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Abstract 

 

Mathematical models are widely employed to describe phenomena in diverse domains, as natural 

or social sciences, or engineering. While model-less approaches (i.e., machine learning techniques) 

may neglect an explicit knowledge of the laws behind the system under study, the implementation 

of advanced control strategies (i.e., optimal or robust control) requires more effort with respect to 

model-based approaches, which, conversely, need a reliable and identifiable mathematical model. 

Having the symbolic structure of the model representing the considered system, a crucial process 

consists in the identification of the intrinsic model parameters for the actual observed system, in 

order to have algebraic or differential equations able to reliably describe the process under study. 

In robotics, a dynamic model is the relationship between joint motion (positions, velocities and 

accelerations) and applied joint torques. The knowledge of accurate dynamic models is of 

fundamental importance for many robotic applications, such as for planning minimum energy 

trajectories, when regulating force or imposing a desired impedance control at the contact, or 

when implementing strategies for the sensorless detection and isolation of unexpected collisions. 

By means of a dynamic observer of the unknown actuation faults (a.k.a. the residual vector), it is 

possible to retrieve an estimation of the external disturbances, thus unforeseen collisions. 

Furthermore, when a collision is sensed, possible countermeasures may be taken, as reaction 

maneuvers like human reflexes. Moreover, human-robot collaboration strategies in industrial 

settings are also achieved by means of the residual vector: for instance, the orientation of a 

workpiece held by the end-effector of a manipulator can be changed by simply pushing or pulling 

the robot structure, while preserving its position. 

Beyond robotics, parameters identification is a critical issue even in biomedical contexts: for 

instance, the tuning of artificial pancreas devices for insulin-resistant patients. A recently 

published mathematical model accurately describing human glucose homeostasis is exploited to 

generate virtual patients: in particular, the glycemic profile of a healthy patient, together with the 

identified insulin-resistant patient parameters, can be successfully used to tune an external 

controller infusing insulin by subcutaneous injections. 
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