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ABSTRACT

Designing energy-efficient WSN is complex. Effective routing is crucial for energy efficiency due to its
impact on energy consumption during communication. In WSNs, clustering involves selecting a CH, which
acts as a leader and consumes more energy. This process groups nodes into clusters, minimizing the
communication range that each CH manages. This paper introduces the Optimized Cluster-Based Energy-
Aware Routing (OCEAR) protocol to extend WSN lifetimes. Nodes are organized into clusters based on
node angle and variance, enhancing CH load balancing and distribution. We assess communication
models in different scenarios to find those aligning with the free space model, thereby reducing energy use
compared to the multipath fading model. We derive closed-form expressions for the optimal CH number
and location, linked to network size and energy use, and set an objective function to optimize CH selection
based on node energy and CH location. OCEAR's energy efficiency is ideal for battery-dependent devices
and resource-limited systems, leading to longer device lifetimes and reduced costs. Compared to LEACH-
C, IAFSA, and SCA-LM, OCEAR offers superior energy efficiency and network durability.
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1. INTRODUCTION

Fifth generation (5G) wireless communication technology is now essential to many services, such
as mobile Internet and IoT devices [1]. Numerous industries, including agriculture, building
management, smart homes, traffic control, incident response, and many more, use WSNs. As
WSNs are commonly used in contemporary ubiquitous systems, which frequently combine IoT
and pervasive computing, our discovery may have important ramifications in these fields.
Numerous applications have been made possible by the notable improvements in transmission
rates, decreased latency, and higher system capacity brought about by 5G technologies [2]. For
instance, maintaining the network and changing the batteries in sensor nodes might be difficult in
agricultural irrigation systems [3].The network may suffer major and occasionally irreversible
harm when a node fails owing to low energy, resulting in the loss of thorough field monitoring
data [4]. Because of this, it's critical to reduce node energy consumption, especially when long-
distance data transmission and required data collecting are involved. As a result, the problem of
creating an energy-efficient routing protocol to reduce nodes' transmission energy requirements
and increase network lifetime has emerged as a crucial one.

WSNs energy consumption is directly related to data transmission and cluster division in cluster
routing algorithms. Consequently, clustering routing methods have continued to be a major area
of study for WSN. These algorithms can be broadly divided into two categories: distributed
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routing algorithms [5][6] and centralized clustered routing algorithms [7]-[9], with LEACH and
LEACH-C serving as examples of both. both type of method is best suited for a certain set of
application scenarios. Centralized clustering routing algorithms are able to choose the best cluster
head or path selection in each cycle, whereas distributed techniques require greater computing,
storage, and power capacities from sensor nodes. When it comes to cluster formation, some
researchers choose to divide clusters before choosing cluster heads [10], whereas others would
rather divide clusters first [11].Some researchers have suggested primary cluster head, secondary
cluster head, or dual cluster head architectures as ways to conserve energy [12]. Factors like
clustering uniformity, BS location, distance, remaining energy, cluster head load, and cluster
head selection frequency are usually considered when choosing cluster heads dynamically [13].
There are typically two ways of data transmission used during the data transmission phase:
single-hop [14] and multi-hop [15], depending on the location of the BS.

Finding the most energy-efficient route from cluster heads to the BS is essential in the context of
inter-cluster multi-hop transmission. Some algorithms use the idea of chaining [16] to create
chain structures inside or between clusters, drawing inspiration from the PEGASIS protocol, with
the goal of lowering node energy consumption. Scholars have also investigated network energy-
related aspects from the perspective of non-uniform clustering [12], [14], or system heterogeneity
[17]. Furthermore, in an effort to investigate novel strategies and concepts for enhancing WSN
clustering routing algorithms, recent developments in WSN research have seen the introduction
of a number of creative algorithms and improvements to preexisting prototypes, such as the
sparrow search algorithm [17], artificial intelligence algorithms [8], genetic evolution algorithms
[18], and combinations with fuzzy logic algorithms [19].Clusters are frequently sized differently,
with smaller clusters close to the BS and bigger clusters farther away, in order to enhance the
balance of energy consumption across CHs. The goal of this strategy is to avoid adding more data
forwarding duties to CHs near the BS, which could hasten the rate at which energy is used up
[20]. Nevertheless, this approach falls short in addressing the problem of imbalanced energy
consumption resulting from large differences in the quantity of CH loads.

