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Input-output energy decoupling of uncertain linear systems
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Abstract: An input-output energy decoupling method is proposed for norm-bounded uncertain linear systems with time-
varying delay. It is an approximate decoupling method, by which the energy of every input mainly controls the energy of a cor-
responding output and has little effect on the energy of the other outputs. The results are obtained by LMIs so that the problem

is easy to be solved.
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2 6 AY$R H (Problem formulation)
BT RANZHBENRHEHERS
£(2) = [Ag + AA(2)]x(2) + [A) +
AA()]x(e-h(e))+[B+AB(2)]u(s),
y(2)=[C + AC()]x(t)+[D+AD(t)]Ju(t),
x(t) = &(t), t € [- h,,.0).
(1)
HPx(:) ER" HRGERE . u(t) ER" HRGH
Ay(1) ER" HRGH B, FANEE m < n, A,
ALB,.C,DAMAIREHNERMWEEERE, A
detD s 0,AAy,AA,,AB,AC,AD RHIER R G ifAr

A E B SE R BB RE, W2
AA(t) AB(:) H,
[ACU) AD(I)]=[H2]Lo<z>[El E].

AA(t) = H L (t)E,.
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LR, Lo(t) € R, Li(2) € R ARMBE
REUERE, R
Li() Lo(2) < I, LT(2) (1) < 1.
O(t) R—EZENREVHEAR . L(1) ERERE
KETAERT B, HH R
0< h(t) < hyoe < ®, R(t) < d < 1.
R b d WAER . FRRERL B EWATRE
)
u(t) = Fx(1) + Go(t)
ERHF RS
() =[Ao+A4p(2) +(B+AB(t))Flx(t) +
[A; + AA(2)]x (e - R(2)) +
[B + AB(1)]Gv(2),
y(t) = [C+AC() + (D + AD(1)) Flx(2) +
[D+AD(2)]Gu(2)

(2)

(3)
FE T — A5 A K BE B 3 5 B B — 4 B9
R MK cCHHERNRERIATME /M, KP
v(t) E R"HIBBREFHRERGBA.F, G HHAR
FHEMERKE R ER. EREA-BH R
ABRTHAR IR FER™",GE R, HE

{J‘tyli'(t)v;(t)dt = a.-J‘tv'f(t)v,-(t)dt,
0 . 0

He 9,(2) €ER™VERRE y(2) P y:(2) FBSIERT
FAHEABRHABRNE, 0.8 FEEVWEFE.

AXMBA-HBLHERRBEESET Rosen-
brock AYIE LA EAR , R RSB IF AN X
ZEF@),S)WRE . FRIAZEVNBEHRRER
HHPHERER B THRYEVERERBIER
R R IEH3F RGN BTE R E ¥ .

EX1 NTRAHTEHBNAHBENERS
(1), InRFLEERF F, G, HE&XH@4),(5), HAF RS
WERE, R EIRA- SHEER(a,p | F,G)
RN .

3 FEL R (Main results)

N TFRAAENTENBEHABENHRE(), MR
HA 5 RHERE K, =X (2) /T /4R AT
BER S, B

u(t) = Gu(1).
WEY, REL(1)3H
() = [Ag + AAs(2)]x(2) + [A; + A4, () ]2(t -
h(t)) + [B + AB(1)]6u(1),
y(t) = [c+AC()]x(e) + [D + AD(2)]Gv(2).
@)

(6)

