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Abstract - The significance and need of wireless sensor 

networks (WSNs) in many applications have been the subject 

of much study. The biggest problem with wireless sensor 

networks is energy depletion, which can be solved by lowering 

energy consumption and extending network lifespan. In WSN, 

energy-aware routing protocols are crucial, however those that 

just take energy parameters into account struggle to effectively 

reduce excessive energy use. Network node interference causes 

a rise in energy usage and packet loss. To increase the network's 

lifespan, the routing techniques should strive for load balancing 

and energy economy among the various nodes. One of the best 

methods for effectively aggregating data from the sensor nodes 

is clustering. One of the most often used clustering techniques 

for WSNs is a low-energy adaptive clustering hierarchy 

(LEACH). Unfortunately, there are some restrictions. In this 

study, we propose EQT-LEACH to enhance the energy 

efficiency, CH stability, and equitable distribution of CH role.  

The proposed upgraded protocol considers the estimated energy 

remaining in the nodes and the estimated energy utilized in the 

previous round for the purpose of choosing the CH along with 

generating random numbers. Its objective is to prevent this 

round's previously selected CH node from receiving another 

chance. This method correlates each node's energy 

consumption ratio with the threshold employed in traditional 

LEACH. The suggested data aggregation method evaluates the 

error as well as delay rates together with the connection lifespan 

of every viable routing option in order to aggregate the data 

across traffic-free channels. The experimental findings 

demonstrate that, in comparison to the current energy-efficient 

data aggregation strategies, the suggested approach extends the 

network lifespan.  

Keywords: LEACH, Cluster head selection, EQT-LEACH, 

Data aggregation, Link error rate, Link lifetime 

 

I. INTRODUCTION 

WSNs are usually made up of a bunch of small, cheap 

sensing nodes. The main job of the nodes is to send different 

kinds of data to the Base Station (BS) using either a single-hop 

or multi-hop data transfer method. WSNs are used for a lot of 

different things, like tracking targets, keeping an eye on the 

fight, and keeping an eye on the surroundings. The batteries that 

power sensor nodes can't be replaced [1]. So, the main limit in 

WSN is how much power each sensor point uses, which 

determines how long the network will last. Sensing, computing, 

and radio connection are the main things that a sensor node can 

do [2]. Communication takes up more power in sensor nodes 

than sense and computing. 

Diverse forwarding methods have been embedded into 

WSN to reduce the data transmission for the reason of save 

energy. Sensor point in a WSN transport the data to the BS 

located in the centre of network. When the sensor node is 

further from base station it requires high power consumption, 

because over-long distance the data packet has to move [3]. 

These "bottleneck zones" which are the sensors closest to the 

base station see a high traffic, using the node battery even more. 

As a result, the bottleneck zone's nodes die faster, which 

shortens the network's lifespan and makes it harder for it to 

connect to other networks.  

Routing systems that only look at energy are not good 

at what they do. Using other factors makes forwarding 

procedure more efficient as well as saving energy. There are 

different factors that should be thought about for each 

application [4]. How to handle distractions is one of the most 

important factors. When interference happens, more packets are 

lost and more network energy is used. There are different 

reasons why interference happens in networks. One major 

reason is that relay network sites don't have a lot of store room. 
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It's called interference when a node gets too many packets, 

which causes many of them to be lost. Interference occurred in 

WSNs for much the same reasons. Interference will arise, for 

instance, when many nodes concurrently choose to transmit 

packets utilizing a common media.  

One of the interesting and effective ways to raise the 

energy efficiency is clustering. The most underlined strategies 

have been the cluster development and many data transmission 

channels [5]. Fig 1 shows the conventional clustered network 

design. 

 

Fig 1: Network topology of a clustered WSN 

Cluster-based routing techniques, as opposed to non-

clustering protocols, may make better use of network sensor 

nodes. A CH is responsible for removing related data that may 

decrease the overall amount of data available. After then, the 

BS would receive the combined data from the CH. In order to 

reduce energy consumption throughout communication over 

long distances, sensor nodes are divided into clusters using 

cluster-based routing protocols. Clustering can assist in 

lowering overall energy consumption and distributing the load 

among nodes due to the significant disparity in energy loss 

between the cluster leaders along with other nodes [6]. Hence, 

clustering presents a power-efficient means to spread network 

lifetime then achieve energy efficiency. Moreover, most of 

clustering approaches furnish the optimal CH selection for 

delaying network death and avoid sensor node exhaustion 

prematurely [7]. a means to operationalize energy efficiency 

and preservation of life cycle. 

