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ABSTRACT 
The latest advancement in wireless communications and electronics has enabled the development of low-cost sensor 

networks. The sensor networks can be used for diverse application areas. Wireless sensor networks (WSN) comprise 

small nodes with capabilities of sensing, computation, and wireless communications. Several routing, power 

management, and data dissemination protocols have been specifically designed for wireless sensor networks 

wherever energy awareness is an important design issue. There are many routing protocols in WSNs which might 

differ depending on the network architecture and application. Thorough, the routing techniques are classified into 

three categories based on the underlying network structure: flat, hierarchical, and location-based routing. Moreover, 

depending on the protocol operation these protocols could also be classified into query-based, multipath-based, 

negotiation-based, coherent based, and QoS based. There is a design trade-off between energy and communication 

overhead savings in every routing paradigm. This paper provides method for clustering and cluster head selection to 

WSN to enhance energy efficiency. It presents a comparison between LEACH and R-LEACH based on the network 

lifespan. In this dissertation, we develop and analyze low-energy adaptive clustering hierarchy (LEACH) that 

combines the ideas of energy-efficient cluster-based routing and media access together with data aggregation to 

attain good performance in terms of system lifespan, latency, and application-perceived quality. Further, we tends to 

modify one among the foremost prominent wireless sensor networks routing protocol LEACH as R- LEACH by 

introducing efficient cluster head replacement and inter cluster communication. Our R-LEACH, in comparison with 

LEACH performs better using metrics of cluster head formation, network life. At last a brief performance analysis 

of LEACH and R-LEACH is undertaken considering metrics of turnout, network life. 
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1. Introduction 
 

In current years, researchers have been attracted by Wireless Sensor Networks (WSNs) due to their potential use in a 

wide variety of applications. A WSN contains different types of autonomous sensor nodes that are used to sense and 

transfer the data wirelessly to the Base Station (BS) or the next receiver node. Typically hundreds or thousands of low 

cost sensors are used in WSNs [1]. Routing is an issue for these sensor nodes where the resources are limited. These 

wireless sensor nodes have limited energy, processing capabilities, and sensing abilities. Initially WSNs were used 

only in the battlefields for military purposes but now their use is extended for monitoring and controlling the different 

processes in many other civilian areas. A wide range of sensors are available to monitor the different ambient 

conditions such as temperature, pressure, humidity, movement, and lightening conditions [2]. In a healthcare system, 

Wearable and implanted are two types. Wearable devices are used on the body surface of a human or just at close 

proximity of the user. The devices that are inserted inside human body are the implantable medical devices. There are 

many other applications too e.g. body position measurement and location of the person, overall monitoring of ill 

patients in hospitals and at homes. Information about an individual's health, fitness, and energy expenditure, can be 

collected by body-area networks. [3] The sensed information and aggregated data delivery is necessary for efficient 

communication between sensor nodes.  

The information is routed from the node to the base station either directly or through other sensor nodes. The BS is 
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either fixed or a mobile node which is capable of connecting the network to the internet where user can access and 

process the data. Routing in WSN is very challenging due to the inherent characteristics that distinguish this network 

from the other wireless networks. The most important constraint on WSN is the limited battery power. The lower 

energy consumption restricts the sensor to use the limited resources such as less memory capacity, low transmit 

power, and less processing computations. 

 

Many routing protocols have been already proposed for WSNs. They can be classified into flat, hierarchical, 

location-based network routing protocols [4]. In flat routing, all nodes are typically assigned equal roles or 

functionality. SPIN [5] (Sensor Protocol for Information via Negotiation) and DD [6] (Directed Diffusion) fall in 

this category. In Hierarchical routing, the network is divided into clusters to achieve efficiency. LEACH [7], 

TEEN, AP-TEEN are well known hierarchical protocols. In Location-based routing, actual position of a node is 

used to find the optimal routing path. GAF [8] (Geo- graphic Adaptive Fidelity) and GEAR [9] (Geographic 

and Energy-Aware Routing) are the examples of this protocol. The goal of this research is to propose an energy 

efficient routing protocol for Wireless Sensor Network. Our proposed algorithm aims to provide a higher 

throughput, a fewer number of dead nodes, and overall lower energy consumption compared to other protocols. 

