






[image: PDFHALL.COM]






Menu





	 maison
	 Ajouter le document
	 Signe
	 Créer un compte







































Contents

1.11 Dynamic Behaviour of Simple Processes .................. 53. 1.11.1. First-Order ..... Robustness Study of a 2 Ã‚ 2 Distillation Column............ 330. 8.6.1. Simplified ... 

















 Télécharger le PDF 






 512KB taille
 3 téléchargements
 408 vues






 commentaire





 Report
























Contents



Part I 1



Continuous-Time Control



Dynamic Modelling of Chemical Processes . . . . . . . . . . . . . . . . . . . . 1.1 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.2 Applications of Process Control . . . . . . . . . . . . . . . . . . . . . . . . . 1.3 Process Description from the Control Engineer’s Viewpoint . . . 1.4 Model Classiﬁcation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.5 State-Space Models. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.6 Examples of Models in Chemical Engineering . . . . . . . . . . . . . . 1.6.1 Lumped-Parameter Systems . . . . . . . . . . . . . . . . . . . . . 1.6.2 Distributed-Parameter Systems . . . . . . . . . . . . . . . . . . 1.6.3 Degrees of Freedom . . . . . . . . . . . . . . . . . . . . . . . . . . 1.7 Process Stability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.8 Order of a System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.9 Laplace Transform . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.9.1 Linearization and Deviation Variables . . . . . . . . . . . . . 1.9.2 Some Important Properties of Laplace Transformation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.9.3 Transfer Function . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.9.4 Poles and Zeros of a Transfer Function . . . . . . . . . . . . 1.9.5 Qualitative Analysis of a System Response . . . . . . . . . 1.10 Linear Systems in State Space . . . . . . . . . . . . . . . . . . . . . . . . . . 1.10.1 General Case . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.10.2 Analog Representation . . . . . . . . . . . . . . . . . . . . . . . . . 1.11 Dynamic Behaviour of Simple Processes . . . . . . . . . . . . . . . . . . 1.11.1 First-Order Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.11.2 Integrating Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.11.3 Second-Order Systems . . . . . . . . . . . . . . . . . . . . . . . . . 1.11.4 Higher-Order Systems . . . . . . . . . . . . . . . . . . . . . . . . . 1.11.5 Process Identiﬁcation in the Continuous Domain. . . . . References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



3 3 3 5 7 8 10 10 19 28 28 29 29 31 33 37 45 45 49 49 50 53 54 56 56 62 68 73



xiii



xiv



Contents



2



Linear Feedback Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.1 Design of a Feedback Loop . . . . . . . . . . . . . . . . . . . . . . . . 2.1.1 Block Diagram of the Feedback Loop . . . . . . . . . 2.1.2 General Types of Controllers . . . . . . . . . . . . . . . . 2.1.3 Sensors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.1.4 Transmission Lines . . . . . . . . . . . . . . . . . . . . . . . 2.1.5 Actuators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.2 Block Diagrams, Signal-Flow Graphs, Calculation Rules . . 2.3 Dynamics of Feedback-Controlled Processes . . . . . . . . . . . 2.3.1 Study of Different Actions . . . . . . . . . . . . . . . . . . 2.3.2 Inﬂuence of Proportional Action . . . . . . . . . . . . . 2.3.3 Inﬂuence of Integral Action . . . . . . . . . . . . . . . . . 2.3.4 Inﬂuence of Derivative Action. . . . . . . . . . . . . . . 2.3.5 Summary of Controllers Characteristics . . . . . . . . References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



. . . . . . . . . . . . . . .



. . . . . . . . . . . . . . .



77 77 77 79 82 83 83 86 95 98 99 104 107 113 115



3



Stability Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.1 Case of a System Deﬁned by Its Transfer Function . . . . . . 3.2 State-Space Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.2.1 General Analysis for a Continuous Nonlinear System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.2.2 Case of a Linear Continuous System . . . . . . . . . . 3.2.3 Case of a Nonlinear Continuous System: The Polymerization Reactor . . . . . . . . . . . . . . . . . 3.2.4 State-Space Analysis of a Linear System . . . . . . . 3.3 Stability Analysis of Feedback Systems . . . . . . . . . . . . . . . 3.3.1 Routh–Hurwitz Criterion . . . . . . . . . . . . . . . . . . . 3.3.2 Root Locus Analysis . . . . . . . . . . . . . . . . . . . . . . 3.3.3 Frequency Method . . . . . . . . . . . . . . . . . . . . . . . . References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



.... .... ....



117 117 118



.... ....



118 123



. . . . . . .



. . . . . . .



. . . . . . .



. . . . . . .



126 131 132 134 136 141 142



. . . . . . . . . . . .



. . . . . . . . . . . .



. . . . . . . . . . . .



. . . . . . . . . . . .



143 143 145 146 148 148 149 150 150 151 152 157



.... ....



