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Resilient static output feedback robust H., control for
controlled positive systems

SONG Shi-jun, FENG Jun-ef, MENG Min
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Abstract: Firstly, by means of a small scalar, a sufficient condition of resilient static output feedback robust Ho, control
for controlled positive systems is obtained via linear matrix inequality (LMI) and bounded real lemma, which is useful for
the design of resilient static output feedback controller because the controller parameter is separated from the unknown
parameter. Then, based on the above condition, an inference for the special case of the control matrix is given and a
sufficient condition of resilient static output feedback robust Ho control for more general controlled positive systems is
established. Furthermore, the desired controller gain matrix can be derived via the cone complementarity linearization
techniques directly. Finally, a numerical simulation to show the validity of the results is presented.
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AT G Rl 5 R R SEHUE B n iR
), R R omm x nff) SR BER BN B G, TR R
FARLAE B, Lo[0, 00) 37K [0, 00) EHIIT AV 5 nl A In
SR PR EOR L A3 )5 (A R sH B ASE AT 5 581 0T
K, PRALEE A Metzler st B, i SRR BE AJE0 #f 46
T TC R B AR, A = 0(A < 0)FRorHfEAT
BATCEIA ARG AR, A = BRAHIFEA - B
=0,A €A, Au]ERA, A=Ay, A>0(A<
0) A7 RE A RFRIE E (TR R 1455 u(A) R
FEFE A AL AR, Wl p(A) = max{Re X : A € 0(A)},
Hho(A) R AR)E.

2 B R I A 4% %02 (Problem formulation
and preliminaries)
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x(t) = Az(t) + Bw(t),

z(t) = Cx(t) + Dw(t), (1)

x(0) = xo,
Hrp: x(t) € RTpIRE N E, w(t) € RPEATHHIA,
I Hw(t) € Ly [0,00), 2(t) € R* K24, A, B,
C, DJy C e F .

TG, g LANAHIG ) & SR | 2.

EX 12 A e, = 0, w(t) = 0, #Hf7
x(t) = 0, z(t) = 0,Vt > 0, WAL IERL.

513 171 RGN IERG I BELH A
HJiMetzlerki:f, B = 0,C = 0,D = 0.

138 2081 XfFMetzlerfEFEM, N € R™", 4
M = N, Wu(M) > u(N).

g2 30 ghE—AVE Ry > 0, RGN E
HHHAL BRI T (s) = C(sI — A)~'B + D i /&
1T (s)|loo <7, 2 HACHAEAE N FEFEP > 0, {15
AN R REANE kAT

PA+ATP PB C7T
B™P  —~I D" | <o. 2)
C D —~I

SIER 4 Gn R AR X 6 A E R, C = 0,

AMMetzlerffifE, WX C = 0, X AN MetzlerHiFE.

UE - REERE
Z C11 C12 *** Cip
T2 C21 Cag *++ Cap
X - M == . )
T Cn1Cn2 " Cpn
Etpleax27"’axn>07 cij>0a 1<Z7j<nﬁ-

BIHAL, TRA

5 N H %31 %
ZT1€11 T1€C12 - T1Cin
T2C21 X2C22 - -- T2Can
XC = . . . ;
TnCnl TnpCnp2 **° TpCpn

AR, XCH A e R AR AR, BIX C = 0. [F]
PR LIS2I X Ay MetzlerfH R4 UEEE.
TS RS A IR I S TR] DX [ AN 2 R4
x(t) = Az(t) + Bw(t) + Biu(t),
z(t) = Cx(t) + Dyu(t),
y(t) = Ciz(t),
x(0) = xo,
o x(t) € RTOPIRE M E, u(t) € R™AFESIHA,
w(t) € REyFHH A, IF Bl Rw(t) € L,[0, 00),
z(t) e REAZE I, y(t) e RO E MG, A €
[An, An) R AR BT 4 55 B, A, Am, Bi, Ch, Dy,
B, C O A& R
YR LE3) vt s S R s S
e
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u(t) = (K + AK)y(b), )
Horpe KOGl et e, AK € [Kn, Ky itk
et ftsh), HK 5 K30 SRR
i yEtla @ e, BRI RS

{w) = A.(t) + Bw(t),

=(t) = Coa(t), ®

o
A=A+ B KC, + BIAK(C,,
C.=C+ DKC,+ D, AKC,.

