
Supporting Trajectory Based
Operations in Aerodrome
Control
Master of Science Thesis Report

B. van Dillen

D
el
ft
U
ni
ve
rs
ity

of
Te
ch
no
lo
gy





Supporting Trajectory Based
Operations in Aerodrome Control

Master of Science Thesis Report

by

B. van Dillen

to obtain the degree of Master of Science

at the Delft University of Technology,

to be defended publicly on Wednesday May 1, 2024 at 01:00 PM.

Student number: 4677269
Project duration: May 19, 2022 – May 1, 2024
Thesis committee: prof.dr.ir. M. Mulder, TU Delft, Chair

dr.ir. C. Borst, TU Delft, Daily Supervisor
ir. G. de Rooij, TU Delft, Supervisor
dhr. F. Dijkstra, KDC, External Supervisor
dr. O. A. Sharpans’kykh TU Delft, Examiner

An electronic version of this thesis is available at http://repository.tudelft.nl/.

Front cover image source: Daan Krans

http://repository.tudelft.nl/




Preface
In front of you lies, or is displayed on your screen when reading this digitally, the report that marks
the end of my Master of Science Thesis Project. This is also the final part of the Master Aerospace
Engineering at the Delft University of Technology and therefore, this report concludes my time as a
student. The project was conducted at the Control and Simulation section of the department of Control
and Operations in collaboration with Luchtverkeersleiding Nederland (LVNL) as part of the Centre of
Excellence from the Knowledge and Development Centre Mainport Schiphol (KDC).

This document combines the two main deliverables of my Master’s Thesis. These are the Master of
Science Thesis Paper and its appendices, together with a copy of the Preliminary Report, which also
includes the literature study.

When starting the project back in May 2022, I could not have imagined that my Master’s Thesis
would get this extensive. Nonetheless, I really enjoyed working on it, from exploring the world of tower
control at Schiphol and designing a support tool to implementing it into the SectorX simulator together
with learning Java and testing it with air traffic controllers.

There are several people I explicitly would like to thank. Starting with the supervisors from the TU
Delft. Clark, my daily supervisor, thank you for all the time and effort you have put into guiding me
during this project. I am really grateful for the input you have provided to improve my work, from the
design of the tool to the contents of this report. Also, Gijs, I would like to thank you for your help. I
want to especially highlight your support with SectorX, improving the tool, how to present the results
and your feedback on my paper. Furthermore, René, thank you for your help and guidance. I really
appreciate your contribution to this project. And Max, I would like to express my gratitude for your
supervision and, even with a busy calendar, making time for meetings with students like me. This is
truly appreciated. Lastly, to all of the aforementioned, I want to thank you for all the meetings we had
during the past (almost) two years. I really enjoyed these and I am truly grateful for all the insights you
provided me with.

To my supervisor from the KDC, Ferdinand, first of all, a big thanks for the opportunity you provided
to perform this project. I remember that at the end of my internship at iLabs, I came to you looking for
a possible thesis at the KDC. You mentioned that you had something in mind that you thought would
suit me. When looking back I must admit that you were right. I am also grateful for your support during
the project, from brainstorming about the scope to providing me with data. Your knowledge about the
ATM system is undeniably valuable for students like me.

Furthermore, I want to express my appreciation to Tim for his operational expertise and for inviting
me (two times) to the Schiphol Tower. Also, to all the students I have worked with at iLabs, from
interns to my fellow thesis students. Stating all your names here would probably take too much space,
nonetheless thank you for our time together, your support and for all the chats we had during our little
coffee breaks, which I really enjoyed.

Last but not least, I would like to thank my parents. Thank you for your support during this project
and during my studies in general, I could not have done it without you. Also to my brother, Pim, a big
thanks for your support and help.

Bob
Elst, April 2024
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������ �7�U�D�M�H�F�W�R�U�\ �5�H�Y�L�V�L�R�Q�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
������ �7�U�D�M�H�F�W�R�U�\ �0�D�U�J�L�Q�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
������ �6�\�V�W�H�P �:�L�G�H �,�Q�I�R�U�P�D�W�L�R�Q �6�K�D�U�L�Q�J �&�R�Q�F�H�S�W�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
������ �)�O�L�J�K�W �D�Q�G �)�O�R�Z �,�Q�I�R�U�P�D�W�L�R�Q �I�R�U �D �&�R�O�O�D�E�R�U�D�W�L�Y�H �(�Q�Y�L�U�R�Q�P�H�Q�W �&�R�Q�W�H�Q�W�V ���,�&�$�2�� ������������ �� ����
������ �'�H�S�D�U�W�X�U�H �W�L�P�H �D�Q�G �Z�L�Q�G�R�Z�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

