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Due to the latest advances in microelectronics, wireless sensor networking (WSN) has 
been introduced in many applications. The flow of event data in WSN applications 
requires timely and reliable distribution so that immediate response and appropriate 
action can be taken. However, the limited power supply to the sensor terminal causes a 
transmission between the delay on the way to the base station and the power 
consumption. Clustering techniques are essential in developing the WSN routing 
algorithm that improves network operating time and power efficiency. However, due to 
the unbalanced power consumption between the terminals, the WSN is the optimal, 
energy efficient routing. In this work, we propose an energy efficient cluster based routing 
protocol (EEC-HO) for WSN using hybrid optimization algorithm. We introduce an 
improved Aquila optimization with fuzzy (IAO-Fuzzy) model for optimal and efficient 
cluster formation and cluster head (CH) computation. The main objective of proposed 
IAO-Fuzzy model used to compute the trust degree of each node, the highest trust node is 
considered as CH. After that, the hybrid beetle search induced decision making (BSDM) 
algorithm for optimal path selection to transfer data transfer between two nodes. 
Finally, the simulation results of proposed EEC-HO routing protocol is compared with the 
existing routing protocols. For the impact of sensor node density case, we observed that 
the effectiveness of proposed EEC-HO routing protocol is 45.887%, 30.666%, 56.666%, 
17.629% and 41.666% efficient than existing protocols in terms of energy consumption, 
network lifetime, average hop count, throughput and dead nodes respectively. For the 
impact of simulation rounds case, we observed that the effectiveness of proposed EEC-HO 
routing protocol is 21.216%, 35.417%, 41.667%, 18.568% and 40.000% efficient than 
existing protocols in terms of energy consumption, network lifetime, average hop count, 
throughput and number of dead nodes respectively. 

1. INTRODUCTION 

Wireless sensor networks (WSN) are widely used and ex-
plored in computer environments everywhere. Advances in 
electronics and wireless technology have led to the devel-
opment of low-cost miniature sensors.1 The smaller sensors 
control the integrated power because they are powered by 
unique batteries that are easy to replace. As a result of 
these restrictions, much has been done to control the sen-
sors’ power consumption, increase their service life, and ex-
tend network life.2 WSN aims to manage the environment, 
health services and military care. WSNs have multiple de-
tection locations with CPU memory, but are only a short 
distance away. In native applications, sensors send impor-
tant information to general and focal weather areas. Take 
each other on an Emerging Community Tour and submit 
verified information to Central Point Station Synchroniza-
tion. The integration plan3,4 is a way of bridging the gap 
between the social origins and purposes of controlled sen-
sitive information. The implementation of WSN mainly de-
pends on control programs that directly control the timing 

of the network operation. The main purpose of the routing 
algorithm is to increase the reliability and timeliness of the 
WSN by using sensor terminals with limited resources such 
as limited power, slow processor, and connection band-
width.5 Cluster routing6,7 is a great way to reduce the power 
consumption of a cluster. Therefore, some research has 
been done on cluster-based routing algorithms. The popu-
lar clustering protocol, called LEACH8 which provides two-
phase operations based on a single-layer network using 
clusters. The reach node subgroup is selected as the cluster 
node, and the cluster node connects the adjacent nodes to 
the panel. However, this has some limitations. 

Remote Cluster die faster than nearby ones as the cluster 
head (CH) uses more power than the nearest base station 
(BS). LEACH affects load balance and shorten network life 
due to its own limitations9 and due to data transfer depends 
on the importance of information. Recently, hierarchical 
routing protocols have been widely used in WSN power sys-
tems10,11 who divide the network into groups, with each 
containing a CH, which is an intermediate between the 
nodes of the cluster, also known as the BS nodes. CH has a 
high energy level in the cluster which collects data and inte-

