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Nowadays, wireless sensor networks (WSNs) prove their potential in our daily day-to-

day life. However, due to high congestion, energy management becomes the key 

challenge for WSNs. To increase the lifespan of WSNs, a unique clustered routing 

strategy is presented in this study. It offers an effective solution for the hot-spot effect 

and idle-listening issues. Outcomes help in lessening energy consumption. The 

developed algorithm is based on the principle of balanced energy consumption. Further, 

the developed WSN involves a node dormancy mechanism. It requires the energy 

balance technique using the clustering routing mechanism with distance variance. The 

design of clustering nodes is based on the master-slave principle, where the formation 

of clustering relies on node position and residual energy. MATLAB provides the 

simulation results as energy drop of each node to calculate the battery life. According 

to the achieved results, the developed algorithm can reduce the decay rate which can 

further lessen the energy consumption of the network. Moreover, it enhances the 

throughput and prolongs the network lifetime. The paper provides an energy-efficient 

clustering approach for Wireless Sensor Networks (WSNs) that can directly relate to 

manufacturing applications by practical solutions to the challenges faced in 

manufacturing settings, where effective sensor network deployment can lead to 

significant improvements in production processes and overall operational efficiency. 
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1. INTRODUCTION

Wireless sensor networks (WSNs) formed from the sensor 

nodes (SNs) that are basically small micro electro-mechanical 

(MEMS) as well as a base station (BS) or sink [1]. The primary 

goal of the SNs is to collect data from nearby nodes and 

forward it to the BS. In modern life, WSNs have become the 

integral part as in disaster management, weather forecast, 

industrial automation, heath care, surveillance and security, 

etc. [2-4]. SNs can efficiently implement a WSN via indirect 

or direct interface between each other where every node acts 

like a router [4]. A network architecture of WSN is categorized 

into three groups as location-based, hierarchical and fat 

routing protocols [5]. In general, SNs used an ad hoc fashion 

for the deployment [1, 6]. The basic differences between the 

ad hoc networks and WSN are [7]: 

·The sensor nodes in WSN are much greater than the SNs 

in ad hoc networks. 

·SNs are generally implemented in a larger number. 

·SNs in WSN are open to failure.  

·In WSN topology, frequent variations occur.  

·Sensor nodes are constrained in memory, computation, and 

power. 

A network is developed as clusters and offers better 

improvement in network energy as well as lifetime in 

hierarchical case. The other sensor nodes are known as 

member or common nodes, and each cluster is led by a cluster 

head (CH) [8]. SNs are implemented under crucial 

environments in most of WSN applications. While limited 

battery power can make the SNs as energy constrained. The 

lifetime of sensor nodes can be extended under these 

circumstances by giving the appropriate time to energy-aware 

routing protocol [9]. Static or dynamic routing strategies can 

be used by the routing methods [10]. Static routing allows data 
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to be transmitted from sensor nodes to the destination using set 

pathways. Conversely, data trafficking to the destination is 

accomplished by dynamic routes in dynamic routing. WSN 

often uses dynamic routing since it allows data transfer even 

in the event of a router failure or death. The standard clustering 

of WSN is shown in Figure 1.  

Hierarchical routing system was mainly anticipated for 

wireline networks [5, 11] because of its energy efficient and 

good scalability interface. Because of the aforementioned 

characteristics, Heinzelman [11, 12] developed the 

hierarchical routing strategy in WSNs. In hierarchical routing, 

the high-energy sensor nodes use data aggregation and the 

inert-cluster interface. Conversely, lower-energy SNs are 

using their specific clusters to gather sensing data. The idea of 

giving sensor nodes a unique role as cluster members or 

member nodes leads to improvements in network longevity, 

data packet collision avoidance, energy efficiency, and 

network scalability. The most well-known hierarchical routing 

techniques, including low-energy adaptive clustering 

hierarchy and hybrid energy-efficient distributed clustering, 

have made use of WSN protocols.  
Extensive research work has been performed that can cover 

several LEACH based WSN protocols such as energy-efficient 

uneven clustering (EEUC) algorithm [13], power-efficient 

gathering in sensor information systems [14], two-level 

hierarchy LEACH [15], etc.  

 

 
 

Figure 1. Structure of sensor node deployment and cluster 

formation in WSN [1] 

 

LEACH [12] becomes the trending hierarchical clustering-

based protocol for WSNs. It is an adaptive clustering protocol 

that utilizes equalized energy distribution and spontaneously 

organizes itself between the sensor nodes over rounds. The 

process works in rounds and every round includes the steady-

state phase and clustering setup. The sensor nodes place 

themselves in a group having one node as representative 

during the clustering phase, known as cluster head (CH). On 

the other hand, the remaining SNs are named as 

regular/normal SNs. During the clustering stage, regular 

sensor nodes decide to either accept or reject a cluster for the 

existing round. It depends on the achieved signal strength. 

When utilizing single-hop communication for transmitting 

data from regular SNs to CH and from CH to BS, the steady-

state phase is lengthier than the clustering phase. The member 

node of the cluster received the TDMA schedule from the 

cluster head, which further facilitates intra-cluster 

communication. 

LEACH introduced the data compression with randomized 

rotation of cluster head before transferring it to BS for 

enhancing the WSN network lifetime. The percentage of CH 

in a network and the frequency with which the SN has 

continued to function as a CH in previous rounds are taken into 

consideration by the SN when making a decision about the CH 

for the current round during the cluster setup phase. For the 

current round, the sensor node selects a number between 0 and 

1, and is promoted to the CH if its value is smaller than the 

predefined threshold T(n). The mathematical expression for 

the threshold T(n) is [16]: 

 

𝑇𝑛 =
𝑝

1−𝑝[𝑟𝑚𝑜𝑑𝑒
1

𝑝
]
, 𝑖𝑓 𝑛 ∈ 𝐺  (1) 

 

𝑇𝑛 = 0,   𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 (2) 

 

Figure 2 displays the radio model of LEACH as well as the 

intra cluster and direct CHs to BS transmission [12]. 

 

 
 

Figure 2. Single hop and intra-cluster communication from 

Cluster head to the base station 

 

Each CH delivers a message to member nodes during the 

steady-state phase. It also maintains their receivers on to listen 

mode as well as responds to respective cluster head 

accordingly. The subsequent mathematical expressions can 

define a radio transmission model [16]: 

 

𝐸𝑇𝑋(𝑘) = 𝐸𝑒𝑙𝑒𝑐𝑘 + 𝜖𝑎𝑚𝑘𝑘𝑑2, 𝑖𝑓 𝑑 ≤ 𝑑𝑜 (3) 

 

𝐸𝑇𝑋(𝑘) = 𝐸𝑒𝑙𝑒𝑐𝑘 + 𝜖𝑎𝑚𝑝𝑘𝑑4,   𝑖𝑓 𝑑 > 𝑑𝑜 (4) 

 

𝐸𝑅𝑋(𝑘) = 𝐸𝑒𝑙𝑒𝑐𝑘 (5) 

 

where, d0 is a threshold distance, ϵamp is the energy consumed 

by the radio amplifier as a result, and Eelec is the energy needed 

for k bit transmission over distance d. 

This research work has the following contributions: 

i. This Paper concerns the energy efficiency of the network 

which is the most important criterion for applications where 

battery replacement of sensors is not possible. 

ii. Proposed solution minimizes the energy consumption at 

sensors due to the hot-spot effect. In the proposed solution hot-

spot effect is avoided which ultimately results to prolong the 

network lifetime. 

iii. Proposed solution minimizes the energy consumption at 

sensors during the idle-listening phase in which sensors drain 

some amount of energy while not transmitting any data. For 

this sleep and wake-up approach is used to avoid idle-listening 

energy consumption. 
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The paper provides an energy-efficient clustering approach 

for Wireless Sensor Networks (WSNs) that can directly relate 

to manufacturing applications. To address the hot-spot effect 

requires careful consideration of node placement (based on 

distance from the sink) and communication protocols can 

mitigate the hotspot effect, manufacturing plays a role in 

producing reliable and energy-efficient nodes for deployment. 

Efficient sensor deployment and management can lead to 

improved process optimization, reduced downtime, and cost 

savings in manufacturing facilities.  

The paper can provide insights into how the proposed 

clustering approach enhances the monitoring and control of 

manufacturing processes, leading to better product quality, and 

increased efficiency. The following approaches are used in this 

work: 

i. Energy-efficient Hardware: Designing sensor nodes with 

energy-efficient components, low-power microcontrollers, 

and optimized power management systems can extend their 

battery life. 

ii. Advanced Battery Technologies: Integrating improved 

battery technologies, such as rechargeable or energy-

harvesting batteries, can help reduce the frequency of battery 

replacements. 

iii. The clustering approach proposed in the paper involves 

designing a hybrid hierarchical structure where sensors are 

organized into clusters. This design aspect is crucial for 

optimizing network performance and energy consumption. 

