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Abstract: Energy conservation is a key issue in Wireless Sensor Networks based systems design. Clustering 

based routing protocols have been developed in orderto reduce network traffic to the BS and thus to extend 

the network lifetime. A clustering variantis LEACH which is one of the most prominent hierarchical routing 

protocols used in wireless sensor networks(WSN). Maximizing the network lifetime is one of the major 

challenges. Maximizing a sensor network lifetime is equivalent to minimizing the different energy sources. 

In fact, a sensor node consumes energy to accomplish.In fact, a sensor node consumes energy to 

accomplishhis roles in the networkwhich are mainly processing and transmission of a set of physical 

quantity on the environment around it. This paper proposes a hierarchical routing protocol based on 

LEACH but the difference lies in the mode of clusters formation and clusters heads selection (CH) ensuring 

balance between energy consumption sensors. Simulations show that the proposed protocol extends the 

life of the network compared to LEACH and iMod-leach. 
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1. Introduction 

Sensor networks have a very wide application, whether in science, logistics, military or health. According 

to MIT’s Technology Review, it is one of the ten new technologiesthat will shake the world and our way of 

life and work [1]. A sensor is a mini component used for performing a certain treatment, collecting sensory 

information and communicating with other nodes connected to the network. It is not integrated with any 

existing communication architecture, but it communicates using an ad hoc wireless network.It is difficult to 

integrate it due to certain constraints: consumption energy, memory space, etc. [2]. The electrical supply is 

provided by a single battery; both information processing and communication consumption calculations 

should be optimized [3]. Nodes deployment is either deterministic (manual, robots) or random (aircraft, 

missile). A sensor ensures not only data acquisition and processing but also communication.The latter task 

is the most energy intensive one. A good energy management scheme must, as a priority, consider the 

communications. Routing protocols are responsible of the discovery and maintenance of paths in the 

network. One of the main design objectives of sensor networks is to provide a data communication while 

trying to extend the network lifetime and to prevent connectivity degradation using aggressive power 

management techniques. The routing protocols designin the sensor network is influenced by many difficult 

issues such as fault tolerance and physical constraints. These factors must be overcome through 
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development of clever routing protocols. The space design for the sensor network routing algorithms is 

wide enough. Taking into account procedures, routing protocols can be coarsely classified into the 

following two criteria: the network topology and communication paradigms [3], [4]. Thus, in recent years 

the research has focused on routing protocols to convey the captured information to the BS while 

consuming less energy and extending the WSN life. The adopted solution to organize a large WSN is to 

group nodes into clusters. In this type of communication based organization,an intra-cluster and 

inter-cluster routing reduces the number of participatingnodesin over long distancescommunications. Each 

node cluster is identified by a leader, called cluster manager or cluster-head, which coordinate its group's 

activities such as data routing, aggregation, synchronization, etc. Many clustering protocols have been 

proposed in the scientific literature such asPEGASIS [5] TEEN [6] and imodeLEACH [7]. 

Proposed by Heinzelman et al., LEACH [8] is one of the most popular routing protocols to WSN. It is a 

hierarchical routing protocol based on cluster formation (group). 

This paper proposes an improvement of LEACH with better performance in terms of power consumption 

and sensor networks lifetime. Section 2 presents two routing protocols based clustering. Section 3 

described the proposed protocol. Section 4 presents the simulations results. Finally, Section 5 contains 

conclusions of this work and presents the future work. 

2. LEACH 

The goal of routing protocol is to route information from a source to a destination effectively [9]. The 

major constraint in routing in WSN is to route the information captured by minimizing the power 

consumption of the nodes.Several routing protocols have been proposed in the literature. In this section the 

existing representative cluster-based routing protocols proposed for WSN including LEACH , LEACH-C [10]. 

