13 B 3 1| 38 6 5 R Vol. 13,No. 3
1996 4 6 A CONTROL THEORY AND APPLICATIONS Jun. ,1996

—£TFRELMRAEERSE BRI

K2 # e
ISR AHRMER - BR,210016) (ERELKSEHHEHE - FI5,210004)

R A — SR M B Bt T —FOR AR (0 2080 0 . 2T B AR
SREEY R AL BV R BRSO B R G0 B 0 T 22 0 F T I X P
i HAN N, RRSRED TR FRLAE LR . 40 T SR BT AR
— RIS

U0, AR R EERAITE Y KA SRR BT ERE

1 51 =

oy BEEE/A+EATE N Z RN E R EL S R R0t mEY. mE T aEA
AR R, ATER T Z0EAH T REER 80T JAR AR AT ' g T REATAE &
AT G EBICHRAR LG . VB SR ITE RENER 85, (2R 8 T HE M
VR R B 7 2R SRS th 7 B E 5 He BBEHIMS S A L TR GBI
RAEMEH 77 2R BERRSMET T ENERNFAZL, EWl4 R p Bk th £k E
) BRI 55 05 AR R A AR X P A RIS LR TR B X ER R Kalman 83 B4R — &
TRIEE (B R G SRR A R IR 2 I & B B R 20 A — E el A, B = R =4,
HHREEE . B, FRETFH T ZRENRSETSFEERRFEREXMHERE TE
R FH M 1H -

2 |o)EaHE
FRTRELESHELRERR
2(#) = (A + AAx2@) + v@). 2.1
&7
y(t) = (C + AC)Yx () + wt). (2.2

HARES 2@) € R" AREWIB LM 2(0) M E X0, MWEHE y@) € R ,v@) fil w(z)
AARHEEE WS, EEELINV,W > 0,A,AA,C,AC B . AR
et AA,AC B I 4t

AA = G,5H, AC =G,3H. (2.3)
Ho GG, H HEHEHRE, S HIER A A8 2 5, 1 2
ST I (2. 4)

AR ARG ST
P @) = A2@) + Ky(@). (2.5)

» BEERELER A TESRHWE .
23T 1994 4 9 B 21 HRF . 1995 4 8 B 11 B RIS .



320 EHEeE5NER 13 %

AR R ARSI A T
T () = Az@) + Ky@). (2.5)
TRMEHREN
e(t) = z(t) — &(2). (2.6)
B2 1).02.2). 2. 5) X (2. 6)7 1§
¢(t) = Ae(t) + [(A — A — KC) + (8A — KAC)Jx (1) + v(#t) — Kw(®). (2.7)
E X

S0} alynd mee dlavenlu )
e(t) —A—KC A G, — KG,
HA[H 0], AAAL
M RFEH
= [A + AA]x,2) +T(@). (2.8)

o 50) REWTENT A [ |omsirmxanmte. azur =

V V + KWK”T
'Xl?
It }: WmE[ (2, — Z,) (x, — z)T1 R

2

52 )t B RE D2 X A |

X
# Lyapunov J7&
(A + ADX + XA+ AT +V = 0. (2.9
LM AR B A R E 3 SRR S e, EK
B SRR A fI K, (78 e
1) A + AA) C Q(g,r) .2, ARTHE L
B LRLTF (— .00, 3% 4y F K, Horf g > r ;
> 0. ) = 0] Retd)
2) X.<Qu\Q HiEEREN I E LR . g
3 FEZER e
gIIE 3.1 745 AA = GZH ,>>" <Iv‘81 > 0162
> 0 i3 f] — HQH™ > 0,34 B R RGERERE K
AAQ + QAAT < BGGT + %, ' 3. 1)
(A + ADQA 4 A" < AQ™' — BT HTH) AT + B,GG", (3.2)
iE
AAQ + QAAT= GZHQ + Q(GZH)" = GSHQ + QH'(GZ)"
< BGITGT + QH;HQ B.GGT + QH;H Q
1 1

&Y = AQHT(B,] — HQH™) "2 — G3(B,] — HQH™Y2, 1|
YYT= AQH"(B3,] — HQH") 'HQA" — AQH"3"G" — GZHQA"
+ G3(B,] — HQH™)X'G"
= AQH™(B,] — HQH")"'HQAT + B,G33TGT — (AQAAT



34 — 2R S R G A RS A AR BT 321

+ AAQAT - AAQAAT)
= AQH"(B,] — HQH™)'HQAT + B,GZ3TG" 4 AQAT
— (A + AA)QA + AA)T,

(A + AAQA + AA)T
— AQAT + AQHT(B,] — HQH™'HQA™ + B,GZ3"G™ — YY©
< AQAT 4 AQH™(B,] — HQH")'HQA" + B,GZ3"G"
< AQA™ + AQH™(B,] — HQH™)'HQA" + B,GG*
= AQ' — B7'HH)'A™ + B,GGT.
FHE31 EXalAqg—r,A. LA+ ol ,iFQHMHFEER, MRFELEL LA >
0 H 8.1 — HQH" > 0, FBRPUEEITTE
QH'HQ

