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Abstract

This paper studies the stabilization problem for a class of discrete-time linear time-invariant sys-
tems with multiplicative noises. These multiplicative noises are assumed to be present in the state
and control input channels and modeled as independent and identically distributed random processes.
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We develop fundamental conditions of mean-square stabilizability which ensure that an open-loop
unstable system can be stabilized by state feedback in the mean-square sense. By solving the spec-
tral radius of a non-negative matrix, a sufficient and necessary condition which stabilize system is
first presented. And then, the Lagrange multiplier method is used to obtain the sufficient condition
for optimal control stabilizing system, which is determined by three coupled non-standard alge-
braic Riccati equations. In a special case, we conclude that the system with state and control multi-
plicative noises can share a common optimal controller gain with the noise-free system for the state
channel. Finally, numerical simulation illustrates the efficiency of the algorithm.
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Figure 1. The closed-loop system with state and control multiplicative noises

E 1. EEREMEGIREREERNTT RS

KGR BAE I MR .

Bk 21: ARFE, (AB)FHEGE, H A+BF RN,

B 2.2: FMEMESE (@, i=01-,n ML /A LLABEHULRE, I HEATZ R4 0 BAA R,
B

E{w,}=0, E{a)ikla)ikz}:{o-iz’ =k, E{o,oy,]=0. i#].
0, k =k,

Hrho?, i=0,1 n RMHE %,

AR AR, AR IR ISR 7T b (A STHR[4]), R 2.2 B AR e

EX 2.1 WRHERRGQL) 2 TEE N, EAEFEEEREF . WX TAEEVIIRA x, eR",
ﬁiij{kaxk}wo

RSN T AR T AR N PRA ]

1) Gnfa] W F 48 (L) B F e 12

2) NG IR R G (1) A R AR B, AT ELT SRR P B 2 2

RICH R LR R T H  HAAEILT, ERK MRS A

DOI: 10.12677/dsc.2025.144033 329 B 1RG5


https://doi.org/10.12677/dsc.2025.144033

XYEH

X1 = (A+BF ) x, +Bid, +Bd,,
dy = O Y, dy = oy, Y, = FX,,
u, =Fx +id,,

Hei=(1-1)eR", F=diag{F,F}-
FEE RS (QMIMEIRIINIE 2 R, Hrh G ARZKQIIEE, HEERA

|a):

G

Figure 2. The equivalent closed-loop system

B 2. FMHATFRG

Qo>
<

A+_BF | B Gll Gln
= 0 0 0
G= = _ R G, - G,
F, 0O -0 O
F 1 -1 0 G(n+1)1 o G(n+1)n

O]

Gn(n+1)
G

(n+1)(n+1)

KA E 20, Fye,0)i=leyn, B, BREBIALEFR, HATEENE. X
Gy =F (z21-A-BF)"B,i=1n;j=1 - n+1, JH G, =1+F (21 -A-BF) B,k=1-,n,
Gppunyny = F (21 ~A-BF) " B.
NET a0, FIALTIES:
] L -
"Gn"; IIGmlli “Gl(ml) )
G2 ‘ 2 |, Z=diag 0'2,---,0'5,0'2 o
T N B W | ot neei)
2 2 2
L (n+112 ), (n+1)n ][, (n+1)(n+1) 2 |
Je el I

TNIRGE AL SCHR AR RR N T N 2R e B, B S SRR T R R A SR
52 2.1: /R 2.1 AR 2.2 OISR R, X T4 e MPIRES RBHERE F , RE1(1) £ FREm,

%HR%%@@Z%%¥&$?1,%p@ﬂ<L
3. FEHR

3.1 REMFN
AATRE A KRG RE R — RINFE b %A

EHE 3.1 (R 2.1 AR 2.2 BOLIZRAE N, X T4 PR SBFERE F . BLUFBRR 2501 .