LEACH is considered the first hierarchical routing protocol based on the approach based on the groups. It 

combines efficient consumption energy and the quality of access to the media, and this is based on the 

division into groups, a view to enable the use of the concept of data aggregation for better performance in 

terms of lifetime. The communication architecture of LEACH consists of, similar to cellular networks, to 

form cells based on the amplitude of the signal, and to use the cell headers as routers to the sink. These cells 

are called groups (clusters) and the heads are the group leaders (cluster-heads). The group leaders are 

randomly chosen in a specific election algorithm based on a probability function that takes into account 

different criteria are based the percentage of desired CHs and the number of iterations during which a node 

took the role of CH. The nodes are responsible for collecting the data, sent to their CH which the aggregate 

and transmit the aggregation results sink in a unicast communication (only one hop). The protocol is 

composed by rounds, in which a round is divided into set-up phase and steady phase.Into set-up phase the 

nodes self-elect for the CHs. They are based on the desired percentage of CHs and the number of iterations 

during which a node took the role of CH. Thus, a node n is a random value between 0 and 1. If the value is 

less than the threshold T (n), the node declares CH. CHS inform their neighbors of their election. Each 

remaining node decides to choose the nearest CH. After the formation of clusters, each CH programs the 

nodes belonging to the cluster in their sending the codes and the communication frequencies. Each node 

other than CH, turned off his antenna when not communicating his data. LEACH precise, also, a data 

aggregation level CHs for more energy conservation. However, many critics are made to the protocol 

LEACH to know: The rotation of the role of CH on all nodes of the cluster, makes it possible firstly to balance 

the energy consumption of the cluster. But, it generates a consumption of energy, as each rotation CH 

requires diffusion phase to make known the new CH , LEACH does not guarantee a homogeneous 

distribution of CHs on the network, because the only CH election criterion is a random probability. This 

does not prevent a CHs concentration in a limited area to the detriment of the whole network. 
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To avoid these problems, the authors propose an extension of the algorithm. They proposed a centralized 

algorithm(LEACH-C). This is an iterative algorithm, wherein the structure of the clusters is calculated at the 

base station by using the optimization method of the “Simulated annealing” [11]. However, the base station 

assigns each iteration roles for different nodes of the network (CH or single sensor). Then, operation 

continues in the same way as LEACH. Another extension is proposed [12]. It is the same principle that 

iMOD-LEACH . The principle of these protocols is introduced a soft threshold and hard threshold 

parameters and assigned them a fixed value. However, this algorithm does not take into account the main 

features of structures of WSNs is the grouping the nodes. 

3. The Proposed Protocol 

Clustering nodes is one of the techniques that can increase the lifetime of the entire network by 

aggregating data to the cluster head. previous works [13]-[16] have proposed, an original algorithm 

heuristic k-means to construct disjoint clusters to reinforce the robustness of the network, and address 

specific issues, namely the inter-cluster trans-mission, localization nodes and time synchronization. 

The K-means algorithm is an Automatic clustering algorithm proposed by Geon [17]. From a number of 

initial partitions, seeking to improve iteratively partitioning. Each score is represented by a kernel ’k’. The 

proposed scheme uses K-means algorithm which forms the clusters of objects based on the Euclidean 

distances between them. The pro-posed CH selection scheme consists of two steps as follows: 

 Randomly choose k data items from X as initial centroids 

 Repeat: Assign each data point to the cluster which has the closest centroid. Calculate new cluster 

centroids until the convergence criteria is met. 

