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Abstract In order to eliminate the gap between the scheduling layer and the control layer and achieve fast and
flexible response to production events of manufacturing systems, an integrated method of scheduling and control is
proposed in this paper. First, a novel Petri-net model that is called a parallel Petri net is defined, which integrates
sensors, actuators, tasks and resources to establish the cyber-physical system model of a manufacturing system.
Secondly, a method of transforming parallel Petri nets to timed Petri nets is proposed to much compress the state
space required to be searched for optimal scheduling. Thirdly, a strategy Petri net is defined to describe an optimal
scheduling strategy. Finally, the algorithm for synchronizing executions of a parallel Petri net and a strategy Petri
net is given, which realizes the synchronous execution of parallel Petri nets and physical systems.
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KAMIARR, g HXT R BTt 722 A Mk
B, MR T SRS Petri M G

FE N 11. % T 5 0E Petri P AT & — 48842,
R W B AT — 2k B AR T LR e, IR ARRI
VoL N

FHE 2 WA 3R A

MR 1. 0% Petri W2 — MRS HL.

MR 2. 50E Petri W2 IR,

MR 3. SKIE Petri INIRA R H —NEE.
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MR 4. TS Petri W) — %MK 2 ME—Hh 3R
IR Petri W ) — 2% S R PAT BZE.
PR 1 ~4 n] HEE 2 BEES, HAFIH g,

4 1T Petri MFIREE Petri MEY[E] 5

PITE

132G Petri W 5, 7 245 15 H AT Petri
W B[R] 25 PR AT Bk, (645 B A e — A R Ge
[F 20 134T

E X 12. 4% F4T Petri M G FHEIKE I G,
5] 25 Fp 25 PR B Nig 72 MCTFAT Petri W AR T 45 4 5]
FREGH— G, Hhvie T, te T — Nat) =
Xa(t), t €T — Na(t) =e.

E X 13. 4558 AT Petri WA H 5EHE Petri M,
ENINFRS BT &M 1) vt e T, WRFLEFD
PR 25 bR 2 j\id(t) = Ma(t), TAFAT Petri W FIHE 0%
Petri WA )A2IT ¢ A A 78 RN ERER 4 Beilok, H
NFERFER; 2) vee T, Wk Ma(t) = e, “FPAT Petri
I P B AR I ¢ 6 AR A i SR A IR AL B IRUK

TEIE 3. W T4T Petri W5 5KIE Petri (X [6) 5
PAT, IBAAT Petri W] LLFE B H6 (19 B 18] P 2158
ERIY NS

JEER. MR 1~ 4 FEH 1, “FAT Petri ¥
HIAEE — K R RPUE, SKIE Petri W _E#H —2%
WK 5 2 [F, RINARYE 2 9, SR i
AT I ) SR 4. P (R AB BAT I, (R AR AT ¢ A SR
Petri MRl m FERE, & A/ EIE, FAT
Petri W YR8 1R m A BEEHAL Bm/, m/ & FAT
Petri P HR 45 7483T ¢ EREAIFRIR. MRHEE X 13, A
B B = R E WL RIEOR, BT BA m IESROR,
1M SR 0E Petri MIARIR e B4 ATEREARIT N ¢, R
SR IBAIT M, Aadksimit, HEPFAT Petri M
FEFR R m/, AR ¢t 15 Na(t) = Ma(t), 175
PRSI R AR T ¢ [P AdERE. BT ASTAT Petri IF15E
W& Petri W [F22 AT I, R CTAT Petri W24 FTFR IR
N m, T Petri W HTAR RN m, X TR & SIS
Petri P 417 F5 1 N RERIARIT, 4T Petri M#EHT
DL ik W30k 7S 47 A8 G B I8 453 1% A8 1 A8 B O A
iR, B

Vte T, m>C(-t)
EIJETE*,m’:m—FC'-E), m >C (1) (1)

£ b, AT Petri W R] LAFE SR 6N 8] Y 2135 H
FrpRiR. O

MR 2 12 FE 13, Wit T3S Petri M
54T Petri P [A P IAT OBV

BIE 3. Mg Petri W 5147 Petri P [F] 25 $AT
AT
I, “FAT Petri M G, 5IE Petri X &.
. AT Petri A HARAR IR mg, HE0E Petri P H
FRARIR 1ing.
function Strategy-net (/) returns (i, 8)
1 while m # 7y do
2 Sg = 0;
3 for all te T do
4 if m>C— (-, t) then
5 Y = 2p U {Aa(H)};
6 end if
7 end for
8 B = random(Xg);
9 m=rm+C(, t);
10 return (vh, B8)
11 end while
function Parallel-net (/, 3)
1 while m # mgy do
2 ™M = mo;
3 (h, B) = Strategy-net (1n);
4 forall teT do
5 BRIl PLC AR & 5
6 if [m > C7(, )] A [Apey(p)] then
7 if Ajg(t) == ¢ then
8 m=m+ C(-, t);
9 ] FAZAL PLC KIEARIR m;

10 PR B IR 3;

11 else if A\jq(t) == 3 then

12 m=m+ C(, t);

13 A R AL PLC RIEAR IR m;
14 B 2D HR 2;

15 end if

16 end if

17 end for

18 end while

function PLC()

1for pe P do

2 ECEAHUARIR m;

3 if m(p) > 1 then

4 if p RAEEEIT do

5 AL(p) = 1

6 else

7 PATBNVERREL Ax (p), FELAHTH SR AE T

PLC %,
8 AL(p) = 1
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9 end if

10 ~(p) = (p);