Maximizing network longevity and improving energy economy in clustering routing protocols
require addressing the issues of choosing the right number of cluster heads, distributing them
optimally within the monitoring region, and guaranteeing balanced cluster head loads. In order to
increase the network lifespan in WSNs, we provide the OCEAR protocol in this research to
enhance distribution uniformity and balance the burden among CHs, sensor nodes are grouped
into clusters according to node angle and variance in cluster sizes. In order to reduce energy
consumption brought on by the multipath fading model, the protocol additionally takes into
account various communication models between nodes, finally choosing scenarios that meet the
free space model.

We construct closed-form formulas for the ideal CH position and quantity by demonstrating the
mathematical relationship between network size, number and placement of CHs, and overall
energy usage. With the use of these formulas, we optimize CH selection by formulating an
objective function that takes into account both the nodes' residual energy and the optimal
placement of CH. This method yields an energy-efficient routing protocol intended to lower
energy consumption and increase network lifespan when paired with a node clustering technique
and a CH selection strategy based on the ideal CH locations.

2. LITERATURE SURVEY

It has shown some flexibility and efficacy to use one or two augmented swarm intelligence
optimization methods to the clustering routing problems in WSNs. Nonetheless, there remains
room for development in terms of lowering energy usage and prolonging the network's lifespan.
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It was proposed in [21] that the robust global search ability of the beetle antennae search (BAS)
algorithm might be used to improve the position update procedure in the contraction and
encirclement stage of the whale optimization algorithm (WOA). To further improve the
efficiency and logic of the clustering process, a selection function based on energy and distance
was suggested. This paper successfully integrates the strengths of the BAS and WOA algorithms,
applying them to WSN clustering routing to achieve significant energy savings in nodes. In [22],
a routing algorithm designed to conserve energy is introduced, employing a new optimization
strategy to solve the multi-objective formulation of the developed WSN protocol. The Adaptive
Remora Optimization Algorithm (AROA) is utilized for cluster head selection, allowing for the
efficient derivation of multiple functions.

A technique was presented in [23] that involves first segmenting the cluster region and then
determining the first cluster centres using the Cuckoo algorithm. We then used the K-means
technique to generate homogeneous clusters. For the data transmission phase, energy-efficient
routing algorithms for cluster heads were also devised. A fuzzy neural network was proposed in
[24] as a potential method for choosing cluster heads, and particle swarm optimization was added
to improve routing. Relay load factor, gateway-to-sink distance, and number of relay nodes were
among the variables considered in the fitness function analysis. The program demonstrated
potential, despite its complexity and the fuzzy neural network component's need for additional
development. It was proposed in [25] that the sparrow search algorithm's location update formula
may be improved by include the adaptive t-distribution; this improvement was verified. The
LEACH protocol was then modified using the improved algorithm, which produced a cluster
head selection process that was more optimal. It was observed, though, that it took a while for the
percentage of dead nodes to reach 80%, suggesting that different nodes used different amounts of
energy. In order to solve this problem, [26] developed the PFCRE clustering routing protocol,
which combines particle swarm optimization and fuzzy logic to increase energy efficiency, solve
energy depletion problems, and lengthen network lifespan. An enhanced particle swarm
optimization technique is used by the PFCRE protocol to create clusters with balanced loads and
low energy usage. Furthermore, each cluster head's ideal routing is ascertained by a fuzzy
inference system, which considers factors like residual energy, the distance to the base station,
and the frequency of selection as a relay to balance traffic load and minimize energy consumption.

