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Abstract: Aiming at the flexible job shop scheduling problems of limited AGV transportation re-
sources in the intelligent manufacturing environments, an integrated scheduling model for limited AGV
transportation resources was established with the objective of minimizing the maximum completion time,
total energy consumption and the delivery penalty value of workpieces. An improved NSGA -II solution al-
gorithm was proposed to construct a three-stage coding scheme for the integrated scheduling model, and
three initialization rules were designed to improve the quality and diversity of the initial population. Com-
bined with the critical path, an improved variable neighborhood search was proposed to enhance the local
search capability of the algorithm. In the experimental part, the algorithm was compared with other algo-
rithms using various evaluation indexes, and the experimental results show that the algorithm may effec-
tively solve the integrated scheduling problems of limited AGV transportation resources under different
sizes of standard test cases and actual production cases of aviation enterprises. Meanwhile, the effective-
ness of the integrated scheduling model was analyzed under different numbers of AGVs. and it is concluded
that the number of AGVs in the flexible operation workshop conforms to the law of diminishing marginal ef-
fectiveness, so as to provide a reference for the configuration of AGVs in the actual manufacturing work-
shop.

Key words: limited transportation resource; improved non-dominated sorted genetic algorithm-II
(improved NSGA-ID); flexible job shop scheduling problem (FJSP); automatic guided vehicle(AGV)
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Tab.4 Comparison of algorithm optimization objectives

INSGA-TI IGA NSGA-TI

Fpi : : : : : : : : T

fi /2 Lo | ABE A Jo Lo | ABE A Jo 5o | ABE
MKO1 | 51 | 2.3471x10° | 164 | 534 | 55 | 2.5902x10° | 301 | 60.9 | 53 | 2.2215X10° | 258 | 57.3
MKO2 | 41 | 1.8822x10° | 77 | 432 | 45 | 2.0447x10° | 46 | 47.3 | 44 | 1.9734x10° | 40 47
MKO03 | 217 1.68x10° | 434 | 229.6 | 235 | 1.8015x10° | 480 | 252.6 | 218 | 2.132x10° | 488 | 237.7
MKO4 | 89 | 6.0619x10° | 1275 | 92.8 | 97 | 6.168x10° | 1189 | 102.4 | 91 | 5.2505x10° | 1023 | 98
MKO5 | 199 | 7.9841x10° | 940 | 202.5 | 205 | 9.4963x10° | 1554 | 211.9 | 200 | 8.7233X10° | 1263 | 206.7
MKO6 | 143 | 7.4185x10° | 113 | 1484 | 170 | 9.397x10° | 431 | 182.8 | 151 | 8.6657x10° | 137 | 165.7
MKO7 | 197 | 1.1921%10° | 1281 | 202.1 | 220 | 1.0403x10° | 1013 | 227 | 209 | 1.1754x10° | 1084 | 214.5
MKOS | 529 | 5.4534x10° | 1574 | 535.9 | 544 | 4.92x10° | 2683 | 554.3 | 534 | 5.3394x10° | 2181 | 539.9
MKO09 | 407 | 4.2215x10° | 3964 | 408.8 | 458 | 3.7298x10° | 3208 | 467 | 418 | 5.4472x10° | 3897 | 437
MK10 | 334 | 3.3109%10° | 2449 | 343 | 361 | 3.093x10° | 2146 | 377.9 | 355 | 5.6291x10° | 2202 | 367.3

X5 HVEMIGDETLL
Tab.5 HYV and IGD comparison table.
HV(EK) IGD(#/)

S INSGA-TI IGA NSGA-TI INSGA-1I IGA NSGA-TI
MKO1 0.034 92 0.000 946 85 0.010 643 743 0.097 84 0.138 57 0.129 38
MKO02 0.1022 0.039 72 0.084 83 0.209 96 0.249 59 0.221 76
MKO03 0.143 02 0.004 42 0.037 91 0.0886 0.169 53 0.122 01
MKO04 0.125 03 0.020 989 356 0.052 15 0.222 15 0.280 81 0.2482
MKO05 0.167 92 0.002 18 0.004 01 0.123 89 0.296 01 0.252 23
MKO06 0.014 11 0.002 83 0.003 44 0.120 68 0.153 97 0.147 99
MKO07 0.321 15 0.044 77 0.101 21 0.063 52 0.113 49 0.079 31
MKO08 0.075 49 0.006 87 0.015 81 0.121 99 0.174 75 0.150 98
MK09 0.4067 0.143 0.204 99 0.0964 0.117 31 0.106 13
MK10 0.2959 0.014 43 0.14147 0.029 32 0.177 79 0.091 69

