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ABSTRACT 

A WSN is a network which consists of many sensor nodes distributed randomly that collect and processes their 

data in an efficient manner. One of the major challenges in WSNs is efficient utilization of energy during 

various operations which requires special attention. A large amount of sensor node’s energy is consumed due to 

the inner-network communications. This paper presents an integrated multihop hierarchical clustering 

distributed routing protocol i.e. MHCD-LEACH that select cluster heads by considering three parameters: 

Higher residual energy, more number of neighbours and less distance to BS. Multihop path decides with 

minimum distance from each CH node to the base station. Far CHs firstly send their data to the CH which is 

near to the BS and then near CHs finally send collected data to the destination or BS. To minimize the load, this 

protocol also considers direct communication by normal nodes near to the BS. If the distance between nodes to 

cluster head is less as compared to base station, then the nodes join the cluster with nearest cluster head 

otherwise it sends data directly to the base station. To conserve energy, this protocol uses high amplification 

energy for Inter-cluster communication and low amplification energy for Intra-cluster communication. Our 

proposed protocol demonstrates the results from analysis by simulating these protocols in MATLAB simulator. 

Simulation results indicate that the novel routing protocol significantly reduces the energy consumption and 

increases the total lifetime of the WSN compared to the LEACH or Multihop-Leach protocol. Simulation results 

bring out that our protocol outperforms the original Leach protocol in term of energy consumption and network 

lifetime. 

 

Keywords: LEACH, Multihop-LEACH, Network Lifetime, Residual energy based cluster head 

selection, Power consumption, Clustered WSNs. 

 

I.  INTRODUCTION 

 

With the recent advancement of technology and culture, the way of accessing information by people has 

increased conveniently. Wireless communication technology is one of the medium of accessing and transmitting 

information. WSN (wireless sensor network) [3], [18] consists of more than hundreds or thousands of small 

sensor nodes having limited energy, memory, and computational capabilities. Sensor nodes consists a very small 

battery having limited energy and it is impossible to change or replace the battery of node once it is deployed.  

So, low energy consumption by each node in performing operations is one the challenge in WSNs [2]. Also 

energy consumption directly affects the lifetime of the network. A variety of energy efficient routing protocols 

has emerged. LEACH (Low Energy Adaptive Clustering Hierarchy) is one of the most popular routing protocols 
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that use clustering approach in order to minimize the energy consumption [13], [20]. Although LEACH protocol 

is energy efficient routing protocol but it assumes only single hop to transmit data to the sink. Therefore, it is not 

only suitable for large area network. Based on the LEACH, M-LEACH (Multihop leach) differs from LEACH 

in that it uses multihop approach in order to transfer data to the sink or destination [14], [16].  

In this paper we propose an Integrated Multihop Hierarchical Clustering Distributed Routing Protocol MHCD-

LEACH which is both energy efficient and uses multihop approach that further enhances the energy 

consumption and network lifetime [8], [10], [11]. Proposed protocol is characterized by: 1) Nodes having 

maximum residual energy, more number of neighbors & less distance to BS is selected as CH 2) Multihop path 

decides with minimum distance from each CH node to the base station. 3) Direct communication by normal 

nodes near to the BS 4) high amplification energy for Inter-cluster communication and low amplification energy 

for Intra-cluster communication. The use of intermediate nodes with maximum residual energy, more number of 

neighbors, less distance to BS and direct communication to BS by near nodes enhance the network’s lifetime.   

 

II. RELATED WORK 

2.1 Leach Protocol 

 LEACH i.e. Low Energy Adaptive Clustering Hierarchy [3] proposed by Wendi R Heinzelman et al. is 

the first clustering hierarchical -based routing protocol for wireless sensor network which splits the whole 

network into clusters, in each cluster one node elect as a Cluster Head (CH) is responsible for generating and 

operating a TDMA (Time division multiple access) schedule and aggregates data gathered from nodes before 

sending to the BS. Because data collected by cluster member nodes from their respective cluster is highly 

correlated and duplicate. Remaining nodes are cluster members as shown in figure 1. 

 

Fig. 1 Singlehop Communication for Small Network in LEACH 

This protocol distinguishes the whole operation into two portions; 

2.1.1 Setup Phase 

After processing the deployment of sensors in network, each node decides independently of other nodes if it will 

elect as a CH or not. This judgment takes into account the node that hasn't been a CH for long time is more 

likely to choose itself as a CH than nodes that have been a CH recently. In the advertisement phase, the CHs 

inform their member nodes with an announcement message that they become CHs [4]. Normal nodes join the 
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cluster by picking the announcement message on the basis of strongest received signal strength. Then CH 

creates a TDMA schedule table and broadcasts it to their member nodes. Therefore, all the cluster members get 

their idle slots for data transmission, and then go to the next phase [20], [22].  

2.1.2 Steady State phase 

After election of CHs, in this phase transmission of data to BS begins. Member nodes send their data during 

allocated TDMA slot by the CH. This transmission uses a minimal quantity of energy. Energy dissipation by 

member nodes can be minimized by turning off the radio electronics of member nodes until the nodes allocated 

TDMA slot [23]. When data is received by all member nodes, CH aggregates the redundant data and sends it to 

the BS. Thus LEACH performs local aggregation of data in each cluster in order to lower the amount of data 

that transmitted to the BS [5]. 

