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Abstract 

Energy consumption problems in wireless sensor networks are an essential aspect of our days where advances have been 

made in the sizes of sensors and batteries, which are almost very small to be placed in the patient's body for remote monitoring. 

These sensors have inadequate resources, such as battery power that is difficult to replace or recharge. Therefore, researchers 

should be concerned with the area of saving and controlling the quantities of energy consumption by these sensors efficiently 

to keep it as long as possible and increase its lifetime. In this paper energy-efficient and fault-tolerance strategy is proposed by 

adopting the fault tolerance technique by using the self-checking process and sleep scheduling mechanism for avoiding the 

faults that may cause an increase in power consumption as well as energy-efficient at the whole network. this is done by 

improving the LEACH protocol by adding these proposed strategies to it. Simulation results show that the recommended method 

has higher efficiency than the LEACH protocol in power consumption also can prolong the network lifetime. In addition, it 

can detect and recover potential errors that consume high energy.   

KEYWORDS: Fault-Tolerance, LEACH, Sleep-Scheduling Mechanism, Self-checking process, WSN. 

I.  INTRODUCTION 

In most all critical applications, such as environmental 

monitoring, health care monitoring, Wireless Sensor 

Networks (WSN) are used [1]. The sensor is the basic unit of 

WSN because of its essential role in sensing and gathering 

information from the monitoring areas but it has restricted 

resources like energy [2] and [3]. This is due to its battery-

powered which is difficult to be recharged or replaced [4], 

Thus energy is the most critical factor to the conservation of 

the survival in these sensors [5]. In direct communications, 

sensors send the data that is sensed to the sink or base station 

regardless of the distance between them which causes 

consumption of high energy in the transmission medium. This 

leads to energy dissipation early [6] and [7], but WSN 

depends on the clustering mode of the monitored area 

separated into clusters [8]. Each cluster has its own member 

nodes and cluster head node that is responsible for 

communication inside the cluster and forwards gathered data 

from nodes outside the cluster [9] to eliminate the long 

distances between nodes which leads to energy conservation 

for a longer period of time, and the first protocol designed to 

adopt the principle of clustering is LEACH protocol [10]. 

Which still suffers from some deficiencies that can be looked 

at and addressed in this paper. 

Also, these individual sensor nodes make WSN more 

fault-prone cause of resource constraints [11], and this effect 

directly to energy rates and the release of the batteries earlier 

[12]. Therefore, we must take care of controlling these errors 

and addressing them to save available energy. therefore, a 

fault tolerance system is required to achieve that goal [13]. To 

increasing system lifetime, numerous routing algorithms be 

created in such a manner [14]and [15] as we will mentioned 

in related works part. Out of all these, the clustering algorithm 

has increased a great deal of significance in expanding the 

system lifetime; consequently, the effectiveness of the 

sensors in it [16]. Grouping gives a powerful method to 

Extend wireless sensor network lifetime [17]. 

In this paper, we introduce a method that can increase 

network lifetime depends on two enhanced algorithms. The 

first is to make the use of available energy more efficiently as 

possible by enhancing the leach protocol by adding an active 

selection of member nodes depend on distances between 

them. Second is the fault tolerance algorithm adding inside 

each sensor node depending on two steps (detect and 

recovery) from faults that make the system consume more 

power. This is done using the self-checking process in each 

sensor node. the rest of this paper is divided into 5 section 2 

explain the related works in reducing power consumption and 

fault tolerance in WSN, section 3 shows the proposed 
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algorithms in flowcharts and explain their operation steps, 

section 4 shows the results compared with LEACH protocol 

depend on two factors (energy consumed, lifetime) of the 

network, section5 explaining conclusions of this work. 

 

Related Works: Reducing power consumption in a WSN 

is considered a major interest in recent decades. 

Consequently, many algorithms have been proposed for 

increasing the WSN lifetime and conservation of the available 

energy. 

In [18], the authors introduced a method to increase 
network lifetime by making enhancing in leach protocol by 
fixing one's leach disadvantage that it is not taking the 
distance from cluster head to Data collection station in 
consideration. They could decrease energy consumption 
about 0.7 joule, but they have not taken fault tolerance in the 
consideration. In [19], the authors made enhance in leach 
protocol and take a residual energy at each node in the 
consideration as well as the distance from cluster head to a 
data collection station. While in [20], the authors developed a 
hybrid energy-efficient distributed algorithm in the fault 
tolerance stage by making the decision about faults occur in 
the base station.  