AQ + QAT + +A.@ — fHE) VA + S

+(/31+%)C?T+V=O (3.3)

BSR4 1) AA + AA) T 0(g,r); 2) X < Q.
iE RIES|FE 3.1, ARG DHAE

(A, + ADQ + QA + 4D + LA, + ADQA, + 4D+ V<0 G4

W A+ AAWZERER R, A DA RFER (- 1" R LR B, 3 3. 4 KA
7 ER ) FEER

[(A+a> b (A @)
EH7Qp>0,7"Vy=0,HLU
A+ I+ 20+

A=z + jy, A e =g — r R A EXEHB
(x 4+ @)t + ¥ <
FrLL ACA + AA) C 2(q,r). BR(S. 4) — K (2. 9) 7J§

@+ ADQ— X) + @ — XA+ AD)" + 26Q + + (@&, + ADQA, + 81 0.

A+ G+ o7 . -
LD D rQr+ 777 < 0.

A+ a)r(;i + o <o.

(3.5)
B AR Lyapunov B EHEE R A4 Q—X>0,H) X<Q.
EM 3.1 WRRESMHITEQ 5)EB AA+HAADCRg.NMHRZARHERREHN O
ERIRSMITE _
EHE 3.2 WRFRE LHF>0 MERE LER™E
D REERE 72

AQ: + QAT + LA — B HTH) AT -

e

L QA "HQ,

3, + B+

GG +V =0

(3.6)



322 %5 B A 13 %

HEEEMR QWAL —H QH>LEITAQ, + —(Qf] — B HYH) A Ea R,
X
AL A+ [V».L (B -+ ﬁz)ool]ﬂ A LA+ al,

CAC+ B+ P

2) B e R
A.Q, + QAT + }_AQZEZ — DR 4 }— I:V + (B, + BZ)G G ] ;

)(;z(fo e

v+ @+ Bea]r @ Beer v =0 (3.7)
FTEX FRIE Z M Q. R
Hu éﬂ_l(Qfl il ﬁz_lHT}I)_IH_T,

B

RAW + (B, + -,-_‘*)Gzc,Z —</3 + /32 )G.GHTL,G,GT + -}CQEZTI‘,

3 ' N
DL B+ /’)Z)c GT + —(ﬁl ’—f)[v B ’»];%)Gl(;{}zzgc;l(;z

+1AQ0 + @,
A4
A=A-KT, (3.8)
K = @R + LUR™Y*, U € R LR ERM (3.9

B E BT AR (2. ) ARBIE R Q2. 1D~ (2. 307 0 BBRSHEIT2E, HiRB e X <
Q-
iE BHTFHEG 6, G DIESHRER, S

= [Ql QJ> 0.

W4
T
AQ+ QA+ LA@ — A+ YL 4 Byger .y
AQ + QAT + —}_—A Q' — B HTHY=1A] [Q + —%—»(Qr‘ — BEHTIDTVATTT(A — 4 — K()?
Ir a L -
+ Ql}—’ﬁ”Q‘ o+ ’32 GGy TV + B+ Lf_;x;]«;, — KG)' +V
1

1 'y 1 . N | .
Ay + QAT + TARQAT - =2 (A Sqhl AT

— A— KX L o-1 _ gaipt AT
| (A= A= KOQ + =~ — B HTH) ' AT QP — SRR I e AR

Bo .
+ B+ ——)((,, KG)HGf +V 1 (B +L»)((, — KG)(G) — KGO 4V -+ KIVAT |

EE:FQl L. 6) H’JﬁhﬁﬁUUJﬁE@Hﬁi}% dn =0, HERA=4 - KCM 12 HHe
Lede=[15 = 0,18 A,, =A 4 al = A,,, — KC fAAH 22 T Rig

(o =AQ + QA + ~AQAT — OR'D"




341 — RPN R YRR T R i 323

n 1[V+—(ﬂl + ﬂ?)GGT] [V+<ﬂl ﬂz)GGT]+(/3’ +@’>GG“

+ V 4 [KRY* — ®RV¥J[KRY2 — @R™V]",
N Q BARG DR, TR
[+Jp = [KRY? — @R-VII[KRY? — ®R™V*]" — LL' = 0.
RIEE 3.1, AGA+AA) CTO(g, ), H X<Q; 1 X<Q, M X, <Q, T4 . JEEE
TIE 3.3 FELERTHQ HFRG. T MR, L HNY

ELAQ, + QAT + —ﬁ.QZKZ — ORQT + — [V + B+ B e ]n

-[V+</31 ﬂz)GGT:l-i-(ﬁl ﬂz)GIGT+V<o,ELrankEE]</>- (3.10)

iE &L ERE NBRE
BE=~LL"<0, Hrank[E]<p. (3.1D
[t 3, B Sk (3. 10) BUAL, MIARYRAE BERY & T (E 20, —E FFTEAERE Uy € R A —414F
NER o 20,220,201
E=— U,diag[a,.0,,,0,]U7

