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Abstract: This project presents an Induction Motor Fault Detection System using Convolutional Neural
Networks (CNN) to improve maintenance in industrial environments. Induction motors are vital for
productivity but are susceptible to faults that can cause costly downtime. The proposed system uses
audio signals from motors, captured under normal and faulty conditions, and converts them into
spectrograms via Short-Time Fourier Transform (STFT). A CNN is trained on these spectrograms to
accurately classify fault types. The model can then analyze new audio data in real time, enabling early
Sfault detection. This approach enhances motor reliability, minimizes downtime, and supports predictive
maintenance, showcasing the potential of audio-based diagnostics and machine learning in industrial
applications.
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I. INTRODUCTION

Induction motors are among the most commonly used types of electric motors in industrial and commercial applications
due to their simplicity, durability, and cost-effectiveness. They are known for their high efficiency, low maintenance
requirements, and ability to operate under a wide range of environmental conditions. These motors function based on
the principle of electromagnetic induction, as described by Faraday’s Law. When an alternating current (AC) is
supplied to the stator windings, it generates a rotating magnetic field (RMF). This RMF induces an electromotive
force (EMF) in the rotor conductors, which are short-circuited in the case of squirrel cage rotors or connected via slip
rings and external resistances in wound rotor designs. The interaction between the stator’s magnetic field and the rotor’s
induced current generates torque, causing the rotor to spin in the direction of the rotating field.
There are primarily two types of induction motors: squirrel cage and wound rotor. The squirrel cage induction
motor is the most used due to its rugged construction, simplicity, and efficiency. It consists of a rotor made of
laminated iron core with aluminum or copper bars shorted at both ends by end rings. On the other hand, wound rotor
induction motors feature windings on the rotor connected to external resistances via slip rings, which allow for
variable speed control and high starting torque, making them suitable for applications with fluctuating loads.
Induction motors are employed in a broad spectrum of industries, including manufacturing, oil and gas, water
treatment plants, mining, HVAC (Heating, Ventilation, and Air Conditioning), and transportation systems,
owing to their ability to deliver consistent performance even in harsh conditions. Their robust design makes them
resistant to mechanical stress and temperature variations, which is critical in heavy-duty operations.
However, like all electromechanical devices, induction motors are prone to various faults and degradation
mechanisms over time. Common faults include bearing wear and tear, rotor bar defects, stator winding failures,
air gap eccentricities, insulation breakdown, unbalanced voltages, and thermal overloads. For instance, bearing
faults—often caused by misalignment, lack of lubrication, or contamination—can lead to increased friction and
mechanical vibration. Rotor faults, such as broken rotor bars, can disrupt the balance of magnetic fields, reducing
torque output and causing abnormal heating. Electrical faults like winding insulation failure or phase imbalance may
lead to short circuits or overheating, ultimately resulting in motor burnout if not addressed promptly.
Understanding these operational and failure mechanisms is essential for developing robust monitoring and diagnostic
systems. Early detection of such faults through advanced techniques like vibration analysis, thermal imaging,
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current signature analysis, and acoustic monitoring can significantly enhance the reliability and lifespan of
induction motors. In recent years, the integration of machine learning (ML) and artificial intelligence (AI) with
sensor data has opened new avenues for predictive maintenance, allowing systems to not only detect faults but also
predict their occurrence before they escalate into critical failures. This shift from reactive to predictive maintenance
plays a crucial role in minimizing unplanned downtime, reducing maintenance costs, and ensuring continuous operation
of industrial processes.

