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Abstract

Abstract: As for a class of networked control systems which have the bilateral random delay of sensor-to-
controller and controller-to-actuator, the networked control systems were modeled as discrete-time jump
systems with uncertain parameters by firstly partitioning the maximum possible delay value into a
plurality of equal intervals, and then describing it as a stochastic process of a finite state Markov chain
according to the jump characteristics of the delay in each interval. Considering the condition that the
elements of the transition probability matrix of the Markov chain were partly unknown, the time-varying
controller meeting the requirement of system stability was designed based on the theory of Lyapunov
stability and stochastic process. Lastly, the simulation examples illustrate the effectiveness of the
proposed method.
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Abstract: As for a class of networked control systems which have the bilateral random delay of sensor-to-
controller and controller-to-actuator, the networked control systems were modeled as discrete-time jump
systems with uncertain parameters by firstly partitioning the maximum possible delay value into a plurality
of equal intervals, and then describing it as a stochastic process of a finite state Markov chain according
to the jump characteristics of the delay in each interval. Considering the condition that the elements of the
transition probability matrix of the Markov chain were partly unknown, the time-varying controller
meeting the requirement of system stability was designed based on the theory of Lyapunov stability and

stochastic process. Lastly, the simulation examples illustrate the effectiveness of the proposed method.
Keywords: networked control systems; random delay; stochastic stability; time-varying controller;
transition probability matrix

3= LIRS L AT A8 AR AR 55 21T ok 58
BT AT i 11 WY 45 4 il &R 48 (NCSs, Networked
control systems) i 2 1177 2 o AR A% 45 1 06
RASHIRSE, W20 R G A Rets LI 15 B
PRI AR TR Y Yy, Hom

BV SEHURT 2% SR AT A R, LUK H 2
7%~ A DA BT R O 5, A M

ek H 391 2016-01-12 BRI HY: 2016-03-27; .

LT HK HRRIEEEE(61104027); JEH) R RS R

f B Are X0 S04 (1982, 55, WHEEIL, 1k E 2 i T30 13 M S B AE S 0 05, {5 Bk
e, PRI, WFSET 0k PRI R ge . T X N ) ) L N )
W(1972), Lo, WHERI, WL, #62, WS, R AR AN o I )RR 2 T PR AR, e R g s
J7 1k M sl R G, TR, B2 RGN VLS i \ ™
S o AT HIR G AT 5 BTk R A o 19 7 A B A A

http: // www.china-simulation.com

« 654«

Published by Journal of System Simulation, 2018



Journal of System Simulation, Vol. 30 [2018], Iss. 2, Art. 35

5530 55 2
2018 4F2 H

i W2, B A A i e R b AN T S A 1K) A7 AR I
G, iy B2 BAAE PMCE A AR R RS
Ko, o ol P 2 A1 B AR A AR R SR ) S, %A
BN A S BN o BE LN ST R A7 70K 23 5
EHRGEITEE, HEBIR R MR e,
WG B H A 8% 428 1 3R G 40 BT R v 2% R i
Az —.

BERE ) 2 BEHLIN ZE,  SCHR[31AK FH B e 22 o 2
(R TV BEATLINS G5 Ak 5 0 I A, AR e sk e v+
i8S AR ITVE N I TN RE, S FRICRSEN)
PERE . STHR[4-71RF 190 24 it AL IR S % 460 Sy AN 1)
{HIH RV TSR G SHL, AL T ZHAT
T ME R M T R G, IR AR R AN
A(LMI, Linear Matrix Inequality)X} 2 ZtiEAT 70 #T
HIBL T, I T7 V200 I SE 482 N 3181 BT g 1 B
YO NRFE RS, BN T RGBT IIR S

SCHR [ 844 2 Tl 2 S AT b i [ A T I 42 R
PR Z M3 IR T VEAR R [ IS A, T AN 5 R AT B
S T 4% B At 0 T (1) BEATLAC IS A 1) 3, -4 A
Markov FEMIBENLILRE, JfK Lyapunov-Krasovskii
TIES T RG R BENLI T FR R E M 78 4%
o SCHR[9-10]/E ZHE 1 25 il & 2 AT 25 Y [ 0 30
(R BEATLIN SE (R I LT 5 25 8 1 A B 21428 Tl 4 S it
LT (%) P20 Bt LI S AR 25 A ), s FL A IR D
/& Markov FEMBEALIEFE, b SCHR91AE ST T B ik
I B AR et R 58, R Ze b A SRS H T &
Gl AR N BEBLESRE (1 78 73 2541, T SCHR[ 101257
T EHYI RS, SR ] AL R B 10 A )4 5
GeHR, S EEMREREAESS T RGN A Y
BEALIS T5 Fa AR 1K 78 70 45 o STHRIIT IR AL T W
A3 ST A T B2 I 28 R I 4 B T4 1R
AREHLIN ZER) Markov BERENLERE, AL 7240
AR R OEC A Bk AR R g B AL, JF A
Lyapunov-Razumikhin J5¥2:45 tH T #6255 T — 410
LM A S N RGEARE VN A2 4, H2
RN R B A SR SR 2 245 R st B n—
SE MR LA B3I T Markov BEFE % MR 40

