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ABSTRACT: Predictive maintenance is a vital approach adopted by modern industries to improve the reliability of 

their equipment, reduce downtime, and lower maintenance costs. Maintenance techniques like reactive and preventive 

maintenance may sometimes cause equipment failure or over-maintenance of equipment. With the advent of digital 

technologies, predictive maintenance systems have been developed using sensors, Internet of Things technology, and 

machine learning to monitor equipment health and predict failures. 

 

This survey paper focuses on presenting a comparative study of the existing predictive maintenance systems, including 

condition monitoring techniques, Internet of Things technology-based monitoring systems, and machine learning-based 

fault prediction models. The paper compares the characteristics, benefits, and drawbacks of the predictive maintenance 

systems and points out the gaps that need to be addressed, including high implementation costs, lack of integration, and 

poor accessibility to small-scale industries. It requires an intelligent and low-cost predictive maintenance system to be 

implemented in real-time industries. 
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I. INTRODUCTION 

 

Maintenance is an important aspect of industrial systems to ensure the reliability of equipment and smooth production 

processes. Traditional maintenance techniques like reactive maintenance and preventive maintenance are not effective 

as they may cause equipment failure or lead to inefficient maintenance processes. Predictive maintenance is an 

advanced form of maintenance that uses data analysis techniques to predict equipment failure. 

 

In today’s industrial scenario, machines run under constant stress with mechanical, electrical, and thermal stresses 

acting on them. By analyzing the parameters of machines like temperature, vibration, speed, and current, predictive 

maintenance can identify any abnormality and predict faults at an early stage. With the advent of sensor technologies 

and the use of machine learning techniques, predictive maintenance can offer real-time solutions. 

 

This survey paper focuses on analyzing and comparing the existing predictive maintenance techniques to improve their 

performance and capabilities. 

 

II. BACKGROUND OF PREDICTIVE MAINTENANCE SYSTEMS 

 

Initially, maintenance systems were carried out through inspection and periodic maintenance. With the introduction of 

digital technology, condition monitoring techniques such as vibration analysis and temperature monitoring were 

introduced. 

 

In recent years, with the introduction of Industry 4.0 technology, predictive maintenance systems using IoT technology, 

cloud computing, and data analysis techniques are being integrated into maintenance systems. 

 

In this case, data is collected in real-time from machines using various sensors, and algorithms are applied to analyze 

patterns and detect anomalies in machine data. 

 

However, it is seen that existing systems are expensive and complex, and they are not suitable for small and medium 

industries; therefore, a cost-effective predictive maintenance system is required. 
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III. LITERATURE SURVEY OF EXISTING PREDICTIVE MAINTENANCE SYSTEMS 

 

A. Condition Monitoring Systems 

Condition monitoring systems use sensors to collect information regarding the parameters of the machine, such as 

vibration, temperature, and pressure. However, the threshold-based detection method is commonly used for fault 

detection. 

 

B. IoT-Based Monitoring Systems 

IoT-based predictive maintenance systems use sensors connected to microcontrollers or the cloud for data collection. 

However, the system requires reliable internet connectivity for effective monitoring. Moreover, the infrastructure costs 

are high for this system. 

 

C. Machine Learning-Based Predictive Maintenance 

Machine learning algorithms such as Random Forest, Support Vector Machine, and Neural Networks are commonly 

used for fault prediction. However, the accuracy of the results is high using machine learning algorithms. 

 

D. Vibration and Temperature-Based Monitoring 

Vibration monitoring is commonly used for detecting mechanical faults such as imbalance. Similarly, temperature 

monitoring is commonly used for detecting overheating faults. However, the accuracy of the results is low for single-

parameter-based monitoring systems. 

 

E. Hybrid Predictive Maintenance Systems 

Hybrid predictive maintenance systems use sensors as well as machine learning algorithms for fault prediction. 

However, the accuracy of the results is high for this system. However, the infrastructure costs are high for this system. 

 

IV. COMPARATIVE ANALYSIS OF PREDICTIVE MAINTENANCE SYSTEMS 

 

Feature Condition Monitoring IoT Systems ML Systems Hybrid Systems 

Real-time monitoring Yes Yes Yes Yes 

Prediction capability Low Medium High High 

Cost Low Medium Medium High 

Complexity Low Medium Medium High 

Scalability Limited High High High 

 

V. RESEARCH GAPS AND CHALLENGES 

 

A comparative analysis of current predictive maintenance systems has revealed a number of research gaps. The 

accuracy of fault detection is decreased by the single-parameter monitoring used by many modern systems. Real-time 

monitoring is possible with IoT-based systems, but they are expensive and require a lot of infrastructure. Although 

machine learning-based systems are highly accurate, their implementation is complicated and requires large datasets. 

