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Origin story Open Aircraft Performance Models

● BlueSky Open ATM simulator started in 2013

● Also support for BADA implemented in BlueSky (2014), still compatible with BADA 3.12+

● Goal was to developing open aircraft performance models

● Started off as an MSc assignment in 2014 (Dr. Isabel Metz, now at DLR)

● In 2015 Dr. Junzi Sun started his PhD developing ADS-B based OpenAP

● Dr. Junzi Sun joined CNS-ATM in 2019 after his PhD defense, to continue on OpenAP 

and other open source initiatives

● OpenAP also split off as separate package

● Emission and fuel models added

● Trajectory optimizer added
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Installation:

pip install openap



OpenAP: Built with open data (ADS-B / Mode S)

TU Delft data OpenSkyFlightRadar24

=> pymodes
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Constructing kinematics models

Local and global ADS-

B Data

Construct parametric model for key 

performance parameters (CAS, Mach, 

vertical rate, etc)

- Flight trajectory process,  

- Flight phase identification

- Post-processing



Trajectory generation

Trajectory:

Dictionary 

with numpy arrays

‘t’,’h’,’v’,’s’,’vs’



Trajectory generation
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* Bartel, M., Young, T.M., 2008. Simplified thrust and fuel consumption models for modern two-shaft turbofan engines. Journal of Aircraft 45, 1450–

1456.

Optimization



Drag polar estimation
Bayesian estimation / Markov chain Monte Carlo (MCMC) simulation

A milestone for the OpenAP model



Drag polar estimation
Bayesian estimation / Markov chain Monte Carlo (MCMC) simulation

A milestone for the OpenAP model
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OpenAP fuel module

Fuel flow correction model



OpenAP fuel & emission module
● Fuel flow model enables calculation of fuel consumption directly from 

trajectory data

● Simplified APIs for calculating  fuel consumption



OpenAP fuel & emission module

● Based on Boeing Fuel Flow Method (BFFM2)

● Simplified APIs for calculating different pollutant emission (CO2, 
H2O, CO, NOx, HC) from trajectory data

DuBois, D. and Paynter*, G., "“Fuel Flow Method2” for Estimating Aircraft Emissions,"
SAE Technical Paper 2006-01-1987, 2006, https://doi.org/10.4271/2006-01-1987.

https://www.sae.org/publications/technical-papers/content/2006-01-1987/
https://doi.org/10.4271/2006-01-1987
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Trajectory optimization

● Separate package: pip install openap-top

● Rapid generation of 4D optimal trajectories Different objective functions, focusing on 

minimizing environmental impacts



Trajectory optimization

● Separate package: pip install openap-top

● Rapid generation of 4D optimal trajectories Different objective functions, focusing on 

minimizing environmental impacts



Thank you and for questions:

From right to left:
Dr. Joost Ellerbroek
j.ellerbroek@tudelft.nl

Prof.dr.ir. Jacco M. Hoekstra
j.m.hoekstra@tudelft.nl

Dr. Junzi Sun
j.sun-1@tudelft.nl

Section Operations & Environment
Department Control & Operations
Faculty of Aerospace Engineering
Delft University of Technology

Junzi

Jacco Joost

Keep an eye on: https://github.com/TUDelft-CNS-ATM

https://github.com/TUDelft-CNS-ATM


Thank you!
j.m.hoekstra@tudelft.nl

Openap PoC: j.sun-1@tudelft.nl

Keep an eye on: https://github.com/TUDelft-CNS-ATM

mailto:j.m.hoekstra@tudelft.nl
mailto:j.sun-1@tudelft.nl
https://github.com/TUDelft-CNS-ATM
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