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Abstract

In this paper, the geometric stabilization problem of nonlinear stochastic discrete-
time systems is studied. Firstly, the concept of geometric stochastic incremental
QSR dissipativity for nonlinear stochastic discrete-time systems is introduced, and
the expression of the concept of linear matrix inequality (LMI) is given. Secondly,
based on the geometric stochastic incremental QSR dissipativity and the linear static
output feedback controller, the sufficient and necessary conditions for the geometric
mean square incremental stability in probability of the system are proposed. Finally,

the validity of the results is demonstrated by numerical simulation.
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1. 5|5

FEFEH TR, FERCHR B 1) RGEH 7 BT AR B St 7 — D REAHESE [1], ZHEZRE T R
GLRERANCHE, MMM, RS RGHR KBTI I RS 31 RGFERUER BN RS 13D
TIEEAT N — R INZIR, FElEh I RGN RE R R 2 5T RGP HIGRE RS RGN
RO S RER M. Willems (2] [3]E% THERE /1 RGP 200 SCHIT QIVE LSS T R e — i
RSR[50 ) R GUFEHICHS A S SR, AR AR AE M B R, XSS R TS
B ARG E R AN e PR 5 T A A% 1 AR (4], [5]NARERIEREHL AN 71 2R GE ) 20 AN A LT 52
o7 —BHEZR. A2 [6]h, MEE SR T RARLMERENL B BRSO IRIG 23 AR sk PE R 18, R RE i
WY R T ARLAMERENLEBCR S, X TZ RS I EFERUERIB A2 W

TS MR AR Z A W TE N I R G L W, XT38 B AR P OB 7 2 He b i) — AN B 5 1.
FERE AR LR E R GE RO B RGE VERT, BER BN 1 R GE I Fr A PO st Ui sk [7]. Jmeeok, W EAe e A
FREAME RGN A5 e it (8], BREABCUE [958 I IR AT St JR/EE T, — AN ARk RE
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i 5

LSRG R SR LT 07 B R AR E V5 ) LT BE LS B QSRAEHUIE AR R BLE, JFRA SR
R .

A AEL AR R G RITHE T, BN HZ R GRS ST U7 I R E v (104
JUATEEHLI B QSRIEHUMI MR, 45 thJLITRENLIY EQSR FERUMLMUES; b5, Wid it — 2tk
R A A Y S I I 4%, AE3E 2 AF RE R B (45 N, SRR T LATRE LIS EQSRAEHIUI i S
i L S A 1 4% T BE AL B HCR 48 ) LT 38 7 R ARE (9 78 7 A B O

2. IR

R SLHEE, ROBIEFSLHER, ROMR 7055208 TS B AN IE SEHUR, R 9 sk a1 ) &, R
fen x mAESEHRE. N™&m x m4EREIEERFE. || - | ERRILRSTEE. V, e L' RFRES:]
W E: R — R, ZTRIEREEE. Z, RARTEELE. S™MUEm x m eI FRIERE. (Q, F, P)R4
MR E], A QRIRFEA 0], FRRQUN TN o-AEL, PRE XNo-REF LB,

HRELLT AR RN & R 4t

(1

{x(k +1) = f(z(k)) + G(z(k))u(k) + D(x(k))w(k), 2(0) = zo,
y(k) = h(x(k)),

H S FERE € Zy, (k) € D C R, Di— M4, HO € D, u(k) e UC R™, y(k) € Y C
RE 53 ND-18, U, Y-ERIBELEFRE. w(k), k € Z, 8 (Q, F, P)FHId 4E507 [ 4 A BEALILRE, I
Hw(k)2ZFHMHEPK. f: D= R, G: D = R, D: D — R flh: D — R X T8 LRGSR
D, UMY ERIRS(1), 2 L — NN R 220, 4 3 A A 1e 5UEZ . MU-EMY - [HEEHL
AREE R RBESF(), G(-), D(-) Fh()RESEATRE, I Hf() BOE—ATHT A, (515 £(0) =0,
G(0) =0, D(0) = 0 Fh(0) = 0. BEARG(1)IFHAV, : D = R. RJF, & X M MESHETN

AVi(x(k), &(k)) = E[Vi(x(k + 1), 2(k + 1))] = Vi(z(k), 2(k)), 2)

KHE, X HWESE TR —AE R, AW R RGRE I, 1R ke = w(k) 1]
B, ke Zy, v = x(k), & = 2(k). UESETFIREME(k), (k) B30 RER, &k € Z,,
WAV (z(k), 2(k))ZH(2) %4 HRBENALE. KA HEE NI, Mo = o(k), 2 = 2(k) BN
. kbR b, Vi(z(k)) 2R TE(Q,F,P) PITER, TRAV(2(k), 2(k)) = E[Vi(z(k+1), 2(k+
)| Fr] — Vs(x(k), 2(k)), AT RERFE, BATILAE2) HEL.