1) RE()HITR0E:
2) fFEP>0, 2

DOI: 10.12677/dsc.2025.144033 330

N R GG


https://doi.org/10.12677/dsc.2025.144033

XL

(A+BF)' P(A+BF)+0; (BF) P(BF)+(1+07 )Y o/F'B'PBF - P <0:
3) FEQ>0 M >0, j=L-,n+1, Wil FAMMFERSRLMI)
(A+BF)Q(A+BF) -Q+Y " Ba;B" <0,

ai>o-i2|EiQ|EiT, i=1---,n, an+1>G§FQFT+O'§ r;:lajo 3)

EBA: WHE A,
SEHE 3.2: FEARV 2.1 AB 2.2 BSLII AR, X T-45 € BIRAES IOBAERE F o R RHITTRER,
HHM A

G H(Lrod) 0ot feulf <1 @)

Gg‘ (n+1)(n+1)
HEAY: WP B.
SRHSCHER[19] R 55T H, a7k, A& 31

|F(z1-A-8F)"B z -BPB,
Hlfi(zl —A-BF)'B z -B"PB, (5)
i=1--,n, XA P >0,P>0i#/ Lyapunov 5 2
(A+BF)" P,(A+BF)-P,+F'F =0 (6)
H
(A+BF)' P(A+BF)-P +F'F =0, @
i=1--n. HHL, FRAER(T)IIHEN N
02 G, + (1407 2107 [Gulf = o3BT RB+(1+.07) 1 o7BTRB <. (®)
32. BIFRENR

HIEEE 3.2 AR, W T4 M F , PRIERGE(L) IR E 1k, PRS2 il e 7 14 77 22 70539 )R AH L 2154
BRlt, ZHIEFHEAFRE F R, TEREESEZ . XEglH N R 28 AR F o, DR
KRG R & ? FspE W, Bk ol (i=1---,n) ACHE, 1fio; NI hit, #1355
(L) FRER o WG FHE T %1y

o =sup{as}
FeF

Horbr 7 & BT e IR 2R G5 (1) e IR 7 R IO b 2 M 2 I B 5 IS, M o BUE KA et 4%
i 4 2 PR
Fopt = arg{a*} .

e P R (8) AT 75

. 1-3" 5’B"PB
o” =sup{o; } =sup 2108 P

o 9)
FeF Fer BTRB+Y " o/B'PB

DOI: 10.12677/dsc.2025.144033 331 1R G 5


https://doi.org/10.12677/dsc.2025.144033

XYEH

Rtk obA R %
Bk 3.1: 7:7%0} =0 ,|=j|_,...
ﬁT%’%%?mﬁ%nﬁﬁiﬁwMEEW JUA T 7

(A+BF)'(X7,R)(A+BF) (X7, R)+ X FTF =0. (10)

B4 P=Y" R, diag(F'F)=Y F'F, Jiddiag(-) % n Bo7bestnd 4t oA %
NE. TRITFRQ0)HEE R
(A+BF)" P(A+BF)-P-+diag(F'F)=0. (12)
BtJm, (8)AN(9)=rI 73l fafk
o;B'RB+(1+07)o’B'PB <1 (12)
A
- ~ 1-o?BTPB
o' =spioi|=sup B'P,B+0°B'PB 13)
Horp By, P 392 75 FE(6) FH (1) F 1E JE il o
TE M2 P RGErh (NCSs), 518 25 Sl e UN[9]
1 1
. = 1. 14
C, 2Iog(l+-G§] (14)
BRI 2R G ()2 2 7 T BE Y, 2 HAL Y
o1 o 1+4BTRB )
C,>C, = 5 log LQ;{—l—UZBTPBJ (15)
KRS B H e E0E[19], BATTATAF 240~ e 2.
BB 3.3: i3 C, HYMUEIE B fe /) AT e de PR bl 40 i ] s
1-o?BTPB . e
opt:_(WBTF’OA+GZBTPAJ<In+0'2dlag(A)A l) ) (16)
H¥a>0, P>0, P>0iiE e
(A+BFopt)A<A+BF0pt) ~A+BBT=0 (17)
A
(A+BF0m) Py (A+BFyy )= Py + FoFp =0, (18)
(A+BFopt) P(A+BF,, )-P+diag(F,,F, )=0. (19)

