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Abstract Wireless sensor networks (WSNs) play a pivotal role in a myriad of applications ranging from environmental monitoring to 

industrial automation. Clustering sensor nodes is a critical technique to enhance network efficiency, prolong network lifetime, and reduce 

energy consumption. However, existing clustering protocols often face challenges in achieving high throughput and stability, especially 

in environments characterized by increased levels of heterogeneity. In this paper, we propose a novel clustering scheme named Increased 

Sectorization Enhanced Protocol (ISEP) tailored to address these challenges. Through rigorous simulations and real-world 

experimentation, we demonstrate that ISEP outperforms existing schemes in terms of throughput and stability, making it a promising 

solution for diverse WSN deployments. 
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1. Introduction 

Wireless Sensor Networks (WSNs) have emerged as a 

pivotal technology for a wide range of applications, 

spanning from environmental monitoring to healthcare and 

industrial automation. The effectiveness of WSNs relies 

heavily on the efficient management and utilization of 

sensor nodes. Clustering, a fundamental technique in 

WSNs, organizes nodes into groups or clusters to reduce 

communication overhead, prolong network lifetime, and 

enhance scalability. However, the performance of 

clustering protocols is often hindered by the inherent 

heterogeneity in sensor nodes, which manifests in 

variations in processing capabilities, energy levels, and 

communication ranges. Existing clustering protocols, while 

effective in homogeneous environments, face significant 

challenges in heterogeneous settings, limiting their 

applicability in real-world scenarios. As the demand for 

WSNs in complex and diverse environments continues to 

grow, it is imperative to develop clustering schemes that 

can operate effectively under increased levels of 

heterogeneity. In response to this challenge, we propose a 

novel clustering protocol, the Increased Sectorization 

Enhanced Protocol (ISEP), designed to address the 

limitations of existing schemes. ISEP leverages increased 

sectorization to dynamically adapt to varying node 

characteristics and environmental conditions, thereby 

achieving higher throughput and stability compared to 

conventional protocols. Through extensive simulations and 

real-world experiments, we evaluate the performance of 

ISEP across a range of scenarios and demonstrate its 

superiority in terms of throughput and stability. 

In this paper, we present the design principles, algorithmic 

details, and comprehensive performance evaluation of 

ISEP. 

We compare the proposed protocol with state-of-the-art 

clustering schemes, highlighting its advantages in 

scenarios characterized by increased heterogeneity. The 

results of our study underscore the potential of ISEP as a 

robust and versatile clustering solution for modern WSN 

deployments. 

2. Clustering  

Clustering in wireless networks is a pivotal technique that 

involves organizing nodes into groups or clusters to 

facilitate efficient communication and resource 

management. This approach is indispensable in addressing 

the inherent challenges of wireless networks, such as 

limited bandwidth, energy constraints, and dynamic 

network topologies. 

2.1. Need for Clustering 

The primary motivation for employing clustering in 

wireless networks lies in its ability to enhance network 

performance and scalability. In a traditional flat network 

structure, every node communicates directly with all other 

nodes, leading to significant overhead due to the increased 

number of connections. Clustering, on the other hand, 
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reduces this complexity by dividing the network into 

manageable groups. This not only minimizes the overhead 

but also improves the overall network efficiency, as nodes 

within a cluster can communicate more effectively. 

2.2. Advantages of Clustering 

Energy conservation stands out as a primary benefit of 

clustering. In situations involving nodes powered by 

batteries or constrained energy sources, clustering 

introduces hierarchical structures, where only a specific 

subset of nodes, designated as cluster heads, engages in 

communication with the base station or other clusters. This 

strategic approach significantly diminishes the energy 

consumption of individual nodes, leading to an extended 

lifespan for the network. Furthermore, clustering fosters 

load balancing and enhances network stability. By 

distributing tasks and responsibilities across cluster heads, 

the network gains the ability to handle a larger number of 

nodes and traffic without overwhelming individual 

devices. Additionally, clustering contributes to improved 

fault tolerance, as the failure of a single node or cluster 

does not necessarily disrupt the entire network. 

