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Abstract 

    Audio-based predictive maintenance is a fleet maintenance paradigm based on sound signatures for identifying 

mechanical faults before failure. The paper explains why sound analysis is better than preventive and reaction-

based maintenance strategies since it makes early hazard identification in motorcar systems possible. Experiments 

have established sound-based monitoring for identifying incipient faults in mechanical systems at a level of 87% 

compared to vibration analysis at 62%. It consists of installing sensors in key locations, advanced signal 

processing, and machine learning for generating sound fingerprints and deviation identification. Cost savings are 

in maintenance at 25-30%, breakdown at 70-75%, and time loss at 35-45%. Areas for future research are advanced 

signal processing techniques for signal-to-noise ratio improvement at 400%, real-time IoT-based monitoring, and 

multiple modes involving acoustics and vibration analysis, temperature sensing, and operability telemetry for 

better diagnostic capability at 27-38% compared to monode solutions.  
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I. INTRODUCTION 

Fleet management functions are a central sector in today's logistics in transport and have far-reaching 

implications for financial and operational sustainability. Predictive maintenance (PdM) is a paradigm shift away 

from traditional maintenance procedures, and it involves proactive maintenance based on information-based 

insights rather than reaction to mechanical failure (Nunes et al., 2023). The method is particularly vital in fleet 

management since reliability in vehicles is equatable to continuity in operations. The recent breakthrough in 

technology created opportunities for application in the use of audio data analysis in predictive maintenance 

procedures, and early identification of incipient mechanical faults based on acoustical signatures prior to actual 

failure is possible. The article explores audio-based predictive maintenance in fleet management procedures and 

in particular how it can be applied in early hazard identification. 

II. CONCEPTUAL FRAMEWORK OF PREDICTIVE MAINTENANCE 

Predictive maintenance is a state-of-the-art maintenance paradigm depending on condition-based surveillance 

and analytics for predicting failure before it occurs. In contrast to maintenance based on predetermined schedules 

or upon failure, PdM applies real-time performance data for optimized maintenance interventions. The underlying 

principle in predictive maintenance is to detect statistical trends and abnormalities resulting in mechanical failures 

and thereby enable proactive interventions (Nunes et al., 2023). The financial reasoning for predictive 

maintenance is notable, as research undertaken by Achouch et al. (2022) depicted savings in maintenance costs at 

a level of 25-30%, breakdown savings at a level of 70-75%, and savings in downtime at a level of 35-45% in 

different industrial applications. 

III. IMPERATIVE FOR PREDICTIVE MAINTENANCE IN FLEET MANAGEMENT 

Today's fleet vehicles are subject to performance demands beyond routine maintenance solutions. Fleet 

managers are confronted with a complex series of problems involving increased fuel prices, legislative 

compliance, and service continuity without interruption. A research investigation conducted by Mofokeng et al. 
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(2020) concluded that unplanned maintenance events cost the commercial trucking industry approximately $2.3 

billion in direct repairs and approximately $9.2 billion in opportunity costs for service delays. Predictive 

maintenance addresses these problems in reducing vehicles outages, making maintenance costs efficient, and 

ensuring improved performance in early fault identification. 

IV. LIMITATIONS OF TRADITIONAL MAINTENANCE PARADIGMS 

A. The Preventive-Reactive Dichotomy 

Most fleet maintenance practices are preventive maintenance and reactive maintenance in nature. The 

dichotomous system does not capture the complexity of today's fleet vehicles, and there are enormous 

inefficiencies in the industry as a direct outcome. The old practices have persisted in spite of mounting evidence 

of them being lacking in addressing current fleet requirements. 

B. Preventive Maintenance: Wasteful Scheduling 

Scheduled preventive maintenance is time or mileage-based and is hence unable to accommodate varied usage 

conditions for vehicles. Various vehicles do not degrade at equal rates, leading to some being overtly serviced and 

some being under-serviced. Salawu et al. (2023) approximated approximately 30% of preventive maintenance 

processes for commercial vehicles as unnecessary, equating industry-level inefficiencies at approximately $12.8 

billion annually. 

C. Reactive Maintenance: The Cost of Failure 

The second alternative, reactive maintenance, initiates processes after mechanical failures have occurred. The 

failure-based system is known to trigger larger-scale loss, urgent repair costs, and extensive system downtimes. 

As research sponsored by Hauashdh et al. (2024) finds, reactive maintenance is some 3-9 times as expensive as 

planned maintenance interventions when direct and indirect costs are considered, including time for repairs and 

logistics issues. 

V. Integration of Audio Data in Predictive Maintenance Frameworks 

 

Figure 1: Audio-Based Predictive Maintenance System Architecture (Cinar et al., 2022) 



J. Electrical Systems 21-1s (2025): 132-136 

 

   134 

 

 

A. Sound as a Diagnostic Breakthrough 

Inclusion of sound information in predictive maintenance plans represents a breakthrough in condition 

monitoring technology. This innovative approach leverages acoustic signatures to detect subtle changes in 

equipment performance before they escalate into catastrophic failures. By capturing and analyzing the unique 

sound patterns of mechanical systems, maintenance teams can identify developing issues that might otherwise 

remain undetected until significant damage occurs. 

