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Abstract 
 

Clustering saves energy and extends network longevity in applications such as activity monitoring in wireless sensor networks. 
Clustering separate tes nodes into clusters from which the cluster head can collect and send data to the base station. The 
current investigation also demonstrates data aggregation at the cluster head before sending it to the base station. The cluster 
head is chosen based on leftover energy and distance from the sink and other network nodes. The current study found that 
the existing clustering protocol decays its energy quickly, but our proposal can overcome these challenges and sensors can 
survive longer. This paper proposes Density-based Spatial Clustering of Applications with Noise (DB-SCAN) clustering 
algorithms to make data gathering and transmitting of data energy efficient. The data aggregation protocol will collect the 
packets and combine them. Further, it will be forwarded using the clustering approach. It is used to improve transmission 
efficiency by reducing the transmission of redundant data to the sink. This proposed protocol, Energy Efficient Cluster based 
Data Aggregation (EECDA), will help increase network lifetime by ensuring uniform distribution of energy amongst the nodes. 
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1. Introduction 

Wireless sensor networks (WSNs) are a group of sensors that 

are dispersed around the region of interest (ROI). Each sensor 

node can provide data to the transceiver to detect certain 

phenomena through sensing, such as automobile tracking, 

wildlife tracking, environmental monitoring, military, and so 

on.  

The job of the transceiver is to collect data from the sensor 

node using the internet as shown in Fig. 1. The data 

transmission, the transceiver connects to the network. The data 

from the surroundings is stored in the sensor node and 

forwarded to the base station via multi-hop communication. 

WSNs are data-gathering networks made up of small sensors 

dispersed around an area of interest. The application scenario 

in WSNs is often intervention-free and difficult due to 

geographical limits. WSNs use small sensors to collect data 

from their surroundings and transfer it to a sink. To forward 

data, single-hop or multi-hop routing can be utilized. The 

network topology is set up such that neighboring nodes can 

choose a cluster head (static or dynamic) to assist with data 

forwarding based on the criteria. There are numerous 

clustering and cluster head selection options for the operation 

of WSNs.[1] 

In light of the popularity of the internet of things in a 

variety of applications such as healthcare, forest fire detection, 

defense, and home automation, WSNs are among the most 

promising technologies to emerge in recent years. The 

fundamental reason for this increase is the many benefits of 

adopting WSNs, including their cost-effectiveness, small size, 

scalability, and other characteristics.[2] The majority of WSNs 

are built of sensor nodes (SNs), which are randomly dispersed 

around the region of interest. There are sensors in each node, 

and each sensor node is equipped with a sensor module, a 

transmitter, a receiver, a processing unit, and a buffer, and all 

of these are powered by battery power. The cells used in the 

SNs have a limited capacity, and replacing and recharging 

them is a time-consuming job. As a result, it uses more energy 

as a result of the massive data transfers than doing other SN 

tasks. However, data transmission is required for WSNs 
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Fig. 1 Clustering and Data Aggregation operation overview in wireless sensor networks. 

 

because the central station, referred to as the sink or base 

station (BS), uses the data to perform additional operations on 

the network. These data transmissions are primarily 

accomplished through the use of a multi-hop transmission 

medium, in which some of the SNs are responsible for 

transferring the data to the sink. Because these relay nodes are 

involved in more data exchanges and experience an earlier 

battery drain, they are more prone to problems.[3] It is difficult 

to solve because it isolates a portion of the network and causes 

the data collection process to be interrupted. By visiting a sink 

node (SN) in the WSN, a mobile sink (MS) may help to ease 

the hotspot issue. However, it is not feasible and results in a 

number of difficulties such as delay, significant packet loss, 

congestion, and so on. A set of visiting locations known as 

rendezvous points (RPs) is identified in WSN, rather than 

visiting each node. The MS only visits the RPs, and other 

devices send their packet data to the nearest accessible RP 

instead of visiting each node. On the other hand, all of this 

research is concentrated on a network that generates data in a 

uniform manner. The WSN applications, including forest fire 

detection, healthcare delivery, homeland security, and home 

automation, are event-driven in their design and functionality. 