HUSCA, A5 X)X BEATLINS SE Fr) ) 2647 1 3R SR PERT 9T

Vol. 30 No. 2
Feb., 2018

WA 0 260 P IS S 5 P 1T R T RIE ST KD, SR T A S B 1)
WAERIS T, EZBENLR, H2iuR L
Markov 4 5% 1% ff 2 5 B 25 4 ik FC Bk AR AR 1 2 L
BN, o T EAR SR R AR SR
B SAT T BERE IRTTF A TC 3R O AN R RS ML A
B, BB AEES 7 U R AR A5 T AT RGE
HBE v B AT IS IR 5 S o R T SCHR 1214 th 1)
Markov BEAE 78 G 10 R A % M2 350 70 R %0 I 1)
BUE R, SCER[13]145 7 BA #0250k i
FE M 2350 70 R G0 IR W 2 P8 ) R G HoodR S S 4%
TS I BTt 7, AHEOR TS B R 2 15 i R 48 (1)
ALY IN AT A S o SCRRT1410T 5 1 0 U ] 7y
Markov BEAE 28 GE 7E # 73 A S e % M2 I (R i 2
B LB OB R I R, g5 TR R RE AL
FeE 45T« SCHBR[ 15175 18 T A6 T AN M 28 42 ) R ¢
I GE & A2 B, 25403 2 Bernoulli 73 A HL7E4%
BRI R A SAT T, BE9T T B HUR G800 2
Markov HEBENLEEAZRF 1 1K) Hoofi 1 7] 8

X XL AE )8, SCER[16]7ER ] PI it
F1R 42 ) 5% 2 AT 38 A1 J A4 A1 SRy AT I T 38K 1) K ks
Joi s AETSE VBT I S 2 N0 E I A SC I PT 45
HESSHOH L RYVTRERE, RJEHAT IR
s A1 R BT 25 1R BEAS W 28 I S R M AH
X R B R as R . kT VRIE T A
PR v T AR, TR SRS b R T AR S 4 o
AN T 2 B PAT 2% 002 AR BE LN SE 2R S8 (1) I
SEAMEE i) 8

BRI RE, h T FRACRGE vt R~y M,
(i) 1,2 8 2R 9 020 300 T A i P S (1) BT
WCEET-LA B o0, AT T HAT DX R A LA BE AL
I S P 00 5% 45 ) 28 G A s P I o WA s 21042 ol
P TR B Pt T IS S D K 478 o) 8 B HRAT 2 (1) T ) T8
TN SEVEATHZ X )R 3, I &5 TN A 1R B AR R
HEST T T Markov BEBEALEFR (1) S HA € P =g
HACIS TA) R AR R G ABE AR, [ IS JHL e % MR R o o 8
SICEARFIIZAE TR, A% Lyapunov Ase Mg 2
Markov BENLEKAZELE, 25 T — RAN AR B

http: // www.china-simulation.com

* 655

https://dc-china-simulation.researchcommons.org/journal/vol30/iss2/35
DOI: 10.16182/j.issn1004731x.joss.201802035



Liu et al.: Modeling and Control of Networked Control Systems with Partitione

%530 B3 2
2018 4F 2 H

I ) 42 ) e 1 2, RS SCRIR[ 16142 H O T4
2B JBAR, SAAT S AR B I 28 I A (1K /N ik
PRI S X TEAH XS I PR 428 T 38 2 (2 42 0 5 S
Tl g TR R R G KA R AE X TRl
I INERIBUE S 3, Bk T AT AN A
Rtk

1 AR R R A

XPTAnE 1 s 0B AG XA BEALIS 2E 1 9 2%
FERR G M ERE -

(1) AR RN T B ) 3R S

(2) EEHIB AT AR FAIKE), 478
HIEHE 5 S BNARE, ST AT A R AE

(3) W45 il i 1) v S R) DL A AR AT 28 5 X
SR i A RIS 1), AN 7% B A S i 142 i of S ot
0L T IA) L T S R ) 8 38 PRAT 25 117 1e) 38 3 ) B
BURTAE 70« 7, FEHIL 78 + 00 <T

(4) HTIAT 35 BB SR B H A A
iy, DRLHAR I PR A T TR0 SRS AR BRI T 4%
P E AT — IR L g 1 s

(5) WZE A HEGE R, RELE
A3 HARZS AT

BUTE: oo A [ fei
I hky x(k)
(e %% i)

O [t Jw(")

1 BATXGLBEHUI A 194 2% 475 1) R S 45 A HE 1
Fig.1 Structure of NCSs with bilateral random delay

W 2 P, TATEAL RIS 1 RAE I T R
538 NG5y, RIAEIS ) A KT, (k+ DTN 35 R
Iy N ZESy Tk, BESE IR A To, JF H.
Wi T=NTy.

