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Wireless sensor networks (WSNSs) enable large-scale event monitoring;
however, their performance is often constrained by low throughput. This
study aims to develop a cluster-based routing protocol by implementing the
multi-hopping clustering partition (MHCP) method. The MHCP process
consists of three main stages: (i) cluster head (CH) selection, (ii) evaluation
of node proximity to their respective CHs, and (iii) cluster partitioning to
reduce intra-cluster variation. Four clusters were formed and interconnected
through multi-hop communication, achieving throughput values of
142.0033, 244.1318, 119.0804, and 305.6159, respectively. In addition to
the development of MHCP, the scientific contribution of this study is
strengthened through the integration of the LEACH protocol and the
K-means algorithm as a complementary methodological approach. LEACH
improves energy efficiency through adaptive CH rotation, while K-means
optimizes spatial node grouping. The combination of these methods ensures
a balance between energy consumption and spatial proximity, resulting in
improved throughput and extended network lifetime. Experimental results
demonstrate that the proposed MHCP protocol achieves higher throughput
than the conventional LEACH protocol across all clusters while maintaining
acceptable delay and packet loss. These findings confirm that the integration
of multi-hop communication and cluster partitioning effectively enhances
data transmission efficiency and overall network performance in WSNs.
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1. INTRODUCTION

The main challenge in wireless sensor networks (WSNSs) lies in low throughput caused by
unbalanced cluster formation and inefficient data communication paths. Cluster-based routing mechanisms,
exemplified by LEACH, often result in considerable internal cluster dispersion between cluster heads (CHs)
and cluster members (CMs), thereby increasing communication latency and amplifying the likelihood of
information degradation or packet loss. On the other hand, existing multi-hop and multi-channel approaches
primarily focus on energy efficiency and channel utilization, without explicitly minimizing data variation and
intra-cluster distance. As a result, WSN performance remains suboptimal, particularly in supporting high-
speed and reliable data transmission requirements. The organization of this article is outlined in the sections
that follow. Section 2 presents the proposed multi-hopping clustering partition (MHCP) method, including
CH formation, distance calculation, and partitioning process. Section 3 describes the simulation setup and
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evaluation metrics. Section 4 discusses the experimental results and compares the proposed MHCP protocol
with existing routing schemes. Section 5 provides the closing synthesis of the work and identifies directions
for forthcoming scholarly inquiry. The advancement of information technology (IT), particularly in the field
of microprocessors, has enabled the support of a broad range of human activities, including healthcare,
environmental monitoring, and military operations [1]. Ongoing technological advancements have led to the
creation of highly efficient and compact microprocessors, facilitating the development of small computer
devices with diverse functions [2]. Among the emerging technologies, WSN has gained significant attention
[3]. WSN facilitates the observation of events and phenomena across vast areas through compact sensor node
computer devices and wireless communication methods [4]. The development of data transmission media
yearly has led to improvements in various functions, including transmission speed and performance on WSN
[5]. WSN is one of the recent data transmission technology that allows for the transmission of sensor data
with minimal power consumption [6]. Multiple nodes utilize WSN to collect information on various
phenomena, such as changes in temperature, light intensity, and heat. The data collected by sensor nodes is
transmitted to sinks through query responses using specific routing protocols [7]. Once the data arrives at the
sink, it can be processed or stored in the data center [8]. Within a WSN, sensor nodes communicate with
nearby nodes for routing purposes and data transmission, employing short-range radio waves [9]. WSN
technology is commonly used to monitor environmental conditions and other applications in the current era
[10]. In addition to environmental monitoring, WSN technology is widely applied in the agricultural sector
and smart cities [11]. Good WSN performance is essential to optimize performance in smart agriculture and
cities and achieve desirable results [12]. The performance of a WSN depends on factors such as transaction
speed between nodes [13]. One approach to enhancing WSN performance is through routing algorithms [14].
An example of such an algorithm is the low-energy adaptive clustering hierarchy (LEACH), which involves
creating CH to collect data from CM and follows a well-defined protocol [15]. However, one limitation of
LEACH is the potential formation of poorly structured clusters, where CH and CM positioned far apart can lead
to suboptimal performance [16].

