
https://doi.org/10.31449/inf.v48i20.6768 Informatica 48 (2024) 95–106 95 

 

Hybrid Fuzzy Data Aggregation and Optimization-Based Routing for 

Energy Efficiency in Heterogeneous Wireless Sensor Networks 
 

Asaad A. Alhijaj1, Ali K. Marzook2, Dheyaa Mezaal Hussein3, Jawad Alkenani4* 

1 Department of Computer Information Systems, College of Computer Science and Information Technology, University 

of Basrah, Basrah, Iraq  
2 University of Basrah- College of Engineering- Department of Electrical Engineering 
3 University of Technology Office of the President of the University, Baghdad, Iraq 
4 Department of Computer Science, Shatt Al-Arab University College, Basra, Iraq 

Email: asaad.abdulhassan@uobasrah.edu.iq, ali.marzook@uobasrah.edu.iq, 11745@uotechnology.edu.iq, 

Jawadalkenani@sa-uc.edu.iq 

*Corresponding author 

Keywords FSMORP, network lifetime, routing, FDA, wireless sensor networks  

Received: July 23, 2024 

Wireless sensor networks (WSNs) are networks with many sensor nodes that are utilized for various 

purposes, including the military and medical. In hazardous circumstances, precise data aggregation and 

routing are essential, and the energy consumption of the sensors needs to be closely controlled. 

Nonetheless, there is a significant chance of redundant data because of external factors and nearby 

sensors. A multitude of information can be found in large datasets, some of it unnecessary and others 

useful. This redundancy negatively impacts performance in terms of redundant transmission and 

computing costs. However, data aggregation might help a network get rid of unnecessary data. In this 

work, we present a hybrid protocol called fuzzy data aggregation with fuzzy spider monkey optimization 

routing protocol (FDA-FSMORP) that represents an intelligent approach to collecting sensor data in 

HWSNs considering energy consumption. The results indicated that the suggested method beat in 

minimizing data latency our approach reduced energy consumption by 73% using energy more effectively 

when compared to our simulated outcomes. 

Povzetek: Predstavljen je hibridni protokol FDA-FSMORP, ki z uporabo mehke optimizacije poveča 

energetsko učinkovitost heterogenih brezžičnih senzorskih omrežij in podaljšuje življenjsko dobo omrežja. 

 

1 Introduction 
Wireless Sensor Networks (WSN) are composed of 

numerous networked nodes, each of which can recognize 

and communicate changes in their immediate 

surroundings. Wireless sensor networks (WSN) have 

numerous potential applications, including smart 

buildings, the internet ecosystem, battlefields, industry, 

healthcare, and agriculture [1]. The longevity of the 

network decreases as sensors lose power. Overcoming 

these obstacles requires making the most efficient use of 

energy. Repetitive information is produced by nodes that 

are close to one another or receive input simultaneously 

[2], [3]. Consequently, a network's life energy is less 

depleted during data processing, transmission, and 

reception. Before being transferred to the sink via routing 

protocols, data is first collected and then aggregated using 

functions like sum, average, etc. [4]. This gets rid of the 

necessity to send the sink a single sensed value at a time. 

There are several methods for lowering the amount of data 

in WSNs, including compression at the cluster head (CH) 

or the sink. Alternatively, several mobile sinks may be 

used to aggregate data in a heterogeneous WSN using a 

clustering approach. This clustering technique is 

especially advantageous for assisting CH in identifying  

 

 

the N-sensors that comprise its cluster and in recognizing 

their CH on the N-sensors. Following the arrangement of 

the sensors proposes a smart approach to aggregate the 

sensing data in HWSNs to consider the energy 

consumption. After that, the work proposes a new routing 

protocol for HWSNs to send the aggregate data from the 

sensor to the sink through the CHs is used to figure out 

how to make sure the network lasts as long as possible, 

and that energy isn't wasted. To reason about the best way 

to route HWSNs both between clusters and within 

clusters, it looks at three routing metrics for each node. 

These three metrics are (the highest remaining energy 

within the node, the smallest number of hops, and the least 

amount of traffic within the node). Although rapid 

advancements were experienced, small sensors could 

perform tasks at higher levels, such as multimedia data 

processing and transmission [2]. Many WSN researchers 

have focused on energy-saving solutions, such as energy-

aware aggregate and routing algorithms, which aim to 

reduce processing and communication resource 

requirements by limiting the use of WSNs to simple data-

gathering and reporting applications. 