Predictive maintenance systems that are inexpensive and simple to implement in small and medium-sized businesses 

are also lacking. These drawbacks emphasize the necessity of an intelligent, affordable, and integrated predictive 

maintenance system. 

 

VI. PROPOSED SYSTEM OVERVIEW 

 

This paper suggests an AI-based predictive maintenance system that monitors machine health using a variety of 

sensors, including temperature, vibration, rotational speed, and motor current, based on the identified research gaps. To 

gather data in real time, these sensors are linked to a microcontroller like the ESP32. 

A machine learning model, like Random Forest, is used to process the gathered data in order to forecast machine 

condition and produce maintenance alerts. Machine health status and alert levels are shown via an easy-to-use 

dashboard interface. The suggested system is made to be affordable, scalable, and appropriate for small and medium-

sized industrial settings. 
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VII. FINDINGS 

 

7.1 Sys. Perform.  

The sched. service will enhance the mon. of machines via a real-time collection and analysis of data; it will minimize 

any unforeseen stoppages of machinery whilst implementing a planning system for maintenance.  

 

7.2 Acc. Eic. A Valid.  

Use of multiple sen. coupled with ml models provide greater accuracy when analysing the condition of a machine; 

validation of data, and systematic & structured storage, will provide greater reliability.  

 

7.3 User Exp. & Acc.  

The user interface of this service will be intuitive & simple, and it will allow operators to monitor the machine they are 

working on with ease; the dashboard will be available for both computers & mobile devices.  

 

7.4 Ana. Insights & Vis.  

Using graphical visualisation, this service will convert r.w. sensor data to meaningful analytic insights based on 

trend(s), fault probability and maintenance alerts.  

 

7.5 T. & R. Optim.  

This will increase efficiency through the auto. collection and analysis of data, thus significantly decreasing the labour 

required and saving both time & costs associated with maintenance.  

 

7.6 S. D. M.  

The service will generate clear maintenance alerts & reports, therefore helping companies make data-led decisions 

regarding when to carry out maintenance activities. 

 

VIII. APPLICATIONS OF THE PROPOSED PREDICTIVE MAINTENANCE SYSTEM 

 

8.1 Industrial Machine Monitoring 

The proposed system helps keep machines like motors, pumps, compressors and conveyors running smoothly. It uses 

sensors to track temperature, vibration and current. This way it can spot problems early. Prevent sudden machine 

failures. 

 

Industries can avoid shutdowns and keep their equipment working without interruptions. 

 

8.2 Manufacturing Plant Maintenance 

In manufacturing plants machines work hours under heavy loads. The system lets maintenance teams track machine 

performance in time. They can predict when maintenance is needed. 

 

This reduces downtime and boosts production efficiency. Maintenance can be scheduled during -production hours 

saving time and money. 

 

8.3 Power Plant Equipment Monitoring 

Power plants rely on equipment like turbines, generators and transformers. If any part fails it can cause power outages 

and safety risks. 

 

The system monitors temperature, vibration and electrical load to catch signs of wear or overheating. This allows for 

maintenance and improves the reliability and safety of power generation. 

 

8.4 Automotive and Mechanical Systems 

The system works for mechanical systems, like engines, gearboxes and rotating parts. It analyzes vibration and 

temperature patterns to detect faults like bearing wear or excessive friction. 

 

This improves machine lifespan reduces repair costs and enhances performance. 
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8.5 Industrial IoT Applications 

The system fits well into Industrial Internet of Things environments. Sensors connected to microcontrollers collect data. 

Send it to a central dashboard. 

 

Machine learning algorithms analyze the data to generate maintenance alerts and insights. This enables monitoring and 

data-driven decision making. It also integrates with factory systems. 

 

IX. MOTIVATION AND FUTURE ENHANCEMENTS 

 

The goal of the proposed system is to offer an economical predictive maintenance solution using sensors and machine 

learning. Possible future improvements might be a cloud integration, implementation of more sophisticated machine 

learning models, and real, time industrial deployment.. 

 

X. CONCLUSION 

 

This survey paper reviewed the use of predictive maintenance systems and techniques in industrial applications quite 

extensively. The research pinpointed the advantages and disadvantages of the currently available predictive 

maintenance methods and also revealed some areas where further development is expected, such as the high cost and 

lack of integration issues. The results strongly indicate that a cost, effective and intelligent predictive maintenance 

system, which integrates sensor data and machine learning techniques, is highly desirable. 
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