To address this limitation, previous studies have improved the LEACH method by incorporating a
distance parameter , which allows for selecting the closest CH to the sink in its multiple scenarios. To address
the stray node issue in this study, a multi-hopping communication model with the shortest path routing
(SGR) was implemented [17]. However, energy efficiency was not a primary concern in addressing multiple
CH or stray node problems [18].Another method utilized to improve WSN performance is the multi-channel
model , which aims to reduce traffic density by utilizing multiple protocol channels [19]. In this model, CH
serves as a reference channel for CM [20]. Although widely employed, the Multi-Channel model faces
challenges such as the formation of distant CH and CM, resulting in increased energy consumption for
transactions [21]. The multi-channel model reduces energy consumption and server burden by sending data
only to CH, which then forwards it to the sink . However, the model also faces challenges when forming CH
and CM, especially when they are located far from each other, which can result in hampered data transactions
requiring substantial energy consumption. Despite extensive studies on clustering-based routing protocols
such as LEACH and its variants, several fundamental challenges remain unresolved, particularly related to
low throughput, inefficient cluster formation, and suboptimal data forwarding paths. Existing approaches
often suffer from large intra-cluster distance between CHs and CMs, which leads to increased transmission
delay and data loss. Moreover, conventional multi-hop and multi-channel routing schemes tend to focus on
energy efficiency or channel utilization independently, without explicitly minimizing data variation within
clusters. This research addresses these limitations by proposing a MHCP protocol that systematically
integrates cluster partitioning and multi-hop routing to enhance throughput performance in WSN.

2. LITERATURE REVIEW

Several studies have developed a multi-channel model by integrating the clustering process, referred
to as multi-channel clustering hierarchy (MCCH). This model consists of four stages. Firstly, the data is
determined in terms of temperature and humidity. Secondly, CH is formed, thirdly, the proximity between CH
and CM is established, and finally, the clustering process is implemented using a single linkage [22]. MCCH
model has shown the potential to improve the performance of WSN [23]. Another strategy to optimize WSN
efficiency involves a multi-hop scheme, whereby individual sensor nodes operate as forwarding
intermediaries, relaying data incrementally to the base station and subsequently to the sink [24], [25]. Unlike
the multi-channel model that divides channels, this model involves each node communicating with one another
to send data [26]. In this study, the model utilized to improve the performance of WSN is multi-hopping [27].
To develop this model, a clustering process that grouped WSN nodes by partitioning and connecting them to
CH was incorporated. This study is a theoretical development in the field of WSN, and it is the first of its kind
[28]. Its novelty contribution is in the form of minimizing data variations within a cluster.
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Figure 1 shows the topological design where each blue sensor node can act as a relay station in the
chain that forwards data packets to the base station [29]. The base station then collects and analyzes the
activities that have been performed. After that, the control station reads and analyzes the data for specific
purposes [30], [31].

Figure 2 illustrates the clustering partition process, which includes the initial clustering, iterative
process, and final clustering stages [32]. Figure 2(a) shows the initial grouping of sensor nodes into
preliminary clusters. Figure 2(b) presents the iterative process where CM and centroid positions are updated.
Figure 2(c) shows the final clustering result after the clusters become stable. In the partitional clustering
technique, a cluster center point (centroid) is determined. In this study, the centroid is represented by the CH,
which collects data from CM [33]-[34]. This study aims to develop a WSN protocol that improves network
performance by integrating multi-hopping and clustering partition techniques.
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Figure 1. Multi-hopping routing network topology design
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Figure 2. Partition clustering process; () first cluster, (b) iteration process, and (c) final cluster

The main contribution of this study lies in the development of an MHCP protocol that explicitly
minimizes data variation within clusters while improving throughput performance in WSNs. Unlike
conventional LEACH-based routing, which relies on probabilistic CH selection and may result in poorly
structured clusters, the proposed MHCP integrates three key mechanisms: (i) adaptive CH formation inspired
by LEACH, (ii) Euclidean distance-based proximity optimization between CH and CM, and (iii) clustering
partition using a K-means-based approach to reduce intra-cluster variation. In contrast to existing MCCH and
traditional multi-hop routing schemes, MHCP focuses on spatial optimization and cluster compactness rather
than channel division alone. This integration provides a new routing perspective that balances data
transmission efficiency and network performance, thereby offering a distinct methodological contribution to
WSN routing protocol design.