160 160



4



Design of Feedback Controllers . . . . . . . . . . . . . . . . . . . . . . . . . 4.1 Performance Criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.2 Transient Response Characteristics . . . . . . . . . . . . . . . . . . . 4.3 Performance Criteria for Design . . . . . . . . . . . . . . . . . . . . . 4.4 Choice of PID Controller . . . . . . . . . . . . . . . . . . . . . . . . . . 4.4.1 General Remarks . . . . . . . . . . . . . . . . . . . . . . . . . 4.4.2 Recommendations . . . . . . . . . . . . . . . . . . . . . . . . 4.5 PID Controller Tuning . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.5.1 Tuning by Trial and Error . . . . . . . . . . . . . . . . . . 4.5.2 Sustained Oscillation Method . . . . . . . . . . . . . . . 4.5.3 Relay Oscillation Method . . . . . . . . . . . . . . . . . . 4.5.4 Process Reaction Curve Method . . . . . . . . . . . . . 4.5.5 Tuning Rule of Tavakoli and Fleming for PI Controllers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.5.6 Robust Tuning Rule for PID Controllers . . . . . . .



. . . . . . . . . . . . . . .



. . . . . . . . . . . . . . .



Contents



4.6



PID Improvement . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.6.1 PID Controller with Derivative Action on the Measured Output . . . . . . . . . . . . . . 4.6.2 Use of a Reference Trajectory . . . . . . . . . . 4.6.3 Discretized PID Controller. . . . . . . . . . . . . 4.6.4 Anti-Windup Controller . . . . . . . . . . . . . . . 4.6.5 PID Control by On Off Action . . . . . . . . 4.6.6 PH Control . . . . . . . . . . . . . . . . . . . . . . . . 4.7 Direct Synthesis Method . . . . . . . . . . . . . . . . . . . . . . 4.8 Internal Model Control . . . . . . . . . . . . . . . . . . . . . . . 4.9 Pole-Placement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.9.1 Robustness of Pole-Placement Control . . . 4.9.2 Unitary Feedback Controller . . . . . . . . . . . 4.10 Linear Quadratic Control . . . . . . . . . . . . . . . . . . . . . 4.10.1 Regulation Behaviour . . . . . . . . . . . . . . . . 4.10.2 Tracking Behaviour . . . . . . . . . . . . . . . . . . References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



5



xv



.........



161



. . . . . . . . . . . . . . .



. . . . . . . . . . . . . . .



. . . . . . . . . . . . . . .



. . . . . . . . . . . . . . .



. . . . . . . . . . . . . . .



. . . . . . . . . . . . . . .



162 162 164 165 167 168 174 175 181 188 190 191 192 192 197



Frequency Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.1 Response of a Linear System to a Sinusoidal Input . . . . . . 5.1.1 Case of a First-Order Process . . . . . . . . . . . . . . . 5.1.2 Note on Complex Numbers . . . . . . . . . . . . . . . . . 5.1.3 Case of Any Linear Process . . . . . . . . . . . . . . . . 5.1.4 Case of Linear Systems in Series . . . . . . . . . . . . 5.2 Graphical Representation . . . . . . . . . . . . . . . . . . . . . . . . . . 5.2.1 Bode Plot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.2.2 nth-Order System. . . . . . . . . . . . . . . . . . . . . . . . . 5.2.3 Nyquist Plot . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.2.4 nth-Order System. . . . . . . . . . . . . . . . . . . . . . . . . 5.2.5 Black Plot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.3 Characterization of a System by Frequency Analysis . . . . . 5.4 Frequency Response of Feedback Controllers . . . . . . . . . . . 5.4.1 Proportional Controller . . . . . . . . . . . . . . . . . . . . 5.4.2 Proportional-Integral Controller . . . . . . . . . . . . . . 5.4.3 Ideal Proportional-Derivative Controller . . . . . . . 5.4.4 Proportional-Integral-Derivative Controller . . . . . 5.5 Bode Stability Criterion . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.6 Gain and Phase Margins . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.6.1 Gain Margin . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.6.2 Phase Margin. . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.7 Nyquist Stability Criterion . . . . . . . . . . . . . . . . . . . . . . . . . 5.8 Closed-Loop Frequency Response . . . . . . . . . . . . . . . . . . . 5.9 Internal Model Principle . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.10 Robustness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.11 Summary for Controller Design . . . . . . . . . . . . . . . . . . . . . References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



. . . . . . . . . . . . . . . . . . . . . . . . . . . .



. . . . . . . . . . . . . . . . . . . . . . . . . . . .



. . . . . . . . . . . . . . . . . . . . . . . . . . . .



. . . . . . . . . . . . . . . . . . . . . . . . . . . .



199 199 199 201 202 204 204 204 206 209 211 212 213 213 213 214 215 216 219 225 225 227 231 234 240 240 257 259



. . . . . . . . . . . . . . .



. . . . . . . . . . . . . . .



. . . . . . . . . . . . . . .



xvi



Contents



6



Improvement of Control Systems . . . . . . . . . . . . . . . . . . . 6.1 Compensation of Time Delay . . . . . . . . . . . . . . . . . . 6.2 Inverse Response Compensation . . . . . . . . . . . . . . . . 6.3 Cascade Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.4 Selective Control . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.5 Split-Range Control . . . . . . . . . . . . . . . . . . . . . . . . . 6.6 Feedforward Control . . . . . . . . . . . . . . . . . . . . . . . . . 6.6.1 Generalities . . . . . . . . . . . . . . . . . . . . . . . . 6.6.2 Application in Distillation . . . . . . . . . . . . . 6.6.3 Synthesis of a Feedforward Controller . . . . 6.6.4 Realization of a Feedforward Controller . . 6.6.5 Feedforward and Feedback Control . . . . . . 6.7 Ratio Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



. . . . . . . . . . . . . .



