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Abstract:  

Wireless Sensor Network (WSN) are collection of spatially distributed autonomous tiny, cheap, low power and smart sensors 

which cooperatively pass their data to a main location i.e. sink or base station through the network. Energy is the most important 
factor in WSN as sensor nodes have limited battery power and are deployed in regions where they are hard to recharge or replace. 

This paper presents an energy-efficient E-LEACH protocol, which utilizes multi-hop path selection scheme in order to eliminate 

direct communication of cluster heads with the base station if the distance between them is large, thus preserving energy. To 

validate design, the proposed scheme is implemented in Mannasim. Simulation results show that E-LEACH reduces the overall 

energy consumption, as compared to other clustering protocols, prolonging the lifetime of sensor network.  
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I. INTRODUCTION 

Wireless sensor network (WSN) is a kind of self-organizing 

network which consists of a number of sensors that are small 

in size, having limited processing and computing 

resources[1][2]. Sensor networks can be wired, wireless, 

infrared, or in some other communication modes, yet the 

short-range wireless low-power communication mode are 
more popular [1][3]. Wireless sensor nodes integrate 

information collection, data processing, wireless 

communication and many other functions, in a single unit and 

they work together in order to form powerful sensor networks. 

WSNs can fulfill the real-time task of monitoring, sensing, 

collecting data and processing, transmitting information to 

users [4]. The sensor nodes depend on battery as the main 

power source, which get depleted at a fast rate because of the 

computation and communication operation that these nodes 

have to perform. In many cases, these sensor nodes are 

deployed in hostile regions, making it undesirable or 
impossible to recharge or replace the batteries. Hence, 

extending WSN lifetime is one of the most critical issues 

[5][6][7]. 

The rest of this paper is organized as follows: In Section II, 

related works are presented. E-LEACH protocol is described 

in Section III, along with preliminaries. The simulations 

results are shown in Section IV. Finally, the paper ends with 

conclusions (Section V). 

II. LITERATURE SURVEY  

In [8], authors proposed S-MAC (Sensor-MAC), a medium-

access control (MAC) protocol designed for WSNs. In S-

MAC, to reduce energy consumption in listening to an idle 
channel, nodes periodically switch to sleep state. Neighboring 

nodes form virtual clusters in order to auto-synchronize on 

sleep schedules. S-MAC also sets the radio to sleep mode 

during transmissions of other nodes. It uses in-channel 

signaling. In order to reduce contention latency for those 

sensor network applications which requires store-and-forward 

processing, S-MAC applies message passing. 
In [9], authors proposed PD-MAC (Packet Decision), an 

enhanced protocol which ought to additionally pursue 

principles of S-MAC, such as synchronization, adjacent 

clustering, RTS/CTS/ACK handshake mechanism, periodic 

listen/sleep purpose, data packets separation and transmission 

and so on. In addition to these principles, PD-MAC is 

projected to deal with the redundant packets.  Thus it reduces 

delay and number of packet transmission. 

In [10], authors proposed compressed handshake media access 

control (CH-MAC) which introduces a new handshake 

mechanism with implicit RTS in order to achieve the object of 
low delivery latency and an initiative sleeping mechanism in 

order to settle the hidden terminal problem. Simulation results 

show that the proposed protocol outperforms SMAC protocol 

in energy consumption and packet latency. 

In [11], authors proposed LEACH (Low-Energy Adaptive 

Clustering Hierarchy) protocol which is a cluster-based MAC 

protocol. It can conserve energy of WSN on a large degree as 

compared with the traditional protocols. In LEACH, all the 

nodes in the network are divided into several clusters, and the 

cluster heads (CHs) are selected randomly among them.  

There is no central authority (or nodes) to control the selection 

or for coordinating the selection process, so the CH selection 
algorithm of LEACH is a distributed algorithm, where each 

node independently decides whether to become a CH. It may 

result in a node with little residual energy being chosen as a 

cluster node, hence energy of the node will get depleted soon, 

and thus it results in shortening the entire network lifetime. 

The typical characteristics of LEACH: creation and operation 

of the cluster locally; rotation of CH nodes; and local data 

aggregation by CH in order to reduce the overall traffic. 

Authors in [12] proposed CAL-MAC (Coordinated Adaptive 

Listening-MAC) which is a low-delay MAC protocol for 
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WSN. It adopts coordinated adaptive listening mechanism 

based on cross-layer optimization within the framework of S-

MAC. In the mechanism, sensor nodes perform coordinated 

adaptive listening which depends on the routing information. 

Numerical analysis shows that CAL-MAC reduces the delay 

and guarantees the energy efficiency. 

Authors in [13] proposed LEACH-C (LEACH Centralized) 

protocol which is an enhancement to LEACH in which the 

location information as well as the residual energy value of all 
the nodes will be sent to the base station at the starting of each 

round. The base station receives these information and 

calculates the average energy value of all nodes, the nodes 

with residual energy higher than average are considered as the 

candidate for CH election, then the base station will select a 

group of CHs from these candidate using the simulated 

annealing in order to minimize the objective function. Finally 

the CH group will be broadcasted to the network. If the node’s 

own ID is present in the CH group it received, the node will 

put itself as a CH; otherwise, the node will establish the 

contact with the corresponding CH, and transfer data to the 

CH in the corresponding TDMA slot. The result of LEACH-C 
depends on the number of iterations and the choice of the 

annealing method.  