3. METHOD
3.1. Multi-hopping clustering partition

The MHCP is a protocol developed for WSN that can address the low-performance issues regarding
data loss and significant delays on WSN. The MHCP method improves WSN performance in three stages.
These include forming CH as a reference for CM to send data, the determination of the proximity of nodes to
CH, and grouping nodes using the partitioning technique.
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3.2. Simulation environment and dataset description

The performance evaluation of the proposed MHCP protocol was conducted using a simulation
environment developed in MATLAB. The simulated WSN consists of 100 sensor nodes randomly distributed
within a two-dimensional area of 300300 units. Each node is initialized with an energy level of 100 units,
and the network operates with a predefined transmission velocity of 10,000 units. The dataset used in this
study is synthetically generated through simulation and represents spatial node distribution and sensor data
transmission behavior commonly adopted in WSN performance evaluation. This simulation-based dataset
allows controlled analysis of throughput, delay, and packet loss under identical network conditions for fair
comparison with LEACH and MCCH protocols.

To ensure a fair and controlled performance evaluation, the simulation environment and network
configuration parameters are predefined and summarized in Table 1. These parameters describe the number
of sensor nodes, initial energy, network area dimensions, and transmission velocity used throughout the
experiments.

The MHCP method, as shown in Figure 3, consists of three stages. The first stage involves the
formation of a CH ad that serves as a reference for CM. The second stage is the formation of proximity
between CH and members. The third stage is the grouping process with the partitioning technique.

Table 1. Simulation parameters

Parameter Value
Number of nodes 100
Energy 100
Xmax 300
Ymax 300

Velocity 10,000

CH Formation
Output: Cluster Head (CH)

Calculation of Node Distance
Output: Node A, Node B

Output: Cluster 1 = Node A,B,C

Partition Technique for Grouping Process
Cluster 2 = Node D,E,F

Testing the MHCP Method with QoS Parameters
- Delay
- Data Loss
- Throughput

Figure 3. The MHCP method

3.3. Formation OF CH

In this stage, CH formation is performed using a random probability method that is divided into
multiple sessions based on the desired number of CH and observation period. Each node is made CH for a
session to ensure equal distribution. The position of CH is made unstable or alternating to create dynamic
formation or changes in each session.

T(n) = { : (1)

O—P x(‘r mod %)

T(n), which is the Threshold per round node, becomes CH when m>T(n). P, R, N, and G denote the
applied CH probability, round, node in the form of a group, and nodes that have not yet become CH. For CH
selection in Algorithm 1.
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Algorithm 1. CH selection algorithm

Input HE\) total node
CH total CH
X the length of the map
Y the width of the map
array [nodes] group of all node
Output : array [nodes] , a collection of filtered nodes

nodes € N/CH
for i in CH:
X0 = generate random value from 0 to X
Y0 = generate random value from 0 to Y
For j in range(len(nodes)) :
find min distance of node(x,y) to X0,Y0
if found:
Append to CH
break

3.4. Distance calculation of each node and ch

The second stage involves finding the nodes closest to CH. The spatial gap between individual
nodes and the CH is obtained through the Euclidean distance computation. This approach serves as a
geometric measure to evaluate positional disparity or closeness between two coordinate points. During this
phase, the primary output is the calculated Euclidean value linking each node to its adjacent nodes. In a two-
dimensional coordinate system, the distance between two nodes defined by (x1, x2) and (y1, y2) follows the
conventional Euclidean expression (Algorithm 2).

d(xy, %) = /Zle(xz  %1)? )

D, X1, X2, Xij, and X2J denote the node point, X axis (CH), Y axis, X axis number (CH), and Y axis number.

