1 !.

(Model Predictive Control, Receding Horizon
Control Moving Horizon Control)

Morari, Gracia and Prett (1988); Eaton and Rawling
(1992); Edgar (1996) Qin and Budgwell (1998)

2.1
(Optimal Control) Zadeh Halen (1962)

Least Square Method
Propoi (1963)
'l
Klienman (1970)
(finite horizon concept)
(state feedback gain) Thomas (1975)
(quadratic)



2.1
Reseacher

Zadeh and Halen (1962)

Propoi (1963
Klienman (19/0)

Thomas (1975

Richalet {el AI.) (1978)
Culler and Ramaker 1979)
Prett and Gillete (1980)

Gutmanf1982
Garcla and Morari
Rouhani and Mehra

Garcia (1984)

(19823)

(1%

DeKeyser81982 1985383

Chang an

Peter a 1984)

Seporg(1

Parrs% and Elrosrlow (1985

Garcia and Morshed

Zefirjou and Morari

I

Brosilow and Chen? 198

Morari . al. (1983

Grosdidier et al. (1988)
Ricker (1985

Ricker
Matsko(198
Levren 1985
Levien and Morari
Martin et al. (1986)

Arkun et. Al 1986%
Cutler and Hawki
Grosdidier(1987)

Clarke et 81987

(

Clalrke and M thad? (1989)

1986)

(1987)

990
Bless arrd Ho)dges {1990)
Jansch and Puas (1990)

ar
Mayn and Michalska(1990)

Lee etal, (1990)

Eaton and Bawling (199
Muske and Rawling (199
Leeet al. (1992 1994

Lee and Yu (1994

Lee and Ricker (1994

Gutta abd Zafiriou (

Clarke 1§91
Gutta ai) Za?iri_ou %992@

1)995)

Theory and Application
O tinial Control Problem and Linear Programing

ovrn Horizon Ap roach (core ofall MPC algorithm)

rnrte orizon Control

uagratic Optimal Control

odtel f\lgorrthmrc Control (MAC) - Model Predictive Heuristic

ntro
Dynamic Matrix| Control (DMC) - Fluid Catalytic Cracker
Dynamic Matrixl Control (DMC) - Intersection of constraint
pen Loop Optimal Feedback (his work review)
,\%erggaﬁl\l 8rd ?rlrr%%mrgrlrt(rolc C)for Superheat steam generator,
ithmj
a mngetu%ner a hoiler conn%cted toa drsﬁlatron co?um% a g?ass
Non mear ?uadratrc Dynamre Matrixl Control (NLQDMC) -
non Inear baten reactor
Genera 1zed Predictive Control SGPC) PSAC
Mol Predictive Control ( Open Lo O timal Feedback to MPC)
(seneralized Predictive Control (GPC) - Adaptive Control
Generalized Predictive Control {GPC) - Exténded Forzon Design
Heat Exchanger and Autoclave
Quadratic Dynamic Matrix Control (QDMC)
Internal Model Control (IMC
Quadratic Dynamic Matrix Control (QD Cg
ISntSetgpnaI Model Control (IMC) - Design Procedure with Unstable

uag)ratrc Dynamic Matrix| Control (QDMC)

uIP and Peper industrial

Distillation Column

Distillation Column

-Iurd Catalytic Cracker, Hydrocracker, Reformer, Analyzer

VIrxrn Tank and Heat Exchan er

rocrac ker reactor gcom ex reacto 2

KI g(r(r)t%%cker Fluid Catalytic Crackers, Distillation Column,
Generalized Predictive Control ﬁGPa

Generalrzed Predictive Control (G
uadratic Dynamic Matrixl Control (QDMC) with Kalman Filter
PC with Constraint
NLMPC with Constraint
NLMPC with Constraint
uadratic Dynamrc Matrix Control (QDMC
uadratic Dynamic Matrix Control DMC

eneralized Predictive Control ’\gl
Nonlinear Quadratic Dynamic atrr | Control (NLQDMC)
Linear Modgl-Predictive Control (LMPC

Linear Madel-Predictive Control (LMP

Kalman Filterfor MPC

Kalman FrIterfor MPC

Kalman Filterf or NMPC

Nonlinear tic Dyp Matrrxl Control (NLQDMC) - State
Spacle and% dtpu%l hmle (NLQDHE) -



Clarke et al. (1987)
1
Brosilow and Cheng (1987); Brengel and Seider
(1989) ; Hidalgo and Brosilow (1990); Patwardhan et al. (1990); Mayn and Michalska
(1990) ; Lee et al. (1990); Schmid and Beigler(1990)

Bless and Hodges (1990); Jansch and Puas (1990)
Park, 1990

Brusch (1974)  Jonhson (1975) ' ! !

Richalet et al.
(1978); Mehara et al.(1982) Culter
and Remaker (1979); Prett and Gillette (1979)
(Dynamic Matrix Control) 1985 Ricker (1985); Garcia and Morshedi (1986)
(Quadratic Dynamic Matrix Control) 90

Lee et al. (1992); Muske and Rawlings (1993);
Lee and Yu (1994)  Lee and Ricker (1994)

2.1
' (Model Predictive Control)
(Dynamic Optimization)
(Manipulated Vaiable)

(Observer)

2.1



Controller

(Optimizer) Process
T
Observer ™"
2.1
2.1
(Observer)
2.1 (Model Mismatch)
(Disturhance)
(v) (" M
P (M<p) 9.9

Receding Horizon Implementation

.............