The relevant works' approach, performance, and 

outcomes are compiled in Table 1. Therefore, choosing 
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the best and most effective communication channels Table 1: Summarization table on the related works. 

Ref Methodology Performance/Results 

[16] • Two-tiered 

heterogeneous 

sensor network 

• The authors examined a two-tiered heterogeneous sensor network in which low-power 

sensors are controlled by a high-power head sensor within clusters of sensors. To collect data 

and conserve energy, they polled sensors rather than allowing them to broadcast data at 

random. Additionally, they extended the network's lifespan by implementing two novel 

strategies: employing several frequency channels and sectorizing clusters. 

   [26] • Fuzzy Logic • The suggested method was assessed and contrasted with Bayesian classification, 

probabilistic neural networks (PNNs), and network performance metrics including packet 

loss, delay, jitter, and performance assessment. While the fuzzy technique generally 

performed better than the PNN and Bayesian approaches, all approaches properly identified 

the QoS categories. By accurately calculating the QoS of the network, one can have a better 

understanding of its performance. 

   [27] • KF-SVM • A multitude of information can be found in large datasets, some of it unnecessary and 

others useful. Performance is negatively impacted by this redundancy in terms of redundant 

transmission and computing costs. On the other side, redundant data in a network may be 

removed by data aggregation. This research introduces a novel technique called Kalman 

filter with Support vector machine (KF-SVM) to categorize, aggregate data, and eliminate 

noise in wireless sensor networks (WSNs). This improves network lifetime and efficiency. 

    [5] • clustering 

technology 

• Provides an energy-efficient routing protocol that reduces cluster head energy 

consumption by using a double cluster head approach and uneven clustering technology to 

address hot spot issues. Furthermore, a hybrid time-driven and energy-driven cluster head 

rotation technique is provided to balance the energy consumption between cluster heads and 

cluster members. 

   [20] • UWSNs • To quickly detect and report oil traces to the sink, the authors propose a novel routing 

protocol for the ocean floor that combines sleep-scheduling routing with two-dimensional 

UWSNs.  

[21] • K-NN • The authors of propose a new routing strategy that may drastically reduce latency and 

power consumption throughout the whole network by fusing the K-NN algorithm with the 

clustering method. This proposal demonstrates how to use node classifications and the 

shortest distances between them to form clusters. 

[22] • Balanced 

Routing 

Protocol 

• The creators of devised a revolutionary balanced routing technique that makes use of two 

distinct channels in order to reduce the strain on battery life. This idea gives each node two 

shortest paths to the sink in order to reduce network congestion. 

[11] • clustering 

HWSNs 

• The authors presented a novel approach to clustering HWSNs that featured a useful 

technique for determining the cluster's head node, degree of sensor nodes, and remaining 

energy. The chaining method is also used for gathering and sending the information package. 

[23] • Grey Wolf 

Optimizer  

• The offers a ground-breaking, energy-saving method built on an improved Grey Wolf 

Optimizer (GWO). In order to improve the optimum solution discovery in GWO, it takes 

into account a fitness value. This leads to a more balanced cluster structure and a more 

equitable distribution of CHs. Sensor node transmission distances are updated in accordance 

with the distances to the sink and CHs to reduce energy consumption. 

[20] • PSO • The introduces a multi-hop routing protocol for uneven dynamic clustering (PUDCRP) 

based on PSO (Particle Swarm Optimization). As nodes fail in the PUDCRP protocol, the 

cluster distribution will change dynamically. Prospective CHs nodes can be located using 

the PSO approach. 

   [25] • FDA-

SMORP 

Fuzzy Data Aggregation with Spider Monkey Optimization (FDA-SMORP), an energy-

efficient method for data aggregation at the cluster head and routing to the sink, is described. 

By attempting to balance out each node's energy usage, these solutions aim to cause all of 

the nodes in a wireless network to run out of energy almost simultaneously. The proposed 

methods are compared with some of the most popular WSN systems to show their 

effectiveness in reducing route planning delay, balancing energy consumption, and 

prolonging network lifetime. 
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outside the network. In WSNs, the most challenging issue 

is increasing energy efficiency to extend the networks 

becomes difficult in the current cooperatively inside and 

lifetime [5]. While sensor networks are comparable in 

many ways to other distributed systems, they face a unique 

set of challenges and limitations. These constraints 

influence the design of a network, resulting in protocols 

and algorithms distinct from those of other distributed 

systems. The following subsections highlight some of the 

most significant WSN difficulties that have been resolved 

using some algorithms, Routing, and Communication 

Because data is transferred cooperatively within and 

outside the network, problems arise in selecting optimal 

and efficient communication paths. Many of the 

challenges of the WSN are captured succinctly in the 

context of transmission and orientation. These challenges 

include bandwidth, routing protocols, communication 

range, data rate, network topology, and packet loss rate. 