Because the data is generated only when an event occurs in the 

network, event-driven applications are more efficient.[4-6] But 

they keep a constant eye on the surrounding area. Data is 

transferred to the sink node once an event occurs in the point 

of interest and only when this event occurs. This results in 

certain SNs producing large amounts of data on a regular basis, 

while others produce just a small quantity of data on a periodic 

basis.  

The classification suggested in recent studies[7] states that 

WSNs have mainly three critical parameters, energy efficiency, 

delay, and QoS. The medium access control (MAC) protocol 

plays a vital role in energy consumption because it controls the 

duty cycle of the radio.[8-10] In communication, the several 

challenges[7] need to be addressed before protocol design. 

These protocols have been extensively studied in Ref.[8,11-13] 

such as dataset has been suggested which can be very useful 

for simulation validation. The internet of things (IoT) 

represents the advancement of digitization in our lives, society, 

and economy. Through the use of an amazing range of 

applications, large-scale intercommunication is possible 

between objects and people.  

In our study, we make the assumption that in WSNs the 

cluster head collects data and forward using multi-hop 

communication. We propose Density-based Spatial Clustering 
Applications with Noise (DB-SCAN) for WSNs; it provides 

path planning using a Steiner point around those cluster heads’ 

communication range. The mobile sink follows the data 

collection path, which seems more efficient than the existing 

proposals on many parameters.[14-16] This section discusses the 

various factors that motivate the selection of this project for 

our dissertation. Firstly, IoT is swiftly and steadily becoming 

a major part of our lives, be it in the development of smart 

cities, smart home appliances, vehicles, environmental 

monitoring to control issues of global warming, and pollution, 

and in disaster management. Hence, efficient data aggregation 

becomes an important criterion to be considered for effective 

communication and fast delivery of services. Secondly, the 

massive amount of data that is generated and transferred 

within networks contains a prominent portion of data 

redundancy which leads to decreased network lifetime. 

Therefore, we are motivated to devise one such technique such 

that only the required data is sent to the sink node. The rest of 

the paper has been organized in the following way as in 

Section 2 the methodology has explained associated with the 

method of data collection using the mobile sink. In Section 3, 

our proposal’s results and evaluation are given, followed by 

the conclusion in Section 4. The background provides an 

insight into how WSNs and IoT systems have evolved through 

time and they continue to do so. The present study presents the 

objectives for the work and how it aims to make significant 

contributions to this novel model.  

A survey has been provided by Ref.[12] which explains the 
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limitations of traditional networking in handling IoT 

requirements. In addition, they provide the guideline to 

achieve adequate control and access to connected devices in a 

flexible, scalable, efficient, seamless, and cost-effective 

manner. The software-defined networking (SDN) based 

technologies come to achieve the above-mentioned objective. 

The software-defined internet of things (SDIoT) is the new 

networking paradigm that has four major aspects: edge 

networking, access networking, core networking, and data 

networking. Data aggregation is an important aspect of SDN-

based edge networking. Energy conservation is the key issue 

in WSNs since a large number of deployed sensor nodes are 

likely to transfer redundant data which increases 

communication cost and in turn decreases network lifetime. 

Energy conservation, query processing, and communication 

are major topics to be focused on. The big data paradigm and 

the integration of its major principles in the WSN technology 

are introduced by Ref.[5] The four-layered WSN framework for 

the IoTs ecosystem developed in Ref.[6] has provided the 

specifications. The different layers of communication are 

sensors, nodes, cluster hubs, and cloud servers. This 

framework has been tested for healthcare applications and can 

be further implemented in diverse IoT applications. Castro 

demonstrated an IoT-based WSN for monitoring 

environmental temperature and humidity, which was then used 

for product maintenance and pharmaceutical organizations. 

Following good feedback, expanding this framework across 

the whole hospital has become a viable option.  