Willems £ [4] "3 AR 21 85 B3 1 & G AR OB HEAT 7 PRAAMT 7T, o b, JATE i ik R
PR B2 R, IF th b AR LR P BE ML 28 HOR S8 LT FE AL B QSRAE LI E X, /™ 4% JLATREHL
EQSRAEALIE X, Ja &l ™48 J LI RENLIE EQSRAEHUNI 787 ILMIZLAF, LK FENLIE BEQSRAEH S
R LT RIS B QSRAEHUN KA.

5138 [0 T RG(1), BB MELR IV, D — R, 13

V,(0,0) =0,
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EE':‘V;(xafi‘) 2 07 z, T e an x 7é ia %E—

EVy(x(k+1),2(k+1))] = E[Vi(z(k +1))] + E[Va(2(k + 1))], 3)
EVi(f(z) + G(z)u + D(x)w)] = E[Vi(f(z) + D(z)w)] + Pru(z)u + u” Pa(x)u, (4)
BVa(f(2) + G(2)a) + D(2)w] = E[Va(f(2) + D(&)w)] + Pra()i + @ Paa(2)a. ()

FAN, IMBEFEa >0, 8>y >0, C3,C4 € Ry, fHif5

pEV;(x(k +1),2(k +1))] < Vi(z(k), &(k)), (6)
alz—zP<Vi(@2)<plz—2 | (7)
AVy(z,3) < =y |z =2 |, (®)

B[V, (f(2) + D(@)w)lll < Cs | &~ | 9)
B[V, (f(2) + D@w)ll < Ca | &~ 2 |, (10)

MRS (1) MR SO U7 AR e . N RE A T RS (0) M LATBEHLIY SRS L
NS, BN, RAVRBAFAE —DEREC : R — R E15¢(0,0) = 03 Hr(C(y, 9), Ay) > 0, y # 4.
It Hr(Au, Ay)& —MNES A L. AR5, FEMLSEr(Au, Ay): UxY — R ffif5r(0,0) = 0,
Hr(Au(k), Ay(k)) X3 BT 2 2 50 (1) 0% N o 2 R nl FIm). a2 i, T FrA A
it u(-) € U Fly(-) € Y il 2 (1), I HFrA BIA FUEE L > 0, r(,-) W2

r—1

E[Y | r(Au(i), Ay(0) [] = 0,k — 1 > ko, (11)

i=ko

HbAu=u—a,Ay =y —14.

X (AR R GE(1) & B LATRENLIE 2 QSRAGHLM, WAF/E— N EFUE FIERE R BV, (x, &), T
REV(0,0) = 0, F HAFAEMLE 2 (Au, Ay) 15

pEV(x(k +1),2(k + 1))] = Vi(x(k), 2(k)) < pr(Au(k), Ay(k)), (12)

Hrp > 1, r(Au, Ay) = AyTQAy + 2AyT SAu + AuTRAu, Q € S, R € S™, F1S € R>™,
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E X2 AP T RIS EQSRIEMMI ARG (1), FAET (2, 2) > 0, 17
E[V,(z(k +1),2(k + 1))] = Va(2(k), (k) + T(z, &) < Ay"QAy + 2Ay" SAu+ Au" RAu, (13)

AR ZRGE (1) J ks JLTRE LIS AR, HhQ € S, R e S™ 1S € R,
NIHZE H—AND > U x5 8™ 8% LT BE LG S QSRAEHLA 78 70 FILMIZR A

o L @) = L Pia@) — AN (2)S
(5 Pro(z) — 5Pm(gz) — AR (2)9)T —R+ Py (x) + Poy(2)