2.3. Disadvantages of Clustering 

Despite its advantages, clustering does come with some 

drawbacks. One notable disadvantage is the potential for 

increased latency, as messages may need to traverse 

multiple nodes within a cluster before reaching their 

destination. This additional hop can introduce delays, 

which may be critical in real-time applications. 

2.4. Types of Clustering in Wireless Network 

There are several types of clustering techniques used in 

wireless networks, each with its own unique 

characteristics. Some common types include Single-

Cluster, Multi-Cluster, and Hybrid Clustering. Single-

Cluster involves the entire network forming a single 

cluster, which is suitable for small-scale deployments. 

Multi-Cluster, on the other hand, divides the network into 

multiple non-overlapping clusters, providing scalability for 

larger networks. Hybrid Clustering combines elements of 

both single and multi-cluster approaches, offering a 

flexible solution for networks with diverse requirements. 

Clustering plays a crucial role in optimizing the 

performance of wireless networks. By mitigating issues 

related to energy consumption, network stability, and 

scalability, clustering proves to be an indispensable tool in 

the design and management of wireless communication 

systems. Despite some inherent drawbacks, the benefits of 

clustering far outweigh its limitations, making it an 

essential technique in the field of wireless networking. 

 

 

3. Increased Sectorization Enhanced Protocol (ISEP) in 

Wireless Networks  

3.1 Hypothesis Algorithms 1  

• Initialization and Parameters: 

1. `clear; ` - Clears all variables from the workspace. 

2. Setting various parameters like field dimensions, sink 

coordinates, number of nodes, election probabilities, 

energy model values, heterogeneity parameters, and 

maximum number of rounds. 

3. `do=sqrt(Efs/Emp);` - Calculates a threshold distance 

based on energy parameters. 

4. Randomly initializes node positions, energy levels, and 

types (Normal or Advanced). 

5. Initializes the sink node. 

3.2 Cluster Head Election (Round Loop): 

1. `for r=0:1: rmax` - Loop over rounds. 

2. Election Probabilities for Normal and Advanced Nodes 

are computed based on the current round (`r`) and the set 

parameters. 

3. `if(mod(r, round(1/pnrm) )==0)` and `if(mod(r, 

round(1/padv) )==0)` - Operations for heterogeneity and 

sub-epochs. 

4. Loop through nodes to check for dead nodes, update 

node types, and count the number of dead nodes. 

5. Calculate the minimum distance between nodes and the 

sink. 

6. Election of Cluster Heads based on energy and 

probability calculations. 

7. Update node types and energy levels based on cluster 

head elections. 

8. Update counters for transmitted packets and energy 

consumption. 

3.3 Results and Visualization: 

1. Track and visualize statistics like dead nodes, alive 

nodes, cluster heads, etc., over the rounds. 

2. Plot the sensor network, cluster heads, and sink node 

positions. 

3.4 Hypothesis Algorithm 2  

Input and Output 

- Input: M x N Dimension Wireless Sensor Networks 

- Output: Clustered Network with Cluster Heads 

Algorithm Steps 

1. Initialization 
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 - Initialize an empty list 'clusters' to store cluster 

information. 

 - Define a parameter 'radius_threshold' to determine the 

maximum distance for a node to join a cluster. 

 - Set 'cluster_heads' as an empty list to store cluster head 

information. 

2. Node Selection 

 - Select a node 'myCH' from the network as the first 

cluster head (e.g., based on energy or location). 

3. Cluster Formation 

 - Create a new cluster with 'myCH' as the initial cluster 

head. 

 - Add 'myCH' to 'cluster_heads'. 

 - Iterate through all nodes in the network: 

 - For each node 'node_i': 

 - Calculate the distance between 'node_i' and the current 

cluster head 'myCH'. 

 - If the distance is less than or equal to 'radius_threshold': 

 - Add 'node_i' to the current cluster. 

 - If the distance is greater than 'radius_threshold': 

 - Mark 'node_i' as a potential cluster head candidate. 

