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Abstract The paper studies the mixed H?/H® state-feedback control problem for
uncertain linear systems with norm-bounded parameter uncertainty. An upper bound
for the H? performance index of one output is obtained under the condition of satis-
fying a given H™ disturbance attenuation constraint on the other output, and the
“optimal” state-feedback controller is derived by Lagrange multiplier technique to
minimize the bound. The obtained result only needs to solve a modified Riccati equa-
tion with two scale parameters. Numerical results also demonstrate that the pro-
posed method is very effective.

Key words Uncertain linear systems, mixed H*/H” control, state-feedback, alge-

braic Riccati equation, robustness.

1 5|5

HERA B0 7 B R R B A0 5 0 B8R H R T — A Fe % g et 9,

WAE HER 1998-02-24 WBEAEHE 1998-12-18



682 : ) 1 = S 25 %

ZHEAMUBRIERAEERE, MHAGRAH HIEERBIIrBRE— 1R LA BW
XM T ERNELERZRALSENERFTBAWININBTINIEE. HEXRFEDIVIRS H?/
H> & B E ) 7 B NAR G g e T XA 08, w3CHRI3 A Riccati FEEBHR T —KT
FARFNAREETNREEREEISIER TR S H?/H= RS R BT fa] 81 ; Uk
LA IR YO A R R T X 28 R R T SCRR (S I — R EFF R E R B AR E ELL
AREWiES HY/H” & ﬁ«ﬁtj‘ﬁffﬁ?’if‘ﬁ“ﬂ@x TR, AMRXELEREZ R H  H 1
REFE PR AR ST LY F |l — & B (BFE S Er B KB H? , H BB 45 47 1] BEXT By A [7] 8 %
tH, H, A ZHEIEE R SEAFEXRERRAWIR S HY/H™ WK R5 7| 0] 81 H
BT TR, R T HLHY RN FAERMEEE. BSENER SN TS
BT SEAHEABRIERERE —TMHESEN HOTIMERAR, H 57—
WM HERERERET 1R LER. FXPERNFRE-TZERIRESH
& TFEACEL Riccati T EE.

2 [aliEl eIk

ZRIM T AHELRERY

x(t)y =[A+ HF®E, |x(@) B, + HFMWE, Ju@t) + B,w(t), (1)

2,(t) =Cx(t) + Dou(t), (2)

2, (&) =Cx(@) + Dwu(t), (3)

X B x(@) €R AIRE;u() € R HEMBA ;w) €ER? HINBERFFWIINE T ;2.0 €

R, 2:()ER NEFH I A,B1,B:,Coy Do, Ciy DI AR FEREBWE M LRGSR,
M F ()€ R R BTAR i ZE0UA 06 28 FE [ , 15 2

FTHF@ <I;,, VYt, (4)

H,E ,E, hBFELERVETERE. BE(A,B)REER,H D;D,>0.
X ERERAEHR @) =Kx@), NHAREREKETE KN

x =(A, + HFE)x + B,w, (5)
Zo =CoX s (6)
7, =C..x, (7)
XH A.=A+B K,E.=E,+E,K,Co.,=Cy,+D,K,C,,=C,+D. K. B X H*EGEF5 1
Jo = sup imE{z; (£)20(2) }. (8)
VEENH 2 - ERSHER K, BmEU TRITEXK:
DIRAR RGBT ER

22w E ARG EER G W DR NG.w (D e <V, X B Y>08FHBEBAKF;
3) H* LR He 41 (8) R B B & /).
= A+ HFE, B#Efa e, @R F[ 5 H

J, = sup ImE{x"CLC, x} = sgp tr{QCIC,.}, (9)

t— oo

Hrp Q“:}irg_}E {xx"} =0 R F Lyapunov 5 &
(A, + HFE)Q + Q(A, + HFE)™ + B,BT = 0. (10)




5 BH RET . ZHASAEEXKERFIR S H/H™ K& AR 2 683
Z & Lyapunov F 12
P(A, + HFE,) + (A, + HFE)"P 4+ CIC, = 0, (11D)
Hpt P=P">0, (DX XA[KEF H
J, = sup tr{PB,BI}. (12)

HTF R SAMMESR AR, BEEHEERBEE/MEFFEFEE, HIER
RS HEREERY — 1 ERR2E/D, ZATHER IS, HiFlAEEHDMT
FEREHE R LT e,

5381, PRI PRREFIH

DA RBEEREN, BICGI—A) 'Bll.<1;

DFEIE—A R P=P">0f8 A"P+PA+PBB"P+C"C<0;

3L Riccati # A"P+PA+PBB'PH+C'C=0FE—1TREMR P=P >0, WA}
A-+BB'P B2¥EiaeEny. mH, mEXEPRA/RL, N P<P.