Ramamoorthy R, Ranganathan R, Ramu S. An improved Aquila optimization with fuzzy
model based energy efficient cluster routing protocol for wireless sensor networks.
YJES. 2022;19(1):51-61. doi:10.53370/001c.34273

https://doi.org/10.53370/001c.34273
https://doi.org/10.53370/001c.34273


grates it with BS to reduce overall network power consump-
tion.12 

To date, energy-efficient routing protocols have been de-
veloped. Different routing algorithms use different methods 
to make the network run efficiently and reliably. A two-tier 
distributed fuzzy logic based protocol (TTDFP)13 is used to 
extend the life of a multi-level WSN through grouping and 
routing functions. Use the traffic and energy aware rout-
ing (TEAR)14 program to improve the environmental energy 
model and stability period. The step-by-step clustering hi-
erarchical routing algorithm is based on the K-Means 
method (K-CHRA),15 which measures the power and data 
transfer during the operation of mobile devices. 

The enhanced balanced energy efficient network-inte-
grated super-heterogeneous (E-BEENISH)16 integrates 
routing protocols that analyze cluster contacts and the 
power consumption of different WSNs. FLEC17 solves a 
clustering algorithm based on obscure logic by extending 
the network runtime,18 allowing the CH to be selected cor-
rectly. The clustering algorithm uses the advanced artificial 
bee colony (ABC) algorithm,19 which improves energy effi-
ciency and network performance. Three energy saving two-
phase panel protocols have been proposed namely a short-
est grid routing (SGR), partitioned super grid direct routing 
(PSDR), and shortest super grid routing (SSR)20 for individ-
ual wind turbines.20 

Our contributions. For further enhancement in routing 
protocol, we propose an energy efficient cluster based rout-
ing protocol for WSN using hybrid optimization algorithm 
(EEC-HO). Herein, the proposed EEC-HO routing protocol 
aims to prolong network lifetime and enhance the through-
put of this protocol with recent trended applications. The 
rest of the work is configured as follows: In Part 2, we review 
current energy efficient routing protocols for WSNs. The 
fault mode and network model are discussed in this section. 
3. In Section 4, we discuss the operation of the proposed 
EEC-HO routing protocol. Simulation results of specific and 
existing routing protocols are discussed in the comparative 
analysis section. 5. Finally, the paper ends with a conclusion 
in section 6. 

2. RELATED WORKS 

Over the past few years, much research has been done on 
WSN’s energy-efficient routing protocols using optimiza-
tion techniques from around the world. The literature is 
summarized in various aspects and summarized in Table 1. 

The selected path is compute using different metrics and 
using ant colony optimization (ACO), which selects the op-
timal path using optimal design metrics.21 Gateway group-
ing is a routing protocol based on the clustering energy-effi-
cient center (GCEEC),22 which selects the location of the CH 
centroid and selects the gateway nodes from each cluster. 
The gateway terminal reduces the load of data from the CH 
terminals and sends it to the database station. This proto-
col rotates CH selectively in an efficient location, i.e., near 
the power center level of the cluster, reducing the power 
consumption of the cluster sensor nodes and increasing CH 
coverage. 

Ensure efficient operation by providing QoS-based en-
ergy efficiency protocol (QoS-EE),23 due to energy con-

sumption and delays. Protocol systems balance network 
life, reduce network power consumption, duplication, and 
increase the validity and integrity of information. The trust-
based and energy-efficient hierarchical routing protocol 
(LEACH-TM) is proposed based on trust management.24 

With LEACH-TM, the number of nodes in CH can be used 
to better manage energy efficiency and to avoid excessive 
node power consumption. At the same time, LEACH -TM in-
troduced a trust management program to protect against 
internal attacks. The step-by-step selection of energy stor-
age CH is carried out using the hybrid CI-ROA25 optimiza-
tion model. In addition, Selecting the optimal CH prolongs 
the life of the non-linear target function. CH to load data 
packets on the target to improving an FLC can increase 
its rule base and improve the efficiency of the grouping 
process.26 The WSN proposed an operating system based 
on a genetic algorithm (GA).27 Divide the network area into 
optimal number groups, which creates a path for synchro-
nous activity. The GA process determines the optimal shell 
locations along the path of each cluster. Mobile sync con-
figures optimal sync locations, collects data from the re-
spective groups of nodes, uses low node power to transmit 
optimal synchronization location data. The number of GA 
chromosomes begins to determine the optimal position for 
cluster deposition. 

