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| mplementation of R-S-T Digital Controllers l

PLC Leroy implements
R-ST digital controllers and
Data acquisition modules

ALSPA 320 implements

ALSPA 320 ! R-ST digital controllers and
ALST@M Data acquisition modules
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Controller Design and Validation l

Performance

Sspecs.

DESIGN MODEL(S)
Robustness METHOD
Specs.

L ﬂ_ IDENTIFI CATION
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1) Identification of the dynamic model
2) Performance and robustness specifications
3) Compatible controller design method
4) Controller implementation
5) Real-time controller validation
(and on site re-tuning)
6) Controller maintenance (same as5)
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Outlinel

Robust digital control
-The R-S-T digital controller
-Basic design

-Robustness issues

-An example

Open loop system identification
-Data acquisition

-Model complexity

-Parameter estimation
-Validation
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Robust Digital Control l
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The R-S-T Digital Controller |
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The R-S-T Digital Controller l
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Controller

Plant Mode!: EG(ql) - q:(gcfcll)l) ) qd:?; f)q-l) }

Alg7)=1+ag +..+a,q" B(q')=bhg*+..+b g™ =q'B*(q")
R-ST Controller: { S(Hul®) =T(gH)y*(t+d+1)- R(q'l)y(t)]

Characteristic polynomial (closed |loop poles):

[ P(a) = AGH)S( )+ B )RT) }
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Pole Placement with R-S-T Controller l
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Controller : [R:HRR';S:HSS'J H.,Hg: fixed parts

Regulation: R and S solutions of: [AHSS'+q'dBH R=P=PP }

dominant auxiliary

Tracking : [T =P/B() ] ooles poles

computer file
Reference trajectory: y* S y*=(B /A)r
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Connectionswith other Control Strategies l

-Digitad PID: Nn,=ng=2;H,=1-q"

-Tracking and regulation with independent objectives(MRC):

[ P=B*PP } (Hyp.: B* has stable damped zeros)

- Minimum variance tracking and regulation (MVC):
[ P=B*C J (Hyp.: B* has stable damped zeros)

»
noise model

- Internal Model Control (IMC):
[ P = AP } (Hyp.: A has stable damped poles)
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The Sengitivity Functions l

(disturbance)
p(t)

r(t) u(t) y(b)
b(t)

Plant
Model

(measurement noise)

Output sensitivity function (p ->y)
AS AS
-1 = =
W)= Aseqir P
| nput sengitivity function (p -> u)

Sup(ql) = - AS _;_A(I;dBR — - AFDR [Syp ] S)/b ) 1}

"Noise sensitivity function (b ->y)

qBR 9BR
1y — __9g
okl As+quR P
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Robustness Margins .

N AimH |
Typical values:
{ DMs3 0.5 (-6dB), Dt >TSJ
-1 Re H
ol -
DM k \DFl WZCR
1 oLl=1 DM?3 05P DG?3 2 DF > 29°
W cr
f requency War The inverse is not necessarily true!

Modulus Margin: [DM = |1+HoL (zY|min =( Syp(z-l)‘max)-l = SypH¥ )1 }

Delay Margin: | pt = min; DF:
WCR
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Robust Stability l
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G — nominal model;

/" Fami ly of plant models.
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W, (z*)- size of uncertainty
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Robust stability condition:

-

-

defines the size of the
tolerated uncertainty \E

arelated sengsitivity
function P
‘Sxnyy ¥ <1
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S
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/ atype of uncertainty

defines an upper template
for the modulus of the
sensitivity function

~

There also lower templates (because of the relationship between various sensitivity fct.)
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Templatesfor the Sengitivity Functions l

-

nominal delay
perform: margin
0

\

AISypldB , YFJmax:_DM \

o 3,
g "

/ ,/SwldB \

actuator effort

|S up |-1

size of the tolerated additive uncertainty W a
(G =G+ dWjy)

Output Sensitivity
Function

Input Sensitivity
Function
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Robust Controller Design .