= — Uldiag[:\/;]—,\/;_z»,“',\/;;] o diag[ﬁsJ;;'°'9\/:p]l/7fa

FREA L= UdiaglvV o, oy, 0,00 Q HHEG. D M0fF.  iEH.
R S % LT R 5 (2. 8) B LT A B Ak 2R+ oo U I T
it
Wb 3.1 BT B> 0 FIMERE L € R (i
1) 1%L Riccati 712
QHEHTHQ,

AQ + QAT + ——‘8— + BGGf +V = (3.12)

71
Z‘?‘EIEI?% Ql H
2) 1% Riccati 7%
AQ, + QAT — [G,GF + QLCIRI[BGG] + QL T" + BGLT +V + LLT = 0.

(3.13)
FFFEXFRIE B M Q.» 2
ANA+ (V4 BGGECHRT, A LA+ al,
, CACHBGGIRA' . RAW + BGG
Pili7:z!
A =24 - KC, (3.14)

K = [B,GG] + QCTIR + LUR{ Y, U € R REEEREEHE.  (3.15)

HE R THEE (2. ) AR B 2 X, < Q HRHK Q. 8) W AW S FHEL Re(V)
=—aZE(F D. :
Wit 3.2 FIE LER™,{# Q, A Riccati F2(3. 13)Hy##, %4 B4



324 : ERELE N A 13%

Elé Aan —+ QZZZ a1 [ﬂlGng + QzéT]Rfl[ﬁlGng + QzéT]T it ﬁlGlG-lr + 14
< 0. ' (3.16a)
H rank[ 5, 1<p. (3.16b)

4 gt
BRF AR T — B ) TR B A I AR B BT R, WA R R Y

z, () 0 1 x, ()

oll M N s

() —44+0.20 — 4+ 0.40dlx,()

xl(t)}r ®
w(t),

xz(t).

V=LW=0250€[— L1153 HEE. BERBHEHEBEARXC.5) PHEEMANK,
i

y@ =[1+0.10 0. zg][

D R 28) FAERSEATF Re() =— 0.5 ZX&;
2)var[e, ()] < 1. 2%, var[e, ()] < 0. 9%

B RETIHERAIRRET
0 :
AA = [O. 210‘[:1 21, AC =0.10[1 2].

RS EARN TR 12), BH MK 51, Y Bi=1 BFREXFRIE & 7
1.5480 — 1.7644

A= [— 1.7644  2.6073 }

_ [ 2.8247  2.9116

FEA= },6= 1.1529  0.1342],R = [0.2900],%
—1.7826 — 2.05451 . ] g 1%

Q lil.Z2 x :l
: z 0,90

Hd o BHES L ARERM G 16) T M 1 5 72 (3. 13) B — DX FRIE 2 i

| sz[ 1.4 —0.2521]
—0.2521  0.81
RIEMHER 3. 1, rER N EBRSME TS TFE - 18 Q AANG. 16a) 15
il [o. 0139 0. 0831}
"7 Lo.0831 0.4957J°

[0. 1180}
L= :
0.7041

. 5. 8275 ) —3.8639  2.1297
K, = SR, = ;
0. 9559 — 2.8846 — 2.1827

BRU=[1]1%

BU=[—1]%#%

. =

[5.3893 } i _[— 3. 3887 2.1885}
L k6587 P TR 0.1298 — 1.8319J



3 —RKTHE R A BRSO 878

& F X W

[1] Hotz,A.F. and Skelton, R.E.. A Covariance Control Theory. Int.]. Control, 1987, 46(1):13—32

[2] Chen Xemin, Xu Gang, Feng Zuangang and Guo Zhi. Pole Assignment in State Covariance Control. Preprint of Flrst'
IFAC Symposium on Design Methods of Control Systems., Zurich, Switzerland, 1991 \

[3] Chen Hsieh. Robust Output Variances Constrained Controller Design. Proc. ACC,1992,2871—2875

[4] Yaz,E. and Skelton, R. E.. Continuous and Discrete State Estimation with Error Covariance Assignment. Prac.

30th IEEE CDC ,1991,3091—3092
Robust Estimator Design for a Class of Perturbed Linear Systems

ZHU Jihong
(Department of Automatic Control, Nanjing University of Aeronautics and Astronautics » Nanjing,210016,PRC)
GUO Zhi o

(Department of Automatic Control, Nanjing University of Science and Technology * Nanjing,210094,PRC)

Abstract; Robust estimator design for a class of perturbed linear system is proposed in this paper.
The main purpose is to make sure that poles of augment system lie in a sepcified circular region in the left
half of complex plane and steady error covariance be upper bounded for all permitted perturbation. Both
the existence conditions and solutions of theurobt‘xst estimater are proposed.

Key words: perturbed linear system; robust state estimator; circular region pole assignment; error

covariance assigninent
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