
Motivations

• From Time-Based Maintenance to Predictive Maintenance (PdM)

• Improve safety: 

– Predict potential failures before they occur

• Cost mitigation:

– In 2022, 76$ billion was spent for maintenance

• Challenges for PdM:

– Complexity and Explainability: Models must be accurate and 
interpretable for stakeholders

– Data Availability: Scarcity of publicly available datasets to train and 
validate predictive models

– Safety Risks: Ensuring the reliability of predictions
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• Digital Twin (DT): Virtual replica of a physical asset that allows 
for real-time monitoring and simulation

• Functionality:

– Real-Time Insights: Monitors equipment continuously, 
identifying performance issues early

– Reducing downtime and minimizing maintenance costs

• Challenges for Digital Twin:

– Lack of formal definition of DT

– Lack of standardized methodologies for DT creation

– Interdisciplinary

• Essential Aircraft Component:

– Safe takeoffs, taxiing and landings

• Maintenance Costs:

– Accounts for 20% of the airframe's maintenance

• Multi-Domain Model:

– Mechanical and Hydraulic Systems

• Challenges

– Limited Sensors: few sensor available for condition monitoring

– Data Scarcity: lack of public datasets
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Hybrid Digital Twin framework for Predictive Maintenace, Data 
Augmentation with Generative AI
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