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Deadlock—free scheduling based on improved particle swarm

algorithm for flexible manufacturing systems
LIU Huixia, ZHANG Mingxin
(School of Electrical Engineering, Nantong University, Nantong 226019, China)

Abstract: The optimization scheduling problem of flexible manufacturing systems is a complex combinatorial opti-
mization and NP-hard issue. Using timed Petri nets as the model and aiming to minimize the maximum completion
time, a novel deadlock—free optimization scheduling method for a class of flexible manufacturing systems has been es-
tablished through an improved particle swarm optimization algorithm. This method first adopts a two-layer coding
strategy for paths and processes, establishing a one—to—one mapping relationship between processes and particle posi-
tions. Secondly, it employs a real-time online deadlock avoidance strategy to check and repair the feasibility of parti-
cles, ensuring that the searched particles can be decoded into a deadlock—free feasible scheduling sequence. Then, two
improvement strategies are designed: a particle process directional adjustment strategy and a local search strategy, to
enhance the algorithm’s optimization efficiency and local search capability, ensuring the rapid acquisition of optimal or
sub—optimal feasible sequences. Finally, the effectiveness of the proposed algorithm is verified through two simulation
experiments. Experimental results demonstrate that, compared to other existing algorithms, the improved particle
swarm optimization algorithm exhibits superior optimization capability in solving the deadlock —free optimization
scheduling problem of FMSs.
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Tab. 6 Results of experiment 1
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J. I, In12 252 2621 207 2177 257 2633
“’I W s ®7 E1HmMIAE
0,:4 0, :4 055 Tab. 7 Processing time of figure 1
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32 ;2 0,,:34 0,,:32 0,,:23 0,,:22
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Tab. 8

10 examples based on figure 1

o e() e(,) e(y) Clm) C(r) C@r,) C@ry)

o E 8 AT LA it -PSO MIbRHEZEE AL/, Casedl 5 5 5 2 1 1 1
PG SRAT Y SR DL A S AR vh  SEMERE AR E Case02 5 5 5 2 1 2 1
m— PSSO e 2 1E (PSO) Case03 10 10 10 2 1 1 1

sop TS0 PRI (HEPS0) CaseO4 10 10 10 2 1 2 1
Case05 8 12 8 2 1 1 1

Case06 8 12 8 2 1 2 1
0 Case Case Case Case Case Case Case Case Case Case Case07 8 12 8 2 2 2 2

01 02 03 04 05 06 07 08 09 10 Case08 10 20 10 2 1 1 1

R
8 k= Case09 10 20 10 2 1 2 1
Fig. 8 Standard deviation Casel0 10 20 10 2 2 2 2
®9 TLW2H4R
Tab. 9 Results of experiment 2
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e Tl R ARAE -2 {E RAUE F-H{E Fr i 22 el AH FHE T v 25
Case01 — — — 190 203.3 4.92 159 168.5 6.46
Case02 — — — 159 165.9 4.09 133 136.9 2.17
Case03 — — — 416 444.6 16.21 320 337.2 11.87
Case04 — — — 313 352.0 15.95 254 263.9 5.03
Case05 312 303 334.2 323 358.6 23.21 297 309.1 6.04
Case06 — 255 280.5 292 349.1 18.38 237 2579 8.18
CaseQ7 273 252 272.6 288 3159 18.00 237 248.8 6.01
Case08 506 426 454.9 513 552.2 24.89 420 435.2 9.13
Case09 — — — 456 492.7 20.06 369 376.7 5.58
CaselO 316 360 388.6 399 445.2 24.25 333 355.8 14.32
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