The application of chaos theory to enhance the distribution of clustering centers in the firefly
algorithm for clustering was suggested in [27]. There was a dual cluster head system in place; the
primary cluster head handled data fusion and information receiving, while the secondary cluster
head oversaw data transmission. The Bellman-Ford multi-hop route technique was applied during
data transmission. Nevertheless, this method caused the first dead node to show sooner. "Genetic
Algorithm (GA)-based Unequal Clustering and Routing Protocol for WSN," or GA-UCR, is a
brand-new protocol that was created in [28]. The residual energy of CH nodes, the distance
between CHs and the BS or sink, and inter-cluster separation are the three fitness functions that
are incorporated into this protocol's GA for CH selection.The GA is used to address the NP-
hardness of the inter-cluster multi-hopping and data routing to the BS. Three fitness factors are
used in this method: the number of hops, the distance between the CH and the next-hop node, and
the residual energy of the next-hop nodes. A proposal for the Improved Artificial Fish Swarm
Algorithm (IAFSA) was made in [29]. It consists of three steps: identifying the ideal number of
cluster heads, selecting cluster heads based on energy and distance, and iteratively figuring out
the initial center of the Fuzzy C-Means (FCM) algorithm. The evaluation of the network's
longevity and efficacy involved timing the failure of the first node and the failure of half of the
nodes. Simulation results indicated that while the algorithm showed promise, further
improvements are needed to better balance energy consumption.
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A novel clustered routing algorithm called SCA-LMa combination of the Lévy mutation and the
Sine Cosine Algorithm (SCA)is presented in [30]. To maintain a suitable count during the cluster
head selection process, the number of cluster heads is constantly modified based on the number
of remaining nodes. To guarantee energy efficiency among cluster head candidates, only nodes
with high energy levels are taken into consideration. In order to encourage a more equal
distribution inside clusters, the fitness function is made to take intra-cluster distance into
consideration. In order to pick cluster heads, the algorithm uses an improved step size search
factor from the Sine Cosine Algorithm and adds Lévy mutation to create population variety.

An improved SCA tailored for WSNs was presented in [31]. This enhanced algorithm was used
for WSN clustering routing and contrasted with the conventional LEACH algorithm. It included
an inertia weight factor and a fitness function based on node distances and residual energy. The
outcomes, however, indicated that the network lifetime extension was not as successful as
anticipated. We suggest the OCEAR protocol to enhance network lifetime analysis and
elongation in WSNs by building on findings from earlier studies.

3. PROPOSED METHOD

As stated in [32], sensor nodes are dispersed at random over a circular monitoring area with a
radius of . To estimate the energy consumption of these sensor nodes, we apply the well-known
model described in [33]. is the energy required to transmit a -bit data packet across a
distance. For either the transmitter or the receiver, the coefficient is denoted by the symbol .
The energy consumption linked to the multipath fading model and the free space model is
represented by the coefficients and , respectively. With equation (1), the distance
threshold, is computed.

(1)

The energy consumption for receiving -bit data by the data reception module is determined
using equation (2).

= (2)

To minimize the significant energy consumption associated with long-distance communication
between nodes, we propose the following scenario analysis. This analysis aims to identify
situations where nodes adhere to the free space model, specifically under the condition of CH
relay. For a circular monitoring area centered on the BS, if there are cluster heads that ensure
the communication distance between nodes aligns with the free space model, the radius of the
monitoring area must satisfy the conditions outlined in equation (3).

(3)

To identify the best clusters, an optimization algorithm is required because identifying optimal
clusters is an NP-hard problem and swarm intelligence (SI) algorithms that have shown excellent
performance in determining the ideal segmentation threshold include the artificial bee colony, Bat
Algorithm (BA), and particle swarm optimization [34]. Since the accuracy of identifying the
optimal solution for inter-cluster nodes is minimal across these algorithms, we employ BA [35] to
derive as the objective function, where denotes the set of angle segmentation thresholds.
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The bat population is represented as when finding the ideal
segmentation threshold using BA. Equation (4) is used to update the frequency of bats.

(4)

Here, the bats' minimum and maximum frequencies are indicated by, and ,
respectively. With ∈ [0, 1], the variable is a random vector with uniform distribution. The
position and velocity of the bat at time are updated using equations (5) and (6).

(5)

(6)

Using equation (7), the new solution is locally updated once a solution is determined to be the
current best option.

(7)

Within the range is a random vector with uniform distribution in this context.
Whereas represents the average bat noise level, the variable represents the global optimal
solution. Rounding up is indicated by the brackets .

