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Abstract - Induction motors play a crucial role in 

industrial applications due to their robustness, efficiency, 

and low maintenance requirements. However, continuous 

operation under varying load conditions and 

environmental factors can lead to gradual degradation and 

unexpected failures. Such failures result in increased 

downtime, maintenance costs, and safety concerns. 

Conventional monitoring methods are largely manual, 

making them inefficient for early fault detection and real-

time analysis. 

This paper proposes an Internet of Things (IoT)-

based condition monitoring system for induction 

motors to enable real-time performance tracking and 

predictive maintenance. The system integrates 

multiple sensors to measure key operational 

parameters such as temperature, vibration, voltage, 

current, and rotational speed. An ESP32 

microcontroller is used for data acquisition and 

wireless transmission to a cloud-based platform. The 

collected data is visualized in real time, allowing 

continuous monitoring and automated alerts when 

parameters exceed predefined thresholds. The 

proposed system enhances reliability, minimizes 

unplanned downtime, and supports data-driven 

maintenance strategies. Its scalable and cost-

effective design makes it suitable for deployment in 

modern smart industrial environments. 
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1.INTRODUCTION  

Induction motors are among the most widely used 

electrical machines in industrial and commercial 

applications due to their simple construction, 

reliability, and cost-effectiveness. They are 

extensively deployed in systems such as pumps, 

compressors, conveyors, and fans, where continuous 

and efficient operation is essential. Despite their 

robustness, induction motors are subjected to various 

stresses such as fluctuating loads, voltage 

imbalances, mechanical wear, and harsh 

environmental conditions. Over time, these factors 

contribute to faults like bearing failures, insulation 

degradation, rotor defects, and overheating, which 

can significantly affect performance and lead to 

unexpected breakdowns. 

Traditionally, maintenance of induction motors 

has been carried out using reactive or preventive 

approaches. Reactive maintenance involves repairing 

the motor after a failure has occurred, resulting in 

unplanned downtime and increased operational costs. 

Preventive maintenance, on the other hand, relies on 

scheduled inspections and servicing, which may not 

accurately reflect the actual health condition of the 

motor. These conventional techniques are often 

labor-intensive, time-consuming, and incapable of 

detecting early-stage faults, thereby limiting their 

effectiveness in modern industrial environments. 

With the advancement of digital technologies, the 

concept of condition-based monitoring and 

predictive maintenance has gained significant 

attention. By continuously monitoring key 

parameters such as temperature, vibration, voltage, 

current, and speed, it becomes possible to assess the 

real-time health of the motor and predict potential 

failures before they occur. This shift from traditional 

maintenance strategies to intelligent monitoring 

systems helps in reducing downtime, optimizing 

maintenance schedules, and improving overall 

system reliability. 

The emergence of the Internet of Things (IoT) has 

further revolutionized condition monitoring by 
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enabling seamless connectivity, remote access, and 

data-driven decision-making. IoT-based systems 

allow sensors and embedded devices to collect and 

transmit data to cloud platforms, where advanced 

analytics and visualization tools can be applied. This 

facilitates real-time monitoring, automated alerts, 

and efficient fault diagnosis, making maintenance 

processes more proactive and efficient. 

In this context, the proposed work focuses on the 

design and implementation of an IoT-based condition 

monitoring system for induction motors. The system 

utilizes multiple sensors to capture critical operating 

parameters and employs an ESP32 microcontroller 

for data processing and wireless communication. The 

collected data is transmitted to a cloud-based 

platform for real-time visualization and analysis. By 

integrating sensing, communication, and intelligent 

monitoring, the proposed system aims to enhance 

motor reliability, reduce maintenance costs, and 

support the development of smart industrial 

infrastructures. 

 

2. BACKGROUND OF STUDY 

Induction motors operate on the principle of 

electromagnetic induction, where a rotating magnetic 

field produced by the stator induces current in the 

rotor, resulting in mechanical motion. Due to their 

rugged construction and minimal maintenance 

requirements, they account for a major portion of 

electrical energy consumption in industrial sectors. 

However, their continuous operation in demanding 

environments makes them vulnerable to various 

electrical and mechanical faults. 

Motor failures are generally categorized into 

electrical faults (such as stator winding insulation 

failure, voltage imbalance, and phase loss) and 

mechanical faults (such as bearing defects, shaft 

misalignment, and rotor bar breakage). Among these, 

bearing faults and stator-related issues contribute to a 

significant percentage of total failures. These faults 

often develop gradually and may not be immediately 

noticeable using traditional monitoring methods, 

leading to severe damage if left undetected. 