Numerous routing strategies have been devised to address 

the routing and communication difficulties of WSNs . 

WSNs may lower their power consumption by data 

aggregation, as described in [5], where a population-based 

method like the ant colony system enables researchers to 

organically traverse research space in optimization 

settings in search of the most valuable data. Each cluster 

leader receives a different seed vector from the sink node 

to account for the spread of the network. Through a series 

of intermediate nodes, clusters send their measurement 

data to the final sink node. In [13], he detailed an 

incremental approach to training support vector machines 

(SVMs) that attempted to filter out irrelevant data. Fisher's 

Discrimination Ratio may be used to differentiate between 

sets of aggregated data and sets of dispersed data (FDR). 

SVMs may be trained in less time since fewer data 

samples are required. Many moveable troughs were used 

to illustrate ways for efficient data aggregation, as shown 

in [14]. The statically sink-based method involves sending 

data packets through the network by dumping them over a 

series of intermediate nodes. That's why the fixed basin 

wastes so much power. The employment of a mobile sink 

to collect data reduces the network's energy consumption, 

extending its lifespan. Particle swarm optimization is used 

on active sensor nodes to minimize duplicate data, as 

recommended in [16] and [17], and incremental Naive 

Bayes Prediction may be used to reduce data in [15]. In 

[16] and [17], data aggregation is suggested by using 

compressive sensing technology. In [11], Fuzzy Dstar-

Lite is a routing approach suggested by the authors to 

achieve optimal data routing in HWSNs. Moreover, it 

explains the UED issue in the network and highlights the 

need to go beyond the obstruction scenario.  In [18], open 

mining is introduced as an effective and inexpensive data 

aggregation strategy. Many WSNs are used in this data 

mining process. One central node collects and transmits 

information from multiple peripheral nodes, in [5] With 

the help of a neural network comprised of self-organized 

maps, we can reduce data redundancy and remove 

anomalies. The process based on the density and similarity 

of the data is significantly simplified when cosine 

similarity is used in sensor node development. 

Researchers presented a clustering strategy for HWSNs in 

[19], [20], employing a novel method for selecting the 

cluster head nodes, the number of sensor nodes, and the 

remaining energy. The chaining approach is also used to 

gather and send information packages. They introduced 

the Spider Monkey Optimization Routing Protocol 

(SMORP), a swarm-based intelligence technique, in both 

the heterogeneous HWSNs [10] and the homogeneous 

WSNs [21]. Following a predetermined set of routing 

criteria, this technique determines the most efficient path 

through the network. 

This paper is organized as follows: In Section 2, 

Research Importance, sensor networks are comparable in 

many ways to other distributed systems, they face a unique 

set of challenges and limitations. These constraints 

influence the design of a network, resulting in protocols 

and algorithms distinct. In Section 3, the organization of a 

heterogeneous network, there are two types of sensors (i.e. 

N-sensors and CH-sensors) used. Section 4 presents a 

hybrid proposal (FDA-FSMORP) that represents an 

intelligent approach to collecting sensor data in HWSNs 

considering energy consumption. Section 5 shows the 

simulation results of the proposed method. In Section 6, 

the paper's conclusion is finally stated. 

2 Research Importance 
In recent years, there has been a growing interest in the 

possibilities for sensor collaboration in data collection, 

processing, and sending to the sink. On the other hand, the 

resource-constrained nature of sensor nodes creates many 

challenges in developing, running, and maintaining sensor 

networks in the real world, which requires energy 

awareness at all layers of the networking protocol stack. 

Energy consumption is a crucial factor to consider when 

designing WSNs. So, a lightweight system is favored to 

conserve the sensor node's energy and preserve data 

protected from various vulnerabilities. Additionally, 

multiple obstacles complicate energy-efficient 

communication in WSNs. Therefore, using energy-

efficient routing protocols, and balancing energy 

consumption overseer all the nodes are the most 

significant challenges to be overcome to extend the 

network lifetime. 

1- Many services are hampered by the continuing 

difficulties in implementing networks. Many variables can 

be manipulated, and others cannot be manipulated. For 

this reason, properties affecting network deployment must 

be identified and controlled. 