Hh® = E[Vi(f(2) + D(z)w)] + E[Va(f(2) + D(2)w)] — Vi(2(k)) — Va(@(k)) + T(x, &) — ARTQAM.
SHFHH Rz, 2 € R?, P (x): R* — R>™ Py, (2): R* — N™,

Py, () = E[V,(f(2) + D(x)w)|G(x), Pra(2) = E[V (f(#) + D(2)w)]G(2)

Pou() = LG (@E[V, (f(x) + D()w)|G(x), Poal®) = 3G @EV, ((2) + D@w)C(),

SEH
Pro(2)i+ Pya(d)u =0, (15)

53 AP TR ST BN R QSREEMN A R 56(1), Titep > 1, 648
T:p;anmzp;%«m+p‘Ham. (17)

WFRE LT BEALIE B QSRAEHL .

3. EEHR

BROR, BATRAE S B BEENLARZE R G LR RS S Ry R B R &%, ik, T UL etimh &
i S P 4 Au = K Ay, PR JUATBEHLE B QSRAEHUSE DU T i) LA 25177 19 B AR E 1.

EIE3.1 JE I BT SR AR A R B A, RGE(1) MR RSO LT Uy B B E 1
HACHE R T UARENLIE R QSRAEALN, W2 R — Pay(x) — Poa(2) > 0, Ay < 0. Hrh

Ay = S[R — Py (z) — Poy(2)] 'S — KT Py (2) K — Q, (18)
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Ay = S[R — Py () — Pou(2)]7'ST — KT Py (2) K — Q. (19)

BT A A S S I %
Au= KAy = KAh(z), K = —[R — Py, (z) — Py (2)]7*ST. (20)
MERR: EEVE. (7)M(8) T4

mnum+Duw+Gmmﬂ@+D@w+a@m»4qa@s—ﬂm—fWS—guam

(21)
BT
E[V,(f(z) + D(z)w + G(z)u, f(&) + D(&)w + G(#)a)] — (1 — %m(x, #) <0. (22)
/7‘/\%:7):1—%, Hrho < n <1 I
EVi(f(z) + D(z)w + G(x)u, f(2) + D(2)w + G(2)0)] — nVi(z,2) <0, (23)
An >0, T2
E[V,(f(z) + D(z)w + G(z)u, f(&) + D(&)w + G(@)a)] — nVi(z, &) < 0. (24)
ﬁqj%:;]:l#,0<€<p—l, uAlIEIEE?

EV.(f(z) + D(z)w + G(z)u, f(&) + D(i)w + G(2)i)] — nVi(w, &) < —EVS@, #)<0.  (25)

BTV, e L', 0 c Ry, A

EVi(f(z) + D(z)w + G(z)u, f(&) + D(&)w + G(z)0)]
AV, 2) + 2 (Prae) — Pual®))(Pha(a) — Pa(@))” <0, (26)
ey

EVi(f(z)+ D(z)w + G(z)u, f(&) + D(2)w + G(&)0)]

—nVi(z,2) < *%(Pm(x) — Pra(2))(Pru(z) — Pra(2))". (27)

DOI: 10.12677/pm.2024.145194 382 i H2s


https://doi.org/10.12677/pm.2024.145194

i 5

AR (26) IS T, RATH
ElV,(f(z) + D(@)w + G(2)u, f(#) + D(#)w + G(2)@)]
V(e 8) + G (Pu(e) = Pa() (P(e) — Pa(@)”
=EV,(f(z) + D(@)w + G(2)u, f(#) + D(#)w + G(2)i)]
V() + Sr{(Pru(e)  Pa(@)(Prale) — Pia(@)")
< - SVied) + JEV, (@) + D)) Gio)
— E[V,(f(2) + D(@)w)IG(@))(E[V, (f(z) + D(z)w)G(x) — E[V,(f(2) + D(&)w)]G(2)")]
<- ;v< ) + Ztr[(E[V;<f<x> + D(@)w)|G(@)(EV, (f(z) + D(@)w)]G(x))"
— (ElV,(f(@) + D(@)w)|G(@)) (BV, (f(&) + D(@)w)|G(2)")
— (BIV,(f(&) + D(@)w)|G(@))(ELV, (f(z) + D(@)w)]G(x))"
+ (BIV, (f(&) + D(@)w)|G(2))(E[V, (f(2) + D(#)w)]G(2)")]
<- ;v< ) + g[mG(x)GT(:c))(E[v;<f<x> + D(@)w)| BV, (f(x) + D(x)w)]")
— tr(G(2)GT (@) (E[V, (f(2) + D(@)w)E[V, (f(2) + D(@)w)]")
— tr(G(&)G" (2))(E[V, (f(#) + D(&)w)]E[V, (f() + D()w)]")
+ tr(G(@)GT (2)(E[V, (f(2) + D(@)w)| BV, (f(#) + D(@)w)]")], (28)