������ �,�Q�E�R�X�Q�G �S�O�D�Q�Q�L�Q�J �L�Q�W�H�U�I�D�F�H �Z�L�W�K �D �W�L�P�H���V�S�D�F�H �D�Q�G �Y�H�U�W�L�F�D�O �G�L�D�J�U�D�P ���.�O�R�P�S �H�W �D�O���� ������������ ����
������ �)�R�X�U���'�L�P�H�Q�V�L�R�Q�D�O �����'�� �W�U�D�M�H�F�W�R�U�\ �P�D�Q�D�J�H�P�H�Q�W �L�Q�W�H�U�I�D�F�H �Z�L�W�K �D �S�O�D�Q �Y�L�H�Z�� �Y�H�U�W�L�F�D�O �V�L�W�X�D��

�W�L�R�Q �D�Q�G �W�L�P�H���V�S�D�F�H �G�L�V�S�O�D�\ ���2�W�W�H�Q�K�R�I�I�� ������������ �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
������ �7�L�P�H���6�S�D�F�H �G�L�D�J�U�D�P �W�R �U�H�V�R�O�Y�H �F�R�Q�I�O�L�F�W�V �R�Q �I�L�[�H�G �D�S�S�U�R�D�F�K �W�U�D�M�H�F�W�R�U�L�H�V ���Y�D�Q �6�H�O�O�L�Q�J�� ��������������
������ �6�R�O�X�W�L�R�Q �6�S�D�F�H �'�L�D�J�U�D�P ���%�R�U�V�W�� ������������ �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
������ �&�R�Q�V�W�U�X�F�W�L�R�Q �R�I �W�K�H �6�R�O�X�W�L�R�Q �6�S�D�F�H �'�L�D�J�U�D�P ���9�H�O�D�V�F�R �H�W �D�O���� ������������ �� �� �� �� �� �� �� �� �� �� ������
������ �7�D�N�H���R�I�I �7�L�P�L�Q�J �6�X�S�S�R�U�W �7�R�R�O�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
������ �6�H�O�H�F�W�H�G �I�O�L�J�K�W �Z�L�W�K �W�K�H �7�D�N�H���R�I�I �7�L�P�L�Q�J �6�X�S�S�R�U�W �7�R�R�O�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
������ �&�R�Q�I�O�L�F�W �L�Q �W�K�H �7�D�N�H���R�I�I �7�L�P�L�Q�J �6�X�S�S�R�U�W �7�R�R�O�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

�$���� �(�[�S�H�U�L�P�H�Q�W �$�S�S�D�U�D�W�X�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�$���� �(�[�S�H�U�L�P�H�Q�W �:�R�U�N�I�O�R�Z�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

�'���� �'�H�S�D�U�W�X�U�H �S�O�D�Q�Q�L�Q�J �K�L�V�W�R�U�\�� �V�W�D�U�W�L�Q�J �Z�K�H�Q �G�U�D�J�J�H�G �W�R �W�K�H�Z�R�U�N�L�Q�J �D�U�H�D���7�7�2�7�� �D�Q�G �L�Q�G�L��
�F�D�W�L�R�Q�V �R�I �W�U�D�Q�V�I�H�U �E�\ �J�U�R�X�Q�G �F�R�Q�W�U�R�O�� �V�R�O�X�W�L�R�Q �I�L�Q�G�L�Q�J ���U�H�O�H�D�V�L�Q�J �Z�L�W�K�L�Q �D �F�R�Q�I�O�L�F�W�� �D�Q�G �W�K�H
�V�W�D�U�W �R�I �W�K�H �W�D�N�H���R�I�I �U�R�O�O�� �$ �G�R�W�W�H�G �O�L�Q�H �P�H�D�Q�V �G�U�D�J�J�H�G �E�D�F�N �W�R �W�K�H�S�H�Q�G�L�Q�J �D�U�H�D�� �� �� �� �� ������

�'���� �9�H�U�W�L�F�D�O �V�W�U�L�S �S�R�V�L�W�L�R�Q�� �U�H�O�D�W�L�Y�H �W�R �W�K�H �I�L�U�V�W �D�S�S�H�D�U�D�Q�F�H �L�Q �W�K�H�S�H�Q�G�L�Q�J �D�U�H�D�D�Q�G �L�Q�F�O�X�G�L�Q�J
�L�Q�G�L�F�D�W�L�R�Q�V �I�R�U �W�U�D�Q�V�I�H�U �E�\ �J�U�R�X�Q�G �F�R�Q�W�U�R�O�� �G�H�S�D�U�W�X�U�H �D�Q�G �V�H�Q�G�L�Q�J �W�K�H �V�W�U�L�S ���U�H�P�R�Y�H �I�U�R�P
�W�K�H �(�)�6�6���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