R WM C.
3.1 g R 3.3 ATLLAE B, SRAFH =SS AR EACERR R A2 RE(17) (18)MN(A9) T E 1 F,,

AL AR R, o =0, fpyahl 35 aaiR kol

F=—(1+B'R,B) B'RA,

DOI: 10.12677/dsc.2025.144033 332 B 1RG5


https://doi.org/10.12677/dsc.2025.144033

XL

Forp By > 0 2 i N AR RAR T AR
A'R,A-P,— ATR,B(L+ BTPOB)'1 B'R,A=0. (20)
liding
B'RB=]] |4 -1 (21)
Horf 4, i=1 n 2 MRS A ARUERFEIR . R,  FREE(QL)H05 Al e [ 70 7 b B4R AR
C,>> log|4|.

X5 RO AR RIS R 2 — .
NERIUAR G(L) i) foe /M T8 2 B (Bl KA 8 158 ) S A L ) B L Pl e i o, FRATTRT A& B G B 2 2
SEH 34: RE()HHTEUEMT B EFKMN of <o, I o MRIEF AL LA i

1*=infi2
o oy
AP S|
Q AQ+BY (B-I,B)a
QAT +YTBT Q 0 >0 (22)
- T
a(B~I,B) 0 a
0
a; =
o7 90, icten, (23)
QF" Q
A
0 >0, (24)
YT Q 0

Hy =FQ, a=diag{a, -, a,.a,,}, a=diag{a, - a,}.
HEBA: 32 Schur #M[3], €3 3.1 i AN AL 3)BE T 43 Jilxf RL AN A0 h (22) . (23)F1(24)
3.2 WA, IR FER AR, ATRAR, R TR DR
FE— RO T, AU 45iE.
SEFE 3.5: RFFE A ZXFAE. MARGQ)ZETT AT HER, Hie

C, >Zi":llog|/l,|—%Iog(l—azBTPB) , (25)
H itz hil 23 &3
F=—(1+B'R,B) B'RA,

HH P >0, P>0iiLTFE(20)F1(19).
ER: WM D.
vE3.3: B 3.5 KW, AARESHER Tt M 1) RS SRAMIE T M B RGHH F— A etz

DOI: 10.12677/dsc.2025.144033 333 B 1RG5


https://doi.org/10.12677/dsc.2025.144033

XYEH

WARS, T FLASIE (MR N2t RGN E SRR A B e 7 2 o B
o ARE, MAYCRIRSE SEMSIIAE F DEER R At . AT, REQ)BENA
X1 = (A+BF )X +Br,
U =Fx., n =00, (26)
W = Wy + O + Wy O -

REH 3.6: RG(26) LT ATBUER, 2 HAH AL

C, > Zin:llog|ﬂ,l|—llog (l—a2 (HLMF —1)) . (27
BB s 512 2.1 19 R 50(26) 877 FTHUE 8 26 1F
E(a@”)inf [Gf;, <1 (28)

EE?E((T)Z)ZO'S+02+G§G ) E_IFFI;
4. —ARBIER
NETHY, HBEWT = AR5

Gl =TT Al -1, HENAEs) I 27).

Xy = AX, +Bv,,
Vi = (1+ @ )y, (29)
U =F(l;+0) X%,

Hofrx eRY, WIARE %, =(111)" . E{ed}=07. E{al}=0"l;.
4.1. FEBE A At AR TER
FERXFE BT, ARG

25 0 O 1
A= 0 -125 0|, B=|1].
0 0 2 1

Ry 35, 2o’ =0, AR RGQ)MmMEEHITIEE Fy, - FoL b, IR R
fiE{H I (GEVP) [3], 13 F,, =[-7.3920 0.1066 4.1354]. & F=F,, *E?E%Eﬁ34 XTEERF, &