The data collection approach using mobile sink can be 

classified into two categories: 

(1) Direct and  

(2) Rendezvous point (RP).[5]  

Simple medium access control (SMAC)[15] is an early-

developed contention-based MAC protocol. One of the 

fundamental schedule-based MAC protocols is low energy 

adaptive clustering hierarchy with deterministic cluster-head 

selection (LEACH),[16] a cluster-based scheduling protocol. 

The detailed description of scheduling in WSNs is 

documented in Ref.[17] and it will focus our related work on the 

mobile sink in WSNs only. "To sleep or not to sleep" was the 

question driving the dynamic sensor MAC protocol (DSMAC). 

While the static low-duty cycle assignment in SMAC has 

saved energy, the latency issue has been disregarded. Latency 

is a critical factor in the usability of sensor networks in time-

sensitive applications like healthcare and the military. 

Depending on the application, the duty cycle may be manually 

changed. This dynamic SMAC protocol may automatically 

alter its duty cycle without prior application knowledge. Based 

on these observations, they developed the dynamic sensor 

MAC protocol. This allows DSMAC to change the sleeping 

interval with a fixed listen-to interval length. As a 

consequence, DSMAC eliminates SMAC's significant delay 

problem while preserving energy efficiency. DSMAC also has 

less overhead than SMAC.[15-18] Tree-based LEACH protocol 

named T-LEACH[19] requires cluster leaders to rotate every 

batch of rounds rather than every round. Nodes continue to 

lead clusters if their energy surpasses a particular level. The 

modified tree cluster head rotation (MT-CHR) method 

overcomes the T-LEACH protocol's major weaknesses. A 

novel MT-CHR[20] protocol threshold energy expression is also 

introduced to delay initial node death and avoid data loss. MT-

CHR performance is measured by alive nodes, network 

longevity, and network use. The results are compared to 

LEACH and T-LEACH results, and the MT-CHR technique 

contributes significantly. It is incredibly versatile and effective 

in assuring long-term sensor networks. An improved approach 

for determining the distribution function of multi-hop latency 

measurements is presented in this paper. This innovative 

method was motivated by the distribution of broadcast delay 

as a function of node geometry (grid topologies). The 

proposed multi-hop computation may utilize the provided one-

hop delay distribution calculation. This study's notion allows 

the estimation of probability distribution functions without 

simulation[21] or iterative numerical techniques.[22] As the 

distance from the transmitting source increases, so do the 

variations in dispersion. As a consequence, the 

underestimation of latency in broadcast transmissions may be 

prevented, which is unachievable with earlier approaches that 

simply use the mean latency computation. Protocols like route 

discovery and route maintenance have precise timing values; 

approximated values are unacceptable for delay-constrained 

applications. A novel routing strategy[23] for energy 

optimization based on LEACH for WSN is provided as the 

roadmap. The fundamental difficulty with WSN routing is 

network longevity. They designed a recommended routing 

protocol that blends micro genetics and LEACH to solve this 

problem. Compared to existing protocols, the existing GA-

LEACH protocol enhances CH selection while reducing 

network energy utilization. This study compares the findings 

to known hierarchical routing protocols such as LEACH, 

LEACH-C, LEACH GA, and GADA LEACH routing 

protocols with varying packet sizes and beginning energy.  

Compressive sensing (CS) is used to obtain data from 

WSNs.[24] CS retrieves all WSN data at the sink node. With 

cluster-based techniques, the CS algorithm saves energy. This 

is based on M measurements and N nodes. The Fourier 

transform guarantees excellent stability with little processing. 

This promotes orthogonal matching pursuit. We compare 

ACS-LEACH to contemporary NS2-based WSN systems. 

Achieved in 90-node topologies are 0.018, 0.012, and 0.0011 

bits/s. 