II. LITERATURE REVIEW
I1.1 Induction Motor Fault Detection and Classification Using Current Signature Analysis Technique
The induction motor (IM) faults detection utilizing current signature analysis strategies break even with presented and
the upside of these systems are illuminated and checking the present, voltage, temperature of the electrical engines we
can viably diminish the working cost of help by allowing the basic discovery of flaws, which could be intemperate to
repair. The induction motors utilized for home apparatus and also the modern reason. With the modern development, it
has turned out to be important to screen the state of the machine. This paper displays the evaluation of recognizing the
individual sorts of faults in the induction motor by controlling the current, voltage, temperature. The flag preparing
methods measure up to connected to condition checking and fault detection of the induction motor. The flag handling
strategies have points of interest this isn't computationally costly, and these are easy to actualize."
I1.2 Induction motor fault detection protection and speed control using arduino
Today the most extensively used motor in the industry is the induction motor. The faults in the induction motor may
lead to breakdown of the induction motor and an increase in expense to the industry. So, in this paper we have
discussed a system which is cheap as compared to the other systems and cost effective. This system monitors
parameters such as speed, temperature, current and voltage using an Arduino microcontroller. Using these parameters,
we can easily detect faults such as overvoltage, over-current, overload, excessive heating, crawling and under-voltage.
The induction motor can be isolated from the supply in case of any of the faults with relays. The system also involves
the use of a speed control system which can adjust the speed to desired value. This will reduce the need for additional
motors because the same motor may be used to drive different devices. This system may lead to a huge amount of cost
saving."
I1.3 Condition Monitoring and Fault Diagnosis of Induction Motor - An Experimental Analysis
Continuous work of Induction Motor (IM) is an exigency for the recent industries which without a doubt influences the
reliability and stability of the production process. Detecting the faults at an early stage can reduce the loss in time and
expenses related to sudden stop of the motor. Consequently, condition monitoring is considered the first proposition in
this domain to detect the initial faults in the machine. In this paper, we detail the most frequent failures in the IM and
the condition monitoring techniques used to detect these faults. Furthermore, experimental tests are done on many
common external faults of IM, and a comprehensive comparative study among more than 10 faults is done for a better
comprehension of the machine behavior during the faults."
I1.4 Common Diagnosis Approach to Three-Class Induction Motor Faults Using Stator Current Feature and
Support Vector Machine
"Induction motors are becoming crucial components in numerous industries. The daily usage of induction motors
creates the demand for proper maintenance and slight fault detection to avoid serious damage to the induction motor
and the shutdown of industries. Among the various kinds of faults in induction motors, bearing faults, broken rotor bar
faults, and short-circuit insulation faults are the most common. Thus, detection and 12 classifications of these faults in
initial stage are attracting great attention. There are conventional methods for detecting such faults, such as the
vibration method for bearing faults, the self-organizing map in the case of broken rotor bar faults, and motor current
signature analysis for short-circuit insulation faults. From an industrial point of view, diagnosis methods that can
classify all these major faults are required. However, reports on the detection and classification of these faults in initial
stage using common diagnosis methods are scarce. In this paper, all three kinds of notable faults in an induction motor
were artificially induced, and diagnoses using motor stator current spectral features and the rotation speed of the motor

were performed. The diagnosis was accomplished using an auto-tunable and arbitrary featured support vector machine
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algorithm. Although the faults were minor, a high accuracy rate was obtained. The capability to classify the faults and
the high diagnosis accuracy prove the robustness and high sensitivity of the method, enabling its practical applications
in industries ."

1L.5 Fault detection in induction motors based on motor current signature analysis and accelerometer

"Induction motors are widely used in every field of electric power such as transportation, manufacturing, mining, and
petrochemical fields. Hence, fault detection and analysis become necessary to monitor the health of the machine.
Basically, classification of the induction motor faults is given in this paper. In proposed approach fault detection and
analysis of faulty rotor bars and vibration faults is done. MCSA technique is used for the detection of rotor fault based
on the current from the transformer. For vibrations of the motor, ADXL 335 vibration sensor is used. For the analysis of
faults, Fast Fourier Transform is performed by using MATLAB."

11.6 An Energy Spectral Technique for Induction Motor Fault Detection

Induction motors (IMs) provide the driving force for the industry. A kurtosis energy based spectrum synch (KESS)
technique is proposed in this work to detect incipient IM broken rotor bar defect using electric current signals. In IM
fault detection, the proposed KESS technique will capture the peakedness of the fault frequency components distributed
over several fault related local bands. These bands are synchronized to enhance fault features. A central kurtosis energy
indicator is proposed to extract representative features and formulate a fault index for incipient IM fault diagnosis. The
effectiveness of the developed KESS technique is demonstrated on IM with broken rotor bars. Test results show that the
developed KESS technique can detect incipient IM faults effectively."