 

2.2 Multihop Leach Protocol  

In [6], [11], Multihop Leach is an extension of original leach protocol that saves the energy consumption of each 

node in WSN. This protocol is different from Leach in manner it takes multihop path to send data to the sink [7], 

[9]. Leach is not suitable for large are network because it uses only single hop communication between CH and 

BS; therefore, for more distance it will consume more energy. Multihop leach [6] proposed by F. Xiangning et 

al., overcomes this problem by adopting multihop communication between CHs and BS.  

 

 

Fig. 2 Multihop Communication for Larger Network in M-LEACH 

Multihop-Leach chooses a path with any of the following characteristics:  

1. Minimum distance between CH & BS. 

2. Minimum hop count between CH & BS. 

3. Minimum energy consumption. 
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If communication distance between CH and BS is very large then it first sends data to the CH which is near to 

BS and then this CH finally send data to the BS. With this approach, it decreases the energy consumption and 

increases the period of network’s life [15], [19]. 

 

 

 

III. NETWORK MODEL 

3.1 Assumptions 

This wireless sensor networks consists of immobile sensor nodes randomly deployed in a 100m x 100m square 

region. We consider the following characteristics of network: 

1) The network is designed by N sensors nodes randomly deployed in square field and has cluster hierarchical 

topology. 

2) Sensor nodes are homogeneous, immobile and energy constrained. 

3) The Base Station is fixed and its location is pre-determined which is at the centre of the network. 

4) In cluster, the cluster member nodes are cognizant of their cluster heads and can communicate directly with 

them.  

5) Energy consumed for sensing and processing the data is not considered. 

6) The cluster-head nodes communicate with their next-hop cluster-head, and finally far cluster-head node is 

communicated with BS. 

 

3.2 Energy Model  

This study also considers simple radio model for computing the energy dissipated in communication. The 

transmitter consumes energy to run the radio electronics and power amplifier whereas the receiver consumes 

energy to run the radio electronics. We consider both free space model (d2 power loss) and multi- path fading 

model (d4 power loss) depending on the distance between transmitter and receiver. 

 

Where the threshold distance d0 is 

 

Where the energy is needed to run the radio electronics,  and  is the energy required running the 

transmitter amplifier depending on the distance d. To receive a k-bit message, energy consumed is 

 

Data gathered from member nodes and neighbor nodes are highly redundant and correlated. Hence cluster heads 

done data aggregation. Energy dissipated for aggregating m messages of k bits each is 

 
 

IV. PROPOSED WORK 

 

In this approach, MHCD-LEACH: a modified version of M-LEACH has been proposed.  

MHCD-LEACH characterized by: 



 

535 | P a g e  

1) CH selection on the basis of three parameters 

a) maximum residual energy 

b) more number of neighbors &  

c) less distance to BS  

2) Multihop path decides with minimum distance from each CH node to the base station.  

3) Direct communication by normal nodes near to the BS  

4) High amplification energy for Inter-cluster communication and low amplification energy for Intra-cluster 

communication. 

This uses energy of each node more efficiently and then prolongs network’s life. After completing the process 

of CHs selection, this protocol communicates with BS via multihop. Far CHs send their data to that CH which is 

near to BS and then only the near CHs are responsible for further transmission with BS. Once the relay nodes 

have been selected, the next operation is the formation of clusters. All the normal node decides itself whether it 

wants to join the cluster or directly communicates with BS.  

 

Fig. 3 MHCD-LEACH with direct Communication to the BS by Near Nodes 

The operation of this protocol is broken into rounds and each round consists of three phases: (1) Cluster Head 

selection (2) multihop path selection and cluster formation (3) data transmission phase 

1) Cluster Head selection 

When set-up phase begins, all nodes go into the CH selection phase. The node having higher residual energy, 

more number of neighbors and less distance to BS become CH and advertise itself as a CH for the current round. 

2) Multihop Path selection and cluster formation 

Once CHs are selected, all CHs compute their distance to each other CH and also compute distance from BS to 

itself. If the distance between two CHs is less as compared to the distance between CH and BS, then in this 

situation CH will choose the intermediate CH as their next hop which is near to BS. Once CHs selects their 

intermediate or next hop CH, cluster formation starts. If the direct communication distance between normal 

nodes to BS is less as compared to via CH, then the nodes sends data directly to the BS. Otherwise it joins the 
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cluster with nearest CH. When all nodes decide the cluster to which it belongs, CH creates TDMA schedule and 

broadcast to their all cluster member nodes. Hence clusters are organized in this manner. 

Besides minimizing energy consumption in cluster formation, this integrated MHCD-LEACH also introduce 

two different levels of amplification energy to amplify signals according to types of transmission. Basically, in 

clustered wireless sensor networks there can be two modes of transmission. 