ARG HAR

Journal of System Simulation

Vol. 30 No. 2
Feb., 2018

ferma m
x(k) . >

|
N N [N [

}“é?}ilJ:%&T ! - I |
wh Ll

ir N = N
h(k) RN RS B R S B B R A .

0T e o |

L e T,
=

u(k) . L,
kT (DT (+2)T

B2 BEALIN GE XAl e ) 2 4 T R G5 I e ]
Fig.2 Timing diagram of NCSs with partitioned random
delay

TR k=0 f:
No> Ny € Zp =1{0,1,---,N}
Nox + Ny =N (M
Nok To + Ny Ty =NT, =T

MALIEA AR Tt (4, = 1° + 72 Il
Jo s ARG A BNEPATAS, I HIEE T [nokTo, (ot 1) To]
DI A o B TR A T AT IKE), EKT KT+ A,
AT AT A u(k=1), A IRIAE KT+ (K+1) T]HS
() AR T 25 R A 2R u(k)

1 152 38 408 1) 32 88 N ) A 4 508 52 PR AR 2 % ) A
LLpSF

X(t) = Ax(t) + Bu(t)

y(t) = Cx(t) 2)
K x(@)eR"u®)eRyt)eR 735 RLEHIRZR
. RGMAMR G mE, AL By C i igisg
(1) 2R B30

L @ =e"T =(ny +n, )T, =NT,,

te =T — (N To + 7

;B:“EP Tk € (0 TO]’

n T

_ [MokTo A _ AS e
Ty _IO e™ds-B, T, _J.anoe ds-B,
F(z,) = j(:k e™ds,

= T,
o> max [F(s, =) eas

7 €[0,Ty ]

B

2
D, = e | E=B,

Fr) =o' e*ds,

HIH FT (z)F(r) =0 *F (5, F(z) <1, %

http: // www.china-simulation.com

Published by Journal of System Simulation, 2018



Journal of System Simulation, Vol. 30 [2018], Iss. 2, Art. 35

5530 55 2
2018 4F2 H

Amax(X)~ Amin(X) 73 7R FE X 1) d5e KRR A5
PINRFAEARL B AR B (R R 43
2 L8 4% ZR G BEMLIS E (K500, X R 50K
R J 0 T 04T B A, W4
X =€ X, +J'0T_tk e™ds-B-u, + J:_tk e™ds-B-u,_, =

T

Nk To+7,
cI)xk+Jok° “e™ds-B-u, + eds-B-u_, =

Mo To+7k

Nk T NokTo+7,
CDXk+(I kOeASdSJrj . ke”sds)-B~Uk+
0 Mok To

T Ny To+7,
(j eAsds—j L ke”‘“‘ds)-B-uk_I:
Mo To Mo To

T T
DX, Jr(_[on"k "o ds el Iok e’*“ds)- B-u, +
T 7
(J' e™ds —eA”OKT°J' ‘ eA*ds) By =
MokTo 0

Ox, +(Ly +DF(5)E)-u +
(Ty — DF(@)E) Uy )
@) AT U s R A A IS X )

tye (0, 1)y AR I BE M LIS 4E , 38 ik B %€ X [R) 1) 47
K LA AR Z AN K], HAE 20e(0,To] /N Fil A 1)
BEALINE 0] L nog ny 75— NI FREES I
{8, B HIAFE I, RGBEARELIE XA F o
B noes ny IR A —ANE T Markov 85 HBEHLILFE,
MHAE H Markov 4 [RPIRZS K45 il o
% o €k =10,1,2-+-,N} s Markov #5 [IRZS,
ny o REEH, B

[N Ne]=[0 N]—>o, =0
[N NeI=11

Ilgk\

[Nk N =[N 0] >0, =N (4)

T D09 298 425 T 2R GE RO I S8 I SRAFAE , TRIE B 22
a=0 HEN, BRAG)EA N MTRG. H Sy
RRRB DT RY, jeko

ARG HBE 2(k) =[x" (k) u' (k=D ,
W =C(3) T AR 24 T Markov i 1 24 254
i F] AR R AR Soo

Soc : 2k +) =@, z(k)+ T, u(k)

A

&)

HUSCA, A5 X)X BEATLINS SE Fr) ) 2647 1 3R SR PERT 9T

Vol. 30 No. 2
Feb., 2018

5 {cb rlak—DakF(rk)E}
X 0 0
£ ={rbak+-D5kF(fk)E}
h |
4 W28 SRS R R R AR AR AN, I 2% I e
btz 0%, W) Markov BE AR ZAHE M o1 4 8 N o »
N RGEW S KA. W Pr{ok=jlo=it=mn;
b ik Markov HEK— RS, WIAHRN Y
RGN RS

Ty T TN

Ty Ty TN
T= . . .

