| (Multi-input
multi-output) Classical
control Modem control
(Uncertainty)
« (Performance)
(Specification)
1 |
1, (Dynamic)
2.

pH neutralisation process 1

Interaction

(Environmental disturbance)
Noise

(Criteria)



AUTFUT
QUTFUT

2.1

1, (Identification)
(Recursive parameter estimation)
2. (Control synthesis)
(Control-design algorithm)
3. (Feedback control law)
2 Explicit
Implicit Explicit (Estimate)
Control-design algorithm
Implicit Control-design algorithm
(Estimation)
(Accuracy) (Robust) Explicit
Implicit (Direct) (Indirect)

(Adaptive control)

(Parameter estimation)



8

(Estimation algorithm) (System model)
(Design procedure)
I
(Linear estimation)

3 Least square estimation (LS)
4, Maximum likelihood estimation (M) [9 Extended least square
estimation (ELS) 4

I
Astrom
[2 (Basic self-tuning controller)
(Minimized output variance)
Clarke [3,4,10] Suboptimal ~ Cost function
(Auxiliary output variance) Gawthrop
[ PID (Self-tuning
PID controller)
(Optimal self-tuning control) ? Delay time
Non-minimum phase system (Pole
placement method) Wellstead [ ,12
Pole assignment self-tuning regulator Astrom  13]
(Pole zero placement) "Servo  Allidina Cl4]
Suboptimal
Prager ~ Wellstead [15 Multivariable pole placement
self-tuning regulator
Modern control ~ Warwick 111 state
space self-tuning control  Tsay [16 state
space self tuner  Shieh [17] { Riccati

(State feedback)



Discrete time

C34D
Az %) y(t) = zkBz " () + x( (2.1)
(t).y(t)
Az 1)B(Z 1)
X(t)
X (1)
1, (Constant)
2. (Load disturbance)
3. (Measurement disturbance)
4. Non zero mean disturbance
D. Stationary stochastic procees
X(t)
x() =d + Ciz 1) /Az ¥ |(t)
d
I (t) - Noise sequence (Mean) 0
(Covariance) 0,2
G

Az*ylt) =zk Bz (t)+ Clz )E() (22

«
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Offset
Non
Z&ro mean Y . Offset
Offset
(Integrator) offset '
(Integral action) Clarke 101

A-offset  Prediction offset !/ K-incremental prediction
Gawthrop 1121
Pl PID Offset

Pl Proudfoot tu Gawthrop (5l
PID Zero gain prediction

I Non zero mean disturbance

Unbias Bias
Recursive least square (RLS) Cil
Fuchs C181
Forgetting factor 1191 RLS
Unbias Zero mean data Non zero mean
data Recursive maximum likelihood (RML) 12,91 Recursive
extended least square algorithm (ELS) RLS
13,4,6,13,14,151

)
Classical control Modem control
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1. Classical control

Discrete time

1.1
Single loop
«
1.1.1 (Optimal control)
Cost function
[3,4,20,211 I (Predictive model)
2 Minimum variance control
Astrom Generalized minimum variance
control Clarke Clarke
' [4,8,101
Generalized minimum variance
control (Closed loop equation)
Model reference control Clarke [41

(Auxiliary output)

$(1) = P(z_1) y(1) (23
4>(t) - Auxiliary output

P(z *) - User specified transfer function

P(z-1) = Pd(z~)/Pd(z-1)
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4

Cz1P(z1) = E(@Z DAz +zk F(z~1)/Pd(z~1) __ (2.4)
<2.2)<2.4) «

S(ttk) =F(z x) y"(t) +Gz 1) /() +E@z x) £(t) _ (2.9)

y'(t) = y(b)/C{z~1)Pa(z_1)

n = WIeE )

G(z-1) = E(z.1) B(z.1)

(2.5) «

0%(t+k) =F(z_1) y"(t) +G(Z*1) /(1) (29
(Prediction error) «

$~(t+k) 0(t+k) - <At

= E(z-1) (k>
« «  (Steady state) «
k) = (Y
(t) - (Set point)
(25)
() = UGz 1) () - F(z 1)y(t)/T(z_1)Pd(z_1): __ (2.7)

0= AZY) () - Fl) £
P(Z XB(z * PNz 1)
Characteristic
« (Error modelling)
) )
(Detuned model reference) weight )
Q@ x) '} User specified transfer function P(z %)
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Cost function

{k) = &)+ Qz ) () - () __(28)