(4)
V=0, v; =0(j95 ,:), i=1,2,-*,m, =1 X%%N#&%\ﬁ(l)ﬁﬁA-ﬁﬂjﬁgi
It T( ) ( )d It T( ) ( )d (G,BIO,G) ﬂﬁm,ﬁﬂ%ﬁﬁfgﬁ% X.',Y; > 0)': =
()%, . . . , —
{ ()yl y' : P =< Bl o‘l}, bivilt : (5) 1,2,"',2”&,*75% 1;1’1:2’3.-1»3;2 > O)L = 1,2)"')”‘«)
V=0, v =0Gs5i),i=12,-,m. W
'-X,-A3'+A°X,-+/1“H1H}'+
X, Bg: - X.CT - AqH,HY, X.ET X.ET
A;2H3H;+A1Xm+iA}‘ & i“i 1481 4223 i1 i3
X, —(1-d)X,,, 0 0 0
20’.‘] + A“Hz'H;' -_— < O) (8)
’I!.BT ot CiXi - AI- H iHT 0 v ' TET 0
g 148248 (D.g, + g'{DT) gil2
EIXI' 0 E2g|' - Aﬂ] 0
i E; X, 0 0 - (1= d)Ayl.
Y; T+A Y; 8.‘ H HT+ 2 |
Ao Ao¥ir Su iy Y: Bg:  YLT+8uH A3 YiE] Y:E]
0o HsH3+ A, Y, , A
Y, -(1-4d)Y,,, O 0 0 0
1 a
g:B" 0 - BH &iD7 &iE] 0 < 0.(9)
a a 1 A a
C.Y; + 8, A, HY 0 D;g;: - B2 + 8, H,H3; 0 0
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Hf g, € R"FBRNGCGHiIF,C, e R"V*"%KR ¢
FER CMMBERETRBHBRMWER,D, €
Rim-Dxm X DR D, TR ERETAEA
BEERE, ) € R0 RIR H, B Hy 7908
BE e R R ER.

E ETRZ(DBWE—TEA (), ZE5%
(DU EATRFRGE
2(t) = (Ao + AAx(2)]x(2) + [A; + 24,(2)]x (2 -

k(1)) + [B + AB(2)]g:v:i(2),
y () =[C + AC()]x(£)+[D + AD(2)] g v;(2),
i =1,2,,m.

RELKERENEMER, REMETFREH I ER
FREMUNBIME y = 5 4 5@ 4oy 5™,
HTFEUTHESIBRITBE4MEIEETR
G, MBI E(EN L TFhRAER), HEEy Dm0
Eix X ERBIFRE, WE KRB
Vi(t,x) = xT(t)P;x(t)+I" h(’)xT(a)P,,H,-x(a)da,
Wit 2) = 270 Qx(1) 4] 57(0) Qnix(0)do.
KHP,Q >0,i =1,2,2m. H#—HEX
M(t) = ad;V,-(t,x) ~2yT0; 4+ 20;00y; =

x(2) T x(t)
l:x(t - h(t))] So{x(t - h(t))}+

v; (1) v; ()
2xT(t) PHS L (t) E;x(t - h(2)) +
2[x"(¢) PH - vT(2) Hy JLo(t) Eyx(t) + Eyg0:(2)] <

x(1) T
x(t - h(t))] (S, +

L v;(t)
( P;(AyH H{ +A,H3 H3) P, 0 -2y PH HI;
1
L - Ay HyHIP; 0 Ay HyH;
ET x(t)
| 0 (B 0 Egd| xG-h(e))],
il
giE] v (1)

1 1
Ni() = SWite,2) - gET + B779T9;

x(2) T x(t)

x(t — h(1)) Jx(2 = h(t))
v (t) Tl p(2) +
B2, B2,

2xT(2) QH3L () Esx(t - h(1)) +

20 2(t) Qi+ B; 39 Wy 1 Lo( )L By (£) + Epgmi (1)) <

r x(t) T
x(t - h(t))
v:(t) (To +
L .3-'_%?:
—Qi(ailﬂlﬂf'*&;z]’a”;)()i 0 0 5;10;”13;'
0 (—;—E;Lg 0 0
i2 +
0 0 0 0
L S i HT Q; 0 0 o H,A7;
E'll‘ x(t)
) x(t - h(t))
N TET (E, 0 E,g 0] v: (1)
1
0 B; 29
H
S, =
—AOTPi+Pr'A0+Pm+i PA, PiBgi_C?
ATP‘ —(l—d)Pm+i 0 ’
. giB"P,-C; 0 2a,1-(Dg;+gDT)
Ty =
FAgQi"’Qr‘AO"’Qm-H' QA, Q:Bg; é? 1
AT Q; -(1-d)Q,,; © 0
1 N
&:BTQ; 0 -B# gD]
N 1
i of 0 Dy - P21
VS
X‘- = Pi_l, Yi = Qi_l’
1