The WSN recommends hybrids metahoristic cluster-
based routing technique (HMBCR).28 For the optimal route, 
the water wave with trekking is ideal. The Trust estimation 
based routing scheme (ETERS)29 includes powerful ways to 
reduce internal attacks such as abuse, CIBIL, selective frag-
mentation, enforcement, black/gray hole attacks. Sensitiv-
ity several belief methods are used to analyze the reliability 
of the observed data. The function of CH selection utilizes 
the optimal design metrics with the help of cluster member 
data. The routing model is based on energy security and re-
liability, sending data packets to the recipient via the ant-
lion high-speed whale optimization algorithm (E-ALWO).30 

This E-ALWO model performs the routing process via CH, so 
the control-based ALWO algorithm is used to select power 
and delay CH. The best security system used in the data 
transfer process is based on compatibility measurements 
using the E-ALWO algorithm. 

3. PROBLEM METHODOLOGY AND NETWORK 
MODEL 
3.1. PROBLEM METHODOLOGY 

Yun et al.31 have proposed a Q-learning-based data-aggre-
gation-aware energy-efficient routing (Q-DAEER) algo-
rithm. Q-DAEER upgrade learning is used to maximize the 
reward defined by sensor type data acquisition capability, 
communication power, and sending/receiving residual 
power of each sensor. Reward functions define changes in 
the data integration dynamics of each node’s energy node, 
neighbors, and types. Simulations were performed to vali-
date state-of-art Q-DAEER protocol with the different per-
formance metrics. Recovering damaged touchpad batteries 
is not an easy task. As the sensor modules cannot perform 
in low power the network failure of the sensor terminal af-
fects network performance and shortens network uptime. 
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Table 1. Summary of Research Gap 

Ref. Routing Clustering Strategies Limitations 

21 BOA-
ACO 

☑ Lifetime of the network is increased because of the 
energy efficient CH 

Routing overhead increase 

22 GCEEC ☑ To minimize the energy consumption and load 
balancing of the CH 

Cause significant delay 

23 QoS-EE ☑ Fitness function entails the node’s average and 
residual energy 

Delay due to its energy 
calculation 

24 LEACH-
TM 

☑ To improve the availability and prolong the lifetime of 
the network 

High load balancing issue 

25 CI-ROA ☑ CH selection is made under energy consumption, 
distance and delay 

Needs reduction in overhead 
of clustering 

26 FLC ☑ A distributed multi-level fuzzy clustering method Routing overhead increase 

27 GA-
Routing 

☑ Real-time CH selection using residual energy Consume more energy of CH in 
caching 

28 HMBCR ☑ BSOLD-based clustering and WWO-HC-based 
routing 

Needs reduction in overhead 
of clustering 

29 ETERS ☑ ETERS utilizes the Beta distribution-based trust 
function 

Duplication of data 

30 E-
ALWO 

☑ Achieved higher performance in terms of network 
energy 

Routing overhead increase 

Energy-based cluster head selection overloads each CH, 
that causes CH to break down quickly. This increases the 
power consumption of the terminals, leading to communi-
cation gaps and delays in data transfer. Node distance from 
BS and residual power are important factors in selecting a 
node transfer node in the contact range. As a result, public 
Internet access points are created on the network when the 
relay cluster head fails during data transfer. When develop-
ing routing protocols for the WSN, it is important to con-
sider energy saving technologies which increases network 
uptime, number of operating nodes in the region and cre-
ate higher pocket-sized distribution rates to control optimal 
data transfer. The main contributions of proposed energy 
efficient cluster based routing protocol (EEC-HO) is sum-
marized as follows: 

3.2. NETWORK STRUCTURE OF PROPOSED MODEL 

In this proposed model, the different sensors have ran-
domly placed in the network with the emit radiation at ap-
proximately square intervals to continuously monitor, as 
shown in Figure 1. The sensor nodes handle both sensing 
and receiving data from local network environment. Groups 
network models and CH selection using a reliable computa-
tional model. The path calculation is then computed using 
a hybrid optimization algorithm. 