. . . . . . . . . . . . . .



. . . . . . . . . . . . . .



. . . . . . . . . . . . . .



. . . . . . . . . . . . . .



. . . . . . . . . . . . . .



. . . . . . . . . . . . . .



. . . . . . . . . . . . . .



. . . . . . . . . . . . . .



261 261 263 266 272 273 273 273 274 275 278 280 281 283



7



State Representation, Controllability and Observability . 7.1 State Representation . . . . . . . . . . . . . . . . . . . . . . . . . 7.1.1 Monovariable System . . . . . . . . . . . . . . . . 7.1.2 Multivariable System . . . . . . . . . . . . . . . . . 7.2 Controllability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.3 Observability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.4 Realizations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.5 Remark on Controllability and Observability in Discrete Time . . . . . . . . . . . . . . . . . . . . . . . . . . . . References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



. . . . . . .



. . . . . . .



. . . . . . .



. . . . . . .



. . . . . . .



. . . . . . .



. . . . . . .



. . . . . . .



. . . . . . .



285 285 285 287 288 293 296



......... .........



300 301



Part II 8



Multivariable Control



Multivariable Control by Transfer Function Matrix . . . . . . . . 8.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8.2 Representation of a Multivariable Process by Transfer Function Matrix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8.3 Stability Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8.3.1 Smith-McMillan Form . . . . . . . . . . . . . . . . . . . . . 8.3.2 Poles and Zeros of a Transfer Function Matrix . . 8.3.3 Generalized Nyquist Criterion . . . . . . . . . . . . . . . 8.3.4 Characteristic Loci . . . . . . . . . . . . . . . . . . . . . . . . 8.3.5 Gershgorin Circles . . . . . . . . . . . . . . . . . . . . . . . . 8.3.6 Niederlinski Index . . . . . . . . . . . . . . . . . . . . . . . . 8.4 Interaction and Decoupling . . . . . . . . . . . . . . . . . . . . . . . . . 8.4.1 Decoupling for a 2  2 System . . . . . . . . . . . . . . 8.4.2 Disturbance Rejection . . . . . . . . . . . . . . . . . . . . . 8.4.3 Singular Value Decomposition . . . . . . . . . . . . . . 8.4.4 Relative Gain Array. . . . . . . . . . . . . . . . . . . . . . . 8.4.5 Gershgorin Circles and Interaction. . . . . . . . . . . .



.... ....



305 305



. . . . . . . . . . . . . .



305 308 308 308 309 309 310 312 312 313 317 317 318 325



. . . . . . . . . . . . . .



. . . . . . . . . . . . . .



. . . . . . . . . . . . . .



Contents



xvii



8.5 8.6



Multivariable Robustness . . . . . . . . . . . . . . . . . . . . . . . . . . Robustness Study of a 2  2 Distillation Column . . . . . . . . 8.6.1 Simpliﬁed Decoupling Analysis. . . . . . . . . . . . . . 8.6.2 Ideal Decoupling Analysis . . . . . . . . . . . . . . . . . . 8.6.3 One-Way Decoupling Analysis . . . . . . . . . . . . . . 8.6.4 Comparison of the Three Previous Decouplings . 8.7 Synthesis of a Multivariable Controller. . . . . . . . . . . . . . . . 8.7.1 Controller Tuning by the Largest Modulus Method . . . . . . . . . . . . . . . . . . . . . . . . . 8.7.2 Controller Tuning by the Characteristic Loci Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8.8 Discrete Multivariable Internal Model Control . . . . . . . . . . References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



Part III 9



. . . . . . .



325 330 331 332 332 333 333



....



334



.... .... ....



334 335 337



. . . . . . . . . . . . . . . . . .



. . . . . . . . . . . . . . . . . .



341 341 342 348 352 354 356 356 356 358 364 365 366 367 367 368 370 370



......... ......... .........



392 396 399



. . . .



401 401 401 402



. . . . . . .



. . . . . . .



. . . . . . .



Discrete-Time Identiﬁcation



Discrete-Time Generalities and Basic Signal Processing . 9.1 Fourier Transformation and Signal Processing . . . . . 9.1.1 Continuous Fourier Transform . . . . . . . . . . 9.1.2 Discrete Fourier Transform . . . . . . . . . . . . 9.1.3 Stochastic Signals . . . . . . . . . . . . . . . . . . . 9.1.4 Stochastic Stationary Signals . . . . . . . . . . . 9.1.5 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . 9.2 Sampling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9.2.1 D/A and A/D Conversions. . . . . . . . . . . . . 9.2.2 Choice of Sampling Period . . . . . . . . . . . . 9.3 Filtering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9.3.1 First-Order Filter . . . . . . . . . . . . . . . . . . . . 9.3.2 Second-Order Filter . . . . . . . . . . . . . . . . . . 9.3.3 Moving Average Filter . . . . . . . . . . . . . . . 9.3.4 Fast Transient Filter . . . . . . . . . . . . . . . . . . 9.4 Discrete-Time and Finite-Differences Models . . . . . . 9.5 Different Discrete Representations of a System. . . . . 9.5.1 Discrete Representation: z-Transform . . . . 9.5.2 Conversion of a Continuous Description in Discrete Time . . . . . . . . . . . . . . . . . . . . 9.5.3 Operators . . . . . . . . . . . . . . . . . . . . . . . . . . References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



10 Identiﬁcation Principles. . . . . . . . . . . . . . . . . . . 10.1 System Description . . . . . . . . . . . . . . . . . . 10.1.1 System Without Disturbance . . . 10.1.2 Disturbance Representation . . . .