In Liang 2019,[25] several sensor devices are placed 

throughout an area in a wireless sensor network to gather for 

analysis. They are scattered throughout and have a battery. The 

battery is also small owing to its size. Its main purpose is to 

modify the original LEACH technology to save energy named 

as modified medium head in leach (MMH LEACH). The 

approaches outperform the original LEACH algorithm in 

residual energy. When used in a bigger setting, network life 

increases. The LEACH technique saves energy. The network's 
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longevity is also important. WSN protocols.[26] REACT-

LEACH is a RE-aware clustering transformation approach for 

LEACH that incorporates a clustering mechanism. Because 

REACT-LEACH measures residual energy, the recommended 

cluster head rotation, and cluster reformation approaches work 

better. In addition, to maintain the readability of the presented 

text the abbreviations has given in Table1.  

Table 1. Abbreviations used in presented work. 

CH Cluster head LEACH 
Low energy adaptive 

clustering hierarchy 

RE Residual energy TDMA 
Time division multiple 

access 

DA 
Data 

aggregation 
MAC 

Medium access 

control 

CF 
Cluster 

formation 
DSMAC 

Dynamic Sensor MAC 

protocol 

TE Total energy ECU-dist Euclidean distance 

PF 
Probability 

function 
SDIoT 

Software-defined 

internet of things 

PFO Path formation ACS 
Adaptive Compressed 

Sensing. 

 

2. Methodology 

The sensors and network model are based on the following 

assumptions the sink node is situated in the center of the 

sensing area. The location-aware item sensors are energy-

constrained therefore energy-aware and resource-adaptive 

item sensors are available. In addition, a symmetric 

propagation channel with stationary nodes and a sink is also 

available. On the transmitter and receiver sides, energy usage 

can be measured. Assume that 𝐸𝑡𝑥(𝑙𝑒𝑓𝑡)(𝑙, 𝑑, 𝑟𝑖𝑔ℎ𝑡)  and 

𝐸𝑟𝑥(𝑙𝑒𝑓𝑡)(𝑙, 𝑟𝑖𝑔ℎ𝑡) is the energy consumed by the transmitter 

and receiver units, respectively, while broadcasting a 1 -bit 

message, as calculated by Eqs. (1-2). A node’s transceiver 

circuitry is given as: 

𝐸𝑡𝑥(𝑙, 𝑑)  =  𝐸𝐶𝑐𝑡(𝑙) + 𝐸𝑎𝑚𝑝(𝑙, 𝑑)               (1) 

𝐸𝑟𝑥(𝑙)  =  𝐸𝐶𝑐𝑡(𝑙)  =  𝑙 × 𝐸𝐶𝑐𝑡                     (2) 

The selection of 𝐸𝑡𝑥(𝑙, 𝑑) model at instance 𝑡 depends on the 

distance 𝑑 between the transmitter node 𝑝𝑖 and receiver node 

𝑝𝑗 and is given by Eq. (3).  

𝐸𝑡𝑥(𝑙, 𝑑)  =  {𝑙 × 𝐸𝐶𝑐𝑡 + 𝑙 × 𝜀𝑓𝑠 × 𝑑2 𝑑

< 𝑑0 𝑙 × 𝐸𝐶𝑐𝑡 + 𝑙 × 𝜀𝑚𝑝 × 𝑑4, 

𝑑 ≥ 𝑑0                                            (3) 

where, 𝜀𝑓𝑠 and 𝜀𝑚𝑝 represent free space and multi-path fading 

channel models, respectively. If 𝑑  is greater than a given 

threshold 𝑑0  =  √
𝜀𝑓𝑠

𝜀𝑚𝑝
  then the multi-path fading channel 

model is utilized. Otherwise, the free-space model is used. As 

a starting point, the following research makes use of the 

energy consumption and radio model that was previously 

discussed. When transmitting a k-bit message over a long 

distance, it is critical to maintaining an optimum signal-to-

noise ratio (SNR) and distance d the energy cost of 

transmission (𝐸𝑇𝑋) is given in the later part of the text.  

 

2.1. Proposed work  

In this section, the prior requisite, which plays an essential role 

in our proposal is divided into two separate phases setup and 

steady. In the first phase, the nodes which are deployed in the 

region initialize and start the neighbor discovery.  

It has set parameters; nodes select their leader node, which 

will be responsible for forwarding the data using multi-hop 

communication. This phase is called the network setup phase. 