It is crucial to choose the right CH for every cluster after the cluster formation phase is finished.
The location and number of CHs have a major impact on the network's energy consumption as
well as the effectiveness of data transmission. We seek to identify the ideal distance ( ) and
number of CHs ( ) between the CH and base station in order to minimize network energy
consumption. The total network energy consumption can be minimized when and meet the
requirements given in equations (8) and (9).

(8)

(9)

Nodes are evenly spaced out over a circle with a radius of B. A partition of the area into P
clusters will result in A/P−1 cluster nodes (CNs) and one CH for each cluster. As a result, the
energy used by one CH and the A/P −1 CMs together make up each cluster's total energy
consumption. We define the minimum energy consumption circle , centered at the base station,
with a radius , based on the optimal distance between the CH and the BS .

CHs should ideally be positioned close to the minimum energy consumption circle in order to
minimize the overall network energy consumption. As such, choosing CHs near is crucial, and
nodes with higher residual energy should be given priority. This method lessens the possibility of
these nodes running out of energy too soon and helps prevent the replacement of CHs close to

from occurring frequently. Consequently, as shown in equation (10), an attribute function [16]
is created to take into consideration both the best place for CHs and the remaining energy in
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nodes. The CH for every cluster is then selected from among the nodes with the highest
attribute value.

(10)

Under this situation, the control parameters and range from [0,1] provided that
. The greatest and minimum distances from each node in the cluster to ,

respectively, are represented by the variables and . The distance between
node to is indicated by .

The residual and initial energy of node are represented by and respectively.
CNs will periodically gather and send their data to the CH during their assigned TDMA timeslots
after choosing the CHs and scheduling transmissions. This data will then be received by the CHs,
who will then compile it before sending it to the BS.

Table 1: Proposed Algorithm

Here is the flow chart of OCEAR approach:
1. BS Initialization
 Set up network parameters and gather information on node locations and remaining energy levels.

2. Determine Optimal CH Configuration
 Calculate the ideal number and positions for CHs.

3. Cluster Formation
 Form clusters based on the angle of nodes and the variance in their numbers.

4. Selection of CHs
 Choose CHs for each cluster.

5. Disseminate Hello Packets
 Notify nodes of their cluster assignments and their role as CH or Cluster Nodes (CNs).

6. Node Role Confirmation
 Nodes receive hello packets to determine if they are CHs or CNs and identify their cluster

membership.
7. Role Decision: Is the Node a CH?
 Yes (CH Role):
 Send packets to inform CNs that CH is selected

 No (CN Role):
 Receive packets to identify the CH.

8. TDMA Time Slot Allocation
 Inform CNs of their assigned time slots.

9. Data Aggregation and Transmission
 CHs aggregate data from CNs and send it to the BS for further analysis.

10.Compute Energy Consumption
 Compute energy usage for all nodes.

11.Energy Status Check
 Are all nodes depleted of energy?

o Yes: Terminate the process.
o No: Has there been a change in the number of dead nodes?

 Yes: Reassess the location and remaining energy of all active nodes, then repeat from step
4.

 No: Continue by recalculating energy consumption, and then proceed from step 2.

The centralized OCEAR protocol is described in this section. It consists of three main stages:
data transmission, CH selection, and clustering formation. These three stages are included in
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every full round of the protocol, which is carried out in iterative rounds. Algorithm 1 describes
the OCEAR procedure in its entirety. It is significant to remember that the BS oversees the first
two OCEAR phases before giving all nodes instructions on how to finish configuring the network.
In particular, the OCEAR protocol will dynamically re-select CHs based on the updated node
residual energy and restart the clustering formation phase if the number of dead nodes changes.
Only the cluster selection phase will be carried out if the number of dead nodes remains
unchanged.

4. RESULTS AND ANALYSIS

The following assumptions have been considered: Nodes are distributed randomly within the
monitoring area, following a uniform distribution pattern. Both nodes and the base station (BS)
remain stationary after deployment. Each node starts with equal initial energy and
communication range and can determine its geographic position and orientation relative to the BS
using GPS or other positioning methods. Nodes with limited power can perform calculations,
process data, and forward information. The BS is centrally located within the monitoring area and
can access information from all nodes.