.............
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2.2
Eaton and Rawling (1992)
(Objective Function - 0)
(Output) (Set
Point) , (Process Model ),
(Constraint function) (h)
(k)
0 —fIU() (1), y(V)] (2-1)
%o[u (t)Jdt  (2-2)
neo= ) y=glx ) (2-3)
hix, )=0 3 kix, )>0 2-4)
X(t0) = x0 2
2.2.1
3
1) (Input/Output Model)
(Pluse function) (Step function) (Tranfer function)

(Pluse function)
P

yk=y Hj kH (Finite Impulse Response Model-FIR) (2-6)
=0
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(Step function)
yk= X0 SiAUM-1(Finite Step Response Model-FSR) ~ (2-7)
J:

H
(Transfer function)
L
2-8
Y(z)  B(z) _
(2) = Alz (2-8)
A(z) - zntaxn + .. +anlZz+an
B(z) =b0zn+ ~z""1+ ..+ bmMz + bn
2-9
a(z)A(z) +.och0 o) =H(2)F(2) (2-9)
A ZA:ZII+aIZIII+|l|+all~%z+all
(3(z) =PQ@n+PX "+...+D, X+,

2.3

iy =K At & (2-10)

(Observer) 2.4

(2-11)



R(z) +
—

2.3

R(z)
—

Ulz)

Ulz)

o)
—
t

~

Y(z)

|

RN
.
t
A

A

Y

24

(Track)

(Pulse),

Y(z)

(Step change)

(Nonlinear Model Predictive Control - NMPC)

2)
(State variable)

X) (

(State Equation)

(

y)

(Disturbance)

Y

(Set Point)

12
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x=/(x, )
= s(x.d) (2-12)
X
( )
Linearization
Locally Linearization
- discrete)
X =Ax +Bu (2.]3
y = Cx
AB Tore
0% .. ff
ngQ i L fL
I UNIVER
X fan P, 2
k k A k
2 fan_ 2 fan,
gg\ fat %1
12 g)% |
=% §¢ U
fan d fi

X X2
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yé&%Xk+Hu (2_14)

GH ¢ =
G=eAT=1+AW
H=w
¥=T+

AT? " A'T ATT1

2 3 0+ "

2.2.2 (Objective function)

(Generalized

Predictive Control) Clarke and Gawthrop (1979); Garcia and Morari(1982); Edward

Katende and Arthur Jutan (1996) (Internal - Model
Control) Gracia and Morari (1982); Zefiriou and Morari (1986); Morari (1988)

(Dynamic Matrix Control) ~ Prett and Gillette (1979)

;;(%Fl’(-y)w-y) (219

Ricker (1985); Garcia and
Morari (1985); Garcia and Prett (1986) Garcia and Morshedi (1986) Eaton and
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Rawling(1992) Muske and Rawling (1993) Kwon and Peason
(1977)
€= (yp-y)TO(yp-y) +( 1-uk)TR(uk—uki)  (2-16)
y=0(uk-uk?)

Kwon et al. (1983)

4= xtQx+ utRu (2-17)
X* =Gxt + HU*

y* =Cx*

(positive difinite) @ R
Q R

J= {(xTQx +UTRu)at

J =M (xTQx + uTRu) = kV er+uTRu)JI("M(xTQx+uTRu) (2-18)
k +

MT
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)= Ak (xtQx+ utRu) (2-19)

x*+1= Gxt + Hu* (2-20)

Lagrange Multipliers (2-19) (2-20)
(2-21)

L(x, )= C[i(xjQxk+ujRuk)+ Xkil(Gxk+Huk- x ktl)] (2-21)

(Ricati Equation)

P
PQ R
(Steady State Optimal Control)
Pk
pk=Q +GPkHG -G PkHH(R + HTPktH) ‘HTPK)GT (2-22)
(State  Feedback)
2-23 !
Kk=R-HT(GT)-'(Pk-Q) (2-23)
( kAt )

uk=""Kkxk (2-24)

2.2.3
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2.2.2
(equality constraint) (inequality
constraint)
(1) (equality constraint)
h(x, )=0 (2-25)
2.2.3
Gxk+Huk- xkt1=0 (2-26)
(2) (inequality constraint)
g(x, )>0 (2-27)
Hard Constriant Soft Constraint
(2.1) (Hard Constraint)
(2-28)
(2.2) , (Soft Constraint)
uni6< <, £6 (2-29)
0<Gr 6m3

( - PID Controller) '
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2.3

4) GH C
5) GHCQ R Pk PlM Pk
Pk = Pkl

pk= Q + GPKHG + GPKHH(R + HTPKiH) 1H rPkHG T

6) Pk
Kk=R iHt(Gt)“(Pk-Q)

7) k=K kxk
8) K k>120  1=120 <20 1=20

2.4

(Batch
Reactor) (no steady state)



19

(Model Based Control)

(Jacket)
(Kalman Filter) 4
dTm _ Qr+U rAr(Tjm-T m)
Icp
Jacket
Jacket
dTim_  rAr(Tm~Tjm) F (2-31)
dT = Vi C piQi \% J
Adt =0 (2-32)
(X) TllTm ~ Qr
(xkr=Gx1+Huk) G H
X

Trmié  —UrArWrCpr UrAr/WrCpr UWrCpr Tmk 0
—  _ UrArNjpjCpj - UrArVjpiCpj- Fjivj 0 Timk + Fj/Vj Tjsp (2-33)
- 0 0 Kk
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