11 A EAHURIEE SR +;
12 end if

13 end for

9% 3 H Strategy-net. Parallel-net il PLC
= ANPRE ). Strategy-net Fl Parallel-net 1217
[F—iHE N b, 5T EASEPAT Petri )
BALHERE; PLC IBATHE 75— M H W, 13T
MPATYELSL K. Parallel-net f1 PLC @il ADS
(Automation device specification) {5 " #1744
FfLid. =R AT, PLC 7 S IS A AR
PIF AT SR R BONB0E BR 2 SRBE N, S 22
i A BR (0 [F B bR AR &, 3l 7 24 i B T iR AR
iL, KD ARSI ES Se, MHBENLEFE—
¥R AL H 25 Parallel-net; Parallel-net 328 PLC
HHEOE By, AT A BHEAE 2] B FR%F
FHIF AR B , AT N — a6,

W 2 pos, 59 3 SLbr Bgh 7R S
— R TV I PATHESE ) ZAEZE 2 M5 B A
2, B BE¥ AT Petri WFIRKES Petri W EE& N
—, AT Petri MWL RS, —BHH A 3h1E
FE P b iR, 8 18 FH 35 22 1 s AR BR800t A5 5 i
ATV AL FEAS T BH i S S5 B R Gk AT
S AL HERE Petri 47 57040 FE AT Petri M
MIBRAT, AT S 1 U R A i) (Rl 2D AT ek
IAE S5 B PAT AL, S BRE.

! FERE |
! (™, B) i
i & Petri M ﬁz AT Petri M !
| J
e

7 1
i AT liFRea i
I I

___________________________

B2 74T Petri P4 B 545 i — AL BT HEZE
Fig.2 Integrated execution framework of scheduling and
control based on parallel Petri nets
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Fig.3  Experiment system of flexible assembly
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R HRETE A TR B S TR 5 BRI
i Petri ATk B HUR, ACOR B ATk B A B B
PLEndE b4 AT XS B B, BRI A A
6 FIT 7 2 M 4 2E SIS R G SRS Petri W, N T
a7 M8, B 5 H AR I B 9ICR _E T AR 2R R
HWE Petri MINAIIEIRE TS, RA pn H—MEH;
Pz B Pea 4T FE BT AR IR U2 SR Petri 9 BT 2218
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Fig.4  Parallel Petri nets of flexible assembly system
* 1 PAT Petri MEIRE Petri M4
Table 1  Conversion table from parallel Petri nets to timed Petri nets
t€w pEw pew Pw A(p) Xa(p) Xa(pw)

ti6, ti7 P15, P16, P17 P14 3,70,3 76
t20, t21 P18, P19, P20 p1s 2,35,3 40
tag, tao P29, P30, P31 P20 2,35,3 40
tza, ts3 P32, P33, D34 po1 2,35,3 40
ty0, ta1 P41, P4z, P43 Pos 3,70, 3 76
taa , tas Pad s P45, Do pas 2,35,3 40
t1a P13 P14 pis 0, 30 30
23, t24 P21, P22, P23 P16 0,35,0 35
t2s, ta6 P24, P25, P26 P17 0, 40,0 40
t35, t3e P35, P36, P37 pas 0, 40,0 40
ta7, t3g P38, P39, P40 P23 0,45,0 45

Pi: P3, Ps 0 0

P7, P12, P49 0 0

P2, P4, D6 35 35

P8, P9 P10, Pat 35 35

PHIEFT, BT CAEIAE BR A A A (P12) = Aa(p1a) = 0, BUE
BRI AL (p12) FUAL (pra) BREEN 15 pos ARER B AR IR
RGN B AT A, AR A H IR USRI B VR R,
Fir UL BT A E SR Ay (p1s) 'S T PLC 1217

M3 vk 3 RS Petri WMATFAT Petri M
FIBEE, Wit T FAT Petri AT ZERS Petri M [
C &5 PUT 5 EFEF Strategy-net Al Parallel-net,
F 1 4 Fros FAT Petri MAIE] 6 s S Eg Petri M
() O R 0 B A N 21 51 BERE b, BBl A T 4R

[P HAT. CLE 4 A0, WIEIRE T, K Petri
MAEHRE = NMEREAIT t5, ATUAFDIRZEN
:\i<1(t13) =a, ¥ IHALHEL AT Petri M; ILHF4T
Petri WA pro BEAR IR, t13 RESMEE, H A\L(p12) = 1,
MEUER H K IE Petri W IR 25 B, 2 2%
F Na(tis) = Na(tis) = a, “FAT Petri FAI5E0 Petri
W ¢y FIIBOR, prs Mpo SRASHEH . — Hopis
WARIR, AT Petri WM SEHE Petri ’ AR 3RE 4§ [
B Naltio) = b, SRIGHATENE R B A (prs), H
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Fig.5 Timed Petri nets of flexible assembly system

K6 RIS RGN Petri M
Fig.6  Strategy Petri nets of flexible assembly system
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IEPAT. DAL A, BN W R0 A0 B 20IA 2 H Ax

R B, RE T TARES NI T3
JCH BT, W 7 BOR, 281 T & BotHiE
ITHRRE, Hod y AR R 20 Fe 508 R4 1 &
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Fig.7  Optimal scheduling Gantt chart of flexible assembly system
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