4. PROPOSED METHODOLOGY 

In this section, we first discuss the working process of clus-
tering which consist of cluster formation and CH selection. 

Figure 2. Energy consumption with number of nodes 

Figure 3. Network lifetime with number of nodes 
 

Then, we explain the process of trust computation which is 
used to compute optimal path. 

• An improved Aquila optimization with fuzzy (IAO-
Fuzzy) model is introduced for optimal and efficient 
cluster formation and cluster head (CH) computation. 

• After that, the hybrid beetle search induced decision 
making (BSDM) algorithm for optimal next neighbor 
selection to transfer data transfer between two nodes. 
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Figure 1. Cluster based routing network design 

4.1. CLUSTERING USING IMPROVED AQUILA 
OPTIMIZATION WITH FUZZY (IAO-FUZZY) MODEL 

4.1.1. CLUSTER FORMATION 

Aquila Optimizer (AO) is the latest mass intelligence algo-
rithm that reflects Aquila’s hunting techniques for different 
victims. Faster hunting methods reflect the overall research 
capabilities of the algorithms, while slower ones utilize the 
capabilities of the local algorithm. Based on this inspira-
tion, we have developed the improved Aquila optimization 
(IAO) algorithm used to build teams in this task. The fol-
lowing design parameters are used to create the cluster: lo-
cation, distance between node-BS, and signal strength re-
ceived. First, the IAO algorithm starts by defining the initial 
value of the set of n individuals as follows: 

where is a random value consisting of ∈ [0, 1].  and 
 Mark the bottom and top edges of the J scale, respec-

tively. Like other transformational technologies, AO has 
two stages to innovate existing individuals, namely re-
search and exploitation. When the training phase begins 

 there are two modes 

where T is the total number of iterations.  is best re-
currence ever obtained in T is the current iteration , 
the element used to control the search during the research 
phase. In addition,  it is one of the individual averages 
and is calculated as: 

IAO algorithm depends on the use of the Levy flight distrib-
ution to renew the existing person according to the follow-
ing relation. 

where  denotes a random chosen separate.  refers 
to the Levy flight delivery defined as: 

where  and β  are continuous values,  and υ
refer to random numbers produced from . In Equation 
(10),  and  are used to pretend the spiral outline as, 

where r1 ∈ [0, 20] is a random value. Smaller values indi-
cate  and  It depends on the best so-
lution used  and the average individual location , 
which is: 

where rand ∈ [0, 1] denotes random number. α and δ de-
note the mistreatment alteration parameters. The second 
exploitation technique depends on , and excellence 
function. 
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Algorithm 1. Cluster formation using improved Aquila optimization 

1. Set the initial value for the parameters of the AO. 

2. Generate initial population X. 

3. Find the best individual 

4. First exploration method 

5. Update the Xi using 

6. End if 

7. Second exploration method 

8. Update the Xi using Equation 

9. First exploitation 

10. second exploitation 

11. Find the fitness values 

12. End if 

13. Return (X best ) values 

where the chief aim of using qf is to equilibrium the search 
approaches, and it is defined as: 

where  represents dissimilar motions applied to track the 
best solution as follows: 

where  is reduced from 2 to 0, and it is expressed as, 

where rand characterizes a random charge. The working 
process of cluster formation is described in Algorithm 1. 