2- Data collection, communication quality, and data 

processing. Other things to think about are in terms of 

energy conservation, node state, and transmission method. 

3- WSNs need a way to balance the power consumption 

on all nodes so that these nodes consume their entire 

energy and die at about the same time. 

4- Next, it is required to maintain data confidentiality 

using the best lightweight block encryption with a routing 

protocol to achieve data confidentiality, integrity, and 

secure routing when transmitting sensor information from 

source nodes to the sink. While sensor networks are 

comparable in many ways to other distributed systems, 

they face a unique set of challenges and limitations. These 
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constraints influence the design of a network, resulting in 

protocols and algorithms distinct from those of other 

distributed systems. The following subsections highlight 

some of the most significant WSN difficulties that have 

been resolved using some algorithms. 

▪ Energy consumption 

WSNs have some design challenges, including energy 

efficiency. Sensing, connectivity, and data processing 

are the three aspects of power usage that need 

improvement. The sensor node's lifetime is often 

influenced by battery capacity. When it comes to sensor 

networks, the most prevalent stumbling block is 

constrained energy budgets. Sensors are frequently 

powered by batteries, which must be replaced or 

recharged regularly. A rechargeable sensor node should 

be able to function until its job is completed or the battery 

must be replaced. The mission duration depends on the 

application. 

▪ Data aggregation 

Given that radio transmission is the primary energy 

consumption, one way to reduce this consumption is to 

reduce communication overhead via data aggregation. 

Rather than transmitting every individual node 

measurement to the sink, intermediary nodes consolidate 

the raw data into a manageable quantity of data packets 

containing meaningful information. By eliminating 

repetitive and unneeded data readings, data aggregation 

seeks to avoid redundant packet transfers and thereby 

reduce communication energy consumption. 

▪ Design and deployment 

In some applications of WSNs, the distribution of sensor 

nodes over the area of interest is done according to a 

plan, contrary to the random deployment where sensors 

are scattered by throwing them on the area (e.g., dropped 

from an airplane). The design process in WSNs has the 

aim of specifying the type, quantity, and placement of 

sensor nodes to be deployed in an environment to have 

complete knowledge of their functional status. 

Computational Intelligence techniques can be useful to 

handle the designing and planning of WSNs deployment.  

3   Organization of HWSNs 
Two types of sensors (N-sensors and CH-sensors) are 

utilized in the organization of a heterogeneous network. 

An HWSN requires many standard sensors (N-sensors) to 

be dispersed randomly throughout the area. Moreover, the 

network includes multiple sensor nodes with enough 

capacity to function as cluster heads (CH-sensors). The 

CH in this case needs to be deployed carefully, 

considering the computation of the distance between the 

sensor and the cluster head and the sink, to ensure that all 

N-sensors are safe and can be attached to at least one CH. 

In this study, clustering approaches that are employed in 

heterogeneous WSNs [7, 11] and homogeneous WSNs 

[22] are used.  

Using their unique identifiers, the CH-sensors in this 

configuration send out broadcast signals that pinpoint their 

precise position. The CH-sensor whose unique identifier 

is the smallest in length will be ranked highest. After that, 

the N-sensors arrange the CH-sensors they've heard in 

order of loudness. Each N-sensor will give preference to 

the CH-sensor if it is a viable option. After that, the CH-

sensor will begin selecting N-sensors for clustering. All 

clusters, no matter how big or little, are handled in the 

same way. The clustering process for HWSNs using this 

method is shown in Figure 1. 
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According to WSNs research, several metrics or criteria 

can be used to find the routing path [13], [16], [19] .These 

metrics consist of the following Figure 2: 

 

 

 
 

 

 

▪ Remaining energy (RE) 

In general, the most critical factor in the data 

routing of WSNs is energy efficiency. So, the remaining 

battery capacity of the sensor device is given significant 

consideration. Based on this metric, routing methods are 

designed to determine the path from the sender sensor to 

the destination by involving sensor devices with the 

highest remaining energy levels. Thus, sensors with more 

remaining energy would be utilized in the routing process 

more frequently than those with lower battery charge 

levels. A simple WSN with a small number of nodes is 

depicted in Figure 2-4, where a sender sensor (source) 

attempts to transmit a data packet to a sink node. The RE 

values within the nodes represent the remaining battery 

energy of the considered node. The optimal path would be 

(A-D-G) based on this concept, as it crosses the nodes with 

the highest remaining energy total (i.e., 19). 