The design of such clustering algorithms requires careful 

consideration of factors like network topology, 

communication overhead, and data aggregation strategies. For 

Coverage Optimization: Utilizing tools like coverage 

prediction models during the network design phase can help 

determine the optimal sensor placement to achieve uniform 

coverage and reduce potential hotspots.  

iv. Power Management: Implementing advanced power 

management techniques such as duty cycling, where nodes 

alternate between active and sleep modes, can significantly 

reduce idle-listening energy, using adaptive sleep scheduling 

algorithms based on traffic patterns or network conditions can 

further optimize energy usage. Use of predictive models and 

redundancy strategies during the design phase to optimize 

sensor placement and ensure consistent coverage. 

v. Energy-Efficient Protocols: This paper Employs energy-

efficient communication protocols based on Low-Energy 

Adaptive Clustering Hierarchy (LEACH), which can help in 

reducing unnecessary data transmissions.  

vi. Distance Aware approach: The paper focus on energy 

efficiency directly involves computing aspects. Clustering 

algorithms, which group sensors based on distance or other 

criteria, involve complex computation to determine optimal 

cluster heads and communication patterns.  

The following are the main mechanisms used in this 

research: 

i. Data Aggregation: Implementing data aggregation 

techniques at intermediate nodes can reduce the number of 

transmissions, conserving energy. 

ii. Wake-up Mechanisms: Utilizing wake-up mechanisms 

that allow nodes to remain in a low-power state until an actual 

data transmission is required can reduce idle-listening. 

Wireless sensor networks (WSNs) are becoming an 

essential and dynamic aspect of modern life for humans. The 

monitoring of the atmosphere is essential to the entire plan, 

including battle domains, climate monitoring, remises, and 

more. Nevertheless, the primary issue facing WSNs is energy 

management. In a wireless sensor network (WSN), non-

rechargeable batteries often provide power to sensors because 

conventional nodes have a limited energy capacity. Energy 

harvesting techniques are a viable approach to address the 

battery-related problems with sensors. This study lowers the 

energy usage from idle listening and provides a workable 

remedy for the hotspot effect. Energy-efficient plans come in 

different forms, such as mechanical, thermal, wind, and solar, 

and they rely on the surroundings.  

A novel clustering routing protocol to extend the lifetime of 

WSN has been proposed through this research. The research 

paper explains the structure of a new network model and 

presents an updated version of the original energy 

consumption scheme. This scheme can find out the optimal 

number of clusters for the minimization of total energy 

consumption. The developed algorithm follows the concept of 

balanced energy consumption involving the node dormancy 

mechanism, the energy balance strategy using the clustering 

routing technique, and the introduction of distance variance.  

The clustering process involves a cluster head selection 

considering distinct variants accessible with SNs at run time 

such as residual energy, hop count and initial energy. Such 

advanced algorithm increases the energy efficiency of the 

WSN and thus offers better lifetime, stability, energy and 

throughput in the network. Moreover, remaining energy and 

node positioning are important in the clustering formation 

process. Finally, this protocol is simulated using an initial 

energy of 0.5 J for heterogeneous networks.  

According to the achieved results, the developed algorithm 

can lessen the decay rate that further reduces the energy 

consumption of network. Also, it enhances the throughput 

along with the prolonged network lifetime. It is the updated 

LEACH version. In LEACH-C, the BS creates clusters, while 

in LEACH every node self-configures them into cluster. 

The BS accepts the entire data about the location/energy of 

entire nodes implemented in the system. By performing thus, 

BS finds the CH numbers as well as assembles network into 

several clusters. Nevertheless, because of insufficient 

organization between nodes, the CHs number changes from 

round to round. In LEACH-C the CHs number in every round 

matches an optimal estimated value. A centralized routing 

method is one in which for a SNs set, BS measures the average 

energy of a network consisting energy level greater than 

average. ACH will be chosen from the nodes set to assure that 

nodes chosen should have adequate energy to be a CH.  

The system has two sub clusters as well as they are 

additionally separated as the anticipated CHs number. In this 

manner, the nodes are consistently dispersed to assure that 

load is ultimately distributed. By employing the minimal 

spanning tree technique, the BS selects the least energy routing 

paths and uses CH to distribute the clustering data to every 

node in the network. 

Although, because of centralized system, interface overhead 

will enhance in the CH reselection, as BS takes the reselection 

decision. Furthermore, each cluster will transmit the request; 

therefore, a high energy consumption occurred. 

This paper is further organized as follows: Section 2 

discusses about the related work. Section 3 explains about the 

routing problems in a network model. Section 4 describes the 

LEACH based system model followed by Section 5 

demonstrating the results and discussion for both the hardware 

and software implementations. In last, Section 6 presents the 

conclusion. 
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2. RELATED WORK 

 

In WSNs, researchers have performed numerous research 

studies on the clustering protocol. Presently, the most trending 

clustering protocol is known as Low Energy Adaptive 

Clustering Hierarchy [17]. The LEACH process has 

categorized into two parts, named as the steady phase and the 

set-up phase. Set-up phase involves the development of cluster 

as well as the CH assortment by using probability function. 

The process depends on the residual energy. Stable Election 

Protocol is an upgradation version of the LEACH and a kind 

of heterogeneous clustering protocol [18]. SEP protocol 

involves the separation of sensor node into two parts as normal 

and advanced nodes. Malathi et al. [19] proposed a hybrid 

unequal clustering layering protocol (HUCL) that integrated 

the static with dynamic clustering. Another heterogeneous 

network named as Centralization Energy Efficient Cluster 

(CEEC) technique [20]. Such entire system has categorized 

into three parts as low, medium and higher energy regions.  

In another work [21], the researchers suggested an energy-

aware routing algorithm (ERA) depending on energy-aware 

clustering technique. The ERA has two sections named as 

routing as well as clustering formation. The extensive sensor 

network system uses sleep awake energy-efficient distributed 

(SEED) approach [22] i.e. a heterogeneous network model. 

Researchers also proposed [23] another algorithm named as 

energy-aware unequal clustering (EAUCF) to decrease several 

crucial network issues such as hot spot. The efficient unequal 

clustering protocol utilizes the distributed unequal clustering 

with the fuzzing method [24]. This technique has selected the 

cluster head by using a fuzzy approach and depicted balance 

energy distribution in the sensor network. Furthermore [25], in 

an algorithm named as distributed energy-efficient 

heterogeneous clustering (DEEHC) is used to enhance the 

quality of service of the sensor network. In another work, the 

energy hole problem and hot-spots problem can be decreased 

by the multi-objective fuzzy clustering algorithm (MOFCA) 

[26]. Investigators [27] used the multi-objective immune 

algorithm (MOIA) and applied an unequal clustering 

mechanism (UCM). This system improved via inter as well as 

intra clustering techniques based on the energy consumption.  

The balanced flow routing (FBR) technique was proposed 

by Tao [28] to improve the network's power efficiency and 

coverage preservation. The FBR approach can use multi-hop 

routing to extend the lifetime of the network. The discrete 

particle swarm optimization (DPSO) protocol is applicable to 

EH-WSNs [29]. It uses the prediction model as EWMA. It 

works on the energy harvesting concept along with centralized 

clustering protocol to enhance the SNs network life. Moreover, 

a hybrid methodology is depending on the distributed 

centralized approach [30] named as novel energy-efficient 

clustering (NEEC) protocol. This algorithm has been 

categorized into three phases as data transformation, set up and 

handling phases. Also, investigators [31] suggested the 

advance EH-WSNs system applicable for the dynamic 

clustering algorithm. Further, this protocol supported cluster 

head by using relay nodes which is helpful for clustering 

technique, as the time consumes more energy after aggregation 

data sent to base station. Researchers further work on 

distributed clustering by demonstrating the neutral energy 

clustering (ENC) protocol [32]. This method falls under the 

category of new cluster head group. The cluster size in this 

method is comparable. The quantity of cluster reformation can 

be reduced using the CHG technique. Researchers 

demonstrated a balanced power and aware clustering routing 

protocol (BPA-CRP) in a research study [33]. It contributes to 

improving the energy efficiency amongst SNs.  

Table 1 represents the comparative analysis of various 

LEACH successor on parameters like overhead, scalability, 

Energy Efficiency, location Requirement, Load balancing, 

complexity and Delay. Table shows that LEACH variants give 

good results in terms of above parameters. That’s why 

probabilistic approach of LEACH has been taken in the 

proposed work. 

Table 2 presents a comparative examination of a few 

LEACH versions on many other parameters, including 

deployment, CH Rotation, cluster size, transmission method, 

cluster structure, and cluster mobility. This analysis aids in the 

creation of the suggested algorithm to provide favorable 

outcomes. 

Wireless sensor networks (WSNs) are becoming an 

essential and dynamic aspect of modern life for humans. The 

monitoring of the atmosphere is essential to the entire plan, 

including battle areas, weather monitoring, remises, and more. 

Nevertheless, the primary issue with WSNs is energy 

management. In general, non-rechargeable batteries offer 

power to sensor in a WSN with conventional nodes having 

limited energy capacity. Energy harvesting schemes are the 

substitutive solution that can solve the issues of sensor battery. 

This research work offers an effective solution for hot-spot 

effect and reduce the energy consumption. The energy 

efficient schemes depend on the environment and can be 

various kinds like mechanical, thermal, wind and solar. 

Authors have proposed a novel clustering routing protocol to 

extend the lifetime of WSN. This paper explains the structure 

of a new network model and presents an updated version of 

the original energy consumption scheme. This plan is able to 

determine the ideal number of clusters to minimize overall 

energy usage. The created method adheres to the notion of 

balanced energy consumption by including distance variance, 

the clustered routing approach, and the node dormant 

mechanism in the energy balancing strategy. 

