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W
hy Prediction and A

daptation? 
• 

Lim
itations of linear feedback 

• 
M

odel-based control 
• 

O
ptim

ization 
– M

inim
ization of tracking errors 

– C
ovariance m

inim
ization 

– M
inim

ization of control actions 
– M

inim
ization of tracking errors subject to 

control constraints 

• 
Tim

e-varying Exosystem
s &

 D
isturbances  

• 
A

daptation and Learning 
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Predictive C
ontrol 

SetpointrPredictionhorizonPastFutureControlhorizonyyuuminminmaxmaxTimekk+1k+n
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A
daptation 
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Equalization 

H(z)^1H   (z){u  }   k{y  }   k ^{u  }   k+AdaptivealgorithmDesired response{u  }   k
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A
daptive Schem

es 
• G

ain Scheduling 
• A

utotuning 
• M

odel R
eference A

daptive C
ontrol 

• Self-Tuning C
ontrol 

• Extrem
um

 C
ontrol 

• Iterative Learning C
ontrol (ILC

) 
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G
ain Scheduling 



©
 R

olf Johansson, 2011 
FR

TN
15 Predictive C

ontrol 
17 

A
utotuning 

Controller-d+dControl Objectyu-1
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A
utotuning 

Controller-d+dControl Objectyu-1
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A
daptive C

ontrol 
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

 w
ith pole assignm

ent to the origin z=0. The histories of the 
input u, output y, and the estim

ated process param
eters and the controller 

param
eters are displayed.!

©
 R

olf Johansson, 2011 
FR

TN
15 Predictive C

ontrol 
26 

D
iscrete-tim

e Signals 
Periodic uniform

 sam
pling described by  

• 
sam

pling frequency  
• 

sam
pling period h 

• 
R

econstruction of a continuous-tim
e signal from

 a 
sequence of sam

ples can be m
ade provided that there is no 

signal energy beyond the N
yquist frequency 

N
ote: Im

perfections in uniform
 sam

pling 
• 

Jitter 
• 

E
thernet 

.  

©
 R

olf Johansson, 2011 
FR

TN
15 Predictive C

ontrol 
27 

©
 R

olf Johansson, 2011 
FR

TN
15 Predictive C

ontrol 
28 

D
iscretized Linear System
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Exam
ple: D

ouble Integrator 
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The z-Transform 
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Exam
ple: The z-Transform 



z-transform 
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State-Space System
s 
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Im
pulse R
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Im
pulse R
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Transfer Function 
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Spectra 
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D
ifference Equations 
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D
ifference Equations (cont’d) 
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D
ifference Equations (cont’d) 
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A
R

M
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odels 
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A
R

M
A

X M
odels 

Forw
ard vs backw

ard shift form 
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!
 

A(z)
=
z
n

+
a

1 z
n
"1+

…
+
a
n

A
*(z

"1)
=1

+
a

1 z
"1+

…
+
a
n z

"n

A(z)
=
z
nA

*(z
"1) w

here n
=

deg(A)
Exam

ple:
A(z)y

=
B(z)u

#
A

*(z
"1)y

=
z
"dB

*(z
"1)u

w
here d

=
deg(A)"

deg(B)
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System
 Interconnections 

Series interconnection 
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System
 Interconnections 
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System
 Interconnections 

©
 R

olf Johansson, 2011 
FR

TN
15 Predictive C

ontrol 
48 

Stability 
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Stability 
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Stability 
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Exam
ple: D
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Exam
ple: D
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Linear D
isturbance M

odels 
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Steps and R
am

ps 
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Periodic D
isturbances 
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Periodic D
isturbances 

U
seful M

atlab C
om

m
ands 

• s=tf(’s’);     %
 define s-operator 

• z=tf(’z’,h);  %
 define z (h sam

ple tim
e) 

• G
c=1/s^2;  %

 define system
 

• G
d=c2d(G

,0.1);  %
 sam

pling system
 

• ss,tf,zpk   %
 system

 representations 
• acker, place   %

 pole placem
ent 

• help control 
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W
hat to do now 

• G
et book 

• R
ead chap 1-2. (R

eading notes 
available on w

eb) 
• G

o to Exercise 1 (com
puter 

sim
ulation of adaptive system

) 
• C

heck out the m
atlab functions 

• N
ext lecture: Param

eter estim
ation 

(chap 3-4) 
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