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Consistency of multiple performance indices of feedback control systems

WANG Yuan-gang, GUO Zhi
(Department of Automation, Nanjing University of Science & Technology, Jiangsu Nanjing 210094, China)

Abstract: Consistency of performance indices is studied for a class of linear stochastic systems via state feedback control.

These constraints consist of pole assignment index, H. rejection index from norm-bounded exogenous disturbance to the con-
trolled output and upper bound on steady state variance. The study aims to provide a theoretical basis for the choice of desired
multi-performance indices on some practical control systems. Based on linear matrix inequality (LMI) approach, the region of

H. index which is consistent to the given pole index, and a good region of upper state-variance index which is consistent to the

given consistent pole and H., index are presented respectively. Furthermore, a method to find a satisfactory control strategy is

provided for the considered systems under the above three consistent constraints. Finally, the results concerned is illustrated by a

numerical example.
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2 (o) R (Problem statement)

ERIN T REFESBILARA( S )

{x(t) Ax(t) + Bu(t) + Dw(t), ()
z(t) = Cx(t).

Hrp x(¢) € =~ HEBEFPEMRERE, u(r) €
rnoOREREA, () € OAEER B w() €
O M EENRERRTHME GBRER W > 05
FERE MYEEN RN HETEY
Lebesgue AT #1; A,B,C,D BB AL HHEE. ik
(A, B) WI%&,(A, D) "I4K.

HEFRESRBIERRE u(e) = Gx(t) HER
(), MAER ARG (Z,)

{x(t) = (A + BG)x(t) + Dw(t), 2)
z(t) = Cx(¢t)
HRSREM T EZERE

X: = 11_152 X(t) = ,IEEE fx()x()TH (3)

R T RE Lyapunov 2

(A +BG)X + X(A + BG)T + DWDT = 0. (4)
m( =) MLsh w BIFEHIR L 2 B91% % REUE BN
H(s) = C(sl — A - BG)"'D, X H, {i%k

l z(¢) || 2
su TN

H(s HEES
IO = s Tl T

(5)

BB T g XA A Mok, X B
|+ I, TR EEAIPRAE L, L.

A ERER S S, B A E 4 M, N,
M < N FRE&EFEAEXEE WAL, diag (P) FR
JTBE P I AT EARBIITRIR, F(q,r) TREF
HAFLTE - ¢ +j0ERN r FRZO < r < ¢).

ERERG(S) EEFRERB TR RERS
X, HEEXS (A, B) SERFEEY, F(q,r) AR
E¥EVFEATOCELH AT ERS, MY ER
Xf(A,B) AIRRENELAER, F(q,r) NAEE
G A MR EEAR BRI E.

AXRE Flq,r) BRRG(S) EEERER B
T o] BB AR e X g

EX1 MRGE (D), AEFREZ Flq,r) BRE
By >0, FFHAEWR v SHEBE B F(q,r) H
B EREEFRIEERE 6 () R

a) &% A(A + BG) c F(q,r);

b) M w Bz MG ERBUEREBRE | H(s) || «
< Y.
EX 2 MRS (Z), AEHERSE TR

F(q,r) M H 3845 v, FR 0 £ L R 4645 o° 5k &8
¥& F(q,r) M H.$84% ¥ B B FEER RIREHE
BE G, (Z,) R RRMHAR a),b), &

c) W& K EHERE X W2 diag (X) < 0s.

AL B W R SR ETERR F(q,r) HHEM He,
febr y WEUETLE . 54HA EMHBERSIEIR F(q,r)
M H. 845 ¥ BN 2 LR 68> MEBYETEE;
X EA LR =R AR R 4G i B il R
B AR B s
3 FE 42 (Main results)

PR REE B 77 A AR R S A7) Ho 43R
MRETZE EFRAER, FHENR LML E X, #HA4H
BIEAR W BUE T B R A B AR BT i1 1119
R AL AL LMI 20 29 TR 2R 1 AL 30 1R) 8L . el B8 Y 5 72
Lyapunov 25 14 it 518

I 1 RS ¢ HNAN(S,) HREAR
a) Y HAUHEBEER Q WL TASXE EEM:

(A + BG + ql)Q(A + BG + ¢DD)" - F*Q < 0.
(6)

513 2 Kt v, MBS E G #AF
(Z)HAREAHEAR D MAERGRERBRE
B QHUTAEXEEEH:
(A+BG)Q+Q(A+BG)T + y2Q0CTCQ+DD" < 0.

(7

iE BSCHEKI8THSIEE 2.1 BRI G f#A
(=) BHEfEE B R H 3845 ¥ AR B LM
TR Q WINTFAER() B IEERH:

(A+BG)Q,+Q(A+BG)"+Q,CTCQ,+y2DDT < 0.
(8)
2 Q=7 Q,NER Q MAERB) AR, SNT
T8 QAERNER. UEEE .

EE 1 ARG (3 FEEHIEE ¢ FHAR
(Z) WRAR )M RBHRMR,LEE v HEE
B Q, GHLUTAEXHAER.