1) Intra Cluster Transmission 

2) Inter Cluster Transmission 

Intra Cluster Transmission is defined by a communication within a cluster i.e. cluster member nodes sense data 

and convey sensed data to their respective cluster head. Whereas Inter Cluster Transmission is defined by 

communication between two CHs. In original LEACH, amplification power is set same for all types of 

transmissions. Using high amplification energy for Inter-cluster communication & Low amplification energy for 

Intra-cluster communication saves much amount of energy. 

3) Data Transmission phase 

Data transmission occurs in steady-state phase of original leach protocol. Each member nodes send their data to 

their respective cluster heads in the allocated time slots. After receiving all the data from member nodes, data 

aggregation is performed by CHs and sent this aggregated data finally to the BS via multihop. Nodes near to the 

BS continuously send data to BS.  

 

V. SIMULATION & RESULTS 

 

In order to evaluation of proposed algorithm, the algorithms with the similar basic idea are selected. The 

LEACH & M-LEACH algorithm as the basis of cluster-based routing algorithm and multihop transmission 

respectively is selected in order to compare with the proposed novel protocol. This simulation is implemented 

by considering the simulation parameters shown in following table 1.  

Table I: Simulation Parameters 

 

Parameters Values 

Network Size 100m * 100m 

Number of Nodes 200 

Sink Location (50,50) 

Initial Energy 0.1 J 

Eelec 50 nJ/bit 

Εfs         10 pJ/bit /m2 

Εmp      0.0013 pJ/bit/m4  

Eagg 5 nJ/bit /message 

CH’s probability 5 % 

Data Packet Size 512 bytes 

Nodes Distribution Uniform random distribution 

 

Once CHs are selected, all CHs compute their distance to each other CH and also compute distance from BS to 

itself To evaluate and compare the performance of proposed protocol, four performance metrics are used: 
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1. Network Lifetime:  Number of nodes alive in each round. 

2. Remaining Energy: Total remaining energy of all the nodes in each round. 

3. Total No. of Cluster heads: Total number of elected in each round. 

4. Scalability: In terms of when total number of nodes increase. 

 

Fig. 4 Total no. of Nodes (200) Randomly Distributed Over an Area of 100m x 100m 

 

Fig. 5 Dead Nodes 

From TABLE II, Fig. 5 and Fig. 6, it is clear that the proposed MHCD-LEACH protocol has better lifetime than 

existing protocols. If the lifespan of the network is until the death of first node, then MHCD-LEACH has 

prolonged lifetime than LEACH and M-LEACH.         
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 Table II. Comparison of Network Lifetime of Leach, m-Leach & Mhcd-Leach 

 

Network Protocol 
First node 

dead round 

Half node 

dead round 

100m X 100m 

LEACH 

M-LEACH 

MHCD-LEACH 

145 

146 

275 

199 

194 

347 

 

Fig. 6 Percentage of Node Dead in Rounds 

In Fig. 6, the proposed MHCD-LEACH has more energy consumption than LEACH and M-LEACH because of 

choosing both multihop and direct transmission by near nodes. 

 

Fig. 7 Remaining Energy for 100m×100m Area Network 

Fig. 8 shows total number of cluster heads selected per rounds. Desired percentage of CHs is 5%. Therefore, in 

proposed protocol initially 9 to 8 CHs are selected and further it decreases gradually. Nodes having high 
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remaining energy, more no. of neighbors and less distance to BS selected has cluster head prolongs the network 

lifetime.  

TABLE III. shows different simulation scenario by increasing total number of nodes from 100 to 200 and initial 

energy from 0.1 joule to 0.5 joule. For 0.1 joule initial energy, MHCD-LEACH enhances network lifetime for 

both 100 and 200 nodes. While for 0.5 joule initial energy our proposed protocol enhances network lifespan if 

we consider the lifetime of the network is until the half node’s death or last node’s death.  

 

Fig. 8 Total no. of CHs in rounds 

 TABLE III: Scalability in Terms of Network Lifetime 

Network Area E0 (Joule) No. of Nodes 

MHCD-LEACH 

 

FND HND LND 

100m×100m 0.1 J 100 271 332 402 

100m×100m 0.1 J 200 275 347 422 

100m×100m 0.5 J 100 1334 1612 2018 

100m×100m 0.5 J 200 1357 1632 1961 

 

VI. CONCLUSION 

 

Designing an efficient routing protocol in WSNs faces a lot of challenges; one of the most important issues is 

energy conservation which has significant effect on network lifetime. Hierarchical Clustering is one way to 

reduce energy consumption in WSNs. In this paper, we introduced the Multihop Hierarchical Clustering 

Distributed (MHCD) approach which reduces the energy consumption and enhance the network lifetime. 

MHCD is a cluster based multihop routing protocol which changes the CH selection scheme. Since cluster heads 

are selected on the basis of higher residual energy, more number of neighbors & less distance to BS of nodes, 

the network lifetime can be enhanced. Also energy is consumed by using dual transmitting power levels. From 

     M-Leach 

      MHCD- 

      Leach 
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the simulation results, it is clear that the proposed protocol gives a better lifetime & minimized energy 

consumption by efficient cluster head selection approach after very first round and dual transmitting power 

levels for intra-cluster and inter-cluster communication.  
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