III. PROPOSED PROTOCOL 

The proposed protocol E-LEACH (Energy-efficient LEACH) 

is an enhancement made to LEACH protocol, in order to 

achieve more energy-efficiency. For this, it eliminates some of 

its demerits of LEACH, such as: 

a. In LEACH, each CH communicates with BS directly 

without considering the distance between CH and 

BS. It will consume lot of its energy if the distance is 

far.  
b. Also, the nodes closer to BS also joins clusters in 

order to send their data to sink, irrespective of 

whether the distance between them and CH is more 

or distance between them and BS.  

 

E-LEACH is an energy efficient hierarchical cluster based 

protocol that distributes energy load evenly among all sensor 

units in the network. It is characterized by 

1.) CH selection based on average energy consumption 

and residual energy of nodes  

2.) Multi-hop inter-cluster communication that chooses a 
multi-hop path with minimal communication cost 

from each node to the BS. 

3.) Direct communication by nodes near to the BS. 

 

Only the nodes with higher residual energy become CHs. 

Cluster members send data directly to the CH. CH aggregates 

the data and transmit to the BS through the multi-hop routing 

backbone. If the cost for direct data transfer is less when 

compared to communication through the CH, nodes send data 

directly to the BS. Thus the overhead of intra cluster 

communication is minimized for CHs near the BS which will 

prevent them from dying soon. Also nodes send data through 
the path with minimum communication cost which reduces 

cost per data packet. All these factors prolong the network 

lifetime. Data transmission in E-LEACH is shown in Fig. 1. 

 

 
Figure 1 Energy Efficient Multi-hop E-LEACH 

 

3.1. NETWORK MODEL 

The sensor network consists of sensor nodes which are 

randomly distributed. It assumes the following properties:  

1.) All nodes are stationary and the BS is at the centre.  
2.) All nodes are homogenous and energy constrained.  

3.) Energy consumed for sensing and processing the data 

is not considered.  

4.) Nodes are location unaware. But each node can 

compute the distance to another node based on the 

signal strength of received message.  

5.) Nodes sense the environment continuously and send 

the data at a fixed rate.  

 

3.2. ENERGY MODEL 

For computing the energy dissipation for communication, it 
uses both free space model (d2 power loss) and multi- path 

fading model (d4 power loss) depending on the distance 

between transmitter and receiver. Energy required to transmit 

a k-bit message over a distance d is 

          
                         

                         

    

  (1) 

Where the threshold distance d0 is 

    
   
   

                                                                             

where Eelec is the energy needed to run the radio,  mp and 

   is the energy required to run the transmitter amplifier 

depending on the distance d. To receive a k-bit message, 

energy consumed is 

                                                                        
Data gathered from neighboring nodes are redundant and 

highly correlated. Hence data is aggregated at the CHs. Energy 

dissipated for aggregating m messages of k bits each is 

                                                                             

 

3.3. OPERATION OF E-LEACH 

The operation of E-LEACH is broken into rounds where each 

round consists of 2 phases: set-up phase and steady state 

phase. During the set-up phase, clusters are organized and 
multi-hop path is chosen from each CH to the BS. CHs are 

rotated in each round depending on the average energy 

consumption and residual energy of nodes. The data 

transmission takes place in the steady state phase. To 

minimize network overhead, steady state phase is longer than 

set-up phase. 
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3.3.1. Set-up phase 

During the set-up phase, CHs are selected, clusters are formed 

and multi-hop path from each CH to the BS is chosen. 

Flowchart for set-up phase is given in Fig. 2. 

a. Cluster Head Selection 

At the beginning of set-up phase, each node sends their 

respective residual energy values to BS. After receipting this 

information, BS calculates the average energy value of all 

nodes. BS chooses a random number between 0 and 1 for each 
node and then, computes the threshold T (n) as follows: 

      

 

               
          

            

                  

       

         
    

             

                

                                  

Where p is the desired percentage of CHs, r is the current 

round, G is the set of nodes that have not become the CH in 

last 1/p rounds, Eres is the residual energy and Eavg is the 

average energy consumed by the node n. If the chosen random 

number < T (n), then those nodes becomes the CHs for the 

current round r. The CH_ADV (cluster head advertisement) 

message will be broadcasted to the network. 

 

  

b. Multi-hop path Selection 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 2 Set -up phase of E-LEACH 
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Once CHs are selected, BS at the center sends CH_ADV 

message to its neighbors which are then propagated 

outwards by CHs. CH_ADV message contains a 
communication_cost field that consists of cost metric of the 

BS/ CH that has sent the message. Initially cost metric is 

zero at the BS and infinitely large value at each CH. 