The clustering process involves a cluster head selection 

considering distinct variants accessible with SNs at run time 

such as residual energy, hop count and initial energy. Such 

advanced algorithm increases the energy efficiency of the 

WSN and thus offers better lifetime, stability, energy and 

throughput in the network. Furthermore, the construction of 

clustering relies on the node position and residual energy. In 

last, authors simulated this protocol for the heterogeneous 

networks with the initial energy of 0.5 J. According to the 

achieved results, the developed algorithm can lessen the decay 

rate that further reduces the energy consumption of network. 

Also, it enhances the throughput along with the prolonged 

network lifetime. 

It is the updated LEACH type. In LEACH-C, the BS creates 

clusters, while in LEACH every node self-configures them 

into cluster. The BS accepts the entire data about the 

location/energy of entire nodes implemented in the system. By 

performing thus, BS finds the CH numbers as well as 

assembles network into several clusters. Nevertheless, because 

of insufficient organization between nodes, the CHs number 

changes from round to round. In LEACH-C the CHs number 

in every round matches an optimal estimated value. A 

centralized routing method is one in which for a SNs set, BS 

measures the average energy of a network consisting energy 

level greater than average. ACH will be chosen from the nodes 

set to assure that nodes chosen should have adequate energy to 
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be a CH. The system has two sub clusters as well as they are 

additionally separated as the anticipated CHs number. In this 

manner, the nodes are consistently dispersed to assure that 

load is ultimately distributed. The BS uses the minimal 

spanning tree approach to select the least energy routing paths 

and distributes the clustering data to all of the network's nodes 

with the aid of CH. 

Although, because of centralized system, interface overhead 

will enhance in the CH reselection, as BS takes the reselection 

decision. Furthermore, each cluster will transmit the request; 

therefore, a high energy consumption occurred. 

 

2.1 Routing problems in a network model  
 

A number of problems affect how routing algorithms and 

architecture are designed in WSNs. In order to achieve energy-

efficient routing methods, all issues must be eliminated. 

Several noteworthy aspects of the network model are 

examined as follows: 

Deployment of SNs  

As per the nature of WSN application, SNs can be 

implemented either in a random or predefined way. The 

network maintenance issues can be solved by the 

implementation of sensor nodes in high numbers with great 

density. Such problems can be categorized into phases as pre-, 

re- and post- deployments. Sensor nodes are facing pre-

deployment issues during the use of deterministic/random 

deployment approaches either placing one by one, throwing 

through artillery or dropping from Planes as per the application. 

The variation in the characteristics of sensor nodes creates 

post-deployment issues such as noise, malfunctioning, 

position and energy depletion issues. Such variations influence 

the network efficiency and topology. Faulty sensor nodes can 

be changed with new ones that are compatible with the 

operation of the network in the deployment phase.  

Darabkh et al. validated [33] that the deployment of sensor 

nodes uses the approaches that substantially influences the 

inter-cluster communication under specific environment with 

the eventual influence on QoS. Horvat et al. also suggested 

[34] the deployment strategy of sensor nodes to optimize error 

by specifically tracking or searching the location a moving 

object. The coordinates or position of cluster head and base 

stations are much significant from the point of view of energy 

efficiency as well as network lifetime. It occurs generally in 

case of hierarchical clustering scheme with random 

deployment. The single-hop cluster head transmission 

experiences the challenge because of limited transmission 

power level. It directly depends on the distance among the CHs 

and BS. Under these conditions, multi-hop communication is 

preferable during the random deployment of SNs. In case of a 

heterogeneous WSN, the deployment of sensor nodes may 

experience additional limitations because of the energy level 

variations [35]. 

Load Balancing 

WSN clustering experiences a significant problem of load 

balancing. Based on the WSN protocol, cluster head are 

selected with the aim to evenly distribute the accessible sensor 

nodes between network clusters for energy saving and enhance 

the lifetime of network. Researchers suggested a min-heap 

based clustering protocol for enhancing the network lifetime 

named as energy efficient load-balanced clustering (EELBC) 

system [36]. In other works [37, 38], the developed algorithms 

are utilized to balance load of the clusters between gateways 

by locating the sensor nodes in a predefined manner. In WSNs, 

it has the even density distribution. It further leads transmit, 

process as well as aggregate data to Base station 

simultaneously [35, 38]. 

Fault Tolerance 

Usually, the applications of WSN experience the crucial and 

harsh environments. Thus, the sensor nodes have more 

chances to get physically damaged. Under such conditions, the 

sensor nodes or cluster head failure can be resulted in the big 

data loss. This situation can be recovered by choosing another 

sensor node to help the cluster head in clustering. It acts as a 

backup cluster head or coops/cooperative node. In the course 

of the normal operation of the protocol, the selection of a 

backup cluster head can inform the sudden failure of cluster 

head by numerous respects [3, 33]. Fault tolerance gives any 

network the ability to continue operating in the event of certain 

SN failures [37, 38]. Using the Poisson distribution, 

researchers have created a probabilistic operating time for a 

sensor node that allows it to function flawlessly within the 

interval of (0, t). 

 

𝑅𝑘(𝑡) = exp(−𝜆𝑘𝑡) (6) 

 

where, t and λk are time period of kth sensor node and the 

corresponding failure rate [39]. 

Connectivity  

The inter-cluster head's connectivity becomes a major 

difficulty that ensures data transmission from SNs to BS. The 

data transmission path's accessibility guarantees the 

connection to the base station. Researchers suggested 

numerous protocols to assure the interface between SNs in 

WSNs. Investigator suggested swarm optimization protocol in 

order for increasing the lifetime of network by maintaining 

network connectivity. It works for heterogeneous networks 

and estimates [39] the maximum number of energy-

constrained relay sensor nodes. In another research work [40], 

researchers have suggested a novel network connectivity 

protocol to observe as well as sustain the dynamic mobile 

WSN. Investigators assessed the limits of influences on WSN 

to depict an evaluation system of connectivity with great 

accuracy. The energy hole must be avoided that assures 

connectivity by utilizing the clustering protocols with effective 

distribution of cluster heads over the complete WSN [33, 41-

44]. 

Scalability 

The ability of routing algorithms to manage varying WSN 

sizes is another crucial feature of these algorithms. Typically, 

depending on the need, there can be hundreds or even 

thousands of SNs. In order to autonomously manage densely 

populated networks, routing protocol and application behavior 

are also necessary. Moreover, a routing protocol needs to react 

to each incident that happens in the vicinity of it in an efficient 

manner [4, 32]. A domain's density is commonly defined as 

the total number of sensor nodes (SNs) within it; nevertheless, 

the region's diameter may be less than 10 m [45]. The density 

of sensor nodes in area A is [46]: 
 

𝑀𝑒𝑢(𝑅) =
𝑁𝜋𝑅2

𝐴
 (7) 

 

where, N is the sensor node number and R is their 

corresponding transmission range. 

Technical Specifications of Hardware 

Four essential components make up a sensor network (SN), 

including transceivers, data processors, power supplies, and 
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sensing devices (sensors, ADCs). Additionally, components 

that vary depending on the application, including GPS and 

energy sources, are also important components. The sensing 

unit's responsibility is to gather data from the surrounding 

environment and transmit it to the processing unit. Following 

data processing, the processing unit must send the data to a 

transceiver so that it can be shared with the network and then 

transferred to the base station (BS). The SN size reduces with 

the passage of time. In general, sensor nodes are implemented 

under unattended and harsh environments that requires the 

power supply with great significance. Any sensor has 

transceiver as the most expensive unit because of the 

performed operation such as modulation/demodulation, 

filtering and data communication [47].  

Transmission Media  

The transmission media in multi-hop WSN communication 

provides the connections between several sensor nodes that are 

either optical, infrared or radio links. Radio connections used 

industrial, scientific, medical (ISM) bands for these 

communication type because of no standardization issues and 

high spectrum allocation. Infrared link is also a license-free 

mode. In case of hierarchical clustering, multi-hop 

communication performs the inter-cluster communication. 

The problems associated to the wireless channel may impact 

on such interface. For intra-cluster communication, HEED and 

its extended form can use the TDMA based medium access 

control (MAC) protocol [3, 44, 48].  

Data Aggregation and Processing  

Sensor nodes in a wireless sensor network may collect 

undesired and similar data from several observations. Data 

compression methods for multiple signal processing can be 

used to handle redundant data. Among the techniques are 

beamforming, principal component analysis, independent 

component analysis, and nonlinear principal component 

analysis. Optimization of data packets can be performed by the 

data compression of data aggregation i.e. being transferred to 

base station through multi-hop transmission. It further 

increases the lifetime of a network [3, 33, 44]. When compared 

to data processing, data communication uses a lot more energy. 

The data communication of 1 kB data, or almost 100 million 

instructions per second per watt, over a distance of 100 meters 

has been demonstrated by researchers [47]. This research 

confirms that processing data using the hierarchical clustering 

approach at the cluster head level lengthens a network's 

lifespan.  

