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Abstract  

Wireless Sensor Networks (WSN) are expected to transform the way data is collected, processed, and 
disseminated in a variety of contexts and applications. Extending the life of wireless sensor networks 
requires the capacity to properly manage resources (WSNs). Clustering sensor nodes with the task of 
improving traffic demands in the networking is a sensible method for WSN's long-term energy use.For 
Wireless Sensor Networks, the current system established a Hierarchical Energy-Balancing Multipath 
routing protocol (HEBM). However, because the sensor nodes rely on energy for their operations, if one 
node fails or a link breaks owing to its limited battery life, it will have an impact on the entire network, 
necessitating cautious resource management. And also need efficient cluster head selection scheme to 
improve energy efficiency. To address this issue, the suggested system created a Fault Tolerance based 
Energy Efficient Routing (FTEER) mechanism that provides significant energy and network lifespan gains. 
At randomization, sensor nodes are dispersed in a capture zone.Then use neighbour discovery to locate 
the nodes that are closest to you. At least one neighborhood is performed by each node in the network.  In 
this proposed work, distance-based clustering is performed. Then optimal CH selection is done by using 
Adaptive Adjustment step strategy-based Glowworm Swarm Optimization algorithm (AAGSO). The 
proximity seen between node and the base station, the based on residual energy of the node as well as its 
neighbours, and the quantity of node neighbours are all considerations to consider while choosing a CH. 
Finally, the cluster head creates a TDMA schedule, which gives a time window for data delivery to sensor 
nodes.When a defect (node or connection failure) occurs during packet delivery, communication is restarted 
by selecting backup routes or backup nodes. With respect to packet delivery ratio, end-to-end latency, 
energy consumption, and average remaining round, the experimental findings reveal that the suggested 
system outperforms the prior systems. 

Keywords:  Wireless Sensor Networks (WSN), routing, Fault Tolerance and Adaptive Adjustment step 
strategy based Glowworm Swarm Optimization algorithm (AAGSO).      

 

1. INTRODUCTION   

A wireless sensor network is made up of sensor nodes, which are small devices that can 
sense, evaluate, and transmit data [1-3]. Military applications such as battlefield 
intelligence prompted the progress of wireless sensor networks. These systems are 
castoff in a range of industrial applications, spanning corporate monitoring purposes, 
machine care coordination, and so on. A processor unit with constrained computing 
capability and memory, sensors or a communication device (usually radio transceivers or 
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optionally optical), and a power supply (often a battery) are all basic components [4-5]. 
The base stations, which are one or more WSN components, have much more 
processing, energy, and communication resources than the other components. They 
operate as an entry point between sensor nodes and the user experience, relaying data 
from the WSN to a server. Because of sensor nodes' resources are limited and quasi, 
energy efficiency is a critical consideration in protocol design because it has a significant 
impact on the sensor networks' lifespan. As a result, in order to improve energy efficiency 
and reduce transmission latency, a mixture of nodes must be used to build several tiny 
groupings known as clusters. 

The sensor nodes are clustered into several clusters to minimize data transfer time and 
energy usage [6]. Clustering is the process of combining sensor nodes together. In cluster 
creation, each cluster has a supervisor, known as the Cluster Head (CH). A sensor node 
with more complex characteristics than other sensor nodes is known as a CH. The CH is 
determined by the sensor nodes in the respective group, however the user can pre-assign 
the CHs if desired. The CH is used to provide accumulated data [7] to the descend, also 
known as the Base Station (BS) [8]. This is the major benefit of clustering. There are three 
forms of clustering: centralised clustering, distributed clustering, and hybrid clustering. 
The centralised clustering method assigns a fixed CH to each cluster. The cluster's 
remaining nodes serve as member nodes. The term "distributed clustering" [9] refers to 
clustering in which the CH is not fixed. Based on various criteria, the CH continues to shift 
from node to node [10-11]. Hybrid clustering is a type of clustering that combines the 
benefits of both centralised and dispersed clustering. Cluster head preference is another 
key challenge that has a major influence on network performance. The finest possible 
node should be chosen in order to enhance system reliability and total network longevity.   

