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Effect of transmission delay and clock synchronization on
networked control systems
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Abstract: A new model of Markovian jump discrete-time networked control systems is proposed by considering the
effect of the packet transmission delay and the precision of clock synchronization on the networked control systems. The
stability conditions for the system with the transmission delay and the clock synchronization are developed. A network
control systems(NCS) based on Ethernet-plant-automation(EPA) without data packet dropout is modeled. An algorithm is
developed for determining the shortest communication macro cycle for a stable EPA system.
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Fig. 1 Scheduling of periodical data packets
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Fig. 2 Structure of an EPA system
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Fig. 3 Time slots distribution in ideal situation
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Fig. 4 Time slots distribution in collision situation
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Fig. 5 Time slots distribution in actual situation

T 5 A SR BE AR R, AT LA R OSCAL Har i) 4E
AR, BB IR0 3k — N R 4 N AL I 2
Tzl es, 2H DAL AL

T = T + 750 = 2T4e1ay + 27 . (5

S RS R A R S SR R TR
HlAs 2 UL AE S 3%, 1 TEPAIIA T L LA
CE 1 T P S SRR T, 2772 0T P TR
B 2 9E 5 — A P, 2 40 B R 7T B 2

2T 4e1ay + 2T A,
e { Ty + 2T + Tonacros 7o = 2.

T‘kzl,

(6)

Forpe rp RN S AN KAE A I I 48 R B AL T () P
iR W TAERE (e = DARERE R A (r, =
2PIRAS. H T I 22 1 AR 4 — oA 2R PR AR AR T
DL A FEREAS 72 JE 0 AR e b Ot 22 AN el b — A% Jo) 44
(RIS i 22 e IX Ay SVHR Ty, IFRE 23 A 1]
DL VEMarkovid B v LBEFE RS 4 )



796 oA s N H

07 %

Q= [1 q1 1—Q1] 7 7
— 42 g2

Hrf g W RGN, = 188 Bllr = 200 %,
QHNRGENr, = 285 Rlr, . = LR,
XD RGR U,
FO(Tk) =

h—2T4e1ay —2TA A
J‘ [§] stB, Tk; - ]-7
0 8
h—QTdelay—QTA—Tmacro As ( )
j e**dsB, r, =2
0
Fl (Tk) =
h A
j e**dsB, ry =1,
h_2Tdelay_2TA
., ) &)
f e**dsB, r, = 2.
h72Tdelay*2TA*Tmacro

B @) ()l 15 28 GE 1 1 TR 285 P xt
SRR AR FE B 01,05, RGEROERS, A7 LU N
BEUOTR 3 A2 /N 1

(QT®1,2) xdiag{6, @01, 0,20, }. (10)

e = 20N T 3E B IR A DAy I ] 2D A 48 kG
W, T > Top™N AR AR SCRETE, 2
2= K Al . W] A0Sy, < Ta B EARRL R X
B, T A< Ty <Tptp AREFEX K, T T, < TalHlE
FEA KA. ARG S, AT RO b T AR X
i!jiBTprtp = Tx/2, Ak T Al 43 X 3k HTprtp = (Tar +
Tptp)/z

IO AL ST < Ty, M4 %2 FE I Bl g 22
AT ARREROIR SIS, 7o = Ta /2, IRAHAL 2 fll4
IS AR R 23 4y B 56 98 2 B0 T APURT AN TR AR A BE AL, B

1—q = (Tptp — TA)Q/(Tptp _ TA/2)2

2= (Top = Ta)?/(Towp — Ta/2)
11— g, — 2Ti/(Tptp + TA)2
BT (T + Ta)?

M Ty < Talf, ¢n = 1,¢2 = 0.

S, (1)

12)

TP‘P

< T/2~<T1/2 ]

T

ptp

6 CIREFHBM AR

Fig. 6 Probability distribution of the state transitions
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in three dimensional space
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