The remaining part of the paper is organized as follows. Related work is discussed in Section 2. The 

proposed Routing protocol is presented in Sections 3. Performance Evaluations are discussed in Section 4. 

Finally the conclusion is given in Section5 

 

  2. Related Work 

Many routing protocols have been proposed for WSNs. Main aim of these routing protocols is to reduce the energy 

consumption due to long haul transmission by arrangement of these nodes into different small areas which is referred to 

as clusters. In clustering method, sensor nodes of network organize themselves in hierarchical structures. In a cluster, 

data collection and aggregation are performed by cluster head in order to reduce the amount of energy consume by 

nodes to transmit data at long distance to the base station. Cluster head selection is usually based on probability. Non 

cluster head nodes select their cluster head on the basis of received signal strength indicator (RSSI). Non-cluster head 

nodes then transmit their data to their cluster head. The role of cluster head is to data collect from non-cluster head 

nodes, aggregates and forwards this data and its own data to the Base Station. One of the first hierarchical routing 

protocols in WSNs is Low Energy Adaptive Clustering Hierarchy (LEACH) [7]. In LEACH [7] protocol, the dynamic 

clustering mechanism is adopted in which a node elects itself to become a cluster head by some probability and 

broadcasts its status to the entire network. All the nodes are assumed to be homogeneous in terms of their energy. A 

cluster head consumes more energy than a non-cluster head node as the cluster head receives data from all cluster 

member nodes and then transmits their data to the base station directly by using single hop communication. Each 

node in the network has a chance to become a cluster head during network lifetime. A greater number of nodes may 

elect themselves as cluster heads than the desired number of cluster heads. This increased number may cause huge 

energy consumption due to performing the additional functions. The main drawbacks of LEACH protocol are uneven 

distribution of cluster heads, high transmission power required in the case of large areas, and lower stability region 

due to the early death of its nodes. To overcome these drawbacks LEACH Centralized (LEACH-C) [10], Multi-Hop 

LEACH (MH-LEACH) [11] and Stable Election Protocol (SEP) [12] provide the methods to solve uneven distribution of 

cluster heads, single hop communication, and lower stability respectively. 

LEACH-C [10] uses a centralized cluster head selection mechanism in which cluster heads are selected by the base 

station. In each round, the base station receives the current location and remaining energy information from all nodes in 

the network. Using the remaining energy information, the base station determines a set of nodes for the cluster head 

selection. The base station computes the average node energy of the network. If the remaining energy of a node is greater 

or equal to the average node energy, the node will be selected in the candidate set for the cluster head. After determining 

the candidate set, the base station finds the optimal number of cluster heads and clusters by using an approximation 

algorithm such as simulated annealing [9]. The simulated annealing algorithm runs on the candidate cluster head set to 

find the best cluster head node and clusters. Once the optimal cluster head and clusters are determined, the base station 

broadcasts the cluster heads IDs, cluster member node IDs, and transmission schedule for each cluster to all nodes in 

the network. Each node compares its ID with the cluster head ID, and if it matches, then it acts as the cluster head. 

Otherwise the node determines its slot in the transmission schedule and transmits data to the cluster head in its slot. One 

of the main drawbacks in LEACH-C [10] is repeated cluster formation overhead. There is also information and energy 

wastage because of fixed round time. 

MH-LEACH [11] selects an efficient path from the cluster head to the base station. The sensor nodes send the data to 
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their cluster head. The cluster head then aggregates the data and forwards it to the base station. Unlike LEACH which 

uses a single hop communication, MH-LEACH sends the data from the cluster head to an- other one, if available, closer to 

the base station. That cluster head forwards the data to the base station. The benefit of MH-LEACH is to save the 

transmission power for cluster heads that are farther away. However, the battery of cluster head closer to the base station 

runs out due to forwarding the data from all farther cluster heads. 

