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Predictive control for hybrid systen based on
m ixed logic dynam ic model

L I X iu-gai,GAO Dong-jieWAN G Yu-hong
(Institute of A utomation, ChineseA cademy of Sciences, Beijing 100080, China)

Abstract: A iming at hybrid properties of industry process, predictive control based on mixed logic
dynamic (MLD) model is researched D etailed modelling structure is obtained andMLD's stability is
alo discussed Simulation results demonstrate that the predictive control schame is able to stabilize a
hybrid systen on the desired output while meeting the operating constraints, w hich provides the
complex industry process a new idea for the next generation
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2 [h[x]< 0] —[&= 1] istrue
if and only if
€+ M- &< hx) <M (1- &)
[h[x]= 0]—[&= 1] istrue
if and only if
(P M- &)< hx)<- e+ M+ 96
pot oo W 5= 6 6
- © S+ &- Ss1 628 628 (5
4) ( DA )
_ if Othenz= fi(x) elsez= f2(x)
P1 P2 P: Istrue
if andonly if y1+ y2+ + vy, =1 Z= F.x)+ (1- &f2(x)
P: P2 P. istrue Mz- M2)O+ Z< fa(x)
ifandonly ify:> 1, y-> 1, ,vy,=2 1 Mi- M2)S- Z<- fa(x)
PI®P,® ®P, istrue Mi- M2)(1- &+ z< f:1(x) (6)
if and only if y1+ y2+ + yr=1 (D Ms- M) (1- 8- z2<- fi(x)
M i = maxfi(x)
mi=minfi(x), i= 1,2
- &+ 650
0= d&C{- &+ 0< 0 (M) (CNF)
o+ &- 0< 1 51 gy
y< MO
y2mé CNF
y= d(x)=y<s f(x)- m(1- 0 (2 D: D Do, Di= P (7)
yz f(x)- M(1- 9
M = maxf (x), m = minf (x) CNF
( A D (1)
): ONF
1) f(x)< 0
[f (x) € 0] - [6= 1] istrue
if andonly if f(x) = €+ m- €96
[f (x) € 0]—[6= 1] istrue
_ _ f(x)sM(1- 9
if and only if R Ay (3) x(k+ 1) =
2) gix)= 0 Ax (k) + Biu(k) + B20(k) + Bsz(k)

[g(x) = 0] - [6= 1] istrue
if andonly if g(x)<- €+ M + 6
[g(x) = 0]—[6= 1] istrue

g(x) 2m(1- 9

if and only if G0 S- €+ M+ 08 (4)

3) H(xx)=0 H(x)< 0
H(xx)=0 , O H (x) <
0, & H ()= 0,6 H (x) = 0,

y(k) = Cx(k) + Dw(k) + D26(k) + D3z (k)
E20(k) + Esz(k) < Ew(k) + Eax (k) + Es
(8
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o= [

x R"%x {0,1}", wu
y RPex {0, 1}", O

R™ x {0, 1}™
{0,1}", z R’

[6]

MLD
(8,
P m
( oxk+ ),yk+ §)
) =12 ,p)
x(k+ j)=

A'x (k) + JZOAi[Blu(k+ j- 1- i)+

B20(k+ j- 1- i)+ Baz(k+ j- 1- )]

(9)

y(k+ )=
-1

CA'x (k) + ZOCAi[Blu(k+ j- 1- 0)+

B2O(k+ j- 1- i)+ Baz(k+ j- 1- i)]+
Dw(k+ j)+ D20(k+ j)+ Daz(k+ j) (10)
y (k) y (k +

i)

yek+ i) = yk+ )+ [y® - y®]
(12)
Se(k+ ),

E= Se(k+ j)- y(k+ j) (12)

J(u,Xo):ni(ll u(k+ i) - u(f)l &, +

I Sk + i,xo0,u0) - &Il &, +

I z(k + i,Xo,u0) - zll 53) +
P- 1

z (I x (k+ j,xo,u0) - x¢ll (%4+
0

Iy“k+ ) - Se(k+ IG, (13)
x (P |k) = X
x(k+ 1] = Ax(k) + Bw(k) +
B26(k |t) + Baz(k|t)
y(k]) = cx(k|) + Dw(k) +
D26(k [t) + Daz(k|0)
E20(k [0) + Esz(k D) <
Ew(k|t) + Ex(k|) + Es
Unin < V(t+ k) € Uma, k= 0,1 ,m- 1