There are plenty of centralizing, and distributed methods have 

been proposed for the selection of leader nodes. LEACH 

works by randomly selecting cluster heads, which collect data 

from sensors in their vicinity and transfer it to the base station. 

Since data transmission dissipates energy, cluster heads are re-

selected after each round. The operation of the LEACH 

protocol consists of several rounds, each of which is treated as 

a unit, and every round consists of two phases named as setup 

phase and the steady phase. The following are the stages of the 

LEACH protocol: initial setup during the setup phase, a pre-

determined group of nodes, p, is chosen as cluster-heads using 

the following Eq. (4). Every sensor node n selects a number r 

at random from 0 to 1.  

𝑝(𝑛) =  
𝑝

1−𝑝∗(𝑟∗𝑚𝑜𝑑𝑝−)
∀𝑛∈𝐺

                           (4) 

The r is a round number in this case. The chance of being 

chosen as CH is 𝑓𝑟𝑎𝑐1𝑝, where G is the set of nodes that is 

not selected as cluster head in earlier rounds. The threshold is 

T(n). Non-CH nodes get the cluster head advertising in the 

second phase and then submit a join request to the cluster head, 

indicating that they have joined the group underneath that base 

station. In the third phase, each of the selected CHs generates 

a TDMA dynamically updated for their cluster’s member 

nodes. The phase of constancy cluster nodes transmits data to 

the central in a constant phase.  

A one-hop transmission is a sole way for each cluster's 

member sensors to communicate with the cluster's main sensor. 

Messages are transmitted between the cluster head and the 

central node. After a given amount of time has passed, the 

network returns to the initialization and begins a new round of 

CH selection. The stochastic cluster-head selection in LEACH 

has the potential to create an energy imbalance in nodes, 

increasing the system’s total energy waste. To ensure an 

equitable energy load distribution across the network, we add 

new variables depending on the RE. Our method’s major aim 

is to avoid choosing CHs for nodes that have less residual 

energy and are farther away from the sink. 

𝐷𝑛𝑒𝑡(𝑖) =  ∑ 𝑛𝑖
0 𝐷𝑖𝑗 + 𝐷𝑖𝑆𝑖𝑛𝑘                       (5) 

It will sort the Dnet in ascending order to find the nodes with 

the highest eligibility of being CH as Eq. (5). The nodes which 

have larger RE are in AE. Also, to ensure that the nodes with 

similar above parameters can be selected CHs fairly, a 

randomness factor is introduced. We use the neighborhood 

concept to form the cluster, according to which a given node 
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becomes a cluster member under a given CH provided that the 

CH is the closest node from the set of CHs which lie in its 

radio transmission range.  

 

2.2 Cluster formation and data aggregation using modified 

DB-SCAN 

It has been observed that cluster formation and data 

aggregation using modified DB-SCAN in this section 

combined. The DB-SCAN algorithm has the key playing role 

of PF. In addition, the CH which has 𝛼 in its leading role will 

be iterative. It has been shown that the construction of clusters 

and the aggregation of data are performed via the use of a 

modified DB-SCAN algorithm. Assuming the worst-case 

scenario, the DB-SCAN algorithm, which iterates over the 

data, is crucial to the performance of the PF since it is 

responsible for the PF's overall performance. Aside from that, 

the CH who occupies a critical position in the iterative process 

will also be iterative. The initial detail is shown in Eq. (6).  

𝛤𝑖𝑗
𝑎  =  (1 − 𝛼)𝛤𝑖𝑗 + ∑ 𝑛𝑚

𝑎=1 𝛥𝛤𝑖𝑗
𝑎                  (6) 

where 𝛼  is the evaporation rate, 𝑆𝑖  to 𝑆𝑗  is the distance 

between the CH. The 𝛥𝛤𝑖𝑗
𝑎  will be calculated using Eq. (7), 

where the  𝑚 will be the cluster head.  