. . . .



. . . .



. . . .



. . . .



. . . .



. . . .



. . . .



. . . .



. . . . . . . . . . . . . . . . . .



. . . . . . . . . . . . . . . . . .



. . . .



. . . . . . . . . . . . . . . . . .



. . . .



. . . . . . . . . . . . . . . . . .



. . . .



. . . . . . . . . . . . . . . . . .



. . . .



. . . .



. . . . . . . . . . . . . . . . . .



. . . .



. . . . . . . . . . . . . . . . . .



. . . .



. . . .



xviii



Contents



10.2 Nonparametric Identiﬁcation . . . . . . . . . . . . . . . 10.2.1 Frequency Identiﬁcation . . . . . . . . . . 10.2.2 Identiﬁcation by Correlation Analysis 10.2.3 Spectral Identiﬁcation . . . . . . . . . . . . 10.3 Parametric Identiﬁcation . . . . . . . . . . . . . . . . . . 10.3.1 Prediction Principles . . . . . . . . . . . . . 10.3.2 One-Step Prediction . . . . . . . . . . . . . . 10.3.3 p-Step Predictions . . . . . . . . . . . . . . . References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



. . . . . . . . .



. . . . . . . . .



. . . . . . . . .



. . . . . . . . .



. . . . . . . . .



404 404 405 406 410 410 411 416 418



11 Models and Methods for Parametric Identiﬁcation. . . . . . . . . . 11.1 Model Structure for Parametric Identiﬁcation . . . . . . . . . . . 11.1.1 Linear Models of Transfer Functions . . . . . . . . . . 11.1.2 Models for Estimation in State Space . . . . . . . . . 11.2 Models of Time-Varying Linear Systems . . . . . . . . . . . . . . 11.3 Linearization of Nonlinear Time-Varying Models . . . . . . . . 11.4 Principles of Parametric Estimation . . . . . . . . . . . . . . . . . . 11.4.1 Minimization of Prediction Errors . . . . . . . . . . . . 11.4.2 Linear Regression and Least Squares . . . . . . . . . 11.4.3 Maximum Likelihood Method . . . . . . . . . . . . . . . 11.4.4 Correlation of Prediction Errors with Past Data . . 11.4.5 Instrumental Variable Method . . . . . . . . . . . . . . . References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



. . . . . . . . . . . . .



. . . . . . . . . . . . .



. . . . . . . . . . . . .



. . . . . . . . . . . . .



419 419 419 431 440 440 441 441 443 447 450 451 453



12 Parametric Estimation Algorithms . . . . . . . . . . . . . . . . . . . . . . . 12.1 Linear Regression and Least Squares . . . . . . . . . . . . . . . . . 12.2 Gradient Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12.2.1 Gradient Method Based on a Priori Error . . . . . . 12.2.2 Gradient Method Based on a Posteriori Error . . . 12.3 Recursive Algorithms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12.3.1 Simple Recursive Least Squares . . . . . . . . . . . . . 12.3.2 Recursive Extended Least Squares . . . . . . . . . . . 12.3.3 Recursive Generalized Least Squares. . . . . . . . . . 12.3.4 Recursive Maximum Likelihood . . . . . . . . . . . . . 12.3.5 Recursive Prediction Error Method . . . . . . . . . . . 12.3.6 Instrumental Variable Method . . . . . . . . . . . . . . . 12.3.7 Output Error Method . . . . . . . . . . . . . . . . . . . . . . 12.4 Algorithm Robustiﬁcation . . . . . . . . . . . . . . . . . . . . . . . . . . 12.5 Validation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12.6 Input Sequences for Identiﬁcation . . . . . . . . . . . . . . . . . . . . 12.6.1 Pseudo-Random Binary Sequence . . . . . . . . . . . . 12.6.2 Other Sequences for Identiﬁcation . . . . . . . . . . . . 12.7 Identiﬁcation Examples . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12.7.1 Academic Example of a Second-Order System . . 12.7.2 Identiﬁcation of a Simulated Chemical Reactor . . References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



. . . . . . . . . . . . . . . . . . . . . .



. . . . . . . . . . . . . . . . . . . . . .



. . . . . . . . . . . . . . . . . . . . . .



. . . . . . . . . . . . . . . . . . . . . .



455 455 458 458 462 464 464 473 474 475 476 479 480 480 483 484 484 487 495 495 501 503



. . . . . . . . .



. . . . . . . . .



. . . . . . . . .



. . . . . . . . .



. . . . . . . . .



. . . . . . . . .



. . . . . . . . .



. . . . . . . . .