¥<trk) = 0
0%(t+k) + Q(Z D ® = 0
(t) = Q[ ™) [ (1) - $*tk)]
(26)
() =2/Q+QM [ (t) - Fy(t)/T Pr (29
)
y(t) = B/(PB+QA) (t-k) + (EBHQT(PB+QA) 1it)s _ (2.10)
(t) = A(PB+QA) (t) - (FIP)/(PB+QA) 1 (1)/T (21
Q(z_1) |
Q(z 1) Il Offset CIO]
I
Generalized minimum variance control !
1, User specified transfer function
P(z~1) Q(z-1) P(z 1) = IMZ 1) M(z_1) Desired
closed loop models Q(z 1) =A¥(z )  1Q'(z * =Lz ¥
|9
2. ! F(z_1),6(z_1)
RLS  ELS (2.5)
3. (2.8)
()
! I Clarke Gawthrop CD
() =) +Q (t-k) - (t-K) (212
A (Prediction model)

PO = SR 4 Q (1) - (1)
Of¢(t+kit) = Ca*(trket) + Q) () - Cwlt)  (2.14)



id 8 OF¥(t+k1t) 0

COMt+k!Y) +03 () - Cwl) = o
i (5)
FIVE(D) + G'u(t) + Hw() 5 el

- y(/Pdz D)
15 4 (28  FGIH @

Minimum variance control d
d (2.3),(2.8) ?  cost function
Generalized minimum variance control d
*fttk) = P(z 1y(t+k) + Q@z *Ju(t) - (1)
P(z-1) Q1) d
Ba? Minimum variance control
Pz %) =1,0Qz* =0 () =0 cost function
bty = y(t)

ad Astrom C2
AHu2 If via (Pole placement Method)
i d
d d (Self
tuning property)
M
1 Non minimum phase system
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b
Origin
Damping ratio  Rise time ' Desired closed
loop poles polynomial closed loop poles polynomial
C341
121311

T(z1) = 1-2¢ ™hcos whil-£*z 1+e 2iwn:
i damping ratio

h
T(z 1) - Desired closed loop poles polynomial

Regulator Edmunds
Self-tuning pole assignment regulators Wellstead
Stochastic pole assignment strategy ~ Wouters
Tracking Astrom
wittenmark 1131 Wellstead ~ Zanker 111,121

Allidina 1141
Generalised self-tuning controller with pole assignment
) (Losses)

Discrete time 1171

013019
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Az 1) y(t) = zkB(z.1) (t) + C(z_1) e(t) (2.16)
f
Az %) = l+alzl+ ...
B(z_1) = o thlz-1+ ... 7~
Czx = 1l+tclz 1+ ...
{eft) t=0,1__ 1} Zero mean white noise gaussian
sequence
a Regulator
Fz %) () = 6z ) y(t) (2.17)
an
F(z 1) I35 0 7 1 £\ NS A
= — g tg, -1 4 s . tgnz-
(2.16),(2. 17)
b+k-1 = ¢ = a-1
!
(Az *)F(z 1) - z kB(z 1)G(z 1))y(t) = Clz YF(Z x)e(t) (2.18)
(2.18) Desired closed loop poles polynomial T(z )
Tz 1) = 1+txz2 1+ s ttnz 1 _(219)
(2.19)
Az 1) F(z~1) - 2"k B(z_1) G(z.1) = T(z_1) _(2.20)
(2.16) . RS
A*z o y(t) = Bz %) (t) + et) __(2.21)
A* (2-1) 14gffz1+.
B¥(z-1) = DY =t .+ btk-1
at* o, 0%, 1% e (2.20)
A*(z-1) F(z_1) - B*(z-1) s(z1) = Tz 1) (229

(2.22) Fz~1) , G(z-1) (1)
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T(z-1) y(t) = F(z-1) 6(t)

t e > (0 Cz 1) =1
A*(z *)--> Az X) B&(z
6(t) - > e(t)

1 A*(z-1),B*(z_1)
(2.21)
2.  F(z.1),6(z.1) (2.22)
3. (t) (2.17)
A%Z 1),B*(z_1)
A(z 1),B(z 1) (Closed loop CONfiguration)

12

Non-minimum phase system
*Cut and try *  Clarke

(single input single output)
(Multivariable system) ' ' {
Noise disturbance
Independent white noise vector process
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Transfer function # A
Prager  Wellstead ! ] 70

L7  Non minimum phase system

2.
3. oA
? f
(Closed loop configuration)
?
2. Modern control
?
Noise disturbance source Transfer
function (Dynamic equation) ?
?
State estimation  observer state
feedback ?
Modem control approach
Classical control approach # Warwick
? # State space self tuner # Tsay 16 Pole
assignment  self tuning feedback control ~ ? System identification
State estimation # Hesketh 6 #  shieh