The LEACH protocol enables an extended network 

lifespan. Nonetheless, there exist some shortcomings that can 

be remedied to enhance the efficacy of novel LEACH-oriented 

procedures. Here are some of these issues along with their fixes. 

 LEACH relies on a random selection process to 

choose cluster heads which can lead to premature 

death of CHs. 

 LEACH affects the protocol's scalability by assuming 

that every node can reach the sink. Multi-level clusters 

along with multi-hop routing capabilities can be used 

to address this.  

 The associated overhead because variations in CH 

result in inefficient utilization of energy. Reducing the 

number of rounds in the cluster rebuilding phase is 

unique way to solve this issue.  

 If a cluster head with low energy is selected or dies 

prematurely, the data from all its member nodes is lost. 

In this study, we propose a unique enhanced LEACH 

(EQT-LEACH) to further extend the lifetime of WSNs and 

solve these shortcomings of existing techniques. In order to 

avoid the previously elected CH node from being given another 

opportunity in the current round, the suggested strategy links 

the threshold utilized in standard LEACH with each node's 

energy ratio. In this study, we offer an effective data 

aggregation strategy to improve network lifespan through 

energy efficiency. The suggested data aggregation strategy 

estimates the delay rate (DR), link error rate (LER), and link 

lifespan (LL) of all feasible routing options in order to 

aggregate the data over interference-free channels. 

Contributions in this paper 

 • The anticipated remaining energy of sensor nodes is 

employed to generate random numbers and set the 

threshold for balancing energy consumption alongside 

network longevity.  

 The former CHs are not chosen as CHs in the next 

round due to more data aggregation work. This is 

because CH has consumed much more energy 

compared to the non-CH nodes in the previous round. 

It prevents the already-selected CHs node to be 

reselected in next rounds. 

 The proposed efficient in terms of energy data 

aggregation platform intends to minimize costs while 

maintaining end-to-end connectivity and interference 

management. 

II.  LITERATURE SURVEY 

Pramod Singh Rathore et al [8] provided a novel strategy for 

selecting CHs for use in this study. The cluster head's role is 

determined by the nodes' proximity and energy levels. The 

quickest route relay node idea is being used to choose cluster 

heads in order to increase sustainability of energy along with 
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network longevity. When a limited number of subcluster nodes 

experience high load, this leads to accelerated energy 

consumption, necessitating the initiation of the designated 

trajectory cluster to attain standard energy depletion. The 

distances between the clusters significantly influence energy 

usage. 

Anurag Shukla et al [9] proposed a hierarchical clustering 

approach for network deployment and an efficient Relay Node 

(RN) selection method considering the node density in a 

cluster, selecting the closest neighbour as RN and choosing its 

communication range to be used as criterion of next RN 

selection. A recommended official routing mechanism that 

would meet the model. The protocol has been evaluated against 

conventional WSN routing protocols. 

Mandli Rami Reddy et al [10] presented a variation to GWO 

(EECHIGWO) for sustainability of energy 

CH choosing problem to deal with the concern of premature 

convergence and diversity imbalance in exploration and 

exploitation of original GWO algorithm. In the context of 

cluster head selection, this paper investigates a new and indepth 

application: cluster head reinforcement using EECHIGWO 

aiming at enhancing the average throughput, energy efficiency, 

network lifetime, and stability of WSNs.  

M. B. Shyjith et al [11] developed a hybrid optimization 

technique for CH selection. Employing this metric, choosing a 

CH is split into three stages: setting up, transfer, along with 

assessment. At the start of the simulation, a network is formed 

and given energy and node mobility. During setup, CH is 

chosen using Efficient Sleep-awake Energy-Efficient 

Distributed Clustering, which provides the optimal threshold, 

and CH is found using the suggested Rider-Cat Swarm 

Optimization (RCSO) technique. The created RCSO is built 

using the Rider Optimization Method along with Cat Swarm 

Optimization. In this scenario, the threshold along with CH are 

determined by time, energy, along with distance multi-

objective constraints. Then, data transfer from the CHs to the 

base station begins. The nodes' residual energy are updated 

during the evaluation period. 