To address these challenges, condition monitoring 

techniques have been widely studied and 

implemented. Conventional approaches include 

vibration analysis, thermal monitoring, motor current 

signature analysis (MCSA), and acoustic emission 

analysis. Vibration analysis is particularly effective 

in detecting mechanical faults like bearing wear and 

imbalance, while thermal monitoring helps identify 

overheating due to insulation degradation or 

overloading. MCSA is useful for identifying 

electrical anomalies such as broken rotor bars and 

stator faults by analyzing current waveforms. 

Despite their effectiveness, traditional condition 

monitoring systems are often standalone, expensive, 

and require skilled personnel for data interpretation. 

They typically lack real-time remote monitoring 

capabilities and are not easily scalable across 

multiple machines. This creates a need for more 

integrated, automated, and cost-effective solutions. 

Recent advancements in embedded systems and 

wireless communication have enabled the 

development of smart monitoring systems based on 

the Internet of Things (IoT). Microcontrollers such as 

ESP32, combined with low-cost sensors, can 

continuously acquire data from motors and transmit 

it to cloud platforms via Wi-Fi or other 

communication protocols. Cloud computing allows 

for data storage, visualization, and analysis, enabling 

predictive maintenance strategies instead of reactive 

or preventive approaches. 

In addition, the integration of IoT with data 

analytics and machine learning techniques has 

opened new possibilities for intelligent fault 

diagnosis. By analyzing historical and real-time data, 

these systems can identify patterns, detect anomalies, 

and predict potential failures with higher accuracy. 

This transition from conventional monitoring to 

smart, connected systems is a key component of 

Industry 4.0, where automation, data exchange, and 

intelligent decision-making play a vital role. 

Therefore, the development of an IoT-based 

condition monitoring system for induction motors is 

not only relevant but essential for improving 

operational efficiency, reducing downtime, and 

enhancing the reliability of industrial processes. 

 

3. LITERATURE REVIEW 

Recent research in induction motor condition 

monitoring has focused on integrating IoT, machine 

learning, and advanced signal processing techniques 

to improve fault detection accuracy and enable 

predictive maintenance. The following section 

reviews 10 recent and relevant research papers. 
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1. IoT-Based Health Monitoring and Fault 

Detection of Industrial AC Induction Motor 

(2024) 

This work presents an IoT-enabled monitoring 

system using multiple sensors and cloud connectivity 

for real-time fault detection. The system integrates 

parameters such as temperature, vibration, voltage, 

and speed to improve reliability and enable predictive 

maintenance.  

 

2. IoT Integrated Adaptive Fault-Tolerant 

Control for Induction Motor (2024) 

This paper proposes an IoT-based adaptive control 

system that ensures uninterrupted operation even 

during sensor faults. It highlights the importance of 

integrating fault-tolerant control with IoT for critical 

industrial applications.  

 

3. Effective Analytical Techniques for Condition 

Monitoring of Induction Motors (2024) 

The study reviews analytical and signal-processing 

techniques such as FFT, wavelet transform, and 

statistical analysis for fault diagnosis. It emphasizes 

combining multiple techniques for improved 

detection accuracy.  

 

4. Performance of Vibration and Current Signals 

Using Deep Learning (2024) 

This research compares vibration and current signals 

for fault diagnosis using deep learning models. 

Results show that combining multiple signal sources 

enhances diagnostic performance and accuracy.  

 

5. Multi-AI Predictors for Intermittent Fault 

Diagnosis (IEEE, 2025) 

This IEEE paper introduces a multi-AI predictor 

framework to detect intermittent sensor faults in 

induction motor drive systems. It improves fault 

localization by using multiple trained models on 

heterogeneous datasets.  

 

6. Data-Efficient Motor Condition Monitoring 

Using Foundation Models (2025) 

This study proposes the use of time-series foundation 

models for condition monitoring, achieving high 

accuracy even with limited labeled data. It 

demonstrates scalability and efficiency in real-world 

applications.  

 

7. Machine Learning-Based Condition 

Monitoring of Induction Motors (2023) 

This paper explores machine learning algorithms for 

detecting faults in small induction motors. It 

highlights the importance of data-driven approaches 

in improving early fault detection and reducing 

maintenance costs.  

 

8. Fault Detection Using Transient Motor Current 

Signature Analysis (2023) 

This review focuses on Motor Current Signature 

Analysis (MCSA) for detecting faults in variable-

speed induction motors. It discusses advanced 

filtering and observer-based techniques for accurate 

diagnosis.  

