EERE . FEERE 201 45% 113 1415-1431 N ,
HE R fE R 0154 28 45% 5511 5-143 ¢> CPIEFREY Zediit
www.scichina.com info.scichina.com 7~ SCIENCE CHINA PRESS

® X

M EEAT A X R G &=

@7)&&%@@’ [};\;%‘%E&‘@*’ %,_T_®

of

@ JbE RS 2=, JEaT 100083
@ JbHRHEKF B Sk, dta 100083
* JB{E/E#. E-mail: fcliaoQustb.edu.cn

Wk F 393: 2015-01-30; #32 H: 2015-06-11; WM& R H 3¥: 2015-10-27
ExBARFHS (HHES: 61174209) EB)ITH

BE AXHRLEBTREE XAGWRATLER SR EA L TET AT REH R
B XRAGEREFTERN - RE. AR Rz, B FHEAERSFEAT L EHAAE
B METAETHRLEREETHN X ARRERAS, EREFAZCART XT ARE

RGBT E R, 0T X ARERGHNRERE. BREEEREREWE LR R SMHE M
MH XA BAREREEENRR, BRIATRRCEAECA A F0E XERRGHHA

AL, A Z R A R AR AT R AAT R, B AU N XY ARZARFHANIEE R R
REF A ZREAANERGATELNEE, G2 7T #A LA SAMERATLEFE. AT
BETAA AARIANELLDL T HANEZAS R KEGEERUAT ERLERNEREETHR
T

XA SEBREES XASE JTXTARZERAS ER#EE BER#EN FLER stEH

il

1 3

ORI H R0 RS, | X ARGRE—KE—ffl, HAET ZNHERNZNIRG. | LRGN
NEFRAFEEARG. MICERKI, | NARAGKENIER RS GEARS MR L. el
2 AFRG LR REMAEM R G T U3 g 20 4D 90 ERAES, |7 L RGHE WML C AL
IR AT, B8 S 7 B PR B LRI, MTEIAl B A 1, E W RGBT AL R4t ), ettt — i
AR Hy A1 Hoo 458155 671 IS 7 MR ECR. J14b, SCHR (8] 4538 17V LRSI E 1
ST, SR [9] WFFT 1 TR0 & AOBE R SCER e i 42 il 5 8L T ).

TP T R BEA U 4 HARMELS 5 BARRAEN RN, frfar e Hopn A A BA3R i PAI2A 2
gt H MBS 5 RRERTERE. 48 Tomizuka BITFEINETAEZJG 101, AAIZE SRS d1 7 IHIBEAT 1 KB
e 18] Jheh i UL AT B2 R Ze 1 — O B F ) BR D IR 583 TR, A &1
Hy, Hoo FEHIFEBINBULZEHIBT TS, T HE ARG EBRIE L1000 S0k [12] 328 7 — MR T
T-S AR R P& i T UL DR 535, DAAMES H 25 Bk G2 N AR B AN RATLANI 58 TR P S BUR PR B 1k
REFEAG R SEIT A BRIE. SR [17] SEPULIE IR S 2 R R G &, 1R IHIFEON RSt

SIRMER: WA, BUEK, RIL RYERSHON R ARSI R L U] o E B SRR, 2015, 450 1415-1431, doi:
10.1360/N112013-00151




IR LR ER IO 18] SR Gt 1 e e T 4% 1
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MmH, BT RS (3) BRI, Pl Ay /& A
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= —Agg A1 |—Asy By ] ’
KP I, v (k)
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k=1
(9)
Hrh
F=F—-HR'H" w(k)=v(k)+R 'H 2 (k) (10)
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JirEh , EE FARXERE E R K ov (k) =
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b Ay = Ay — A Ay, Aoy — (By — A1aAyy Bo)R™VHT, By = By — Aj3 Ay, Bo. XFET™ L RS (1) 1
et dss i 1) AR Y FHRIEW RS (11) BIFEHIA w (k) A3 REFRAR R 2L (9) IE 3R/,
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FERERT IR, By LIS 2R AR AT 88 A
w(k) = —[R+ B PBy] ' BYPAyas (), (12)
Hrdr P AR Riceati /7 FE
P=F+A'PA, — ATPB [R+ BIPB,] 'BIPA, (13)
1R ME — PR T 5 fife.
L ERRHS, AR RT LRSS (1) Wit slimA N
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3 I X KRERGHES
RBIRAT T8 &R S PR B O Tl R G A5 (1) Fross:

