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Abstract: In this paper, the multi-objective design of continuous-time predictive control is studied. Under condition that the
essential features of continuous-time predictive control are retained, the continuous-time predictive control system is designed di-
rectly by considering the effectiveness of noises, uncertainty and interaction between output errors and control signals, and the robust
stability of closed-loop system is enhanced.
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1 Bk Eﬁﬂ'”ﬁ'b‘f‘(System description W, = E(s)/A,(s), W, = C(s)/A(s),
and predictive estimation) W, = D(s)/A(s), W = B(s)/A(s),
AXAES[1] WAL L, W LTI IESE T H = e fo NMBIER, Co 1 Cop HHEE 525,
EHRRIATIRAGIE. KBSC[2),08 £ o f(),f AFBRABBEINE, AR B, SHBL A o
Af(s) s fi(=5), 0. FARMPHTHERE $(.)E < 1.

/R Laplase 2. HEMRSWE LS M[1,2]. By 1 AT AR R R SR A oy
£ . A(s)y(e) =B(s)u(t) +
| ] D,(s)e (). (1)
Pl L HPoe(o) REATFEE®A,D,(5)
fede u(s) o B IO . faE AR
: == (W DD, = D®,D" + CC",
LU WVl SeL) Pyy = Qug + Do, d, (1) =
M SRR G D.(s)7A(s)e).
Fig. 1 Continuous-time closed-loop control system P53 [ 18 B =X (2). X))
P (4)
2%3(2,3], AXEENE 1 FR0EHE Ay (t+T)) =
g, 1K [TNyGh + (TNde + p(s))W]SeCorrr(s) +
e T
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[(TyFa + p(s))SoFu = T GiMoFuold,(s).
(2)
H
G, = H+[0,61,6,,6y1"/D,,
Fy, = Fo/(p(s)D,),
Fy = [O,Fl,Fz,-",FN)]T/Dn.p(s)

Syl b IR, Sy, (e + T)) MBI
sp(s)D,(s) = A(s)E(s) + Fi(s),
Ey(s)B(s) = D,(s)H,(s) + G,(s).
H=HS,S = [1,s,,s"]",

Ny = min{N,,3p(s) + N, - pf,

o NRGMAEIH . 9(-) T () KWK, N, RS

R, N, RGO TE, H, 2 (N, + 1)

x (N + 1) BMHET MR, HITE RN H,(s) B

RLARBL Ty = (1,7, T%/N,\]. So WRBE, M,

NP REE.

Hu(t+ T)) = TN“SvSOC(TZr(-s) -TN“FpModv(S)-

(3)

He

Ty = (1,7, -, T/N,],

S, = [1,5,7,5%]7,

F, = [Fo,Fy,Fa,+, Fy I"/(p(s)Dy).
R(s,T) = Tyrr(s). (4)

Her, = [ro,rl,"',rN)]T,rk HERK" SHRA

Rf(s) ) Markov Z %,

2 Fii$E HI & % (Predictive control algorithm)

B IR S R ST 4% A0 PR RE K, BUAR b B AR

2

LS romeorseri
Jl =27rji=l{ N] DQL Ql e'»(l+T)ei(t+T)dS +

N

Jo ﬂgDZ; Zi@&,,(ur)ﬁi(mr)dsdT}_ (5)

Here(t+T),e(t+ T)Fay(t+ T)yun(t + T)
Sy RNIREE IR ZEAE I 7, (e + T) - R(e, T) TR HI &
M a(e + T) WS HES BRAEIFR. N, N,
a7 R B R, N, S EIE S, D A
HEEMAAEEFHANE AL 0,2, =1,
2) AWM. 2 Q) = Q2,Z1 = Z 8,3 (5) M
[4] H)FEtR k%K.

%fﬁ@u%tﬂw‘%fg e(t) = y(t) - r(t) = el(t> +
ea(t)(ey = (WSeCop — 1)r(t), e, =— (WM, -
D(d(e) + 0(e))) SHYaTERE u(z) = ue) +

up(8)(uy = SoCopr(t),ug = - Mo(d(t) + v(¢)))
Z BV A A F , B b R B

1 N
o =g D D@ + Burni) +

Iy To( @ (uy() + Punye ) lds. (6)

H (o= 1,2) Rmauom.
Fo 0 45 AR 7 ok 2R 6 B B, TR A B )

J3 :2_7U.§D1W1W1 Son(@dd + @W)HISO +
Wsz*(l - So)(@dd + @w)(l - Sox)lds
(7

FsC2]26 R ER, % B E% B (E 51
SN B FR X R B AR BN A 1 B AR 1 B R, U A
A

Jo =Bl X (D) 13+ 12 Tu(0) 13 =

2_7rjﬂgD(X1X1 S0Cpn®,Cn So +

X, X5 5 Mo@ag M )ds, (8)

H X, f1 X, A .
g bR, RS 1R AR rR AL
J=h+ o+ s+ s (9)
WA IES A Q = Qu/Aw, Zi = Zy/ Ay, X =
X./A,, T, = Ty/A,,(i = 1,2),W, = W,./A,, W,
= AW,,/A,, A, FARE.

BESHR r(t) 7E(- o, + r] HEH.AEE
BE ), B R AR 255 5 b iR B (9) M D04k In) &
RN SRR

1) W&o
DD, =a*[Q0QuDuFoFs + ZjZa x

(Fp(s)D,)" T,,(F,p(s)D,)A™ AD; D, +
(WaiWa + WW,A"A)B™ B -
(DyD,)?p" (s)p(s)] +
X2 X,2(AD% p(s))(AD%p(s))”™ +
o®T' i T(AB" + BA™ )(D, D,)* x
p (s)p(s), (10)
D&oDy = QuiQuDy + ZnZ,S,T,SAA™ D, D, +
XnXa(AD,)(AD,)" +
rnI (AB® + BA*)D;D,, (11)
D, =((GD,)A + (FyD,)B)" T,,((GD,) A +
(FD,)B) + T,((GD,)A +
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(FD,)B)B"p*(s)D, +
Dp(s)B((GD)A + (FeD,)B)™ T} +

(N, - N\)p(s)p~(s)B* BD,D,, (12)

H H D, D, RRE.