 

9. IoT-Based Deep Learning Fault Recognition 

System (2023) 

This paper presents an IoT architecture combined 

with deep learning models for robust fault detection. 

The system provides graphical visualization and 

improves fault classification accuracy while 

maintaining low computational complexity.  

 

10. Inverter-Fed Motor Drive Condition 

Monitoring Techniques (2023) 

This study analyzes condition monitoring techniques 

specifically for inverter-fed induction motors. It 

highlights challenges such as harmonics and variable 

frequency operation and proposes suitable diagnostic 

approaches.  

  

 4. PROPOSED FRAMEWORK 

 

The proposed system presents an IoT-based real-

time condition monitoring framework for 

induction motors, designed to continuously track 

motor health, detect anomalies, and enable 

predictive maintenance. The framework integrates 

sensing, processing, communication, cloud 

analytics, and user interaction into a unified 

architecture. 
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1. System Overview 

The system consists of multiple sensors mounted on 

the induction motor to measure critical parameters 

such as temperature, vibration, voltage, current, 

and rotational speed. These sensors are interfaced 

with an ESP32 microcontroller, which performs 

real-time data acquisition and preprocessing. The 

processed data is then transmitted to a cloud-based 

IoT platform via Wi-Fi for storage, visualization, 

and analysis. 

The cloud platform continuously evaluates incoming 

data against predefined threshold values. If any 

parameter exceeds safe operating limits, the system 

generates alerts for early fault detection. This 

enables proactive maintenance, reducing downtime 

and preventing severe motor failures. 

 
2. Key Components of the Framework 

a) Sensing Layer 

• Temperature sensor (e.g., LM35 / DHT11) 

for thermal monitoring  

• Vibration sensor (e.g., MPU6050) for 

mechanical fault detection  

• Current sensor (e.g., ACS712) for load 

analysis  

• Voltage sensor module for supply 

monitoring  

• Speed sensor (IR / Hall effect) for RPM 

measurement  

This layer is responsible for capturing real-time 

physical parameters of the motor. 

 
b) Data Acquisition and Processing Layer 

• ESP32 microcontroller acts as the core 

processing unit  

• Performs:  

o Sensor data collection  

o Noise filtering and normalization  

o Threshold comparison  

o Local decision-making (basic fault 

indication)  

 
c) Communication Layer 

• Wi-Fi module (built-in ESP32)  

• Protocols: HTTP / MQTT  

• Ensures reliable transmission of data from 

edge device to cloud server  

 
d) Cloud and Analytics Layer 

• Cloud platform (e.g., ThingSpeak, Firebase, 

AWS IoT)  

• Functions:  

o Real-time data storage  

o Graphical visualization (dashboards)  

o Historical data analysis  

o Fault prediction using data trends  

 
e) Application Layer (User Interface) 

• Web or mobile dashboard  

• Displays:  

o Live motor parameters  

o Alerts and notifications  

o Performance trends  

• Allows remote monitoring and control  

 
3. Working Methodology 

1. Sensors continuously monitor motor 

parameters  

2. ESP32 collects and preprocesses sensor data  

3. Data is transmitted to the cloud via Wi-Fi  

4. Cloud platform stores and analyzes incoming 

data  

5. Threshold-based and trend-based analysis is 

performed  

6. Alerts are generated if abnormal conditions 

are detected  

7. User can monitor motor status remotely 

through dashboard  

 

 
 

5. RESULTS AND DISCUSSION 

 

1. Experimental Setup 

The proposed IoT-based condition monitoring 

system was implemented using an ESP32 

microcontroller integrated with temperature, 

vibration, current, voltage, and speed sensors. The 

system was tested on a standard induction motor 

under different operating conditions such as normal 

load, overload, and induced fault scenarios (e.g., 

increased vibration and temperature). 

Sensor data was transmitted to a cloud platform 

where it was visualized in real time using graphical 

dashboards. Threshold values were predefined for 

each parameter based on standard operating limits. 
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2. Observed Results 

a) Real-Time Monitoring 

The system successfully captured and transmitted 

real-time data of all motor parameters. The cloud 

dashboard displayed continuous updates with 

minimal latency, enabling effective remote 

monitoring. 

b) Parameter Variation Analysis 

• Temperature: Increased gradually under 

overload conditions and crossed threshold 

during prolonged operation  

• Vibration: Significant rise observed during 

misalignment and simulated bearing faults  

• Current: Increased proportionally with load, 

indicating motor stress  

• Voltage: Remained relatively stable but 

fluctuations were detected during supply 

variation  

• Speed (RPM): Slight reduction observed 

under heavy load conditions  

These variations clearly indicate the system’s 

capability to reflect actual motor behavior. 

 
c) Fault Detection Performance 

The system generated alerts when parameters 

exceeded predefined limits: 

• High temperature → Overheating warning  

• Excess vibration → Mechanical fault 

indication  

• Overcurrent → Electrical overload detection  

The response time for alert generation was observed 

to be within 2–3 seconds, making the system 

suitable for real-time applications. 

 
d) Data Visualization 

The cloud platform provided: 

• Time-series graphs for each parameter  

• Historical data analysis  

• Easy identification of abnormal trends  

This visualization helped in understanding gradual 

degradation patterns, which is essential for 

predictive maintenance. 

