
Contents

Dedication

Preface

Table of Contents

List of Tables

List of Figures

Nomenclature

ÿ INTRODUCTION ÿ

ÿþÿ Fault Tolerant Control System ýFTCSü þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ ÿ

ÿþÿþÿ Deûnition of FTCS þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ ÿ

ÿþÿþú Classiûcation of FTCS þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ ú

ÿþú Background and Motivations þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ ù

ÿþø Advances in Fault Tolerant Control Systems þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ ÷

ÿþù Scope of the Book þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ ö

þ ACTIVE FAULT TOLERANT CONTROL IN PROSPECTIVE ÿÿ

úþÿ Introduction þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ ÿÿ

úþú Faults in Dynamic Systems þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ ÿÿ

úþø Fault Detection and Identiûcation ýFDIü þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ ÿø

úþøþÿ Approaches to FDI þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ ÿø

úþøþú Diagnostic procedure of FDI þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ ÿ÷

úþøþø Performance measures in FDI þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ ÿõ

úþù Control System Reconûguration þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ ÿô

úþó Applications of FTCS þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ úò

ý STOCHASTIC STABILITY þþ

øþÿ Introduction þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ úú

øþú Deûnitions of Stochastic Stability þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ úø

øþø Conditions for Stochastic Stability þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ ú÷

V

VII
XIII

XVII

XIX

XXI



ÿ FTCS WITH MARKOVIAN PARAMETERS þFTCSMPý üû

ÿþý Mathematical Models þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ üý

ÿþýþý Dynamical system models þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ üý

ÿþýþû Failure and FDI processes þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ üü

ÿþû Calculation of Transition Rates þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ üú

ÿþü The Uniqueness of FTCSMP Model þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ üù

ÿþüþý Errors in detection and identiøcation þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ üù

ÿþüþû Detection delays and false alarms þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ üù

ÿþÿ Stochastic Stability of FTCSMP þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ ü÷

ÿþÿþý Supermartingales þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ üö

ÿþÿþû Stochastic Lyapunov functions þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ üö

ÿþÿþü The weak inønitesimal operator þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ ÿõ

ÿþÿþÿ Dynkinôs formula þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ ÿý

ÿþÿþú Conditions for stochastic stability þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ ÿü

ú STOCHASTIC STABILITY OF FTCSMP ÿú

úþý Introduction þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ ÿú

úþû Stochastic Stability of FTCSMP in the Presence of Noise þ þ þ þ þ þ þ þ ÿó

úþûþý Dynamical model of FTCSMP in the presence of noise þ þ þ þ þ ÿù

úþûþû Suòcient conditions for stochastic stability þ þ þ þ þ þ þ þ þ þ þ þ ÿö

úþûþü Necessary conditions for stochastic stability þ þ þ þ þ þ þ þ þ þ þ úü

úþûþÿ A necessary and suòcient condition for exponential stability þ úó

úþûþú A numerical example þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ óý

úþü Stability of FTCSMP with Multiple Failure Processes þ þ þ þ þ þ þ þ þ óù

úþüþý Dynamical model of FTCSMP with multiple failures þ þ þ þ þ þ ó÷

úþüþû Transition probabilities for failure and FDI processes þ þ þ þ þ þ ùõ

úþüþü Stochastic stability þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ ùõ

úþüþÿ A necessary and suòcient condition for exponential stability þ ùû

úþüþú Remarks and special cases þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ ùó

úþüþó A numerical example þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ ùö

úþÿ Chapter Summary þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ ÷û

ù PERFORMANCE AND STABILITY OF FTCSMP UNDER IMø

PERFECT FDI ÷ü

óþý Introduction þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ ÷ü

óþû Eñects of Detection Delays on the Stability of FTCSMP þ þ þ þ þ þ þ þ ÷ÿ

óþûþý Dynamical model of FTCSMP with detection delays þ þ þ þ þ þ ÷ú

XIV Contents



ÿþýþý Interpretation of detection delays in FDI process þ þ þ þ þ þ þ þ üû

ÿþýþú Exponentially distributed detection delays þ þ þ þ þ þ þ þ þ þ þ þ üÿ

ÿþýþù ÿ distributed detection delays þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ üÿ

ÿþýþû A necessary and suøcient condition for stochastic stability þ þ üü

ÿþýþÿ A numerical example þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ ü÷

ÿþú Eöects of Detection Errors on the Stability of FTCSMP þ þ þ þ þ þ þ þ ÷ý

ÿþúþõ A new FTCSMP model þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ ÷ú

ÿþúþý The role of FDI in fault tolerant control law design þ þ þ þ þ þ þ ÷ù

ÿþúþú A necessary and suøcient condition for stochastic stability þ þ ÷ô

ÿþúþù A numerical example þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ ÷ô

ÿþù Chapter Summary þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ õóõ

ÿ FTCSMPWITHACTUATOR SATURATIONANDPARAMETER

UNCERTAINTIES þýü

ôþõ Introduction þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ õóú

ôþý Stability of FTCSMP Driven by Actuators with Saturation þ þ þ þ þ þ õóù

ôþýþõ Dynamical model of FTCSMP with actuator saturation limit þ õóû

ôþýþý Actuators with saturation limits þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ õóû

ôþýþú Exponential stability of FTCSSA þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ õóÿ

ôþýþù A suøcient condition for exponential stability of FTCSSA þ þ õó÷

ôþýþû Remarks and special cases þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ õõú

ôþýþÿ A numerical example þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ õõ÷

ôþú Stabilization of FTCSMP with Parameter Uncertainties þ þ þ þ þ þ þ þ õýù

ôþúþõ Dynamical model of FTCSMP with parameter uncertinities þ þ õýÿ

ôþúþý The model of parameter uncertainties þ þ þ þ þ þ þ þ þ þ þ þ þ þ õýü

ôþúþú Stabilization of uncertain FTCSMP þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ õý÷

ôþúþù Special cases þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ õúü

ôþúþû A numerical example þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ õùõ

ôþù Chapter Summary þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ õùÿ

û SYNTHESIS OF FAULT TOLERANT CONTROL LAWS þúû

üþõ Introduction þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ õùü

üþý Design Approaches to Fault Tolerant Control Laws þ þ þ þ þ þ þ þ þ þ þ õûó

üþýþõ The problem statement þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ õûó

üþýþý A control law on ònite time horizon þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ õûú

üþýþú Control laws on inònite time horizons þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ õûü

üþýþù A numerical example þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ õÿú

XVContents



ÿþý A Fault Tolerant Control Law in Noisy Environment þ þ þ þ þ þ þ þ þ þ üûú

ÿþýþü The problem statement þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ üûú

ÿþýþù A control law on ønite time horizon þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ ü÷ö

ÿþýþý A control law on inønite time horizon þ þ þ þ þ þ þ þ þ þ þ þ þ þ ü÷ý

ÿþýþõ A numerical example þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ üÿö

ÿþõ Chapter Summary þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ üÿü

ÿ EPILOGUE þýü

úþü Summary þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ üÿõ

BIBLIOGRAPHY þýý

INDEX ûúù

XVI Contents