II1I. PROPOSED METHODOLOGY:
Overview:
Convolutional Neural Networks (CNNs) provide a powerful, Al-driven solution for detecting faults in industrial
motors. Unlike traditional methods like FFT, which require manual interpretation and struggle with non-stationary
signals, CNNs automatically analyze raw or pre-processed sensor data such as vibration and current signals. They
extract meaningful patterns to accurately classify motor conditions and detect subtle or transient faults in real time. This
enables predictive maintenance, reduces dependency on human expertise, minimizes equipment downtime, and lowers
maintenance costs. CNN-based systems enhance safety, reliability, and operational efficiency, making them an essential
part of modern, Al-integrated industrial monitoring and fault diagnosis strategies.
Workflow:
Industrial motors are essential components in manufacturing, power plants, and automation systems. Detecting faults at
an early stage is crucial to prevent equipment failure, reduce maintenance costs, and ensure operational efficiency.
Traditional fault detection methods, such as Fast Fourier Transform (FFT), rely on frequency-domain analysis and
expert interpretation, making them less effective in handling complex and 21 non-stationary faults. To overcome these
limitations, Convolutional Neural Networks (CNNs) have emerged as a powerful Al-driven approach for motor fault
detection. CNN based fault detection leverages deep learning to automatically analyze sensor data, such as vibration or
current signals, and classify motor conditions without manual intervention. Instead of relying on predefined frequency
components, CNNs extract meaningful patterns directly from raw or pre-processed data, enabling the detection of
subtle fault characteristics. This approach enhances accuracy, reliability, and real-time fault diagnosis, making it
suitable for predictive maintenance applications. By integrating CNNs, industries can benefit from automated fault
classification, reduced dependency on human expertise, and improved fault prediction capabilities[15]. The ability to
process non-stationary signals and detect transient faults makes CNNs a more advanced and efficient solution. As
industries continue to embrace Al-based monitoring systems, CNNs play a crucial role in transforming motor fault
detection for improved safety and performance.

A. System Specifications
The software for the system requires an environment like Streamlit for the user interface, along with a browser such as
Google Chrome for running the application. It is designed to work on both Windows 10 and Linux operating systems.

On the hardware side, the system can run efficiently on a dual-core processor with 2GB of RAM.
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B. Software Description

Python, the primary programming language used for this project, is a high-level, interpreted language known for its
simplicity and readability. Being high-level, Python abstracts away the complexities of hardware and memory
management, allowing developers to focus on solving problems rather than dealing with low-level system details. Its
interpreted nature ensures that errors are identified and corrected immediately, making it easier to develop and debug
applications. Python's clean and readable syntax makes it easy to understand, even for beginners. The language’s
dynamic typing and object-oriented features further enhance its flexibility and allow for modular, reusable code.
Streamlit is used for building the interactive web interface of the SMARTGESTURE system. It allows Python scripts to
be converted into web applications easily, enabling a seamless user experience. With Streamlit, there is no need to learn
complex web development languages like HTML or JavaScript. Instead, Python code is used to create custom web
interfaces that are interactive and visually appealing. The library supports various widgets such as sliders, buttons, and
text inputs, making it ideal for creating data-driven applications that require real-time interaction.

C. Libraries and Framework

The system relies on several libraries and frameworks to handle different tasks. Streamlit, as mentioned, is used to build
the user interface. OpenCV, a powerful open-source computer vision library, is used to capture video frames, process
images, and track hand movements. OpenCV supports various image and video analysis tasks, such as object detection,
motion tracking, and face recognition, making it an ideal choice for gesture recognition. NumPy, a library for scientific
computing, is used for efficient manipulation of arrays and matrices, which is essential for handling image data and
performing various transformations. CvZone, another high-level library, simplifies the process of detecting and tracking
hand landmarks, and it integrates well with MediaPipe to streamline gesture recognition.