4.1.2. CH SELECTION 

We need the decision making technique for cluster head 
(CH) selection which need following design metrics are en-
ergy consumption, data transfer rate, average quality of 
data transfer rate and congestion rate. Here, we introduce 
fuzzy model for CH selection. If we take the N decision 
criterion (DC) for the decision problem, we need to make 
a pairing comparison and then, make such a comparison 
based on the preferences of the decision maker in simple 
language. Fuzzy model use linguistic terminology to com-
pare ambiguous references to good and bad criteria. The de-
sign comparison matrix can be created as a result of com-
parison as follows. 

where  is substitute set and 
 is decision matrix with the fixed net-

work area,  depicts fuzzy comparative metrics over J. 
Furthermore, the better criteria are the worse criteria for 
ambiguous reference comparisons. The Fuzzy model con-
sists following six stages are, 

1. Initialize decision criteria set 
This position is governed by the Decision criteria (DC). 

Suppose there is an “N” final criterion, i.e., 

2. Compute Best/Worst DC 
This position does not require comparison. The decision 

maker usually sets the best and worst criteria. 
3. Use linguistic terminology to better define the am-

biguous choice of criteria above all other criteria. 
The criteria best defined by the decision maker are com-

pared to all other criteria using the linguist’s terminology. 
The resulting optimal vector is assumed as follows, 

where  defines optimal vector , where  points the 
ambiguous priority of criterion B for the criterion of best re-
sult over all other criteria is J. 

4. Use linguistic terminology to determine the vague ad-
vantage over the worst of all other criteria. 

It is necessary to set ambiguous preferences for all other 
criteria using the worst language terms mentioned at this 
stage. This way we get the autumn slow optimal vector. 

where  defines optimal vector , which points to J 
should give vague priority to criteria other than the worst 
criteria. 

5. Define optimal  and 
The form of TFNs,  indicate vague preferences for 

better standards for others, e.g. . 
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Figure 4. Average hop count with number of nodes 

Figure 5. Throughput with number of nodes 

denoting uncertainty and options for worst solution from 
others in the form of TFNs, e.g. . So, 
we use the equation with the fourth definition. Then, we get 
a distinctly good vector  and a sharp other-bad vector 

 as follows. 

6. Calculate the optimal weights . 
The optimal best and worst solution is further filtered 

using different weight function which can derive from the 
supreme absolute difference  and for 
all J is minimized. The nonlinearly unnatural optimization 
problematic can be expressed as follows. 

where  define control variable using , 
. Then, above equation is altered by the subsequent 

non-linear programming problem. 

Finally, the proposed Fuzzy model is used to compute the 
optimal weight  and the heighted opti-
mal weight is considered as CH of each cluster in the net-
work. 

4.2. OPTIMAL PATH SELECTION USING HYBRID BEETLE 
SEARCH INDUCED DECISION MAKING ALGORITHM 

For selecting best essential attributes for best optimal path 
selection, we introduce hybrid beetle search induced de-
cision making (BSDM) algorithm in this paper. Beetle an-
tennae search (BAS) algorithm is naturally understand the 
process of optimization without knowing the particular 
type of the function and gradient information. Inspired by 
the floating optimization algorithm, BSDM further im-
proved the algorithm by forming an individual into a group. 
Address: Each beetle will be displayed graphically from one 
G to another or from the BS. Set the Gk Gateway to the BS 
gateway closest to Gd, indicating that Gd is sending data to 
Gk. The routing path is drawn in an equation, 

where  is an indexing function which 
returns index of mth gateway from  and 

. The fitness of routing is 
evaluated as follows: 

Here, ⯑  and  are propor-
tional constants.  is defined as the total length that 
passes through the gates, 

Additionally,  is defined as the total number of gate 
hops in the network, 

Update Solution: This shows the speed at which the beetle 
eats . This shows the individual 
effects of beetles  and 

 thus shows the extreme value 
of the population. The mathematical model for imitating 
his behavior is as follows; 

when  represents the number of current changes,  indi-
cates the velocity of the beetle,  denotes the positive con-
stant, and  indicates the increase in the beetle’s level mo-
tion. Here, the speed formula is mathematically explained 
as follows; 

where,  and  represent two optimistic constants,  and 
 represents optimal weight with the range of  and 

the inertial optimal weight of . In this work, we follow the 
strategy of reducing the weight of the recession, which is 
mathematically illustrated as follows; 

where,  and  denote the minimum as well as max-
imum value of ,  and  denotes the present number of 
iterations as well as the maximum number of iterations. 
Here, the decision function is mathematically defined as the 
incremental function expressed in the following way; 
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Figure 6. Number of dead nodes with number of nodes 

