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Design of reduced-order predictive state observer and

predictive controller for systems with time-delay
TANG Gong-you
(College of Information Science and Engineering, Ocean University of China, Shandong Qingdao 266071, China)

Abstract: Predictive control problems for systems with control time-delay are studied. By using the predictive output vec-
tor of the plant and control vector of the system, a reduced-order predictive state observer is designed, and applied to optimal
state feedback control for systems with control time-delay. Using this predictive state observer, the time-delay term of the
closed-loop system can be transferred to the outside of the system’ s closed-loop structure. Therefore, one can design the optimal
control law according to the design methods for systems without time-delay. Computing formula of performance index shows this

predictive controller is suboptimal with respect to quadratic performance indexes.
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1 5|5 (Introduction)
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2 Tz s £ 418 1T (Design of predictive
control systems)

% 18 FPIR A 25 (BIF BB H A (48 1) 200 5 A B
Rt EEERHRE

x(t)=Ax(t)+Bu(t-7), y(t)=Cx(e). (1)
He, x € R,y € B?,u € RI I RRERE 5
HEBAEHmE; A, B R C AR RHMERNE
B, > 0 RRFEHNE R, BT H AR
(1) B RERES, BER A MREER, IFRIR
(A,B) M(A,C) srHIREEFMERNE. RS
(1) BRAMEHRARELRIBREMNRZARTRER
. EFX L L FRAEREHRRER SR OHTHIE
I X T AR RN EHEEERAE
AIRERLR , N2 % 2 0 B HE XS RGO B08 . T % B
o WMAREHRE TR ZBOERL T, HEM
P 2 Tt TR X 2 B0 0 2 O TR R,

A SCEE ST R 4 R R R R R4 R
AR X000 85 B 5 A I A R B AR R A R B B
W+ 25 S AR A B T T 43 50 10 T 4
R
2.1 BEHERSTAR M N 3§ & it (Design of state pre-

dictive observer)

TR C, FEERER D € rmrxn
ERERE(CT D] € R AHHAY .4

T = [g]—l =[T, T,

[Al All]. 2)

An Ay
ﬁpp, T] 6 Rnxp, T2 6 RHX(n_p),Al 6 JR.p)(p,A12 6
B 4, € RP%P | Ay € RU-PX-0) KT Hy
EFEAER AT I 2, 5t Z & (1) fESM TR, &
x=Tz.igz" = [%, %], HPz € RP.%5, €
R-P . MBBIRE(DMENRSE

£,(t) = Ay (t) + Apxa(t) + Biu(t - 7)),

B,
T-'B = [ ] T-AT =
By

%2(t) = Api (1) + A7) + Bou(e - 7),
y(t) = %,(¢t).
(3)
HAKQG)H, z, BIARGHL vy A X TFHEMR
) £ o R 7S TR 500 SO 600 5 BV AT
EER(A, C) Wt ¢T = [1, 0],7
H(Ay, Ap) LEAIIBIA. & 7(t + ©) ABENER
AT . oA T P B Al SE BRI R AR ST
MBS , B FEXT RABIAGEL (e + o) MK

FRERE R u( ) 1ENRRAER ST R &85 A
Fa 18 FE A RS T R S5 R K
w(t + 1) = Aw(e + 1)+ Bu(t)+Cy(i+1),
%t +7) = wlt+7)+ Ko + 7).
(4)
He: xy K %, BIRIIMELA = A, - KAy, B = B; -
KB,,C = AK + Ay - KApK - KA. (1) ~ (4)
AT LATS SR 25 1) 2 ) B0 WE 06 A
x(t+7) = Tow(t +7)+ (T + LK)y(t + 7).
(5)
HEEH w € RUP B e 45 A 150 08 3 35 2
(n - p) 4E6. X — 55 5L B 4R HL 2 2 0300 9 ) 2§ 8
2.

HHR(A,y, Ayp) BRI A, fT AR LA IX R e
WK, EHEBERA = Ay - KA, WS EEREL
ER B9 20 AR T T P g1 pR S T 00 0 0 28 4 Y (4)
A CARA TR ASHE BERR TR T (A, - KA ) BIFRFIE
HA BAN, BB FREXS R B ELE 70 +
) BTG .

2.2 BiR R IE#EEG 1T (Design of predictive and
revised models)

PR RS (1) G, SRS R T .

i(t+7) =A%t +7)+ Bu(e). (6)
R R ER AT .
yt+7) = Cx(t+7)+ F(y(t) - Cx(t)).
(7)
Hep F = diag {f1.£2. . f,} ARIEMBGERE, T
TV R B8 L TSR
2.3 MR AEREES  (Optimal state feedback
control law)

BEEHGENEEBERE R BREHMAE

u(t), (EERETEHT

J = 71T 0e(0) + W) Rute-) e
0

(8)
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R9*9 S TF 5 50 B . A SRR 725 T 00 08 00 % (4) &9 Y 3

IRERET BT R W BOERGE TF, WAl BUR

TR 2% M4 E A RBRIRGES R LQ
BEHRHEE , AR UL IR IS SN

u(t) =- R'BTPe(t + 7). (9)