Induction Motor

‘ Microphone/Sound Sensor

D. Flow Diagram

Audio Data Collection

| Short-Time Fourier Transform (STFT) |

Spectrogram Images

| Convolutional Neural Network (CININ) |

Fault Detection

‘ Timely Insights on Motor Health |

|

| Optimized Maintenance Strategies

Data Collection: The first step in developing a fault detection system for induction motors is comprehensive data
collection. Sound data is recorded from motors under both normal and faulty operating conditions using high-quality
microphones. This includes varying speeds, loads, and environments to ensure data diversity. Common faults like
bearing damage, rotor imbalance, and stator issues are simulated to capture accurate acoustic signatures. Tools like
Librosa in Python are used to preprocess this audio—removing noise, normalizing volume, and segmenting data. Proper
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labeling of sound clips ensures the model can distinguish between normal and faulty states, laying the groundwork for
supervised learning.

Spectrogram Generation: After preprocessing, the audio data is transformed into spectrograms—visual representations
of sound frequency over time—using the Short-Time Fourier Transform (STFT). These images allow Convolutional
Neural Networks (CNNs) to extract meaningful features. Validation is done using libraries like Matplotlib to ensure
clarity. Data augmentation techniques, like flipping or adding noise, are also applied to enhance the dataset and improve
model generalization.

Model Development:The third phase involves building and training the CNN model using the spectrograms. The
architecture includes convolutional and pooling layers followed by fully connected layers. These extract and learn
patterns specific to different fault conditions. The model is compiled using categorical cross-entropy loss and
optimizers like Adam. Training occurs over several epochs with constant validation to prevent overfitting. Performance
is measured through metrics such as accuracy, precision, and recall.

Fault Detection System Implementation:Once trained, the model is integrated into a real-time system. A live audio
capture setup records motor sounds continuously. These sounds are immediately converted into spectrograms using
STFT and passed through the CNN for classification. The model outputs the probability of different faults, which can
trigger alerts when thresholds are crossed. A user-friendly interface displays real-time spectrograms and classification
results to aid operator decisions.

Testing and Performance Evaluation: The final phase involves rigorous system testing under various simulated and
real-world conditions. Evaluation metrics like accuracy, precision, recall, and Fl-score are calculated. Stress tests
include altering motor speed, load, and background noise to test model robustness. Feedback from this phase is used for
system refinements, ensuring reliable and adaptive fault detection over time.

Implementation

The Sound Analysis System is an intelligent framework that processes and classifies audio files using spectrogram
representations. It transforms audio into mel spectrogram images, which are then used to train a Convolutional Neural
Network (CNN) model. This trained model is embedded into a Flask web application to enable real-time audio
classification. This system has a wide range of applications, including: Speech Recognition: Useful for voice assistants
and automated transcription services. Environmental Sound Detection: Helps in security surveillance and wildlife
activity monitoring. Medical Diagnostics: Analyzes sounds like coughs or heartbeats for potential diagnosis. Music
Genre Classification: Supports music recommendation systems in streaming platforms.

Data Preprocessing and Conversion Data preparation begins with organizing audio files and converting them into a
format suitable for machine learning. The Soundconvert.py script handles this pipeline and includes the following
processes: Loading Audio Files: Utilizes the librosa library to read audio formats like .wav and .mp3. Trimming
Silence: Removes unnecessary silent portions to improve classification accuracy. Padding Short Clips: Adds silence to
shorter clips to standardize length across the dataset. Mel Spectrogram Conversion: Applies Short-Time Fourier
Transform (STFT) to extract frequency

Model Training The main.py script handles training the CNN model using the generated spectrograms. Key steps in this
phase include: Dataset Preparation: Images are labeled based on their directories. Dataset is split into training and
testing sets using train_test split. Pixel values are normalized to the [0,1] range. CNN Architecture: Convolutional
Layers: Detect key features from spectrograms. Pooling Layers: Reduce the dimensionality of feature maps. Fully
Connected Layers: Classify the learned features. Activation Functions: ReLU for hidden layers and Softmax for output
classification. Training Configuration: Loss function: sparse categorical crossentropy. Optimizer: Adam. Model is
trained over several epochs, and its weights are saved for inference.