Figure 7. Energy consumption with number of 
simulation rounds 

At this point, we extend the update resolution to a higher 
level. Here,  degrees indicate size. The search behavior of 
the right antenna and the left antenna is expressed as fol-
lows: 

Here, the BSDM algorithm first starts a series of random so-
lutions. The search region is updating its site based on its 
own search engine, which is currently the best solution. The 
combination of these two factors can not only accelerate the 
continuum of population growth, but also subject people 
to more sustainable local optimization when dealing with 
multiple issues. The solution will be updated until a better 
solution or routing path is found. Once the optimal solution 
is reached, the algorithm will shut down. 

5. RESULTS AND PERFORMANCE ANALYSIS 

The effectiveness of the EEC-HO routing protocol has been 
evaluated using two different simulation scenarios. The re-
sult of the proposed EEC-HO routing protocol is compared 
with existing SPR, SPRwDA and Q-DAEER routing methods. 
The simulation results of proposed EEC-HO routing proto-
col is compared with those existing state-of-art protocols 
different quality metrics. 

Figure 8. Network lifetime with number of simulation 
rounds 

Table 2. Simulation setup 

Parameters Values 

Number of sensor nodes 100-500 

Network size 200m×200m 

Sensor topology Grid 

Wireless protocol IEEE 802.41 

Number of simulation rounds 1000-5000 

Sensor transmission power 200mW 

Sensor amplification power 500mW 

Sensor reception power 200mW 

Data bit rate 6 Mbps 

Maximum transmission range 150 du 

Initial energy consumption of sensor 2J 

Simulation time 100Sec 

5.1. SIMULATION SETUP AND SCENARIO 

A specific EEC-HO routing protocol runs on the Intel Core 
i3 processor, installed and tested on a network simulator 
(NS-2) with 4GB of RAM. We estimate the number of detec-
tion nodes as 100, 200, 300, 400 and 500. The 200m × 200m 
sensitivity zone has approximately multiple sensor nodes. 
The initial energy levels of the nodes are evenly distributed 
[2J, 2,5J]. The maximum transmission range of the termi-
nals is estimated at 150 remote units (two). The average re-
maining WSN power for WSN nodes is 1 J power. Table 2 de-
scribes the prototype structure of the proposed system. 

• Scenario 1: In this test, we convert the number of si-
nus nodes from 100 to 500 using the standard network 
size used to analyze the quality of the data transmis-
sion. 

• Scenario 2: In this experiment, the number of rounds 
simulated in the standard detection terminal used to 
analyze the performance of the EEC-HO routing pro-
tocol was changed from 1000 to 5000. 
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Figure 9. Average hop count with number of 
simulation rounds 

Figure 10. Throughput with number of simulation 
rounds 

Figure 11. Number of dead nodes with number of 
simulation rounds 

5.2. COMPARATIVE ANALYSIS 

5.2.1. SCENARIO 1: IMPACT OF NODE DENSITY 

In this scenario, we vary the number of senor nodes as 
100, 200, 300, 400 and 500 with the fixed network size as 
200m×200m which used to analyze the quality of data 
transfer. The results of proposed EEC-HO routing protocol 
is compared with the existing state-of-art protocols are en-

ergy consumption, network lifetime, average hop count, 
throughput and number of dead nodes. 

