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Title of the doctoral program 
Computer and Control Engineering 

Title of the research activity  
Robust control of nonlinear systems through disturbance rejection and application to aerospace 
problems 

Short description of the research activity 
The research activity will cover both theoretical aspects and applications. 

With regard to the theoretical research activity, new model–based control design methods for 
uncertain nonlinear systems will be investigated. In particular, systems with unknown 
nonlinearities, affected by external disturbances will be considered. Unmodelled dynamics may 
also affect the system model. The key enabler for an effective control design will be the use of 
extended state observers, allowing us to estimate and consequently to cancel/attenuate all the 
nonlinearities and disturbances affecting the system to control. The design methods will be 
developed in such a way to ensure closed-loop robust stability. That is, the designed control 
system will guarantee stability for all the nonlinearities and disturbances consistent with the 
available prior information. Besides robust stability, these control system will be required also to 
provide a given closed-loop performance, in terms of system response speed, reduced oscillating 
behavior, tracking accuracy and minimization of the command activity. The control system will be 
directly designed in the discrete time domain, as the composition of reference generator, state 
observer/predictor and control law (Embedded Model Control). Integration of recent system 
identification techniques in the developed control design methods will be also investigated, 
allowing us to deal with cases where poor physical knowledge is available about one or more 
components of the system to control. 

With regard to aerospace applications, two classes of problems may benefit from the above 
analysis and design methodology: spacecraft formations and unmanned aerial vehicles. Spacecraft 
formations require relative position control and both absolute and relative attitude control. Relative 
and absolute dynamics include nonlinearities, unknown environment disturbances to be cancelled, 
and unmodelled dynamics due to actuators and flexible appendages. Requirements in term of 
tracking accuracy may be very challenging and also command effort minimization is required. 
Uncertainty is such to increase during the mission life due to component degradation. Unmanned 
aerial vehicles (UAV), and specifically quadrotors, have a highly nonlinear dynamics due to strict 
coupling between attitude and centre-of-mass motion. The system model may be forced to be 
linear by shifting nonlinearities to be command collocated, at the price of an increased dynamic 
order. Both state observer/predictor and control law design become challenging due the high order 
resulting in the model dynamic and the necessity of combining the measurement of several 
sensors.  

 

Scientific responsible (name, surname, role, email)  
Enrico Canuto, Associate Professor, enrico.canuto@polito.it 

Carlo Novara, Associate Professor, carlo.novara@polito.it 

 



Number of vacancies for XXXI cycle (3 years program) 
1 

Specific requirements (experiences, skills) 
Good knowledge of mathematical analysis, physics, linear algebra, system theory, automatic 
control, Matlab and Simulink. 

Website of the research group (if any) 
http://www.dauin.polito.it/research/research_groups/s_pa_space_and_precision_automatics 

http://www.dauin.polito.it/research/research_groups/sds_systems_and_data_science 

 