 

▪ Minimum hop (MH) 

The minimal hops, also known as the smallest 

hop, is the most frequently employed measure in routing 

systems, where the routing method seeks to select the path 

that traverses the fewest forwarder sensors (hops) route to 

the sink. This criterion's central idea is that choosing the 

shortest path reduces end-to-end delay and energy 

depletion rates by incorporating the fewest relay nodes 

possible. The routing protocol would identify the path (B-

G) in Figure 2-4, using this metric, which contains only 

two nodes and no shorter route. 

 

▪ Traffic load (TL) 

The amount of data traffics still pending in the 

queue of a sensor node is referred to as the "traffic load" 

 

Figure 2: Path selection in WSNs using various routing 

parameters 

 

 

 

Figure 1: clustering to organize the nodes of a 

heterogeneous sensor [7]. 
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or "intensity load" of that sensor. This traffic consists of 

both application-generated traffic and traffic sent from 

other sensors to be forwarded. When a sub-area 

experiences events more frequently than the entire 

deployment area, selecting the shortest transmission path 

for routing will cause implosion along the entire routing 

path. If a sensor node becomes overloaded with traffic, 

there is a high possibility of a queue overflow issue that  

 

 

 

 

results in the loss of crucial data. In addition, a high traffic 

load causes sensor nodes to lose energy quickly and 

excessively, resulting in a shorter network lifetime. The 

TL values within each node in Figure 2-4, represented the 

respective node's traffic load. Using this statistic, routing 

protocols would select a route (A-D-I) as the optimal path, 

as it traverses the nodes with the lowest total traffic load 

(i.e., 4). 

To explore the issue of unbalanced energy 

utilization and to increase the network lifetime in WSNs, 

a new energy-efficient routing method called BAT 

Optimization Routing Protocol (BORP) is introduced in 

Chapter 4. The proposed routing method attempts to select 

an optimal path from the sender node to the sink, 

considering the above-mentioned routing metrics (RE, 

MH, and TL) and utilizing them in a balanced way to 

efficiently enhance the lifetime of WSNs. 

4   The proposed approach 
One of the biggest challenges facing a WSN is how to 

maintain the network lifetime. Considering this, the 

researchers presented several methods, including 

collecting data and how to direct it, considering the 

amount of energy consumed. In previous work, we have 

observed an improvement in wireless sensor networking 

using fuzzy spider monkey optimization routing protocol 

reducing costs and ensuring that power is distributed 

fairly, the FSMORP helps HWSNs last longer [24]. Then, 

in the second work, we observed the use of a hybrid 

protocol called fuzzy data aggregation with spider 

monkey optimization routing protocol (FDA-SMORP) 

[25]. In this work, we present a hybrid proposal (FDA-

FSMORP) that represents an intelligent approach to 

collecting sensor data in HWSNs considering energy 

consumption. Next, the work proposes the FSMORP 

routing protocol for HWSNs to send the collected data 

from the sensor to the sink via cluster heads.  

 
A.  FUZZY DATA AGGREGATION (FDA) FOR HWSNS 

The proposed method represents the process of 

aggregating data based on eliminating redundancy and 

extracting useful information. A similarity measure is a 

distance with dimensions that represent object attributes in 

the context of data mining. That example, if there is little 

separation between two data points, then the things they 

represent are quite similar to one another, and the converse 

is also true. One of the most frequent distance scales with 

which they are compared with the methodology presented 

(Jaccard similarity, Cosine similarity, Overlap 

Coefficient) is used by the vast majority of aggregation 

methods to evaluate the degree of dissimilarity between 

two items[23].  

The suggested model's purpose is to guarantee that, 

when two sensors in proximity or sensing data at the same 

time submit an event, there is a high possibility that the 

same event will occur, resulting in an increase in data 

volume at the expense of network energy. In CHs, the 

FDA is used to efficiently aggregate data through 

redundancy removal and extract actionable intelligence. 

The inference engine, which comprises a rule base 

and several strategies for inferring the rules (52=25 for the 

fuzzy rule base), deals with the fuzzy values. Similarity 

(n) is considered Medium if and only if FE (n) is high and 

SE (n) is low. A fuzzy inference engine processes all of 

these rules simultaneously. To extract a single, 

unambiguous value from the fuzzy solution space, the 

fuzzy values are first eliminated. This value represents the 

similarity value by which the data size is reduced. The 

CoG method of defogging is carried out by  .Figure 3 

shows a "fuzzy data aggregation" process into CHs. 
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Two events are evaluated for precision and similarity 

to evaluate the performance of the proposed method. 

