that there is sufficient 
energy resource available at the base station and thus 
there is no energy constraint at the base station. In 
summary the main functions of the lower tier MSNs 
are data acquisition and compression while the upper 
–tier AFNs are used for data fusion and relaying 
information to the base-station [3], [4], [5], [13], [21]. 

 

 
Figure1. Wireless sensor network 

II. LEACH PROTOCOL 

Low Energy Adaptive Clustering Hierarchy (LEACH) is a 
clustering-based protocol proposed by Wendi. In this paper, 
we propose an improved LEACH protocol for data gathering 
and aggregation. This protocol is a new protocol which bases 
on LEACH. Such innovation can extend the lifetime of the 
whole network due to much less energy dissipation for data 
transmission to basic station [5],[10]. 

LEACH utilizes randomized rotation of local cluster base 
stations (cluster-heads) to evenly distribute the energy load 
among the sensors in the network. LEACH uses the localized 
coordination to enable scalability and robustness for dynamic 
networks, and incorporates data fusion into the routing 
protocol to reduce the amount of information that must be 
transmitted to the base station [7], [10].  

A. Related Work: 
The operation of LEACH is broken up into rounds, where 

each round begins with a set-up phase, when the clusters are 

organized, followed by a steady state phase, when data 
transfers to the base station occur. In order to minimize 
overhead, the steady-state phase is long compared to the set-
up phase.  

In this paper, we described LEACH, a clustering-based 
routing protocol that minimizes global energy usage by 
distributing the load to all the nodes at different points in time. 
LEACH outperforms static clustering algorithms by requiring 
nodes to volunteer to be high-energy cluster-heads and 
adapting the corresponding clusters based on the nodes that 
choose to be cluster-heads at a given time. At different times, 
each node has the burden of acquiring data from the nodes in 
the cluster, fusing the data to obtain an aggregate signal, and 
transmitting this aggregate signal to the base station. LEACH 
is completely distributed, requiring no control information 
from the base station, and the nodes do not require knowledge 
of the global network in order for LEACH to operate.  
Here are the key features of LEACH are: 

a. Localized coordination and control for cluster setup 
and operation. 

b. Randomized rotation of the cluster “base stations” or 
“cluster-heads” and also the corresponding clusters. 

c. In LEACH, the operation is separated into fixed-length 
rounds, where each round starts with a setup phase 
followed by a steady-state phase. The duration of a 
round is determined priori.     

d. Local compression to reduce global   communication. 
 The use of clusters for transmitting data to the base station 

leverages the advantages of small transmit distances for most 
nodes, requiring only a few nodes to transmit far distances to 
the base station. However, LEACH outperforms classical 
clustering algorithms by using adaptive clusters and rotating 
cluster-heads, allowing the energy requirements of the system 
to be distributed among all the sensors [6],[7],[8],[13]. In 
addition, LEACH is able to perform local computation in each 
cluster to reduce the amount of data that must be transmitted 
to the base station. This achieves a large reduction in the 
energy dissipation, as the computation is much cheaper than 
the communication. 

B. Description of LEACH protocol: 
Main techniques of LEACH protocol include algorithms 

for distributing cluster forming, adaptive Cluster forming, and 
cluster header position changing. The technique of distributing 
cluster forming ensures self-organization of most target nodes. 
The adaptive cluster forming and cluster header position 
changing algorithms ensure to share the energy dissipation 
fairly among all nodes and prolong the lifetime of the whole 
system in the end. 

LEACH protocol provides a conception of round. LEACH 
protocol runs with many rounds. Each round contains two 
states:  

a. Cluster setup state: - In cluster setup state, it forms 
cluster in self-adaptive mode. 

b. Steady state:-In steady state, it transfers data.  
The time of second state is usually longer than the time of 

first state for saving the protocol payload [7],[9],[10],[12]. 
Figure 2 shows the process 
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Figure 2.Operation time of LEACH 

The flow chart of LEACH protocol is shown in figure3 

 
Figure 3. Flow chart of LEACH protocol 

The flow chart of cluster selection is shown in figure 4. 
 

 
Figure 4. Cluster formation of LEACH protocol 

The flow chart of different processes for these two kinds of 
node is shown in figure 5. 

 
Figure 5. Different processes of nodes in LEACH protocol 

C. Discussion of LEACH protocol: 
Two ideas of LEACH protocol are given in this paper. 

Details will be presented in the following two sub-sections:- 
a. The criterion of selecting cluster head node LEACH 

protocol randomly selects cluster head at each round. 
Therefore, some nodes maybe exhaust energy too 
quickly due to being selected as cluster head many 
times. In this paper, our modified protocol makes the 
nodes with more residual energy have more chance as 
cluster head and this will prevent the whole network to 
die too early. 

b. Multi-hop communication among cluster heads, In the 
Cluster heads directly communicate with sink in 
LEACH protocol. The energy consumption between 
cluster head and sink are greater than energy 
consumption among cluster heads, so cluster head will 
exhaust energy soon. Multi-hop communication can 
avoid the whole network from dying quickly and 
prolong the network lifetime by balancing the energy 
consumption among the network [15],[17],[18]. 

