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Abstract— The job of developing a generic protocol 

framework for Wireless Sensor Networks (WSN) is 

challenging because, limited processing capabilities, 

memory and power supply of sensor node make it difficult 

to cater requirements of versatile applications of these 

networks. This paper simulates using Network Simulator 

NS2, analyzes and identifies the shortcomings of LEACH 

protocol. LEACH does not take into account residual energy 

and distance of node from the Base Station (BS) for the 

Cluster Head (CH) selection. We propose Improved-

LEACH, in which residual energy and distance of node 

from BS are used as parameters for CH selection. To save 

energy, we further propose to start the steady state operation 

of a node only if the value sensed by a node is greater than 

the set threshold value. The threshold value will be set by 

the end user at the application layer. Improved-LEACH is 

then qualitatively and quantitatively analyzed. The 

quantitative and qualitative metrics presented for 

comparison framework can be used to analyze tradeoffs 

produced by different WSN protocols. They can also be 

design guidelines for new WSN protocols. 
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I. INTRODUCTION 

A WSN is a network of sensors that, continuously observes 

a physical phenomena, processes observed data locally and 

wirelessly communicates information to central Base Station 

(BS). The BS analyzes information and initiates suitable 

response if required. The main objective of protocol design 

of this kind of network is to reliably detect/approximate 

observations from the combined data provided by sensor 

nodes and respect their limited energy, memory, and 

computing capabilities. This paper identifies deficiencies in 

LEACH, proposes techniques to overcome them, 

incorporates them in LEACH and hence proposes Improved-

LEACH (I-LEACH).  

The remainder of the paper is organized as follows: 

In Section 2, we discuss LEACH protocol and its working. 

The deficiencies in LEACH, techniques to overcome them 

and I LEACH protocol are introduced in Section 3. In 

Section 4, we provide simulation and analysis of LEACH, 

Energy LEACH and I LEACH. Finally, the paper is 

concluded in Section 5.       

II. LEACH PROTOCOL 

LEACH is a cross layered protocol architecture that 

combines medium access with routing to collect and deliver 

data to BS. The main goals of LEACH are: increasing 

network lifetime, decreasing network energy consumption, 

reducing number of communication messages by data 

aggregation. In order to achieve these goals, LEACH uses 

hierarchical approach and organizes the network into a set of 

clusters. Each cluster is administered by a selected CH. The 

CH does the task of creating TDMA-based schedule to 

assign a time slot to each Cluster Member (CM) for periodic 

data transmission to CH. CH then aggregates the data to 

remove redundancy among correlated values. Finally it 

transmits the aggregated data directly to BS. The function of 

LEACH is divided into rounds which are further organized 

in two phases as shown in Figure 1. The setup phase 

consists of CH selection and cluster formation followed by 

steady-state phase in which selected CH does data 

collection, aggregation, and delivery to BS. 

A. Setup Phase 

It starts with the self-election of nodes to become CHs. The 

self-election algorithm ensures that CH role rotates among 

nodes to distribute energy consumption evenly across all 

nodes.  

1) CH selection and rotation algorithm 

The CH selection algorithm is simple and lightweight using 

random choice for CH selection. This reduces the overhead 

for determining optimal CH. To decide if it is its turn to 

become a CH, a node, n, generates a random number, v, 

between 0 and 1. It then compares it with CH selection 

threshold, T(n) which is designed to ensure with high 

probability that a pre-etermined fraction of nodes, P, is 

elected as CH for each round. Threshold also ensures that 

nodes which served in past 1/P rounds are not selected as 

CH in the current round. To meet up these necessities, the 

threshold of a contending node n is articulated as follows: 

 
Where P is desired percentage of nodes which are 

CH, r is current round, G is set of node that has not been CH 

in past 1/P rounds. The nodes for which v<T(n), become 

CH. 