2) ZEFEE.
D;\K + L(AADp(s)) =
2Q w20l ((GD,)A + (FuD,)B)™ T,,(F,D,) +
T,(FD,)p" (s)B" D, +
p()D,((GD,)A + (FD,)B) T} +
(N, - N)p“(s)p(s)B* DD, JFFs +
oW W, (DyD,)*B" p* (s)p(s) +
a2y TpA™ (DD, )?p™ (s)p(s),
D4YT - L(AD,p(s)B) =
aQ Q@ ((6D)A + (FD,)B) T, (GD,) +
T,(GD)B™ p™ (s)D; JFoFg +
aZ ;3 Z,o(Fp(s)D,)" T,, x
(Fp(s)D,)A" D;D, +
aWHW,A" BB (D, D,)?p(s)p™ (s) +

(13)

L XX (D2 (D) (AD%())"

ol 2 TwB* (D D,)p" (s)p(s), (14)
D5Ky + Lo(AA,) =

Q1 Qul((GD)A + (FiD,)B)™ Tpyr, +
Tyrypx(s)B*D:]E+F:IFMA’D:E. (15)

3) AL AR .

iE L.
3 451t (Conclusion)
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Bt 3% ( Appendix)
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1 1 oy *
I = 5 [ wMo¥y = Y07

1 5 _ TN
(Ycl jMoyf— Yo I5{’1l/f Do+

(Yo SoCo ¥, - Yo 'b ¥ 1)«

(YaSoCnY, - Yo', ¥7 7)™ + $o1ds,
Dcl Dcz
e RE 5 ’
T A,AD% p(s) Yo = 3.4,
& B Ee ©
Yf - A ’ Yr Ae ’
$1 = aQs QoL (Gy + FaW) " Ty, Fy +

p (W TF;+ (G + FW)~ sz(s) +
(Ny - N)p(s)W*p~ (S)]Fdo‘PdvduF«Io +

an! Wl @dﬂdﬂW* + al '; r 2 @dvdu )

% E ks G *
Co = Cy = T¢%> $ = Qr QL(Gy + FW)" Tpyr, +
o . Co _ DaDa(Kee™ + AAX(s, 7)) Lp R LN I
2= Cp” aD o Cy E : Her
- N,
(16) Tyy = JN TNyTN‘dTv Ty = IN TNydT,
. = - [} 1
I 1 RUO)HHERSERTARREN ' J\-_ :
S M2 Ve - N - E Tu = Ty Todr,
fa , A YRS R RGNS EREH, I T
HIRR ARG RSHE L2 T R T # REE =05 Do, Dy A BIWE R (10) 2R (1), 8 SEHIFEILR.
ﬁﬁi)ﬁﬁ%u% /‘7\ COl = nl/Cfl]7Cm = Cn2/cd2'
f3C[1]7T #18
P = ACy + BHC, = %Dcl, L (18 1
toan Vo MoYy ~ Yo7 ¥j ! =
aBK aAK
1—SO=5],MO=DI. [ TC”]Hf—KCl“ ]__L_
‘ ‘ A, D, p(s)(ACy + BHC,)) " D
i1y vyt _ [ PaCaCnEe™ - CpD,(ACy + BH/C,) (Koe™™ + AAX(r s))]  No
Y2S0CpY, - Yo 'Y, = [ AADCp(ACy + BH/C,,|) ] Dck2"
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(A2)

(A3)

(A4)

(A5)

(46)

(T#% 126 W)



=i

126 #

R 0.5 REmE

EWH%%%% @
K4 4 3]

BB A SO R M 45 SR 1035 1 TR . |y
SRAFLE TN, A SO R T IR LR M0 1h Ay 9 R 42 o 42
BB AR L R A B BSR4k oo fipe 75 4t
1l (=) AL S A BB s P FHAS SO Bk 15 4 2 L CAD
PR, X LR R RS R A SR .

£ 2 3Lk (References)

I Ackermann J. Robustness against sensor failure. Automatica, 1984,20
(2):211-215

| B3 5 N A

16 %

2 Veillette R J. Reliable linear quadratic state-feedback control. Automati-
ca, 1995,31(1):137 - 143

3 B MUY EEE CRERIBERN AR SR . g
B4R, 1991,17(2) 1191 - 197

4 PhEE BRI EE RERBERHRFHOAEEH X —Bng
P38 5 R A, 1995,12(4) 1519 - 523

A XAEH T A
RUBARE 1964 424 1990 4F EE A T W LA 2 Tl 43 I BF 32 7 , 3%
MWE i HARDOA SRR AL R BRItk £
BEWRGTy i ARG T A B, e R R

(k3% 119 R)

Hrh X(s, r)_ z(ke i

s+ 5;)0 0

k?ﬁ/@

2

iq_;;w,—nﬁDd%ﬁﬁﬁﬁmltﬂhﬂéﬁ

(A5) F13K(A6) FHESWIAR 0 A (16) A (17) MRaL.
£%Ihwﬁﬁeﬁ¥ﬁ%Mmea&§ﬁmﬂ@

1401w = ol A5 L R D, T

%%ﬁﬁ'%ﬁiﬁ‘?ﬁ Fr 44t AR R GE B AR S T AL R AR
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