Figure 2 shows a power consumption comparison be-
tween the proposed routing protocols and the current pro-
tocols. The graph clearly shows that the power consumption 
of the specified EEC-HO routing protocols is 53.174%, 
46.069% and 38.419%, respectively, compared with the SPR, 
SPRwDA and Q-routing routing protocols. Tire. Figure 3 
shows a network lifecycle comparison between specific 
routing protocols and current protocols. The graph clearly 
shows that the network life of the proposed EEC-HO routing 
is 40,000%, 32,000% and 20,000% longer than the related 
SPR, SPRwDA and Q-DAEER routing protocols. Figure 4 
shows the average number of hops and a comparison be-
tween the specified routing protocol and the current pro-
tocol. The graph clearly shows that the average number of 
hops for the EEC-HO specific routing is 80,000%, 70,000% 
and 20,000% higher than the corresponding SPR, SPRwDA 
and Q-DAEER routing protocols. Figure 5 shows a perfor-
mance comparison between the proposed routing protocols 
and the current ones. The graph clearly shows that the rout-
ing efficiency recommended by EEC-HO is 28.130%, 
15.495% and 9.262% higher than the corresponding SPR, 
SPRwDA and Q-DAEER routing protocols. Figure 6 shows 
a comparison of the number of dead nodes between the 
proposed and existing routing protocols. The graph clearly 
shows that the number of dead routes of EEC-HO compared 
with routing protocols SPR, SPRwDA and Q-DAEER is 
53.333%, 41.667% and 30,000% respectively. 

5.2.2. SCENARIO 2: IMPACT OF SIMULATION ROUNDS 

In this case, the number of simulation circuits used to an-
alyze the performance of the EEC-HO routing protocol will 
be changed to 1000, 2000, 3000, 4000, 5000 and the stan-
dard detection terminal to 500. The results of the proposed 
EEC-HO routing protocol are compared with existing com-
plex protocols such as power consumption, network life, av-
erage hop count, performance, and dead node count. Fig-
ure 7 shows a comparison of power consumption between 
proposed and existing routing protocols. The graph clearly 
shows that the power consumption of the proposed EEC-HO 
routing protocols is 27.266%, 23.960% and 12.422% lower, 
respectively, than the SPR, SPRwDA and Q-router protocols. 
DAEER. Figure 8 shows a network lifecycle comparison be-
tween the proposed routing protocols and the current ones. 
The graph clearly shows that the network life of the pro-
posed EEC-HO routing is 46.875%, 37.50% and 21.875% 
longer than the corresponding SPR, SPRwDA and Q-DAEER 
routing protocols. 

Figure 9 shows the average number of hops and com-
pares the proposed and existing routing algorithms. The 
graph clearly shows that the average number of hops for the 
EEC-HO specific routing is 75,000%, 33.333% and 16.667% 
higher than the related SPR, SPRwDA and Q-DAEER routing 
protocols. Figure 10 shows a performance comparison be-
tween the proposed routing protocols and the current ones. 
The graph clearly shows that the recommended routing ef-
ficiency of EEC-HO is 28.040%, 20.794% and 6.868%, re-
spectively, compared to the routing protocols SPR, SPRwDA 
and Q-DAEER. Figure 11 shows a comparison of the number 
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of dead nodes between the proposed and existing routing 
protocols. The graph clearly shows 55,000%, 40,000%, and 
25,000% EEC-HO original dead notes compared to SPR, 
SPRwDA and Q-DAEER routing protocols. 

6. CONCLUSION 

We have proposed an energy efficient cluster based routing 
protocol (EEC-HO) for WSNs using hybrid optimization al-
gorithm. The major contributions of proposed EEC-HO 
routing protocol is summarized as follows: 

Finally, we observed that the effectiveness of proposed 
EEC-HO routing protocol is very effective in terms of energy 
consumption, network lifetime, average hop count, 
throughput and number of dead nodes with respect to im-
pact node density and number of simulation scenario re-
spectively. 

• An improved Aquila optimization with fuzzy (IAO-
Fuzzy) model is proposed for optimal and efficient 
cluster formation and cluster head (CH) computation. 

• The hybrid beetle search induced decision making al-
gorithm is used for optimal next neighbor selection to 
transfer data transfer between two nodes. 
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