𝛥𝛤𝑖𝑗
𝑎  =  {𝑄 × 𝐿𝑎

−1 𝑖𝑓 𝑎 𝑡𝑟𝑎𝑣𝑒𝑙 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑆𝑖 𝑎𝑛𝑑 𝑆𝑗, 

𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒  0                                               (7) 

The trajectory length will be represented by 𝐿𝑎 . The Q is a 

constant. First, the probability function Eq. (8) will be 

estimated for each cluster head. The reasoning behind the 

probability function is that it can later help to increase the 

network lifetime.  

𝑝𝑖
𝑎  =  {

𝛤𝑖𝑗
𝛼𝑊𝑖

𝛽
𝜂𝑖𝑗

𝛾
𝜉𝑖

𝛿

∑ 𝑛𝑖
𝑗∈𝑁(𝑖) 𝜏𝑖𝑗

𝛼 𝑊𝑖
𝛽

𝜂𝑖𝑗
𝛾

𝜉𝑖
𝛿
 

 𝑖𝑓𝑓 𝑁(𝑖)  ≠  𝜙,    

 𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒  0                                 (8) 

where α, γ, τ, β and η are absolute importance. Whereas, these 

values considering the clustering will be greater than 0. Eq. (8) 

and Eq. (10) ensure that it’s an iterative process. Once the 

expected (𝐿𝑚 ) achieved that the iteration will stop. In the 

meantime, all the selected CHs will be validated to check 

whether the parameters are being optimized. In addition, all 

the constraints such as W and γ also being fulfilled need to be 

validated. The weight variable is dynamic and therefore can 

tune in order to achieve the optimization objective. The α, β, 

γ, and δ entities should lie before 1 and greater than 0. Eqs. 

(6)-(8) will be used to estimate τ, W, and ξ, and Eq. (9) is used 

to estimate η.  

𝜂𝑖𝑗  =  𝑑𝑖𝑗
−1                              (9) 

In Eq. (9), the measurement of SNs 𝑆𝑖, and selected CH 𝑆𝑗 is 

stored in 𝑑𝑖𝑗 . The PF is a function that allows us to choose the 

node as CH which are having maximum occurrence or a 

maximal neighborhood. In each iteration, the process 

continues, and in the end, when no nodes are left to participate 

in the process, the process stops. In this way, the CH will be 

selected and in between the path will also start forming. This 

is one of the optimized ways of CH selection and PFO.  In 

addition, in this work different PF is being used as it is shown 

in Eq. (10).  

𝜓𝑖𝑘
𝑎  =  {

𝜏𝑖𝑘
𝜖 𝜂𝑖𝑘

𝜚

∑ 𝑛𝑛
𝑘∈𝑀(𝑖) 𝜏𝑖𝑗

𝜖 𝜂𝑖𝑗
𝜚      𝑖𝑓𝑓      𝑀(𝑖) ≠  𝜙,  

 𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 0                                     (10) 

where ϵ, τ, 𝜚 and η are the relative importance of the objective 

function 𝜓𝑖𝑘
𝑎 . These values considering the clustering will be 

greater than 0. Once the expected (𝜓𝑖𝑘
𝑎 ) is achieved so that the 

iteration will be stopped. The weight variable is dynamic and 

therefore can tune in order to achieve the optimization 

objective.  

 

3. Results  

In this section, the present study will discuss the results of our 

simulation. The simulation is performed using the NetworkX 

package in the Python and Matlab program. The simulation 

parameters have been given in Table 2. The present study has 

also assumed that all nodes have direct communication with 

the sink node. Nodes and sink items are not allowed to move 

around. In the first round, all nodes start with the same amount 

of energy. The energy used to transmit a packet from node 1 

to node 2 is the same as the energy used to transmit a packet 

from node 2 to node 1. We assume that the sink has a static 

place in ROI and theoretically infinite resources in terms of 

energy. In addition, the node dies when its energy value 

reaches zero. 