Simulations are conducted using MATLAB. The network life cycle is defined by the occurrence
of the first node failure. The OCEAR algorithm is evaluated against LEACH-C [9], IAFSA [29],
and SCA-LM [30] using metrics such as clustering and cluster head (CH) selection, energy
consumption, network life cycle, and applicability. Simulation parameters are as follows: the
region size is 250, the number of nodes ranges from 50 to 250, the number of BSs is 100, the
probability of selecting cluster heads is 0.05, packet size is 4000 bits, and initial energy per node
is 0.5J. Figure 1 illustrates the node clustering and CH selection process after 200 rounds of the
OCEAR algorithm.

Figure 1: Schematic diagram of nodes clustering and CH selection when OCEAR algorithm runs to 200
rounds; when number of nodes 250 and BS 100
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Figure 2: Cumulative CH mean energy consumption (J) at various approaches, when number of nodes 100

As per the analysis shows in figure 2, the OCEAR approach has a mean energy consumption of
5.45E-08J, which is significantly lower than the other approaches. This indicates that OCEAR is
the most energy-efficient approach among the ones considered. Comparison with Other
Approaches, LEACH-C: With an energy consumption of 1.46E-06J, LEACH-C consumes
approximately 26.79 times more energy than OCEAR. IAFSA: At 1.16E-06J, IAFSA uses about
21.28 times more energy than OCEAR. SCA-LM: With 1.54E-07J, SCA-LM consumes about
2.83 times more energy than OCEAR.

Figure 3: Number of Alive Nodes over Rounds, when number of nodes 100

Figure 3 shows the number of alive nodes over rounds for different approaches: LEACH-C,
IAFSA, SCA-LM, and OCEAR. The OCEAR approach maintains a higher number of alive nodes
over a more extended period compared to the other approaches. This suggests that OCEAR is
more effective in preserving the energy of the nodes, leading to a longer network lifetime.
LEACH-C, nodes start dying quickly, and by around 800 rounds, almost all nodes are dead.
IAFSA, performs better than LEACH-C but still sees a rapid decline in the number of alive nodes,
with all nodes dead by around 1200 rounds. SCA-LM, shows a gradual decline in node survival
and performs better than both LEACH-C and IAFSA, with nodes lasting until about 1500 rounds.
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OCEAR, outperforms all other approaches significantly. Nodes start dying later and the network
sustains alive nodes up to around 2200 rounds.

The OCEAR approach significantly extends the network lifetime, ensuring that nodes remain
functional for a much longer duration. This is crucial for applications requiring long-term
monitoring or operation without frequent maintenance or battery replacements. The extended
survival of nodes under the OCEAR approach confirms its superior energy efficiency, aligning
with the lower mean energy consumption observed in the previous table. The slower decline in
the number of alive nodes indicates that OCEAR offers more reliable and stable network
performance over time.

Figure 4: Number of nodes vs the first node at round, when number of nodes 50 – 250

Figure 4 and 5 shows the specific rounds of each algorithm when there are death nodes of
different proportions such as 1st and last dead node. The specific rounds of the first death node of
each algorithm can been seen clearly. The values in the figures represent the round number at
which the first node dies, for different network sizes (50, 100, 150, 200, 250 nodes). A higher
number indicates that the network maintains all nodes alive longer, which is generally a positive
attribute, reflecting energy efficiency and better load management.

OCEAR consistently shows higher round numbers for the first dead node compared to other
approaches across all network sizes. This implies that OCEAR is capable of keeping all nodes
operational for a longer duration. At figure 4, for 50 nodes, the first node dies at round 911 with
OCEAR, compared to 505 with LEACH-C, 415 with IAFSA, and 380 with SCA-LM. Similarly,
for 250 nodes, the first node death occurs at round 1104 with OCEAR, significantly higher than
the other approaches.

LEACH-C: The first node dies much earlier in all network sizes, indicating less efficient energy
management. IAFSA: Although it performs better in mid-range node counts (100-150), it is still
not as efficient as OCEAR. SCA-LM: Shows the earliest first node death, suggesting it might not
manage initial node energy as efficiently as the other methods. By maintaining all nodes alive for
more extended periods, OCEAR likely supports more stable and reliable network operation,
reducing early data loss and maintaining communication integrity.

