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Design of reduced-order H. controllers for discrete-time plants
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Abstract: The existence of reduced-order H,, controllers with order not greater than that of generalized plants was stdied, -
based on LMI for discrete-time plants. An upper bound of order for the controllers was obtained via equivalent 3LMls, and was
applicable to both singular and non-singular plants. Moreover, the bound was not implied'by the previous one for singular
plants. Finally, two examples were given to show the feasibility of the method.

Key words: discrete-time systems; H,, control; reduced-order controllers; LMI

1 35| & (Introduction)

DGKF J5 3 Al LMI J7 258 % AT 8 BIp ™ X
MY RSB IS 5%, R BUNFT R B
BERT ISR SR A HIAE R H., 35550 STUIsR LA P AR 1 )

B2 — JINEERRT AR ROER R R

R, I3[ - 3] RHE% M. X [4] 45—
HAEE T A RBBR L, Ok RETRTE
SRS, (EAERR R TG R ICBR LB A 2B
B0 TN W, X (514 5 T —1
FEBT BB BTR LR E AT ML 2SR X
(SIS RRER TR MW T, X517
¥ BT REAR tH B 25 A4 T3 [4], XHE R SRR BXT 2
HMED B HII8E M0 SRS . B, — S A
S YR , X 62 R A R R B
12 . AT 18— A 0 RO R R 2 ) BB P
(R, 5t T — AR S B B R L R, R TR
AT RAE S R RFHHE .

OB B 351:2002 - 02 - 06; WEBCRE H 92002 - 10 - 14.
ESH : iTHE B R4 (20021045) T BIHH .

2 i# (Preparation)
HEXEK EEC R, FER™™,Q = QT €
R™m, BT IMI:
ERF + (ERF)"+ Q <0, R>0. (1)
# E B FT AP, W LMI(1) o 884358 K 2R
BRAHA, /T LUMBRX Y g AR, B E TR
HI4E% .5

’ =0
r = rank E < min {m,n}, E = U[O O]VT

K ENARESH, HP, USCR"MVER>" £
BEERE,S € R ANAEEHERE .S
Yll Y12

Y= VTR‘V: =[ T
Yo Yn

], Yll e RYXT,

FHRAK(), 8 _
Sym (E,R,F): = ERF + (ERF)",
WA I F 858 1T .



http://www.cqvip.com

570

= oW B R 5 m A 820 %
Oﬁgﬁgﬁ(l)jﬁ JHENY 3 Y, M Yu(g) se Lp,[R I] . 0}
s (o[Z] vor 1) e ={r> 0 1)
12
Sym (U[i],hz,[l 0] VTF)+ Q <0. -(2) ARCT+ B, D

EER LM )% Y, BAR, #— L F RER
AR R EbR HE T B AR R R H0) 38 AL K RH
TR :ker (A1) = R(A) H AL 41T 5 0,
ker (4) 1 R(A) rBIFER A KBEREEZEE, W

‘it 1 IMI (1) A %, 24 H X %
o 1]uTQuio 11" <0,BH 3Y), >0HE

Sym (( FTV[ (;] )L U[ i] LYol o]VTF( FTV[(;] )f)+

1 1T
(FTV[(;]) Q(FTV[(;]) < 0. (3)
IMI G)MEMTZR vV CRER rx r 5. X4
F AT AR BRET , RIEEA] R B R 07 8, BRI AE R B
AR . B0 ERTEMERAEE, HFENKAE
ARAE X — B EEH#HT, BRI ()M
LMI /B, E F1 F 5\ 8k R 1 . ﬁﬁﬁ]%%ﬁﬁ‘ 53,25
FEN.
3 FELFE(Main results)
ZE o, WEBUT Xﬁﬁiﬂ‘%

i B
1ol o o o).
C,iDy O
AP
A B] .
c :pl-
c BRI BTHEF.:ER,yERY, wE R Fl u
€ R A BIFRRT SOzl , &, Sh
AMEHRIES , FEEREGHERER. X XX
(4) &€ 1) (A, B,, C;) AFIFARIRXT .
51 1 XNEEXNRGQ), T HRASH .
1) FFE—1° H #1288
2) FERBAB n, RS, K

= C(sl - A)'B+D, .

B,
ng =min (n, — rank [ ] + rank Dy,
12

n, — rank [C, Dy +rank Dy);  (5)
3) LG#Q’ E':P
Lg: :{(R,S)e annPX nxn RGLE,

[ARAT—R+ B,B}
C,RA™ + DB}

B 1T
[ 2] < 0},
Dy,

C,RCT+ D D},-1

)]
crt
e =fs > o 9]
" D},
[ATSA—S+ cTc, A'SB, + CT Dy
BTSA+DY,Cc, BYSB,+D} D, -1
1T
[ ] (8)
D2l

B Le = O, WEE T ng <rank (R-SHH
H. FEH4% .