ARSI H R Bevt > S i A L s it 42 1)
A4, (M RGES) M IE RS WESE HHAL %R
HT,(s) = Ceo(sI — A.) "B/t

[ Tow () < (6)
Hrpy > 0455¢.
h TR g, AR SO L R
Big1 RBKK, =Ky, HKy = 0.

1 S b BRI X AT R K o,
KM! E-Km j KMa E:X

e RSt ok e GO CIEEY
u(t) = (K + K' + AK — K')y(t) = (F + AF)y(t), (7)
Hi: F = K+ K OAEHISHE SRS, AF = AK — K80
PP R 25 485, HAF € [k, K], Rk, &5 o LUE
TEE T3S (4) 1R 1) UG A A 48 28 (7) 1) ) A
3 FEZ5P (Main results)
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BEEREB,, Dy, fAA/EHIFE By = 0, Bs < 0, Dy = 0, PAs+ ATP PB CF
D3 2 0ff#3B, = By + B3, D; = Dy + D3, T2 A * —I 0 <0, (18)
SCAFE T 2 B * x  —yl
EE1 HeHEy >0, > OFELLINFXE gk, 7535

AN REQ3), A € [An, Ay, B = 0,C = 0,
Cy = 0, W RAFAERE B K RO A REP > 0, Q > 0,
13

—e'P I+cA] PB Cf

* —eQ) 0 0 <0, ®)

* * —~I 0

* * *  —yl
PQ =1, )
[Ady; =0, 1<i#j<n, (10)
[Celij =0, 1 <4, j<n, (11)

Hir:
Ad = AM + Bchl + BQKMC'l + B3Km01,
Cd - C + DIKCI + DQKMC1 + DgKmCh
A = Ay + Bi1KC, + Bo K, Cy + Bs K\ (Ch,
Cf - C + Dchl + DQK Cl + D3KM01,
DAFAE PR FR S S R A (4), A IR R
éﬁ(S)j\JE?\éﬁ\ WA e H AR I8 s 0T, (s)i 2 =X
(6).
ik HA € [An, Am), AK € [K, Ky, Ba =
0,B; 20,D, = 0,D3 <0,C; = OW] 1
Ag = Ac = Ay, 12)
Cq = C. = C. (13)
i 20(10)-(11), AT %05 BE Ay Metzler i B, Cr =0,
R T 155 R AL, Ag i Metzler i FE, C., Cq = 0, Fl
5N, 132 REE(5) N IE RS
Hx0(8)~(9), HAIHSchurkhs |, 47

— e 'P+ (I +eA))e ' P(I +eAy) +

v 'PBBTP +~7'CiCy4 < 0, (14)
&
PAy+ AYP +cAPA; + v 'PBB'P +
7 1CTCy < 0. (15)
HH P A0 A I e R, 432
ATPAy > 0. (16)

Hie > 0, (15)-(16), Z 13

PAy+ AP+~ 'PBB"P +

vy ICTCy < 0. (17)
FRXAIF Schurgh i [ BE, w3

PAq+ ATP PB CF
I * —I 0 < 0. (19)
* *  —l
5, P A, Ag Metzlerki [, B = 0, PRy %}
HIEERE R, 5 4, 51 PA Y5 P Aq3) 0 Metzler H
fe, HPB = 0. M Aq = A, FTAPAy = PA.. {545
A DA3), AT

[PA,+ AP PB CT ]
* I 0 | =
* * =l
[PA,+ AYP PB CT ]
* —I 0 (20)
* *  —yl

T B8 A Metzler M. ATt | #E245
PA,+ ATP PB CT

i * —~I 0 <
* x  —yl
PAy+ AYP PB CT
p x =l 0 |, @1
* *  —l
Pl
PA.+ ATP PB C}
I * —yI 0 <0, (22)
* x  —yl
T
PA.+ ATP PB CT
* —I 0 <0, 23)
* x  —~l