Xm+i = [(1 - d)Pm.,.i - E;Eel]_l > 01

Az
Ym+;=[(1—d)0,,,+,-—8—12E;E3]“ >0,i=1.2,,m,
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wrmu»_j%m%_zm%Mz<m N FRREHBEREN), WERFEERESE
‘ o T B, R EaMNe A RLERRBIEE, &
FM““’= BHRERBEERK() REHER LRI ®RE
0

Wile,x(e))+ [ (B739T5.- pEoTu)ds < 0.
B, SRR =0, &8
J:y‘{vidt = aiJ;”LTvtdt’ J;y‘{yidt = ;Bij:v‘{”idt-
BAL, IR KB V.(t,x) R W.(t,x) fEF Lya-
punov BR¥Y, R & 5 KUk X4 v(t) = 0 i,

%Vi(t,x) <0, Lw.(s,x) <o,

> dt
B (8) B T IRIE R AT AR E . EFABUE.
XA} + AgX + Z"B" + BZ +

AgH HT + ApH HT + A\ X, AT
' X

X

m+

g BT - A, HHf - CX - D.Z 0

ElX + E2Z
EsX

[ XA$+AoX+Z"B" + BZ +
3;1H1HT+ 8i2H3H§+AlYm+iA‘lr
X

X

-(1-4d)Y,

m+1

g BT 0

CiX+biZ+ 3i1f12iHT
EIX + Ezz
EsX

0

HP g ER"ERGCHiFH,C € RI"-V" %R C
R CITHMTARETMBARNER,D, €
R("-Dxm 2R D FB D, TS AR EfFMEA
REERE, By, € ROV FR Hy, BB Hy, 775M80
FARETHBEARMNERS ARESRIBEREH
F = ZX!, (12)
4 3L (Example)
FBRANENENREREREQ),®HP

-0.25 1.2 0.5 0
T vl OO LA
0.2 0.25 0.75 0.8
[1.2 0.5] [1.5 0.8] [0.4 0.3]
“lositol” 7 " loe 1.0’ " lozorl”

- (1 - d)Xm+i

HRAZRREFLHEERR. XHESHRITHS
RE HTEARSFARESRGEE, TSR
TR GR <P, BRAC SR W] LAGE i R 25 R AR A AR
IR A-BLERFRBENRE KB LR, A
WEERMEBFAR. THS BRENAARES R
6 A5 $e 140 B R AR I A

EBE 2 FAHENBMARALE() A A-HHER
(a,B| F,G) BN, MAEEENE Z REH
X>0,Xp0is Ymyi >0, 50K AirsAis 81,0 > 0,0 =

1,2, ,m, R
Bg; - AilHlH;i - XET + T 1
xcT - z™pT ZTET XE3
0 0 0
T
s o [
E,g; - Agl 0
0 0 - (1-d)Ayll
(10)
B, XC.,+ Z'DT +  XET + XET )
‘ 8. H\ A, Z'E] ?
0 0 0 0
_gir gD §TE] o |<o.
Dg: - /3,'%1"' S Ho M7, 0 0
Eg: 0 - &1 0
0 0 0  —(1-d)d,1]
(11)
0.5 0 0.2 0.4 0.5 0.1
[0 7 0. 6] H, '[0.1 0.3] » T [0.4 0 ]
0.25 0.3 0.2 0.3 0.6 0
[ 0 0. 3] Ez [0.2 0.1]’ Es = [0.1 0.3]’

h(t) = 10 + 10 * cos(0.031).
EHFREFALEE, TRHAEHE 2 48K

A HEMEHTE d = 0.3, o = a, = 0.5,8

= B, = 1.0, RRRHHEHELRER(10),(11), 774

- [—4.4465 -1.5982] [ 5.8829 _2.2472]
“Loo198 -0.9010!° T l-25119 3.1030 !°
ﬁ%ﬂBXLo=L1=15L0=L1=—1,i5ﬂ5(0‘ﬁﬂ%
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5 %51 (Conclusions)
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