TIB1. ZEHAHRRGEGC))—(DRHBE 7> RSB K, WEEE >
0,8, >0, {ﬁfﬁj‘ft:

AP + PA, +~ P(eHH' + &7 *B,B;)P + e7'EE, + &;'C.C,. + C;.Co. = 0 (13)

H—AFEMR P=P">0; 4 HIUY A +HFE. #ERE, BIG. . () l.<<V. WBt, X F Ff
AR SHAHERE

J, < J(P) = tr{PB,B]}. (14)
WERH. W A +HFE. #iERE, BlG. . (D.<V. BREE AT /D >0,
[%15

(1/ v € )Cl.s (sI — A, — HFE) '(W &,)B,| <7.

15| BE1A] A ’—“?—?E—*A P>0, 1%4%
(A, + HFE)™P + P(A, + HFE,) + ¢,7*PB,B'P + &7 'C*C,. 4+ CIC, < 0.

MICERL7 1RSI A2, A 3B Gt : FE—TWHE >0, 15

ePHH'P + ¢, (ATP + PA, + ¢,Y *PB,BIP + &, 'CIC,. + CLC,) + ETE. < 0.
A ER RS L1, FRAIDEFEE—RER P=PT>0.
| CRRL7 ML A9 H . PHFE.+EF'TH'P<e,PHH'P+¢ 'E'E., F| HiZ 1 5¢
A% 5| B 1B % 5 ik A <2 78 b 2 et 2 R 57 Y.

S M= PHH"P+¢e 'EIE.—PHFE.—ETFTH'P, 85 M=0,N (13)RX 71k H

(A, + HFE)'P + P(A, + HFE,) 4+ ¢, Y :PB,BIP + ¢, 'ClL.C,, + CLC,, + M = 0.

A ERmEQDOA T 5
(A +HFE)"(P—P)+(P—P)(A.+HFE,) +¢7Y *PB,B; P+¢;'CL.C,,-+ M=0.

Kl A +HFE, 2R ey, Frid

T

pP—P = J AN (6,7~ PB,BIP 4 &7 'CLC,, A+ M)etr T e0ds >
R T (14) AL, uEEE.




684 ] . = i 25 &

EHIGUAS, HEFERADEF N EXERER P, W T A BIFH SRR
HE, MR RGEHETEREN, AR —1NEEW HTIER AR, [\ HZERIE N H
WEEFSIRIBMET — 4 LR J(P), ZTH J(P) g HEEER..

3 IR RIBEEG T

EX—TTRESERS HERER J(PAF s/ g K, WEIFE I T 248 &/ MEE

i KERFH/BJ(POESFEBADE-NRER P=P =00 &G T EF & /).

BT HEFEE. S C=[C" &iC" iET| D=|D' &iD' e¢3ET|,V=
D'D,A=A—B,V 'D'C,W=C"(1—DV'D")C.

EIB2. FHE—IT KERHRIRLT L ARE/MERE; Y HIUSFHERE ¢ >05
e, >0, F 184 % Riccati H &

AP 4+ PA + P(eeHH™T + &, ?B,Bl — BV 'BOHP + W =0 (15)
H—1IMREBP=P" >0, HRRES WM E X
K =— V™(B{P + D'O). (16)

shat, H*H:RER K
JP) = tr{PB,B, }. (17)
UERH. “WEE”. KM Lagrange EeFEXRMEST LR R EA L E FZ M. 2 L Lagrange
BRI %X
L =tr{APB,BT + [ATP + PA. + P(e, HH" + ¢,7":B,BT)P -+
e 'EE, + & 'C.C,, + Co.Co JX}.
N

X B Lagrange 7 A>0,X=X" A& H%. HEIEH 1740,45=07]75

AX 4+ XAT + AB,B] = 0. (18)
EXp A=A+ (.7 *B,B;+e HH")P. MR A=0, A HREHEEKRSE X=0,X5FK
AX A2 AFMTE. BHEAR—BE. S =1, HA,B)ERBEY, BACA,B,)Y1LE

BEIEH, Ll (18) R a4 X > 0. méf-:omf%(ls)zt,%(16)3&&)\(13)?&%@31%

(15HR. BERAEQOAFEETEADR.

“EAAN BEFRADREANRBRER P=P">0, HRAREN B H AR
L ARA SRR i R AL LB &, IEE.
| EE1,2, RASGBAAHEELER.