THA 5133, 152 AR R G (5) N A2 IF H AL 3 bR
BT, (s)Wie(6). U
E 2 EBIGH T RARIE R LR HAE R A R
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BT B, WARAE R B) T, FiFEB,, Dy H AT
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it
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P>0,Q >0, it}
—e7'P I+¢cAY PB Cf

I _iQ _?ﬂ_ 8 <0, 4
* * x  —yl
PQ =1, (25)
[A¢],;; = 0, 1 <i#j <, (26)
[Ct].. =0,1<14,j<n, 27

Aq = Au + B1KC, + B1 K\ (Ch,
Cqy=C+ D, KC, + D, Ky,
A=A, + B KC, + B1K,,(4,
Ci=C+ D,KC, + D,K,,Cj,

S AFAE B A S 28 (1), T PR R
GS)NIE RS Wh e B ILAL 18 R LT, (s) i 2 20
(6).

UE 7E € #f, 4By, = By, B3 =0, Dy = Dy,
Dy = 0, RiaJfIE. ==

E3 XHEEBL<0,D1 20,15 B 20,D; =0,
JMAETE By = 0, D1 < 0, By SUE AR Y 7840 M4, itk
iy

XTI T, W R RG3) T, HFEB,,
C1, Dy 353 0 AHff 5 R B, I HW 2 By € B, Bul,
Cy € [Cn,Cu|, Dy € [Dy, Dy, By = 0, Cy = 0,
Dy, = 0, [AFE AT LAAS 2 R G0 3) s i At s 1t e
B Hoo P — N 78 20 451

M KATE, AR, TRK = K, + Ky, 1
FK, = 0,K, <0, @) LAES N

u(t) = Kiy(t) + Ky(t) + AKy(t), (28)

T2 f
EI2 AWy >0, > OMIEELENE X b
Z:Em%%éﬁ(3)’ /H;EI]A € [AIIUAM]’ Bl S [BIIlaBM]s

Cy € [Cn,Cn), Dy € [Dyy, Dy), By = 0,Cy, = 0,
D, >0,B>0,C*0, M RAEEHEK, =0, K,
=<0, KXW AHEEP > 0, Q > 0, {13

—e'P I +cA] PB Cf

SRR P
* * x  —yl
PQ =1, (30)
(A, = 0,1<i#j<n, 31)
[C].. = 0,1<1i,j<n, (32)

Forp:
Ad = AM+BMK10M+BIHKQCIH+BMKMCM7

Cd — C+DMK10M+DmKQCm+DMKMCM,
Af = A+ B, K, Cy+ By K2 Cy + By K, C,
Cy = C+D, K Cyy,+ D Ky Cy+ Dy K, Cy,

A AAFAEFRIE A H R 9% (28), 1515 FIFR R
GGV IERGF . WhSE HIHAL B R LT, (s)iH 2 3K
(6).

ik HA € [An, Au), AK € [Kn, Ky, By €
[Bw, Bul, C1 € [Cn,Cul, D1 € [Dy, Dy, K =
Ki+K, K ~0,K,=0,B, >=0,C,>=0,D, =
0, 1153

Ag = Ac = Ay, (33)
Cq = C. = C, (34)
R T UEAZRALT B, dhAbE . UEEE.

E 4 EEA I T TR IERZG)H
PERASHT S 15t B M Hoo 7251 (1) — /N 78 20 4 . LA e
A AV SR R, (R AT LUE R HER AL B 1520k
fif g

MRIEHEAN A T, ASCRT LB - 98 (B
X B 2)KERAG S A R K

Bt

HB1 RBAFERL2HBED-G2)H—H 1T
i, ﬁﬂlﬂﬁéﬂjﬁﬁ@ﬁ(ﬂhQ07K10,K20) 1=
0, EXPO, onﬁ%’fﬂ‘ﬂ{ﬁ

B2 FIT(P, Q). iR/ IMe I

min _ {tr(PQ; + P,Q)},

P Q K1 KZ
LR (29)(31)-(32).
WEMER (P, Q, Ky, K,).
SB3 WRAGH-32) HHFEAZEL
PA,+ AP PB CT
* —I 0 <0
* x  —yl
T, Horr:
Ay = Ani+ By K Cyi+ B K5 Co + By KaiCar,s
Cy=C+ Dy K1Cyi+ D K3Coy 4 Dy Ky Ch,

