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Abstract— In this paper, better cluster head management in 

LEACH protocol is done by using simulated annealing 

algorithm by dispersing the CH nodes throughout the 

network.  Simulation is done using network simulator NS 

2.34. Simulation is done for three performance metrics: total 

alive nodes, total data transmitted and total energy 

consumed. Simulation results show that the performance of 

LEACH_SA is better than LEACH protocol. 
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I. INTRODUCTION 

Wireless sensor networks are heterogeneous system 

consisting of multiple detection stations called sensor nodes. 

These sensor nodes are capable of monitoring and 

processing data from one geographical location to some 

remote location. Remote location is known as base station. 

The following diagram shows generalized architectural view 

of WSNs [1]. 

 
Fig. 1: Architectural view of WSNs 

Each SN is responsible for sensing a desired event 

locally and for relaying a remote event sensed by other SNs 

so that the event is reported to the destination through BS. 

Wireless Sensor Networks are characterized by: 

 Limited power they can harvest or store 

 Ability to cope with node failures 

 Heterogeneity of nodes 

 Large scale of deployment 

 Mobility of nodes 

 Communication failures 

 Dynamic network topology 

 Ability to withstand harsh environmental 

conditions 

Wireless Sensor Networks offers a rich, multi-

disciplinary area of research, in which a number of tools and 

concepts can be applied to address a whole diverse set of 

applications. Area monitoring is a very common application 

of WSNs. In area monitoring, the WSN is deployed over a 

region where some physical activity or phenomenon is to be 

monitored. When the sensors detect the event being 

monitored (sound, vibration), the event is reported to the 

base station, which then takes appropriate action. WSNs are 

now widely used in industries, for example in machinery 

condition based maintenance. Previously inaccessible 

locations, rotating machinery, hazardous or restricted areas, 

and mobile assets can now be reached with wireless sensors.  

A. WSNS Consist of Different Types of Routing Protocols: 

1) Depending on network strategy, there are different 

types of routing protocols can be classified as Flat 

based routing protocol, hierarchical-based routing 

protocol and location-based routing protocol. 

 
Fig. 2: Network structured based routing protocol 

 In flat based routing, all the nodes in the topology are 

assigned the same functionality or role.  

 In hierarchical based routing, nodes are assigned 

different roles or functionalities according to the 

hierarchy. 

 In location-based routing, routing path for the data is 

decided according to the sensor nodes position in the 

field. 

2) Depending on the protocol operation, routing protocols 

can be classified into multipath based, query based, 

negotiation based, QOS based, or coherent based 

routing. 

 
Fig. 3: Protocol operation based routing protocol 

 In multipath-based routing, multiple paths are used to 

enhance network performance i.e. fault tolerance, 

balance energy consumption, energy efficiency and 

reliability. 

 In query-based routing, destination nodes propagate a 

query for data. Usually these queries are described in 

natural language or high-level query language. 
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 In negotiation-based routing, high-level data 

descriptors are used in order to eliminate redundant 

data transmissions through negotiation. 

Communication decisions are also made based on the 

resources available to them. 

 In QOS based routing, a balance between energy 

consumption and data quality is maintained. 

 In coherent based routing, the data is aggregated with 

minimum processing before forwarding. Here, energy 

efficiency is achieved by path optimality. 

B. Clustering 

In clustered based approach, sensor nodes in network are 

organized into clusters and each node in network is 

governed by a CH. The nodes in each cluster can exchange 

messages with their respective Cluster Heads and these 

Cluster Heads send messages to a BS which is usually an 

access point (AP) connected to a wired network. Clustering 

level can be extended hierarchically to greater depths. 

Clustered architecture is useful for sensor networks because 

of its inherit suitability for data fusion. The data gathered by 

all nodes of the clusters can be fused at the Cluster Head and 

only the resulting information needs to be communicated to 

the Base Station. 