Turki Ali Alghamdi et al [12] employed four criteria: energy, 

latency, distance, along with safety, a novel clustering 

methodology is generated, along with optimum CH choosing. 

This paper also presents a unique hybrid method called fire fly 

substituted placement update in dragonfly, which combines the 

ideas of both the Dragon fly along with Firefly strategies to 

identify the best CHs. 

Santanoo Madhu et al [13] suggested a technique that is 

location agnostic. Because there is no location, the energy loss 

that happens when GPS modules are functioning is minimized, 

allowing the sensor nodes positioned beneath gateways, known 

as CHs, to be clustered into clearly defined load balanced 

clusters. The proposed approach is emulated and its outcomes 

are compared to those of a few different methods that already 

available. 

Panimalar Kathiroli et al [14] developed a hybrid Sparrow 

Search method that combines Differential Evolution and 

Sparrow Search to choose the cluster head, therefore resolving 

the problem of reducing energy consumption in WSNs. The 

suggested technique makes use of Differential Evolution's 

dynamic potential and the great search efficiency of the 

Sparrow Search strategy to extend node lifetimes. The 

effectiveness of the hybrid model appears to be increasing the 

total number of nodes (living and dead), throughput, along with 

residual energy. 

III.  PROPOSED MODEL 

Proposed EQT-LEACH method 

This section details the proposed CH selection 

procedure as well as how it mitigates the randomness issue. A 

random number is multiplied with the estimated energy 

consumption of nodes based on dropping packet at previous 

round and expected residual energy (to force suggested method 

depending on the node's charged). 

The nodes in the non-secure scheme present in 

LEACH generate a random number for the initiation of CH 

selection. Then, it contrasts that found number with a threshold. 

If we obtain some or another random value, smaller thant the 

threshold- the node turns into a CH for this round. However, 

the LEACH method was not able to provide this although its 

benefits since the current residual energy of it cannot be assured 

for ever employed CH. In traditional LEACH-based protocol, 

only the probability that a node is selected as CH will be 

considered and when calculating the threshold TH(n), the 

energy of nodes is ignored. In such a way, CHs are randomly 

chosen however when in case some node is selected to be the 

CH with lesser energy, it will terminate at once. 

The proposed way of selecting CH, which considers 

the energy used in the last round along with predicted 

remaining energy, leads to enhancement in system performance 

and network life.  

CH selection 

This simple shift in the way random number are 

generated enables efficient selection of CHs with energy 

consumption. It multiplies the random number to amount of 

energy estimated spend in last round and desired energy left 

with sensor nodes. This dependency on the energy of the nodes 
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is dramatically magnified when these components are 

compounded into the process of producing random numbers. 

The following provides an explanation of the estimated energy 

spent in the previous round and the projected remaining energy 

in the proposed round:  

Predicted residual energy: The estimated residual 

energy, the difference between the node's starting energy (𝑒𝑖) 
and total energy spent (𝑒𝑒𝑐) thus far is known as 𝑃𝑅𝑒. Because 

the prediction of energy skips the weaker nodes in CH 

candidate participation, 𝑃𝑅𝑒 is assessed here rather than 

residual energy.  

The anticipated energy that node "n" will have left is provided 

by  

𝑃𝑅𝑒
𝑇(𝑛) = 𝑒𝑖

𝑇(𝑛) − 𝑒𝑒𝑐
𝑇 (𝑛) 

Where, 𝐸𝑒𝑐  of 𝑛 is 

𝑒𝑒𝑐(𝑛) = 𝑒𝑖,𝑛 + 𝑒𝑛2𝑆 + 𝑒𝑒𝑙 + 𝑒𝑎𝑒  

Here, 𝑒𝑖,𝑛 & 𝑒𝑛2𝑆 are the transmitting energy for “𝑙” bits from 

node “𝑖” to “𝑛” and “𝑛” to base station 𝑆 or sink, respectively, 

and 𝑒𝑎𝑒 is aggregating energy of a data, 𝑒𝑒𝑙  is energy consumed 

by the receiver circuit per bit.  

𝑒𝑖,𝑛: Energy for "l" bits is sent from node i to node n. 

𝑒𝑛2𝑆: Energy transfer from node n to sink or base station S. 

𝑒𝑎𝑒: Energy required for aggregating the data. 