 

 

Algorithm1: k-means algorithm 

 

Require: cluster centroid µ1, µ2,.., µk⋴IRn 

Repeat until converge: for every i, set 
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The proposed protocol involves three phases: 

1. Phase of formation that we have described, clusters are formed by the k-means method. the 
k-means algorithm is a good method of grouping that ensures: 
 A large intra-group similarity.  
 A low similarity inter-group. 
 Relatively efficient: O (tkn), where n is numbers of nodes, k is numbers of clusters, and t is 

iterations. Normally, k, t<< n. 
 Tending to reduce 
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, with Ci is cluster i and Mi is center of cluster i 

2. In the second stage, a CH is elected in each cluster in the first round the centroid are proposed as a 
cluster head in the other round we will used an effective technique that is the Gaussian elimination 
algorithm his is done by taking account of the residual energy of the estimated future nodes, and 
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the number of revolutions which may be responsible for the cluster formation to maximize network 
lifetime. It models the net-work and the energy expended by the nodes as a linear system and this 
using the Gaussian elimination algorithm to select the CHs [18]. The matrix represents the energy 
consumption of each cluster node. The elements ai, j refers to the energy consumed by the node i j if 
the node is the CH. Furthermore, bi denotes the residual energy of node i, and xi expresses the time 
during which the node i is CH.  

3. In the third step, the CHs notify aggregateddata directly to the base station. The MAC protocol used 
to ensure equitable accessand without errors are CDMA (Code DivisionMultiple Access) using a 
code for each cluster,TDMA (Time Division Multiple Access) allocatingto each cluster node a 
specific time (calledFrame) to send its data. 

 Nodes in a cluster, sends their data according toTDMA schedule, and cluster head receives, and 
aggregates the data. 

 Cluster heads will send their data directlyto the base station.The flow chart of the overall operation 
with the proposed scheme is shown in Fig. 2. 
 

 
Fig. 2. Chart flow of proposed protocol. 

 

4. Simulation Experiments and Results 

The proposed algorithms are evaluated by simulating a 100-node network using Matlab. The sensor 

nodes are randomly dispersed in an area of (100X100)m2; the base station is located at coordinates (50, 

150). Each sensor node transmits a message 1000 bits. The initial energy of each sensor node is 0.1 joules. 

Table 1 summarizes all the simulation parameters. 

Fig. 3 represents the average energy of the network function of the number of iterations for the 

algorithms leach, iMod-leach and Proposed Protocol. The figure below presents the rate of residual energy 

at the nodes. The figure shows that the average energy of nodes with the iMod-leach protocol is less than 

that measured with the suggestion and this by a rate of 0.14J and 0.27J in the round 80. In LEACH the 

nearest nodes of the base station is used to carry a great number of messages to the base station. So these 

nodes are going to die rapidly, causing the energy required to get the remaining data to the base station to 

increase and more nodes to die. 
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Table 1. The Arrangement of Channels 
Parameters Values 

Area size                (100X100)m2 
 

Numbers of nodes 100 

Initial Energy 
 

0.1J 

Packet size  100bits 

Efs 100pJ/bit/m2 

Eelec 50nJ/bit 

Emp 0.0013pJ/bit/m4 

EDA 5nJ/bit 

 
 

  
Fig. 3. Average energy of network per round. 

  
Fig. 4 represents the number of alive nodes of the net-work function of the number of iterations for the 

algorithms leach, iMod-leach, P̈roposed Protocol. We note that the lifetime of the network in the proposed 

protocol is much better than in other protocols.This is due to the fact that the energyconsumption is 

balanced around the nodes in the same cluster. 

 

 
Fig. 4. Number of alive nodes per round. 
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5. Conclusion 

In wireless sensor networks, the concept of clustering is effective particularly when confronted with the 

problem of energy consumption. clusters based routing protocols allow sensor nodes to effectively move 

the sensed data to the base station. Cluster heads are sometimes chosen as specialized nodes that are less 

energy constrained. It is in this context that we propose a new routing protocol dedicated to wireless 

sensor networks; it is based on clustering using the principle of clusters formation namely algorihm of 

kmeans and the algorithm Gauss for selecting CH. Simulation results show that the proposed protocol 

extends the network lifetime compared to leach, and other protocols. 

The proposed approach can be further improved by the use of certain intelligent algorithms such as 

genetic algorithms or ant colonies, to study the influence of the position of the base station, the application 

of a super-clustering on the firstlevel CHs, and the spreading of clustering on several levels. 
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