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H. controller design for linear systems

with integral quadratic constraints: an LMI approach
HU Zhong-ji, SHI Song-jiao, WENG Zheng-xin
(Institute of Autornation, Shanghai Jiaotong University, Shanghai 200030, China)

Abstract: Based on dissipativity theory, sufficient conditions for stability and bounded- L, gain of linear systems with inte-
gral quadratic constraints were presented. The design methods of static state feedback controller and dynamic reduced-order out-
put feedback controiler for linear systems with integral quadratic constraints were derived. All the problems were converted to
linear matrix inequalities that can be solved by the LMI toolbox in Matlab.
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1 5|5 (Introduction)

MFEE T RERITESE EELWIERE
BeR T BE A RB LR ML, HAE LR M P SURREAS 7 18
BETHASX R RRERT. WX LR
S5 T LG —Hb A BAr — IR SRR B AT R B2
RN B —RBARETHRAEHH S
B, XAUHERREWANFER, R UHERRER
AHHSEHER, R EEHEREE 28 —%3
AR

MEERSZRARFLEARTHEERS,
R H H. el B, BT ISR A (3 ~5]HRIEEH
—H s XN ERGERES RSB AT R
Migt, H He 2 i 5] 7 7 %% 4k 25 — 4~ HII( Hamilton-
Jaccobi Inequality ) SR f# . 3C (4] % BE T EWE AN
REZ BRI A E LA, ol ¥ 1 B0 =%
RENRBREMEERHTRER . MEH@ AT
WA H TR, CH R TR EET LML
3™ 4~ HIE (Hamilton-Jaccobi Equation ) 3K f# . 3C[5]

WCHE 3 :2000 - 08 — 145 W HCR B 153 :2001 - 03 - 13.

e T B RS a B TR U R RE
WEEHR H, T BB L E &G TA X5
FRERIGESE] HIT A1 HIE B95R#% . (HE f# HII 71 HIE,
B B R 1R B HE .

AT BERBHEME, A CRE T HT LML
RETE FETHASZKAREERRE H.RER
BHE B AR R KA UL E M i R R i A
BRI 2R . A SO R T BG IR AR A
2 B o] B AR A T B 4015 B, AT AR <P
2 (8] HiE (Problem statement)

FEMTERXAEE RS> URERERTH
SHERG:

% = Ax + Bp + Byu + Bow,
g = Cix + Dgp + Dyu + Dpw, 1)

z

Cx + Dpp + Dyu + Dyw,

y = Cx + Dyp + Dyw.
EF, s e R FIERGERE,(¢,p) ERxRY
ARG EATHMATRE, (¢, y) € R™ x RY
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HEGZHERSARES L, (w,2) € R™ x R™ H5h
BFHESRERNES . FREFIERERH .
p=T(qg,t), P ¥(qg,t) AHERTEHMAST KA
AR (IQC) MIERHERELBIX v ¢ €ERY, H:

Jirwrcq.o | T TR [FeY
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q(t)
T [ ] £ (2) T BA 2 18 P
7'(12

I — KA R LR, *’ﬂﬁkﬂﬁ IQC H LA JL##
a) ARREER. <
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7'(':[ 2],0)0,

a“l

]dt;O,

Tflz Ty

RQEH [ (5p - a’g"g)d < 03
b) LUK .4

el

AQ)EH J’;qudt = 0, B ny = nys
c) FHK .4

0.51

]

T =

[0.51
RQ)EH J;(qu - 77qTq)dt < 0;
d) &# 1IQC. 4
. [Au AIZ]
LAy ARl?
Hd Ay, A, Ap ¥IRXTARE.
3 EE42 (Main results)
3.1 H,#EM (H, Stability)
AFE>SHBREEEEERLEE y(r >0 £
f8:1) B w = 08, REFE TS «(¢) = 04LHTIEER
Fi2) M x(0) =08, Xt yve=0,H

[{(7()2(5) = P (s)ds <.

AAEH B EHEBRBERAEHMA v = 0B R
GNBEEERAR L #EE. N, FUTEH.

EE1 MRELS,WELEP > 0,4 =0,7%
THEHREEEAERNRL, WAL > ABEERR
;ﬁFELz Wiy

AP + PA + AC, C, PB, + A(Clnl; + CixaDy) PB, + Ciry Dy, C}
_ BWP+A(npC+ Doy €)  A(mi+ Dnly 4+ wip D+ Dipma D) A(mp Dy + Do Dy,) DY, <o
BLP + AD,C A(Dlxh + DYraDy,) - 7*I + ADy,D,, DY,
C, D, D, -1
3.2 &R 19 (State-feedback) 7, PR 25 B2 4
EE2 BEBRAKE S F,r > 0, MFELH v u =Ko+ Kp,K=Y0"
>0,A = O MEAERE Q > 0,K, Y HR/AGBIHR SBEAZKHNBTEEEER LM y.
[ QAT+AQ+B,Y+Y'BY B, +AY'DlxL+AQCixl, B, QCl+ Y'DL QCy+ Y'Dy]
By +Anp DY+ 2n,CQ  Almi+ Diynh+mnDy)  Ampp Dy, D, DY,
T = B}, AD G, -7 D%, DY, < 0.
C.Q + DY D, D, -1 0
L CQ + DY D, D, 0 - (Azcx)"t
(3)
3.3 MR (Output feedback) S, AN T ShA R R AR S REERENRE
EE3 EBAKS P, > 0, MEFEEH y HEFAAR LME ». WA, BHXRERFOH
< 0,A = OFERERE X,Y > 08K (4),(5) B8 KFTLAEN Rank(X - Y1),
[ YAT + AY YCT YC], B, B, ]
C.Y . 0 D, D,
Mg CY 0 - (Amy)! D, + x;'nh D, [M%; <O, (4)
B: D; DZP + eyl Alr - wpri'eh) 0
L By, DT, DT, 0 pvia
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A"X+XA XB, CT ct

BT - ¥?1 DY, DT
M, oX e ML <0,
C, D, -1 0
Cq qu 0 - (/\sz) 1
X I
I (5)
B,
D L]
MB = = . MC = D’;w 5 (6)
D,, ,
I

% = A.x. + By + Byp,
ZC:{u = Ccx. + Dy + Dyp.
4 {5 R (Simulation)
ATRIERLER, BIMNBUTHRE . BRERSK
PO RATEHEZRTEN. S RAELEFERE
wr:

A B, B, B, 1 0 E 1 1 1
10 —-1 0:1:0
RS RN NI
A 1. 000010
Cy Dy, Dy Dy 1 1302050_1

o
AR ITR S R K 24
u = [-9.9985 —0.0827][j]—0.0017 ‘ p.
2

FERL B AL T =W R BN
A min-smte = 1.490e — 001.
RERBARAZREHESGRNE 1 FiR, K p(e)
= sin(q(¢)). ST MBESHRER 1,5%H 50.
sl R ey )
- 2.8595 -19.1025
X, = x. +
5.6410 - 6.6851
[_ 8.6284] - [ 0. 8703]p’
30.4788 3.0518
= [-0.1016 0.7011]x, -
4.7358 + ¥y - 0.4731 - p
FHR B TR AR
A minouput = 5.332e — 002,
SR E R .
MBI HE ML ESERETUREH, X
BHRERBNE H R RIEH S, HEEHATR RS

RERFHTIMZBIEEE.
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Fig. 1 Simulation result
5 £5i2(Conclusion)
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