TNt TNz * 7NN

N
A 0=m<1l; Y m=1.
j=1

HH T 21 0 % 1 Ja 1 AR AESRIBCIRAS e A% R R
P R MR, DRI, AR SCHE A — e 2% IR S
R e b AT e 3 v LAAS BTS00, 41
an, X2 4 ANEFRE SR X Markov BEAE R S8 (S),
SR NEZEHE R 7 vl B A W AR O

? ?
Ty : V!
? ?
YTy YTy
=, ?
P My, My !
? ? ?
7y ? ?

A «? "RORFEMEITT RN AR N T LR
iR RGO MR MEAAR IR, Viek, &
A=kl +nl o, Hop

K= {]:mp it AN}

Ry = {J ARSI}

BB, WEX =@, WA

Ao={x, Kk LVISmM<4
K: &y € N* RpORAEHASABE © 105 AT s
m MORICHE, FNA Y 7 =1, 7.=Y e

jek jerl
BRI TF A 5 O (R B2 AR G (5),  RITPIR
A& AR, XA R GUR AN R Jse 1597 il 1

o DI I AR uk) = K, z(k), IATEL

http: // www.china-simulation.com

* 657 ¢

https://dc-china-simulation.researchcommons.org/journal/vol30/iss2/35

DOI: 10.16182/j.issn1004731x.joss.201802035



Liu et al.: Modeling and Control of Networked Control Systems with Partitione

5530 5 2 ] RGN B Vol. 30 No. 2

2018 42 /] Journal of System Simulation Feb., 2018

EV RGO R BB Sace LR

So 2k +1) =D, 2(k) = T 1: T IER B O B RGER ),
o I, Ty, T SR A A S P PT >0,iek, A2 AT LMIs:
{o 0 }{ | } o M, =®]P!d, - 7' P <0 (8)

D W= © N; = & P;d; — P <0,Vj e &y, (€))
% |F 0 -E]+EK X ~ ‘ ‘
{o}(”“ J+Ea) Aok Bl= Y P WRGRBEHLEE .
jery

(@, +T, Ky, + Dy, F(r(E + EgK,, )2(K) T TR Su: 2k D=, 2(K)

K‘EP:N o T, r, HHURZE Lyapunov %V, (o) = 2, P, z»
®, = . Ok}{ IK}KG"JF Tosm=<l; Y m=1, Wf:
L jek
_%ﬁF&UW)—H+E&J» E Vi (@i = Dlo =D} ~Vier =D =
L0 k 2 Pr(oy,; = jlog =1).2¢,, Pz — %Rz =
. © T, | . Coo Jex
e, =_() ok}’rak ={ I k}’ Z”ijzlﬂpjzkﬂ -z Pz, =
A _ng A Jex_
B, | } E=[0 -ELE,=E 7|6 Z;z”" ’j } _
T2 90 46 3 1 3R G A7 40 5 303 A T ) -
BB HBEHLIR AE, LML BT 2% T AR 3R] ZI@'Z%JJr{quﬁz—
ST T AT 5850 1 TR AN BB, LA T AR - - ]
FRUNR 420 Fh e R 4 T 503 B AT 28 &7 zﬂuJ [zﬂd
RO, R I IR, 283 Bl I S 313 gl M I 7 =
P, AR ELE A 250 BT 47 B 2 +@(Z ”J {Zﬂd
T, SRS H B SIAT QL 2R3 3 jer. jen
S BT A AR A 18 B L O £ 4f@@®—de+2 (@R - P%Q:
AT 5 B 5 S (1 160 435 S P 30 24 i I &
2% BRI AE AN, 537 I AE R0 P 2 B e ]
) FAILKT. e DTY WA N T B, S 77 ““”ﬂ;”"l
PRI AR IR, A % T M<0, N<0,
2 FENLRESE T il Q =M, +j§ mN; <0
58 S0 A T R 3 O ] A 2R S 6), HT 200 =[x"(k) u"k-DI", BRI
W P WG IRAS 2o LA R S8 Markov B 14 lzdl, FF HOQ<0,P>0. KT X0 A
R A oy HITSRAFAE — AT BR G 3 M2, 0) E (Vi (000w } e E {Vi1 (Gi)|ov } = Vi (o) _
f%EU\TT%iﬁﬁii: Vk(Uk) Vi (oy)
M%%m%m%%m,ﬂ¢Em Ziil e %U=

http: // www.china-simulation.com

* 658 ¢

Published by Journal of System Simulation, 2018



Journal of System Simulation, Vol. 30 [2018], Iss. 2, Art. 35

lim E{Z 2 7, |0-0)} (mlnﬂ’mm(Pi)j

m—o0 k=0
m V,
< lim E5 Y 27 P(0y) % |o) Yo(o)
m—oo k=0 1—-a

V (O'o)

/Q“\: M(ZO>UO):(mi£l}“min(Pi)j 1

WiAT: - lim E{Z Xe X |zo,ao)} <M(zy,0,) »

k=0

R 2 X 1, R (6) 2 FENLAR E 1) o iIE
3 BHIESERIE R RGED

5B 1: (Schur #h5IBH): FANFELESERE S),
S, M S, H o sj=S,>0, S]=S,, M
S'S,S, +S; < 0 A& T

{_521 Sl}o EjZl: s S }<0°
SHE S -85

513 2: 4y RN YERWAERE W, D, Al
E, Hrh W R FREE, SR FTR<I [R4ERE
F. WH+DFE+E'F'D'<0, 4 HAL U1 AEe0, 15
W-+£DD"+¢'ETE<0.

