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Abstract: In wireless sensor networks, the energy consumed by each node of the network influences the lifetime of the 

networks, more than the consumption of energy increases more than the lifetime of the networks decreases, this is why the 

increase of the lifetime of the networks requires a strategy (protocol) which reduces the power consumption of the transmission 

or reception of data by the sensor nodes. In recent years much research has been done to maximize a life time of network 

sensor. To deal with this, the hierarchical protocols (Cluster based-approach, chain based-approach) have been developed in 

order to reduce the network traffic toward the sink and therefore prolong the network lifetime. In this paper, the focus is mainly 

driven over the survey of the energy-efficient using hierarchical cluster-based approach namely LEACH (Low Energy 

Adaptive Clustering Hierarchy Protocol), in order to propose a new method to maximize more the life time of network sensor. 

Our method is to conserve energy consumption when transmitting data to the Base Station (BS). We evaluated the performance 

of the LEACH protocol with our proposed method simulated, the results of our method are demonstrated by the simulation 

results using Matlab Simulink. 
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1. Introduction 

A wireless sensor network (WSN) consists of a large 

number of small-sensor nodes used to monitor areas, collect 

and report data to the base station (BS)[1], in the other, each 

node serves as transmitter and router, these sensors (node) 

are used to control an environment and transmit the captured 

data to the base stations [2]. 

In general Wireless Sensor Network (WSN) is a set of 

communicating sensors using wireless links [1, 2]. The nodes 

are usually powered by batteries with finite capacity and it is 

always impossible to replenish the power [3, 24], for that the 

failure of the energy sensor can significantly modify the 

topology of the network and impose an expensive 

reorganization of the network [4]. 

In order to extend the lifetime of the network, several 

routing approaches have been proposed. Among these 

protocols, the hierarchical routing in which the network is 

partitioned into small groups and each group is monitored 

and controlled by a node called (Cluster Head: CH). A CH is 

responsible for transmitting the information collected by the 

nodes of its cluster and it can compress the data before 

sending it to the BS [6]. 

In WSN power saving techniques can generally be 

classified in two categories [3]: 

a) Scheduling the sensor nodes to alternate between active 

and sleep mode. 

b) Adjusting the transmission or sensing radius of the 

wireless nodes. 

In this paper we study the performances of the LEACH 

protocol and the existing improvement has been implemented 

and our approach to prolong the lifetime of the sensors. 

In Section II we present the application and characteristics of 

wireless sensor network. Section III presents the cluster based 

approach protocols and the operation of LEACH protocol. 

Section IV detailed the existing method algorithm based on 

LEACH protocol, Section V and VI detailed our proposed 
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method approach, the results obtained and discuss result,Finally 

Section VII concludes a comparative between our approach and 

method existing and our perspective for future works. 

2. Wireless Sensor Network: Application 

and Characeristics 

Wireless Sensor network is most adaptive communication 

network that is used in many applications and organizations: 

military, medical, and environmental, for the monitoring of 

critical infrastructure in the affected areas and hostile[2], 

WSN has several Characteristics are as below [19, 23]:  

a) Power consumation constrains for nodes using batteries 

or energy harvesting.  

b) Ability to cope with node failures.  

c) Mobility of nodes.  

d) Dynamic network topology.  

e) Communication failures.  

f) Heterogeneity of nodes.  

g) Scalability to large scale of deployment.  

h) Ability to withstand harsh environmental conditions.  

i) Ease of use. 

3. Cluster Based Approach in WSN and 

LEACH Protocol Operation 

3.1. Clustering Based Appraoch in WSN  

The structuring of a network is one of the main tools to 

save energy in each network node [11]. 

In sensor networks there are two types of architecture for 

networks, flat architecture that constitutes a homogeneous 

network where all nodes have the same in terms energy 

resources,calculation and memory [8, 9, 10], and another 

hierarchical architecture where all nodes do not have the 

same roles and therefore the same resources [2]. Being given 

that the main purpose of a routing protocol for WSN is the 

proper and efficient development of routes between a pair of 

nodes so that messages can be routed, why multiple routing 

protocols (Hierarchical Protocols, Flat protocols) have been 

developed these last year’s [2]. 