This is to do appropriate action and isolated faulty nodes 
and take its value by applying weighted median method to 
increase the corrected data rate. Because of the importance of 
fault-tolerance to increases the system's reliability [21], the 
researchers collected different and modern types of faults and 
discussed the pros and cons of each type and the appropriate 
solutions for each type of faults to achieve higher information 
trust. In [22], the researchers designed a routing protocol that 
achieves the saving power of the network depending on 
remaining energy of each node, whereby the information is 
sent from the sender to the base station. It checks the 
neighboring nodes to allocate the one with the highest 
residual energy, through which the information is transmitted. 

 This can achieve a balance in the available power of a 
network and increasing network lifetime. The researchers in 
[23] worked on organizing the transceiver device's operation 
using sleep scheduling to control energy exchange efficiently, 
using Zigbee protocol because it has the advantage of 
avoiding collisions that lead to waste of energy.  

In [24], the authors used k-means algorithm for path 
creation and backpropagation algorithm to optimize this path, 
and they got a decrease in power consumption of about 6.3 
joule with optimization. Still, they did not take the path 
between nodes and base station in consideration. In [25], the 
authors made develop in grey wolf optimization that it works 
on cluster head. Still, it is very complex and takes a long time 
to make its calculation the authors made it faster to compute 
distance and very simple and achieve high lifetime in the 
network. 

II.  PROPOSED SYSTEM 

 As described above, the proposed method is built based 

on two concepts that can reduce the consumed power in an 

efficient way. These concepts are enhanced clustering 

method and power fault detection. “Fig. 1” explain the 

structure of the proposed system in three steps: 1. Clustering 

the WSN using LEACH protocol, 2. Enhancing LEACH 

protocol by adding a new mechanism to it (active selection 

of member nodes depend on distances), 3. Adding fault 

tolerance technique by using self-checking process inside 

each sensor node. 

 

Fig.1: The Structure of the system 

From this figure, we note that the WSN contains the base 

station and different sensors, spread randomly in the area that 

we want to monitor. In the beginning, the sensors start to 

connecting together and recognizing the neighbors. In case 

the sensors send their readings direct to the base station, the 

energy consumed quickly and the nodes can die early, in 

which the whole network is dead. Therefore, the main issue 

is how to control the communication between these sensors 

to make the lifetime of the system longer. To decrease the 

amount of consumed power, the leach protocol is considered 

to develop culturing as show in “Fig. 2”. 

 

 

Fig.2: Flowchart of LEACH protocol to make Clustering in 

WSN [10]. 
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As shown in the flowchart of LEACH protocol cluster 

head being to select from member nodes by using equation 

(1) and then remaining member node decides to join cluster 

depend on strong signal broadcasting from elected cluster 

heads to configure clusters, then compute energy 

consumption of every node by using simple first order radio 

model as shown in Fig. 3 

 𝑇(𝑛) = {

𝑝

1−𝑝(𝑟 𝑚𝑜𝑑
1

𝑝
)

,        𝑖𝑓 𝑛 ∈ 𝐺

0                          𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 (1) 

 

 

 

  
 

Fig.3 Simple energy radio model and its equations to 

compute require energy to transmit and receive depend on 

distance d [10]. 

Finally, LEACH still to work until all nodes become die 

some recorded weaknesses in the LEACH protocol must 

point out, it does not take the nearest distances between 

member nodes into consideration. In this paper, the proposed 

algorithm addresses this weakness by taking it into 

consideration. leach protocol approves in the WSN, the leach 

protocol assumes the initial energy for each node is equal and 

then accomplishes a new algorithm in leach protocol Based 

on scheduling operations of member nodes in each cluster, 

by an active selection of member nodes first the distance “D” 

between node and cluster head compute by using equation 

(2) and then the distance between the same node and its 

neighbors “d” also by using equation (2) then compare 

between results to make nodes that nearest to each other, 

turn-on one node and others go to sleep mode rather than two 

nodes take the same reading about the monitoring area let 

one operate and another go to sleep mode as shown in the 

flowchart “Fig. 4”. This can support the reduction of more 

energy consumption to prolong its system lifetime. 

 

 

 𝑑 = √(𝑋2 − 𝑋1)2 + (𝑌2 − 𝑌1)2 (2) 

 

 

Fig.4: .Enhanced Clustering in LEACH protocol. 

The following steps guide you through the algorithm.:                                                                                                    

1. Calculating each cluster's estimated area by using equation 

(2). 

2. Calculating the area covered by Member Nodes (MN). In 

case the area is less than 20% of the cluster area, one of these 

Neighbor nodes is turned to sleep mode. 

3. This is repeated until the active node has consumed its 

energy, at which point the sleep node is awakened to control 

the monitoring job of the wanted area. 

4. This procedure is repeated until two nodes have died. 

(Depleted Of energy).      

                                                                                                                    

After this, the self-checking process is performed in each 

sensor node as a fault-tolerance method to increase its 

lifetime. The algorithm puts a threshold value of maximum 

required energy to transmit and receive data, each node 

monitors and checks its power consumption behavior and 

takes proper action for saving available node energy. 