Gahinet F1 Apkarian #E3] T 1)1 3) B4 416!,
WA HTH (R,S) € Lo, MEMEN ny = rank (R

- 5°Y) M E SRR ERET DM 2) SR
[4)45H .

T g
onem: = 7] {2111

B B,B B,DT, BT
Qe: = [D122] [DlllBl’lr DuDu”— 1][D122] ’

W Ly & LMI B4
MERME' - NERN{“ + Qe < 0. (9
B (KB R
Sym (Mg + Ng,R,M% - N%) +2Qg < O,
(10)

W IMI(10) B A X (1)K, B
E = Mg+ Ng, F = My -~ NEL.

MR 1, 253410078, WLHEBI LT 4
R: '

EBE 1 MEHEMR),H He B EET R,
WIFELE R4 |

N N DR )

(11)



http://www.cqvip.com

Ea

B4 %ﬁﬁ%ﬁ@l‘%l‘" H. #Hl 88T 571

AR e e 1 2%
i RAGE 1 PHFS, EXRIES
Yll

Lp:= Y=[
= v

Y,
’2] > 0: Yy H Yy $62 LMI (2)1,
Yy
(12)
- - Yy vI
L={rnreinser) "] s} (13)
R
RE€E L Y = VIRVE Lg,
(R,S) € Lg = (V'RV,S) € L.
B He 3 HIRIEATR, W Le = O=Lc 0.V (Y, S) €
L, 7Z = Y- VIS'V = 0,3 Y& 4
. [Zu 212]
Z = ,
ZhL ZIn
He Z, € R . W& Y:

- Yn Yol o T e
Yi=| o < |+ Yn:=Yo-2np+ZipZliZn,
Yiz Y»

(14)

Ha, Z4 H Z,, B Moore-Penrose % . § Z ¥ IEXE,
WA ZnZhZy = 2%, AT
Y - st-lv =Y -Y+Y-V'§Sly=

Z” ] [ ]
Zull ZHZy) = 0.
[ AN lezu Zy VAV A

(15)
H{Y>V'S'vs>0,iY€ L. XAR(5)5
T
Y V]>0
&(NY,S) e Z‘G,H
rank Z,;, = rank (Y - VIS"'V) < r = rank E.

HEmAE (W, 8) € L, H

rank (VYVT - §-1) =

rank (Y - VTS-'V) < rank E,
HE 1 H, BFERBAEI rank E HIFE B 5
5,5 9 Gahinet 25 9 77 25157V 7 Ha i b 35X b 452 )
2. FEAIEQD P E—FRZER. UEEE

XHEE, AR Ly P LMI (B 4
Sym (Mg + Ng,S,M% - N%) +2Qr < O,
(16)

e =[5 (51401

HA

crc, Ccr'D,, ch T
[mJ Lma mmu—Jhﬁ]'
7] & 3 I,TE%F%F/‘?’E%'J%ﬂ"ﬁ

MR

Z LR, BRAINEESER

EE 2 XEBIRA), W FHRFY
1) H, ¥ Hl AR AT i 5

2) FEH

ne.s

win o [ 7] [ ]

1 +
ot [ ] 1 1)
MR

SEM2 PRERERHS LR UTSHLESH
— A JUA] RO R
G2 WEHEACc R M BERY, A
rank AB = rank B - dim (ker (A) N R(B)).
' (17)
if 2 AR(B): = lx:2 = Ay,y € R(B)}, X
AR(B) = {x:x = ABz,z € R'l = R(AB),
&
rank AB = dim (R(AB)) = dim (AR(B)).
4 R(B) = Vo (ker (A) N R(B)), M Vo N
ker (A) = @. ik AR(B) = AV, ZH L ARNV, B
AR(B) Hy— RIS, B) AR(B) 5 V, R#, #K
dim (AR(B)) = dim (V,). %3
dim{R(B)! = dim (V) + dim (ker (4) N R(B)),
EpAIR(IS)RSE. B
EEA

ker [ ]
Dy

|
o [ ] =5
B 2 A

wic [ 2] [121] -

ke [ 2] aim { o]

[C;] [A:I:I )

B,
D,
(o)

ik
L

B A
D;]n R[ Cﬂ:l 1]}’

(18a)



http://www.cqvip.com

572 E i

B ® 5 M H

E Ak

[ e (o )51

(18b)
Higk, EH 2 PREREH SRS LRET
K (18) A 1 BIAELIEZS 6] B9 BE 25 18] RV
i AHEMA(9F N FIK(16) N A RESHE,
HRER 1 B@ﬁ&TiE%F%I"‘E%‘J%%B‘J—J\J:ﬁ‘-ﬁ

e = i fe [ 2] [ [ ] 111

AT AR X~ E RS TSI 1 ‘FE‘J??»(S).U\fﬁE 28
HLEIBERE  NFRNR, FERG)5EH 2 8RR K
BARGE , Bith R E B /ME.