𝑒𝑒𝑙: The energy utilized by each bit in the receiver circuit.  

Energy Spent in the Previous Round: The percentage 

of energy used up in the sensor rounds during the preceding 

rounds is the definition of the parameter Energy Spent in the 

Previous Round. In order to avoid the same node from being 

chosen as CHs in the next rounds, it is crucial to examine this 

value. The following is the mathematical expression for this 

parameter: 

𝐸𝑆𝑅 =  
𝑒𝑖
𝑇 − 𝑒𝑟

𝑇

(𝑟 − 1)𝑇
 

Where, 𝑒𝑖
𝑇is initial energy and𝑒𝑖

𝑇, is residual energy of every 

node and 𝑟 is present round at time 𝑇.  In the next round, CH 

will be selected based on ESR from the previous round. 

Because of its extraordinarily high ESR compared to non-CH 

nodes, a CH from the previous round will not be selected as a 

CH in the next round.  

The standard LEACH representation for a normal random 

integer is 𝑟𝑎𝑛𝑑 (𝑛). The following equation may be used to 

illustrate the enhanced random number process in the suggested 

approach. 

 

 

𝑟𝑎𝑛𝑑(𝑛)′ = 𝑟𝑎𝑛𝑑(𝑛) ∗ (𝐸𝑆𝑅𝑛 + 𝑃𝑅𝑛) 

The sensor nodes’ threshold values are now compared 

with an enhanced random number. A key element in the CH 

selection process is the threshold function. This function uses 

the probability values of nodes to determine the CH. Efficient 

energy utilization by the nodes in the threshold function can 

significantly impact the network's performance. 

To balance energy consumption, each network node 

takes turns being the CH. Every node has an equal chance of 

selection based on the CH probability, which is influenced by 

the node's energy. The proposed method’s threshold function 

considers the energy levels of all nodes across the network. 

The threshold function compares the modified random number 

to the threshold value. 

𝑟𝑎𝑛𝑑(𝑛)′ ≤ 𝑇𝐻(𝑛) 

Where 𝑇𝐻(𝑛) can be denoted as: 

𝑇𝐻(𝑛)

=  

{
 

 
𝑃𝑛

1 − 𝑃𝑛  [(𝑟 𝑚𝑜𝑑 
1
𝑃𝑛
)]
∗ (𝐸𝑆𝑅 + 𝑃𝑅) +

𝑟

𝑃𝑛
,   𝑖𝑓 𝑛 ∈ 𝐺

 
0,                                         𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 

 

𝑃𝑛 = probability of 𝑛 to become CH,  

𝑟 = round number. 

If the random value is smaller than the threshold, the 

node is selected as the CH; if not, the algorithm advances to the 

next node. The chosen CHs will inform the other nodes of their 

decision for the present round when the CH picking procedure 

is over. Every other node receives a message from each CH that 

contains an advertisement. A member node's choice to join a 

particular cluster is determined on the intensity of the signal it 

receives from the broadcast of the CH. 

Proposed data aggregation scheme 

In this research, we present an energy efficient data 

aggregation strategy based on connection lifespan parameters, 

delay rate, and error rate to achieve more dependable data 

transmission in WSN. For each communication cycle, the 

aforementioned parameters of all accessible connections are 
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calculated in order to create potential routing pathways from 

source nodes to CHs. 

Delay Rate: When a node obtains extra packets than it 

can forward, interference happens, leading to delays as well as 

packet loss. The time among two consecutive packet arrivals at 

a node is called the packet arrival time (𝑡𝑝), which is inversely 

related to the packet arrival rate (𝑟𝑝). Similarly, the packet 

service time (𝑠𝑡) and packet service rate (𝑠𝑝) also have an 

inverse relationship. The packet service time refers to the 

interval between when a packet arrives and when it is 

forwarded. The total waiting time (𝑡𝑤) includes the time spent 

in the queue waiting for other packets to be processed, as well 

as any time waiting for retransmission. 

𝑟𝑝 = 
1
𝑡𝑝⁄

 

A node is subjected to less delay if the interference is less. The 

interference aids in identifying communication delays. It is 

measured as the packet arrival rate divided by the packet service 

rate. The cost of the route is calculated using the following 

formula, which takes into account CH interference: 

𝑑𝑟 = ∑𝑛𝑖𝑛𝑓

𝑛

𝑖=1

 

𝑛𝑖𝑛𝑓 = 𝑟𝑝 (1 𝑠𝑡⁄ )⁄  

The 𝑑𝑟 is more if 𝑟𝑝 is greater than 𝑠𝑟  and indicates node has 

experienced interference. Larger the 𝑑𝑟 value, result in more 

interference and delay at the given node.  