C. Leach Protocol 

Heinzelman et. al introduced hierarchical clustering 

algorithm for sensor networks called LEACH. Hence, 

LEACH is the first network protocol that uses hierarchal. It 

arranges the nodes in the network into small clustering and 

chooses one of them as CH. Nodes first sense its target and 

then sends the relevant information to its CH. Then, CH 

aggregates and compress the information received from all 

the nodes and sends it to the BS. The nodes chosen as CH 

drain out more energy as compared to other nodes as it is 

required to send data to the BS which may be far located. 

Hence, LEACH uses random rotation of the nodes required 

to be the CH to evenly distribute energy consumption in the 

network. The operation of LEACH is divided into rounds or 

phases: 

 Setup phase 

 Steady State phase 

In setup phase, clusters are formed and CH is 

chosen for each cluster while in steady state phase, data is 

sensed and sent to the central BS. The steady state phase is 

longer than setup phase. This is done in order to minimize 

the overhead (OH) cost. 

 
Fig. 4: Setup and steady state phase 

D. Energy Consumption IN WSNS 

The energy consumption in wireless sensor networks occurs 

in three domains:  

1) Sensing,  

2) Communication  

3) Data Processing.  

When sensing messages, the sensors consume the 

energy. Communication is the major consumer of energy. 

The relation between energy consumption and 

communication range in WSNs is given by  

E = kdn 

Where E is the energy consumption, d is the 

communication range, and 2<n<4, k is a constant. From the 

formula, we can see that the longer the range is, the more 

the consumption is. And the data processing also consumes 

energy. 

The factors of energy consumption of routing layer 

are as below:  

1) First is the transmission of control message. Most of 

the routing protocols for wireless sensor networks need 

to send hello packets and other control messages, 

which consume much energy.  

2) Second is the complexity of the routing arithmetic. The 

more complex the routing arithmetic more energy is 

consumed packets.  

3) The third energy waste occurs as a result of control 

packet overhead, so we should use a minimal number 

of control packets. The fourth reason is overhearing. It 

means that a node receives the packets. 

II. RELATED STUDY 

Nazia, et al. (2012)  aimed to build a WSN in which CHs are 

uniformly selected based on the remaining energy of the 

sensor nodes such that each sensor node remains inside the 

transmission range of CHs so that network lifetime can be 

increased. In this paper, routing protocol U-LEACH that 

consists a technique for selecting cluster heads and their 

corresponding clusters is proposed. It is considered that 

initially all the nodes are homogeneous. The node with 

maximum remaining energy advertises itself as the first CH. 

Then the first CH selects an area in which no other node can 

advertise itself as the CH. After that another CH is selected 

from rest of the network.  In this way, the whole network is 

divided into some predefined areas. Each area contains one 

CH and all the nodes in that area constructs a cluster. No 

single node remains outside the area. In this way, all cluster 

heads are uniformly distributed throughout the network [2].  

XU, et al. (2012) proposed an improved algorithm 

ICCA choosing cluster head based on the LEACH protocol, 

which adopts remaining energy as principle in order to save 

the nodes energy, enlarge the network’s overall lifetime and 

improve vigorousness of WSNs. The LEACH can’t 

guarantee that each round may select cluster heads, but in 

ICCA cluster heads were chosen at the end of the last round 

so as to avoid that problem. The key point of ICCA was to 

build the remaining energy table, which reduces the 

processing time and energy to choose cluster heads. CH 

creates a table containing two fields, one is node ID and the 

other one is the Remaining Energy (RE). In steady-state 

phase, every node sends data with the remaining energy, and 

cluster head receives the data, and gets the remaining energy 

to update the RE field with the same ID in energy table. At 

the end of the round, it will choose one new cluster head to 

ensure that it contains maximum energy in every round. 

Moreover, ICCA made easier to choose cluster heads and 

has higher vigorous than LEACH. But it also needs 

additional space to store remaining energy table and 

additional time to update it, which needs further study and 

improvement [3]. 