III. KEY ISSUES IN ROUTING PROTOCOL 

Different from traditional networks, a typical sensor 
network has a great number of nodes, which are scattered over 
a region of interest. All the sensor nodes sense and gather 
information in a coordinated manner, and then pass the sensed 
information to the BS over the path determined by the routing 
protocol. The sensor nodes have much smaller memories, 
constrained energy supply, limited computer ability and more 
redundant information.  
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In order to design a good protocol for wireless sensor 
networks, it is important to improve the following parameters:  

a. System lifetime: these networks should   function as 
long as possible 

b. Timely: it is important to receive the data from a sensor 
in a timely manner 

c. Quality: protocols should be designed to be the 
optimum manner of aggregate data. 

d. Autonomy: routing should be determined by a 
distributed algorithm. 

Because sensor nodes have irreplaceable batteries, it is 
essential that the network be energy efficient in order to 
maximize the life span of the network. Besides this, autonomy 
is an important issue for sometimes global information is hard 
or even impossible to achieve [5], [7], [8]. 

So, we mainly consider these two factors, the lifetime and 
autonomy in our paper. 

A.    LEACH Algorithm:  
LEACH is a protocol based on clustering hierarchy 

architecture. In this protocol, nodes are organized into 
different clusters each of which has a cluster-head and each 
cluster-head fuses data from its members before transmitting 
them to the base station. Sensors elect themselves to be local 
cluster-heads at any given time with a certain probability. In 
order to avoid cluster-heads dissipating too much power, 
cluster-head election and network rebuilding run periodically. 
LEACH is built on the following two assumptions:  

a. The base station is fixed and is far from   the sensors. 
b. All nodes in the network are   homogeneous and 

energy-constrained.         
The operation of LEACH is broken up into rounds, where 

each round begins with a set-up phase, when the clusters are 
organized, followed by a steady-state phase, when data 
transfers to the base station occur. In set-up phase, cluster-
heads are selected randomly and the randomicity ensures the 
high energy-consumption for data transmitting between 
cluster-heads and the base station is distributed among all 
nodes in the network evenly. As a node is elected to be 
cluster-head, it broadcasts an advertisement message which 
contains the information qualifying for the cluster-head. The 
other non-cluster-head nodes decide which cluster to join 
according to the strength of the advertisement signal. And the 
cluster-head advertisement heard with the largest signal 
strength is the cluster-head to which it belongs. Then it 
transmits a message back to the cluster-head to inform that it 
will be a member of the cluster. Based on the number of nodes 
in the cluster, the cluster-head node creates a TDMA schedule 
telling each node when it can transmit [12],[14],[16],[19],[20]. 
In steady-state phase, cluster members gather data 
continuously and send these data to certain cluster-heads in 
certain slots. The cluster-head nodes fuse these data and 
forward them to the base station. Cluster-heads are elected 
again in next rounds. 
 

IV. SELECTION OF CLUSTER-HEADS 

In TB-LEACH, competition for cluster-heads (CHs) no 
longer depends on a random number as in LEACH, and a 
random time interval instead. Nodes which have the shortest 
time interval will win the competition and become cluster 
heads. In order to obtain a constant number of cluster-heads, 
we set a counter. When the number of the counter has reached 
specified value, nodes no longer continue competition for 
cluster-heads [9], [13]. 

For example, here, the nodes need to elect four CHs. Every 
node in the network produces a random timer at the beginning 
of a round. When the timer expires, and if the number which 
node has received of CHs' advertisement messages 
(CH_ADV) is less than four, the node broadcast a CHs 
advertisement message to announce its CH status by using a 
non-persistent carrier-sense multiple access (CSMA) MAC 
protocol. Else, it can't become a Cluster-head.  

Once CHs are elected, the following processes are 
completely similar to LEACH. Of course, this algorithm is 
still a distributed algorithm, that is, nodes make autonomous 
decisions without any centralized control [8], [13], [14],[16], 
[18]. 

D. Flowchart and pseudo code: 
To describe this cluster formation algorithm furthermore, a 

flowchart is given in Fig.6.             
 

 
Figure 6. Flowchart of the cluster-head selection algorithm. 