Quality of Service  

A small number of delicate, time-sensitive applications 

must detect data from sensor nodes instantly, or else the 

significance of delayed data is lost. The majority of 

applications are able to make trade-offs between quality of 

service reduction and network lifespan improvement [2, 45].  

The term Quality-of-Service (QoS) describes traffic control 

systems that aim to guarantee or predictably perform for 

applications, sessions, or traffic aggregates, or to discriminate 

performance based on application or network-operator 

requirements. Fundamental QoS phenomena are defined as 

packet latency and several types of losses. 

Unified communications (UC) networks enable seamless 

collaboration and communication across multiple devices and 

platforms. To ensure the quality of the UC network, it needed 

to measure various metrics and indicators that reflect its 

performance and health. These include latency, jitter, packet 

loss, and bandwidth. Latency should be below 150 

milliseconds (ms) for voice and video calls, while jitter should 

be below 30 ms. Packet loss should be kept below 1% for voice 

and video calls. Bandwidth should also be sufficient to support 

all UC applications and devices without compromising QoS. 

Numerous metrics related to Quality of Service (QoS) hold 

significance in schedulability analyses. One example of a 

Quality of Service (QoS) parameter is the duration of 

operations. The QoS parameters at the class level comprise, 

among other things, the following attributes: 

·Minimum arrival time 

·Average arrival time 

·Execution time 

·Blocking time 

·Jitter 

To carry out schedulable analysis both theoretically and 

empirically, values for these parameters are required. 

The determination of an acceptable set of QoS timeliness 

attributes is a key objective for future real-time expansions to 

the UML. UML-tagged values would be the logical way to do 

it. 

Improvement in Lifetime of a Network  

The network lifespan is the crucial parameter in WSNs. This 

allows sensor nodes to conserve their limited energy resources, 

which also limits their capacity for processing and transmitting 

data. Effective strategies are created to extend the network 

lifetime for the election of cluster leaders, and efficient data 

routing methods are adopted to facilitate communication 

between inter-cluster nodes. The SNs have the most energy 

and are more central to their neighboring SNs. Cluster heads 

are the nearest supernovae. The inter-cluster interface that 

maximizes energy efficiency should select the shortest routing 

path with the highest relative energy of SNs. Network lifetime 

can also be increased during intra-cluster transmission by 

taking multi-hop data transmission into account in clusters that 

are relatively larger in size. 

Avoidance of Hot Spot and Energy Hole Issues 

In general, a number of WSN protocols are used for data 

transmission from SNs to BS in inter-cluster node data 

communication. In these kinds of WSNs, SNs serve as 

communicating sensor nodes in addition to transferring the 

data they have personally collected. In comparison to the 

distant signal nodes, the sensor nodes close to the base station 

are able to transport more packets. As a result, in comparison 

to the sensor nodes that are farthest away, the nearby signal 

nodes run out of energy sooner. Network partitioning happens 

and is referred to as the energy hole or hot spot problem [16, 

49]. Insufficient grouping is recommended to avoid the energy 

hole issue and to distribute energy usage evenly throughout the 

network [15, 24, 42, 43, 50]. Clusters closer to the base station 

are larger than clusters farther away, according to the uneven 

clustering approach. This idea can limit how much energy SNs 

nearer the BS need for issues like data processing and intra-

cluster interfaces, and the extra energy can be used for data 

relay [51].  

Reduction of Collision and Latency 

The WSNs can be divided into clusters using clustering 

techniques. Both intra-cluster and inter-cluster (multi-hop) 

communication are used in clustered networks to transfer data. 

Cluster heads have the ability to communicate amongst 

other52While network information can be forwarded to base 

station via an inter-cluster interface, intra-cluster 

communication takes place within a cluster.  

Table 3 addresses various challenges that are to be faced in 

previous algorithm and it shows challenges along with its 

provided solution in proposed algorithm.  
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Table 1. Comparative analysis of Single-hop LEACH and its successors [52] 
 

LEACH and 

Its Successor 
Year Clustering Overhead Scalability 

Energy 

Efficiency 

Location 

Required 

Load 

Balance 
Complexity Delay 

LEACH May 2000 Distributed High Low Moderate No Bad Low Small 

LEACH-C Oct 2002 Centralized Low Low High Yes Moderate Moderate Small 

LEACH-

DCHS 
Sept 2002 Distributed High Low High Yes Good Moderate Small 

Solar-LEACH June 2004 Hybrid High Moderate Very High Yes/No Moderate High Small 

SLEACH 
April 

2005 
Distributed High Moderate Very High Yes Moderate High Small 

LEACH-

Mobile 
June 2006 Distributed 

Very 

High 
Low Low Yes Bad High Small 

Sec-LEACH July 2006 Distributed 
Very 

High 
High Low No Moderate Very High Small 

A-SLEACH 
April 

2007 
Distributed High Moderate High No Good High High 

Q-LEACH May 2007 Distributed High High High Yes Good High Small 

Energy 

LEACH 
Oct 2007 Distributed High Moderate High No Good High High 

LEACH-L 

(UWSN) 
Dec 2007 Distributed Moderate High Moderate Yes Good Low Small 

ME-LEACH July 2008 Distributed Low Low Moderate Yes Bad High Small 

Armor-

LEACH 
Aug 2008 Distributed Very high Low Low No Good Very High Small 

TB-LEACH Sept 2008 Distributed High Moderate Moderate No Good High Small 

ME-LEACH Dec 2008 Distributed 
Very 

High 
Low Moderate No Bad High Small 

ALEACH Dec 2008 Distributed High Moderate High No Good Very High Small 

T-LEACH June 2009 Distributed Moderate High High Yes Good High Small 

LEACH-H Nov 2009 Hybrid High Moderate High Yes Moderate High High 

U-LEACH 
March 

2010 
Distributed Low Low High Yes Good High Small 

LEACH-B Aug 2010 Distributed High Low High Yes Good High High 

LEACH-GA 
April 

2011 
Distributed High Low High Yes Low High Small 

MS-LEACH June 2011 Distributed 
Very 

High 
High Low No Bad High Small 

FL-LEACH 
April 

2012 
Distributed Low High Low Yes Good High Small 

LEACH-

SWDN 
May 2012 Distributed Moderate High Low Yes Moderate High Small 

EP-LEACH 
April 

2013 
Distributed High Low Very High No Good High Small 

I-LEACH May 2013 Distributed Moderate High High Yes Good High Small 

MOD-

LEACH 
June 2013 Distributed Low Moderate High Yes Good High Small 

Weighted-

LEACH 
Aug 2013 Distributed High High High Yes Good High Small 

LEACH-G Oct 2013 Hybrid Low High High Yes Good High Small 

BC-LEACH Nov 2013 Centralized Low High High Yes Good High Small 

LEACH-CE Dec 2013 Centralized Low Low Very High No Good Moderate Small 

FT-LEACH 
March 

2014 
Distributed High Low Moderate Yes Bad High Small 

IB-LEACH Aug 2014 Distributed High Low High No Good High Small 

CogLEACH Oct 2014 Distributed High High Moderate No Bad Moderate Small 

V-LEACH June 2015 Distributed High Low Very High No Good Very High High 

CogLEACH-

C 
Aug 2015 Centralized High Low High Yes Good Moderate Small 

EMOD-

LEACH 
Sept 2015 Distributed High Low High Yes Good Moderate Small 

EHA-LEACH Feb 2016 Distributed High High Very High Yes Good High Small 

LEACH-

MAC 
July 2016 Distributed High Moderate High Yes Good High Small 

Table 2. Comparative analysis of Single-hop LEACH successors on other parameters 

 

LEACH Successor 
Method of 

Transmission 

Topology of 

Clustering 

Size of 

Cluster 

Cluster 

Motion 

Deployment 

Method 

CH 

Rotation 

GATERP [53] One-Hop Centralized Equal Static Homogenous Yes 

HACH [54] One-Hop Centralized Unequal Static Homogenous Yes 
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MRP-ACO [55] One-Hop Hybrid N/A Static Heterogeneous N/A 

GADA-LEACH [56] Multi-Hop Distributed Equal Static Heterogeneous No 

ERP [57] Multi-Hop Distributed Equal Static Heterogeneous No 

ABC-SD [58] Multi-Hop Centralized Unequal Static Homogenous No 

ICWAQ [59] One-Hop Centralized Equal Static Homogenous No 

Bee-Sensor-C [60] Multi-Hop Distributed Unequal Static Homogenous No 

TPSO-CR [61] Multi-Hop Centralized Equal Static Homogenous No 

PSO-ECHS [62] One-Hop Centralized Unequal Mobile Homogenous Yes 

 

Table 3. An energy-efficient routing protocols challenges and solution in the proposed method 

 
Challenge Proposed Solution 

Sensors Deployment Dynamic 

Load Balancing Clustered 

Fault Tolerance Distributed by probabilistic selection of cluster heads. 

Connectivity Through cluster heads 

Scalability Nodes can be added into nearby clusters 

Hardware Specification Sensors, Base station, Sink etc. 