Algorithm 2. Algorithm calculation of the distance of each node and CH

Input : nl(x,y) x dan y at nodel
n2(x,y) x dan y at node 2
X the length of the map
Y the width of the map

Output : distance distance from nodel and node2

3.5. The process of grouping with partition techniques

The third stage involves an iterative grouping process that partitions the dataset into K clusters
predetermined from the start. Each node is assigned a cluster ID, and the dissimilarity between each centroid
and data point is calculated. The cluster with the smallest dissimilarity is selected for data relocation in an
iteration, and the relocation of data in the cluster is expressed by a membership value of 0 or 1, indicating the
membership status of each observation within a given cluster. The clustering procedure defines K as the
predefined cluster count and employs a selected distance metric to map observations to their nearest centroid.
Afterward, centroid coordinates are recalculated based on the current cluster composition, and the iterative
cycle continues until stability or convergence is achieved. The centroid is then recalculated based on the data
that follows each cluster, and the process is repeated until convergent conditions are met. These include (a) a
change in the objective function is below the desired threshold or (b) there are no data moving clusters, or (c)
a change in centroid position is below the set threshold. Only one cluster has a membership value of 1, while
the others have a value of 0 for each data point. This process is calculated using (3).

_flargmin {d(xi,cj)}
ij= 3
i { 0 others ®)

d(x;,c;) expresses the dissimilarity (distance) of the data i to cluster ;

In determining the centroid, point C is obtained by calculating the average of each feature from all
data belonging to each cluster. The average feature of all data in a cluster is expressed in (4).

6= — NNK xjl @)

NK is the amount of data that is joined in a cluster. This process is carried out by choosing the
closest cluster and minimizing the objective/non-negative cost function, as shown in (5).
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J = XL, Xf-aijd(Xi, G) Q)

The process of minimizing the total squared distance between each point Xi and the nearest Cj
cluster representation.

From a physical perspective, minimizing the Euclidean distance between CH and CM reduces
transmission power requirements and propagation delay, which directly impacts throughput and packet
delivery reliability. The clustering partition mechanism ensures that nodes within the same cluster exhibit
lower spatial dispersion, thereby reducing data variation and congestion during multi-hop forwarding.
Consequently, the MHCP protocol improves network performance by aligning routing decisions with
physical distance constraints inherent in wireless communication.

4. RESULTS AND DISCUSSIONS

Figure 4 shows the MHCP protocol model that addresses the issue of low WSN performance
through three stages. The first stage involves the formation of CH, where CH serves as a reference for CM.
The second stage focuses on determining the proximity of nodes to their respective CH. Finally, the third
stage partition the nodes into K clusters and relocates them iteratively based on their dissimilarity and
membership value. In the discussion of the first step, the number of K is determined as a constant variable,
and the centroid of K is chosen randomly. The second step involves finding the closest centroid to each node
in the cluster using distance calculations. The shortest distance to the centroid is calculated for each node,
and the total distance from all nodes to the centroid is determined. This step is repeated iteratively, and the
fitness value is calculated. The fitness value is defined as 1 divided by the mean distance from the node to the
centroid plus 1. When the fitness value increases, the latest solution is accepted, and the newest centroid is
used as a reference for the next random generation. The K-means clustering algorithm (Algorithm 3) is likely
to stop when the value of dn does not change for 5 iterations, thereby indicating the optimal point.

Base

® station @ Base Station
@ Cluster Head
‘\;f ; ; @ Forwarder Node
el Qe *:‘\.(.":

ZA NG L N

RN RS

- -, —

TN . N
RO J\i‘f*: Ry ;5‘:

Figure 4. The MHCP protocol models

MATLAB was used to implement the MHCP protocol, as shown in Figure 5. In this protocol, each
CM is linked to CH, and the clusters are interconnected using multi-hopping techniques. To highlight the
contribution of the proposed MHCP protocol, a comparative analysis with existing routing protocols is
presented in Table 2. The comparison focuses on clustering strategy, multi-hop capability, channel model,
throughput performance, and inherent limitations of each method.