Link Error rate: Wireless channel error rate is a 

traditional issue affecting sensor network operation. High error 

rate links increase routing costs and prevent data aggregation. 

Therefore, considering link error rate is crucial for improving 

energy efficiency during data aggregation. The metric 𝑒𝑟 

between nodes 𝑖, 𝑗  can be described as follows:  

𝑒𝑟 = 𝑑𝑖 , 𝑗 𝑏𝑠
𝑗⁄  

Where,  𝑑𝑖 , 𝑗 𝑎𝑛𝑑 𝑏𝑠
𝑗
 are the distance between node 𝑖, 𝑗 and 

buffer size of the node 𝑗 respectively. 

Link life time: The link lifetime (𝑙𝑡) is a crucial 

parameter in predicting the maximum duration of data transfer 

between sensor nodes in each cluster. A higher 𝑙𝑡 value 

indicates a larger network lifetime, as it considers multiple 

parameters and the link between sensor nodes. 𝑙𝑡 is formulated 

as follows 

𝑙𝑡 = 
2 × 𝑒𝑥 + 𝑒𝑛

𝛽 + 𝑠𝑝 + 𝑟𝑝 + 𝑡𝑟  +  ‖𝑑𝑥 − 𝑑𝑛‖
 

where, 𝑠𝑝 is packet sending rate, 𝑟𝑝 is packet receiving 

rate, 𝑡𝑟 is the transmission range and 𝛽 represents the constant 

value, 𝑒𝑥  𝑎𝑛𝑑 𝑒𝑛   are the energy of normal node along with CH 

and ‖𝑑𝑥 − 𝑑𝑛‖ is the distance between the nodes. 

Data transmission phase 

The route selection standards are applied by the CH to 

assess all links that are accessible. After determining the best 

routes, the CH creates a routing table for every cluster node. 

For the best-selected route, a unique record is added to the 

routing database. 

The routing tables are subsequently dispersed to each 

cluster node by the CH. Every node gets its routing table by the 

time this operation is complete. This step's main goal is to 

ascertain each incoming packet's next hop at each node, 

guaranteeing effective data transfer throughout the network. 

Following the reception of a data packet, the receiving node 

carries out the following tasks: The data should be sent straight 

to CH if that is the next hop node. If not, look for neighbors that 

are available. If neighbors are located, compare each neighbor's 

𝑑𝑟 value, designate the node with the lowest 𝑑𝑟, 𝑒𝑟 𝑎𝑛𝑑 𝑙𝑡 value 

as the forwarder node, then forward the data to that node. 

Choose the node with 𝑒𝑟 𝑎𝑛𝑑 𝑙𝑡 and send the data if all of the 

neighboring nodes have comparable 𝑑𝑟 values. 

Energy analysis 

In the whole sensor region, let N be the total number 

of sensor nodes. Since there are k sensors in the created cluster, 

the separated region contains 𝑁/𝑘 clusters. The sensor nodes 

uniformly send M bits of data. The energy necessary to send 

and receive " l " bits of data at a distance of 𝐷𝑛 is given by the 

Radio Energy Dissipation framework of the sensor node as 

𝐸𝑡𝑟𝑎𝑛𝑠 (𝑙, 𝑑) and 𝐸𝑟𝑒𝑐𝑣 (𝑙, 𝑑), respectively. This means that 

Let N represent the total quantity of sensor nodes in 

the whole sensor area. The quantity of sensors in the generated 

cluster is k, meaning that there are 𝑁/𝑘 clusters in the separated 

region. M bits of data are transmitted evenly by the sensor 

nodes. According to the Radio Energy Dissipation framework 

of the sensor node, the need of energy to send and receive "l" 

bits of data across a distance of 𝐷𝑛 is 𝐸𝑡𝑟𝑎𝑛𝑠 (𝑙, 𝑑) and 

𝐸𝑟𝑒𝑐𝑣 (𝑙, 𝑑) respectively, such that 

𝐸𝑡𝑟𝑎𝑛𝑠 (𝑙, 𝑑) =  {
𝑙𝐸𝑒𝑐 + 𝑙𝜀𝑓𝑠𝑑

2,    𝑑 ≤ 𝑑0

𝑙𝐸𝑒𝑐 + 𝑙𝜀𝑚𝑝𝑑
4,    𝑑 ≥ 𝑑0

 