2) Cluster Formation Algorithm 

Every node that has opted to become a CH broadcasts its 

new role to the network using a non-persistent CSMA MAC 

protocol. On receiving the CH broadcasts, each non cluster 

head node (NCH) decides a cluster to join. The decision 

may be based on received signal strength of CH broadcast 

message, among other factors. The NCH, then inform 

selected CH their wish to become member of cluster. Once 

the cluster is formed, CH creates and distributes a TDMA 

based schedule to assign a time slot to each of its CM. To 

reduce inter cluster interference each CH selects a CDMA 

code, which is then distributed to all CMs. The completion 

of setup phase triggers beginning of the steady-state phase. 
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B. Steady State Phase 

During this phase, NCH nodes periodically collect sensor 

data and transmit it to CH in their allocated slots. The entire 

steady-state operation is broken into frames which are 

further broken into slots of constant duration. NCH nodes 

send collected sensor data to their respective CH at most 

once per frame during their allocated transmission slot and 

enter the sleep mode otherwise. Data transmissions are 

scheduled to avoid collisions and increase sleep time of each 

NCH node. With slots of constant duration, time to send a 

frame of data depends on the number of nodes in the cluster. 

III. LIFE TIME IMPROVEMENT OF LEACH 

The major deficiency of LEACH is that it uses probabilistic 

approach to select a CH which only takes care that nodes 

that have not already been CH till recent round r, may 

become CH in round r+1. The CH selection algorithm does 

not consider node’s residual energy and location with 

respect to BS. This kind of CH selection technique is not 

competent enough to ensure proper CH selection and it is 

quite possible that nodes located at long distances from BS 

and/or the ones having less residual energy may be selected 

as CHs. For efficient CH selection, mechanisms that 

consider the node’s distance from BS and its residual energy 

are required. The current implementation of LEACH is 

designed for applications requiring periodic detections 

which assume that sensors transmit data to their CH during 

their allocated TDMA slots. 

 
Fig. 1: Time line showing LEACH operation. 

This increases node’s energy consumption. Many 

Applications require information to be sent to BS only on 

occurrence of specific events and even for periodic 

detections it might require to send information only when 

there are significant changes in it. 

A. Proposed Technique: Improved-LEACH 

This threshold equation improves the life time of LEACH 

protocol due to Density and Energy Factor and Vicinity 

factor. So we add the three factor on threshold equation and 

improved the life time of LEACH protocol and make energy 

efficient. 

First Cluster formed to selection of CH check 

energy if great than 50% than check vicinity and Threshold 

Equation, add energy and density factor. Otherwise same as 

Leach.  

So, it becomes an easier for the nodes to be elected 

as CH. 

 ( )  
 

    (     
 

 
)
  ( (   )  (   ))    ( )  

The main steps of the proposed protocol are shown 

as follows:  

The algorithm is divided into round. 

1) Set up phase: 

 Each node calculate Selection of cluster-head are based 

on above equation consider energy and density factory 

and vicinity factor to the T (n). 

 If node select as cluster head than broadcast request 

from common nodes, with id to non-Chand assign the 

TDMA slot to non-CH. 

 Non-CH is wait for CH information and send the 

request to joining CH after TDMA slot information 

taken from CH. 

2) Steady state phase: 

 This phase perform as same LEACH.  

 Collect sense data from non-CH to CH and data 

aggregation  

 Send cluster head to base station. 

B. Flow Chart of Improved-LEACH 

 
Fig. 2: Flow Chart of Improved LEACH 

IV. SIMULATION AND ANALYSIS OF LEACH AND IMPROVED 

LEACH 
All the simulations were carried out using Network 

Simulator NS2 [4]. Table I shows the basic simulation 
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settings for all simulations. To reduce the occasionalism, 

twenty simulations with different seeds were carried out for 

each scenario and average values were adopted as the 

results. Compare the result of all graph of implementation 

and get the result of improved LEACH. LEACH, Energy 

LEACH, and Improved LEACH that three compare and 

implementation on NS2.  
Simulation Parameters Value 

Nodes 100 

Node position Random 

Network size 1000 m X 1000 m 

Number Of Cluster Head Node 5% 

Initial Energy of each sensor node 20 J 

Table 1: Simulation Settings For All Simulations 

Implementation Result Graph: Graph for Energy 

LEACH and Improved LEACH and see the result of data 

alive node and dead node also energy. 