17 Suboptimal state space self tuner (! Linear stochastic
multivariable system  ? Riccati ~ ? Matrix sign function
Riccati state feedhack
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2.1
(MMO) CL7]
x(k#l) = Ax(k) + Buk) + (K (229
yk) = CTx(k) + v(k (2.25)
x(k) - X1 state vector
(k).y(k)
A - X system matrix
B,C - X Lvectors
(k- X 1white vector process 0 (Mean)
0 (Covariance)
Q5(kl-k2)
v(k) - White process 0
Y/

(2.24),(2.25)  state estimation
x¥k) = Axt(k-1) + Bu(kl) + K(k)e(k-1) (2.26)
Yk) = CTx*(k) + e(k) (2.27)

x*(k) Estimation of x(k)
e(k) - White noise process 0
Kk} - Kalman gain .
(2.26),(2.27) Observable
X * Ax *(k-1) +B, (k-1) +K (k)e(k-I) (2.28)
y(K) €0 xc (k) + e(k) (2.29)

x*(k) = Hxe*(k)
H1
Hx CCATC, v (An_1)TC3
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000,A0TCO, e (A, MWt
C1,0, 1 ,o:
H 1AH
a1 0.
a, 0 10
o1
a 1
0
B Chi*h2....... * K 1
KO (k) H_1K(K) [kt (k) k2(k), .....kri(k)]"l
Warwick ?
x*¥(k)= (I - Acz ) 1 CBcz lu(k) + KO(k)z_le(k) (2.30)
y(k) = COT(I-A0z 1)Boz Iu(k)+(I+COT(I-A0z *) 1Kc(k)z 1)e(k) (2.31)
(2.31)
y(t) = B(z D/IA(z ) (1) +C(z D)/A(z *) e(t) (2.32)
Az * = 1+aZ 1+... talZl
Bz *) = 1+bZ 14 thZ
C(z MyHYULALONEKORN.UN + Oz
¢l = al + kjk) ; 1 =123 —n
Az *)y(k) = B(z xju(k) +-C(Z x)e(k) (2.33)
(2.33) « 11 A(Z.1),B(Z_1),C(z_ 1)
(2.28)
xo*(k+1) = A0*(k)x0*(k-1) + BO*(k)u(k-1) + Ke*(k)e*(k-1)  (2.34)
(2.28) 0 Controllable noise
Xc(k+l) = ACXC (k) + Bc (k) _ (2.35)
y K= G (K (2.36)



a2 8.
1
A 0 1
0
B, = ¢hl’ 2o, "\
C = CL,0, odt
Feedback control law
(k) (k) - FeTxe (k)-
F B2 S ]
)0

Xc(ktl) = Acxc(k) - BCFCTXC (k) + Bor(k)
= (Ac - BGcT)xc (k) + Ber(k)

(2.28)-(2.33) xo*(k) = Txc (k)
?)
T tj?
Ti = oo oV
%(z-l = CBCACBE ACn_lBC

21

(2.37)

(2.38)

xo*(k) = (I-(A0-BOFCTT 1)2"1) 1(B0z~1r(k)+KO0(k)z_le(k))___ (2.39)

y(k) = CoT(I-(A0-BOFCTT 1)z 1)"1B0z_1r(k)+(I+COT(I-(A0-BO

FCTT"1) 1KO(K)z_L e(k)
| (2.33)

(2.40)

y(k) = B(z DIAc(z N)r(k) +Dc(z-1)/Ac(z-1) e(k) __ (2.41)

A(zl) = Loz 148224+ ... +«nz
De(z x) = 1+51Z 145222+  + nZ



| = qr+fdl ;i =123,..
(2.38) Closed loop characteristic polynomial
&(2) DET Czl - Ac + BoFeT:
z + . (@ +f )" 1 (2.42)
Desired closed loop polynomial
&(2) n (z-p 1)
= In + . ak"1 (2.43)
(2.42),(2.43)
« ag t fei
fel «l - al (2.44)
” ¥/ P24, 3 =fl 'S
It
(B,DBD.......... d" 1B

(B,DTBe, _, (OT)"_1Bc) 1

a1 1

A 0
1
0
ECy(k): = B()A(l) rc(k) (2.45)
(2.37)
K = Kir(k) - FeTT"V(K) (2.46)
K = A(DIB () = (L4Za) B (1) A0
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(2.46) State  space
self-tuning algorithm state feedback
Tsay C16]
PI pH neutralisation process
Cil K-incremental predictor 10 4
Classical control Modemn control

Generalized minimum variance control  Pole placement method

Simplied self-tuning
controller based on single chip microcomputer C8] 2-80
State space self tuner 6
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