The proposed fault tolerance method deals with each 

detected fault in two steps: fault detection and fault recovery. 

It detects the power fault using a self-checking process by 

found the transmission needs more than the maximum 

threshold and takes action as a power recovery by setting the 

underlying node to sleep mode until two round and then 

restart it to normal mode if the same node detects the fault 

another then the maintenance team should be alarm because 

the fault may be damage in hardware, not software. “Fig. 5” 

shows the proposed power-based self-checking process in 

fault detection and recovery. 
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Fig.5: Proposed Self-Checking Process Algorithm. 

The adopted steps of the algorithm are explained as: 

1.Put a threshold for maximum energy to transmit. 

2.assume the faults that wanted energy to transmit data more 

than the maximum threshold. 

3.Checking the sensor node's consume energy, if it is more 

than the max threshold, the node goes to sleep mode until 

two rounds then go back to normal mode 

4.If the same node prone to the fault the maintenance team 

should alarm. 

III.  RESULTS OF SIMULATIONS 

 To check the efficiency of the Suggested system, a 

simulator to represent the proposed system was built using 

MATLAB. A WSN is built with 100 sensor nodes spread 

randomly in an area of 100*100 meters. The base station is 

allocated in the center.  Each sensor node has an initial 

energy 2 joule, as shown in “Fig. 6” which shows the 

distribution of the nodes.  The cluster heads are determined 

depending on the evaluated distances from the base station. 

At the initialization, each sensor node starts to join the proper 

cluster for exchanging the data. Meanwhile, the self-

checking process is continuous in the nodes until all sensors 

are dead and the whole network would drain as shown in 

“Fig. 7”. 

         

Fig.6: Start of network simulation                

 

Fig.7: End of network simulation 

 

 

 

 

 

 

TABLE I  

Simulation Parameters Used In The System. 

 

 

Table (1) displays simulation parameters used in our 

proposed model that depend on radio medium who need this 

value in calculation when transmitting or receiving data. The 

proposed method is compared with leach protocol [17] Due 

 Base Station 

 
Sensor Node 

 
Cluster head 

 
Communication 

Parameters Values  

Area's length 100 m 

Area's width 100 m 

x coordination of base station Length / 2 

y coordination of base station Width / 2 

Number of Nodes in the area 100 

Each node 's initial energy 2 j 

Energy for transferring each 

bit  

50*0.000000001 

Energy to collect to each bit 50*0.000000001 

Energy of Data aggregation   5*0.000000001 
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to the LEACH protocol don’t take distances between nodes 

in cosidration also don't take fault tolerance in the 

consideration. 

When executing the approach with 100 sensor nodes, we 

note that the proposed method saves more power and 

increases the WSN lifetime compared with the LEACH 

protocol.  

At the start, both approaches are similar because a lot of 

energy consumed in the communication step at the beginning 

of the network.  

From the result simulation note that in leach protocol the 

whole network would drain at 2000 iteration while the 

proposed algorithm with first enhance is drained at 2500 

iteration and with third enhance is drain above 4500 

iterations as shown in “Fig. 8” which shows a number of 

operational nodes per rounds in leach protocol in red line and 

proposed algorithm with first enhance in the green line and 

blue line with final enhancement. 

 

 
 

Fig.8: Comparison proposed system with leach protocol in 

term of alive nodes per rounds. 

The Red line in the label shows the execution of standard 

LEACH protocol which explains in the first part in II the 

proposed system and, the Green line shows the execution of 

the first enhanced algorithm that has been explaining in 

flowchart Fig.4, Blue line shows the execution of second 

enhance algorithm that has been explained in Fig.5. 

 

Also, the simulation make comparison of consumed 

energy of the whole network as show in the spectrum of the 

energy consumed per transmission in “Fig. 9” whole network 

is 200 joule supplies. 

(Energy total = No of nodes *initial energy) 

 

The whole network drains the available power in LEACH 

protocol at 1600 transmission while in 1600 transmission the 

proposed algorithm still saves 30 joules in first enhance and 

save approximately 80 joules in second enhancement. 

 

 
 

Fig.9: Comparison proposed system with leach protocol in 

term of Power consumption. 

IV. CONCLUSIONS 

 An energy-efficient method for WSN was proposed. 

This method adopted two concepts of power fault tolerance 

and enhanced leach protocol. The enhanced leach protocol 

considered the small distances between nodes. Moreover, the 

power fault tolerance method decreased the consumed power 

by faulty nodes. The Results obtained demonstrated superior 

efficiency of the proposed system lifetime and power 

consumption of underlying WSN compared with basic 

LEACH protocol.   
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