Hed p 2T Riccati 48 F 5 18 B ME— IF il 56 [

ATP + PA- PBR'BTP + 0 = 0. (10)
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3 Z % EHE 9947 (Analysis of system perfor-
mance)

3.1 355 7 (Frequency domain analysis)

L REMTHZAEETAE . RAR (DRI
BRIARXN

Y(s) = C(sI - A)"'Be ™U(s). (11)
R AT U 28 (4) 15

L(z(t+ 7)) =

To(sl — A) 'BU(s) + [To(sI - A)7'C +

T,K]L(5(t+ 7)). (12)
Her, L(w(e)) = W(s) N w(e) MBI KR B
MR (6) Fu IEARR(7)75

{L(:Z(t +7)) = (sl - A)'BU(s),
L(#(t+1)) = FY(s)+ CU-e"F)L(%(t+7)).

(13)

NI

L(j7(t+7)) = FY(s)+ C(I-e “F)(sI-A)"'BU(s).
(14)

T e Pl B AL R s R (9) 15

U(s) = R'BTP(X(s) - L(2(1 + 7))).

(15)

gaxX(11) ~ (15), AT LS ) an & 1 B s 49 ) 34 1

HEESES2 a7 o]

Heb «,(¢) BAMBGEREME. X T EH A
TARAEMT 2, (¢) = 0. B 1 AT ERMETM =
T RS X O S A SCIR T 42 6 R 4
R T HE.

HE 1 AGEL , EREXERIKRN, A E
HARZENEHWEERE 58 2 %5

_____________________
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Fig. 1 Diagram of the closed-loop system
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Fig. 2 Equivalent diagram of the closed-loop system
3.2 FHE% 7 (Time domain analysis)
HTHBEBRF=1%x,=(D-KC)x -w
FRERIMRE , xp = » ~ 2 AREHWMRE,
Yo = ¥ — 7 FEMBMGRE T EEIR AT R
R EAERBMRZE SR, MES T ERE
T SR A% AT AR Y 7 R 75 L 5 T R % .
(D) FIK ()RR E R
%oelt +7) = Axgt +7) + Cypelt + 7).
(16)
i = (6) FI= (7)1 Fm R = 2
xpe(t +7) = Az (t + ),
ype(t +7) = C(xpe(t + 1) — x,(1)).
HA (A, Ap) ZFTRIAY, B3l (16) F0, 7] LAE#E
KK A = Ay - KA WIFIEER BEEEEE
IRAGZE RN P, RAGRUEAR 25 R0 iR 22 Fe TR Se 45
ERIEBEFHAT Cypo(¢). BTLATLIN 25 WA IS L
B F T AR R g o TR 32 . R (17) AR
it T LA 8] ., RO RATT
Ypelt +7) = Clap(t + 1) - 2p(2)) =

(17)

cjt”}pe( £)dt = CAJ;”xpe(t)dt = 2CA 2, (140).

(18)
Ho< 0 <. lg EXFTH: |y | MEBRRT
[ e Il 5 Il xpeCe + 7)) = 2 () | 70« KIR/N. RN
R A RREERE, Tl (17) B —AM, R
BTWIREWR (1) =0 (¢ —> o) A7, BT
ARGFERE RO AEFHA SN AERES,
xe(t) BTFEHRENETEREN. AKRARX—
FABAR TR A ER IS RER. L iR E
Ve T (2, (2 + 7) — x,.(2)) BHEBRIHEEFHA
—FEER | xp | BN, RE x,.(0) ZHERE, AT
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PRIEREBRE || y. | BB/ Bl BomR
Z | ype | BORTF ¢ B9/, BLHIXT NG HE RGR
WA 25 B i el AL T R G R A KE S SAE /N
RO T, A X ik —RERTITH .

X HEREFE PR T B G T B, A DI T4 R

ER1 RBRX A NREHERE,(4,B) H(4,0)
3 B RREEFRERI A . = (4) ~ (1) B
) PR A PR S5 T ) YORL 00 R 6% 0 000 428 o R o6 TR R
SO KA R () RKIEW . BF

J =5 15"(0) Pe(0) +

| [x(0=2(0 17 PBR- BTPLx(1) 2 () .

(19)
iE KR (ORAR@HF HFHATR KRR
(10), 752!
J =

%F[xT(t)ox(t) + 2"PBR'B"Pi () ]det =

3 b (o) -
x(t))"PBR- IBTP(x(t) - x(t))]de =

TLO)Pa(0) + | [x(2) -

dxT (t)Px(t)

x()]TPBR'BTP[ x(t)-x(¢)]dt]. (20)
EHEEE .
B, INRZRRETMIRE «,.(¢) HARER
MiRE x,. (), WRGH RS PRIa Ll T o #r R

SR BRI, BP
J = %[xT(O)Px(O)].

EF 1 MEE R, AR SCIR B B 42 o 2% AT
VATHEEHWNERSE. A, £ —RIEL T,
WP HI 28 X T RS () AERER R (8) Bk ik
B ERMEAR R T R0 iR ZE 5. (¢)
HERZB WA IR ZE x,.(¢) B/,

4 %5 (Conclusion)
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