SEH 2: 0T P U )RR R SR (6),
WRAELE Yie X=X >0/iek, LLe0 it

530 455 2 31 Vol. 30 No. 2
2018 42 XISCA, A8 XA B2 REATL I S8 FR) 194 28 475 ) 3R e A 8 PRI Feb., 2018
- E{Vk+1(0'k+1)|0'k} -0, r Ll\st:.
Vi(ay) ~mX; Uy U
U, Z 0 0 10
a=1—min mm( ) <1, li < (10)
i | A..(P) Uy, 0 ~-el
Itk 0<a<l. HE— bt -X, U] U
E{Vk+1(0k+1)|zkao'k}<aVk(O'k)’ U, gf)if)iT -X; 0 <0,Vje7£iu,( (11)
BT U,; 0 —l
EMk(@0)]29,00} <@V ), R i=o(k) ek,
B Ui :[((i)ixi +fiYi)Ta ",((i)ixi +fiYi)T I,
m A
E{ka (o |0'0)} Uy = BX; + BYi,
k=0 Uy =@ X + 1Y,
1_am+1 _
<(l+a+-+a™V,(oy) = V, (o), - = .
~a DD -ziX, .
pibL e
V(o) “Dib i " vjex!
,V]je
{Z z, P(0,)Z, |0'0)} {’ 0‘; : D.DT % J e Ry
glﬁilﬁiT glji Iﬁ,T —ﬂi_Kl, X

M) R 58 BB LR 2 1, [R] s B 2R s 47 o) 2 4
WK =YX
UEB: SKA5 13 1 1) Schur #b5|BE, HAAERK(8)
A, w15
{—ﬂ,‘(ﬂ ] }
5 <o (12)
o, —(P)!
M )k E(12) 447 [HIN R L diag(X,!),

l:—”,ifxi Xid)iT:l

. <0 (13)
o X, -(F)”

A X =R,

Pk 5P 1A Schur 45 [, 5 A4 310(13)
A, A1

{_’Gi?(i l\j\‘}‘}o (14)
A

U, =[x.q~)_T,...,x_(i).T]T,

W = diag (7, X =75 Xy =7 X ),

J&~iﬂﬁﬂﬁ~ﬁu?ﬁ(15)

http: // www.china-simulation.com

* 659 ¢

https://dc-china-simulation.researchcommons.org/journal/vol30/iss2/35
DOI: 10.16182/j.issn1004731x.joss.201802035



Liu et al.: Modeling and Control of Networked Control Systems with Partitione

530 5 2 RGN A Vol. 30 No. 2
2018 42 /] Journal of System Simulation Feb., 2018

fd&Uﬂz WA, A%, .
Usg W DA b5 AT LUE I SR A% LMIs kSgBl, Fril57
-7 X * * * * BT AR S 2 5 K XA B 2 T RGAERT

@ X +0Y) -z iX, e

(@ X +0Y) 0 -z X, * |+

iy " K

ihT Fl(aF(a)<l, MG 2, A%
R (15) 5 (16) L4511 «

(] A KT, (D TIPSR § ANISER Ta], B0 R 4E
HIANTR]IN S, 28 G R H FIUAG A2 1 B vt A ALK ¢

: * ANTR] A3 25 KN o
O X +IY, -7 X, . \
(BXHT) 000Xy 4 BUEEHIE
0
B, 18 Bt S i GOk AR 2 1) T R A
. . 0 1 1
F@)IEX, +EY,) 0 0 -+ 0 () =
I% (TI(EX; + EpY) 1+ X(t) [0 _0‘1}x(t)+[_2}u(t)
B, FE RS R RE S ]y T=2.4s, XUk W &% I} 4E
:(E)_( CEYY] 8+t <T o KA R XGL B LG FEI(0,2.4 5)
i 0 i
0 AT R4, B4 4(0,1.2 sIRI(1.2 5,2.4 s)H
0 FT'(z)[0 DT D' .- D'1<0, (15 AXIa], 82 Xk Markov SERIMANIRE, H.
: PR MER Ay P, RIRHERE AN XA PR
L 0] FHBENLA A7 58 T LA B8] 3 B i e As b

RIBEHLIN SEJ3 210 R B 70 2 DY SR X T, W] A4
4 JT RS2 RS RS HERE oy 42 R T BEALIN SE 241
A R HIANIR DRI 73 J5E 23 B R G AT