Contents



Part IV



xix



Discrete Time Control



13 Digital Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13.1 Pole-Placement Control . . . . . . . . . . . . . . . . . . . . . . . . . . . 13.1.1 Inﬂuence of Pole Position . . . . . . . . . . . . . . . . . . 13.1.2 Control Synthesis by Pole-Placement . . . . . . . . . 13.1.3 Relation Between Pole-Placement and State Feedback . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13.1.4 General Pole-Placement Design . . . . . . . . . . . . . . 13.1.5 Digital PID Controller . . . . . . . . . . . . . . . . . . . . . 13.2 Discrete Internal Model Control . . . . . . . . . . . . . . . . . . . . . 13.3 Generalities in Adaptive Control . . . . . . . . . . . . . . . . . . . . . References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 Optimal Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14.2 Problem Statement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14.3 Variational Method in the Mathematical Framework . . . . . 14.3.1 Variation of the Criterion . . . . . . . . . . . . . . . . . . 14.3.2 Variational Problem Without Constraints, Fixed Boundaries. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14.3.3 Variational Problem with Constraints, General Case . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14.3.4 Hamilton–Jacobi Equation . . . . . . . . . . . . . . . . . . 14.4 Optimal Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14.4.1 Variational Methods . . . . . . . . . . . . . . . . . . . . . . 14.4.2 Variation of the Criterion . . . . . . . . . . . . . . . . . . 14.4.3 Euler Conditions . . . . . . . . . . . . . . . . . . . . . . . . . 14.4.4 Weierstrass Condition and Hamiltonian Maximization. . . . . . . . . . . . . . . . . . . . . . . . . . . . 14.4.5 Hamilton–Jacobi Conditions and Equation . . . . . 14.4.6 Maximum Principle . . . . . . . . . . . . . . . . . . . . . . . 14.4.7 Singular Arcs . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14.4.8 Numerical Issues . . . . . . . . . . . . . . . . . . . . . . . . . 14.5 Dynamic Programming . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14.5.1 Classical Dynamic Programming . . . . . . . . . . . . . 14.5.2 Hamilton–Jacobi–Bellman Equation . . . . . . . . . . 14.6 Linear Quadratic Control . . . . . . . . . . . . . . . . . . . . . . . . . . 14.6.1 Continuous-Time Linear Quadratic Control . . . . . 14.6.2 Linear Quadratic Gaussian Control . . . . . . . . . . . 14.6.3 Discrete-Time Linear Quadratic Control . . . . . . . References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



. . . .



. . . .



. . . .



. . . .



507 507 507 508



. . . . . .



. . . . . .



. . . . . .



. . . . . .



515 519 528 530 535 538



. . . . .



. . . . .



. . . . .



. . . . .



539 539 540 543 544



....



545



. . . . . .



. . . . . .



. . . . . .



. . . . . .



546 549 552 552 552 555



. . . . . . . . . . . . .



. . . . . . . . . . . . .



. . . . . . . . . . . . .



. . . . . . . . . . . . .



557 558 562 564 573 578 578 583 585 585 596 600 606



15 Generalized Predictive Control. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 611 15.1 Interest in Generalized Predictive Control . . . . . . . . . . . . . . . . . . 611 15.2 Brief Overview of Predictive Control Evolution . . . . . . . . . . . . . 612



xx



Contents



15.3 Simple Generalized Predictive Control . . . . . . . . . . . . . . . . . . . . 15.3.1 Theoretical Presentation . . . . . . . . . . . . . . . . . . . . . . . . 15.3.2 Numerical Example: Generalized Predictive Control of a Chemical Reactor . . . . . . . . . . . . . . . . . . . . . . . . . 15.3.3 GPC Seen as a Pole-Placement . . . . . . . . . . . . . . . . . . 15.4 Generalized Predictive Control with Multiple Reference Model. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15.4.1 Theoretical Presentation . . . . . . . . . . . . . . . . . . . . . . . . 15.4.2 Numerical Example: Generalized Predictive Control with Performance Model of a Chemical Reactor . . . . . 15.5 Partial State Reference Model Control . . . . . . . . . . . . . . . . . . . . 15.6 Generalized Predictive Control of a Chemical Reactor . . . . . . . . References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



613 613



16 Model Predictive Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16.1 A General View of Model Predictive Control . . . . . . . . . . . . . . . 16.2 Linear Model Predictive Control . . . . . . . . . . . . . . . . . . . . . . . . . 16.2.1 In the Absence of Constraints . . . . . . . . . . . . . . . . . . . 16.2.2 In the Presence of Constraints . . . . . . . . . . . . . . . . . . . 16.2.3 Short Description of IDCOM . . . . . . . . . . . . . . . . . . . 16.2.4 Dynamic Matrix Control (DMC) . . . . . . . . . . . . . . . . . 16.2.5 Quadratic Dynamic Matrix Control (QDMC) . . . . . . . 16.2.6 State-Space Formulation of Dynamic Matrix Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16.2.7 State-Space Linear Model Predictive Control as OBMPC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16.2.8 State-Space Linear Model Predictive Control as General Optimization . . . . . . . . . . . . . . . . . . . . . . . . . . 16.3 Nonlinear Model Predictive Control . . . . . . . . . . . . . . . . . . . . . . 16.3.1 Nonlinear Quadratic Dynamic Matrix Control (NLQDMC) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16.3.2 Other Approaches of Nonlinear Model Predictive Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16.4 Model Predictive Control of a FCC . . . . . . . . . . . . . . . . . . . . . . 16.4.1 FCC Modelling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16.4.2 FCC Simulation and Control . . . . . . . . . . . . . . . . . . . . References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