X, S (G(z)TG(x)) > 0, Bk, 27EG € Ry, iif3tr(G(2)GT (2)) < G, tr(G(z)GT(2)) < G,
tr(G(2)GT () < G. HIIFAR, L (7), (10)F(11), FAIEE

= SV(e.8) + {OUBWV, (@) + D))l BV, (£(2) + Dla)e)])
— 2BV, (f(z) + D(x)w)| E[V, (f(2) + D(2)w)]T)
+ (E[V, (f(2) + D(&)w)]E[V, (f(£) + D(@)w)]")]

15 . 0 . . .
<- P |z —a|? +ZG(C§ |z =& -2C3Cy |z -2 || +CF [ = — 2 |1?). (29)
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AR (29)£IEIER, W

o Y603 20,00+ ) <0, (30)
ST
doe
0<l< ——m——. 31
~ pG(Cs — Cy)? (3D

Rlbk, F77E0 € Ry, fE43(26)F1(27) 2 ATAT . R Be(7)F0(8) s & 7™ 4% B JL AT BE LI B QSRAEHL, I
HT = 22V (2, 2). X TR — Pyy(x) — Poa(®) > 0, (14)&FTH), HHH

EWVi(f(2) + D(z)w)] + E[Va(f(2) + D(2)w)] = Vi(z) = Va(2) + T

~[h() ~ h@)TQIA) ~ h(@)] + (5 Pu(@) — 5 Pould) — KT(@)S + KT (@)S)[R ~ Pau(r) — Poa(d)]”
X (5 Prale) = 3 Prud) — W (2)S + BT(2))" < 0, (32)
B

EVi(f(z) + D(z)w)] + B[Va(f(#) + D(2)w)] — Vi(z) = Va(@) + T — [h" (2)Qn(z) — " (x)Qh(%)

—hT(2)Qh(z) + hT(2) QT (2)]

HGP(@) = 5 Pau(@) — KX(@)S + KT (@)S)(R ~ Pau(z) — Poa(d)]”
X (5 Pru(x) — 5 Pou(@) — W()S + h(2)8)T <0, (33)

e 35 JRIF T 19

EVi(f(z) + D(x)w)] + E[Va(f(2) + D(2)w)] — Vi(z) = Va(&) + T — h" (2)Qh(x) + 21" (x)Qh(%)

T (@QA(E) + ()[R Poule) — Poa(@)] Py (@) — {Pu(@)[R ~ Pou(a) — Poa(®)] ' Ph(2)

4
5P R Pou(e) — Pa(®)] S ™h(x) + 5 Puu(@)[R — Pau(z) — Poa()] ST h(a)
T PLa(@®)[R ~ Pau(x) — Poa()] P (@) 4 § Pral@)[R — Pau(a) — Poal®)] " Pl (4)
5 Pal®)R ~ Pou(a) — Poa(d)] " §™h(e) 2 Pual@)[R — Pou() — Poa(@)] S Th(2)
ST @)SIR ~ Poule) — Poal@)] Pl () + Sh™(@)SIR ~ Poule) — Paa(@)] Py (2)
1T (@)SIR — Pou(@) — Poa(@)] " STh(z) — K¥(2) SR — Pau(x) — Poa(@)] S h(2)
AT @SR ~ Poule) — Poa(@)] Pl (@) = SHT@)SIR ~ Pou(a) — Poa(d)] ' Ph(2)
—hY(2)S[R — Py (x) — Pou(2)] 7 STh(z) + AT (2)S[R — Pyy(x) — Poa(2)] 1S h(2) <0, (34)
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RAGLIES;