Transmission Media TDMA/CSMA 

Data Aggregation and Processing At cluster heads data aggregation and fusion are applied 

Quality of Service Data security and Integrity 

Network Lifetime Prolong network lifetime by reducing energy consumption 

Hot-spot effect reduction Distance aware approach is used 

Reduction of collision and latency Inter-cluster and Intra-cluster reduction of collision is applied 

 

 

3. METHODS 

 

This paper describes an advanced version of LEACH 

protocol that depends on clustering routing technique. It 

considers a threshold value of an optimal distance among sink 

and node. A node act as a forwarder node if it is placed under 

the optimal distance and will not contribute in clustering. The 

entire clusters deliver data to such nodes via cluster heads that 

is to be further transferred to the BS. In clustering, the 

remaining nodes participates according to the probabilistic 

approach named as LEACH protocol. This paper suggested a 

novel scheduled probabilistic clustering routing approach. 

Probabilistic approach can perform the clustering. SNs still 

dissipate some energy during the no transmitting phase. Sleep-

wake up method can lessen the energy consumption at SNs. In 

this approach, SNs remain on sleep mode or inactive mode up 

to these have no data transmission/reception. Therefore, 

energy drainage because of idle listening is decreased. 

Pseudo code for Hot-spot effect 

Step 1: Disperse sensors at random across the sensing field. 

Step 2: Assume an ideal distance, Opt_Dist, for i=1 to n 

(number of nodes). Repetition of steps 3 and 4 is required.  

Step 3: Calculate the "d" distance between the sink and node.  

Step 4: Flag(i)=1 if (d<=Opt_Dist) otherwise Flag(i)=0. 

Step 5: If Flag(i)=0, apply LEACH-based clustering based 

on the Probabilistic Approach for all nodes.  

Step 6: Finish 

 

Pseudo code for Idle listening 

Step 1: Place sensors in the sensing field at random.  

Step 2: For i=1 to R (number of rounds) Steps 3 through 6 

should be repeated. 

Step 3: Choose the cluster head using a probabilistic 

technique and residual energy. 

Step 4: Counting the number of nodes (i=1 to n). 

Step 5: Communicate data since opt_time if 

Node[i]!=Node[i].Sleep state; n = n+1; 

Step 6: If Node[i].receiveData= true; if 

(Node[i].State=sleep) Node[i].State=Wakeup; 

Step 7. Finish. 

The energy harvesting schemes for WSN have some 

framework for the suggested algorithm, which are as follows:  

·Implementation of a set consisting N SNs in a two-

dimensional structure as A × A with large area.  

·Implemented sensor nodes carry the characteristics in a 

random manner.  

·Homogeneous techniques are used for initial energy 

distribution, Eo.  

·Base stations as well as all the connecting nodes are in 

stationary states.  

·Using CSMA and TDMA techniques, this model takes into 

account the data interface from a cluster member to CH or CH 

to sink node. 

·Harvesting device module is connected to every sensor 

node.  

·When the deployment is in the initial time, every SN has 

the equal energy amount E0.  

·The energy harvesting rate of each SN varies and ranges 

from ½ to 0; Umax. 

·All SNs have the ability to collect energy from the ambient 

resource or battery.  

·In the majority of the rounds in this constructed model, the 

energy harvesting rate is lower than the energy consumption 

rate.  

·The entire energy harvesting in WSNs operation has been 

categorized into the round r.  

Because ambient resources are unpredictable, energy 

prediction is a significant challenge for energy harvesting 

models. Therefore, the energy harvesting techniques of WSNs 

mostly depend on energy resource management. Exponential 

Weighted Moving Average (EWMA) is one trending method 

for estimating the resource that generates uncontrolled energy. 

The EMWA method is based on the identical time slots that 

happen throughout the day, which are indicated by the slot 

duration.Such system depends chiefly on the intensity of 

sunlight. Kansal [63] discovered a diurnal scale graph 

depicting that the energy harvesting rate depends on the 

collected data from sunlight. Nevertheless, the EWMA 

prediction model also depends on the different seasonal 

conditions that require to maintain a historical summary. The 
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mathematical equation for estimated energy (E) and harvesting 

energy (H) is shown in Eq. (9). Such represent the total by 

using a weighting factor ranges as 0\a\1. In this, a represents 

high value, while the last harvesting energy is smaller and vice 

versa. In this expression, n refers the time slots and d 

represents as present-day. 
 

𝐸(𝑑, 𝑛) = 𝛼𝐸(𝑑 − 1, 𝑛) + (1 − 𝛼)𝐻(𝑑 − 1, 𝑛) (8) 
 

Deployment Strategy 

The "Atmel Sam3x8e ARM Cortex-M3" microprocessor 

was embedded on an "Arduino Due" microcontroller in our 

network [23]. For a railway control case, a related system 

utilizing the Xbee mote and depending on Arduino has been 

depicted. While numerous commercial nodes are static for the 

physical as well as MAC layers, working with the Arduino 

microcontroller offers a simple programming interface for the 

entire layers. The SN is connected to the system by the RF 

transceiver. The RF module typically functions in one of three 

modes: send, receive, as well as rest. More energy is consumed 

in the transmit mode. The medium access algorithm used may 

affect how much energy is used in the other modes. 

Data Transmission 

Every cluster head utilizes a non-persistent carrier sense 

multiple access (CSMA) MAC approach to broadcast an 

advertisement message (ADV) inside the range Rc. Such 

message is very small consisting the header and node id of 

several messages for a declaration purpose. Each non-CH node 

chooses the CH that requires the shortest transmission range 

in order to estimate its cluster for the current round. Each node 

transmits the signal to the join-REQ message and onward to 

the CH via the non-persistent CSMA MAC protocol. 

Following cluster formation, CH establishes a TDMA 

schedule for data transmission from cluster members to CH. 

The number of sensor nodes in a given cluster determines the 

TDMA utilization rate. There may have been a collision if the 

system had more cluster members. The cluster's TDMA 

scheduling can be used to prevent this collision. Sleep wake 

protocol can also be provided using TDMA method. It 

stipulates that each CH gives cluster members a certain 

amount of time to schedule. After finishing their work, cluster 

members go into sleep mode. This method can spare a node's 

excess energy. Another name for this approach is the duty 

cycle technique. 

 

 
 

Figure 3. Small embedded scenario for WSN 

Following are the hardware details of created embedded 

scenario (Figure 3): 

·REES52 Bluetooth Transceiver 

·ROBODO MO41 USB to RS232 PL2303 TTL converter 

Adaptor for ARDUINO Nano Raspberry Pi 

·MicroSD Class 10-8 GB memory card 

·9V Rechargeable battery 

·REEs52 Arduino Uno R3 

·ACS712 30A Hall Current Sensor Module 

·Voltage sensor module (25 V) 

TDMA schedule can decide the data transmission via CH 

after setup phase completion. Such phase is categorized as the 

inter-clustering, intra-clustering and sub phase communication. 

The CH gathers data from the entire cluster member at the time 

of intra clustering transmission. Furthermore, least amount of 

energy is used by the transmission phase. Each member of the 

cluster has the ability to disable radio energy up to the 

transmission time allotted by SNs in order to minimize energy 

consumption in their nodes. The CH gathers and stores data 

about the received signal from cluster members. Once all the 

data has been received, the cluster head processes it to create 

a single signal by compressing it. Data aggregation techniques 

are procedures that remove redundant and duplicate data. 

Afterwards, data aggregating cluster head transfer data to 

the BS in inter clustering phase by utilizing the single- or 

multi-hop routing. Another popular protocol is fixed spreading 

code or CSMA that transforms the data from CH to BS. When 

CH needs to transfer the information, it should sense the 

channel first. It requires to wait if it is busy. Else, the cluster 

head instantaneously transmits information utilizing the base 

station by spreading code to the BS. 

This system utilized an Arduino UNO R1 as well as a PC 

with Windows 7 as well as E-Prime 2.0.10.182 (Intel Core 2 

Quad Q6600, 2.4 Ghz). Sequential port associations were set 

to 128,000 baud. The outer DAQ was a CED Miniature 1401 

mk II (from Cambridge Hardware Gadgets, UK) inspecting at 

10000 Hz. For this test, we utilized an Arduino Uno R3. The 

connection to USB is handled by an Atmega16U2 chip. The 

board was attached to a Sony laptop running EPrime 

2.0.10.242 and equipped with an Intel Core i5 processor. For 

every preliminary, the preliminary length shipped off the 

Arduino was 100 ms. The Arduino only waited for the 

specified 100 milliseconds while examining the conditions of 

the two connected buttons as well as then transmitted back the 

time it really waited. For each of the following baud rates, we 

conducted 500 consecutive trials: 14,000, 38,400, 57,600, 

115,200, and 128,000 (all set in E-Prime, the Windows 

instrument controller, and the Arduino code). We deducted the 

time the Arduino stated waiting from the response latency 

calculated by E-prime, which is the time among transmitting 

as well as obtaining from the serial port, in order to calculate 

the delay caused by the USB communication. 

Figure 4 is for sequential flow of proposed algorithm. 

 

 
 

Figure 4. Sequential flow of proposed protocol to overcome 

hot-spot effect 
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All through the reenactment, a 100×100 organization setup 

with 100, 200 as well as 300 hubs is thought about where every 

sensor hub is relegated an underlying energy of 0.5 J, how 

much transmission energy is 50 nJ/bit, communicate enhancer 

energy (Eamp) is 100 pJ/bit. In our reproductions, all sensor 

hubs are expected to do detecting activity at a proper rate as 

well as consistently have information to transmit when they 

get messages from the sink hub. It is likewise expected that 

entire information transmitted by the past hubs are totaled into 

an information fragment with a consistent size of 4000 pieces. 