Liansha, et al. (2011) proposed an improved 

energy-efficient communication protocol for wireless sensor 

networks (WSNs) in the presence of distributed optical fiber 
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sensor (DFS). Links located at the center of WSN fields 

based on the low-energy adaptive clustering hierarchy 

(LEACH) protocol. Proposed energy-efficient 

communication protocol, called O-LEACH, for wireless 

sensor networks that consist of DFS links and randomly 

scattered wireless sensor nodes. Survival round numbers of 

WSN nodes are simulated for various cases using different 

parameters. Network performances in terms of lifetime of 

nodes are simulated for the cases that two WSNs can or 

cannot communicate with each other. The lifetime of such 

sensor network with rectangular topology is further 

investigated.  The lifetime of the situation that two WSNs 

are isolated is more than 20% better than that of the case 

where nodes inside two WSN fields are reachable to any 

live nodes within the whole sensor field. This can be a 

deployment guideline for such hybrid sensor networks [4]. 

Wendi, et al. (2002) developed and analyzed low-

energy adaptive clustering hierarchy (LEACH), a protocol 

architecture for micro-sensor networks that combines the 

ideas of energy-efficient cluster-based routing and media 

access together with application-specific data aggregation to 

achieve good performance in terms of system lifetime, 

latency, and application-perceived quality. In this paper, 

LEACH includes a new, distributed cluster formation 

technique that enables self-organization of large numbers of 

nodes, algorithms for adapting clusters and rotating cluster 

head positions to evenly distribute the energy load among all 

the nodes, and techniques to enable distributed signal 

processing to save communication resources.  Networking 

together hundreds or thousands of cheap micro-sensor nodes 

allow users to accurately monitor a remote environment by 

intelligently combining the data from the individual nodes. 

These networks require robust wireless communication 

protocols that are energy efficient and provide low latency. 

The results showed that LEACH can improve system 

lifetime by an order of magnitude compared with general-

purpose multi-hop approaches [5]. 

III. PROPOSED WORK 

LEACH_SA protocol based on LEACH protocol is 

proposed to balance the energy consumption. In LEACH 

protocol energy consumption is a key factor to be 

considered that affects the performance of routing protocols. 

As the communication between CHs and the BS needs much 

more energy than common nodes hence the amount of data 

to be transmitted to BS must be limited to conserve energy 

hence aggregation function is applied to data at CH before 

sending to BS. As clusters are adaptive in nature because of 

random selection of clustering set up it will affect overall 

performance of LEACH protocol. In order to enhance 

LEACH energy efficiency and hence network lifetime 

LEACH_SA is proposed. LEACH_SA uses simulated 

annealing algorithm to enhance network life time. By the 

use of simulated annealing algorithm, better clusters may 

produce by dispersing the CH nodes throughout the 

network. Then a routing between CHs is established to 

reduce the amount of nodes which communicate with the 

BS. Only one CH transmit data to the BS and each CH 

transmits data by using data fusion phase only to local 

neighbor CHs. then further improvement in energy cost can 

be achieved also. 

A. Performance Metrics 

We have used some of the performance metrics total energy 

consumed, total data transmitted and total number of nodes 

alive and comparison of our proposed algorithm is with 

LEACH protocol. The metrics are as follows: 

 Total  Energy Consumed 

 Total Data Transmitted 

 Total Number of Nodes Alive 

1) Energy Consumed 

Energy is consumed in various operations like transmitting 

data, receiving data, encrypting data, choosing different CHs 

in each round. The performance of protocol is better whose 

energy consumed is less than the other.  

2) Data Transmitted 

Data transmitted is the number of bits transmitted per 

seconds. It is represented in bits per second or packets per 

seconds. The protocol which transmits larger amount of data 

as compared to other protocol is better. 