 
Fig. 3: Time V/S Data 

 
Fig. 4: Time V/S Alive node 

Compare to data send to BS on Energy and 

Improved LEACH see the Fig 3 that is more data send to 

BS. Also Fig 4 see Alive node is more than energy LEACH 

so see the network of network if more. 

 
Fig. 5: Time V/S Dead node 

 
Fig. 6: Time V/S Energy 

Compare to dead node for Energy and Improved 

LEACH see the Fig 5 less. And Fig 6 energy consume of is 

less to energy LEACH so life time of network more 

improved. 

 
Fig. 7: Time V/S Data 

 
Fig. 8: Time V/S Alive node 

 

 
Fig. 9: Time V/S Dead node 
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Fig. 10: Time V/S Energy 

Fig 7 In this Graph show the on X-Time and Y-

Data node value for Leach, Leach energy and proposed 

leach. See the network Data packets is more send to energy 

leach so compare to conclude that is more data packets send 

to leach and energy leach. 

Fig 8 Leach and energy LEACH and Improved 

LEACH In this Graph show the on X-Time and Y-Alive 

node value for Leach, Leach energy and improved leach. 

See the network alive node is more for Leach, energy leach 

so compare to conclude that alive node more to leach and 

energy leach. 

Fig 9 Leach, Leach energy and Improved LEACH, 

In this Graph show the on X-Time and Y-Dead node value 

for Leach, Leach energy and Improved leach. See the 

network dead node is more of energy leach so compare to 

conclude that is dead node less to leach and energy leach. 

Fig 10 In this Graph show the on X-Time and Y-

Energy node value for Leach, Leach energy and Improved 

leach. See the network energy less consume to energy leach 

so compare to conclude that is node less energy consume to 

leach and energy leach. 

So implementation on NS2 and say that the alive 

node of improved leach is more to other and life time of 

network can increase also to network life time increase also 

to consume energy is less and dead node is less to other and 

send data packet is more to other so improved LEACH is 

energy efficient and improved protocol.  

V. CONCLUSION 

When designing protocol architectures for WSN, it is 

important to consider the severe energy constraints of the 

nodes, end application, data aggregation, ease of 

deployment, self-configuration of nodes and constraints of 

wireless Channel. These features are considered in LEACH, 

where amount of data transmitted is reduced by data 

aggregation at CH; energy savings is done by coupling 

media access and routing protocols. Since each node in 

LEACH probabilistically decides whether or not to become 

CH without considering node parameters, there might be 

cases when nodes with less residual energy and/or the ones 

which are far from the BS might be selected as CH and add 

vicinity. I-LEACH, our proposed work is improved LEACH 

in which CH selection is based on node’s Ecurrent/Einit and 

its distance from BS. To save energy, I-LEACH starts 

steady state operation only if the value sensed by a node is 

greater than set threshold value. Simulation results show that 

I LEACH outperforms LEACH in terms of network lifetime, 

amount of data transferred to BS against time taken and 

energy consumed. Calculation of energy and location of 

node, vicinity including them in the CH selection and 

getting the sensor reading threshold value from the 

application layer takes a little amount of time which 

increases network settling and join time and hence increases 

latency nominally. During our simulation we identified 

some more areas of improvement in LEACH as discussed 

next. The all nodes are capable of reaching BS and use of 

two hops to send data to BS decreases scalability of 

LEACH. Further as area of network increases, one hop intra 

and inter cluster routing scheme increases energy 

consumption and decreases network scalability. Clustering 

and CH selection for each round brings extra overhead at the 

beginning of each round, which may diminish the gain in 

energy. The improvement of these deficiencies and 

reliability of message is cost of energy that would be part of 

our future work. 
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