631 631 636 636 637 637 638 646



Part V



617 619 621 621 624 625 626 629



651 653 657 658 658 660 664 664 670 674



Nonlinear Control



17 Nonlinear Geometric Control . . . . . . . . . . . . . . . . . . . . . . 17.1 Some Linear Notions Useful in Nonlinear Control . . 17.1.1 Inﬂuence of a Coordinate Change in Linear Control . . . . . . . . . . . . . . . . . . . . 17.1.2 Relative Degree . . . . . . . . . . . . . . . . . . . . .



......... .........



681 682



......... .........



682 683



Contents



xxi



17.1.3 Normal Form and Relative Degree . . . . . . . . . . . . . . . 17.1.4 Zero Dynamics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17.1.5 Static State Feedback . . . . . . . . . . . . . . . . . . . . . . . . . . 17.1.6 Pole-Placement by Static State Feedback . . . . . . . . . . . 17.1.7 Input–Output Pole-Placement . . . . . . . . . . . . . . . . . . . 17.2 Monovariable Nonlinear Control. . . . . . . . . . . . . . . . . . . . . . . . . 17.2.1 Some Notions of Differential Geometry. . . . . . . . . . . . 17.2.2 Relative Degree of a Monovariable Nonlinear System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17.2.3 Frobenius Theorem . . . . . . . . . . . . . . . . . . . . . . . . . . . 17.2.4 Coordinates Change . . . . . . . . . . . . . . . . . . . . . . . . . . . 17.2.5 Normal Form . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17.2.6 Controllability and Observability . . . . . . . . . . . . . . . . . 17.2.7 Principle of Feedback Linearization . . . . . . . . . . . . . . . 17.2.8 Exact Input-State Linearization for a System of Relative Degree Equal to n . . . . . . . . . . . . . . . . . . . 17.2.9 Input–Output Linearization of a System with Relative Degree r Lower than or Equal to n . . . . 17.2.10 Zero Dynamics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17.2.11 Asymptotic Stability . . . . . . . . . . . . . . . . . . . . . . . . . . 17.2.12 Tracking of a Reference Trajectory . . . . . . . . . . . . . . . 17.2.13 Decoupling with Respect to a Disturbance . . . . . . . . . 17.2.14 Case of Nonminimum-Phase Systems . . . . . . . . . . . . . 17.2.15 Globally Linearizing Control . . . . . . . . . . . . . . . . . . . . 17.3 Multivariable Nonlinear Control . . . . . . . . . . . . . . . . . . . . . . . . . 17.3.1 Relative Degree . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17.3.2 Coordinate Change . . . . . . . . . . . . . . . . . . . . . . . . . . . 17.3.3 Normal Form . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17.3.4 Zero Dynamics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17.3.5 Exact Linearization by State Feedback and Diffeomorphism . . . . . . . . . . . . . . . . . . . . . . . . . . 17.3.6 Nonlinear Control Perfectly Decoupled by Static State Feedback. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17.3.7 Obtaining a Relative Degree by Dynamic Extension . . . . . . . . . . . . . . . . . . . . . . . . 17.3.8 Nonlinear Adaptive Control . . . . . . . . . . . . . . . . . . . . . 17.4 Applications of Nonlinear Geometric Control . . . . . . . . . . . . . . . References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 State Observers . . . . . . . . . . . . . . . . . 18.1 Introduction . . . . . . . . . . . . . . . 18.1.1 Indirect Sensors . . . . . 18.1.2 Observer Principle . . . 18.2 Parameter Estimation . . . . . . . .



. . . . .



. . . . .



. . . . .



. . . . .



. . . . .



. . . . .



. . . . .



. . . . .



. . . . .



. . . . .



. . . . .



. . . . .



. . . . .



. . . . .



. . . . .



. . . . .



. . . . .



. . . . .



. . . . .



. . . . .



. . . . .



. . . . .



. . . . .



. . . . .



. . . . .



684 687 687 688 690 691 691 693 694 696 697 698 699 700 703 704 706 709 710 711 712 713 713 714 715 716 716 717 719 720 720 723 725 725 726 726 727



xxii



Contents



18.3 Statistical Estimation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18.3.1 About the Data . . . . . . . . . . . . . . . . . . . . . . . . . . 18.3.2 Principal Component Analysis . . . . . . . . . . . . . . . 18.3.3 Partial Least Squares . . . . . . . . . . . . . . . . . . . . . . 18.4 Observers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18.4.1 Luenberger Observer . . . . . . . . . . . . . . . . . . . . . . 18.4.2 Linear Kalman Filter . . . . . . . . . . . . . . . . . . . . . . 18.4.3 Extended Kalman Filter (EKF) in ContinuousDiscrete Form . . . . . . . . . . . . . . . . . . . . . . . . . . . 18.4.4 Unscented Kalman Filter . . . . . . . . . . . . . . . . . . . 18.4.5 Particle Filter . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18.4.6 Ensemble Kalman Filter . . . . . . . . . . . . . . . . . . . 18.4.7 Globally Linearizing Observer . . . . . . . . . . . . . . . 18.4.8 High-Gain Observer. . . . . . . . . . . . . . . . . . . . . . . 18.4.9 Moving Horizon State Estimation . . . . . . . . . . . . 18.5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Part VI



. . . . . . .