The figure 5 shows the number of nodes vs the last node at round, where it represents the round
number at which the last node dies, indicating the total lifespan of the network under each
approach. OCEAR consistently has the highest round numbers for the last dead node across all
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network sizes, demonstrating the longest network lifetime. For 50 nodes, the last node dies at
round 1600 with OCEAR, compared to 900 with LEACH-C, 1300 with IAFSA, and 1100 with
SCA-LM.

Figure 5: Number of nodes vs the last node at round, when number of nodes 50 – 250

Similarly, for 250 nodes, the last node death occurs at round 1998 with OCEAR, significantly
higher than the other approaches. LEACH-C: Has the shortest network lifetime, with the last
node dying much earlier across all network sizes. IAFSA: Performs better than LEACH-C but not
as effectively as OCEAR, especially in larger networks. SCA-LM: Shows moderate performance,
with the last node dying earlier than in IAFSA and OCEAR. OCEAR’s ability to delay the last
node's death significantly extends the network's operational life. This is crucial for applications
where long-term monitoring is required.

Figure 6: CH Average Energy Consumption over Rounds, when number of nodes 100

The figure 6 shows the average energy consumption of CH over 200 rounds for different
approaches: LEACH-C, IAFSA, SCA-LM, and OCEAR. The y-axis represents the average
energy consumption of cluster heads (in Joules), and the x-axis represents the number of rounds.
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Each line represents the energy consumption trend over time for a specific approach. The red line
representing OCEAR shows a consistently low and stable energy consumption across all 200
rounds, significantly lower than the other approaches. OCEAR has the least fluctuation in energy
consumption, indicating a highly efficient and predictable energy management strategy. LEACH-
C: The blue line shows high variability and frequent spikes in energy consumption, indicating
inefficiencies and inconsistent energy use. IAFSA: The orange line has moderate fluctuations and
generally higher energy consumption than OCEAR, though it performs better than LEACH-C.
SCA-LM: The green line is relatively stable but consistently higher in energy consumption
compared to OCEAR, with minor fluctuations. The stability in energy consumption makes
OCEAR a reliable choice for applications requiring consistent performance and long-term
sustainability

5. CONCLUSIONS

The OCEAR approach significantly enhances energy efficiency and network longevity in WSNs,
outperforming methods like LEACH-C, IAFSA, and SCA-LM. OCEAR efficiently extends node
lifetimes by delaying the first node death across various network sizes, making it robust for
applications prioritizing energy efficiency and network durability. This method is particularly
advantageous for scenarios were maintaining and replacing nodes is difficult or costly, ensuring
reliable long-term monitoring and communication. By maintaining low and stable energy
consumption throughout operations, OCEAR meets the demands of energy-efficient applications
requiring prolonged network lifetimes and optimal resource management. The consistent energy
management capabilities of OCEAR highlight its superiority as a strategy for optimizing WSN
performance. OCEAR's reduced energy consumption not only supports energy savings but also
aligns with practical applications where operational costs and energy resources are critical factors.
Overall, OCEAR proves to be a highly effective solution in energy-constrained environments,
making it a preferred choice for scenarios requiring dependable, long-term, and efficient network
operations.

The OCEAR approach significantly enhances energy efficiency and network longevity in WSNs,
outperforming methods like LEACH-C, IAFSA, and SCA-LM. OCEAR efficiently extends node
lifetimes by delaying the first node death across various network sizes, making it robust for
applications prioritizing energy efficiency and network durability. This method is particularly
advantageous for scenarios were maintaining and replacing nodes is difficult or costly, ensuring
reliable long-term monitoring and communication. By maintaining low and stable energy
consumption throughout operations, OCEAR meets the demands of energy-efficient applications
requiring prolonged network lifetimes and optimal resource management. The consistent energy
management capabilities of OCEAR highlight its superiority as a strategy for optimizing WSN
performance. OCEAR's reduced energy consumption not only supports energy savings but also
aligns with practical applications where operational costs and energy resources are critical factors.
Overall, OCEAR proves to be a highly effective solution in energy-constrained environments,
making it a preferred choice for scenarios requiring dependable, long-term, and efficient network
operations.
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