Algorithm 3. MHCP algorithm

Input tn (%, y) the positions of the nodes in x and y form
sensor_value the value of the sensor reading carried by the node
X the length of the map
Y the width of the map
F (%, vy) function of measuring the distance between nodes
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Tot_node total node
N total CH
Output : clusted head
Node_hop nodes that are connected between clusters
Generate random centroid C(x,y) = r[xl-x2]
nodes € []
I =0
While True:
Find distance of all nodes
Find minimum distance and node
Append to array nodes
While true:
Initiate x & y as max map
Initiate random position of CH
While true:
Measure the minimum distance of the node and CH
Generate new CH

I+=1
If T == tot node:
Break
Figure 5. The MHCP protocol
Table 2. Comparison of MHCP with existing routing protocols
Method Clustering  Multi-hop  Channel model  Throughput performance Main limitation
LEACH Yes No Single Low-moderate Poor cluster structure
MCCH Yes Yes Multi-channel High High energy consumption
Multi-hop LEACH Yes Yes Single Moderate No partition optimization
MHCP (Proposed) Yes Yes Single Improved Simulation-based

4.1. Throughput

Throughput refers to the amount of data that a node can transmit or receive within a specified time
interval. It provides insight into the data rate of a network and can be used as a performance metric for
routing protocols. A higher throughput value typically indicates better protocol performance.

number of packets sent
Troughput = —— P22 30

package delivery time

4.2. Packet loss

Packet loss is determined by comparing the number of unsuccessfully delivered packets to the
overall quantity of packets transmitted from the source node to the destination within a network, usually
expressed as a ratio or percentage. It occurs when one or more transmitted data packets do not successfully
arrive at their designated destination.

ackets that experience loss
Packet loss =2 P

package sent

4.3. Delay
Delay is the time required for data to travel from the source node to the destination node.
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88 a ISSN: 2502-4752

Delay = delivery time — reception time

Figure 6 illustrates the delay performance of the proposed MHCP protocol across different
communication channels. The horizontal axis represents the channel index used in the multi-hop transmission
process, while the vertical axis indicates the average delay measured in seconds. As shown in Figure 6, the
delay performance varies across channels 1 to 4. Channel 2 exhibits the lowest delay value, indicating a more
efficient data forwarding path, while Channel 3 shows the highest delay due to longer transmission paths or
higher relay load. This variation confirms that channel selection and multi-hop routing structure significantly
influence end-to-end delay in the MHCP protocol.

Figure 7 presents the packet loss performance of the proposed MHCP protocol across different
communication channels. The horizontal axis represents the channel index, while the vertical axis indicates
the packet loss rate observed during data transmission. As illustrated in Figure 7, Channel 2 experiences the
highest packet loss rate, indicating a higher probability of packet drops due to congestion or longer multi-hop
paths. In contrast, Channel 3 exhibits the lowest packet loss, suggesting a more stable communication path.
These results indicate that the distribution of traffic across channels significantly affects packet delivery
reliability in the MHCP protocol. Figure 8 illustrates the throughput performance of the conventional
LEACH routing protocol across different communication channels. The horizontal axis represents the
channel index, while the vertical axis indicates the achieved throughput measured in kilobits per second
(kbps).

Delay Performance of the MHCP Protocol
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Figure 7. Data loss

As shown in Figure 8, the throughput achieved by the LEACH protocol varies significantly across
channels. Channel 4 exhibits the highest throughput, while Channels 1 and 3 show relatively lower values.
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This variation indicates that LEACH performance is highly dependent on cluster formation and transmission
paths, which may result in unbalanced data forwarding and reduced throughput efficiency in certain channels.
Figure 9 illustrates the throughput performance of the MCCH protocol across different communication
channels. The horizontal axis represents the channel index, while the vertical axis indicates the achieved
throughput measured in kbps.