X * I [(0.525) (0.475)}
n . B =
(@%; +13Y) —7z”j Xg * * 0® 0.6 0.4
@X+0Y) 0 —ix, x|+ (0.35) 020 (035) 0.10
. . R i 020 (030) 0.1 (0.40)
: : : T, =
o ; 271020) 030 040 (0.10)
[(@Xi+TY) 0 0 0 - X, ] 060 (0.10) (0.15) (0.15)
e
A 2.5
1
g B0 D0 DO - D+ 20
: o 15
B =
___A T_ == 1.0
(EX; +ByY))
0 051 il
£ 0 (BX+EY) 00 - 0]<0. (16) N S/ R D
' 10 20 30 40 50 60 70 80 90 100
0 RSN

RSB 1, A AREX(10). W EuEy]

3 TR m 75
Fig.3 Time delay sequence based on the transition
probability matrix 7,

http: // www.china-simulation.com

* 660 ¢

Published by Journal of System Simulation, 2018



Journal of System Simulation, Vol. 30 [2018], Iss. 2, Art. 35

5530 55 2 Vol. 30 No. 2
2018 4E2 /1 X SCA, & DX Ta) A R B AL ZE (14 19X % s o R S e MR T Feb., 2018
2.5 K2 1=[0.0113 0.0792 -0.1058]
5ol K2 2=[0.0113 0.0769 -0.0288]

A

il
' |

0.0 1 1 1 1 1 1 1 1 1 1
10 20 30 40 50 60 70 80 90 100
ERNENE IS
4 BT MFREBEBHEE m NP5
Fig.4 Time delay sequence based on the transition
probability matrix 7,

B 41 /s

(1) N=1, DX ) jE) B To=T=2.4 s 1B & 4%
PRI R M o=6, WRIEEH 2, RMEHEAZEA

(10), Tf3e=3.5160, ¥4I BIE 354 «
K1=[0.0052 0.0391 0.0232]

WHITRE X, =[2  —0.5] , P E45 Rl 5 R

2.0

1.5

J—
(=]

ARZ x(k)
(=]

0.0

10 20 30 40 50 60 70

IS

PSS e[ B NS AR S 0
Fig.5 State trajectories of NCSs when the time delay interval
is not partitioned

(2) N=2, TIX[AIEE To=1.2's, BRI KEE
JaRAS R 2y X TR, 43000 0k(0,1.2]% (1.2,2.4), H
REA s, 43 BI%S N SE Markov M) IR . M
4% R GE I SEAE A DX TR) b (R B AR R M S R S RS
WEAEH B oy P50 MR AR m TR T
B, UKL S R ME o=3, W4EEH 2,
AT AF He=0.4 117, BSHUN 1Bk 22 48 i A8

T 28«

MRS RERA I g SRS I AR A, R
Markov AR ZSF R MR A 50 7 MR AR BN, [FIFE
TEHIH A A A 1 e /IME =3, AT 51 H e=0.2617,
V2RI TR Bk AR 2R G I AR e U 20K «

K2 1=[0.0115 0.0779 -0.0760]

K2 2=[0.0105 0.0753 —0.0735]

WHIUEME X, =[2 —0.5], FEXUL B ML ZE Bk
AR AL A0 ] 3 T RIS S S A I, 0 B4 A
6 Jron(GHerh b0 a0 e 58 4 TN )
REI).

2.0
1.5
1.0
0.5
0.0 N

—0.5 L= " T T 1
0 5 10 15 20 25 30 35 40

VS

AR x(k)

2.0
1.5
1.0
0.5
0.0

—0.5 L= a 1 1 1
0 5 10 15 20 25 30 35 40

I 1E] /s

Kl 6 X532 =45 53 s T a) B s (R IR A 2
Fig.6 State trajectories of NCSs when the time delay interval
is partitioned into two equal intervals

AR x(k)

(3) N=4, WX [AIARE To=0.6's, KfLIEa Rt
JAI R VU243, 43530 4(0,0.6] (0.6,1.2]- (1.2,1.8]
HI(1.8,2.4), A7 s, 3% B 4E Markov 51 Y
ANIRES o 2 RGERT REAEIXPUAN X JR] (1 Bk AR e vk
SRS MERFE oy 50 SRR m,
AT E AN, EHGH 2 AR /ME o=1.3,
MR 2, AT He=0.011 3, BSHL ABkAR
RYGNIIAR [ 26 4 «

K4 1=[0.0275 0.1666 —0.5055]
K4 200269 0.1577 —0.3542]
K4 3=[0.0250 0.1463 —0.2576]
K4 4=[0.0247 0.1365 —0.1305]

MR TRy S5 e AR, B

http: // www.china-simulation.com

* 661 ¢

https://dc-china-simulation.researchcommons.org/journal/vol30/iss2/35
DOI: 10.16182/j.issn1004731x.joss.201802035



Liu et al.: Modeling and Control of Networked Control Systems with Partitione

%530 B3 2
2018 4F 2 H

Markov PR T M2 RE 0 70 AR R STy, )R
TEHUH A S e /ME o=1.3, 711515 H e=4.161
6107, 35 I ) b A% 2R 40 1 I A S it 2 O

K4 1=[0.0161 0.1009 —-0.1391]

K4 2=[0.0157 0.0988 —0.0603]

K4 3=[0.0160 0.1118 —0.1364]

K4 4=[0.0173 0.1028 —0.0729]

FIRE R AVIAGRTE %, =[2 —0.5], {EXUABEHL
JE AR Pl AL T 4 s RIS SE P B I, ) B4
Rl 7 FrosGerp b0 R AR 58 4 AN
IS PRSI .