The comparison studied between the flat and hierarchical 

structure at the energy consumption level shows that the 

hierarchical architecture has more advantage than the flat 

architecture [2], namely: well-structured network, easy 

network management, less power consumption, high lifetime, 

unless the message circulating on networks and the flood 

problem is avoided [2]. 

In the other hierarchical structure there are two main 

approaches are derived from these protocols: cluster-based 

approach and chain–based approach [12, 13, 21]:  

a) Cluster-based approach: The node is organized in 

cluster, each cluster have his leader to transmit a data to 

the base station. 

b) Chain–based approach: The node is organized in a chain 

to send the data to the base station. 

Many research activities have been carried out on the area 

of energy-efficient data gathering in WSN, since the basic 

task of the WSN is to effectively collect the data with lesser 

resource consumption. Most of the data gathering algorithms 

are aimed to minimize the energy consumption problem like 

this LEACH Protocols [14, 15]. 

LEACH is one of the protocols based on the concept of 

classification (clustering) shown in Figure 1, which consists 

of to partition the network into clusters. The nodes send their 

data to the CHs who send these Data to the SB. CHs make 

simple treatments (Aggregation for example) on the data 

before the to transmit[14, 15]. 

 

Figure 1. Clustering based appraoch Protocol. 

In this section, we present a brief overview of some related 

research work developed like this LEACH protocols. 

3.2. Leach Protocol Operation 

Low-Energy Adaptive Clustering Hierarchy (LEACH), 

which is a popular cluster based routing technique, is 

an energy-efficient communication protocol [16]. 

In LEACH, the sensor nodes are divided periodically into 

several clusters. For each cluster, a sensor node is selected as 

a CH. Thus, LEACH performs a periodic randomized 

rotation of the CH nodes.  

The operations of LEACH are generally separated into two 

phases: the setup phase and the steady-state phase. In the 

setup phase, CHs are selected and clusters are organized. In 

the steady-state phase, the data transmissions to the BS take 

place. The role of the CH is assigned by the node getting a 

random number between 0 and 1. If the number is less than 

the threshold values T(n), the node becomes a CH for the 

current round [17], the following equation (1) bellow shows 

how to compute T(n): 

T(n)={ p/(1-p*(r*mod(1/p)) if n ϵG      (1) 

0 otherwise 

Where n is the given node, P is the predetermined 

percentage of CHs (P = 5%), r is the current round, and G is 

the set of nodes that have not been selected as CHs in the last 

1/P rounds.  

Using this threshold, each node will be a CH at some 

round with in 1/p. After the election of CH nodes, each 

ordinary node will determine the optimal CH to join in terms 

of minimum energy required for transmission.  

After the election of CH nodes, each ordinary node will 
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determine the optimal CH to join in terms of minimum 

energy required for transmission.  

In the other, after the formation of the clusters, the CHs 

construct Time Division Multiple Access (TDMA) tables 

based on the number of nodes in their clusters. In these tables 

each node is associated with a time slot which it can transmit 

these messages (the transmission is Over the entire 

bandwidth allocated for the transmission of Data), that is to 

say that each node that tries to make a Transmission during 

its time-slot it is sure that the channel is clean. 

Finally to prevent interference between cluster messages 

which are close, each CH randomly selects a code in a list of 

CDMA codes (Code Division Multiple Access) and transmits it 

to the nodes belonging to its group to use it during transmission, 

so all nodes use the same bandwidth but with Frequency 

modulations that are specified in the code Sent by the CH [22]. 

4. Existing Method Algorithm Based on 

LEACH Protocol 

4.1. Detail Method Existing Using LEACH Protocol 

In WSN several method are developing to increase the 

lifetime of Nodes using the CH selection method, one of this 

method consists in favoring the nodes which have more 

energy to become CH [18].To achieve this, authors use the 

formula for calculating the energy ratio (Energy present in 

node /Initialed energy) Eprés / Eini, and introduce it in the 

classification formula, the new threshold the energy [18]: 

T1(n)=T(n)*(Eprés/Eini)                       (2) 

4.2. Simulation and Descuss Existing Method Using 

LEACH Protocol 

4.2.1. Parameters of Simulation Protocol 

To simulate the improved algorithm we will use Matlab as 

a simulator with change of position of the base station to 

show the influence of the distance between BS and the nodes 

cluster head on the consumption of energy, for this we will 

choose two locations for BS as shown in table 1 bellow: 

Table 1. Parameters position of base station. 

