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Shaping robustly control loop: look into stability margins & uncertainties 
Abstract:  The design of feedback control today 
benefits simultaneously from different paradigms when 
considering dynamic systems (plants and controllers) in 
terms of the mathematical structure, parameters and 
states, and (perhaps most important for the applications) 
in formulating stability and performance criteria for an 
appropriate operation. Apart from the well-established 
and widely used state-space methodologies, energy 
shaping and power-port system concepts, Lyapunov 
based analysis and design, the signal-processing 
viewpoint with the corresponding norms and transfer 
functions, remains still one of the most common control 
design techniques. Having the roots and origins in 
electrical circuits, this signal processing perspective 
enjoys a wide acceptance in engineering practice and is 
often interpreted as analysis and design in frequency 

domain, with the corresponding use of Laplace and 
Fourier transformations and frequency response 
functions. Control loop shaping and the so-called 
sensitivity functions play here always one of the most 
important roles for robustness and performance when 
designing feedback controllers for a given (nominal) 
input-output system representation. This seminar talk is 
dedicated to the loop shaping with aspects of robustness 
in view of the system uncertainties, and even varying 
structures in the interaction of a system plant with its 
environment. First, some basic loop shaping criteria and 
formalisms will be recalled. Then, an illustrative case 
study of a reshaped motion- and impedance-control will 
be shown along with the experimental results for a 
robust and stable contact transition in unforeseen and 
contact-critical environmental conditions. 
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