2.0
1.5
1.0
0.5
0.0F

—0.5 L

RS x(k)

2.0
1.5
1.0
0.5
0.0

0.5 T L 1 1
IS5 20 25 30 35 40

HF(E]/s
7 K93k DY AE Sy Ik 18] (8] b I RR A Bt
Fig.7 State trajectories of NCSs when the time delay interval
is partitioned into four equal intervals

AR x (k)

W 1 LUK 5T Sl LU i T R
XA I 0 SR BE ST R RS X ] R
O, AR R o> max [F(o], =

;
I *eMds
0

e, JFG 51 2, ATES
2

R e S50 8, AR e B 2, 7R AR
RGN EL 2 A AR OR RN 25 HY AR IR AR B A%
Hlas e o, R AR GUIRSA RIS, RN B
DT ) Bl 7B, o vl ASBOSE /SR, AT AR R
GE TS B RS R R I (1 PR A AP AR 5 T AT
PTescs AFDREA o 8 KX ] IR S 1T e v (9 3R ¢
1 SCRR[S-91, ASSCHE (KRR TR AR IR SE X R]
tee (0, T)VE FE AL B BEHLIN A , 35 I 21X )41 5

ARG HAR

Journal of System Simulation

Vol. 30 No. 2
Feb., 2018

K HHALNTEZ A X e (0, To] A K1/ BEHL
I 32 i L, 3111 R I BEH LR A R R BB HEAT 7 B A
Beih, ATLARR AR SR ORI, RIEBER] 1A
SCRTHE TR IAT R o AR Bt R 23 DX 1) A R A K
PR BER MR o RS IC 2R (B8, SRABZ MERT AN
S Bt B2 B0 K25 vH SR AR R BURIK
PRI, it L e A A0 R 2 X T B i) T o R 9 /0 DR
S TARGE I I TRPREANSAT R 3, DRIAE T RS
97 FH R R R 52 o i SR Rl 2 4538 11 X ) A
R AN IS SE DX ) 5l 3068 I8 (1 2R SR W S 1)

Tab. 1 System state convergence time corresponding
to the different time delay interval divisions /s

Ko X A% 1 2 4
(X JR] B i) 1] 5 2.4 1.2 0.6
TR FE A R LR AN
#) 53 4] 35 4] 27
RERARST Y Y
TR U E BN

253 232 #4423
fif ZR GRS i) ! ! !

5 Zw

TEM ST R Ge b, B 48 50 38055 4 AT R ek
A7, WZEIIE 2 AR . BRI AE, A TR
IR R GE VU IR R ST, AR SO I SE PR A 31 Bl 2 X
)R 4 Ky T 5 P BT IS S 2 48 DAy 22 1 1) B AL
N S0E DX R] FR) ) R, SR FH N840 S B R o3 R SR )
A BRARAS Markov B BEATLIE R R iR B2 B LI SE
A2 1k, 193 T 3T Markov RIS EAM € P
BRI TR A RGHIAL . AR5 LT Lyapunov £
PERRIG, S5 GRENLEIR I AT A LML 45 T
RGRANUEEE [ 78 73 45 A1 LASCRT Al 2R G € (R 1)
S HIE A o 5 RG TAERE, PATHR Tt #h
PR AL T SEVARL, ARRHRR EF S P DK/ AR 65 3 ) N AR
P s G 20 o I A7 S AR G B AL I S 1 i £
T g TR T R R G HR AN [ (1) B S X ) K))
Gy TR EAE S B, FLE5 R E T ARSI
(R IV R o

SR

[1] Gupta R A, Chow M Y. Networked Control System:

http: // www.china-simulation.com

Published by Journal of System Simulation, 2018

* 662 ¢



Journal of System Simulation, Vol. 30 [2018], Iss. 2, Art. 35

5530 55 2

2018 4F2 H

(3]

[4]

(5]

(7]

Overview and Research Trends[J]. IEEE Transactions on
Industrial Electronics (S0278-0046), 2010, 57(7):
2527-2535.

B, BT, SR, . PILSEHIR G IR A 43
FrEESO]. RGE5E AR, 2008, 14(20): 3772-3781.
Wei Ling, Xue Dingyu, E Dazhi, et al. Analysis of Time
Delays in Networked Control Systems[J]. Journal of
System Simulation, 2008, 14(20): 3772-3781.

Luck R, Ray A. An Observer-Based Compensator for
Distributed Delays[J]. Automatica (S0005-1098), 1990,
26(5): 903-908.