Ao — B, AT R (4) % [B] DLl #
[C, Dy ) Fr¥sk, &M, 515 RE BA TR AT
YRR AS B AR v O X (4) RS . B E
2 AL, TELL IR BT BRI B8 L R .

Wit 2 1) B[B] DLIFTHE, ML n, > n,
i, LFFTEB L n. < n, + n, - n, WEEMEHIEE;2)
BLC, Dy ) ATHERR, WY ny > n, B, BIFERE
n. < n, + n, — n, RFEEHERES.

iE 1) E%@J

[ ] [A+I]GR(n+n n)xn
Dy, "

B on,>n, ,Mrank E<n, +n, —n,, BWEH1ATH
L5 RLAT . 2) BOTE RAAR(E] , BE TEEE .
4 ¥ )(Example)

1 i 1
1 02 1%0

Bl HEXNR . KA H Heo

'
PR T
1

0 1:0
5 i () BT A L SX B 5L (S) ARk g 2 Bt 8% . i

[ 1)0 ) - 0 o

HEEH 1 1R —B AR 25 .
B2 HEXMNER

2 0 0 0 1
Y P |
0 0 0.2 0 0
1 1
cl = [OZI,CE = [1]
1 1

Dy =0, D, = Dy = 1.
AR UEH H, W HIRE TR, E R (5) RRER B RER
RS BEHE | BRI M.
5 451 (Conclusions)

ASCET LML W& 2, 183 T —F B st

SEEMEHS ST TR R ETTER TSR
FHR ) H, il I8, IF 45 T B 61T LABER . X5k
BSR4 Rt R TT LA BB 4 1 2%, R B 42 1 28 1Y
AR B3R TS X R F AR E .

EMF X9 ITAE, AT RIT AT TEE
TER R IESEiH GBS H/He i BUEEH T
£ EREH QG £ L. #&H 88 H, I8 . &4
L= f8# He, & H 5 — K& M, 45 BN
AIRE BT RIS BT R

£ % 3 8k (References )

[1] KIMURA H, LU Y,KAWATANI R J. On the structure of H,, con-
trol systems and related extensions [J]. IEEE Trans on Automatic
Control , 1991,36(6) : 653 - 667.

[2] STOOVOGEL A A, SABERI A, CHEN B M. Reduced-order ob-
server based control design for H., -optimization [J]. /EEE Trans on
Automatic Control, 1994,39(2) :355 - 360.

[3] Ak, BEiiA . AEPRNE H FEH RE RS2 1] ashie#
1K ,1996,22(6) : 641 — 847
(XIN xin, FENG Chunl¥. Reduced-order controllers of non-standard
H.. control problems [ 17, Acta Automatica Sinica, 1996,22(6) :641
-647.)

[4] XIN X, GUOL, FENG C B. Reduced-order controllers for continu-
ous and discrete-time singular H, control problems based on LMI
[1]. Automatica, 1996,32(11) :1581 - 1585.

[5] E&E¥, & —2XEHREMRENEWNERH ). ash®
i ,2002,28(2):267 - 271.

(ZENG Jianping, CHENG Peng. Design reduced-order controllers
for a class of control problems [J]. Acta Automatica Sinica, 2000,
28(2):267-271.)

[6] GAHINET P,APKARIAN P. A linear matrix inequality approach to
H,, control [J]. Int J of Robust and Nonlinear Control, 1994,4(1) :
421 - 448,

[7] GAHINET P, APKARIAN P. An LMl-based parameterization of all
H., controllers with applications [A]. Proc of the 32nd Conf on De-
cision and Control [C]. San Antonio, TX, 1993:656 - 661.

[8] #. RASERHICPHRERBIM]. Jb5: Bl iR,
1990.

(HUANG Lin. Linear Algebra in System and Control Theory [M].
Beijing: Science Press, 1990.)

[9] IBE 7K, BLA . BT LM M—Fr 85— 1 RE B 45 5 8% 3551
FEI]. FER¥(E),1997,27(4):353 - 361.

(GUO Lei, XIN Xin, FENG Chunbo. A uniform method of reduced-
order controllers design LMI-based [J]. Science in China ( Series
E), 1997,27(4):353 -363.)

YEHE R

BEE (1966 —),F, 55T 1989, 1992 1 2000 KL K
2, KEHLEFER, L RAMEM R CFRY+ M 226 . Bl
BB RASE: RUERE, S#EH, Ho BH % . E-mail:
jpzeng2002 @ 163 . com;

W 8 (1957 —),B.5%ITF 1982,1984 7 KRB BRIk ¥
+ W50, 1998 FFAER RE T ARG 240 B Tk
HE, BB ROS . R 5, 1 86, a0 RER
%  E-mail: lindu @ ncust. edu . cn.



http://www.cqvip.com