Here, we present the pseudo codes of the Cluster Head 
Selection Algorithm: 
Networklnterface. ·: DecideCH (node i) 
if  HasbeenCH = YES 
then Random_timer = MAX_time 
Else Random_timer =Random_timer_generator (MAX_time) 
backoff (Random_Timer) 
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if ReceiveCH_ADV < 4 
then send (CH_ADV) 
set_CH ( ) 
HasbeenCH = YES 
else HasbeenCH = NO 

This abstract function contains the following members: 
Random_timer-generator( ) schedule a timer to expire delay 
seconds in the future. 
Backof( ) events following this method will be invoked upon 
timer expiration  
Send ( ) broadcast a message 

E. Simulation Parameters: 
a. Sensor nodes contain two kinds of nodes: sink nodes 

(no energy restriction) and common nodes     (with 
energy restriction); 

b. Nodes are randomly distributed in a area within 
80m×80m, and the efficient distance among nodes is 
15m; 

c. Suppose that every node knows its position, channels 
between sensor nodes are ideal, sending energy 
consumption is the same as receiving energy 
consumption, energy consumption in each round is 
0.05J, and initial energy of each node is 10J; 

d. Energy consumption between cluster head and sink is 
59 times of the energy consumption among common 
nodes; 

e.  Probability of being cluster head equals 0.04;     
f. Node sends data in every 0.5s, and sends data in 

every time interval at a random time by a TDMA 
slotted MAC (Medium Access Control) protocol; 

g. Network with same number of nodes still may have 
different performance due to network structure. In 
our simulation, the network topology is randomly 
built each time, and simulation results are averaged 
for 3 different network topologies. 

Our protocol is a routing protocol which based on LEACH 
described above with the introduction of related work. Such 
innovation can extend the lifetime of the whole network due to 
much less energy dissipation for data transmission to basic 
station. In this section, we will expatiate on the details of our 
protocol. The data transmission from sensor node to sink node 
may two-hop or multi-hops. In LEACH protocol sensor node 
transmit its data to sink node through two hops 
[5],[8],[11],[21]. After clustering, the typical LEACH work 
statement as follow figure7:    

 

 
Figure 7. LEACH work statement 

Considering the optimal routing, we can set up an optimal 
two-hop shortest path from sensor node to sink node. In our 
protocol, the initial hop is not selected from whole nodes, but 
randomly selected in some cluster heads. Therefore, the 

calculate complexity of optimal route is greatly reduced than 
the calculate complexity of overall route. In our new 
algorithm, we can get a new clustering based on Fig.7 as 
follow: 
 

 
Figure.8 Improving protocol cluster 

In our new protocol, it can make the cluster head closed to 
sink node as much as possible. The operation of the novel 
protocol is broken up into four steps: 

a) Cluster heads are randomly selected in the sensor 
network;  

b) Each cluster head broadcast its location information to 
sensor node by certain power and direction; In this 
phase, the certain power and direction for the sake of 
save energy. Figure7 shows clearly that the cluster head 
unnecessary send information to the node which is 
closer to sink. In a large scale and evenly distribute 
network, if the distance between cluster head and sink 
node is obvious father than the distance between all 
nodes and sink node, the cluster head is impossible 
selected to transmit information. 

c) When nodes receive the information which are 
transmitted by cluster head, each node select a cluster 
node i. Then, the cluster node I has to satisfy the 
condition that the solution to KDi a  + KLia is minimum. 
(k is proportion coefficient, di 

  is the distance between 
node and cluster head i, L i is the distance between sink 
and cluster head i, a is path consumption factor) 

d) After a certain period of time, nodes select the cluster 
head again, repeat the   upper steps 

Based on the upper process, we can get a typical cluster 
structure figure as follow: 
 

 
Figure.9. cluster structure 

In Fig.9, the black solid dot in the centre of network is sink 
node; the small black dot is node. The deep gray dot is cluster 
head; the grayish is the cluster head which is randomly 
selected in the first step and blank out in the second step. In 
Fig.9 concentric round above the node is the node which is not 
receive data from cluster head in the second step, the node 
communicate with sink node directly or sleep. 

Fig9 shows each cluster has difference, if the sink node 
locates in the centre of the roundness network, the cluster head 
which locate at 1/2 radius may has a lot of node as its member 
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node. This will lead the cluster size asymmetry, the size of 
cluster far from sink node bigger than the cluster close to the 
sink node. To solve this problem, we divide the big size 
cluster     again. This solution is to ensure the lowest layer 
cluster has minimized overcast radius [5],[12],[19],[20]. 

V. CONCLUSION AND FUTURE SCOPE 

In this paper, we analyzed the methods of reducing energy 
dissipation used in clustering-based routing protocol LEACH. 
We proposed a multi-hop routing protocol with LEACH (Low 
Energy Adaptive Cluster Hierarchy) to minimize the energy 
consumption of sensor nodes. According to principles 
mentioned in part4, the cluster heads will select new cluster 
heads in field of their own cluster for the followed rounds. 
LEACH achieves better performance and has good robustness 
and adaptability too. It is suitable for applications in the large-
scale WSN .Such improvement consequently assure the   
improvement of the overall WSN lifetime.   

The future scope of this paper is that we can establish the 
Homogeneous network and we also establish that network 
which have maximum live time.  
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