3) Number of Alive Nodes 

The nodes which are alive after each round can take part in 

next round. More the number of nodes alive more the data 

can be transmitted and energy will be distributed equally. 

The protocol which has more number of alive nodes after 

each round performs better and efficiently. 

Parameter Value 

Simulation Time 500s 

No. of Nodes 100 

BS location variable 

Numbers of CH 5 

Maximum X-coordinate 100 

Maximum Y-Coordinate 100 

Initial node energy 0.5 

Traffic Type CBR 

Routing Protocol LEACH 

Observation Parameters 
Consumed Energy, Data 

Transmitted, Alive nodes 

Table 1: Simulation Parameters 

IV. RESULT 

A. Total Energy 

As energy consumption is one of the major issues in WSNs. 

If energy consumption is less then network lifetime will be 

more. The graph compares the energy consumption for 

LEACH and LEACH_SA routing protocol. The graph is 

plotted for different number of rounds and different values 

of energy. 

 
Fig. 5: Plot Between Energy and Number of Nodes 
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From the figure it is noted that total energy 

consumed by LEACH protocol and for LEACH_SA 

protocol is approximately equal. Only for some number of 

nodes it varies. Hence, in short energy consumption by both 

protocols are equal. 

B. Total Data  

Figure 6 shows comparison of total data transmittion for  

LEACH and LEACH_SA  routing protocol. This graph is 

plotted between total data transmitted and number of nodes. 

 
Fig. 6: Plot between data and number of nodes 

From the figuer it is noted that total data 

transmitted by LEACH protocol and for LEACH_SA 

protocol is approximately equal. Only for some number of 

nodes it varies. Hence, in short total data transmission by 

both protocols is same. 

C. Total Alive Nodes 

As more number of alive nodes, more will be the network 

life time and hence more will be the data transmission. The 

graph is plotted for different number of nodes of LEACH 

and LEACH_SA routing protocol. 

 
Fig. 7: Plot between alive nodes  and number of nodes 

This Figure shows that during some duration total 

alive nodes are equal for both protocol and after that alive 

nodes rapidly start to diminish for LEACH protocol as 

compared to LEACH_SA protocol. Hence, for some extent 

proposed protocol is more better.  

We will simulate LEACH_SA for evaluating 

network performance and then compare the results with 

existing LEACH and O-LEACH with same simulation 

parameters. Energy is distributed equally to all the nodes. 

Initial energy is considered to be 0.5 joules to all the sensor 

nodes and if energy falls from 20 to 0 then a node is 

considered to be dead. 

Routing Protocol No. of Rounds 

LEACH 850 

O-LEACH 1060 

LEACH_SA 3000 

Table 5.3: No. of Rounds  for LEACH, O-LEACH and 

LEACH_SA   

Result shows network performance based on no. of 

rounds. The result shows better network performance for 

proposed LEACH_SA as compared to existing LEACH, O-

LEACH. The plot shows that number of alive nodes are 

more and more number of rounds in LEACH_SA as 

compared to LEACH and O-LEACH. Network scenario is 

considered for 100 nodes. The plot shows that for 3000 

rounds 100 nodes are alive while in O-LEACH and LEACH 

100 nodes alive for 1060 and 850 rounds respectively. 

Hence LEACH_SA gives better network performance. 

 
Fig. 8: No. of alive nodes for LEACH, O-LEACH and 

LEACH_SA 

V. CONCLUSION 

In this paper, we have presented better cluster head 

management in LEACH protocol by the help of simulated 

annealing algorithm. We have observed different 

performance metrics behavior of LEACH protocol with 

LEACH_SA protocol. Simulation results are observed for 

three performance metrics. It is observed that  total energy 

consumed and total data transmitted for both protocols are 

approximately equal but total number of alive nodes in 

LEACH protocol after some duration starts to diminish 

rapidly as compared to LEACH_SA protocol. Hence, 

proposed protocol is more better in comparison to LEACH 

protocol. 
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