One of the highly significant difficulties in WSN applications is fault tolerance [12]. In WSN, 
the dilemma of missing sensor nodes, communication links, and data is unavoidable [13]. 
Power depletion, environmental effect, radio frequency interference, asymmetric 
communication lines, sensor node displacement, and collision are all conditions that 
cause WSNs to fail. Many researchers have developed fault-tolerant algorithms that can 
offer acceptable data dependability, precision, energy savings, network lifespan 
extension, and component failure minimization. As a result, improved steering techniques 
are needed to boost system performance. 

The remainder of the article is arranged as follows: Section 2 gives relevant research on 
energy-aware routing algorithms that might be deployed to them. The suggested Fault 
Tolerance based Energy Efficient Routing (FTEER) mechanism is designated in Section 
3. Section 4 discusses the experiment estimation method and optimization techniques. 
Finally, Section 5 articulates the outcomes of the research. 
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2. LITERATURE REVIEW 

Wang et al (2018) addressed a Genetic algorithm-based Energy-efficient Clustering and 
Routing scheme (GECR). Here, the optimization algorithm from the previous network 
round is included to the current round's beginning population, enhancing the retrieval 
performance. To determine overall energy usage, the clustering and routing schemes are 
merged into a single chromosome. Here, the optimization algorithm is built directly from 
the entire energy use, resulting in increased energy efficiency. Furthermore, when 
creating the optimization technique, load balancing is taken into account. As a result, the 
nodes' energy consumption may be balanced. Under various circumstances, the GECR 
got the best task scheduling with the smallest fluctuations in the loads on the cluster 
heads. Furthermore, the GECR was the most energy-efficient, with the cluster heads 
consuming the least average energy and all nodes consuming the least energy [14]. 

Logambigai et al (2018) introduced a Power generation Grid-based Scheduling method 
for sensing devices to save energy in edge devices and extend the lifespan of the 
network. Conversely, a Grid Coordinator is in charge of routing, which employs fuzzy rules 
to discover the optimum path and reduce the quantity of stages in the progression. 
According to the simulations done in this study [15], the created routing algorithm 
outperforms other current grid and cluster oriented routing schemes in terms of residual 
energy and network longevity. 

A fuzzy logic scheme for cluster head election was given by Hamzah et al (2019). To 
evaluate the likelihood of each node becoming a CH, the developed model employs five 
attributes. Residual energy, site appropriateness, density, batching, and proximity from 
the base station are indeed the variables. Using this fuzzy logic system, they present the 
Fuzzy Logic-based Energy-Efficient Clustering for WSN predicated on least radial 
Distance compliance between CHs (FL-EEC/D). We also use the Gini coefficient to 
assess the fuel economy of classification methods in order to control distribution across 
WSN sensor nodes. The proposed approach FL-EEC/D is contrasted against a 
regression Handoff mechanism, a k-means aggregation tool, and LEACH. For different 
networking sizes and designs, the results showed improved energy effectiveness in terms 
of operational range and bandwidth utilization equalisation amongst sensor nodes. The 
results show that first node dead and half node dead have an average improvement in 
quality [16]. 

Ali et al. (2020) proposes a new ARSH-FATI-based Cluster Head Selection (ARSH-FATI-
CHS) algorithm to decrease sensor node interaction power consumption while 
significantly improving LT. Unlike prior population-based algorithms, this 
model dynamically provides transitions between exploratory and exploitative of the 
recruitment process during run-time, resulting in a greater network LT and a superior 
effectiveness ratio. When picking a cluster center, ARSH-FATI-CHS evaluates remaining 
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energy, telecommunication distance, and workload (CH). To assess the WSN's LT 
efficacy, we replicate our proposed ARSH-FATI-CHS and generate a range of outputs to 
improve the network's LT by roughly 25%[17]. 