[ Pole placement with sensitivity functions shapi ng}

Nominal performance; P, and part of H, and H

P=PF)

R = R'@ 7 Allow to shape the sensitivity functions

S=¢
Severa approachesto design :

-|terative
Choosing F. and using band stop filtersH , /P, , H / B

O )

-Convex optimization
(see Langer, Landau, Automatica, June99, Optreg (Adaptech) )
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360° Flexible Arm l

ALUMINIUM

COMPUTER
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360° Flexible Arm l
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Shaping the Sensitivity Functions l

Output Sengitivity Function - Sp Input Sensitivity Function - Sip

Syp - Sensibilité perturbation-sortie Sup - Sensibilité perturbation-entrée
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A- without auxiliary poles

B- with auxiliary poles

C- with stop band filter H., / P.,
D- with stop band filter H_,/ P.,
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Open Loop System Identification'
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System | dentification M ethodology l

|/0 Data Acquisition
under anExperimental Protocol

v

Model Complexity Estimation
(or Selection)

\

Choice of the Noise Model
Parameter Estimation

v

Model Validation

Control
Design
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|/O Data Acqusition l

@gnal : a P.R.B.Ssequence

Clock frequency : f

targest pulse: NpT,

Magnitude : few % of the input operating point
clock = (1/ p) fs ’ p :11 2’3 (fs = Sampllng frequency)
Length: (2" - 2)pT,; N = number of cells, T =1/ f_

\

/

Length : < allowed duration of the experiment

Largest pulse: 3 t. (risetime)

L

< NpTs

pil G iinm

_14— tr —|.>|

P.R.B.S.
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An1/O FiIe'
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Complexity Estimation from 1/O Datal

Objective:
To get agood estimation of the model complexity (n,,n,,d)
directly from noisy data

n=max(n,n, +d) [, =minCI =min[3()+ (0, N)]
A

minimum

——- Ej(n) complexity
.= 3nN) <= penalty term

J(N) < opor term
(should be unbiased)

0 Nopt

To get a good order estimation, J should tend to the value for

noisy freedatawhen N ® ¥ (useof instrumental variables)
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Par ameter Estimation'

Discretized plant

1 [oace y()
" >on [ Plant [~ ADC [+ .
P (S0
Adjustable yA(t) T
»| discrete-time
model
Estimated . Paramgter
mode G = adaptation  j«—
parameters algorithm
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SL:A(Q7)y(t) = a7 B(a)u(t) +e(t)

u(t)

E—.

S2: A(@)y(t) =9 °B(q)u(t) + A(q)w(t)

«Plant + Noise » Models l

S3: Alg ) y(t) =q “B(au(t) +C(q)e(t)

204 ¢ &t) ie(t)
1 -~ 64% £
N A
qd B +y y(t) u® g9 B :é 1“)
A N | o A +
(Recursive) Least Squares Extended L east Squares

O.E. with Extended Prediction Model
(Recursive) Maximum Likelihood

S4: A(qY)y(t) =g *Ba)u(t) +[1/C(a ™) e(t)

~ 33% wit) » l e(t)
~1% ,
u(t) g9 B + y(®) 1
—> - CA
A + .
u(t) qd B 183 y(t)
Ouput Error(O.E.) 7 A A =

Instrumental Variable...

Generalized Least Squares
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Parameter Estimation Methods'

Plant M odel
y(t+1) =- A*(q7)y(t)+B*(q)u(t- d)=q'y (t)

g- par ameter vector Yy - measur ement vector
Estimated model

9ot +1) =q7 (O)F (1)

qA - estimated parameter vector ;f - observation vector
Prediction error

e°(t+1) = y(t+1)- q" (F (1) = y(t+1)- §°(t+1)
Parameter adaptation algorithm

q(t+1) =q(t) +F(t+1)F (t)e°(t +1)
Fit+D =1, (OF )+ ()F (OF ' (t)
O<Il (t)E1;0£1 ,(t)<2

F(t) = fIf (t)]
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Parameter Estimation I\/Iethods'

|- Based on the asymptotic whitening of the prediction error
(Recursive Least Squares, Extended Least Squares, Recursive
Max. Likelihood, O.E. with Extended Prediciton Model )

|1- Based on the asymptotic decorrelation between the prediction
error and the observation vector
(Output Error, Instrumental Variable)
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Validation of |dentified Models'

Statistical Validation
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Software Toolsfor | mplementing the M ethodology '

System Identification
-Winpim (Adaptech)

Identification in open loop and closed |oop operation
-CLID (Adaptech)

Identification in closed loop (Matlab Toolbox)

Controller Design

-Winreg (Adaptech)

design and optimisation of R-S-T digital controllers
-Optreg (Adaptech)

automated design of robust digital controllers (under Matlab)

Real-time implementation
-Wintrac (Adaptech): cascade digital control
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