4. Cluster Head Election 

 - From the potential cluster head candidates: 

 - Select a candidate node 'candidate' based on certain 

criteria (e.g., highest energy, highest remaining energy). 

 - Set 'myCH' to the selected 'candidate'. 

 - Add 'myCH' to 'cluster_heads'. 

 - Repeat the cluster formation process using the new 

'myCH'. 

5. Cluster Finalization 

 - Repeat the cluster formation and head election process 

until all nodes are part of a cluster. 

 - Store the information of each cluster, including the 

cluster head and its members, in the 'clusters' list. 

6. Output 

 - The 'clusters' list now contains information about all the 

formed clusters in the network, including their respective 

cluster heads and members. 

The ISEP algorithm is designed to equitably distribute 

energy consumption across sensors within the network 

through the deliberate selection of steadfast cluster heads. 

The computation of the Zone Stability Factor (ZSF) 

constitutes a pivotal component of the ISEP formula, as it 

governs the likelihood of a sensor node assuming the role 

of a cluster head, contingent upon considerations of its 

remaining energy reserves and proximity to the base 

station. 

The ZSF formula in ISEP is typically defined as follows: 

ZSF =  

In this formula: 

Residual Energy: The remaining energy of the sensor 

node. 

Threshold Energy: A predefined threshold value, which 

represents the minimum energy required for a sensor node 

to be eligible as a cluster head. 

α: A parameter that controls the impact of distance on the 

probability. It can be adjusted to balance the trade-off 

between energy and distance factors. 

3.5 Cluster Head Selection Process 

In the cluster head selection process,  

      =   (1) 

•  Residual energy of node i. 

• : Distance of node i to the base station. 

• : Cumulative energy of neighbouring nodes of 

node i. 

• , , : Weights assigned to residual energy, 

distance, and cumulative energy respectively. 

• Emax: Maximum allowable energy for a node to 

be eligible for cluster head selection. 

• : Maximum distance of a node to the base 

station for it to be eligible for cluster head 

selection. 

• : Maximum allowable cumulative energy 

of neighboring nodes for a node to be eligible for 

cluster head selection. 

4. Simulation cases for Optimizing the set-up 

4.1. Case 1 :- For rmax=8000 with xm=100; ym=100; 

n=100; while b=0.5 is an intermediate energy level 

let’s say , the energy is β times more than normal 

ones, and less than the advanced nodes energy (α ) 

where β = α/2. (α=0.2) 
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Fig 1 Wireless Sensor Network Set-up  

Blue: Normal Nodes;  

Red: Intermediate Nodes;  

Green: Advanced Nodes;  

Black Triangle: Cluster head 

 

 

 

 

 

 

 

 

Fig 2.  Wireless Sensor Network set Up in MATLAB 

showing all dead MSN 

• In optimizing energy usage within a network, the 

allocation of energy differs between active or 

sensing nodes and non-sensing nodes, referred to 

as dead nodes. Energy is primarily directed 

towards active or sensing nodes, leaving non-

sensing nodes with depleted energy, rendering 

them inactive. This strategy serves to conserve 

energy effectively. Notably, advanced nodes 

receive the highest energy levels, resulting in a 

lower occurrence of dead nodes compared to 

intermediate and normal nodes. Over time, 

normal nodes experience a faster depletion rate, 

leading to the prominence of intermediate and 

advanced nodes in the election process for Cluster 

Heads (CH). This selection of intermediate and 

advanced nodes as CH extends the network's 

lifespan across numerous rounds and contributes 

to an increased count of Cluster Heads. 

• Case.2. For rmax=8000, xm=100; ym=100; 

n=100; b=0.5 in an intermediate energy level, 

which is β times more than normal ones, and 

less than the advanced nodes energy (α ) while 

β = α/2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3, 4 Throughput vs Rounds, dead nodes vs rounds 

respectively using the algorithms proposed for case 1 

Throughput: For n=50; x=y=100; R=rmax=4000:- At 

once all the nodes became dead at r=1300 since we limited 

the ability of the advanced nodes become a CH if E<0.5 
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Fig 5, 6 Throughput vs Rounds, dead nodes vs rounds 

respectively using the algorithms proposed for case 2 

4.2. Case 3. In I-SEP , for n=100; x=y=100; β =0.3; 

α=1; R=rmax=4000, By calculating the residual energy 

and if the cluster head is there with the residual energy 

greater than the threshold value, then the same cluster 

head is continued to remain as the cluster head thereby 

we energy consumption is reduced. So, when compared 

to the previous values, the dead nodes are seen at the 

round 2900. Which makes our network stable. 