There is a comparison of the fuzzy data aggregation 

technique to other approaches shown in Table 2.   

 

Table 2: Accuracy similarity in the approaches for 

two sensor events 

Algorithm  / Approach Similarity Accuracy 

Jaccard similarity 0.25 0.48 

Cosine similarity 0.87 0.83 

Overlap Coefficient 0.88 0.84 

Fuzzy Data Aggregation 0.96 0.93 

 

The similarity criterion is chosen depending on the 

intended use of the data, and it is evident from this that a 

larger similarity percentage indicates more reliable data. 

In Figure 4, we can see the fuzzy data aggregating  

 

 

technique being used with a similarity criterion in the 

range (0,1). 

 

 
 

Figure 4: Percentage of accuracy after applying the 

threshold 

 
B.  FUZZY SPIDER MONKY OPTIMIZATION ROUTING 
PROTOCOL (FSMORP) FOR HWSNS 

For HWSNs to last longer, the routing protocol is a 

critical issue. A breakdown in communication between the 

N-sensor and CH, or the CH and the sink, will occur if 

either sensor node loses power during the routing protocol. 

Consequently, there is often a deficiency in HWSNs 

throughout their useful lives. Since the lifetime of a 

HWSN is proportional to the power it receives from its 

sensors, the sensors must consume as little power as 

possible. By reducing costs and ensuring that power is 

distributed fairly, the FSMORP helps HWSNs last longer. 

The next FDMORP is by fusing the Fuzzy method with 

the Spider Monkey Optimization (SMO) [24] technique. 

Based on the routing requirements, the FSMORP 

chooses the next hop to the sensor node (maximum 

remaining energy, fewest hops, and lowest traffic load). In 

this study, we assume that all N-sensors have the same 

range of transmission and start with the same amount of 

0
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Figure 3: The fuzzy data aggregation process 
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battery life. In (ii), every N-sensor knows its location and 

that of its CH and immediate surroundings. (iii). Each CH 

has the same battery-powered start-up time and 

transmission range (iv). Each CH knows its location as 

well as that of its neighbors (other CHs and the sink). 

The routing schedule is created by the sink and 

broadcast to all connected nodes (N-sensors and CH-

sensors). Each sensor uses an FSMORP to calculate the 

most direct path to the target node. There are two phases 

to the FSMORP: 

1. SMO implementation in FSMORP 

Here, a tree is evaluated using the SMO technique, 

and each node in the tree is given a fitness function value 

in the form of (N, Fit), where N is the collection of 

candidate nodes along the forwarding path and Fit is the 

set of fitness functions (n). It is the fitness function that 

determines which direction the tree node will go. As 

shown in Section 4.2, a fuzzy method is utilized to 

determine the value of the fitness function at each node. 

In FSMORP, the generated routing path is utilized 

many times (rounds) before determining whether to 

continue using it based on the current state of each node 

along the route. Under these conditions, the sink would be 

aware of the real-time status of each node's battery life, 

location, and network use. To evaluate a neighboring 

node's viability, we apply Eq. (1). (ni). 

 

))(),(),(()( iiii nDnTLnREfuzzynfit =         (1) 

 

Node n's remaining energy (RE(n)), traffic load 

(TL(n), and distance to destination (D(n)) are represented 

as follows. The fitness value for node n may then be 

calculated using the fuzzy technique with these parameters 

as inputs. Then, using the data collected from the LLSM's 

neighbors, the GLSM selects the node with the highest 

probability P, where P is the probability value stated in Eq. 

(2): 
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Where P(ni) is the probability associated with node ni, 

fit (ni) is the fitness associated with node n, and N is the 

number of neighbor nodes. 

 

2. Fuzzy approach implementation in FSMORP 

Here, we employ a fuzzy method to calculate the RE 

(n), TL (n), and D that together constitute the value of the 

fitness function at node n. 

A single fit output parameter (n) is used in conjunction 

with three input parameters (RE (n), D (n), and TL (n), as 

seen in Figure 5) in the fuzzy technique. Discourse 

intervals of [0...0.5], [0...1], [0...10], and [0...1] are 

universal for all RE, D, TL, and fit, respectively. 

 

 
Figure 5:  Fuzzy structure for FSMORP 

 

Each input and output variable in FSMORP is 

represented by a set of five membership functions. As part 

of its data processing, FSMORP employs an inference 

engine, which is comprised of a rule base and several 

approaches for inferring the rules. In this document, we 

provide the IF-THEN rules that form the basis of 

FSMORP's fuzzy rule base, which includes a total of 

53=125 rules.  