EVi(f(z) + D(a)w)) + EWVa(f(@) + D(@)w)] = Vi(@) = Va(@) + T — K () Qh(w) + 2h" (2) Qh(2)
T (@)QIE) + 3 Pra @R — Pau(@) — Poa(@)] " PE(w) = 5 Pa(e)[R = Pu(e) = Poa(@)] ™ Py ()
" (@)S[R ~ Pou(w) = Paa(@)] " PL(2) + K" (2)S[R — Pou(e) — Poa(@)] ' Pl (a)

41 Pra(@)[R — Pou(e) — Paa()] " PE(E) + W (@)SIR = Pou(e) — Poa()] " P ()
BT @)SIR ~ Pau(w) = Poa(®)] P (8) + W7 (@)S[R ~ Pau(e) — Poa(@)) ' S™h(a)

20T (2)S[R ~ Pou(w) = Poa(®)] " STh(#) + BT (@)S[R — Poula) = Poa(@)]'STh(2) <0. (35)
H(3), (4) M(5), WRT = (1 — n) = £2V,(x, 2), #4

— Py (2)u — u" Py (2)u — Pra(2)0 — 0" Pog(2)0 — Z[Plu(m) — Pa(2)][Pru(z) — Pra(2)])"

<h7T(2)Qh(z) — 20T (2)Qh (&) + KT (2)Qh(z) — %Plu(:v) [R — Py, (x) — Pau(2)) ' PL(2)

+%P1u(x)[R — Py () — Pou(2)] ' PL(2) + AT (2)S[R — Poy(x) — Paoa(2)] ' PL ()

—h"(2)S[R — Pau(x) — Paa(2)] 7 P, (2) — ipla(f) [R — Pay () — Pou(2)] ' Py (2)
—h"(2)S[R — Pou(2) — Poa(2)] 7' Pl () + h (2)S[R — Pau (@) — Paa(@)] " Piy(%)
—hT(2)S[R — Pyy(x) — Paa(2)] ' STh(x) + 2" (2)S[R — Pau(z) — Pou(2)] ST h(Z)

—hT(2)S[R — Pyy(x) — Poa(2)] 1 STh(2), (36)
FIAR — Poy(x) — Paa(d) = £ > 0, 02k H (26), IF BT NERLHERE, A

—Pro(2)u — u Py (z)u — Pro(2) — 07 Pog(2)0

—1[R = Pou(a) = Pra()] " Pu@)PL () + 3R = Poule) = Poal@)] ™ Prae) P ()

LR~ Paule) ~ Poo(®)]” Pra(#) P (2)

<hT (2)Qh(r) — WT ()Qh(E) + W™ (F)Qh(E) — | Prul@)[R — Pau(r) — Paa(@)] Pl (a)
1

+5P1u(@)[R = Pau(2) — P (#)] 7 P (2) + h (2) S[R — Pau(x) — Paa(2)] ' Pf,(x)
—h"(2)S[R — Pyu(x) — Pou(#)] " Pl () — ipm(i‘)[R — Py (z) — Poa(2)) ' Pl (2)
—hT(2)S[R — Poy(z) — Pou(2)] ' PL(2) + hT(2)S[R — Pou(x) — Paa()] ' PL (2)
—hT(2)S[R — Pay(x) — Pou(2)] 7 STh(z) + 20T (2)S[R — Pau(x) — Paq(2)] ' STh(z)
—h"(&)S[R — Pyu(x) — Pou()] 7' STh(%). (37)
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N HTAu= KAh(z), 3
— Pry(2)Kh(z) — KT (2) KT Py (2) Kh(x) — Pra(2)Kh(2) — hT(2) K" Py (2) Kh(2)
<h"(2)Qh(z) — 2h™ (x)Qh(2) + h" (2)Qh(&) + h" ()S[R — Pay(x) — Paa(&)] ' P, (z)
—h"(2)S[R — Pyu(x) — Paa(2)] ' Pl (x) — h' (2)S[R — Pou(x) — Paa(2)] ' Pl (2)
+hT(2)S[R — Pay(z) — Pog(2)] 7 PL(2) — hT (2)S[R — Py (x) — Pou(2)] 7 STh(2)
+2hT () S[R — Pou(z) — Pou(2)]71STh(2) — KT (2)S[R — Pou(z) — Poa(2)] 7 1STh(2), (38)
el AT
W' (2)[Q — S[R — Pau(z) — Poa(d)]7'S™ + K" Py () K|h(z)
+hT(2)[Q — S[R — Pyu(z) — Pyu(a)] 1S
+ KT Py (2)KIh(2) + T (2)[KT + S[R — Pau(z) — Pog(2)] | Pru(2)
+hT(2)[KT 4 S[R — Py (x) — Paoa(2)] " Pra(®)
+2h" (2)[-Q + S[R — Pay(z) — Pou(2)]7'STIAT(2) — h"(2)S[R — Pou(z) — Paq(2)] ' Pl ()
—hT(CC)S[R - PZu(x) - P2a(‘i.)]7lplj1;(§7) Z 07 (39)
IR — Py () — Paa(2) = $1(39), BATH