JeAb BB (1) I 7 R 5 PR LR — A GEVIP. 251 02 32—180,mua - . Ik, f8 £ 5(29)

47.3495

ﬁ%maﬁﬁ%#mg razas o IS TTLUBSL: 2 ol Wb B R E ), } sk
T8 o AT B, KA E (X[ ) KL
WU 23 3.3, PRV SRS SRS P,y o 35 P SCIRTLOT A7 6B 91 2 AR M S0 5 77
7.4405 -9.4697  9.7656 406.5600 7.4631 —298.5231
A=|-9.4697 69.4444 -11.1607|, P,=| 7.4631 0.7894  -4.9207 |,
9.7656 -11.1607 13.0208 —298.5231 -4.9207 222.6746

93136 115 71728
P=| 115 6.2 -81.2 |, Fopt:[—7.3920 0.1066 4.1354], o =
-7172.8 -81.2 5588.2

1
47.3495°

DOI: 10.12677/dsc.2025.144033 334 w1 R G 51


https://doi.org/10.12677/dsc.2025.144033

XL

45 ; : : ‘ - - ‘ 7000

6000 [

5000 [

4000

E{afz}

3000 [

2000

1000

. L I I T 0 T 1 1 I L L
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400

time k time k

Figure 3. The mean-square evolution curve of the states when o2 = Flzl and o? = % , respectively

E3 %o? = M o? —— RIS R e
47.4 47.3
KGRI AER—B, KR RN F 5 o o0k, B, XENE T RZQ) 5 o? =0 MRS A
A LR ) B 6
4.2. JERF A AAEXT ARITER
Bk, RS
3.5104 3.1250 5.0521
A=|-0.8125 -1.2500 -4.0625]|.
-0.3021 -0.6250 0.9896
R 5 — AN AT R R ORAE (o S ISR) 4.1 45 7 TS TSR AT 7 v, 4330t T 45
B4 o’ =0, W
Fo=[-14121 -1.0134 -0.7245].

1
69.1575

%Emfzé%,m%%ﬁf R R A S T 4

.1
545228 °

Foptz[—l.SOOS —-0.9047 —0.6943], o

X ERE I T E AR e e . s b, X S A 3 HAT I
5. &5y

ASCWEIE T BA TR 75 ) RSO [ AL R GERE ) . 1 0 RGEARE MR R IT T, R AR
FEFIERE R AR, B3] T RGURRE M E R BRI TR SRR I A% T H SR,
S T RGEHTTATRUE RIS 5. R, RGO AR, BERAEL BAIRES S
FeMEME I R GE, SIREIE T RGO F — i R a8 . Ha sl 7z bl iR 5%,
B AT DGR A H L GEVP ALASE,  thm] DUR A B BB B e 51 IS AR SIRE BB 0 R4 RS 15
TN RN . ARREGHE T ARG S0 T g o S 1542 ) 1) A

o>

DOI: 10.12677/dsc.2025.144033 335 1R G 5


https://doi.org/10.12677/dsc.2025.144033

XYEH

E&WE

2025 LR N BRI H (95 . 325E0316).

SE

(1]
(2]
(3]
(4]
(5]

(6]

(7]
(8]

(9]

[10]

[11]
[12]
[13]

[14]

[15]
[16]
[17]
(18]

[19]
[20]

Willems, J. and Blankenship, G. (1971) Frequency Domain Stability Criteria for Stochastic Systems. IEEE Transactions
on Automatic Control, 16, 292-299. https://doi.org/10.1109/tac.1971.1099733

Willems, J.L. and Willems, J.C. (1976) Feedback Stabilizability for Stochastic Systems with State and Control Depend-
ent Noise. Automatica, 12, 277-283. https://doi.org/10.1016/0005-1098(76)90029-7

Boyd, S., El Ghaoui, L., Feron, E. and Balakrishnan, V. (1994) Linear Matrix Inequalities in System and Control Theory.
Society for Industrial and Applied Mathematics. https://doi.org/10.1137/1.9781611970777