All of these rules are run via a fuzzy inference engine 

concurrently. After being defuzzied, a solution's fuzzy 

space is collapsed into a single, clear output result. The 

value here represents the fitness of node s. Through the 

COG method [29] shown in Eq (3): 
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In this expression, Uk represents the kth output of the 

rule set, and ck represents the center of the nth output 

membership function. 

The FSMORP flowchart is seen in Figure 5, and it 

uses a hybrid SMO algorithm and Fuzzy technique to find 

the optimal routing route twice in inter-cluster (from N-

sensor to its CH-sensor) and intra-cluster (from the CH-

sensor to the sink) directions in a consistent, sequential 

fashion. 
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5   Performance evaluation 
The life of the HWSNs can be extended by using the 

CH's fuzzy data aggregation method with the improved  

Routing Protocol to increase energy efficiency [10]. To 

see how well it worked, it was tested in three different 

approaches if the same routing metrics and the same 

environment were used in both. 

1. Simulation Setup 

 

 

 

 

Simulations are carried out in MATLAB R2010a 

(version 7.10) under Windows 7 (32 bits). The 

experiments are performed on a PC (ThinkPad T410i, 

China) with an Intel R Core TM i3 Processor running at 2.4 

GHz and 2 GB of RAM is used to run the simulations. To 

make the network as realistic as possible, some parameters 

must be set in the system. Table 3 shows the Simulation 

parameters of the network, the network is the content of 

 

Figure 6:  Flow-chart of the proposed method)FDA-FSMORP) 
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1000 N-sensors, and 36 CHs randomly arranged within a 

300 m x 300 m square topographical area. 

The clustering technique groups N-sensors around 

CHs. Both systems use the [30] radio paradigm and have 

exhausted their transmission cycles (2000). Each approach 

produces a 2 KB packet length. On the other hand, all N-

sensors and CHs start with the same starting energies of 

(0.5 J) and (2.5 J), with a sensed transmission of (20 m) 

and (80 m). The N-traffic sensor's load should be 

generated at random from 0 to 10. Every CH sensor has a 

[0..50] range. 

 

 

Table 3: Simulation parameters 

Parameter Value 

Area of topographical (meters) 300 m x 300 m 

Location of the sink (meters) (0, 150) 

Length of control packets 2k 

No. of transmission packets 

(rounds) 

2 x 103 

N-

sensors 

Number of nodes 1000 

Limit of transmission 

distance 

20 m 

Initial energy 0.5 J 

Eelec 50 nJ/bit 

Eamp 100 pJ/bit/m2 

Max. traffic in the 

node’s queue 

10 

CHs 

No. of nodes 36 

Limit of 

transmission distance 

80 m 

Initial energy 2.5 J 

Eelec 100 nJ/bit 

Eamp  200 pJ/bit/m2 

Max. traffic in the 

node’s queue 

50 

 

2. Simulation Results 

To obtain a more efficient sensor network, two 

approaches are proposed to reduce energy consumption; 

these two approaches are based on two scenarios. The first 

scenario represents the efficacy of the Enhanced Routing 

Protocol if a single sensor senses and transmits data at the 

same time as it is without aggregation. The proposed 

approach FSMORP was compared with SMORP. Thus, a 

balance in energy consumption was obtained. 

The second scenario is a smart method to aggregate 

data to eliminate redundancy and conserve power 

consumption by assuming that two sensors sense and 

transmit data via the Enhanced Routing Protocol 

FSMORP. The robustness of the proposed FDA-FSMORP 

approach was compared with FSMORP and its effect on 

cluster heads was demonstrated. 

• FSMORP 

In this section, the number of sensors still functioning 

after each cycle of data transmission is used to compare 

the two systems' findings for network longevity. The 

proportion of N-sensors and CH-sensors that are 

operational in both the proposed system and the SMORP 

is shown in Figures 6 and 7, respectively. Therefore, the 

suggested solution surpasses the SMORP system in terms 

of how many nodes are still operational in the network. 

Here, and after 2000 packets have been sent via the 

network, the result of network lifetime attained with the 

suggested is about 15% higher than that of SMORP. 

The network's lifespan is over as soon as any sensor 

(N-sensor or CH-sensor) in the network dies. The lifespan 

of the network has been extended thanks to the suggested 

approach. The time needed for the suggested method is 

more than that of the FDA-SMORP system. 