𝐸𝑟𝑒𝑐𝑣(𝑙, 𝑑) = 𝑙𝐸𝑒𝑐   
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Path loss exponent (n) determines the amount of energy needed 

for transmission; n = 2 for open space and 4 for multipath 

interference. The energy used by the transmitter and receiver 

electronics for a single bit is measured as 𝐸𝑒𝑐 . The distance "d" 

is the separation between the transmitter and receiver. Based on 

the route loss exponent, the transmitter amplifier's energy 

consumption is determined by  𝜀𝑓𝑠, 𝜀𝑚𝑝. The "m" bits of data 

are consolidated into less "h" bits since the sensor nodes carry 

out aggregation. 𝐸𝐶𝐷  provides the energy usage of the CH 

model, which usages centralized data aggregation. 𝐸𝑆𝐷 provides 

the energy consumption of the proposed Data Aggregation 

procedure employed in the sensor node. The energy gain 𝐸𝑔𝑎𝑖𝑛 

that the suggested approach produces for a cluster is, 

𝐸𝑆𝐷 = 𝑚(𝐸𝑒𝑐 + 𝜀𝑓𝑠𝑑
2) + 𝑚𝐸𝑒𝑐  

𝐸𝐶𝐷 = ℎ(𝐸𝑒𝑐 + 𝜀𝑓𝑠𝑑
2) + ℎ𝐸𝑒𝑐  

𝐸𝑔𝑎𝑖𝑛 = 𝐸𝑆𝐷 − 𝐸𝐶𝐷 

𝐸𝑔𝑎𝑖𝑛 = (2𝑚 − ℎ)𝐸𝑒𝑐 + (𝑚 − ℎ)𝜀𝑓𝑠𝑑
2 

Since there are 𝑁/𝑘 clusters in the sensor region. The Total 

energy gain of the proposed method is given by 

𝑇𝑜𝑡𝑎𝑙𝑔𝑎𝑖𝑛 = (
𝑁

𝐾
)𝐸𝑔𝑎𝑖𝑛  

 

Algorithm  

For all the nodes ‘𝑛’ where 𝑛 ∈ 𝑁 

Divide the nodes as ‘k’ clusters 

End for 

CH selection 

For all node ‘𝑛’ where 𝑛 ∈ 𝑘 

Calculate 𝑅𝐴𝑁𝐷, 𝐸𝑆𝑅, 𝑃𝑅   

𝑟𝑎𝑛𝑑(𝑛)′ = 𝑅𝐴𝑁𝐷(𝑛) ∗ (𝐸𝑆𝑅𝑛 + 𝑃𝑅𝑛) 

 𝑇𝐻(𝑛) = { 𝑡ℎ ∗ (𝐸𝑆𝑅𝑛 +  𝑃𝑅𝑛)} 

  If 𝑟𝑎𝑛𝑑(𝑛)′ ≤ 𝑇𝐻(𝑛) 

  𝐶𝐻 →  𝑛; 

  End if 

End for 

Data transmission 

For all the available paths 

 Calculate 𝑑𝑟 , 𝑒𝑟 , 𝑙𝑡 

 If (𝑑𝑟(𝑛), 𝑒𝑟(𝑛) & 𝑙𝑡(𝑛) == 𝑙𝑜𝑤) 

  𝑛 → 𝑓𝑜𝑟𝑤𝑎𝑟𝑑𝑒𝑟 

 Else  

  𝑛 = 𝑛 + 1 

 End if  

End for  

IV.  SIMULATION RESULTS AND ANALYSIS 

Simulation setup 

The proposed EQT-LEACH is simulated with NS2, and its 

performance is calculated and compared with existing 

techniques. The sensor nodes are randomly distributed around 

the network area. The network area measures 1000 by 500 

meters. The initial energy of each sensor node is 100 j. The 

network consists of between 50 and 200 nodes.  The constant 

bit rate (CBR) traffic agent creates consistent traffic throughout 

data transfer. UDP is the protocol used to transport data. The 

experimental parameter values are displayed below table 1. 