The channel has the maximum baud rate of 38400. 

 

 

4. RESULTS AND DISCUSSION 

 

A hardware is developed to validate the authenticity of 

designed advanced LEACH algorithm. The whole system 

depends on the Master-Slave concept. It has three clusters and 

each clusters have many cluster members and single cluster 

head. When the signal is given, the cluster node gets activated 

and after passing the signal to next node, the previous node 

automatically goes in sleep state. It saves a lot of energy 

consumption as well as the battery life. The technical 

specifications of the designed algorithm are shown in Table 4. 

The total rounds were 5000 including two systems. In one the 

total nodes were 100, while in other the nodes were 200. The 

EDA of the circuit is 0.5. Initial energy consumption of the 

circuit is 0.5 J, while the final energy consumption is 10 pJ and 

Emp is 0.0013 pJ. 

 

Table 4. Technical parameters taken in MATLAB simulation 

 
Simulation Constraints Value 

Total rounds 5000 

Total nodes 100, 200 

EDA 0.5 

Eo 0.5 J 

Efs 10 pJ 

Emp 0.0013 pJ 

 

Table 5. Simulation results for 100 nodes to show 

comparison of lifetime of nodes between LEACH protocol 

and developed approach 

 

 LEACH 
Developed Advanced 

LEACH 

Nodes 

Simultaneously 

Death and Active 

States (in Rounds) 

2268 3762 

 

Table 6. Simulation results for 200 nodes to show 

comparison of lifetime of nodes between LEACH protocol 

and developed approach 

 

 LEACH 
Proposed Advanced 

LEACH 

Nodes 

Simultaneously 

Death and Active 

States (in Rounds) 

2716 3700 

 

This research work also presents the comparative analysis 

between LEACH and advanced LEACH protocol for 

clustering routing protocol. The system operated with 100 

nodes first, after that additional 100 nodes were connected 

(Figure 5). In case of 100 nodes, the first node dead at the 

round at 997, while for advanced LEACH it is 1236. Whereas 

the last node dead at round at 3265 and for advanced LEACH 

it is 4998. Table 5 depicts results of dead and active states 

nodes by using LEACH protocol and proposed advanced 

LEACH protocol that are 2268 and 3762 at N=100. 

In case of 200 nodes, the first node dead at the round at 992, 

while for advanced LEACH it is 1299 (Figure 6). Whereas the 

last node dead at round at 3708 and for advanced LEACH it is 

4999. Table 6 depicts the outcomes of dead and active states 

nodes by using LEACH protocol and proposed advanced 

LEACH protocol that are 2716 and 3700 at N=200. 

As shown in Figures 7 and 8, the voltage drop occurred at 

battery without sleep and wakeup scheduling at the 27259, 

while the voltage drops at battery with sleep and wakeup 

scheduling by using Watchdog algorithm is 58411. It means 

that the circuit requires more sleep time to consume less 

battery in order to perform the same task. It can enhance the 

efficiency of the whole circuit. 

 

 
 

Figure 5. Lifetime status comparison of 100 nodes in a 

simulation scenario using LEACH and the proposed 

technique 

 

 
 

Figure 6. Compares the lifetime status of 200 nodes in a 

simulation scenario using LEACH versus the proposed 

technique 
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Figure 7. Embedded scenario simulated for 24 hours, 

calculated Voltage drop at battery without applying sleep and 

wakeup scheduling 

 

 
 

Figure 8. Embedded scenario simulated for 24 hours, 

calculated Voltage drop at battery with applying sleep and 

wakeup scheduling (Watch Dog Protocol) 

 

In this exploration, we proposed a planned probabilistic 

bunching convention. Probabilistic methods are used in 

clustering. At the point when sensor hubs are not in the 

communicating stage, actually scatter some measure of energy. 

This energy utilization can be diminished by relating rest 

awaken method at sensor hubs. In rest awaken method, sensor 

hubs stay dormant (rest mode) until they have no information 

to send/get. As a result, inactivity-induced energy loss is 

reduced. The hot-spot effect is used in the proposed technique 

to reduce the energy usage at the sensors. The suggested 

method prevents the hotspot effect, which eventually 

lengthens the network's lifespan. The suggested method 

reduces the energy usage at the sensors during the period of 

idle listening, when they use some energy but don't send any 

data.  

For this sleep and wake-up approach is used to avoid idle-

listening energy consumption. 

 

 

5. CONCLUSIONS 

 

Wireless sensor networks feature a tremendous scope with 

enormous number of applications. Several applications 

between these protocols are energy constraint. WSN has some 

prevailing techniques that have the potential to attain the 

energy efficiency. Clustering becomes an appropriate 

approach that optimize a system. The LEACH procedure is 

used by the clustering approach, which produces very good 

energy-efficient results. Although these protocols work 

extremely well, these systems nonetheless have some serious 

problems. In idle listening, energy consumption is 

significantly dependent. In an idle state, SNs dissipate some 

energy for listening data apart from data transmission. 

Keeping nodes in sleep mode can reduce this energy 

consumption during no data transmission mode. Also, when 

they need to transmit data, it makes them awaken. This work 

provides an advance form of LEACH-based probabilistic 

clustering approach. It is a hybrid system to solve the issues of 

sleep-wake up and hot-spot effect to attain the high energy 

efficiency. Findings depict that the developed system provides 

effective results with great performance. Clustering is the 

process of identifying a natural link between certain things or 

data, or the grouping of comparable objects. It is used in a 

variety of fields. Especially in sensor networks, clustering can 

be used to overcome a number of issues. It reduces the number 

of nodes involved in long-distance communication by using 

clusters to send processed data to base stations. This has a 

direct impact on the total energy dissipation of the system. In 

addition to sensor networks, data mining and VLSI-CAD have 

made extensive use of clustering. Clustering is used by a 

classical analytic VLSI placer to efficiently place standard 

cells. In this paper, we investigate numerous examples of the 

clustering problem and find optimal solutions to a few 

intriguing cases. There are numerous uses for these issue 

situations in sensor networks, particularly in energy 

management and master node selection. 

The Watch Dog Protocol is used to address the Idle listening 

problem, it introduces a mechanism where nodes alternate 

between active and sleep states. During active periods, nodes 

monitor the channel for incoming data while in sleep period, 

nodes power gets down. To support this concept, a small 

embedded scenario has been created. Results show that 

voltage drop (With Watch Dog) at the battery occurred after a 

longer time than applied without the Watch Dog concept. 

The paper also bridges the gap between manufacturing, 

design, and computing by addressing practical challenges in 

deploying WSNs in manufacturing environments. It offers 

insights into how the design of sensor networks impacts 

manufacturing processes, contributing to more efficient and 

optimized manufacturing operations. It may also discuss the 

hardware design considerations for sensors in manufacturing, 

considering aspects such as power efficiency, robustness, and 

communication capabilities. Overall, the paper's focus on an 

energy-efficient clustering approach for WSNs aligns well 

with the scope of covering manufacturing, design, and 

computing. It offers practical solutions to challenges faced in 

manufacturing settings, where effective sensor network 

deployment can lead to significant improvements in 

production processes and overall operational efficiency. 

 

 

REFERENCES 

 

[1] Akyildiz, I.F., Su, W., Sankarasubramaniam, Y., Cayirci, 

E. (2002). Wireless sensor networks: A survey. 

Computer Networks, 38(4): 393-422. 

https://doi.org/10.1016/s1389-1286(01)00302-4 

[2] Bhattacharyya, D., Kim, T.H., Pal, S. (2010). A 

comparative study of wireless sensor networks and their 

0

1

2

3

4

5

6

1

2
7

4
4

5
4

8
7

8
2

3
0

1
0

9
7
3

1
3

7
1
6

1
6

4
5
9

1
9

2
0
2

2
1

9
4
5

2
4

6
8
8

2
7

4
3
1

3
0

1
7
4

3
2

9
1
7

3
5

6
6
0

3
8

4
0
3

4
1

1
4
6

4
3

8
8
9

4
6

6
3
2

4
9

3
7
5

5
2

1
1
8

5
4

8
6
1

5
7

6
0
4

V
o

lt
a

g
e

Time in Seconds

Voltage Drop Status at Battery Without Sleep 

and Wakeup

0
1
2
3
4
5
6

1
2
7

4
4

5
4

8
7

8
2

3
0

1
0

9
7
3

1
3

7
1
6

1
6

4
5
9

1
9

2
0
2

2
1

9
4
5

2
4

6
8
8

2
7

4
3
1

3
0

1
7
4

3
2

9
1
7

3
5

6
6
0

3
8

4
0
3

4
1

1
4
6

4
3

8
8
9

4
6

6
3
2

4
9

3
7
5

5
2

1
1
8

5
4

8
6
1

5
7

6
0
4

V
o

lt
a

g
e

Time in Seconds

Voltage Drop Status at Battery with Sleep and 

Wakeup

1739



 

routing protocols. Sensors, 10(12): 10506-10523. 

https://doi.org/10.3390/s101210506 

[3] Abbasi, A.A., Younis, M. (2007). A survey on clustering 

algorithms for wireless sensor networks. Computer 

Communications, 30(14-15): 2826-2841. 

https://doi.org/10.1016/j.comcom.2007.05.024 

[4] Rani, S., Kumar, A., Bagchi, A., Yadav, S., Kumar, S. 