The suggested method outperforms FDA-SMORP by 

a wide margin when it comes to minimizing energy 

consumption and maximizing network lifespan (see 

Figures 7 and 8). 

When deciding between N-sensors and CH-sensors 

for routing, the fraction of unused power changes with the 

number of transmission cycles. 

The suggested system outperforms the SMORP in 

terms of overall performance and efficiency thanks to the 

increase in the number of routes. Figure 7 and Figure 8 

shows how the residual energy ratio for N-sensors and 

CH-sensors changes depending on the kind of 

transmission used. Keeping the network stable for as long 

as feasible, the suggested technique outperforms the FDA-

SMORP.  

The time lag that occurs when sending data packets, 

on the other hand, may make or break several uses. a 

comparison of the two systems with regard to the amount 

of time spent in simulation while still within the routing 

region. However, the suggested model seems somewhat 

bigger owing to the fuzzy logic processors when compared 

to the SMORP findings. 

Figure 7 shows that the suggested system achieves low 

overall latency. Energy is conserved and data is sent more 

efficiently when there are fewer delays. That's why 

multipath routing is so important; it divides data packets up 

at the node level so that the network can function more 

smoothly and last longer even when traffic is heavy. 

• FDA-FSMORP 

In this section, the FDA-proposed algorithm is put 

into every cluster head. Thus, we notice the effect of the 

algorithm on clusters only, instead of the normal sensors.  

After each cycle of data transmission, the number of 

sensors still functioning in the network is counted to 

compare the network lifespan outcomes acquired using the 

two techniques. On this point, Figure 12 demonstrates the 

ratio of the CH-sensors, which are still alive in both the 

proposed system (FDA-FSMORP) and the FSMORP. 

Therefore, the FDA-FSMORP system performs better 

than the FSMORP system in terms of the number of active 

nodes in the network. In this case, after delivering 2,000 

packets to two sensors through the network, the result of 

the network lifetime attained with the suggested is about 

50% more than that of FDA-SMORP. 

Whichever approach is used, the percentage of unused 

power in CH-sensors shifts as the number of transmission 

cycles increases. Overall, the suggested system's 

performance and efficiency are superior to those of the 

FDA-SMORP. shows how the residual energy ratio for 
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CH-sensors changes depending on the kind of 

transmission used. We can observe that the suggested 

solution outperforms the FDA-SMORP in terms of 

maintaining network stability for the longest feasible 

duration. 

The network lifetime ends when any sensor (CH-or 

N-sensor) in the network dies. The network lifetime of the 

suggested system has increased. Table 4 presents a 

comparative analysis of the initial node failure in every 

system. The FSMORP system requires less time than the 

proposed system. 

 The suggested method outperforms the FSMORP 

technique in terms of balancing energy depletion and 

maximizing network longevity, as shown in Figures 7,8, 

and Table 4. 

When we discuss the reasons behind any noticeable 

differences in performance, we note for example that the 

proposed method is more energy efficient, the reason is 

that the proposed method combines two clever techniques, 

the first is the FDA, which collects data at the head of the 

cluster based on the balance between the three metrics, 

where the role of fuzzy logic is to extract the best fitness 

value in terms of performance at the sensor based on the 

metrics (remaining energy, distance, traffic load). Thus, 

the data collection process is parallel throughout the 

network. The second method, FSMORP, determines the 

best path, considering that this method is also a hybrid 

(fuzzy logic with spider monkey algorithm). This method 

maintains a balance of energy consumption, and thus the 

lifetime of the sensor network lasts longer than in previous 

literature, due to better clustering and more efficient 

routing decisions. 

 

Table 4:  The number of rounds that begin with a 

dead node 

 

 

 

 

6   Conclusions 
Some of the data in large databases is helpful, while other 

data is utterly unnecessary. A data redundancy problem 

may arise if two sensors report the same event at the same 

time or within a little proximity to one another. The most 

effective use of energy is essential to overcoming these 

challenges. The information is compiled in the cluster 

header and then transmitted to the sink. On the other side, 

data aggregation has the potential to rid a network of 

unnecessary data, hence reducing data transmission while 

simultaneously increasing the network's lifespan. As a 

starting, this work suggests using a clever method called 

(FDA-FSMORP) which represents a hybrid approach to 

collect sensor data in HWSNs considering energy 

consumption. From what we can see from running 

simulations of the proposed model, FDA-FSMORP 

performs better than its competitors at both decreasing 

data latency and increasing network longevity. 
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