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•  Introduction
•  Motivating examples
•  Three approaches to closed-loop
identification and adaptive control

•  Conclusions
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MMoottiivvaattiinngg  EExxaammppllee

“Closed-loop identification is impossible without external
excitation”

But…
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MMoottiivvaattiinngg  EExxaammppllee

Estimate a, b
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CClloosseedd--lloooopp  IIddeennttiiffiiccaattiioonn  aanndd  AAddaappttiivvee  CCoonnttrrooll  ––  RReevviissiitteedd

Closed-loop identification – a unifying view
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Remedies

•  
1−C  does not exist

(STR with relay)
•  P

~, 1−C  belong to
different classes of
mappings  (Ziegler-
Nichols tuning,
adaptation, causal
P
~/noncausal 1−C )

•  0≠SPy
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MMoottiivvaattiinngg  EExxaammppllee  ––  RReevviissiitteedd
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MMoottiivvaattiinngg  EExxaammppllee  ––  RReevviissiitteedd  ((CCoonntt’’dd))
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CClloosseedd--lloooopp  IIddeennttiiffiiccaattiioonn  aanndd  AAddaappttiivvee  CCoonnttrrooll  ––  RReevviissiitteedd
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Require
(a) XXT  invertible and well conditioned
(b) u, ε uncorrelated
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MMPPCCII::    EExxppaannddiinngg  tthhee  MMPPCC  ppaarraaddiiggmm  ttoo  aaddaappttiivvee  ccoonnttrrooll







horizon onoptimizati

over objective control

horizon control over
 values input process

minimize

 
subject to

Standard MPC constraints
Persistent excitation constraints over finite horizon.

k+Mk

control
horizon

prediction
horizon

futurepast

setpoint

projected
output

manipulated input



– 12 –

MMPPCCII  qquuaannttiittaattiivveellyy

Objective:
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KKeeyy  ffoorr  CClloosseedd--LLoooopp  IIddeennttiiffiiccaattiioonn        

If no external dither,
Controller cannot be linear, time-invariant!

Controller is LTI  ⇒⇒⇒⇒⇒⇒⇒⇒
Transfer-function analysis of convergence

Controller is not LTI  ⇒⇒⇒⇒⇒⇒⇒⇒
Lyapunov analysis of convergence
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MMPPCCII  vvaarriiaannttss        

Weak PE of order N
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MMPPCCII  vvaarriiaannttss  ((ccoonntt’’dd))

Variations of Least-Squares Identification
•  Weighted Least-Squares and use of prior knowledge.
•  Least-Squares with exponential data weighting.
•  Least-Squares with covariance resetting.
•  Least-Squares with covariance modification.

MPCI for various classes of process models
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MMPPCCII  aalltteerrnnaattiivveess

Why?
" Simplicity
" Backward compatibility
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MMPPCC  wwiitthh  eexxcciittiinngg  sseettppooiinntt  ffoorr  pprroocceessss  iinnppuutt
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" Convenient for DMC structure

" Use in pro-active process monitoring
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