’_x_,—" Islamic Azad University , Shiraz Branch
\/ Journal of Circuits, Data and Systems Analysis 3=
=

Kehblag s

@ sanad.iau.irfjournal/jcdsa 5’/:: ~l

A Reactive and Adaptive Protocol (EERP+) for Energy-Aware
Clustering in Wireless Sensor Networks

Atefeh Karimi'*, Mohammad mehdi Shirmohammadi?

! Department of Computer Engineering, Ha.C, Islamic Azad University, Hamedan, Iran
atefeh.karimi@jiau.ir
2 Department of Computer Engineering, Ha.C, Islamic Azad University, Hamedan, Iran
Mmshirmohammadi@jiau.ac.ir

Abstract: With the rapid expansion of Wireless Sensor Networks (WSNs), optimizing energy consumption has become
a critical challenge due to the limited power resources of sensor nodes. This paper presents EERP+ (Enhanced Energy-
Efficient Reactive Protocol), a novel reactive and adaptive routing protocol designed to enhance network performance
under energy constraints. EERP+ integrates adaptive clustering, energy-aware cluster head (CH) selection using a multi-
criteria decision-making (MCDM) approach, sleep scheduling, and event-driven data transmission. Unlike traditional
methods, EERP+ transmits data only when significant variations are detected in the sensed environment, thereby reducing
communication overhead and conserving energy. Furthermore, the use of multiple base stations helps balance network
traffic and prevent energy hotspots. Simulation results obtained in MATLAB show that EERP+ reduces total energy
consumption by 19.65% and extends the stability period by 13.3% compared to existing protocols. These results
demonstrate the protocol’s potential to improve energy efficiency and communication reliability in real-world WSN
deployments.
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Extended Abstract

1- Introduction

Wireless Sensor Networks (WSNs) are a fundamental
technology for enabling intelligent and distributed sensing
systems. Consisting of numerous low-power sensor nodes,
WSNs are widely deployed in large or inaccessible areas
to monitor environmental conditions and transmit
collected data to one or more base stations. Their
flexibility, scalability, and low deployment cost have
enabled applications in environmental monitoring,
precision agriculture, healthcare, industrial automation,
and military surveillance. Despite these advantages,
WSNs face critical challenges related to energy
consumption. Sensor nodes are typically battery-powered
and deployed in remote or hazardous environments,
making battery replacement impractical. Consequently,
improving energy efficiency remains a primary concern in
the design of WSN communication protocols. Clustering-
based routing protocols address this issue by organizing
nodes into clusters and assigning cluster heads (CHs) for
data aggregation and forwarding, thereby reducing
redundant transmissions and conserving energy. However,
many existing clustering approaches suffer from
limitations such as static or random CH selection, poor
adaptability to dynamic network conditions, reliance on a
single base station, and periodic data transmissions that
lead to unnecessary energy usage.

To overcome these limitations, this paper proposes EERP+
(Enhanced Energy-Efficient Reactive Protocol), a reactive
and adaptive routing protocol aimed at improving energy
efficiency, network lifetime, and data transmission
stability. EERP+ employs an energy-aware CH selection
mechanism based on a multi-criteria decision-making
(MCDM) strategy, along with event-driven data
transmission, sleep scheduling, and support for multiple
base stations. By minimizing unnecessary communication
and balancing energy consumption across the network,
EERP+ provides a scalable and efficient solution for real-
world WSN deployments.

2- Methodology

The EERP+ protocol is designed as a reactive and adaptive
multi-phase routing strategy to enhance energy efficiency
and network stability in Wireless Sensor Networks
(WSNs). Initially, sensor nodes are randomly deployed
and organized into clusters based on three factors: residual
energy, distance to the nearest base station, and local node
density. A multi-criteria decision-making (MCDM)
function evaluates these factors to ensure balanced and
energy-aware clustering. Cluster heads (CHs) are selected
from nodes with above-average residual energy using an
energy ranking score that integrates energy level,
connectivity, and proximity. Nodes with low energy levels
are excluded from CH candidacy to prevent premature
energy depletion. Data transmission is event-driven; nodes
transmit data only when the change in sensed values
exceeds a predefined threshold (3), which significantly

reduces redundant communication. Inactive nodes enter
sleep mode to conserve energy. EERP+ also supports
multiple base stations, allowing each node or CH to
communicate with its nearest base station. This strategy
reduces transmission distance and balances network load.
Collectively, these features enable scalable and energy-
efficient routing suitable for real-world WSN
deployments.

3- Results and discussion

Extensive simulations were conducted in MATLAB and
compared against two baseline protocols: REEC and E-
REEC. Key performance metrics included total energy
consumption, stability period (time until the first node
dies), number of active nodes over time, average
throughput, and the percentage of overloaded cluster
heads. Simulation results demonstrate that EERP+
significantly outperforms the benchmark protocols.
Specifically, EERP+ reduced total energy consumption by
19.65% and extended the stability period by 13.3%
compared to E-REEC. These improvements are primarily
attributed to the event-driven data transmission
mechanism and the sleep scheduling strategy, which
minimize redundant communication and idle energy loss.
EERP+ also maintained a higher number of active nodes
throughout the simulation rounds. At round 3000, all
REEC nodes had failed, E-REEC retained only 40 active
nodes, whereas EERP+ achieved 100% node survival.
Additionally, throughput analysis showed that EERP+
achieved the highest number of successfully delivered
packets per joule, confirming its superior energy
efficiency. The inclusion of multiple base stations
contributed to balanced energy distribution and reduced
traffic congestion. Furthermore, EERP+ maintained the
lowest percentage of overloaded cluster heads, enhancing
overall network stability. These results confirm the
effectiveness of EERP+ in improving energy efficiency
and extending network lifetime in WSNs. Nevertheless,
future studies may include real hardware implementations
or statistical significance testing to further validate these
findings.

4- Conclusion

This paper proposed EERP+, a reactive and adaptive
clustering protocol for Wireless Sensor Networks that
incorporates energy-aware cluster head selection, event-
driven data transmission, sleep scheduling, and multi-sink
support. Simulation results demonstrated a 19.65%
reduction in energy consumption and a 13.3%
improvement in network stability compared to REEC and
E-REEC. These findings confirm the effectiveness of
EERP+ in balancing energy usage and extending network
lifetime. The proposed protocol is well suited for real-
world, energy-constrained WSN applications. Future work
will focus on extending EERP+ to heterogeneous and
mobile network scenarios and implementing it on
embedded platforms for practical evaluation.
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