B. Underlying Principles of Acoustic Monitoring 

The principle underlying sound-based predictive maintenance is the identification of characteristic sound 

signatures created in routinely functioning mechanical systems and the detection of abnormal variations as 

potential indicators for incipient faults (Vanraj et al., 2016). Each mechanical component produces distinctive 

acoustic patterns during normal operation, creating a baseline "acoustic fingerprint" that can be monitored for 

deviations. 

C. Technological Implementation 

The use of sound-based predictive maintenance typically relies on a sophisticated technology setup involving 

strategically placed sound sensors near major system elements, noise-filtering signal processing software to 

eliminate ambient conditions, and learning-based algorithms for flagging abnormal sound signatures. This multi-

layered approach ensures accuracy in distinguishing actual mechanical anomalies from environmental noise. 

D. Proven Effectiveness 

Research undertaken by Snow et al. (2015) demonstrated that sound analysis significantly improved 

performance in early-stage fault identification in vehicle bearings, achieving an impressive 87% detection rate 

compared to vibration analysis alone at only 62%. This substantial improvement highlights the superior sensitivity 

of acoustic monitoring in detecting subtle changes in mechanical performance before they manifest as measurable 

vibrations or temperature fluctuations. 

VI. ACOUSTIC SIGNATURES IN VEHICULAR DIAGNOSTICS 

Acoustic diagnostic capability in vehicular use is based on the rich sound variety created by different 

mechanical components. The acoustics in engines are rich in sources for diagnosis since combustion faults, valve 

train faults, and failure in bearings each have characteristic sound signatures  Tire and wheel units have sound 

signatures for their state as well since irregular pattern and out-of-balance conditions have characteristic acoustics. 

As concluded in research undertaken by Jombo and Zhang (2023), integrated acoustics-based monitoring systems 

had a mean time to detect severe commercial fleet mechanical failures at 3.2 weeks and had notable operational 

advantages compared to traditional maintenance practices. 

VII. TECHNOLOGICAL ARCHITECTURE AND IMPLEMENTATION 

Table 1: Comparative Analysis of Predictive Maintenance Methodologies 

Methodology Detection 

Lead 

Time 

Implementation 

Complexity 

Cost 

Effectiveness 

Environmental 

Sensitivity 

Diagnostic 

Scope 

Audio Analysis 2-4 weeks Moderate High Moderate Comprehensive 

Vibration 

Analysis 

1-3 weeks High Moderate Low Limited 

Oil Analysis 2-6 weeks Low Moderate Low Limited 

Thermal 

Imaging 

1-2 weeks Moderate Low High Moderate 

Operational 

Data 

1-4 weeks High High Low Comprehensive 
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Instituting predictive maintenance based on sound necessitates strategic preparation and methodical 

deployment for ensuring operational effectiveness. Organizations need to begin with a comprehensive review of 

fleet parameters and maintenance targets in preparation for identifying priorities for implementations (Akkartal 

& Aras, 2021). Acoustic sensors are used as the primary interface for information gathering, and current 

implementations are normally based on making use of MEMS-based microphones at sites near major components. 

Signal processing separates meaningful features out of complex sound waveforms and rejects ambient noise, and 

resulting signals are analyzed using machine learning techniques for identifying abnormal trends. 

VIII. FUTURE DIRECTIONS 

A. Advanced Signal Processing Technologies 

Audio-based predictive maintenance is characterized by a series of emerging trends in technology for better 

diagnostic performance. Signal processing is perhaps the most promising line for improvement, and there are 

significant breakthroughs in store. Experiments undertaken by Nogales et al. (2024) confirm noise-cancellation 

techniques based on deep learning can achieve signal-to-noise ratio improvement as much as 400% in acoustically 

demanding conditions. Such breakthroughs will enable acoustic monitoring systems to perform efficiently in 

once-challenging conditions like busy urban districts or industrial complexes with competing sound sources. 

B. IoT Integration and Multi-Modal Sensing 

Internet of Things (IoT) frameworks merging with sound-based monitoring is another major trend, providing 

extensive condition monitoring and multiple sensing modes. Convergence allows for rich diagnostic networks to 

stream and analyse information in real-time and enable truly proactive maintenance interventions. The 

decentralised structure in IoT systems allows for finer granularity in fleetwide monitoring, while fleetwide insights 

and individualised maintenance recommendations are provided centrally. 

C. Synergistic Multi-Modal Approaches 

As research undertaken by Nembhard et al. (2014) establishes, solutions based on acoustics and vibration 

analysis, temperature sensing, and operational telemetry have diagnostic capability as much as 27-38% better than 

modality-based solutions alone. The synergistic approach employs each modality's individual strengths in 

conjunction, offering a better and wider snapshot of vehicle health than could be attained if each is utilized in 

isolation. 

IX. CONCLUSION 

Audio-based predictive maintenance is a cutting-edge fleet management system based on sound analysis for 

early detection of incipient mechanical faults prior to major failures. The system is much superior to traditional 

maintenance practices in failure forecasting capability, maintenance cost savings, improved vehicle availability, 

and better safety performance. Real-time experience-based proof across varied conditions substantiates 

performance and efficacy in providing notable improvement in operational and financial performance in vehicles, 

maintenance productivity, and safety performance. As technology progresses, audio-based predictive maintenance 

is sure to be a major fleet management tool in proactive maintenance strategies for peak performance and financial 

performance. 
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