When a CH v receives CH_ADV message from BS/ CH u, 

communication cost metric c is computed as follows: 

   
        

        
        

        
                                       

where C(u) is the cost metric at u and duv is the distance 

between u and v. The cost metric at v is 

                                                            
Each CH v receives CH_ADV message from multiple 

CHs/BS, computes cost metric for each using equation (7) 

and choose the minimum cost metric c’ after t’ time from the 

receipt of first CH_ADV message where t’ is the 

propagation delay (delay for transmission from previous 
node) for the first CH_ADV message received. If cost metric 

c’ is computed when CH v received CH_ADV message from 

u, then u is selected as the next hop of v in the multi-hop 

path to the BS. Also CH_ADV message with 

communication_cost field updated as C v  = c’ is sent to v’s 

neighbors. If a CH receives at least one CH_ADV message 

after sending the first CH_ADV message, cost metric is 

computed.  

If the CH’s cost metric is updated, then a CH_ADV message 

is sent with updated communication_cost field. Thus by 

propagating cost via CH_ADV message (BS to outwards), 

multi-hop path with minimum communication cost from 
each CH to BS is determined. 

c. Cluster Formation 

From the CH_ADV messages received, each member node 

chooses the nearest CH based on the signal strength of 

received CH_ADV messages. If direct communication cost 

to BS is less when compared to communication cost via CH, 

then the node sends data directly to the BS. Otherwise it 

decides to join the cluster with nearest CH. Once each node 

decides the cluster in which it belongs to, the node sends 

JOIN message to the CH. When CH receives JOIN message 

from all nodes that would like to join the cluster, it creates a 

TDMA schedule and broadcast the schedule to all member 

nodes. Thus clusters are organized.  
 

3.3.2. Steady state phase 

Data transmission occurs in the steady state phase. Fig. 3 

gives the detailed flowchart. 

 

 
Figure 3 Steady state phase of E-LEACH 

 

Once cluster members receive BEGIN message from the 

CH, each member node sends data in the allotted time slot. 

The node can turn OFF its radio except its transmission time 

to minimize the energy dissipation. The CH must keep its 

receiver ON to receive data from member nodes. After 

receiving all the data, data aggregation is performed and 
aggregated data is sent to the BS via multi-hop backbone. 

I. SIMULATION RESULT 

Mannasim has been taken as the simulation platform, it is 

assumed that there are 30 common nodes in an area of 

100*100m, and the location of the nodes is generated 

randomly. Simulation parameters are shown in table 1.

  
 

Table 4.1 Simulation Parameter for WSN Protocol 

Parameter Value 

Simulation Time(m-sec) 100 

Area 100x100 m 

MAC Protocol RCA Link Layer 

Routing Protocol AODV 

Traffic Source Temperature Data Generator 

Seed[st.pt] Clock seconds 

Transmission Range 100m 

Node Placement Flat Grid 

Number of Common Nodes              30 

Packet Queue Queue/DropTail  200 

 

The positions of common nodes, base station and CH are shown in fig. 4. 
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Figure 4 Node positioning in 100x100 area with BS Positioning at 50x50 in Middle of Field 

 

The performance of the proposed E-LEACH protocol has 

been evaluated based upon energy consumption, latency and 

throughput. In the simulation, no mobility is assumed. 

Traffic load has been varied by changing the packet inter-

arrival time on the source node. The packet inter-arrival time 
changes from 1 Sec to 10 Sec for sensed temperature data. 

Under each traffic condition, the simulation is independently 

carried out for 10 times. Here, performance of E-LEACH 

has been evaluated and compared it with the standard 

LEACH, S-MAC, PD_MAC and CAL-MAC, with 10% duty 

cycle. Comparison graphs are shown in fig. 5, 6, and 7. 
 

 

 
 

Figure 5 Average Energy Consumed of Nodes with Packer Interval Period 

 

The above figure shows that E-LEACH minimizes overall 

energy consumption by eliminating the need of direct 

communication between CHs and base station if cost of 

direct communication is large. Also, the nodes nearer to base 

station can send data directly to it, which also conserves 

energy, and thus achieves more energy-efficiency as 

compared to the other protocols. 
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Figure 6 Average end to end time delay 

 

Above figure shows that E-LEACH minimizes average end 

to end delay as the nodes nearer to base station need not 

firstly send the data to CH, it can directly communicate with 

the base station. Thus, delay is reduced as compared to 

others. 

 

 

 
Figure 7.Accuracy of Received Packets 

 
The above figure shows the percentage of accuracy of 

received packets which is yield by analyzing how many 

packets any node has sent vs. how many of them are actually 

received. As multi hop path is used for data communication, 

thus long distance communication is minimized so chance of 

data loss also minimized. 

II. CONCLUSION 

E-LEACH is an energy-efficient MAC protocol which 

enhances LEACH protocol. It reduces energy consumption 

by eliminating of the need of direct communication between 

Cluster-Head and BS if distance is more. It also allows nodes 
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closer to the BS to send their data directly, without the need 

of CH as an intermediate, after comparing that whether the 

distance between node and CH is more than the distance 
between node and BS. Thus, the proposed protocol tries to 

be energy-efficient in order to prolong the lifetime of overall 

network. Simulation results show that the E-LEACH 

outperforms other protocols having clustering concept in 

terms of energy, latency and accuracy of received packets. 
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