SEP [12] introduces the concept of advanced nodes. The advanced nodes are equipped with higher energy resources. 

SEP uses the weighted elected probabilities for normal nodes to select advanced nodes as well as normal nodes for cluster 

heads. The method used in SEP increases the stability region but reduces the network lifetime and throughput. 

In order to overcome the drawbacks of LEACH, we proposed a new routing protocol R-LEACH which is discussed in 

next section. 

 

3. R-LEACH: Proposed Scheme 

 
Our work is based upon LEACH protocol that can be further extended to modified version of LEACH i.e. R-LEACH. 

Basically, we introduce two techniques to raise network life time and throughput. To understand our proposed scheme, 

we have to understand mechanism given by LEACH. In this protocol the cluster head changes at every round and once a 

cluster head is formed, it will not get another chance for next 1/p rounds. For every round, cluster heads are replaced and 

whole cluster formation process is undertaken. We, in this work, modify LEACH by introducing efficient cluster head 

replacement scheme and inter cluster transmission between the CHs. It is a threshold in cluster head formation for very 

next round. If existing cluster consumes less energy during its tenure and has more energy than required threshold, it will 

remain cluster head for the next round as well. This is how, energy wasted in routing packets for new cluster head and 

cluster formation can be saved. But if cluster head has less energy than required threshold, it will be replaced according to 

the LEACH algorithm. 

Basically there can be three modes of transmission in a cluster based network: Intra Cluster Transmission, Inter Cluster 

Transmission and Cluster Head to Base Station Transmission. 

 

3.1 Operation 

 
The operations of LEACH may be divided into two phases: Setup phase and Steady phase. In case of the setup phase, the 

clusters are formed and chosen for each cluster a cluster-head is chosen. While in the steady phase, data is sensed and sent 

to the central base station. The setup phase is shorter than the steady phase. This is done in order to reduce the overhead 

cost. 

 

3.1.1. The setup phase:  
During the setup phase, a predetermined fraction of nodes, p, choose themselves as cluster-heads. This is done according 

to a threshold value, T(n). Depending upon the desired percentage, the threshold value, T(n) to become a cluster head- p, 

the current round r, and the set of nodes that have not become the cluster-head in the last 1/p rounds, which is denoted by 

G. The formula is as follows: 

T(n) = p/1-p[r mod(1/p)] if n E G 

T(n) = 0 otherwise 
 

Every node chooses a value, between 0 and 1 to become the cluster head. If this random number is less than the threshold 

value, T (n), then the node becomes the cluster-head for the current round. Then to invite them to join their clusters, each 

and every elected cluster head broadcasts an advertisement message to the rest of the nodes in the network. Based upon 

the strength of the advertisement signal, the non-cluster head nodes decide to join the clusters. By sending an 

acknowledgement message, the non-cluster head nodes then informs their respective cluster-heads that they will be under 

their cluster. After receiving the acknowledgement message, depending upon the number of nodes under their cluster and 

the type of information required by the system (in which the WSN is setup), the CH creates a TDMA schedule and then 

assigns each node a time slot in which it can transmit the sensed data. The TDMA schedule is broadcasted to all the 

cluster-members. The cluster- head may choose another cluster- head for its cluster if the size of any cluster becomes too 

large. The cluster-head chosen for the current round cannot again become the cluster-head until all the other nodes in the 

network haven't become the cluster-head. 

3.1.2. The Steady phase: 
The sensor node, start sensing data and send it to their cluster-head according to the TDMA schedule during the steady 

phase. The cluster-head node, after receiving data from all the member nodes, aggregates it and then sends it to the base-
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station. 

After a particular time, which is determined a priori, the network again returns into the setup phase and new cluster-heads 

are selected. Each cluster communicates using different CDMA codes in order to reduce interference from nodes belonging 

to other clusters. 

 

 

4. Performance Evaluation 
 

Simulations are conducted using MATLAB 7.8.0 (R2009a) and to get precise plots, confidence interval is taken. Sensor 

nodes are deployed in random manner and made homogeneous WSN using MATLAB. The nodes deployed in the network 

are communicating wirelessly based on their distance, transmission range etc, therefore the wireless channel is used. 