Model Evaluation Post-training, the model is evaluated to ensure performance across real-world scenarios. Evaluation
methods include: Accuracy and Loss Graphs: Show how well the model learns and generalizes. Confusion Matrix:
Highlights class-wise accuracy and errors. ROC Curve: Demonstrates sensitivity vs. specificity. Precision, Recall, and
F1-Score: Measure effectiveness, especially in imbalanced datasets. Testing on Unseen Data: Validates model

robustness with new audio inputs.
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Web Application Integration The trained model is integrated into a user-friendly web interface using Flask (app.py).
Features include: Frontend UI: Built using HTML, CSS, and JavaScript, allowing users to upload or record audio.
Backend Processing: Converts input audio into mel spectrograms and uses the trained CNN for classification. API

Endpoint: A Flask-based REST API processes POOST requests and returns classification results in JSON format.
Deployment Options: The system can be deployed locally or hosted on cloud platforms like AWS or GoogleCloud

V. RESULT AND DISCUSSION
The Sound Analysis System was evaluated through metrics such as accuracy, loss, confusion matrix, and real-world
testing. It processes audio signals by converting them into mel spectrograms and classifying them using a
Convolutional Neural Network (CNN). The model achieved a validation accuracy of 92%, with training and validation
losses showing a consistent downward trend, indicating effective learning and minimal overfitting. Speech and musical
instruments were classified with over 95% accuracy, while environmental sounds like rainfall and fire had slightly
lower accuracy due to overlapping frequency components.
The confusion matrix revealed some misclassifications, especially between audio classes with similar spectral patterns,
such as ocean waves and rain, or musical instruments with close tonal properties. Noisy backgrounds also posed a
challenge, particularly for speech detection. Preprocessing significantly enhanced model performance. Techniques such
as silence trimming, audio padding, and normalization of spectrograms ensured consistent, clean input, reducing noise-
related inaccuracies. Without these steps, accuracy dropped, highlighting the importance of robust preprocessing in
deep learning pipelines. Compared to traditional methods like MFCC with SVM or KNN, the CNN approach was more
effective. Unlike conventional models that rely on handcrafted features, CNNs learn complex patterns directly from
spectrograms, improving generalization and classification accuracy.
Real-world testing showed the model's reliability in classifying speech, environmental sounds, and music. However,
performance was affected by background noise and the need for computational resources. Optimizations like
quantization and pruning are necessary for deployment on edge devices. Future improvements may include data
augmentation, hyperparameter tuning, and transfer learning to enhance performance further. In conclusion, the system
proves the effectiveness of deep learning in sound classification. With additional enhancements in preprocessing, model
design, and deployment, it holds strong potential for practical applications in speech recognition, environmental
monitoring, and music analysis.

OUTPUT SCREENSHOT

Engine Fault Detection

Engine Fault Detection
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VI. CONCLUSION

The Induction Motor Fault Detection System using Convolutional Neural Networks (CNN) is a breakthrough in
predictive maintenance for industrial environments. By analyzing audio signals emitted by motors, the system converts
them into spectrogram images, enabling the CNN to accurately classify different fault types. This real-time fault
detection helps prevent major breakdowns, ensuring operational reliability and minimizing unplanned downtime in
manufacturing. The integration of audio signal processing with deep learning offers a scalable and adaptive solution
across various industrial conditions. The project showcases the effectiveness of applying machine learning to traditional
maintenance challenges, emphasizing the role of smart technologies in modern industry. By providing early insights
into motor health, the system not only improves maintenance strategies but also boosts overall productivity. This
innovation highlights the potential of Al-driven solutions in transforming industrial operations and sets the stage for
further advancements in intelligent fault detection and maintenance automation.

FUTURE ENHANCEMENTS
Expansion of Dataset — By incorporating a wider range of fault conditions and varying environmental noise levels, the
model’s accuracy and robustness can be improved. A diverse dataset ensures better generalization across different
operational scenarios.
Integration of Multi-Sensor Data — Combining temperature, vibration, and current data with audio signals will offer a
more comprehensive monitoring system, providing richer insights into motor health.
Edge Computing Deployment — Enabling real-time processing on-site allows for immediate fault detection, reducing
the need for centralized processing and ensuring faster response times.
Adaptive Learning Mechanism — Implementing feedback loops where the system continually learns from new data will
enhance its predictive capabilities and keep the system updated over time.
Transfer Learning Implementation — Adapting the CNN model for different motor types and industrial applications will
improve the system’s versatility and applicability in various industries.
Automation and IoT Integration — Integrating with IoT platforms allows for remote monitoring and predictive
maintenance, ensuring timely interventions and reducing downtime.
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