As shown in Figure 9, the MCCH protocol achieves significantly higher throughput compared to the
conventional LEACH protocol across all channels. Channel 4 records the highest throughput, while Channel
2 exhibits the lowest value. This improvement is mainly attributed to the utilization of multiple channels,
which reduces traffic congestion and improves parallel data transmission. However, the high throughput in
MCCH is achieved at the expense of increased energy consumption and channel management complexity.
Figure 10 illustrates the throughput performance of the MHCP protocol across various communication
channels. The horizontal axis represents the channel index, while the vertical axis indicates the achieved
throughput measured in kbps.

Throughput Performance of the LEACH Protocol
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Figure 8. The LEACH throughput
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Figure 9. MCCH throughput

As shown in Figure 10, the proposed MHCP protocol achieves stable and improved throughput
across all channels. Channel 4 records the highest throughput, while Channel 3 exhibits a relatively lower
value due to longer multi-hop transmission paths. Compared to the conventional LEACH protocol, MHCP
demonstrates a significant throughput improvement by optimizing cluster partitioning and reducing intra-
cluster distance. Although MCCH achieves higher absolute throughput, MHCP offers a more balanced
performance by avoiding excessive energy consumption and complex channel management, making it more
suitable for energy-constrained WSN.
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Throughput Performance of the MHCP Protocol
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Figure 10. The MHCP throughput

5.  DISCUSSSION

This research seeks to enhance of WSNs by developing protocols using the MHCP method, a
clustering technique designed to improve WSN performance for optimal results. The MHCP method
comprises three stages: (i) forming CH as a reference for CM to transmit data, (ii) determining the proximity
of nodes to the CH, and (iii) grouping nodes using a partitioning technique to mitigate transmission latency
and packet loss. The primary contribution of this study lies in the development of a clustering method that
brings CH and CM nodes closer together, optimizing the grouping process, and minimizing data variation
within clusters.

To evaluate the performance of the MHCP method, The test data was simulated using MATLAB,
with 100 nodes, energy of 100, Xmax of 300, Ymax of 300, and velocity of 10,000. The MHCP method was
compared to the LEACH method, and the results showed that the MHCP method outperformed the LEACH
method in terms of throughput values. The LEACH algorithm had throughput values of 51.2229, 134.0570,
55.1937, and 292.4273 for clusters 1, 2, 3, and 4, respectively. Meanwhile, the MHCP method had a
throughput of 142.0033, 244.1318, 119.0804, and 305.6159 for clusters 1, 2, 3, and 4. These results
demonstrate that the MHCP method has a higher throughput value compared to the LEACH algorithm,
indicating better performance. The performance of the MHCP method was evaluated by comparing it with
other similar studies that used the MCCH method to analyze performance. The simulations were performed
using the same parameters, but the results differed. The throughput values for MCCH method were 508.5165,
255.5661, 479.8289, and 646.5618 for channels 1, 2, 3, and 4. On the other hand, the throughput values for
the MHCP method in clusters 1, 2, 3, and 4 were 142.0033, 244.1318, 119.0804, and 305.6159. Based on this
analysis, the MCCH method outperforms the MHCP.

6. CONCLUSIONS

In conclusion, the MHCP method was employed in the development of a WSN protocol, specifically
by modifying the routing protocol to divide the network into clusters using a partitioning technique with CH
as the reference channel. The selection of CH involved randomly choosing 100 nodes based on a probability
formula and designing their distances from CM using the Euclidean approach. This design ensured efficient
data transactions between CH and CM while conserving energy. The grouping process was carried out by
selecting certain population components as initial cluster centers and classifying each component to the
nearest cluster center based on the minimum distance. The position of the cluster center was recalculated
iteratively until all data components were appropriately classified at each cluster center, resulting in the
formation of new cluster center positions. This study combined three algorithms, namely the LEACH
algorithm for CH formation, Euclidean distance calculation for positioning CH and CM closer together, and
the K-means algorithm for the clustering process. The evaluation of the MHCP method yielded notable
results. Cluster 1 achieved a throughput value of 142.0033, Cluster 2 had 244.1318, Cluster 3 showed
119.0804, and Cluster 4 exhibited the highest throughput value of 305.6159. These results demonstrate the
effectiveness of the MHCP method in optimizing the throughput values within the formed clusters.
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