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EU Vision
ACARE
§ By 2035 – the CBM philosophy will be accepted as a standard approach

§ For aircraft health monitoring & maintenance planning

§ By 2050 - all new aircraft will be designed for CBM.
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AI for Condition-based Maintenance in Aviation

Project Number : 769288

Starting Date : 01/06/2018

Duration : 4 years

Action Type : Research & Innovation (max TRL 5)

Budget : 6.8 million euros

Number of Partners : 13

Coordination : Delft University of Technology (TU Delft)
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Our approach

Safety Risk Assessment

Integrated Fleet Health Management Solution

Reinforcement learning 

maintenance schedule 

tool

Data-driven algorithms 

for systems

Open IT 

ecosystem

Sensing technology 
& Data-driven 
algorithms for 
structures
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Our approach
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Open IT Ecosystem
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First approach

Data

Results
(prognostics, diagnostics, 
maintenance plans) 

Data

Results
(prognostics, diagnostics, 
maintenance plans) 

Results
(prognostics, diagnostics, 
maintenance plans) 

Data

IT Cloud services

We learned that
§ Collaboration is key

but…
§ Airlines are reluctant to share their data
§ Different airlines may require different 

levels of anonymization to be able to 
share data

§ Data traceability challenges

Hub & Spoke approach
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Implemented approach

Solution
§ Data belongs to operators (and never 

leaves the airline’s IT systems)
§ Distributed Parallel Learning based design
§ Models and Algorithms belong to 

developers
§ Open API and Public SDK available for 

developers
§ Focus on security and audit
§ Easily adaptable to different Machine 

Learning techniques

Distributed Hub & Spoke approach

Retrained 
algorithms

Services
(algorithms, tools) 

IT Cloud services

Services
(algorithms, tools) 

Retrained 
algorithms

Retrained 
algorithms

Services
(algorithms, tools) 
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PHM Challenge
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Approach 1 - TrajecNets
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Data 

Shahid, N., and Ghosh, A. (2019) “TrajecNets: Online Failure Evolution Analysis in 2D Space", International Journal of Prognostics and 
Health Management: Vol 10 https://papers.phmsociety.org/index.php/ijphm/article/view/2614.

https://papers.phmsociety.org/index.php/ijphm/article/view/2614
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Approach 1 - TrajecNets
11

Shahid, N., and Ghosh, A. (2019) “TrajecNets: Online Failure Evolution Analysis in 2D Space", International Journal of Prognostics and 
Health Management: Vol 10 https://papers.phmsociety.org/index.php/ijphm/article/view/2614.

https://papers.phmsociety.org/index.php/ijphm/article/view/2614


AI for Condition-based Maintenance in Aviation

Approach 1 - TrajecNets
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Approach 1 - TrajecNets
13

Shahid, N., and Ghosh, A. (2019) “TrajecNets: Online Failure Evolution Analysis in 2D Space", International Journal of Prognostics and 
Health Management: Vol 10 https://papers.phmsociety.org/index.php/ijphm/article/view/2614.

https://papers.phmsociety.org/index.php/ijphm/article/view/2614


AI for Condition-based Maintenance in Aviation

Approach 1 - TrajecNets
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Approach 1 - TrajecNets
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Dataset Samples Failure
predicted Accuracy Cycles in 

advance
FD001-train-test 36 36 100% 44 ± 14.2
FD003-train-test 36 36 100% 69 ± 9.1 
FD001-test 100 31 31% 49.8 ± 17.1
FD003-test 100 24 24% 71 ± 9.4
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Approach 2 –
Random Forest

Average:
Mean absolute error – 53.35 days
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Visualisation
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Current 
trajectory z RUL

Trend line RUL

Past behaviour

Now 3000h-3000h

System name Last 
replacement

z RUL

Now 3000h-3000h

System name

RUL

RUL

3000h
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0h

Current Trajectory

Linear Trendline
Current trajectory linear 
trendline

Past Trajectories
What happened to past 
trajectories when RUL 
prediction was the same

Display RUL behaviour over time for current and past 
trajectories

Display Remaining Useful Life (RUL) per sub-system
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Maintenance Planning
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Decision support approach

RL Schedule optimisation algorithm

Preventive 
& 

corrective
tasks

RUL Distribution 
(Mean, St.Dev)

Prognostics-based task 
generation (POMDP)

Recommended 
dates + costs

Tasks Mx. slots Resources Flight schedule

Costs

Current schedule

Updated schedule

MPD & MELPrognostic Models

Disruptions
!

Mx. slots
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Decision support approach

Reinforcement Learning

Belief state Deep Q-Learning Adaptive plan

RUL Component 1 RUL Component 2 RUL Component N

….. 

RUL Component 1 RUL Component 2

….. 
RUL Component N

…
RUL Component 1 RUL Component 2 RUL Component N

….. 
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Results (without prognostics)
§ Ground time decreased by 19% ≈ 1 day/year
§ Less than 50% of schedule changes in T-0 and T-1 
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The consortium
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1st International Conference for CBM in Aerospace
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https://cbmacademy.eu/

https://cbmacademy.eu/


Paving the way for the future 

of CBM in aviation.

Join us in this path.

Project Coordinator:

B.F. (Bruno) Santos

TU Delft / Air Transport & Operations

T +31 (0)15 27 82713
W www.lr.tudelft.nl/ato
E B.F.Santos@tudelft.nl


