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ABSTRACT 

Circulation Control (CC) is an effective technique that allows for increasing lift and improving aerodynamic 

efficiency of Unmanned Aerial Vehicles (UAVs). CC-based UAVs exhibit enhanced aerodynamic 

performance in terms of reduced runway for take-off and landing, increased effective payload capability 

and delayed stall. However, CC introduces changes of the aerodynamic coefficients that are difficult to 

determine using strict mathematical formulas. It creates a specific type of model uncertainty in the CC-

based fixed-wing Unmanned Aerial Vehicle (UC2AV), which must be addressed and accommodated for; 

this is tackled using µ-analysis. A detailed systematic approach to parameter identification of the UC2AV 

is first required to derive an accurate model, before designing a navigation controller. Then, a novel, robust 

nonlinear controller for the longitudinal / lateral flight dynamics of a UC2AV is presented. The controller 

consists of a dynamic inversion inner-loop and a µ-synthesis outer-loop controller. Results demonstrate the 

efficacy of the proposed control scheme and the ability of the UC2AV to adapt to challenging CC-on-

demand scenarios. The proposed controller design may be generalized and applied to a family of nonlinear 

systems with unstructured uncertainties and time-varying parameters, going beyond addressing uncertainty 

challenges regarding the aircraft’s aerodynamic coefficients. 
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