Relying on the levels of interactivity and fuzzy logic, Robinson et al. (2019) introduced a 
novel energy-efficient wireless sensor network (WSN) routing method. The cluster heads 
are picked based on each node's WSN probability values, which are calculated using the 
node's remaining power.To determine the mean performance of the entire network in the 
current stage, the cumulative residual node energy is employed. The cluster heads, which 
gather packets from cluster members through single hop communication, will have a 
greater chance of getting picked. The CN node uses fuzzy control and number of co 
connectivity to send the collected data to the base station.In fuzzy control, the length of a 
node's queue, its proximity from the base station, and its residual energy are all 
considerations. When combined with those strategies, experimental results show that the 
designed system outperforms conventional protocols [18]. 

3. PROPOSED METHODOLOGY   

The Fault Tolerance based Energy Efficient Routing (FTEER) mechanism is designed for 
considerable reduction of communication and processing overhead. Initialization, 
neighbour detection, cluster building, CH selection, and fault tolerant based routing are 
all part of the implementation system. Figure 1 depicts a flow diagram of the planned 
work. 
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Figure 1: Flow diagram of the research work 

3.1 Network model   

Consider a racially homogenous WSN with nodes spread evenly and arbitrarily all across 
the network. The network's nodes are dispersed throughout a square region, with "M" 
representing the length of the sides. We suspect that all hubs have adequate energy to 
access to the BS and that they might communicate at varying degrees of power. There is 
no provision for mobility, therefore nodes and the BS are stationary. Despite the reality 
that the BS might be situated far from the observation field's centre, we study a strategy 
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wherein the BS is near the field's centre. In a single hop, all nodes are interconnected 
with their neighbours who are inside the cluster range of the nodes. At the start of each 
phase, it is expected that all nodes are synchronised at least once. For the purpose of 
simplicity, we suppose that the wireless transmission channel is reliable; We also believe 
that the complete network operation period is split interested in many rounds, with clusters 
being built at the beginning and data being assembled, accumulated, and sent to the BS 
over the duration of the round. 

3.2 Neighbor Discovery (ND) phase   

ND (Neighbors Discovery) is essential in the early stages of wireless sensor networks. 
Each cluster in the WSN conducts at least one neighbourhood classification while it is 
being built. This phase's goal is to gather as much data as possible about the other nodes 
in the area so that you can make an educated judgement over which peers to choose. As 
a result, in order to relay information and notify chosen neighbours, multiple kinds of 
information must be sent between the originator and neighbouring nodes. The 
establishment of a neighbour table, as illustrated in Figure 2, brings the neighbourhood 
finding procedure to a close. 

 

Figure2. Neighbor discovery (node weight) 
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To estimate the node-weight, each server delivers a message Discov-neigh-msg 
including its identity in the proposed contribution. Each node that receives the information 
sends a Discovneigh-msg signal of the same type, and each participant has accessibility 
to their neighbor's database, allowing them to calculate their cost. The goal of the pick 
neighbor’s technique is to make the optimal decision for the wireless sensor network as 
a whole. At the start, the originator conveys a Discov-neigh-msg, and by the time the 
originator sends the first transmission, a timer ts-discov has underway. The node monitors 
for broadcast got a message throughout the time; a node in receipt ofaannouncement 
adds the origin as a neighbour of the neighbour and delivers an acknowledgement (ack) 
notice to the originator. The principal investigator designates the origination as a 
neighbour after acquiring a message alert. The discoverer creates a neighbour table after 
receiving all ack alerts, and the neighborhood discovery is achieved. 

3.3 CH selection   

The choice of cluster-head is by far the most important part of any clustering algorithm. 
The clustering-based technique organises the nodes into local groups. A cluster head 
and a quantity of member nodes that are all part of the same group make up each cluster. 
All quasi head nodes have to provide their data to the destination, who still must sends 
data gathered from across all parties present to the distant Base Station (BS).As a result, 
being a cluster leader requires a lot more energy than just being a conventional participant 
node. 