Table 2. Simulation parameter NetworkX package based on 

Python simulator   

Number of nodes (n) 100 

Area (0,0) to (30,30) 

p 0.1 

sink. x, sink. y (15,15) 

𝐸0(𝐽. 𝑛𝑜𝑑𝑒−1) 0.5 

𝐸𝑇𝑋(𝑛𝐽. 𝑏𝑖𝑡−1) 50 

𝐸𝑅𝑋(𝑛𝐽. 𝑏𝑖𝑡−1) 50 

Gainsboro! 60 𝐸𝐷𝐴 (nJ) 5 

𝐸𝑓𝑠(𝑛𝐽 · 𝑏𝑖𝑡−1. 𝑚−2) 10 

𝐸𝑚𝑝(𝑝𝐽 · 𝑏𝑖𝑡1−1. 𝑚−4) 0.0013 

𝑟𝑚𝑎𝑥 500 

Node Distribution Random 

DpacketLen (bits) 4000 

Gainsboro! 60 HpacketLen (bits) 100 

 

In Fig. 2, the observation of about 100 nodes scattered in 

30 m2. The base station is situated in the heart of the city. The 

nodes are thought to be stationary. Fig. S1 depicts the network 

model at the simulation’s first phase when there are no dead 

nodes. The image depicts the entire process of CH selection 
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Fig. 2 Node Deployments in the area of interest for activity monitoring. 

 

and CF in the area of interest of size (X*Y) m2. Blue lines 

reflect data sent from cluster nodes toward CH. The CH 

performs DA before sending the aggregated data to the sink.  

Clustering is done in our proposed algorithm by considering 

the RE parameter, in addition to the distance between each 

node and all other nodes, as well as the distance between each 

node and the sink, resulting in a consistent energy distribution 

and efficient CH deciding factor and CF. In Fig. 2, nodes 

farther from the sink form clusters and sent their data in 

direction of its CH. But, nodes near the sink without any 

hurdle forward its data as less energy would be required to 

send data to the sink. The TE of the model and the energy of 

individual nodes significantly decrease in this phase and when 

the energy of the node becomes less than zero then the node 

dies.  

Fig. 5d displays the EC of the nodes per round in the two 

protocols. In the graph, the total energy consumed in the case 

of LEACH increases at a faster rate as compared to EECDA. 

EECDA considers RE to calculate the next CH that improves 

the utilization of energy compared to the dead nodes denoted 

by red dots. 

In the case of LEACH, the instability period is very high 

as the difference between the time when the first node dies and 

the entire network dies is very large. But in the case of our 

proposed algorithm, the instability period is low due to load 

balancing in the network. This is very important because in 

many applications when 50% of the nodes in a network die 

then the entire network becomes unserviceable. 

In Fig. 5a, the number of alive nodes per round is compared 

between LEACH and EECDA. The number of live nodes 

directly affects the network's lifetime and stability of the 

network. In LEACH, nodes begin to die after the completion 

of 130 rounds whereas in the case of EECDA dead nodes start 

appearing after 220 rounds. All the nodes in both protocols die 

at around 250 rounds. The instability period which is the 

difference between the time when all nodes are dead and the 

initial node is inactive is higher in the case of LEACH than in 

the case of EECDA. This result shows that the proposed 

algorithm has an advantage when it comes to network lifetime 

and stability of the network compared to LEACH. The energy 

is also evenly scattered with the network as the RE of a node 

is considered during CH selection instead of randomly 

selecting cluster heads. The distance of a node from the sink 

is also taken into account during cluster formation. In Fig. 5a, 

the average energy of sensors per round is compared between 

LEACH and EECDA. The average energy of the sensor is the 

effective energy per sensor in a particular round. As can be 

observed in Fig. 5b, in the case of LEACH protocols, nodes 

start to die at around round 130 and at around 220 in the case 

of EECDA protocol. The total energy of nodes in the case of 

LEACH also decreases at a faster rate than in the case of 

EECDA. All nodes die at around 250 due to which average 

energy becomes 0. After round 200, there is a period when the 

average energy of sensors in the case of LEACH is more than 
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in the case of EECDA.  

 
Fig. 3 Cluster formation and cluster head selection from DBSCAN clustering. 