—Al = Q — S[R — Pgu(.’L’) — ng(i’)]_lsT 4 KTPQM(x)K, (40)

7A2 = Q — S[R — Pgu(x) — PQﬁ(.’i’)]_lsT + KTPQﬁ({lA?)K (41)
Xﬂ‘%:R - P2u(x) - PZﬁ(i') = I’ K = _[R - P2u('r) - PQﬁ(‘%)]ilsTa %Egﬂ%ﬁ(lf)), (39)?}"“3%

)

—hT(2)Ah(z) — BT () Ash(2) + 21T (2)[~Q + S[R — Pay(2) — Poa(2)]'STIA(E) > 0,  (42)

HE— 5 Hh
— BT (2)Arh(z) — KT (&) Ash()
+2h"(2)[~Q + S[R — Py () — Pou(2)] 71 ST — KT Py, (x)K]h() > 0, (43)
ST

— WP (@) Arh(z) — KT (2)Ash(2) + KT (2)[-Q + S[R — Pau(x) — Pou(2)]71ST — KT Py, (2) K)h(2)
+ 1T (2)[~Q + S[R — Pau(x) — Pog(2)] 718" — K* Py (2) K|(2) > 0, (44)
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R (16), T
— hT(2)Ah(x) — KT (2)Axh(2) + hT (2) AL h(2) + hT (2) Agh(2)
= — 1T (x)Ar[h(x) — W(@)] + [T (2) — BT (2)] Agh(E)
=~ ['(2)A; — b1 (2)As][h(z) — h(2)]
= — [RT(@)A — WY () Ay + AT (@) Ay — BT (&) Ag][h(x) — h(2)]
= —[[p"(z) — KT (2)]A; + 2T (2)[KT Py (2) K — KT Py (2) K])Ah(x)

= — ALY (2) A AR(x) + WY (2) KT Pog (&) Kh(i) > 0, (45)

A, <0. (46)

KL, TR — Py (x) — Pou(2) > 0, Ay <0, RG5(1) 7 LIFTEEHLIE EQSRIGHUN.
FRorE: BBERLG (1) R LATRENLIE B QSRIEHN), M T = L2V, (2, 2), RIGFAEMG
r(Au(k), Ay(k)) = AyTQAy + 2Ay" SAu + Au" RAw, {113

pE[V.(f(z) + G(x)u + D(z)w, f(£) + G(2)i + D(2)w] — Vi(z, &) < pr(Au(k), Ay(k)),  (47)

48

"T

ElV,(f(z) + G(z)u+ D(z)w, (&) + G(&)t + D(2)w] — ;VS(% &) <r(Au(k),Ay(k)),  (48)
BFAu = KAy, il
r(KAy, Ay) = AyTQAy + 2Ay" SKAy + Ay" KT RK Ay. (49)

T4 R (Au(k), Ay (k))& skm, dEm

ddfr =2AyQ +4SKAy + 2K"RK Ay = 2Ay(Q + 2SK + KT RK), (50)
(0

HHK = —[R — Pou(x) — Poa(2)]7'ST, HE

Q+2SK + K"RK
=Q — 25[R — Py, (z) — Pou(2)] 15T
+S[R — Poy(x) — Pog(2)] 7' R[R — Poy(x) — Py (2)]71ST
=Q — 25[R — Pyu(x) — Poa(2)] ' [R = Pau(z) — Poa(8)][R — Pau(z) — Paa(2)]7'S”
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+S[R — Poo(2) — Poa(#)] " R[R — Pau(z) — Pog(2)] 15T