(A+BC+ ql)Q(A + BG + qD)" - F2Q <0, (9)

(A+BG)Q+Q(A+BG)" + y20CTCQ+DD" < 0,

(10)

Q >0,y >0. (1D)

iE ROoMEA. FIELES BIXFER IR

2 GEMI(S,) WRAHR a) , Wk 1 BErE

Q MIAER(9) LEFEM. BiX Q REMNE—TE
TE R, RIFR(9) ] 18

(A+BG)Q + Q(A + BG)T < 0.
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WA Y RKIEES A, 32 0, = 20, WA

(A +BG)Q, + Q,(A + BG)" + DD < 0.
BRAESKER v, THEE(r, Q) HEKXQ0),#
My, Q,,G) WEXO) ~X(11) . EEM L EHE
iE. EEE .

EZE# S = GQ,a = ¥?, F A A Schur 5|
e AR ERE 1 BT LML EMER.

EE 2 RS (Z) FEEHRNEG 6 HHAF
(S WRAR a) MR BERFR LTRE « HED
B 0,CHIMT LML BB T 17H# .

[ - rQ (A+qI)Q+BS]<O
Q(A + gI)" + STBT - rQ ’
(12)
[A() + QAT + BS + S"B" + DD QCT] <o
cQ - al
(13)

MR SIS F(q,r) RERMATEES IMIAH
(12) , (13) H %, BT3B R/ME R R B L

min «:0Q,S,e W E LMl A (12), (13).
120 Q0» So,ag) i L IRAR G IA] B A AH B AR /MBS, T
Yo =+ a0, WA TFH#iL.

B 1 MTERLE(Z),H 7 > 7 8, Ho 8%
y SRS ER SIS F(q, r) HE.

E 1 RETRBRE Fq,r) M H A8 (7 >
Yo) ARMEEHIE, FH 2 L BAH TRE— I HER
B CHITE 4 o« = 72, IR IMIZ(12),(13).

EE3 WAL (), BEREEXE F(q,r) Al
BCE MM Ho35FR Yy B2 Y > 70, METBEH R o7 >
diag (QL) M E L R$BIr o> BE X F(q,r)
M Hof6%5 ¥ M5, X8 Q, U T BRI,
Ig.iglitr Q1:Q,SHRK(12),(13)F

AQ + QAT + BS + STBT + DWD" < 0. (14)
Koo = 7 BXHRE LRGN = RAEE Y HE
e , AH LI TS SR B w18 At oK (R AR

IMIAH:K(12) ~ K(14) Q0 < 0, (15
A fr e R, g o 2R ¢ > 0 B
diag (Q,) = o* RYE—HF.

iE RRAEE (Q,S) WIMIA(12) ~ (14)A
.32 6 = SO, MR EMTF

(A +BG)Q + Q(A + BG)" + DWD" < 0.

(16)
e (15) 5K (4), # F Lyapunov % [ 3 i 7] 18
Q > X,\TNEH diag (Q) > diag (X).MH Q, KY

ESCH, MR A E LR 2 A%ERA
(12) ~ (14) DAEFEEMR(Q, S) 83T T/ IE
e, BHQ +el > Q> Q,,diag (Q, +¢l) < 6%. F
G = SO EARIRYS & K, 8 P 3R R 4 I B
WRAEM XK AR BIHERFNFELR
FEhr o SHMF LIRS B R 2P E
KEVERE 0 FIRZ .15 o, AHMFEIEFEX fTH B
RE— MBEAEMNZXBHRART, IMI AR
(15) BA ATATHE , AT B HAE— AT AT #g B &, BT SR
15— BRI REE .

E2 EEDS = 60, A%R14) BRI ERIEA
RETEFEN LR MYRERE W< /B, ER2PHAR
%X (14) ATE X,

F 3 sk Q ARSI S ERENBEARSS
EHEX BRE Q. = X, BmfENHEEF £ L RERE, Lk
FRE 5, > diag (X,) B[,

4 B (Numerical example)
WAL (Z) MREFIES w() MBRE WiInF

-4 0 O 1 0
A=10 -3 1|,B={0 0],
0 0 1 01

1 00 1 00
D=001,W:020jl,C:I3.
010 0 0 3

S ER (A, B) 4%, (A, D) "Ik, 4% &
Xi3EtrH F(q,r) = F(3,2),.BRERRER G
ATECE Y. S 1 RA8 7o = 0.3164, AT E ¥ >
Yo I Ho 36845 ¥ MEWME X F(3,2) A . BiRA
EW Ho 38458 v = 0.5, €8 2 kK15

0.1059 0 0
0, = 0 0.5000 - 0.0036}.

0 - 0.0036 0.2119
ML, W2 o2 > [0.1059,0.5000,0.2119] By 5 % L
Rt ER SR S 3548 F(3,2) M HL 3845 ¥ = 0.54H
.

P RRL E R =R ARG N AR S
Etr F(3,2), Ho 1845 v = 0.5 HIFE L RIEFF o2
= [0.12,0.52,0.22], BXF A% Q,,f# diag (Q)) =
o, 518 Q) > 0y, R LMIAR(15) AR TR K
fERE max {tr O}, 18— B RIREL

G=[-0.7867 0 0 ]

0 -0.3720 - 5.6974

L5 U AR R A B AR S A - 4.4388, - 3.2586,
-4.7867, B R H U EH | H(s) | o =
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