Jianbo Lu, and Skelton, R.E. (2002) Mean-Square Small Gain Theorem for Stochastic Control: Discrete-Time Case.
IEEE Transactions on Automatic Control, 47, 490-494. https://doi.org/10.1109/9.989147

Zhang, W., Zhang, H. and Chen, B. (2008) Generalized Lyapunov Equation Approach to State-Dependent Stochastic
Stabilization/Detectability Criterion. IEEE Transactions on Automatic Control, 53, 1630-1642.
https://doi.org/10.1109/tac.2008.929368

Zhang, H., Li, L., Xu, J. and Fu, M. (2015) Linear Quadratic Regulation and Stabilization of Discrete-Time Systems
with Delay and Multiplicative Noise. IEEE Transactions on Automatic Control, 60, 2599-2613.
https://doi.org/10.1109/tac.2015.2411911

Liu, G.M., Su, W.Z. and Chen, J. (2012) Optimal Control of Linear Discrete-Time Systems with Multiplicative Noises.
Proceeding of the 31th Chinese Control Conference, Nanchang, 3-5 June 2019, 5948-5953.

Qi, T., Chen, J., Su, W. and Fu, M. (2017) Control under Stochastic Multiplicative Uncertainties: Part I, Fundamental
Conditions of Stabilizability. IEEE Transactions on Automatic Control, 62, 1269-1284.
https://doi.org/10.1109/tac.2016.2585919

Elia, N. (2005) Remote Stabilization over Fading Channels. Systems & Control Letters, 54, 237-249.
https://doi.org/10.1016/j.sysconle.2004.08.009

Sinopoli, B., Schenato, L., Franceschetti, M., Poolla, K., Jordan, M.I. and Sastry, S.S. (2004) Kalman Filtering with
Intermittent Observations. IEEE Transactions on Automatic Control, 49, 1453-1464.
https://doi.org/10.1109/tac.2004.834121

Schenato, L., Sinopoli, B., Franceschetti, M., Poolla, K. and Sastry, S.S. (2007) Foundations of Control and Estimation
over Lossy Networks. Proceedings of the IEEE, 95, 163-187. https://doi.org/10.1109/jproc.2006.887306

Xiao, N., Xie, L. and Qiu, L. (2012) Feedback Stabilization of Discrete-Time Networked Systems over Fading Channels.
|EEE Transactions on Automatic Control, 57, 2176-2189. https://doi.org/10.1109/tac.2012.2183450

Keyou You, and Lihua Xie, (2010) Minimum Data Rate for Mean Square Stabilization of Discrete LTI Systems over
Lossy Channels. IEEE Transactions on Automatic Control, 55, 2373-2378. https://doi.org/10.1109/tac.2010.2054890

Zhang, H.S., Song, X.M. and Shi, L. (2012) Convergence and Mean Square Stability of Suboptimal Estimator for Sys-
tems with Measurement Packet Dropping. IEEE Transactions on Automatic Control, 57, 1248-1253.
https://doi.org/10.1109/tac.2012.2191857

Gupta, V., Hassibi, B. and Murray, R.M. (2007) Optimal LQG Control across Packet-Dropping Links. Systems & Control
Letters, 56, 439-446. https://doi.org/10.1016/j.sysconle.2006.11.003

Braslavsky, J.H., Middleton, R.H. and Freudenberg, J.S. (2007) Feedback Stabilization over Signal-to-Noise Ratio Con-
strained Channels. IEEE Transactions on Automatic Control, 52, 1391-1403. https://doi.org/10.1109/tac.2007.902739

Rojas, A.J. (2009) Signal-to-Noise Ratio Fundamental Limitations in Continuous-Time Linear Output Feedback Control.
IEEE Transactions on Automatic Control, 54, 1902-1907. https://doi.org/10.1109/tac.2009.2022114

Gu, G. (2016) An Equalization Approach to Feedback Stabilization over Fading Channels. IEEE Transactions on Auto-
matic Control, 61, 1869-1881. https://doi.org/10.1109/tac.2016.2571519

Zhou, K., Doyle, J. and Glover, K. (1996) Robust and Optimal Control. Prentice Hall.