Xmin < X(t+ klt)S Xmax,k: 0,1 , P

st

ymins y(t+ k|t)£ Ymax, k = 0,1 , P
(14)
Q:= Q1 >0, Q:2=2Q2'=20
Qs=Qs'2 0, Qs=Q4 >0 (15)
Qs=Qs=2 0
(Xf,Uf),
(&,2¢),x (k) P ,m
M QP)!®,
J= mUin'JZ‘UTHU + 2f'U
st GU < W + Sx(k) (16)
(9 (10 (14), U=

[u,6,z],u= [ukK,uk + 1), ,uk + P -
1)],6=[6(K),dk+ 1), ,0k+P- 1)],z=

[z(K),z(k+ 1), ,zk+ P- 1], H,f,
G,W,S M QP , k
{lutk + i) ,0k+ i) ,z(k+
i)*]'}i=0,l, P 1, U(k)*:
[u(k) " o(k) " z(k) "] k= k+ 1
1 [
™M LP)
4
1 (Xe, Ue) , (&, Z0)
,x (0)
t= 0 (15)



318

17

K U’ (k),
u = U k), U (k+ T- 1)}
V()=JWU ,x(K)

ur= {u (k+ 1), ,u (k+ T- 1),ue

o= {0 (k+ 1), ,0(k+ T- 1),6
Z:={z2 (k+ 1), ,Z2 (k+ T- 1),z
uu K+ 1
1
Ji1< o
Jk)- Jk+ 1) =
Ix (k) - xell &, + I u(k) - uell &, +
I Sk) - &g+ Il z(k) - zell &, +
Iy (k) - yell &

J(k+ 1)+ z (M x(k+ i) - xell &+

lutk+ i) - ull 2+ I S(k+ i) - &l 2+
Ilz(k+ i) - zel &,+ I y(k+ i) - yell &) <
J() < o

J (k+ 1) k+ 1
J'kk+ D)< Ik+ 1),
mZ:(II x(k+ i) - xell §,+ 0 u(k+ i) - uell 5, +

I ok+ i) - &l &, + I z(k+ i) - zll &, +
Iy(k+ i) - yel &)< 3(1)- 3" (k+ 1)

k"EEX(t) = xe(@Q2> 0)

kImu(t) = u@Q:1> 0)

kI'mII o) - &ll o,=0
Jm" z(t) - zell o, = 0O
k'Hl" y(t) - yell o,= 0
MLD
O
5
MLD

{x(k+ =0 6[“,’St ] Si”t}x(k) . [(j u (k)
sint  cos(t)

y (k) = [1 0]x(k)

~ {n/s, [1 0]x(k) =0
- /3, [1 0]x(k) < O
x(k) [- 10,10] x [- 10,10]
uk)  [- 1,1] (17)
S[S8() = 1]—[1 0]x (k) = O,
Z= [Z1, Z2, Zs, Z4]',

x(k+ 1) = Awx(k) + Bu(k))o+
(A2x(k) + Bu(k)) (1- O (18)

Ai A w3 - T/3 A
1010
x(k+ 1) = [0 1o 1]Z(k)

y(k) = [1 0]x(k)
Ziz= Awx() +Bu(®))d
Z2a= (A2x(t) + Bu(t))(1- o) (19)

- mxO< X1- My
Mx+ €06<- x- €
MO+ Z12< Awx(t) + Bu(t) + M
- MO+ Zsza< Ax(t) + Bu(t)
- MS&+ Z122 0
- Md- Z122 0

- M- Zza<- Ax(t) - Bu(t)
- MO- Zi2<- Awx(t)- Bu() + M (20)
MLD (19) (20)
, 1 2
Ts= 2, M= 1, P=3Q:=1,
Q2= 1,Q35= Q 114,Q4= (le- 8)12,Qs= 1 77
0.8 T — —
§ 04 /- .........
0 20 40 60 80
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oo
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