(2021). RPL based routing protocols for load balancing 

in IoT network. In Journal of Physics: Conference Series, 

1950(1): 012073. https://doi.org/10.1088/1742-

6596/1950/1/012073 

[5] Al-Karaki, J.N., Kamal, A.E. (2004). Routing techniques 

in wireless sensor networks: A survey. IEEE Wireless 

Communications, 11(6): 6-28. 

https://doi.org/10.1109/MWC.2004.1368893 

[6] Sharma, N., Nayyar, A. (2014). A comprehensive review 

of cluster based energy efficient routing protocols for 

wireless sensor networks. International Journal of 

Application or Innovation in Engineering & 

Management, 3(1): 441-453. 

[7] Perkins, C.E. (2000). Mobile ad-hoc networks. Boston: 

Addison Wesley. https://doi.org/10.1016/B978-

075067695-3/50005-7 

[8] Kakkar, M.K., Singla, J., Garg, N., Gupta, G., Srivastava, 

P., Kumar, A. (2021). Class schedule generation using 

evolutionary algorithms. Journal of Physics: Conference 

Series, 1950(1): 012067. https://doi.org/10.1088/1742-

6596/1950/1/012067 

[9] Ramesh, K., Somasundaram, D.K. (2012). A 

comparative study of clusterhead selection algorithms in 

wireless sensor networks. arXiv preprint arXiv: 

1205.1673. https://doi.org/10.5121/ijcses.2011.2411 

[10] Singh, S.K., Singh, M., Singh, D. (2010). A survey of 

energy-efficient hierarchical cluster-based routing in 

wireless sensor networks. International Journal of 

Advanced Networking and Application, 2(2): 570-580. 

[11] Ilyas, I., Mahgoub, I. (2005). Handbook of sensor 

networks: Compact wireless and wired sensing systems. 

Boca Raton: CRC Press. 

https://doi.org/10.1201/9780203489635 

[12] Heinzelman, W.R., Chandrakasan, A., Balakrishnan, H. 

(2000). Energy-efficient communication protocol for 

wireless microsensor networks. In Proceedings of the 

33rd Annual Hawaii International Conference on System 

Sciences, Maui, USA, p. 10. 

https://doi.org/10.1109/HICSS.2000.926982 

[13] Loscri, V., Morabito, G., Marano, S. (2005). A two-

levels hierarchy for low-energy adaptive clustering 

hierarchy (TL-LEACH). IEEE Vehicular Technology 

Conference, Dallas, USA, 62: 1809. 

https://doi.org/10.1109/VETECF.2005.1558418 

[14] Lindsey, S., Raghavendra, C., Sivalingam, K.M. (2002). 

Data gathering algorithms in sensor networks using 

energy metrics. IEEE Transactions on Parallel & 

Distributed Systems, 9: 924-935. 

https://doi.org/10.1109/TPDS.2002.1036066 

[15] Li, C., Ye, M., Chen, G., Wu, J. (2005). An energy-

efficient unequal clustering mechanism for wireless 

sensor networks. In IEEE International Conference on 

Mobile Adhoc and Sensor Systems Conference, 

Washington, DC, USA, p. 8. 

https://doi.org/10.1109/MAHSS.2005.1542849 

[16] Bhatia, T., Kansal, S., Goel, S., Verma, A. K. (2016). A 

genetic algorithm based distance-aware routing protocol 

for wireless sensor networks. Computers & Electrical 

Engineering, 56: 441-455. 

https://doi.org/10.1016/j.compeleceng.2016.09.016 

[17] Heinzelman, W.B., Chandrakasan, A.P., Balakrishnan, H. 

(2002). An application-specific protocol architecture for 

wireless microsensor networks. IEEE Transactions on 

Wireless Communications, 1(4): 660-670. 

https://doi.org/10.1109/TWC.2002.804190 

[18] Smaragdakis, G., Matta, I., Bestavros, A. (2004). SEP: A 

stable election protocol for clustered heterogeneous 

wireless sensor networks. Tech. Rep.: Boston University 

Computer Science Department. 

[19] Malathi, L., Gnanamurthy, R., Chandrasekaran, K. 

(2015). Energy efficient data collection through hybrid 

unequal clustering for wireless sensor networks. 

Computers & Electrical Engineering, 48: 358-370. 

https://doi.org/10.1016/j.compeleceng.2015.06.019 

[20] Aslam, M., Shah, T., Javaid, N., Rahim, A., Rahman, Z., 

Khan, Z.A. (2012). CEEC: Centralized energy efficient 

clustering a new routing protocol for WSNs. In 2012 9th 

Annual IEEE Communications Society Conference on 

Sensor, Mesh and Ad Hoc Communications and 

Networks (SECON), Seoul, Korea (South), pp. 103-105. 

https://doi.org/10.1109/SECON.2012.6275763 

[21] Amgoth, T., Jana, P.K. (2015). Energy-aware routing 

algorithm for wireless sensor networks. Computers & 

Electrical Engineering, 41: 357-367. 

https://doi.org/10.1016/j.compeleceng.2014.07.010 

[22] Ahmed, G., Zou, J., Fareed, M.M.S., Zeeshan, M. (2016). 

Sleep-awake energy efficient distributed clustering 

algorithm for wireless sensor networks. Computers & 

Electrical Engineering, 56: 385-398. 

https://doi.org/10.1016/j.compeleceng.2015.11.011 

[23] Bagci, H., Yazici, A. (2013). An energy aware fuzzy 

approach to unequal clustering in wireless sensor 

networks. Applied Soft Computing, 13(4): 1741-1749. 

https://doi.org/10.1016/j.asoc.2012.12.029 

[24] Baranidharan, B., Santhi, B. (2016). DUCF: Distributed 

load balancing unequal clustering in wireless sensor 

networks using fuzzy approach. Applied Soft Computing, 

40: 495-506. https://doi.org/10.1016/j.asoc.2015.11.044 

[25] Chanak, P., Banerjee, I., Sherratt, R.S. (2017). Energy-

aware distributed routing algorithm to tolerate network 

failure in wireless sensor networks. Ad Hoc Networks, 

56: 158-172. 

https://doi.org/10.1016/j.adhoc.2016.12.006 

[26] Sert, S.A., Bagci, H., Yazici, A. (2015). MOFCA: 

Multiobjective fuzzy clustering algorithm for wireless 

sensor networks. Applied Soft Computing, 30: 151-165. 

https://doi.org/10.1016/j.asoc.2014.11.063 

[27] Sabor, N., Abo-Zahhad, M., Sasaki, S., Ahmed, S.M. 

(2016). An unequal multi-hop balanced immune 

clustering protocol for wireless sensor networks. Applied 

Soft Computing, 43: 372-389. 

https://doi.org/10.1016/j.asoc.2016.02.016 

[28] Tao, Y., Zhang, Y., Ji, Y. (2013). Flow-balanced routing 

for multi-hop clustered wireless sensor networks. Ad 

Hoc Networks, 11(1): 541-554. 

https://doi.org/10.1016/j.adhoc.2012.08.001 

[29] Li, J., Liu, D. (2015). DPSO-based clustering routing 

algorithm for energy harvesting wireless sensor networks. 

In 2015 International Conference on Wireless 

Communications & Signal Processing (WCSP), Nanjing, 

China, pp. 1-5. 

1740



 

https://doi.org/10.1109/WCSP.2015.7341030 

[30] Bozorgi, S.M., Rostami, A.S., Hosseinabadi, A.A.R., 

Balas, V.E. (2017). A new clustering protocol for energy 

harvestingwireless sensor networks. Computers & 

Electrical Engineering, 64: 233-247. 

https://doi.org/10.1016/j.compeleceng.2017.08.022 

[31] Zhang, P., Xiao, G., Tan, H.P. (2013). Clustering 

algorithms for maximizing the lifetime of wireless sensor 

networks with energy-harvesting sensors. Computer 

Networks, 57(14): 2689-2704, 

https://doi.org/10.1016/j.comnet.2013.06.003 

[32] Peng, S., Wang, T., Low, C. (2015). Energy neutral 

clustering for energy harvesting wireless sensors 

networks. Ad Hoc Networks, 28: 1-16. 

https://doi.org/10.1016/j.adhoc.2015.01.004 

[33] Darabkh, K.A., El-Yabroudi, M.Z., El-Mousa, A.H. 

(2019). BPA-CRP: A balanced power-aware clustering 

and routing protocol for wireless sensor networks. Ad 

Hoc Networks, 82: 155-171. 

https://doi.org/10.1016/j.adhoc.2018.08.012 

[34] Horvat, G., Zagar, D., Vinko, D. (2014). Influence of 

node deployment parameters on QoS in largescale WSN. 

