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ABSTRACT

Wireless Sensor Networks (WSNs) have permeated various domains, such as indus-
trial automation, healthcare, and environmental monitoring, due to their ability to
effectively collect and communicate data in diverse environments. The reliability and
durability of WSNs have become paramount, particularly in critical applications.
Predictive maintenance, which anticipates faults and mitigates them preemptively,
emerges as apivotal strategy to enhance network longevity and reliability. This paper
explores using machine learning (ML) approaches for predictive maintenance in
WSNs. Various ML algorithms, including regression, classification, and clustering,
are investigated in terms of their efficacy in predicting and diagnosing issues within
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the network, thereby facilitating timely interventions. The paper contributes a novel
architecture integrating ML models into WSNs to monitor, analyze, and predict
potential failures, ensuring optimal network functionality.

INTRODUCTION

Wireless Sensor Networks (WSNs) are ubiquitous in myriad applications, en-
compassing industrial monitoring, healthcare, and environmental surveillance, due
to their capability to ascertain and convey information from disparate and often
inaccessible environments (Bin Sulaiman et al., 2023). While WSNs are instru-
mental in data acquisition and communication, ensuring uninterrupted operation is
imperative, especially in mission-critical applications where network failure can have
detrimental consequences. Predictive maintenance, which encompasses strategies
to predict and preemptively address potential network failures, emerges as a crucial
endeavor to uphold network reliability and prevent unplanned downtimes (Kumar et
al., 2019). Machine Learning (ML) has ushered in innovative approaches that can
harness historical and real-time data to predict potential failures within WSNss, en-
abling timely interventions and mitigating adverse impacts (Smith and Gupta, 2020).

ML models, leveraging algorithms such as regression, classification, and clus-
tering, can analyze patterns and anomalies in data, providing insights into the net-
work's health and potential points of failure (Kim et al., 2019). This paper elucidates
the integration of ML approaches into WSNss to facilitate predictive maintenance,
ensuring network robustness and sustainability. A novel architecture is proposed,
amalgamating ML models with WSNs to monitor, diagnose, and predict potential
issues (Alsheikh et al., 2014; Patel et al., 2021), backed by an empirical analy-
sis demonstrating the model’s efficacy in enhancing network reliability through
predictive maintenance (Wang et al., 2022; Wu et al., 2022). Additionally, recent
advancements in deep learning, such as convolutional neural networks (CNNs) and
edge computing, have shown promise in anomaly detection (Yang et al., 2018), of-
fering further avenues for improving the reliability of WSNs. These developments
underscore the growing importance of ML and deep learning techniques in WSNss,
where predictive maintenance plays a pivotal role in maintaining network integrity
and minimizing downtime (Sivapriya et al., 2023).

26



12 more pages are available in the full version of this
document, which may be purchased using the "Add to Cart"
button on the publisher's webpage: www.igi-
global.com/chapter/machine-learning-approaches-for-

predictive-maintenance-in-wireless-sensor-networks/383971

Related Content

A Scalable Graph-Based Semi-Supervised Ranking System for Content-
Based Image Retrieval

Xiaojun Qiand Ran Chang (2013). International Journal of Multimedia Data
Engineering and Management (pp. 15-34).
www.irma-international.org/article/a-scalable-graph-based-semi-supervised-ranking-system-for-

content-based-image-retrieval/103009

A Distance-Window Approach for the Continuous Processing of Spatial Data
Streams

Salman Ahmed Shaikh, Akiyoshi Matonoand Kyoung-Sook Kim (2020). International
Journal of Multimedia Data Engineering and Management (pp. 16-30).
www.irma-international.org/article/a-distance-window-approach-for-the-continuous-processing-

of-spatial-data-streams/260962

Tools to Create Synthetic Data for Brain Images

S. Sindhuand N. Vijayalakshmi (2024). Applications of Synthetic High Dimensional
Data (pp. 179-208).
www.irma-international.org/chapter/tools-to-create-synthetic-data-for-brain-images/342992

Multimodal Dance Generation Networks Based on Audio-Visual Analysis
Lijuan Duan, Xiao Xuand Qing En (2021). International Journal of Multimedia Data
Engineering and Management (pp. 17-32).
www.irma-international.org/article/multimodal-dance-generation-networks-based-on-audio-

visual-analysis/271431

Improving Emotion Analysis for Speech-Induced EEGs Through EEMD-HHT-
Based Feature Extraction and Electrode Selection

Jing Chen, Haifeng Li, Lin Maand Hongjian Bo (2021). International Journal of
Multimedia Data Engineering and Management (pp. 1-18).
www.irma-international.org/article/improving-emotion-analysis-for-speech-induced-eegs-

through-eemd-hht-based-feature-extraction-and-electrode-selection/276397



http://www.igi-global.com/chapter/machine-learning-approaches-for-predictive-maintenance-in-wireless-sensor-networks/383971
http://www.igi-global.com/chapter/machine-learning-approaches-for-predictive-maintenance-in-wireless-sensor-networks/383971
http://www.igi-global.com/chapter/machine-learning-approaches-for-predictive-maintenance-in-wireless-sensor-networks/383971
http://www.irma-international.org/article/a-scalable-graph-based-semi-supervised-ranking-system-for-content-based-image-retrieval/103009
http://www.irma-international.org/article/a-scalable-graph-based-semi-supervised-ranking-system-for-content-based-image-retrieval/103009
http://www.irma-international.org/article/a-distance-window-approach-for-the-continuous-processing-of-spatial-data-streams/260962
http://www.irma-international.org/article/a-distance-window-approach-for-the-continuous-processing-of-spatial-data-streams/260962
http://www.irma-international.org/chapter/tools-to-create-synthetic-data-for-brain-images/342992
http://www.irma-international.org/article/multimodal-dance-generation-networks-based-on-audio-visual-analysis/271431
http://www.irma-international.org/article/multimodal-dance-generation-networks-based-on-audio-visual-analysis/271431
http://www.irma-international.org/article/improving-emotion-analysis-for-speech-induced-eegs-through-eemd-hht-based-feature-extraction-and-electrode-selection/276397
http://www.irma-international.org/article/improving-emotion-analysis-for-speech-induced-eegs-through-eemd-hht-based-feature-extraction-and-electrode-selection/276397