The nodes participate in a competition system to be designated as the CH candidate in 
this suggested technique. The multiple primary goals of CH election and cluster transition 
are to disseminate energy utilization across the network, reduce network overhead keep 
the gathering progression inside a certain quantity of times, and produce evenly 
disseminated cluster heads. To decide if each node is picked as a cluster-head candidate, 
the disorder "Pch" is proportionately computed by means of a amalgamation of three 
metrics.  

(i) The distance amongst the node and the Base Station. 

(ii) Weight-Node: number of node neighbors. 

(iii) Outstanding energy of node and its neighbors. 

As a result, we used these equations (Eqns. 1-3) to calculate the Cluster head: 

𝛽1(i,j)=1-𝛼1(1-
𝐷𝐵𝑆,𝑖

𝐷𝐵𝑆,𝑗
)                  (1)  

Where,   
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𝐷𝐵𝑆,𝑖: depicts the distance amongst the node “i” and the base station BS. 

𝐷𝐵𝑆,𝑗: depicts the distance amid the node neighbor “j” and the base BS. 

𝛽2(i,j)=1-𝛼2(1-
𝑁𝑊 𝑖

𝑁𝑊𝑗
)           (2)  

Where,   

𝑁𝑊 𝑖-ith node weight 

𝑁𝑊 𝑗 −jth neighbor node weight  

𝛽3(i,j)=1-𝛼3(1-
𝐸 𝑖

𝐸𝑗
)            (3)  

Where,   

Er,i: Outstanding energy of node « i ». 

Er,j: Outstanding energy of node neighbor « j ». 

𝑃𝑐ℎ(𝑖, 𝑗) =Max [1-∑ 𝛽1(i, j),𝑛
𝑖,𝑗=1 𝛽2(i,j),𝛽3(i,j))]   (4)  

Where,   

𝑃𝑐ℎ(𝑖, 𝑗)-state to be cluster head for node « CH ».  

a1, a2, a3-persistent coefficient «0» or «1» n 

Adaptive Adjustment step strategy-based Glowworm Swarm Optimization 
algorithm (AAGSO)      

In this proposed work, distance-based clustering is performed.  The CH selection is done 
by using Adaptive Adjustment step strategy-based Glowworm Swarm Optimization 
algorithm (AAGSO). The objective functions are   

i. The distance between the base station and the node. 
ii. The node's and its neighbours' residual energy. 
iii. Number of Node Neighbors (Weight-Node). 

In GSO, a swarm of glowworms (number of nodes) is arbitrarily dispersed in the object 
function search process (sensor network). The glowworm algorithm's agents are 
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accompanied by a luminosity quantity known as luciferin. Glowworms are attracted to 
each other by the stronger glow of nearby glowworms. When a glowworm is within its 
current local-decision domain, it recognises another glowworm as a neighbour 
(neighbouring node). The luciferin intensity of glowworms is connected to their present 
location's fitness. The stronger the luciferin intensity, the better the glowworm's position 
in the search space. All of the glowworms' positions will vary with each iteration, and the 
luciferin value (fitness value) will be updated as well. A luciferin update section is 
characterised by a measure phase according to the transitional rule in each iteration. The 
GSO algorithm is broken into three steps in general: 

i. Luciferin renew phase  

ii. Movement phase 

iii. Neighborhood range update phase     

Phase of luciferin update: The function value at the glowworm (node) location 
determines the luciferin update. Throughout the luciferin-update phase, every glowworm 
contributes a luciferin amount proportional to the efficiency of its current position in the 
optimization problem domain to its existing luciferin level. In addition, a percentage of the 
luciferin value is deducted to imitate luciferin decline over time. The updating rule for 
luciferin (objective function dependent on the node) is as follows: 

𝑙𝑖(𝑡 + 1) = (1 − 𝜌)𝑙𝑖(𝑡) + 𝛾𝑓(𝑥𝑖(𝑡)) 

𝑓(𝑥𝑖(𝑡)) =   𝑊𝑣 

𝑙𝑖(𝑡 + 1) = (1 − 𝜌)𝑙𝑖(𝑡) + 𝛾𝑊𝑣      (5) 

where, 𝑙𝑖(𝑡)embodies the luciferin level corresponding with glowworm i at time t, q is the 

luciferin decay constant (0<q<1), 𝛾 is the luciferin augmentation constant, and  
𝑓(𝑥𝑖(𝑡))characterizes the value of the impartial function next to agent i’s position at time 
t. The function's main goal is to maximise the combined effect of average sensor distance, 
residual energy, node degree, and transmission power in a cluster. 