Table 1: Network Simulation table 

Parameter Value 

Total Network area 1000 m x 500 m 

Total Sensor Nodes 50 to 200 

Size of Cluster 4 

Energy of Node 100j 

Size of Packet 1024 bytes 

Routing protocol AODV 
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Fig 2: Network delay performance 

The duration of a packet's network travel from its source to its 

destination is referred to as the "end-to-end delay". The 

calculation of the suggested approach's end-to-end delay time 

is shown by the fig 2. Using a random number together with 

energy expenditure and consistent CH selection reduces CH 

rotation. Additionally, low overhead relays are selected using 

the relay selection process of the QoS reputation model, which 

also minimizes end-to-end latency by utilizing connection 

quality and longevity. Unlike the suggested approach, the prior 

approaches encountered significant delays of up to 0.59 ms, 

with the lowest average delay in the network being 0.26 ms. 

 

Fig 3: Performance of Energy consumption  

The sensor nodes have an initial energy of 100j to carry out 

network operations.  With each network action, energy is used. 

Every network should optimize its energy use for extended 

periods of network operation. By using energy-correlated 

random numbers in the CH selection process and choosing 

relay nodes with reduced interference values, the proposed 

network's low energy consumption is achieved by doing away 

with the necessity for retransmission and other energy-intensive 

network activities. The suggested strategy yielded an average 

energy consumption rate of 2.8j. Fig 3 shows the overall energy 

consumption. 

 

Fig 4: Packet delivery ratio 

The packet delivery ratio (PDR) is the ratio of data packets 

received at the receiving end to those transmitted by the sender. 

Effective relay selection facilitated data aggregation, which 

increased transmission rates. The selection of dependable and 

balanced CHs, as well as the best relay selection utilizing the 

QoS parameter, greatly help in the effective flow of data 

between sensor nodes. While the current tactics sustained an 

average PDR rate of 0.80, which is a relatively low PDR rate, 

the new strategy reached a maximum PDR of 0.91%. Fig 4 

represent the delivery ratio of network. 

 

 

Fig 5: Network overhead 

The overhead is based on how many control packets are 

delivered across the network while transferring data. While the 

overhead in the known approaches ranged from 0.66 to 0.81, 
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the average overhead in the suggested method was reported at 

0.36. The chosen pathways are guaranteed to be free of 

inference by using QoS selection factors to optimize relay 

selection. Therefore, the suggested technique maintains a 

minimal overhead. The network overhead performance 

evaluation shows in fig 5. 

 

Fig 6: Network performance 

The quantity of data units that a node can handle in a specific 

length of time is known as throughput. To get the best possible 

data aggregation, the energy-constrained CH selection with the 

optimum relay selection along with the energy wasted value is 

applied. The accompanying table illustrates how the proposed 

strategy yields a high throughput rate in comparison to existing 

methods. While the existing ways maintained a lower 

throughput rate than the recommended approach, the suggested 

approach maintained the maximum throughput rate of up to 208 

kbps throughout the testing. 

 

Fig 7: Performance of network lifetime 

It describes the duration of the network's functioning or the time 

it takes for a sensor node, or set of sensor nodes, to run out of 

energy. In our experiment, the amount of energy that the 

network has left over after completing its tasks is correlated 

with the network longevity. A longer lifespan for the network 

translates into more energy left. The results in the preceding 

table demonstrate that, in comparison to the current approaches, 

the suggested solution greatly extends the network lifespan. Fig 

6 shows the network lifetime. 

V. CONCLUSION 

In this research, we suggested a novel and improved LEACH-

based clustering method to increase the longevity, energy 

efficiency, and efficient data aggregation of WSNs. The paper 

proposes EQT-LEACH, an improved clustering algorithm that 

addresses these issues. For the purpose of choosing a CH, EQT-

LEACH takes into account variables such as estimated 

remaining energy and energy used in prior rounds. It attempts 

to stop previously elected CHs from being selected again right 

away and dynamically modifies the selection threshold for CHs 

according to the energy consumption ratio of each node. 

Traffic-free pathways are used by the data aggregation strategy 

while taking connection lifespan, error rate, and delay rate into 

account. The experimental results demonstrate that EQT-

LEACH improves network lifetime compared to existing 

schemes. 
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