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ABSTRACT

Unmanned systems in general and unmanned Aircraft Systems (UAS) in particular, have seen unprecedented
levels of growth during the last decade even though their ‘utilization’ has been the subject of criticism at times.
However, it has been argued that UAS applications in civilian and public domains will be dominant in the future,
focusing on fire detection, forest protection, crime prevention, power line inspection, environmental
monitoring, emergency response and traffic monitoring, to name just a few application domains. Rotary wing
UAS, unmanned helicopters, because of their ability to hover, take off from, and land almost anywhere, offer the
best and a very viable solution to the ‘eye-in-the-sky’ alternative. Therefore:

Focusing on unmanned helicopters, and putting emphasis on controller/navigation system design, a
series of controllers, from simple PID, fuzzy-PID, to multivariable LQG, H., robust and Model Predictive Control
(MPC), as well as a novel discrete backstepping controller are presented and tested for several different flying
profiles. In addition, a novel nonlinear MPC augmented with a recurrent Neural Network for learning is
proposed for autonomous vertical autorotation of unmanned helicopters post main/tail rotor failures, with
extensions to manned helicopters, too.

Recommendations for deriving equivalent levels of safety for UAS leading to their potential integration
into the National Airspace System are discussed based on improved reliability and fault tolerance requirements.

Comprehensive studies and experimentation support the proposed approaches. Video clips will be
shown.
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