. . . . . . .



. . . . . . .



. . . . . . .



728 728 729 731 732 732 736



. . . . . . . . .



. . . . . . . . .



. . . . . . . . .



. . . . . . . . .



739 741 744 750 752 753 757 762 763



Applications to Processes



19 Nonlinear Control of Reactors with State Estimation . . . 19.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19.2 Chemical Reactor . . . . . . . . . . . . . . . . . . . . . . . . . . . 19.2.1 Model of the Chemical Reactor . . . . . . . . . 19.2.2 Control Problem Setting . . . . . . . . . . . . . . 19.2.3 Control Law . . . . . . . . . . . . . . . . . . . . . . . 19.2.4 State Estimation . . . . . . . . . . . . . . . . . . . . . 19.2.5 Simulation Results . . . . . . . . . . . . . . . . . . . 19.3 Biological Reactor . . . . . . . . . . . . . . . . . . . . . . . . . . 19.3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . 19.3.2 Dynamic Model of the Biological Reactor 19.3.3 Synthesis of the Nonlinear Control Law . . 19.3.4 Simulation Conditions . . . . . . . . . . . . . . . . 19.3.5 Simulation Results . . . . . . . . . . . . . . . . . . . 19.3.6 Conclusion. . . . . . . . . . . . . . . . . . . . . . . . . References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



. . . . . . . . . . . . . . . .



. . . . . . . . . . . . . . . .



. . . . . . . . . . . . . . . .



. . . . . . . . . . . . . . . .



. . . . . . . . . . . . . . . .



. . . . . . . . . . . . . . . .



. . . . . . . . . . . . . . . .



. . . . . . . . . . . . . . . .



. . . . . . . . . . . . . . . .



769 769 769 770 772 773 775 777 781 781 782 784 787 788 790 790



20 Distillation Column Control . . . . . . . . . . . . . . . . . . . . . . . 20.1 Generalities for Distillation Columns Behaviour . . . . 20.2 Dynamic Model of the Distillation Column . . . . . . . 20.3 Generalities for Distillation Column Control . . . . . . . 20.4 Different Types of Distillation Column Control . . . . 20.4.1 Single-Input Single-Output Control . . . . . . 20.4.2 Dual Decoupling Control . . . . . . . . . . . . . . 20.4.3 The Column as a 5  5 System . . . . . . . . .



. . . . . . . .



. . . . . . . .



. . . . . . . .



. . . . . . . .



. . . . . . . .



. . . . . . . .



. . . . . . . .



. . . . . . . .



. . . . . . . .



793 793 796 800 802 802 802 804



Contents



20.4.4 Linear Digital Control . . . . 20.4.5 Model Predictive Control. . 20.4.6 Bilinear Models . . . . . . . . . 20.4.7 Nonlinear Control . . . . . . . 20.5 Conclusion . . . . . . . . . . . . . . . . . . . . References . . . . . . . . . . . . . . . . . . . . . . . . . .



xxiii



. . . . . .



. . . . . .



. . . . . .



. . . . . .



. . . . . .



807 809 809 812 817 817



21 Examples and Benchmarks of Typical Processes . . . . . . . . . . . 21.1 Single-Input Single-Output Processes . . . . . . . . . . . . . . . . . 21.1.1 Description by Transfer Functions . . . . . . . . . . . . 21.1.2 Description by a Linear State-Space Model . . . . . 21.1.3 Description by a State-Space Knowledge Model . 21.2 Multivariable Processes. . . . . . . . . . . . . . . . . . . . . . . . . . . . 21.2.1 Matrices of Continuous Transfer Functions . . . . . 21.2.2 Description by a Linear State-Space Model . . . . . 21.2.3 Description by State-Space Knowledge Models . . 21.2.4 State-Space Knowledge Models for Simulation and Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21.2.5 Continuous State-Space Models as Benchmarks . References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



. . . . . . . . .



. . . . . . . . .



. . . . . . . . .



. . . . . . . . .



821 821 821 822 822 839 839 842 844



.... .... ....



847 849 851



. . . . . .



. . . . . .



. . . . . .



. . . . . .



. . . . . .



. . . . . .



. . . . . .



. . . . . .



. . . . . .



. . . . . .



. . . . . .



. . . . . .



. . . . . .



. . . . . .



. . . . . .



. . . . . .



Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 853



http://www.springer.com/978-3-319-61142-6



























des documents recommandant







[image: alt]





Contents 

String Pizzicato pf. C1. String Pizzicato pf. Eb1. String Pizzicato pf. Gb1. String Pizzicato pf. A1. String Pizzicato pf. C2. String Pizzicato pf. Eb2. String Pizzicato pf.










 


[image: alt]





Contents 

Not only does this give us a vector space structure on Tx but it makes ^U an isomorphism. We will make use of this isomorphism later, so it is worth summarizing ...