 

This occurs as a few nodes with high energy remain alive in 

LEACH till the end due to non-uniform energy distribution. 

But in the case of EECDA, there is uniform energy distribution 

due to which most of the nodes die in a very small time period. 

LEACH selects CH randomly. Figs. 2-4 shows the network 

status once the clustering protocol initializes formation and 

selects the cluster head. In our case, the present study is 

performing a DB-SCAN clustering approach, which can be 

replaced with any clustering method. The present study can 

observe the network status without the range disk f cluster 

head in Fig. 3. The most common path formation practice is to 

use the head node position to collect the data. The closed-loop 

uses a common approach to form the path considering the 

entire head node shown in Fig. 4. In the present study, the 

existing disk graph property of the head node to find the most 

suitable Steiner point as described in AlgorithmS2. Data 

aggregation at the cluster head reduces the transmission cost 

and reduces total EC. In LEACH, the CH has packets from 

nodes

 
Fig. 4 Formation of dead nodes (the final phase). 
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Fig. 5 Simulation results based on the proposal for parameters such as delay, energy, and throughput (a) Number of alive sensors 

after round, (b) Average energy of sensor after round, (c) Total energy consumed by the sensor after round, and (d) Number of packets 

sent to sink per round. 

 

and sends the packets to sink in every round. But in the case 

of EECDA, redundant data is removed using data aggregation 

and only distinct data is sent to the sink in every round. In Fig. 

5a, the AE of sensors in the context with |nodes| is plotted and 

the results are compared between LEACH and EECDA. In the 

proposed Algorithm S1, the CH is chosen considering the 

residual energy of sensor nodes due to which energy is 

distributed uniformly in the network. The graph of AE also 

decreases uniformly with an increase in the number of nodes. 

In the case of LEACH, due to random CH selection and cluster 

formation, energy is not distributed uniformly and varies 

largely with the difference in the |nodes|. Fig. 5a also displays 

that the AE of the algorithm is always more than that of 

LEACH due to efficient clustering and data aggregation used 

in Fig. 5d, the |data packets| sent to the main node per round 

are compared between LEACH and EECDA. As shown in Fig. 

5d, the dynamic of data traffic is playing a vital role in 

performance. As the number of packets varies over the period, 

the LEACH is having a hard time stabilizing. On the other 

hand, our proposal is able to perform well even though the data 

packets vary frequently. Our approach’s advantage is that it 

minimizes travel time by opting for the RP far from the head 

node but near enough to collect data. In this way, it reduces the 

mobile sink’s travel distance to any almost multiple of a head 

node with its disk radius value. It is a significant gain over the 

existing approach. The virtual division of a single position into 

four different places gives the locality-based path direction 

profitable for our cost optimization. 

 

4. Conclusion 

The paper proposes a cluster-based data aggregation protocol 

that can increase the duration of the sensor network which 

optimizes cluster head selection with various parameter 

considering. Clustering is one of the energy-efficient 

techniques for extending the network lifetime. Clustering 

techniques organize nodes into a cluster where the CH can 

collect data from nodes in their respective cluster and transfer 

it to the base station. Further, the present study also introduces 

a data aggregation technique that aggregates the data at the CH 

and then transfers the aggregated data to the base station. The 

present study compares the proposed method with the LEACH 

protocol. Nodes that have previously been cluster heads in 

LEACH are unable to become cluster heads for P rounds, 

where P is the required proportion of cluster heads. The cluster 

head is chosen by EECDA based on the nodes’ leftover energy 

and their distance from the sink and other parts of the network. 
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Sensors in the LEACH protocol begin to deteriorate in the 

early rounds, but sensors in the EECDA protocol stay alive for 

longer. LEACH’s energy usage grows at a quicker pace, 

reducing the total network lifetime. Because it combines the 

information on the base station, the number of packets 

transmitted in leach is higher than in EECDA. As the number 

of nodes in a network grows, LEACH acts inefficiently, with 

huge fluctuations in average sensor energy, resulting in 

network instability, whereas EECDA maintains a consistent 

energy drop.  
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