=Q — S[R — Py () — Pou(2)] 75T

+S[R — Pay(2) = Poa(#)] 7 [Pau(@) + Poa(2)][R — Pau(2) — Poa(2)] 7' ST
=Q — S[R — Py (x) — Pou(2)] 7' ST + KT [Pau() + Poua(@)| K

=— A+ KT Py (3)K, (51)

H(51), (50) T4k &

—— =2Ay[-A, + KTP,,(2)K 52

dAy 2 ?J[ 1 2u($) ], ( )
HTA, <o, #marE

Lzr =2[-A, + KT Py (2)K] > 53

dAy? 2[ 1 2a(T) K] > 0, (53)

HIBLE 2R R B (A, Ay)H /ME. T2, Jdi12

dr

iy = 20y[~A; + KT Py (#)K] = 0, (54)

M HAH
Ay =0, (55)

NGRS
r(KAy, Ay) = Ay"QAy + 2Ay" SKAy + Ay" KTRK Ay = 0, (56)

W2
minr(Au, Ay) = 0, (57)

B (47) 115

EV,(f(z)+G(z)ut+D(z)w, f(2)+G(2)u+D(Z)w] - Vi(z, ) < (;—1)‘/;(33,56) < (;—l)allm—i‘llz,
(58)
JHit (58)F1(8), ME — = (% — Vo, IXF(AT) 2500, Rk, S EA MR SO LA 751
Bfaet, IFHHA, < OB LR g 78 1.
VE: B BT R A I R R B A = KAR, IERTERENLAIS RS (1) MR E X FJL
R[5 5 8w A 1 2 HA 2 e 2 T LT BE LIS S QSRAEHLI, W /2R — Py (x) — Pog(2) > 0, Ay <0.
B, ATER 7 & BE3. 15407
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4. BUERRIU

FEARTFTH, FA TR BB — A7 IR U WY 48 F P2 4% (06 Rk, 25 58 T Tl A AR R M BE AL S Hsh &
/\é}[‘:

21(k+1) =21 (k)w(k), z1(0) = 210,k € Z7,

ok +1) = %xf(k) + u(k), 22(0) = 220,

y(k) = 221(k), (59)

Hwk),k > 0, £¥MERZF, b2 NI E BN ER)T I, Tz = (2,27, 2 =
(1,457, fz) = [0,527]", f(2) = [0, 323]", G(z) = [0,1]",G(2) = [0,1]", h(z) = 227, h(%) = 231,
D(z) = [21,0]7, D(2) = [£1,0]7, & EHREREV,(z) = 21 + 823, Vi(2) = 2 + 822, Vi(z, %) =
x1+8x3+a1 4823 H(15)MI(16), BB Pry(x) = 0, P (&) = 0, Pay(x) = 0, Pag (&) = 0, IR 2L, A1
BEQ=3,R=1HMS =1 T, RIMEHBAEFRREr(Au, Ay) = 3AyAyT +2AyT Au+AuAuT.
MK = —[R — Py () — Paa] 'S8T = —1.

ibuRA IR
Au = KAy = —(227 — 237), (60)
r(Au, Ay) = 3(22% — 22%)% — 2(222 — 232)% + (222 — 232)?
X

3
2(22% — 227)2
8(x3 —23)* > 0. (61)

BB, REL <y <ao < V2,1 <31 < 3y < V2, MIfiad < af < 227 <223, 23 < @) <287 <
223, &, *FV,(0,0) =0, Vi(z, &) > 0, 7 Ha # 2, A1

AV(z,2) = E[Vi(f(z) + G(z)u + D(z)w, f(£) + G(2)a + D(2)w] — Vi(z, 1)

[Vi(f(2) + G(z)u + D(z)w, f(2) + G(2)i + D(2)w] — Vi(z) — Vi(2)

[(wr1)* + 227] + E[(wid1)* + 227 — 2] — 27 — 8(x3 + £2)

= (30* + 1)(af +27) — 8(x2 + 22

< (60 + 2)(22 + 22) — 8(a2 + #2) < r(Au, Ay) = 8(2? — 12)2. (62)

& &

H(62), 60 — 6 <0, o* < 1. XtfFH T o FIHEE .

o] + x5+ 27 + 25 <V (x, &) =] + 83 + 21 + 835 <223 + 873 + 237 + 835 <8(aF + 25 + &7 + 33).
(63)