In 3rd Mediterranean Conference on Embedded 

Computing (MECO), Budva, Montenegro, pp. 202-205. 

https://doi.org/10.1109/MECO.2014.6862694 

[35] Gupta, G., Younis, M. (2003). Load-balanced clustering 

of wireless sensor networks. In IEEE International 

Conference on Communications, ICC’03, Anchorage, 

USA, pp. 1848-1852. 

https://doi.org/10.1109/ICC.2003.1203919 

[36] Liao, Y., Qi, H., Li, W. (2012). Load-balanced clustering 

algorithm with distributed self-organization for wireless 

sensor networks. IEEE Sensors Journal, 13(5): 1498-

1506. https://doi.org/10.1109/JSEN.2012.2227704 

[37] Hoblos, G., Staroswiecki, M., Aitouche, A. (2000). 

Optimal design of fault tolerant sensor networks. In 

Proceedings of the IEEE International Conference on 

Control Applications (Cat. No. 00CH37162), Anchorage, 

USA, pp. 467-472. 

https://doi.org/10.1109/CCA.2000.897468 

[38] Shen, C.C., Srisathapornphat, C., Jaikaeo, C. (2001). 

Sensor information networking architecture and 

applications. IEEE Personal Communications, 8(4): 52-

59. https://doi.org/10.1109/98.944004 

[39] Dandekar, D.R., Deshmukh, P. (2012). Relay node 

placement for multi-path connectivity in heterogeneous 

wireless sensor networks. Procedia Technology, 4: 732-

736. https://doi.org/10.1016/j.protcy.2012.05.119 

[40] Khelifa, B., Haffaf, H., Madjid, M., Llewellyn-Jones, D. 

(2009). Monitoring connectivity in wireless sensor 

networks. In IEEE Symposium on Computers and 

Communications, Sousse, Tunisia, pp. 507-512. 

https://doi.org/10.1109/ISCC.2009.5202236 

[41] Laranjeira, L.A., Rodrigues, G.N. (2014). Border effect 

analysis for reliability assurance and continuous 

connectivity of wireless sensor networks in the presence 

of sensor failures. IEEE Transactions on Wireless 

Communications, 13(8): 4232-4246. 

https://doi.org/10.1109/TWC.2014.2314102 

[42] Soro, S., Heinzelman, W.B. (2005). Prolonging the 

lifetime of wireless sensor networks via unequal 

clustering. In 19th IEEE International Parallel and 

Distributed Processing Symposium, Denver, CO, USA, 

p. 8. https://doi.org/10.1109/IPDPS.2005.365 

[43] Shu, T., Krunz, M. (2010). Coverage-time optimization 

for clustered wireless sensor networks: A power-

balancing approach. IEEE/ACM Transactions on 

Networking (TON), 18(1): 202-215. 

https://doi.org/10.1109/TNET.2009.2022936 

[44] Liu, X. (2012). A survey on clustering routing protocols 

in wireless sensor networks. Sensors, 12(8): 11113-

11153. https://doi.org/10.1016/j.procs.2015.03.133 

[45] Cho, S., Chandrakasan, A.P. (2001). Energy efficient 

protocols for low duty cycle wireless microsensor 

networks. In Proceedings of IEEE International 

Conference on Acoustics, Speech, and Signal Processing 

(Cat. No. 01CH37221), Salt Lake City, UT, USA, pp. 

2041-2044. 

https://doi.org/10.1109/ICASSP.2001.940392 

[46] Celler, B., Hesketh, T., Earnshaw, W., Ilsar, E. (1994). 

An instrumentation system for the remote monitoring of 

changes in functional health status of the elderly at home. 

In Proceedings of 16th Annual International Conference 

of the IEEE Engineering in Medicine and Biology 

Society, Baltimore, MD, USA, pp. 908-909. 

https://doi.org/10.1109/IEMBS.1994.415207 

[47] Pottie, G.J., Kaiser, W.J. (2000). Wireless integrated 

network sensors. Communications of the ACM, 43(5): 

51-58. https://doi.org/10.1145/332833.332838 

[48] Younis, O., Fahmy, S. (2004). HEED: A hybrid, energy-

efficient, distributed clustering approach for ad hoc 

sensor networks. IEEE Transactions on Mobile 

Computing, 4: 366-379. 

https://doi.org/10.1109/TMC.2004.41 

[49] Li, J., Mohapatra, P. (2007). Analytical modeling and 

mitigation techniques for the energy hole problem in 

sensor networks. Pervasive and Mobile Computing, 3(3): 

233-254. https://doi.org/10.1016/j.pmcj.2006.11.001 

[50] Ullah, Z., Mostarda, L., Gagliardi, R., Cacciagrano, D., 

Corradini, F. (2016). A comparison of heed based 

clustering algorithms-introducing ER-HEED. In IEEE 

30th International Conference on Advanced Information 

Networking and Applications (AINA), Crans-Montana, 

Switzerland, pp. 339-345. 

https://doi.org/10.1109/AINA.2016.87 

[51] Zhang, J., Feng, X., Liu, Z. (2018). A grid-based 

clustering algorithm via load analysis for industrial 

internet of things. IEEE Access, 6: 13117-13128. 

https://doi.org/10.1109/ACCESS.2018.2797885 

[52] Singh, S.K., Kumar, P., Singh, J.P. (2017). A survey on 

successors of LEACH protocol. IEEE Access, 5: 4298-

4328. https://doi.org/10.1109/ACCESS.2017.2666082 

[53] Mittal, N., Singh, U., Sohi, B.S. (2019). An energy-aware 

cluster-based stable protocol for wireless sensor 

networks. Neural Computing and Applications, 31(11): 

7269-7286. https://doi.org/10.1007/s00521-018-3542-x 

[54] Oladimeji, M.O., Turkey, M., Dudley, S. (2017). HACH: 

Heuristic Algorithm for Clustering Hierarchy protocol in 

wireless sensor networks. Applied Soft Computing, 55: 

452-461. https://doi.org/10.1016/j.asoc.2017.02.016 

[55] Yang, J., Xu, M., Zhao, W., Xu, B. (2010). A multipath 

routing protocol based on clustering and ant colony 

optimization for wireless sensor networks. Sensors, 10(5): 

4521-4540. https://doi.org/10.3390/s100504521 

[56] Bhatia, T., Kansal, S., Goel, S., Verma, A.K. (2016). A 

genetic algorithm based distance-aware routing protocol 

for wireless sensor networks. Computers & Electrical 

Engineering, 56: 441-455. 

1741



 

https://doi.org/10.1016/j.compeleceng.2016.09.016 

[57] Bara’a, A.A., Khalil, E.A. (2012). A new evolutionary 

based routing protocol for clustered heterogeneous 

wireless sensor networks. Applied Soft Computing, 

12(7): 1950-1957. 

https://doi.org/10.1016/j.asoc.2011.04.007 

[58] Ari, A.A.A., Yenke, B.O., Labraoui, N., Damakoa, I., 

Gueroui, A. (2016). A power efficient cluster-based 

routing algorithm for wireless sensor networks: 

Honeybees swarm intelligence based approach. Journal 

of Network and Computer Applications, 69: 77-97. 

https://doi.org/10.1016/j.jnca.2016.04.020 

[59] Karaboga, D., Okdem, S., Ozturk, C. (2012). Cluster 

based wireless sensor network routing using artificial bee 

colony algorithm. Wireless Networks, 18: 847-860. 

https://doi.org/10.1049/ntw2.12023 

[60] Cai, X., Duan, Y., He, Y., Yang, J., Li, C. (2015). Bee-

sensor-C: an energy-efficient and scalable multipath 

routing protocol for wireless sensor networks. 

International Journal of Distributed Sensor Networks, 

11(3): 976127. https://doi.org/10.1155/2015/976127 

[61] Elhabyan, R.S., Yagoub, M.C. (2015). Two-tier particle 

swarm optimization protocol for clustering and routing 

in wireless sensor network. Journal of Network and 

Computer Applications, 52: 116-128. 

https://doi.org/10.1016/j.jnca.2015.02.004 

[62] Rao, P.S., Jana, P.K., Banka, H. (2017). A particle swarm 

optimization based energy efficient cluster head selection 

algorithm for wireless sensor networks. Wireless 

Networks, 23: 2005-2020. 

https://doi.org/10.1007/s11276-016-1270-7 

[63] Kansal, A., Hsu, J., Zahedi, S., Srivastava, M.B. (2007). 

Power management in energy harvesting sensor 

networks. ACM Transactions on Embedded Computing 

Systems (TECS), 6(4): 32. 

https://doi.org/10.1145/1274858.1274870 

 

 

NOMENCLATURE 

 

WSN Wireless Sensor Network 

MATLAB Matrix Laboratory 

SN Sensor nodes 

MEMS Micro electro-mechanical system 

BS Base station 

CH Cluster head 

HEED Hybrid energy-efficient distributed clustering 

LEACH Low-energy adaptive clustering hierarchy 

EEUC Energy-efficient uneven clustering 

PEGASIS Power-efficient gathering in sensor information 

systems 

TDMA Time Division Multiple Access 

HUCL Hybrid unequal clustering layering protocol 

ERA Energy-aware routing algorithm 

SEED Sleep awake energy-efficient distributed 

EAUC Energy-aware unequal clustering 

DPSO Discrete particle swarm optimization 

EELBC Energy efficient load-balanced clustering 

ICA Independent component analysis 

PCA Principal component analysis 
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