3.1

(Model

3.1

(Plant)

(Manipulated Variable)

Predictive

Control,

MPC)

(Set Point)

3.1
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Set Point

X

OPTIMIZER

Optimal Control Problem

Measurements

3.1

(Dynamic Optimization)

(Disturbance)
( )
past future
. target
o . "projected
« " * outputs
t t+Nm t+Np

horizon
32 (Receding Horizon Strategy)



Nm
(Input Horizon)

t(y(t+kh))

(Open loop Optimal Control)
{

tf

3.2

(Moving Horizon or Receding Horizon Strategy)
{

Np

(objective function)

20

32



mn
tf

321

irctfuttnaT* «ail miiJiH

N1« 01

min J{( {(X - x sp)2+W2(A )2}

X=(X(1),u(0)
<M<

Xt+)=Kp

(State Equation)

(Linearization)
Locally Linearization

»wlhg I

il



- discrete)

AB C

al ox
2 R
a, ax

Ofn  9n 71
al a?

gl

0X ]

992

C S

5
dx 12

nXN
a,
a, Ow
*2
a,
9fn  9fn
a, a2
991
9x
092
Ox
%
9xn

Xk+ll —Gx,k + Huk

GH C

3.2.2



constraint)
I}

21

2.2

323

(1979)

23

(equality constraint) (inequality
h(x, )= 0 (3.8)
gx, )>0 (39)

(Hard Constraint)
min < UPK (3.10)
(Soft Constraint)
umin - £ - umax - 8 (3.11)
0~ 8~ 8max
3.10)
(Objective function)
( )

(Dynamic Matrix Control) Prett and Gillette
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Ricker (1985) Eaton Rawling (1990)

)= (X -XTONS - + k- KDTR( K- KI)]  (312)

)= -[xTQx+ TR ] (3.13)
Q R
. N N
V)
t+Np |
J— | —x Qx+u Rudt (3.14)
&
kN1
k+Nm 314
J= | (xtoxt TR) (3.15)
k 2
324

0 100
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(3.7)

xk+l = Gxk + Huk

k= Cxk (3.7)
Gxk + Huk * xk+l =0 (3.16)
ukmin - “k - °kmax (3.17)
/ (Minimum’s Principle)
(Lagrange
Multiplier) (White, 1977)
(3.17)
(37)
(3.16) (3.17) (3.15)
(Augmented cost function)
t+Nm 1
]7 E[ Qx+ U Ru)+ A(Gk+ Hu —X)] (3.18)
ktNm 1 J [x()
Lx, )= ¢ - [(xkQxk + KRuk) + Xk+,(ka + Huk - 1 (3.19)

k(t) G Rn



i= 01, N1I)

dh d 3
dx dt_OX

S- 4
Qo gy,

hod di
T

3.20

Qx+ GAX.- X =10

3.21

R+ / H=10

3.22

Gx+ Hui—X= 0

(Transversality Conditions)
X(t0 = x0

1

o
(319) 2

(Euler - Lagrange Conditions)

(i)

26

(30)
(320)

(32)

= 0L, N )

(3.22)

(323)

(3.24)

(325)

(326)
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(323) (3% :
() (3.29)

(329) : X White
A(th = Qx(th (3.27)
(323  (32)
2
(323) (Intial Conditions) (t=1)
321 Xg=x (3.27)
(323)
(3.25) (Final Conditions) (t =t
(327) A(th = Qx(t
(3.23) 0

(325)

Boundary Conditions Two-Point-boundary value problem (TPBVP)
( +.)( i=0L.,Nm)

TPBVP
TPBVP (Iterative Method )
o (White, 1977)
(3.15)
(Penalty Function method) (3.15)
(Penalt term)
(3.15)

| = 01,.., N1 (3-28)

imin © e " kmimad ]
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(Uﬂi‘]-'l,rmx' uixui - .o )> 0 (329)
3
(uk) A 0 (330)
glud) = (L-ri,max - JKY(“{ = jKT-i,minj (3.31)
213.15-313.15
(40> (0= 0,..Nm)
(328)
273.15 < Tik-H —37315 (i = 0,L..N1L). (3.32)
(3.30)

Cikdimax " TIThCT Permin>0 ok )b 0k N ) (3.33)

djlk>a ° (3.34)
< > = K '* - (335)
g(uk) = (373.15- Uk)(uk -- 273.15) (3.36)

01 = 31315
Ml,max - ~ (337)
k}-l min " 21315

(333) (Active)
(3.34)

6 )<0 (3.39)
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2713.15-373.15
1 (White, 1977)
(3.33)
(3.15) )
)
I =) - (9(u) NH(g)o(u)) (339)
ktNm 1 T T | x
= | M ( Qxk+ RI1)+).t+2(Oxk +Huk -x k+1)+ 8 ) NH(g)g(u))
(3.40)
N 1
H(g) (Heaviside diagonal matrix)
o g(u)< 0
HO= s o (341
(3.38)
(3.41) H(g) 1 (Penalty Function)
(3.40)
33
(The Penalty

Function Method) ,
(3.32) , & Glli= o 1= 01, Nm)



30

gw)< 0 H(g)

gu)= 0

Programming , SQP)

| |
P(u)= 0 J P(u)= 0

()
(Luenberger, 1973)

) fmincon
(Optimization Toolbox)
(Sequential Quadratic

34
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1, <o
Hgk)={ " *
0 gw=20

.

fuummmanlueuing

j -
X =0,1,.,N
Wit " s

VINAUNIT 3.25

:

fumimainsesdalusin

qalau SQP
i N
i+l i = 0l,.., Nm
INAUNIG 3.23
poUd ludfanduinguszasd
k+m 1 T T 1 T
L= 2 T @t u R ) A G He = x ) T W) NHEW)

NNAUNIT 3.40

-

Optimum L’

34
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31 (White, 1977)
(Iterative Method)
1 ukti (~ = k i=01.,Nm)
, ()
1, = "1
ki k+ i
2 Hg(k)=i" gu)<’®
jo g(u)>
1
3. (3.20) - ( 4th -order Runge -Kutta
method X11=X 1 i=01.,Nm
k+it+l k+ 1+ 1
VL Xk, i=0l Nm (3.22)
Al... = A I —01,..., Nm
ket T Ay i
5. X ? = 01, Nm (3.15)

L, A (uE =% N i=01..,Nm)
! SQpA

, dei O™ o 17 0L Nm)

I ti e = g 17 O )

]_ A
(~ = kmai=0L.,Nm) j j+ 1(White, 1977)



3.3

(3.5)
3.2 3.6
P Plant
u
—P
Observer
‘—
- ; Optimizer A
reference —t—
YVYY
- \ reference
° Y =1(X, U,
|}
t=k
_| P
—I =
3.5 (Bemporad)
3.2 ' ( , 2540)
iiSwvd
1
0
& 1| "
(
3 1
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