Ex(k+1) = Az (k) + Bu(k),
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N TR FEIXA R G T ], I T B H DL R AR
BI% 1 (H1) XT RS (1), WAFE N £ 0, A # 1, {3 det (\E — A) #0.
X E RS IE U s A&
B 2 (1) [ [ 0

E—-AB
% 3 (H3) BWHFMERES R (k) MATTRNPECH Mg, BIELE AT Z] k, R (k) B Mg PR

KAH
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RNOH. Mg B2 JEINRE R, /)
R(k+j):R(k+MR),j=MR+1,MR+2,-~--

N T A AR GERTHULE) HARME LS 5 MG A AT e i s, BATHZR T XARS (1) #HiE)
XA RIRFE RS
MERSE (1), R EES N
e(k) = R (k) —y(k),
ASCFHEEM B Wt 2B A, E N SHER R - (k),

Ar(k)=rk+1)—r(k).

BAIAw E B — Mg, A PR y(k) TESIREMBRENME S R(k). ANk EME
REFE AR R £ .
= 3 [eT (k) Qee (k) + Au(k) T Au (k). (15)
k=—Mp+1
Hi Q. >0, >0. ik [11] &EFeH, fEMERIRARREF SIN Au (k) AT UME AR RSS9
%, I A B TR FRS IR E.
FIHSCHR [25] FITEARERER R 2 e(k) FIRTFULE HARME S R (k) BRI INEMRES M2, 53]

EroXro (k+1) = ProXro (k) + GroAu(k), (16)
Hrh
Xr(k Iopin, O Ar O
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Gro = 7GPR:{GRO~--O}7
G
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UREERERRT 0
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ALK (16) A1 (17) REE N

FEroXro (kj + 1) = ProXRro (k‘) + GroAu (k‘) R
Ay(k) = OROXRO (k) .

Kt RAIE I Y KR E RS RAMLGEECHN mMpg +m +n.
£ (15) A MERRIR IR R BUT U RS0 (18) A X EER, 153
J= > [Xro" (k) 2Xro (k) + Au(k) WAu (k)). (19)
k=—Mp+1

0
Hr 0= Q. >0 N (mMg +m+n) x (mMg +m +n) FIXFRNEIE € HRE.

0
XIS, St IR AL HI Dy, ARG (18) 2P 28 JF P AR A I, oK™ A — At i) &,
RGNS Xpo (k) WWEZIFCFEPIRS ML, FFEVERETEAR R (19) IX B/, XA A AL 7 [

4 EATRIEH SRR S S
4.1 "X KRERGHMERR
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994 NEHL
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A HIEEW, RE (1) ENFFARRRIET RREZE RS IEN.

EE 3 (a) HEARSG (1) AEF8H (H2) oL, W KiRZE RS (18) Aeta. (b) HHE RS (1) BIE
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(a) FIUEBA LR AESCHR [25] HH4h .

