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• Optimisation of vertical profile (from triggering point to FL100)
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• Cost function

• Distance flown FL100 – runway
• Holding
• Taxi-in time



Pilot3 – Machine learning models

24TC2 - ML/AI/Automation in ATM - Improve tactical decision making -
Pilot3 - 03 September 2021

Mean time
procedures
(holding, 

seq&merg, 
taxi-in)

Cost

Arrival time at
inbound gate

Expected
cost

Arrival time 
at FL100

Arrival time 
at gate

x Cost

• Cost function



Pilot3 – Machine learning models

25TC2 - ML/AI/Automation in ATM - Improve tactical decision making -
Pilot3 - 03 September 2021

Cost

Arrival time at
inbound gate

Expected
cost

Arrival time 
at FL100

Arrival time 
at gate

x

• Cost function

Mean time
procedures
(holding, 

seq&merg, 
taxi-in)



Pilot3 – Machine learning models

26TC2 - ML/AI/Automation in ATM - Improve tactical decision making -
Pilot3 - 03 September 2021

Cost

Arrival time at
inbound gate

Expected
cost

Arrival time 
at FL100

Arrival time 
at gate

x

Mean time
procedures
(holding, 

seq&merg, 
taxi-in) Convolution of taxi-in, 

holding and sequencing 
and merging times

• Cost function

Arrival time at
FL100



Pilot3 – Machine learning models

27TC2 - ML/AI/Automation in ATM - Improve tactical decision making -
Pilot3 - 03 September 2021

Cost

Arrival time at
inbound gate

Expected
cost

Arrival time 
at FL100

Arrival time 
at gate

x

Mean time
procedures
(holding, 

seq&merg, 
taxi-in) Convolution of taxi-in, 

holding and sequencing 
and merging times

• Cost function

Arrival time at
FL100



Pilot3 – Objective function

28TC2 - ML/AI/Automation in ATM - Improve tactical decision making -
Pilot3 - 03 September 2021

• Cost function

Cost

Arrival time

Expected
cost at 

inbound gate

Expected
cost at 
FL100



Pilot3 – Objective function

29TC2 - ML/AI/Automation in ATM - Improve tactical decision making -
Pilot3 - 03 September 2021

• Cost function

Cost

Arrival time
at FL100

Expected
cost at 
FL100



Pilot3 – Components

30TC2 - ML/AI/Automation in ATM - Improve tactical decision making -
Pilot3 - 03 September 2021



Pilot3 – Components

31TC2 - ML/AI/Automation in ATM - Improve tactical decision making -
Pilot3 - 03 September 2021



Pilot3 – Machine learning models

32TC2 - ML/AI/Automation in ATM - Improve tactical decision making -
Pilot3 - 03 September 2021

For cost function generation
• Reactionary delay estimation

• Ground time
• Gate-to-gate time

• Missed connections
• Connecting time
• Departure of possible connecting flights

For uncertainties in model 
• Holding at arrival (minutes)
• Flight distance from FL100 to runway (NM)
• Taxi-in time (minutes)
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Challenges
1. Need of distribution not only average expected value
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Challenges
1. Need of distribution not only average expected value

Simple (or not)
regression model

Computation of 
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Classifier to 
characterise error
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Challenges

Same problem: Prediction of 
distance from FL100 to runway

Different data (environment)
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Challenges
Reactionary delay estimation: 

Flying and ground times with 
long lookahead times
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Challenges
3. Multi-model approach
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Challenges
3. Multi-model approach Estimation of complex 

interactions integrating 
models

Rotation time
if ATFM delay

Rotation time
no-ATFM delay

Probability 
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Propagation 
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Challenges
4. Visualisation – interpretability

Using predictions with uncertainties  How to present the information to users?

Directly 
integrating 

information in 
model

Users making 
decisions on 
predictions 
(dashboard)
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Challenges
5. Data! 

Historical data at 
different 

prediction-horizons 
by different users?

How to extract 
information from data 

(features computation)?
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• Machine learning models in Pilot3
• Used to compute cost function components
• Used to estimate uncertainties that affect operations

• Challenges (most of them applicable to ATM in general)
1. Need of distribution not only average expected value
2. Prediction-horizon
3. Multi-model approach
4. Visualisation – interpretability
5. Data!
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