SGA- Il H . IGA 535 F1 NSGA- Il H %, SC *6 SCEXTL
(A,B)#7n INSGA- [l FH A B4R X IGA 57 Tab.6 SC Comparison
AR SCRC i S B R SC A BEDTIZSE ol (:S&;) <;,CA> (:,(£:> <(§,CA> <Lf.bc> <(§(B>
R AE SR A S A i R BOR L S TA Y 25 6 R MKO1[0.946 43| 0 |0.705 36/0.080 86]0.150 59|0.655 96
W, WAl W, INSGA- T8 v 3 532 B i 4 % MKO02 |0.664 73]0.040 99| 0.684 79[0.186 16]0.226 33|0.482 08
IGA B 3 4E Y it % 42 Fl NSGA - 1 2 34k 3 i 1% MKO03{0.834 06| 0 |0.762 18]0.032 33|0.001 27|0.603 87
A 17 25 ke, HUNSGA - 118 1k 5 i 4 8 0 MKO4 [0.651 09| 0.0934 |0.545 83/0.140 22| 0.13 |0.597 62
TGA 7 A % 10 fie S 1 78 26 22 b B o 7 i e MKO05[0.78143| 0 |0.724 53| 0.0225 [0.016 67|0.713 34
e ) . N o MKO06[0.97143| 0 | 0.8963 |0.004 08| 0.02 [0.52357
) T INSGA- ISR e NSGA- TN 5k K MKO7 |0.563 72| 0.0029 |0.773 76|0.074 94]0.016 54| 0.138 61
2 IGARE R, MKO08[0.46212| 0  |0.33706/0.01829] 0  |0.766 67
K 10 5 INSGA-TT B IGA B EMINSGA - MKO09 |0.495 61{0.026 92[0.671 15]0.120 13]0.048 04 |0.386 36
1% 3 5R fie MK 5] MKO5~MEKO8 (1 3 i §i MK10 |0.558 83]0.000 68|0.567 04|0.097 33| 0.0245 | 0.6322

WYL S B i 25 51 340 10 Wiz B R ALY —
W, WS AW, INSGA- T 2 ¥ 5k i MK & il
MEKO05~MKO8 i E 3 i i % i 2 T IGA F ik M
NSGA- [l 5%, H INSGA- I1 55 ¥ i 25 [a] 43 #ii 5
TAE L UL INSGA- TT 8 ik i U S0t T HoAtb
PR

M5 2 7 MKOL1 3] AGV iz i i) 8] 2 %%
it INSGA- 1 55075 5K fi 2% 18 A BR 2 i 98 I MKO1
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2 2 1% AR I R b R R S AT 3 M = AN AR
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Tab.7 AGYV transportation time of MkO01 instance
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Tab.8 Jobs and operations information

TH1 T2 T3 T4 TI¥5 T 6
L Eg s i 1] HFR i 1] A B[] 24K i Ji] HFR i fi] k| I
J, BdE S 4 8 2 it T 5 £l 1 o 6 Ht 3 BEF-THT 4
I, A i 1] 3 ZEAME 10 i £l 1 B 8 EHy 3 BEF-TH 4
I, AR 6 BF- 4 i £L, 7 T 4b P 9 BAESL 2 ZuGE | 0.75
J, k3 3 KN 1 ] 2 KN 3 bk T 0.75 — —
J; H4HMA 2 BEF- T 4 1 b # 3 AL, 1.25 — — — —
Ty KRN 3 BEFH 5 B 4 s % 5 KR 3 B fL 3
J; KNI 1 Lot 3 3 B ST A 6 BEF- 1T 7 AL, 3 A vy 1] 6
Jy ) 7 B St % 10 K vy T 9 B TH 3 i fL 4 KN 10
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Tab.9 Available machines and AGVs of each operation
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Tab.10 AGY transportation time

BH l‘éu M, | M, | M, | M, | M, | M, | M, | M,
L/UK | 0 2 3| 2| 4|4 2]3]z2
M, 2 0| 4| 3| 2]5]3]|¢6]4
M, 3 40| 3|4]5]6]|4]|3
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Fig.13 Gantt chart for the 8 X8 aerospace case
O, WY T WEI] s H O 0 58 USR5 2 AGV iz i
2 O, AEHLIN T AL E L FF AR LN T 58 i
AGV iz ki 2] O, i TAL &8 A0 & HEATHLI T
34 AGVHEEXLUL BIREI RN

T B SEL S A5 A PE R RE i 4 AR AGY
Bt XA F AR 852 0 I S i 2s 25 0 4 e
A MACE AGY B R 2%, A CH IE AT
AGV B X 3.3 745 v ) B A A6 H AR B9 52 0 .
K14 R, 255 5 18 3L HAnfE (e K 58 T
i [] Makespan . & fig #& Fi 22 4% B 4% 57 {6 7T %0,
M AGV By 4RO B b

851 81.75 320000 308 704.774 99 12001 11075
80T 300 000 |- 294 601.139 42 ook
s 286 031,887 03
" 280 000 wd
o 49978589 = 800f
s 260 000 - =
g ok s 250 541.237 %0 8 ool
§ £ 240 000 F 247 719.060 02 §
60
ol 5575 220 000 | 234 011455 45 R 400 s
L 31 50 50 50 49 200000k 200} 15175141 149.25
34 197 833.218 58 155 o™
45 1 1 1 1 1 1 | 1 | 180 000 1 1 1 1 1 1 1 1 J 1 1 1 1 1 1 / 1
01 2 3 4 5 6 7 89 01 2 3 5 6 7 8 9 0 1 2 3 4 5 6 7 809
AGVE R AGV i AGV &
(a) Makespan (b) MAEFE (c) R INIESE

14 RUBHREAGVHEMNTL
Fig.14 Plot of optimization objective with the number of AGVs
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