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Introduction and context



Over the past thirty years, thanks to the fast development of more and more powerful computers, Robust control theory has known a large success. This field is today among the most important ones in Automatic control. In short, robust control methods aim at providing controllers from simplified models but which still work on the real plants which are most often too complicated to be accurately described by a set of linear differential equations. The aim of this talk is to give the main ingredients for a better understanding of this field.
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Outline 1



Basic definitions Definition of robustness Why robust control ? Open-loops, closed-loops and robustness
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Definition of robustness In the general field of Automatic Control, and more precisely in Control theory, the notion of robustness quantifies the sensitivity of a controlled system with respect to internal or external disturbing phenomena. External disturbances in aerospace applications Windshear Atmospheric turbulences Solar pressure Examples of internal disturbances Parametric variations of badly known parameters Modelling errors (see next slide) Digital implementation ⇒ sampling time Limited capacity of actuators Limited speed and accuracy of sensors Introduction to robust H∞ control - http://jm.biannic.free.fr/
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Why is robust control so essential ?



MODEL



REAL SYSTEM



CONTROLLER



CONTROLLER



STABILTY & PERFORMANCE ARE ENSURED



STABILITY ? PERFORMANCE ?



OK WITH A ROBUST CONTROLLER !
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Closing the loops: what for ? Open-loop control techniques can be used if : a very accurate model of the plant is available the plant is invertible external pertubations are negligible The above conditions are rarely fullfilled. This is why it is highly preferable to use a feedback control structure which offers nice robustness properties... ε
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OPEN−LOOP (feed−forward control architecture)
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CLOSED−LOOP (feed−back control)
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Robustness of P.I. Feedback Controllers As an illustration of the previous slide, it is easily shown for example that the static behaviour of the following closed-loop system is neither affected by external step-like perturbations nor by gain uncertainties on the nominal plant. step−like perturbation
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P.I. Controlled system
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Basic definitions
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A classical approach to robust control Standard robustness margins Limitations The module margin
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Standard robustness margins Robustness has always been a central issue in Automatic Control. Because of computers limitations, very simple notions were initially introduced and are still used today: Gain margin : L(ωg ) + ∆∗g = (1 + δg )L(ωg ) = −1 Phase/delay margins : L(ωφ ) + ∆∗φ = L(ωφ )e −jδφ = −1
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Limitations: Illustration in the Nyquist plane Despite large phase and gain margins the Nyquist locus may get dangerously close to the critical point... Im



Large phase margin Small x



Large gain margin



BUT : SMALL MODULE MARGIN !
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POOR ROBUSTNESS !



ωφ
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L(ωm ) + ∆∗m = (1 + δm )L(ωm )e −jδφm = −1 , |∆∗m | = d δm 
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