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Preface

Fighter jets are incredible machines. Equally incredible is the skill required to operate them.
The pilots of these jets have to excel at observing, communicating, calculating, and making
life-or-death decisions while zooming through the sky at inhuman speeds. Excelling at these
tasks is only possible by rigorous training. However, defence budget cuts have resulted in fewer
aircraft for air forces, and thus fewer aircraft available for real-world training. For instance, the
Royal Netherlands Air Force had 213 F-16s available in 1992. Today, in 2019, there are 68 F-16s left.
These are planned to be replaced by 37 F-35s in 2023, followed by additional F-35s at a later time.
Innovative training methods are thus required to keep fighter pilots ready for future operations.

Another type of incredible machines are modern computers. Over the last decades, computers
have become so powerful that they are able to simulate complex virtual worlds, in which humans
can interact with life-like virtual entities. The computing power that is available today has also
enabled the computers to reinvent their own programming, by means of machine learning
algorithms. Since I started my PhD candidacy in 2013, the interest in machine learning has grown
exponentially. From credit card fraud detection to self-driving cars, machine learning is now
everywhere; so much so, that even the latest smartphones have separate processors dedicated
solely to machine learning calculations.

One of the most important training tools in the arsenals of air forces is the flight simulator. A
simulator relies on virtual entities called computer generated forces to create interesting situations
that resemble the situations that fighter pilots may encounter in the real world. However, model-
ling and programming the behaviour of these entities remains challenging. As a result, only few
behaviour models are created for the entities, and thus the simulators are left underused. In our
research, we put one and one together by applying machine learning to fighter pilot training.

Personally, combining fighter jets and machine learning has felt like turning a piece of science
fiction into reality. I hope that the research in this thesis will lead to safer skies. To all fighter
pilots training in simulators I extend the greeting used by the Klingon warriors in the Star Trek
television shows: Qapla’!

Armon Toubman

Almere, November 24, 2019
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