Zhang W A, Yu L. BIBO Stability and Stabilization of
Networked Control Systems with Short Time-Varying
Delays[J]. International Journal of Robust & Nonlinear
Control (S1049-8923), 2011, 21(3): 295-308.

WRTE, BETAE, SAYEAL. — 2R I A R 28 45 ) R 4
Ky RSN B VA D]. Pt B TR 2R (H AR R
JiK), 2009, 33(2): 156-160.

Xie Chengxiang, Fan Weihua, Hu Weili. Modeling and
Control Method of a Class of Networked Control
Systems with Short Time-delay[J]. Journal of Nanjing
University of Science and Technology (Natural Science),
2009, 33(2): 156-160.

HS A2, SRERA, XIH. AN I 4 4 Y S 45t 9 2 3R
SR TERE AT ], #HIEIR 5 N A, 2007, 24(2):
274-278.

Qiu Zhanzhi, Zhang Qingling, Liu Ming. Guaranteed
Performance Control for Output Feedback Networked
Control Systems with Uncertain Time-delay[J]. Control
Theory & Applications, 2007, 24(2): 274-278.

B, K, RORE . R AE W 4 42 6 2 40 )
L) Hoo BRI, VHAEHLTRE 8L, 2013, 34(1):
110-113.

Xu Jilin, Qu Baida, Xu Baoguo. Modeling and Hoo
Robust Control for Networked Control Systems with
Short time-delay[J]. Computer Engineering and Design,
2013, 34(1): 110-113.

Chen C C, Sandra H, Martin B. Stability, Stabilization
and Experiments for Networked Control Systems with
Random Time Delay[C]// Proc. of the American Control
Conference, 2008: 1552-1557.

L, ARG sl R REpLAS & A 5], A
B4R, 2007, 33(8): 878-882.

Ma Weiguo, Shao Cheng. Stochastic Stability for

HUSCA, A5 X)X BEATLINS SE Fr) ) 2647 1 3R SR PERT 9T

[10]

[11]

[12]

[13]

[14]

[15]

[17]

Vol. 30 No. 2
Feb., 2018

Networked Control Systems[J]. Acta Automatic Sinica,
2007, 33(8): 878-882.

K, WE5E, B T VI A ) R ) 4 4
TR G IR BBUE]. Bl AR, 2012, 5(38):
876-881.

Song Yang, Dong Hao, Fei Minrui. Mean Square
Exponential Stabilization of Markov Networked Control
Systems Based on Switching Frequentness[J]. Acta
Automatic Sinica, 2012, 5(38): 876-881.

Huang D, Sing K N. State Feedback Control of
Uncertain Networked Control Systems with Random
Time Delays[J].
(S0018-9286), 2008, 53(3): 829-834.

Zhang L X, Boukas E K. Stability and Stabilization of
Markovian Jump Linear Systems with Partly Unknown
Transition Probabilities[J]. Automatica (S0005-1098),
2009, 2(45): 463-468.

BRWN, AT, B, BoA Hdh 0 Z R R
B IX AN P 2542100 R GE HoodZHI[T]. 4 B S
FH, 2011, 8(28): 1105-1112.

Qiu Li, Xu Bugong, Li Shanbin. H-infinity control for

IEEE Trans. on Automatic Control

networked control systems with data packet dropouts
and partly unknown transition probabilities[J]. Control
Theory & Applications, 2011, 8(28): 1105-1112.

Wang J H, Zhang Q L, Bai F. Robust Control of
Discrete-Time Singular Markovian Jump Systems with
Partly Unknown Transition Probabilities by Static
Output Feedback[J]. International Journal of Control,
Automation, and Systems (S1598-6446), 2015, 13(6):
1313-1325.

Guo C Y, Zhang W D. HowoEstimation for Stochastic
Time Delays in Networked Control Systems by Partly
Unknown Transition Probabilities of Markovian
Chains[J]. Journal of Dynamic Systems, Measurement,
and Control (S0022-0434), 2013, 135(1): 145081.

Tian G S, Xia F, Tian Y C. Predictive Compensation for
Variable Network Delays and Packet Losses in
Networked Control Systems[J]. Computers and
Chemical Engineering (S0098-1354), 2012, 39(10):
152-162.

Cao Y Y, James L. Stochastic Stabilizability and Hoo
Control for Discrete-time Jump Linear Systems with
Time Delay[J].
(S0016-0032), 1999, 366(8): 1263-1281.

Journal of the Franklin Institute

http: // www.china-simulation.com

* 663 ¢

https://dc-china-simulation.researchcommons.org/journal/vol30/iss2/35
DOI: 10.16182/j.issn1004731x.joss.201802035

10



	Modeling and Control of Networked Control Systems with Partitioned Random Delay
	Modeling and Control of Networked Control Systems with Partitioned Random Delay
	Abstract
	Keywords
	Recommended Citation

	/var/tmp/StampPDF/pcDolplGt7/tmp.1689640237.pdf.suRDa

