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COURSE OUTLINES
This course provides a comprehensive understanding of how Artificial Intelli-

gence (Al) can be applied to predictive maintenance (PdM) in industrial settings.
The focus is on using Al and machine learning (ML) to predict equipment
failures, reduce downtime, and optimize maintenance operations. Participants
will gain practical knowledge on how to implement predictive maintenance
strategies using Al techniques and tools.

DAY 1: INTRODUCTION TO PREDICTIVE
MAINTENANCE AND Al

e Understanding Predictive Maintenance
© Overview of maintenance strategies: Reactive, preventive, and predictive
o maintenance
Benefits of predictive maintenance: Reduced downtime, cost savings, and
O improved operational efficiency
Key concepts and terminology in predictive maintenance: Failure modes,
remaining useful life (RUL), and asset health

® Role of Al and Machine Learning in Predictive Maintenance
o How Al improves predictive maintenance: Early detection of failures,
optimization of maintenance schedules
O Introduction to machine learning and data-driven models
Overview of key Al techniques: Supervised learning, unsupervised learning,
O time series analysis, and anomaly detection

e The Predictive Maintenance Lifecycle

o Steps in implementing predictive maintenance: Data collection, model
development, deployment, and continuous monitoring

o Challenges in implementing predictive maintenance: Data quality,
integration with existing systems, and model accuracy

DAY 2: DATA COLLECTION AND PREPARATION
FOR PREDICTIVE MAINTENANCE
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e Data Sources for Predictive Maintenance
O Types of data: Sensor data (loT), historical maintenance records,
o operational data
Overview of condition-based monitoring (CBM): Vibration, temperature,
O pressure, and acoustic signals
Data acquisition systems and Industrial Internet of Things (lloT) in
predictive maintenance

e Data Preprocessing and Feature Engineering

O Importance of data preprocessing: Cleaning, normalization, and feature
scaling
Handling missing data and noisy signals in sensor readings

o Feature extraction: Time-domain and frequency-domain features, statistical
features

o Selecting relevant features for predictive maintenance models
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Data Storage and Management

Handling large volumes of data: Cloud-based storage, data lakes, and edge
computing

Data management platforms for predictive maintenance: Integrating

data from

DAY 3: Al AND MACHINE LEARNING TECHNIQUES
FOR PREDICTIVE MAINTENANCE
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Supervised Learning for Predictive Maintenance

Key machine learning algorithms for predictive maintenance: Decision trees,
Random Forest, Support Vector Machines (SVM), and Linear Regression

Model training and evaluation: Splitting data, cross-validation, and performance
metrics (accuracy, precision, recall, F1-score)

Predicting failure time and remaining useful life (RUL) of assets

Unsupervised Learning and Anomaly Detection

Clustering techniques for anomaly detection: K-means, DBSCAN, and
hierarchical clustering

Isolation Forest and One-Class SVM for anomaly detection

Using unsupervised learning to identify abnormal patterns in asset behavior
Real-time monitoring and anomaly detection for early warning systems

Deep Learning for Predictive Maintenance

Using deep learning models for time-series data: Recurrent Neural Networks
(RNNs), Long Short-Term Memory (LSTM) networks

Autoencoders for anomaly detection in complex systems

Practical application of deep learning models for condition monitoring

and failure prediction

DAY 4: : IMPLEMENTING PREDICTIVE
MAINTENANCE MODELS
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Building a Predictive Maintenance System

Step-by-step process: From data collection to model deployment
Designing and implementing Al models for predictive maintenance
Real-time failure prediction systems: Integrating with Industrial 10T (lloT)
platforms and SCADA systems

Monitoring and updating predictive models: Continuous model
evaluation and retraining

Integration with Maintenance Management Systems (CMMS)

Linking predictive maintenance models with Computerized Maintenance
Management Systems (CMMS)

Automated maintenance scheduling: Integrating predictive insights

with work order management

Predictive insights for parts inventory management and resource allocation

Cloud and Edge Computing in Predictive Maintenance

Cloud-based Al solutions for predictive maintenance: Scalability, data
storage, and real-time processing

Edge computing for real-time, on-site predictive analytics

Choosing the right architecture: Cloud vs. edge computing for different
use cases
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DAY 5: ADVANCED TOPICS AND FUTURE TRENDS
IN PREDICTIVE MAINTENANCE

e Case Studies and Industry Applications

O Real-world case studies: Predictive maintenance in manufacturing, oil & gas,
aerospace, and utilities
Applications of Al in failure prediction, process optimization, and cost reduction
Examples of successful predictive maintenance implementations and lessons
learned

Al for Maintenance Optimization
Optimizing maintenance schedules based on predictive insights
Balancing predictive maintenance and traditional maintenance strategies
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Using Al to improve asset reliability and lifespan

Future Trends and Challenges in Predictive Maintenance
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The role of advanced Al technologies: Reinforcement learning, federated
learning, and explainable Al (XAl)

O  Evolving trends: Smart manufacturing, Industry 4.0, and autonomous systems
Challenges in scaling predictive maintenance across large enterprises

Ethical considerations in Al-driven maintenance systems

ADDITIONAL COURSE DETAILS:

e Target Audience:
Data scientists, machine learning engineers, and Al practitioners working in
industrial settings

O Maintenance engineers, technicians, and managers looking to leverage Al for
predictive maintenance

o IT and loT professionals involved in sensor data collection and real-time
monitoring systems

O Operations and asset management teams looking to optimize maintenance
schedules and reduce downtime
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e Learning Methodology:

©  This course blends theoretical knowledge with hands-on practice, providing
participants with practical experience in implementing predictive maintenance
solutions using Al and machine learning. Participants will work with real datasets,
build predictive models, and learn how to integrate Al-driven maintenance
systems with existing infrastructure. By the end of the course, they will be
equipped to implement and optimize predictive maintenance solutions in
their own organizations, improving efficiency and reducing maintenance costs
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