Throughout the movement phase, every node habits a probabilistic process to determine 
whether or not to migrate in the direction of a neighbour with a luciferin value (fitness 
value) advanced than any of the situation. Glowworms are drawn to neighbours who have 
a stronger light (higher fitness value). The set of glowworms (node) i's neighbours at time 
t is computed as follows: 

𝑁𝑖(𝑡) = {𝑗: ||𝑥𝑗(𝑡) − 𝑥𝑖(𝑡)|| < 𝑟𝑑
𝑗
(𝑡);   𝑙𝑖(𝑡) < 𝑙𝑗(𝑡)}   (6)  
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where ||.|| denotes the Euclidean norm operator, 𝑙𝑖(𝑡)embodies the luciferin level (fitness 

value) allied with glowworm (node) i at time t, and 𝑟𝑑
𝑗
(𝑡)epitomizes the variable 

neighbourhood range accompanying with glowworm i at time t, which is constrained 

above by a device range 𝑟𝑠(0 < 𝑟𝑑
𝑖 (𝑡) ≤ 𝑟𝑠) . The chance of a glowworm i migrating near 

a neighbour j is given by:   

𝑝𝑖𝑗(𝑡) =
𝑙𝑗(𝑡)−𝑙𝑖(𝑡)

∑ 𝑙𝑘(𝑡)−𝑙𝑖(𝑡)𝑘∈𝑁𝑖(𝑡)
            (7) 

Where,  j∈ 𝑁𝑖(𝑡): Let glowworm ichoose a glowworm j ∈ 𝑁𝑖(𝑡): with 𝑝𝑖𝑗(𝑡) given by (8). 

Then, the glowworm movements can be follows as:    

𝑥𝑖(𝑡 + 1)= 𝑥𝑖(𝑡) + 𝑠(
𝑥𝑗(𝑡)−𝑥𝑖(𝑡)

||𝑥𝑗(𝑡)−𝑥𝑖(𝑡)||
)   (8)   

Where,   𝑥𝑖(𝑡) ∈ 𝑅𝑑 is the position of node i, at time t; in the d-dimensional real space  

𝑅𝑑,and s(> 0) is the step size.        

Neighbourhood range update rule: Each agent (node) i in the planned system is 

assigned to a neighbourhood with a dynamic radial range 𝑟𝑑
𝑗
(𝑡). Let r0 be each 

glowworm's initial neighbourhood range. The following rule is used to adaptively update 
the neighbourhood range updating rule of each glowworm (node). 

𝑟𝑑
𝑗
(𝑡 + 1)  =min{𝑟𝑠, max {0, 𝑟𝑑

𝑗(𝑡) + 𝛽(𝑛𝑡 − |𝑁𝑖(𝑡)|)}         (9)   

Here,  𝛽 is a constant,  𝑟𝑠 denotes the sensory radius of node i , and 𝑛𝑡  is a parameter to 
control the neighbor number.     

A. Adaptive Adjustment step strategy based Glowworm Swarm Optimization 
algorithm (AAGSO)     

If the preset step size is big for the typical GSO, each glowworm traverses a considerable 
jump (equal to step-size). As a result, these glowworms may be moving so quickly that 
they overlook the best answer in the updates. The glowworm would oscillate if the 
distance between it and its best neighbour was smaller than in (9). When the step size is 
reduced, however, the convergence rate slows. As a result, determining the best 
appropriate step size is tricky. The step-size in this suggested study endeavor is not set, 
and it may be adaptively altered as the number of iterations grows. The modified formula 
now includes the random adjustment factor rand (0,1). 