\

WAL Ju(t) = Kiy(t) + Koy(t) + AKy(t),
BB Fi > Ny, Hob N SR Ik K8,

I A5,
IR,

ES EEEUR, B TR > O8RS
R4 (29)-(G2) A AT, FrAEERGL R, nT LR E A
X 1], S HPRRVEIR BT AT e, 277 X ) sp B AR R A R 5
AULQ29)-(32) A FIATHA, WIFEF I IR VES K T 24 AT iRt
Mk
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F e A A o s A 2 (28) TR I A K]
AL, K] DUk SR I A K A 2, B K, 3/
{ELFR K RO, BARSEE TR,

Hit2

$E1 IR AT K, Ky

$®2 WX e Rm>a, I, X4
TCEB NS NIER, A Ky = Ky — X, Ky =
Ky + X, BAFII 1 K, Ko 5 e B2 v 28
(29)-32)H A ATHE.

P|I A LT, WK, + X, Ky — XA
AKWIASR, AK,, + X WAK AR /ME, Ky —
XA K PEA AR, B . 750, FR L E0 2.

6 HURHE T AKKILS, HIX R VE R e
AKIDFRETAE, AR E.

4 BEH A5 E (Numerical simulation)
2 RS ] X (A AN E REE(3), RASHUIT:

[—0.342 1.94 1.45 |
A, =| —01 -387 0 |,
01 0 —291
[—0.158 2.06 1.55 |
Av=| 0142 -373 0 |,
| 02 0 -255
022 0 0 019 0 0
B=| 003 0 |,B,=| 0 018 0 |,
0 0 0.42 0 0 0.17
021 0 0
Bu=| 002 0 |,C=[100],
0 0 023
Cn=[0.9 0 0], Cyy=[1.1 0 0], Dy =1[0 0.5 0],
0.1 0.1
Dy=1[010], Ky= |01], K= |—-0.1
0.1 0.1

FEARBI R, B2 Ho VUi dibry = 0.2, = 0.1. )\
RAEMNSEIENERE, A iMetzler B, (HA,, A
Metzler i [, 1X i W 5 G2 (3% I A7 AN & 0 B >k it
AN B R IE R TR AR IR 4 0.0393, —2.6616,
—3.8157, T LA R A G) A B & A 1. AR His e 212,
FIFIMATLAB LMI T EUAR SR H 45 840 K

[2.0155 0 0
P=| 0 20155 0 |,
0 0 2.0155
[0.4962 0 0 |
Q=| 0 0492 0 |,
0 0 0.4962

3.7406 —63.8913
K, = [0.7670| , K, = | —0.0001 |,
0.1418 —0.0689
PRI, SRS o) 0 2 BN
[ —60.1507
K= 0.7669
0.0729

P (0) = [1 2 3]", IHRARGIAIREIL WK 17r,
IR R PRSI 2077, At n] LUE H,
IR RGEARGEN, EHRGUERE M.

x(1)

K1 PR RGUIRASIE

Fig. 1 State variables of open-loop system

x(t)

t/s
K 2 M RGUIRELE

Fig. 2 State variables of close-loop system

N EE AT EEAZ R GO HME I A A L, B

0.001
FEX = | 0.001 |, 4% B8 S E20) J7 VA IR HEAT 1R AR,
0.001

I SRAT 2 IAACE S35 RN, € B2 Wl AT H, BITLA,
2 3140GEG IR RN K, Ky WAK IS, 1T

—0.414 0.414
MK, = |-0414|, Ky = |0.414|.
—0.414 0.414

5 %58 (Conclusions)
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