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An improved differential evolution algorithm for simultaneous scheduling
of machines and multi-load AGVs in an FMS

WANG Zi-shi, WU Yao-hua'
(College of Control Science and Engineering, Shandong University, Jinan 250061, China)

Abstract: In this paper, we address the simultaneous scheduling of machines and mixed multi-load automated guided
vehicles (AGVs) in flexible manufacturing systems. To minimize the maximum completion time, an improved mixed
discrete differential evolution algorithm with variable neighborhood search is proposed. The variation and crossover of
the differential evolution algorithm are performed by discrete operations, and the optimal individual of each iteration is
updated by variable neighborhood search. A three-layer coding structure based on tasks, machines and AGVs is proposed
and rationalized. Variable neighborhood search based on critical path is proposed, and the order of tasks on the critical
path, machines and AGVs of corresponding processes are adjusted in a targeted manner to improve the local search
efficiency. A colony update strategy based on the external archiving is designed to replace the poorer individuals in
the population from the external archiving to improve the global search efficiency. Finally, through experiments, the
effectiveness of the algorithm improvement strategy and the effectiveness of the algorithm are proved, the effects of the
number of AGVs, the capacity of AGV loading and the available time of AGV batteries on the algorithm solution results
and the improvement are analyzed.

Keywords: flexible manufacturing systems; multi-load AGVs; differential evolution algorithm; variable neighborhood

search; critical path; maximum completion time
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r=1,"max = 3, Cmax = 40.
Step 2: A5 7 > T, WPRF A HT AR X /R 4 AT R
B P E M Xpest, FFIL Xiesr BB EFPRE 1 1) AR
fif 75 W), 33k N step 3.
step 3: FEALPL BN 45 2 /i fif Xk N, 7= A — A
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step 4: JAi i %, BAODIRMW R
D) K Rahfl X ARG RE, e = 1.
2) #5i ¢ > Conane, WA HH R0 S OLAR X 45 000, 4E N
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3) K TR Xk N, A AR R X A
Crnax(X") < Crax (X), M X" = X7
4)c = c+ LB NDIRD).
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Nstep4; B0, r = r + 1,33 N step 2.
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F1 EABUHRIEMNBIERIE
Sl ARkl k2 A3 ARfk4 RS Aike ABfA7
MKO1 942 952 978 942 968 953  96.0
MKO02 926 962 90.8 858 89.8 956 97.8
MKO03 3720 3760 3848 3834 380.0 390.0 3872
MKO04 1572 1648 161.6 1542 160.80 164.6 162.0
MKO05 2762 317.8 3224 3152 3196 2758 326.6
MKO06 3156 317.8 3224 3152 3196 317.0 3266
MKO7 2652 2662 2624 2672 267.8 2656 2722
MKO08  672.6 6762 6652 672.0 668.8 6840 698.6
MKO09  598.0 596.6 6254 6194 6156 6094 611.2
MKIO 5388 5502 549.0 5612 5732 5700 559.2
¥IME 338.2 341.6 343.6 3426 3447 3467 3489
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MKO02 92.6 97.8(5.3 %) 112.7(17.8 %) 97.4 (4.9 %) 115.4(19.8 %)
MKO03 372.0 387.2(3.9%) 478.8 (22.3 %) 390.0 (4.6 %) 485.2(23.3 %)
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YA 3382 348.9 (3.0 %) 419.7(19.3 %) 349.5(3.7%) 415.8(18.9%)
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