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Why Prediction and Adaptation? 
•  Limitations of linear feedback 
•  Model-based control 
•  Optimization 

–  Minimization of tracking errors 
–  Covariance minimization 
–  Minimization of control actions 
–  Minimization of tracking errors subject to 

control constraints 

•  Time-varying Exosystems & Disturbances  
•  Adaptation and Learning 
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Predictive Control 
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Predictive Control 



© Rolf Johansson, 2011 FRTN15 Predictive Control 5 

Predictive Control 

SetpointrPredictionhorizonPastFutureControlhorizonyyuuminminmaxmaxTimekk+1k+n
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Predictive Control 



Predictive Control 
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Predictive Control 



Frida Robot 
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Frida Robot 
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Minimum Variance Control 
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HCCI MPC Engine Control 
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Adaptation 
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Equalization 

H(z)^1H   (z){u  }   k{y  }   k ^{u  }   k+AdaptivealgorithmDesired response{u  }   k
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Adaptive Schemes 
•  Gain Scheduling 
•  Autotuning 
•  Model Reference Adaptive Control 
•  Self-Tuning Control 
•  Extremum Control 
•  Iterative Learning Control (ILC) 
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Gain Scheduling 
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Autotuning 

Controller-d+dControl Objectyu-1
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Autotuning 
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Autotuning 

Controller-d+dControl Objectyu-1
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Adaptive Control 



© Rolf Johansson, 2011 FRTN15 Predictive Control 21 

Model Reference Adaptive Control 
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Adaptive Control 
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Adaptive Control 
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Adaptive Control 
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Adaptive Control 

Time [s]-10-5050500Input uTime [s]-200204060800500Output y-202460500Time [s]Process parameters-2-10120500Time [s]Controller parameters

Indirect adaptive control. The second-order process is controlled by an output  
feedback control law with pole assignment to the origin z=0. The histories of the 
input u, output y, and the estimated process parameters and the controller 
parameters are displayed.	
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Discrete-time Signals 
Periodic uniform sampling described by  
•  sampling frequency  
•  sampling period h 
•  Reconstruction of a continuous-time signal from a 

sequence of samples can be made provided that there is no 
signal energy beyond the Nyquist frequency 

Note: Imperfections in uniform sampling 
•  Jitter 
•  Ethernet 

.  
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Discretized Linear Systems 
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Example: Double Integrator 
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The z-Transform 
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Example: The z-Transform 



z-transform 
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State-Space Systems 
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Impulse Response 



© Rolf Johansson, 2011 FRTN15 Predictive Control 36 

Impulse Response (cont’d) 
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Transfer Function 
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Spectra 
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Difference Equations 
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Difference Equations (cont’d) 



© Rolf Johansson, 2011 FRTN15 Predictive Control 41 

Difference Equations (cont’d) 
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ARMA models 
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ARMAX Models 



Forward vs backward shift form 
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€ 

A(z) = zn + a1z
n−1 +…+ an

A*(z−1) =1+ a1z
−1 +…+ anz

−n

A(z) = znA*(z−1) where n = deg(A)
Example :
A(z)y = B(z)u ⇔ A*(z−1)y = z−dB*(z−1)u
where d = deg(A) − deg(B)
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System Interconnections 
Series interconnection 
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System Interconnections 



© Rolf Johansson, 2011 FRTN15 Predictive Control 47 

System Interconnections 
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Stability 



© Rolf Johansson, 2011 FRTN15 Predictive Control 49 

Stability 
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Stability 
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Example: Double Integrator 
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Example: Double Integrator 



© Rolf Johansson, 2011 FRTN15 Predictive Control 53 

Example: Double Integrator 
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Linear Disturbance Models 
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Steps and Ramps 
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Periodic Disturbances 
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Periodic Disturbances 



Useful Matlab Commands 
•  s=tf(’s’);     % define s-operator 
•  z=tf(’z’,h);  % define z (h sample time) 
•  Gc=1/s^2;  % define system 
•  Gd=c2d(G,0.1);  % sampling system 
•  ss,tf,zpk   % system representations 
•  acker, place   % pole placement 
•  help control 
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What to do now 
•  Get book 
•  Read chap 1-2. (Reading notes 

available on web) 
•  Go to Exercise 1 (computer 

simulation of adaptive system) 
•  Check out the matlab functions 
•  Next lecture: Parameter estimation 

(chap 3-4) 
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