 

 

 

Figure 7, 8 Throughput vs Rounds, dead nodes vs rounds 

respectively using the algorithms proposed for case 3 

4.3. Case.4 I-SEP for rmax=4000: (maximum 

number of rounds); xm=100; ym=100; n=100; β =0.5 
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Figure 9, 10, 11, 12 Throughput vs Rounds, dead nodes vs 

rounds respectively using the algorithms proposed for case 

4 

4.4. Case.5. N=100; Rmax=r=1000; I-SEP , If we 

take the number of rounds less that is 1000, the graph 

is as below where, the dead nodes are not available 

 

 

 

 

 

 

 

                        

 

 

 

 

 

 

 

 

Figure 13, 14 Throughput vs Rounds, dead nodes vs 

rounds respectively using the algorithms proposed for case 

5 

4.6 Case.6.  Comparison of SEP with I-SEP 

results; For rmax=4000 in I-SEP; xm=100;; ym=100;; 

n=100; β =0.5 Pink : normal; Blue advanced nodes; 

Yellow: dead nodes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.7 Case.7. R=rmax=4000; in I-SEP; n=150; α =3; 

β =0.2 

 

 

 

 

 

 

 



International Journal of Intelligent Systems and Applications in Engineering IJISAE, 2024, 12(15s), 08–16 |  14 

 

 

 

 

 

 

 

 

Figure 15,16,17,18 Throughput vs Rounds, dead nodes vs 

rounds respectively using the algorithms proposed for case 

6,7. 

5. Conclusion 

The research presented in this study introduces a novel 

protocol, Increased Sectorization Enhanced Protocol 

(ISEP), which outperforms existing protocols such as 

LEACH, SEP, Z-SEP, and Mod-LEACH in terms of 

stability and throughput.  

The ISEP protocol takes into consideration the energy 

levels and distances of Sensor members from the 

destination point, effectively conserving energy while 

maintaining a balanced energy dissipation across all 

MSNs. The introduction of an access collection node 

further contributes to energy conservation by preventing 

excessive transmission distances. Simulation results 

demonstrate significant enhancements in various 

performance metrics. Specifically, the ISEP protocol leads 

to a remarkable reduction in dead member sensors per 

round, increasing the lifespan of the WCS network by 

approximately 40% compared to SEP and nearly 125% 

more than LEACH. Throughput and efficiency also 

experience substantial improvements, surpassing existing 

protocols by approximately 56%, more for ISEP than SEP.  

Moreover, the transition rate to inactive MSNs is 

considerably more favorable in our approach, with the 

stability significantly enhanced. The number of rounds 

required for the transition from 10% to 100% inactive 

MSNs is increased to 5,000-8,000 rounds in EZ-SE 

protocol compared to LEACH, which exhibits rapid 

inactivity within 3,000 rounds. The ISEP protocol further 

refines this stability. The transition to inactive MSNs 

between CH and BS in the simulation is estimated to take 

place over 3,500-8,500 rounds, depending on 

heterogeneity. Through rigorous MATLAB simulations 

and detailed graphical analyses, this research substantiates 

the substantial advancements in WCS network 

performance metrics. The protocol not only leads to 

increased throughput and enhanced network stability but 

also extends the lifespan of the network, presenting 

opportunities for better power optimization across a range 

of WCS network applications. This research provides a 

strong foundation for further refinements and 

enhancements to the existing protocol, paving the way for 

even more stable and efficient MSN deployments in larger 

WCS network setups through the incorporation of 

advanced mathematical or meta-heuristic approaches. 
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