Simulations show that R-LEACH performs better considering metrics of throughput, network life time, location of base 

station and initial energy of sensor nodes. 

 

4.1. Simulation parameters 

 

The nodes are randomly deployed within the area of 400m × 400 m. The population of nodes for this simulation is 100. The 

different samples of randomly deployed nodes are used for each simulation and the results discussed in the next sections. 

    

Parameters Value 

       Network Area 400×400 

Number of nodes 100 

Location of sink 200×200 

Initial Energy 0.5 J 

ETX 50 nJ 

ERX 50 nJ 

E amp 0.0013 pJ/bit/m4 

Efs 10 pJ/bit/m2 

Eda 5 nJ/bit/m2 

Number of rounds 2500 

                           Table1. Simulation parameters 

 

  

4.2. Simulation results 
 

Simulations are conducted using MATLAB 7.8.0 (R2009a) and to get precise plots, confidence interval is taken. The total 

number of rounds used for our experiments are 2500.  Simulations show that R-LEACH performs better considering 

metrics of throughput, network life time, location of base station and initial energy of sensor nodes. 

 

4.2.1 Number of Dead Nodes 

In this subsection, the following figures represent a comparison of the rounds achieved by LEACH and R-LEACH 

protocols when the all node dies. 
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Figure 4.1: No. of dead nodes in LEACH 

 

 
Figure 4.2: No. of dead nodes in R-LEACH 

 

4.2.2 Number of Packets Transmitted to Base Station 

 

A part from network life time, another metric to judge efficiency of a routing protocol is its throughput. A base station 

receiving more data packets confirms the efficiency of routing protocol. Considering the simulated results as shown below 

the more throughputs is achieved in R-LEACH. 

 

 
 

Figure 4.3: No. of Packets Transmitted to Base Station in LEACH 
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Figure 4.4: No. of Packets Transmitted to Base Station in R-LEACH 

 

4.2.3 Number of Cluster Heads 

 

In this subsection, the following figures represent a comparison of the number of cluster heads formed. 

 

 
Figure 4.5: Number of Cluster Heads in LEACH 

 

 
Figure 4.6: Number of Cluster Head in R-LEACH 

 

4.2.4 Number of Packets Transmitted to Cluster Head 

 

In this subsection, the following figures represent a comparison of the number of packets transmitted to the cluster heads 

nodes through non-cluster head nodes. 
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Figure 4.7: Number of Packets Transmitted to Cluster Head in LEACH 

 

 
      Figure 4.8: Number of Packets Transmitted to Cluster Head in R-LEACH 

 

 

4.2.5 Number of Alive Nodes 
In this subsection, a comparison of the number of alive nodes in LEACH and R-LEACH is shown. The evaluated results 

are shown below: 

 

 
Figure 4.9: No. of alive nodes in LEACH 
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Figure 4.10: No. of alive nodes in R- LEACH 

 

4.2.6 Comparison between protocols 
The comparison between two protocols in terms of their dead node percentage is shown below: 

 

 

Figure 4.11: Comparison, Percentage of Dead Nodes of Network with number of rounds 

 

The comparison between two protocols in terms of their network lifetime is shown below: 

 

 
Figure 4.12: Network lifetime of two protocols 
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5. CONCLUSION                                                                                               
 

In this project work, a brief discussion on emergence of cluster based routing in wireless sensor networks is given. 

We also propose R-LEACH, a new variant of LEACH that can further be utilized for better efficiency in other 

clustering routing protocols. R-LEACH tends to reduce network energy consumption by efficient CH replacement 

after very first round and CH to BS communication through sensor nodes and other CHs. In R-LEACH, a cluster 

head will only be replaced when its energy falls below certain threshold minimizing routing load of protocol. Hence, 

replacement of cluster head procedure involves residual energy of cluster head at the start of each round. Network 

lifetime is improved in R-LEACH by approximately 8% as compared to LEACH.  
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