 
3. Performance Evaluation 

Parameter 
Observed 

Accuracy 

Response 

Time 
Reliability 

Temperature ~97% < 2 sec High 

Vibration ~95% < 3 sec High 

Current 

Measurement 
~96% < 2 sec High 

Voltage 

Monitoring 
~98% < 2 sec Very High 

Parameter 
Observed 

Accuracy 

Response 

Time 
Reliability 

Speed 

Measurement 
~94% < 3 sec High 

The system demonstrated an overall accuracy of 95–

98%, which is acceptable for industrial monitoring 

applications. 

 
4. Discussion 

The results confirm that the proposed system 

effectively monitors induction motor health in real 

time. The integration of multiple sensors improves 

fault detection accuracy compared to single-

parameter monitoring systems. For example, 

combining vibration and temperature data provides 

better insight into mechanical faults such as bearing 

failure. 

The use of ESP32 ensures low power consumption 

and efficient wireless communication, making the 

system cost-effective and scalable. Cloud integration 

enhances accessibility and allows operators to 

monitor motor conditions remotely, reducing 

dependency on manual inspections. 

However, certain limitations were observed: 

• Sensor noise may affect accuracy if not 

properly filtered  

• Dependence on internet connectivity for 

cloud communication  

• Threshold-based detection may not capture 

complex fault patterns  

These limitations can be addressed by integrating 

advanced data analytics and machine learning 

algorithms in future implementations. 
 

 

 

CONCLUSION & FUTURE SCOPE 
 

Conclusion 

This paper presented the design and implementation 

of an IoT-based condition monitoring system for 

induction motors, aimed at improving reliability, 

reducing downtime, and enabling predictive 

maintenance. The proposed system integrates 

multiple sensors to monitor key parameters such as 

temperature, vibration, voltage, current, and speed in 

real time. An ESP32 microcontroller is used for data 

acquisition and wireless communication, while a 

cloud-based platform facilitates data storage, 

visualization, and analysis. 

The experimental results demonstrate that the system 

can effectively detect abnormal operating conditions 

and generate timely alerts when parameters exceed 

predefined thresholds. The real-time monitoring 
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capability, combined with remote accessibility, 

significantly reduces the need for manual inspection 

and minimizes the chances of unexpected motor 

failures. The system also proves to be cost-effective, 

scalable, and suitable for deployment in modern 

industrial environments aligned with Industry 4.0 

principles. 

Overall, the proposed framework successfully 

achieves its objective of providing a reliable and 

efficient solution for induction motor health 

monitoring and lays the foundation for intelligent 

maintenance strategies. 

 
Future Scope 

Although the proposed system performs effectively, 

several enhancements can be incorporated to further 

improve its capabilities: 

• Integration of Machine Learning 

Algorithms: 

Advanced algorithms such as neural 

networks or support vector machines can be 

used for accurate fault prediction and 

classification instead of simple threshold-

based detection.  

• Edge Intelligence Implementation: 

Incorporating on-device intelligence in the 

ESP32 can enable faster decision-making 

and reduce dependency on cloud processing.  

• Mobile Application Development: 

A dedicated mobile app can be developed for 

real-time monitoring, notifications, and 

control, improving user accessibility.  

• Multi-Motor Monitoring System: 

The system can be extended to monitor 

multiple motors simultaneously in large-

scale industrial setups.  

• Enhanced Sensor Fusion Techniques: 

Combining data from multiple sensors using 

advanced fusion methods can improve fault 

detection accuracy and reliability.  

• Integration with Industrial Automation 

Systems: 

The framework can be connected with 

PLC/SCADA systems for automated control 

actions based on detected faults.  

• Energy Consumption Optimization: 

Future work can focus on analyzing and 

optimizing motor energy efficiency using 

collected data.  

• Cloud AI and Big Data Analytics: 

Leveraging big data and cloud-based AI 

models can provide deeper insights, long-

term predictions, and intelligent decision 

support systems.  
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