Horn, R.A. and Johnson, C.R. (1985) Matrix Analysis. Cambridge University Press.
https://doi.ora/10.1017/cb09780511810817

DOI: 10.12677/dsc.2025.144033 336 B 1RG5


https://doi.org/10.12677/dsc.2025.144033
https://doi.org/10.1109/tac.1971.1099733
https://doi.org/10.1016/0005-1098(76)90029-7
https://doi.org/10.1137/1.9781611970777
https://doi.org/10.1109/9.989147
https://doi.org/10.1109/tac.2008.929368
https://doi.org/10.1109/tac.2015.2411911
https://doi.org/10.1109/tac.2016.2585919
https://doi.org/10.1016/j.sysconle.2004.08.009
https://doi.org/10.1109/tac.2004.834121
https://doi.org/10.1109/jproc.2006.887306
https://doi.org/10.1109/tac.2012.2183450
https://doi.org/10.1109/tac.2010.2054890
https://doi.org/10.1109/tac.2012.2191857
https://doi.org/10.1016/j.sysconle.2006.11.003
https://doi.org/10.1109/tac.2007.902739
https://doi.org/10.1109/tac.2009.2022114
https://doi.org/10.1109/tac.2016.2571519
https://doi.org/10.1017/cbo9780511810817

XL

B 3R
PSR A: R 3.1 H9IERA
RGN FRN
X1 = (A+BF + @y, BF +(1+ @y, ) BF g ) X,.
1) < 2): X b RGuE IS SCRR[3] 55 136~137 P AAE ) BB 2% R AT SRAE B
1) < 3): H 2t LM EEAR A REQ)BrfsE, SHMCEFEQ>0, WEW R LMI
(A+BF)Q(A+BF) -Q+0;BFQF'B +(1+07 )" 0/BFQFB" <0,
2R, ERAEXEE)AEM . IEM B,
Bk B: EIE 3.2 HIIERA

222 5tk p(éz) o HF G ZIAEFHFE, HRHE Perron 5EHH[20] 7] 41, p(éZ)zEééZ 1 B R RARFAIE
o BN GT 5 3G BAMIFIRRAER, HIH i B A R AR =G RS
JTERI, € X

— 2 2
H|:i(z|_A_B|:)’1|3 =M,, i=1--,n, “F(zl—A—BF)’lB =M,
2 2
LI
oM, oM, oM,
Zéz : : : ’
oM, oM, oM,
ot (1+My) o (1+M,) oiM,
HAFHEZ 30y
A-ciM, .- oM, oM,
det(41,,-2G)=
oM, o A=0lM, —oM,
—0'5(1+M0) —0§(1+M0) A-oiM,

T ERAT AN, AT I N YIS SR AL SR A, SRS AR AR R =, e
HE L, 53

A0 . 0 oM,
A A e 0 —-o2M,
Pl : : (30)
0 0 - A -o’M,
0 0 -+ —-A-0 A-0IM,

BNk, RAS 2RI T7 %, 047550 B0)BEAT I R WU AE4T A8 e 158 —AT N BB 47, AT
b —AT, e » WKILSEHE, RS

DOI: 10.12677/dsc.2025.144033 337 1R G 5


https://doi.org/10.12677/dsc.2025.144033

XYEH

A0 -« 0 —o?M,

ﬂ’ : 0 Z|1I
0 0 A lel
0o 0 - —0'0 A— ZIOI

S}z
det(41 -2G )= 2" (2* =A%) oM, ot 2.1 oM, ) -
H(32) AT S, SEFESG A n— L ANBAFAEME, FEARPIANEF S L F 7
=2y oM =ty oiM =0