 


[image: alt]





Contents 

Section 04: Wood and Lumber Products. 233. Section 05: Plywood, Composite Wood Products,. High-Pressure ... Section 08: Acoustics/Sound Control. 507.










 


[image: alt]





Contents 

Passing data to Excel 2007 application . ... Simple 12-bit digitizing system . ... The simple device driver for the parallel port . .... Configuring IIS and ASP. NET .










 


[image: alt]





CONTENTS 

effect of power arcs should be considered in the design of metal fittings. ..... bonded to the core, then it shall be removed and the remaining core thoroughly ...










 


[image: alt]





Contents 

Dimensions, interior and exterior, 14 .... The Mark IV series of the British Ford Zephyr and Zodiac models were ... Compact six-cylinder 249Scc (2 S-litre) engine arranged in 60 degrees ... Iically operated disc brakes are fitted on all wheels and a 










 


[image: alt]





Contents 

Advantages and disadvantages of FRP composite ... 2.6. Applications of FRP strengthening. 36. 2.7 ... Fatigue of long span plated 2.3m beams using FRP plates.










 


[image: alt]





Contents 

Milestones in the life of François Malkovsky. 13. Seeking a new dance. 23. “To dance” by Malkovsky. 29. A “harmonious” dance: the logic of harmony. 31.










 


[image: alt]





Contents 

22 1. 223. 226. 229. Singular elements by mapping for fracture mechanics, etc. 234 ... Incompressible materials, mixed methods and other procedures of solution.










 


[image: alt]





Contents 

Jul 10, 2010 - The following text is a piece of my forthcoming book (updated with respect to .... violated without this arousing much discussion (Â§Â§Erreur ! Source du renvoi introuvable.,Erreur ! Source du renvoi introuvable.). We have seen that ..










 


[image: alt]





Contents 

Axiom Event dec : âˆ€ e e' : Event, {e = e'}+{e = e'}. Definition Object := Var + Event. Values. Parameter Val : Set. Axiom Val dec : âˆ€ x y : Val, {x = y}+{x = y}.










 


[image: alt]





Contents 

superclass is the generalized class, while the subclasses are specified classes. ..... Listed are the core metadata elements required to identify a dataset, typically for ..... Figure A.11 defines metadata about the portrayal catalogue(s) used to dis










 


[image: alt]





Contents 

Toggle Low. Lid must be closed and locked for this to be enabled. Speed Spin. Note: The basket must be empty for this function. 011. Toggle Mid. Lid must be ...










 


[image: alt]





Contents 

Simple thermostat system . ... Measuring temperature with the DS1722 digital sensor . ..... Simple remote control system using FM transmitter and receiver .










 


[image: alt]





Contents 

any sufficiently regular one-scale function u(x) and two-scale function v(Ëœx,y), .... spectrum for an N-cantilevers array, we suggest to operate a truncation in the mode list so that to retain a simple infinity of ...... spond to the Tellegen theore










 


[image: alt]





Contents 

Annex J (informative) Multilingual support for free text metadata element. .... determining data fitness for use, data access, data transfer, and use of digital data); .... superclass is the generalized class, while the subclasses are specified class










 


[image: alt]





Contents 

The most natural configuration for an audio system in the automobile places the ... electrical environment in an automobile is one that is inherently noisy and filled .... Aux Out: Auxiliary output to provide conditioned signal for another amp. 10.










 


[image: alt]





CONTENTS 

Dimensions(mm). 14.95 cc (0.912 cu.in.) 27.7mm (1.091 in.) 24.8mm (0.976 in.) 2,000-16,000 r.p.m.. 3.3 ps / 15,000 r.p.m.. 605g(21.36oz.) JAPAN. JAPAN. 42.6.










 


[image: alt]





Contents 

audio.mp3â€�]. Want to know what somebody is called? You have three main ways to do that: You can ask: â–« Comment s'appelle-t-il/elle? What is his/her name?










 


[image: alt]





Contents 

sur les deux poulies. VÃ©rifier Ã©galement que les poulies sont bien fixÃ©es Ã  l'arbre du moteur et Ã  l'arbre de l'agitateur. â€¢ Pour plus d'informations, voir le document W10606242. â€¢ Voir TEST nÂ° 3 : SystÃ¨me d'entraÃ®nement, page 37. â€¢ Voi










 


[image: alt]





Contents 

here, generalises the Theorem of Schinzel, in what concerns the number n .... a projective space Pn and defined over some algebraically closed field K, the .... We are ready now to define the height of an algebraic number Î±. ...... we form the row .










 


[image: alt]





Contents 

approximately 3000V. ... When repackaging main control assembly in anti-static bag, observe above instructions. ...... the following notes to identify the switch(es).










 


[image: alt]





Contents 

Jun 8, 2013 - This book covers the fundamental theory and techniques for digital video ..... absorption function of the camera be denoted by ac(Î»), then the light intensity ..... in designing the color TV system is that it must be compatible with th










 


[image: alt]





Contents 

General remarks and classification of fluid mechanics problems ... 2.6 Characteristic-based methods. 2.7 ... Numerical approximations and the CBS algorithm ... Steady-state field problems - heat conduction, electric and magnetic potential,. 8.










 














×
Report Contents





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