EI3. ZEHARFEGC)— (D, BETY>0,FHENE 60,60, F FEASEHE
—NMREB P=P =20, HRESRHM K HA6OXEH; 4 HNYAFRETETRE,
|G (D | <7 LA R HERERIZFI R/, BT, VLR 54T 3 B

sup imE{zl (t)z,(t)} << tr {(PB,BT}. (19)

F(t) t—=co

ZEEFIEHIRE BN EH1—209IEB FiE . EHE 3R, X TR ER ¥>0, 1%
FRASOHF -PEFERER . HKHAORSH AR ARG EREN, HFE—

|




BETINEBKFE =09, H=[1

JPYWME 1R HEL1AE L

5 #f RET ZRAMELHTERRES H/H RS HRIEH 685
N HTIHEROHR, R HEERERRE T — MR LER. B2, v 53 HI®,
FEERZ ¢ ,6,.

4 il
ZRMTAHELRERS
| 0(t) 07 r 0
X = L (t)x—l- Ou+ w, o] < 0.3,
L0 0.5 J L] .— 14
Lo = []. ljx",—uq i1 = [‘"‘ i ij+0. Su.

o1'",E,=[0 0.3],E,=0.
7 ME B3, MEREAFR 6,6, RKMFTFRUS). AFH e, e HITXNA HYEGER

e 2 e,=0.23,6,=0.009 3 B}, H¥ERER K S &/, A

23.487 2, WEPR Q)X PBEARANAOH AR HHE K=[—17.745 4—10.166 6. fHMN

G. . (s B A3 He)

J(P)

H

0.0

1

7] e AHPTXT N W) H RGBSR J(P)

ZmE 2R, P Zk1,2,353 5 K 6=—0.3,8=0,8=0. 3p91HE.

!
mE 0.4
0.2
Q
1072 1077 10° 10} 1 07 10°
w(rad/s)
B2 Y=0.98F,G. . (s) R38N /2%

B EAEARR Y EHFET,.BEHZ L LB BAARRE ¥ BN 8T HiE
RS J(PYWERI/RA. WNFEIOUFN . FEE Y ERREVDN, BN &I HEGER J (PR
K. XWHR S TINERKVFRBERBE RN HHEEBR J(POTENRAT

1 AR Y{EHEXNA BN HYERER J(P)
Y {H 100 10 5 3 1. 8 0.9 0. 6
B J(P) 2.971 2 3. 433 7 4.039 7 5.020 8 7.340 8 23. 487 2 165. 257
ﬂ: »
D ?.-;:l l/lﬁ\

ABXRR T —REAVEEFTAD

EMSERFEVIR S HY/H™ AR AR ] 7] #4
SR H S H BRI N T AR B EE. fRIE%E T —MEREXREEE ST A E
XREMH I HRA F /M TR ESHERRSRBAER S BT TE. G 7 R2FE 1
EREEEW H” TIERAE T, HH—THit

HH) AR REIR AR AN IR R Y B, 3




686 ' Y] it % W 25 2%

T =M "B RERBRER S TIZER. FXWERES—-PMNEFERIRESENE
1IEAREL Riccati AR, BFEESRENH: B TIMERKEFERHH RN H R
YE AT

2 F X KB

1 Petersen 1 R, McFarlane D C. Optimal guaranteed cost control and filtering for uncertain linear systems, IEEE
Trans. Automat. Contr., 1994, AC-39(9) . 1971 —1977

2 Geromel J C, Peres P L D, Souza S R. H? guaranteed cost control for uncertain continuous-time linear systems.
Syst. Contr. Lett. » 1992, 19(1); 23—27

3 Bambang R T, Shimemura E, Uchida K. Discrete-time H’/H™ robust control with state feedback. In: Proc.
Amer. Contr. Conf. , Boston; MA, 1991. 1172a—1173

4 Geromel ] C, Peres P 1. D, Souza S R. A convex approach to the mixed H*/H™ control problem for discrete-time
uncertain systems. SIAM J. Contr. Optimiz. , 1995,33(6);: 1816—1833

5 RET, LER. BE H™ HEANEE LQG EH. WEEREFHR, 1997, 31(12). 26—32

6 Petersen I R, Anderson B D O, Jonckheere E A. A first principles solution to the non-singular H™ control prob-
lem. Int. J. Robust Nonlinear Contr. , 1991, 1(3): 171—185

7 Khargonekar P P, Petersen I R, Zhou K. Robust stabilization of uncertain linear systems: quadratic stabilizability
and H” control theory., IEEE Trans. Automat. Contr. » 1990, AC-35(3): 356—361

SHET 1972941992 F IR B #F B etk RIRF 2L, 19974F6 A P %
I RFHERHE R AT E 20 19978 A £19994FE7 AEJL R T K¥H
TIEAMELE AN ENZMRKREZEIERRZBBEERFLERELE. 8
MR TE o H” =i S5, BB R S8k, BENE S 4.