S= step(0) *rand(0,1) + 𝑇𝑚𝑎𝑥[𝑆𝑚𝑎𝑥 − 𝑆𝑚𝑖𝑛]     (10)  

Where,  
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𝑆𝑚𝑎𝑥 and𝑆𝑚𝑖𝑛 - maximum and minimum of the step sizes  

Setp (0)- initial value of step-size  

𝑇𝑚𝑎𝑥 −  Maximum iterations   

Algorithm 1: AAGSO    

1. Set quantity of dimensions = m 
2. Prepare the number of glowworms ( nodes (n))  
3. Set the generation G  =   1   
4. Let s be the step size   
5. In search space, glowworms (sensor nodes) are spread uniformly at random 
(sensor network) 
6. While   (G  <   max generation) do  
7. for each glowworm (node) i do                                          
8. update Luciferin for each glowworm (node) based on the results ( equation 5) 
9. Confirm the list of neighbours based on (6) 
10. Calculate the likelihood of undertaking according to  (7)  
11. Glowworm I advances toward j rendering to Equation (8); calculate the probability 
of movement according to (7) Calculate each glowworm's next position x(t+1) and 
decision radius 𝑟𝑑(𝑡 + 1) , and then renew the next step-size using adaptive adjustment 
step size using equation (10) 
12. Equation (9) is used to update the neighbourhood range  
13. End for   
14. End while   

According to the residual energy, distance amongst the node and the base station and 
number of node neighbors the optimal cluster heads are chosen by utilizing AAGSO 
algorithm.  

3.4 Fault tolerant routing  

The cluster head makes a Time Division Multiple Access (TDMA) schedule, which 
allocates a time window for data transmission to sensor nodes. The control phase and 
the data phase try to compensate the TDMA super frame in the TDMA frame structure 
paradigm. The control slots in the control phrase are used by packet transmission such 
as route request protocols, technology to handle packets, and itinerary update packets. 
Each node in the wireless connection has its own management slot during the control 
phase. Data packets are sent using the data slots in the data phase. 
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Figure 3:  Traditional TDMA frame structure 

When a problem arises in the system during packet transmission, the algorithm devised 
seeks for a new path so that communication may continue utilizing the backup nodes. 
Every node in the network may interact with any other node within the transmission range 
right instantly. When a defect occurs (such as a node or connection failure), 
communication is restored by selecting backup routes or backup nodes. In this proposed 
work find the eligible node in cluster. If the node is already selected as CH then select 
next eligible nodes for packet transmission.  Also, look up the node status in the memory 
table; if it's failed, move on to the next node. A backup node can be chosen if the primary 
node fails. 

4. EXPERIMENTAL RESULTS  

The experiments are evaluated using NS2simulator. The presentation of the designed 
Fault Tolerance based Energy Efficient Routing (FTEER) scheme is compared with 
earlier Distributive Energy Efficient Adaptive Clustering (DEEAC), Hierarchical Energy-
Balancing Multipath routing protocol (HEBM) in terms of packet delivery ratio, end to end 
delay, energy consumption and average remaining round. The simulation settings are 
represented in Table 1.     
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Table 1: Simulation parameters 

Parameter Values 

Number of nodes 200 

Area 200mX 200 m 

Size of data packet 4000 bits 

Size of control packet 512 bits 

Initial energy 2J 

Location of Base station (50,50) 

 

Table 2: Performance comparison 

Number 
of nodes 

Energy consumption (J) Packet delivery ratio End to end delay  (s) 

DEEAC HEBM FTEER DEEAC HEBM FTEER DEEAC HEBM FTEER 

0 0 0 0 75 77 79 0 0 0 

50 62 57 67 113 123 126 230 180 155 

100 79 73 112 152 159 162 450 360 310 

150 96 98 132 204 198 226 655 590 540 

200 122 146 165 257 268 278 765 680 620 

Table 3: Average remaining round comparison 

Time 
Average remaining round 

DEEAC HEBM FTEER 

0 0 0 0 

400 45 75 120 

800 105 125 175 

1200 155 225 255 

1600 255 290 300 
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1. Energy consumption   

The amount of energy expended to broadcastdata from the source to the destination. 