Location Position of Base Station 

First location(L1) L1=(150m,50m) 

Second Location (L2) L2=(175m,50m) 

The following table 2 bellow shows the simulation 

parameters for the two locations L1 and L2 with other 

parameters for existing method: 

Table 2. Simulation parameters of LEACH existing method. 

Parameters values 

Number of nodes 100 

Simulation Surface (100m,100m) 

Position of the BS L1=(150m,50m), L2=(175m,50m) 

Initial Energy 0,1 J 

Simulator Matlab 

maximum number of rounds 100 

4.2.2. Simulation Results Existing Method  

Before the simulation, we represented in the figure 2 

bellow the distribution of the nodes using LEACH Protocols 

simulate in Matlab [20]. 

 

Figure 2. Distribution nodes and cluster format using LEACH Protocol. 

To make a comparison of both location BS for hierarchical 

architecture using LEACH protocol, several parameters are 

to be tested, for that we chose in our simulation the 

parameters how presented in table 1 for each location 

BS,then we will take the results of simulation in Matlab 

[20].with change the location BS. 

4.2.3. Results Simulation with BS in L1 (150m, 50m) 

The both figures(Figure 3 and figure 4) bellow shows the 

simulation results representing respectively the state of the 

nodes after simulation and the number of node dead after 

number of rounds with BS in location (150m, 50m). 

The yellow triangle in figure 3 represents the dead node 

after finally simulation with BS in location (150m, 50m). 

 

Figure 3. State of the nodes after 100 rounds with BS in location (150m, 

50m). 
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Figure 4. Number of node dead after 100 rounds with BS in location (150m, 

50m). 

4.2.4. Results Simulation with BS in L2 (175m, 50m) 

The both figure bellow(Figure 5 and figure 6) shows the 

simulation results representing respectively the state of the 

nodes and the number of node dead after number of rounds 

with BS in location (175m, 50m). 

The yellow triangle in figure 5 represents the dead node 

after finally simulation with BS in Location (175m, 50m). 

 

Figure 5. State of the nodes after 100 rounds with BS in location (175m, 

50m). 

 

Figure 6. Number of node dead after 100 rounds with BS in location (175m, 

50m). 

4.2.5. Discuss Results Existing Approach LEACH Protocols 

According to the result of the simulation obtained for each 

base station location C1 and C2, relative to the cluster head 

node, we notice that: 

a) The distance that separates the base station and the 

nodes cluster head influenced over the lifetime of 

networks. 

b) Decrease a distance that separates the base station with 

the cluster head node decrease a number of dead nodes 

during 100 rounds. 

c) With BS in location (150m, 50m) we see that the 

number of dead nod during 100 round is about 40 nods. 

d) With BS in location (175m, 50m) we see that the 

number of dead nod during 100 rounds is about 58 

nods. 

So to minimize the number of dead nodes and increase the 

lifetime of WSN, several improvements have been 

introduced, for us, in this article we will improve the 

constraint distance separating the base station with node 

(Cluster head) responsible for capturing the data to base 

station BS. 

5. Proposed Method 

Energy conservation is a key issue in the design of systems 

based on wireless sensor networks. Clustering routing 

protocols have been developed in order to reduce the network 

traffic toward the sink and therefore prolong the network 

lifetime [21, 24]. So several researches treats the problem of 

energy consumption by the nodes of the networks, also 

several research deals with the problem of the distance 

between the nodes that is why the researcher proposes the 

hierarchical architecture to solve the problem existing in the 

flat architecture such as the lifetime of the networks. 

There are already several methods that deal with the 

problem of distance, but the existing method serves to 

minimize the distance with a selection of the cluster head 

next to base station, this brings back the death of the node 

which is far from CH, which we notice in the simulation 

done in the previous part. 

In formula (1), it has been seen that the nodes self-elect 

and randomly select a number between 0 and 1 and that this 

value must be less than a threshold for the nodes to be CHs, 

then, it is necessary to increase the threshold value to 

increase the probability of having nodes CHs. 

The figure 7 Bellow show one part of existing method to 

select CHs. 

 

Figure 7. Methods Select CHs in LEACH Protocols. 