Wt dia =1, g =8, WM | (7) AL
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Wot =4 <1, T

AVi(z,2) = E[V(f(2) + G(z)u + D(z)w, f(%) + G(2)i + D(2)w] — Vi(z, %)

= (60* — 6)(23 + 22)

= _4<$§ + 23)

= —2(x3 + 23) — 2(23 + 3

< =22 + 2%) — 2(23 + 23

= —2(z} + 22 + 23 + 23). (64)

:1— 3

Bty = 2 < 8, W), BRI, AR 2k 2 5 (50) i M % 2 L BB LT3 7 ik Aa e 9F
Fo1-3-

BRI H ARV, (2) = dat + 162,, f(2) + D(2)w = (w1, 321)7, V, (f(2) + D(2)w) = dw’a? +
8a3, HEMIHA 143 1

’

E[V,(f(z) + D(z)w)] = 823 < Csxy < Cs4/27 + 2. (65)
H(65), BATHCs > 8y, BLCs = 8v/2. HakZ Ui (10) 5oL, CuRFE, HCs #£ Cy.
Bk, BAWHE (1) R B RSL. *HF
AVy(z,2) + T(z,%) — ART QAR
9 3 3. . R
:Z(a:‘i +27) — Z(:1:‘1* + 8x2) — Z(:1:‘1* + 8&2) — 3(222 — 212)?

:g(x;* + &) — 6(a3 + 23) — 3(227 — 227)°
<3(a5 + 23) — 6(x5 + 23) — 3(2x] — 237)
< —3(x3 +23) — 3(227 — 227)?

< —3(2x7 —237)?

<0, (66)
AW'S = 227 — 232, (68)

A =S[R — Py, () — Pog(2)] 'S8T — KT Py (2)K — Q
=2 <0, (69)
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T 75

EVA(f(2) + D(@)w)] + EVa(£(3) + D(@)w)] — V() — Va(®) + T — [b(er) — h(@)]" (2)QLh(z) — h(2)]
HGPu(@) = 3 Puu(@) — KE(@)S + KT (@)S)R ~ Pu(z) — Poa(d)]”
X(5 Pru(a) — 5 Pou(@) — W7()S + hT(2)8)"
< —3(22] — 227)% + (227 — 227)°
< — (222 — 22?)?

<0. (70)

BATIAUE 7 25 AF(14) % T8 B3RO, Rt RS € BE3.1, ARLRMEFENL B R S (59) e R = R
JUT )7 R A2 . B R E VAL = 1.0, 210 = 0.8, 299 = —1.0, &30 = —0.8. & 178 T {EL
PEF S RIS AT, FIIR RS (G PRES. Ak, B 1 20 0H 2 1 i A5 4 H S i g 1) 2% A 1]
DU PR R 45 (59) Fa s, I LI B 1 BT B (4t 1) A28 22 bR B A 1k

ko %00
(k)
— )
05f 1
~.
A
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Figure 1. Trajectories of the state z1(k), z2(k), Z1(k), Z2(k)

1. RSz (k), za(k), 21 (k), 2 (k) FIELL
ZR BRIk, 8 HOUE AL IRA ISR T BT 45 it e R BRI AR 25 FE s H ) T AT, I BT 2 it

A S U A T DA R G (59) ik BUME AR U U R AR E . RN IRAE 1 (7), (8)MA
L (10)0 F R GE(59) AL, B I8 B AR R L AR R AN S5 NI IE 1 R GE(59) B9 LT BENLEE B QSRAE

Bt
5. #5118

ARSI %O R WE FEAR LA BE ML 28 TR S8 O A i ST I LT 07 S A e I TR 55 1. 5%,
A BT 2 PR S o S R s, SR IT T AR MERE MBS BOR SE ) LA 25 7 1 B A e 1 i) AL
PG T ARNE R At BBt ) A SC B AR LRV BE AL B R GE i LT 0 AR MR AT 2 R B L
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T BENLIE EQSRAEHIE. f&/a, M HUE T HIRIE V%5 ik HA Rk, AR SRKIWE T m] L% F& 5T
FIAR A 1R HE) ™ BIR ML S HBENL R G, T TOL RGN B R, TR w78 07 9.
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