 
 
 
Figure 4: Energy consumption comparison 

The suggested Fault Tolerance based Energy Efficient Routing (FTEER) scheme is 
matched with existing Distributive Energy Efficient Adaptive Clustering (DEEAC), 
Hierarchical Energy-Balancing Multipath routing protocol (HEBM) in terms of energy 
consumption.  In x-axis, number of nodes are considered and energy consumption is 
considered in y-axis. In this presented work, distance-based clustering is done. With the 
help of Adaptive Adjustment step strategy-based Glowworm Swarm Optimization 
algorithm (AAGSO), optimal CH are chosen. It diminishes the energy utilization execution. 
Contrasted and the past techniques, the proposed framework accomplishes better energy 
utilization. 

2. End to end delay  

The time taken by a data to communicate from source to destination across the network.   
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Figure 5: End to end delay comparison 

End to end delay of the Fault Tolerance based Energy Efficient Routing (FTEER) scheme 
is matched with existing Distributive Energy Efficient Adaptive Clustering (DEEAC), 
Hierarchical Energy-Balancing Multipath routing protocol (HEBM).  In x-axis number of 
nodes are carried and end to end delay is shown as y-axis. From figure 5, it can be 
concluded that the designed scheme accomplishes620 s of delay while different 
strategies, for example, DEEAC and HEBM accomplishes 765s and 680 s individuallyfor 
200 nodes.  

3. Packet delivery ratio  

The proportion between the number of packets effectivelytransferred to the destination 

and the number of packets broadcasted from the source.   

PDR=  
Number of  packets received

Number of packets transmitted 
   (22) 
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Figure  6: Packet delivery ratio comparison 
 
Figure 6 characterizes the packet delivery ratio of the Fault Tolerance based Energy 
Efficient Routing (FTEER) scheme and existing Distributive Energy Efficient Adaptive 
Clustering (DEEAC), Hierarchical Energy-Balancing Multipath routing protocol (HEBM).  
Number of nodes are taken as x-axis and packet delivery ratio is considered as y-axis.  
The experimental results represents that introduced framework gives PDR of 278 while 
different techniques, for example, DEEAC and HEBM achieves 257 and 268 separately 
for 200 nodes.  
 
4. Average remaining round  
 

 
 
Figure 7: Average remaining round comparison 
The performance of the proposed Fault Tolerance based Energy Efficient Routing 
(FTEER) scheme is compared with existing Distributive Energy Efficient Adaptive 
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Clustering (DEEAC) and Hierarchical Energy-Balancing Multipath routing protocol 
(HEBM) in terms of average remaining round. In x-axis time is taken and average 
remaining round is taken as y-axis. The investigational outcomes shows that the 
presented framework has greatest excess round contrasted with past strategies like 
DEEAC and HEBM.   
 
5. CONCLUSION   

The suggested system included a Fault Tolerance based Energy Efficient Routing 
(FTEER) method to diminish energy ingesting and increase network lifespan.  To 
progress the energy efficiency, distance-based clustering is performed. Taking account 
on the distance between the node and the Ground Station, Residual energy and number 
of node neighbors, an optimal CH selection is done by using Adaptive adjustment step 
strategy based Glowworm Swarm Optimization algorithm (AAGSO). Then create a Time 
Division Multiple Access (TDMA) packet plan in which sensor nodes are assigned a data 
transmission time slot. When a defect (node or connection failure) occurs during packet 
transmission, communication is restarted by selecting backup routes or backup nodes. 
The experimental results shows that the proposed system attains165 J of energy 
consumption, 278 of packet delivery ratio and 620s of end to end delay for 200 nodes. 
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