In this context, we propose our improvement routing 

protocol for Wireless Sensor Networks (WSN) based on 
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LEACH existing approach. Our approach it based to 

improvement the algorithm LEACH protocol, exactly to 

minimize a distance between BS and cluster head and 

minimized number of dead nods far than BS. 

Our method consists to locating the select cluster heads of 

the nodes that are far from BS at half the topology of the 

network. 

Our Objectives is to avoid the death of the nodes which are 

very far from the base station and give luck to the node 

located at the half of the topology and base station so that 

they become CHs. The threshold equation becomes 

T3(n)=T(n)*dmoy/d                      (3) 

Where dmoy= (dmax+dmin)/2, d is the distance between the 

node and the base station, dmax is the maximum distance 

between the base station and a node, and dmin is the minimum 

distance between the base station and a node. 

The figure 8 bellow shows one part of our method to select 

CHs in LEACH Protocol. 

 

Figure 8. Our Methods Select CHs in LEACH Protocols. 

6. Simulation of Our Method and Discuss 

Results 

To make the comparison between our improved method 

and the results existing method how we simulated in section 

IV, we choose the same parameters presented in table 

TABLE 2 to simulate our approach improvement.  

6.1. Results Simulation Proposed Approach with BS in L1 

(150m, 50m) 

The both figure bellow(Figure 9 and figure 10) shows the 

simulation results of our approach method representing 

respectively the state of the nodes after simulation and the 

number of node dead after number of rounds with BS in 

location (150m, 50m). 

The yellow triangle in figure 9 represents the dead node 

after finally simulation with BS in location (150m, 50m). 

6.2. Results Simulation Proposed Method with BS in L2 

(175m, 50m) 

The both figure bellow(Figure 11 and figure 12) shows the 

simulation results of our approach method representing the 

state of the nodes after simulation and the number of node 

dead after number of rounds with BS in location (175m, 

50m). 

The yellow triangle in figure 11 represents the dead 

node after finally simulation with BS in location (175m, 

50m). 

 

Figure 9. State of the nodes after 100 rounds with BS in location (150m, 

50m) Using Proposed Approach LEACH. 

 

Figure 10. Using Proposed Approach LEACH. 

 

Figure 11. State of the nodes after 100 rounds with BS in location (175m, 

50m) Using Proposed Approach LEACH. 
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6.3. Discuss Results Method Approach of LEACH Protocols 

6.3.1. Simulation Result Proposed Method 

The table 3 and figure 13 bellow gives a comparison 

between the simulation results between the existing approach 

and our proposed method for each base station position L1 

and L2. 

 

Figure 12. Number of node dead after 100 rounds with BS in location 

(175m,50m) Using Proposed Approach LEACH. 

6.3.2. Discussion Results 

The results of the simulation shown in the table 3 and 

figure 13 clearly show that there is an extension of the 

network lifetime, by applying our approach:  

a) We decrease the number of dead nodes from 40 to 18 in 

the case where the base station is located at a distance 

of (150m, 50m). 

b) We decrease the number of dead nodes from 58 to 28 in 

the case where the base station is located at a distance 

of (175m, 50m). 

Finally in our approach we have succeeded in extending 

the network lifetime by 45% for Bs in (150m,50m) and 48 % 

for BS in( 175m,50m).  

Table 3. Number dead node in existing method and our method for leach 

protocol. 

Position of Base 

Station 

Number of dead node 

in Existing Method 

for LEACH 

Number of 

dead node in 

Our method 

For LEACH 

Percentag

e increase 

live node 

BS in (150m, 50m) 40 18 45 % 

BS in (175m, 50m) 58 28 48 % 

 
Figure 13. Number node dead in each approach for each position BS. 

7. Conclusion and Perspective 

In this paper we introduce wireless sensor networks 

routing algorithms using cluster based approach and we have 

proposed and detailed our new improvement method of 

clustering based on existing method LEACH protocols to 

minimize energy consumption in wireless sensor network, 

the simulation results show that our approach ensures the low 

energy consumption and improves the network lifetime, so 

we have succeeded to maximizing the lifetime of networks 

up to 45% compared to existing method studied in this paper. 

As perspective this work can be used in different directions 

in our future works to propose a protocol with better 

consumption of energy and increase more the lifetime of 

Wireless Sensor Network. 
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