�(���� �7�U�D�L�Q�L�Q�J �D�Q�G �6�W�U�D�W�H�J�\ �I�R�U �W�K�H �%�D�V�H�O�L�Q�H�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�(���� �7�U�D�L�Q�L�Q�J �D�Q�G �6�W�U�D�W�H�J�\ �I�R�U �W�K�H �7�7�6�7�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�(���� �+�R�Z �U�H�D�O�L�V�W�L�F �Z�D�V �W�K�H �V�L�P�X�O�D�W�R�U�"�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�(���� �+�R�Z �Z�D�V �W�K�H �X�V�H �R�I �W�K�H �V�L�P�X�O�D�W�R�U�"�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�(���� �+�R�Z �X�V�H�I�X�O �Z�D�V �W�K�H �W�L�P�H �D�[�L�V�"�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�(���� �+�R�Z �X�V�H�I�X�O �Z�D�V �S�O�D�Q�Q�L�Q�J �R�I �W�K�H �G�H�S�D�U�W�X�U�H�V�"�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�(���� �+�R�Z �X�V�H�I�X�O �Z�D�V �W�K�H �Y�L�V�X�D�O�L�V�D�W�L�R�Q �R�I �F�R�Q�I�O�L�F�W�V�"�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�(���� �+�R�Z �X�V�H�I�X�O �Z�H�U�H �W�K�H �W�L�P�H�U�V�"�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�(���� �+�R�Z �Z�D�V �W�K�H �X�V�H �R�I �W�K�H �7�7�6�7�"�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�(������ �5�D�W�H �W�K�H �I�R�O�O�R�Z�L�Q�J �V�W�D�W�H�P�H�Q�W�V���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�(������ �&�R�P�S�D�U�H �W�K�H �F�X�U�U�H�Q�W �Z�D�\ �R�I �Z�R�U�N�L�Q�J �Z�L�W�K �W�K�H �7�7�6�7���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�(������ �5�D�W�H �W�K�H �I�R�O�O�R�Z�L�Q�J �V�W�D�W�H�P�H�Q�W�V���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

�)���� �6�H�F�W�R�U�; �(�O�H�F�W�U�R�Q�L�F �)�O�L�J�K�W �6�W�U�L�S �6�\�V�W�H�P �&�R�G�H �6�W�U�X�F�W�X�U�H�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��������

�%���� �0�D�S �R�I �6�F�K�L�S�K�R�O �:�H�V�W ���/�9�1�/ �$�7�0�3�� ���������E���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��������
�%���� �0�D�S �R�I �6�F�K�L�S�K�R�O �&�H�Q�W�U�H ���/�9�1�/ �$�7�0�3�� ���������E���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��������
�%���� �0�D�S �R�I �6�F�K�L�S�K�R�O �(�D�V�W ���/�9�1�/ �$�7�0�3�� ���������E���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��������



�/�L�V�W �R�I �$�E�E�U�H�Y�L�D�W�L�R�Q�V

���' �)�R�X�U���'�L�P�H�Q�V�L�R�Q�D�O��
�$�$�$ �$�P�V�W�H�U�G�D�P �$�G�Y�D�Q�F�H�G�$�7�&��
�$�&�& �$�U�H�D �&�R�Q�W�U�R�O �&�H�Q�W�U�H��
�$�'�6���% �$�X�W�R�P�D�W�L�F �'�H�S�H�Q�G�H�Q�W �6�X�U�Y�H�L�O�O�D�Q�F�H �� �%�U�R�D�G�F�D�V�W��
�$�'�6���& �$�X�W�R�P�D�W�L�F �'�H�S�H�Q�G�H�Q�W �6�X�U�Y�H�L�O�O�D�Q�F�H �� �&�R�Q�W�U�D�F�W��
�$�,�%�7 �$�F�W�X�D�O �,�Q���%�O�R�F�N �7�L�P�H��
�$�1�6�3 �$�L�U �1�D�Y�L�J�D�W�L�R�Q �6�H�U�Y�L�F�H �3�U�R�Y�L�G�H�U��
�$�3�3 �$�S�S�U�R�D�F�K �&�R�Q�W�U�R�O��
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