E 0 0
(b) FFHIE rank 0
Pro Ero Gro
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0 E 0 00
Ar 0 Lnyy 0 0
Gpr & 0 FE;G
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1421



IR LR ER IO 18] SR Gt 1 e e T 4% 1

0 Ey 00
Ey 0 0
= mMpg + rank 0 @ EyG| =mMgr+mMpg-+rank
b Ey G
Imazy 0 0 0
I, 0 0 00O
E 0 00
0O F 000
= 2mMEg + rank =2mMrp+m+rank | -C I, 0 0
I, -C1I, 00
A 0 EB
0 A 0 FEB
EO0O0
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AFEB
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Iy 00
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0 0 F
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FEro O 0
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Pro Fro Gro
= mMp +m+n+ [mMpg + m + rank (E)]
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EI 4 HERG (1) BRGEM, W KRZERS (18) 2K R REM.
Ero Pro
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0 Cro
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[ 1, 0 I, —C
Ey @ 0O E0 A
= mMgr+mMpg+rank | 0 Ey | =2mMgr+7rank | 0 0 I,, 0
0 Co 000 E
| 00 0 C |

E A
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0cC
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—SIm]wR - AR O 0 ]
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sEro — Pro 0 0 sk — A
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0 sE— A
= mMp + rank 0 0
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4.2 BRUTMRESIZERIOT
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Au (k) = FroXro (k), (20)
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He
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Loty 00 ] [ Lar, 00
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| 00 A11_ i Aio
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Bl -
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WERR HS b, HRE (18) &IENM, Hig L retatt . KU geis A H R e Wit 2%, 7 H
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W), ARG R AERE 1, §if5 B4 B 4518, EER.

=Rz
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Az (k) e (k)
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Xt (20) A I AR HERE Fro EAT 20 ER,

Fe
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M Au(k) AT A

AR (k)

Au(k) = | Fr(0) - Fr (Mg~ 1)

e (k)
Ax (k)
Mp—1
= > Fr()AR(k+j) + Fee (k) + FxAz (k). (21)
j=0

¥ ) RPMEZNE—1HFH Auk—1) =uk) —uk—1)BEY k=1, H

Mp—1
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4.3 SEILE

(1) XX KIRZERGE (18) AT R,
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0 0 010 AJ?Q (k + 1) 0 0 A21 A22 Aafg (k) B2

IR S BTN ER M AR W fRF R G R RERRYE, P A (24) Ui 2 RERS MR, L
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{ T (k =+ 1) = A1Z: (k) + AirZo (ki) + B1Av (k) R (25)

0= /12112'1 (k) + AQQ(EQ (k) + BQAU (k) .
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REIER, TEAFRN

Au (k) =FroXro (k). (26)
(6) HE—EEH
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Xr (k) :
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XF (26) A AR FE Fro JEAT 2051,
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Fw:| AR(k+ Mg —1)
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Tracking curve

L.5F
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. — With preview: Mp=10 1.5} — ° With preview: Mp=10
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Optimal preview control of linear discrete-time descriptor
systems

CAO MengJuan®?, LIAO FuCheng!'* & WU Jiang!

1 School of Mathematics and Physics, University of Science and Technology Beijing, Beijing 100083, China;

2 School of Automation and Electrical Engineering, University of Science and Technology Beijing, Beijing 100083,
China

*E-mail: fcliaoQustb.edu.cn

Abstract We studied the design of an optimal preview controller for linear discrete-time descriptor systems.
We first improved the theorem on optimal regulator theory for linear discrete-time descriptor systems. Then, we
applied the first-order forward difference operator for the status equation and the previewable reference signal.
Thus, a descriptor augmented error system with a previewable reference signal was created, and the tracking
problem was transformed into a regulator problem of the descriptor augmented error system. We then discussed
the relationship between the stability and causal controllability of the transformed and original system. By apply-
ing the feature of causal controllability, we introduced pre-feedback to transform the problem into an equivalent
regulator problem for the descriptor causal system. The problem was then further transformed into an optimal
control problem for a standard system derived from the descriptor augmented error system by modifying the
quadratic performance index. Finally, we derived the optimal preview controller with preview action from the
theorem thus obtained by improving the optimal regulator theory. For the ease of application, we presented the
steps for realizing the theory, and validated the results through numerical simulation.

Keywords linear discrete-time descriptor system, descriptor augmented error system, causal controllability,
causal observability, preview control, optimal control
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