XHERBIARIAR, B3 GE MK ER, B
S oM, +\/(z M) +40 Y o

es)- :
Bh, WA AT
p(éz) <le ofMy+(1+0g )X o7M, <1

Hi 51 EE 2.1 IR, XEME RS Q)BT RGER, HHNEAER )R, e

Mis C: EIE 3.3 BiERR

ARG R B H R

1+B'PB
1-5°B'PB
+Tr[((A+ BF)' P(A+BF)- P+diag(FTF))A2]

L(P,.P.F,A, A,) = +Tr[((A+ BF)' P, (A+BF)—P, + FTF)Al]

’

Heb A=A =12 REAEBIHIRT . R, 8RS w13
oL 1

. - BB +(A+BF)A,(A+BF) —A, =0,
oP, 1-o°B'PB +(A+BF)A, (A+BF) —A,

2(1+B"P.B
ﬁza(—"z)BBT+(A+BF)A2(A+BF)T—A2:0,
oP (1—azBTPB)

%: BTPOAA1+(1+ BTPOB)FA1+ B'PAA, + BTPBF A, + Fdiag(A,) =0

MFFEO), (11). TETFE LA F W SE, FE TR ER:
diag(F'F)=3" EF'FE,
KB =L n ZRUE T AITTN 1, HRE MR AR 715 (35)H1(36) AT 5%
_o*(1+B'RB)
" 1-0°B"PB

10

(31)

(32)

(33)

(34)

(3%)

(36)

@37)

DOI: 10.12677/dsc.2025.144033 338 1R G 5


https://doi.org/10.12677/dsc.2025.144033

XL

F§ LRGN A=(1-0°BTPB) A, » BT —SREUEH, RAMINHLITE(LT). (18)F(19)
SR BIBA F,, o EWISENE,

Misk D: EIH 3.5 BIiERR

1-5*B"PB

T w33, EX P, =
M 5E HIEE LR, T

P, P=0’P. Hi(16)x1I1%

Fo (1, +0diag(A)A™) =—(B"R,A+B"PA)
1E L3R 77 FE Wi RIS A 9 AFT 15

Fou ARy, +0°F, diag (A) Ry, —BT(E,+5) AAFT .
1B H H, JEE) T T VA [19] ) F1

F,.AF,, =B'PB, F,diag(A)F,, =B"PB.

opt opt Opt opt
BNRA
BTPOB+BTI38:—BT(F_’0+I3)AAFTO (38)
AN T RE(LT) TR
AAAT — A+ AAF, BT +BF, AA" +BB' (1+B'RB)=0. (39)

1675 F2(39) Wi i 43 2 e BT (P, + 5) v RRHEE, RS IEE8) A
BT(R,+P)(AAAT-A-BBT(1+B"RB))(R+P)B=0.
BT AN AR, FitA
AAA"-A=BB'(1+B'R,B) .
IR RO)RPTH FLUE e BT (B + ) (DRI, 5]
Foe =—(1+B'RB)BTATA™,
KB Fy 5 0t A, BRI, 4 0?=0, I
F=—(1+B"RB) BTRA.

o, FIHER 3.3 LKL A5)M QLA E5] (7). IEHEE.

DOI: 10.12677/dsc.2025.144033 339 1R G 5


https://doi.org/10.12677/dsc.2025.144033

	具有状态和控制乘性噪声控制系统的可镇定条件
	摘  要
	关键词
	Conditions of Stabilizability for Control Systems with State and Control Multiplicative Noises 
	Abstract
	Keywords
	1. 引言
	2. 问题描述
	3. 主要结果
	3.1. 稳定性条件
	3.2. 均方稳定性界

	4. 一个示例说明
	4.1. 矩阵A为对角的情形
	4.2. 矩阵A为非对角的情形

	5. 结论
	基金项目
	参考文献
	附  录
	附录A：定理3.1的证明
	附录B：定理3.2的证明
	附录C：定理3.3的证明
	附录D：定理3.5的证明


