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Flexible job shop scheduling considering transportation and

machine pre-maintenance
WANG Yufang'*?, ZHANG Yi', YAO Binbin', CHEN Fan', GE Shiyu'

(1. School of Automation, Nanjing University of Information Science & Technology, Nanjing 210044, China; 2. Jiangsu Collaborat-
ive Innovation Center of Atmospheric Environment and Equipment Technology (CICAEET), Nanjing University of Information Sci-
ence & Technology, Nanjing 210044, China; 3. Engineering Research Center on Meteorological Energy Using and Control (C-
MEIC), Nanjing University of Information Science & Technology, Nanjing 210044, China)

Abstract: The rapid development of the aviation manufacturing industry has increased the demand for high-efficiency
and low-energy modes of consumption and production. Here, a modeling and analysis approach was employed to ad-
dress the green scheduling issues of an aerospace flexible job shop regarding transportation and pre-maintenance. Addi-
tionally, a model was established to minimize the completion time, bottleneck machine workload, and total energy con-
sumption. Further, non-dominated sorting genetic algorithm II based on population quality was proposed to resolve the
issues. Furthermore, heuristic initialization was employed to generate high-quality initial populations, and individuals
were grouped to evolve. Thereafter, local search operations were conducted to comprehensively explore the optimal in-
dividuals. For the populations classified as moderate, crossover and mutation combined with machine load operations
were applied to alter portions of their genetic makeup and achieve optimal solutions. Employing a learning mechanism,
the inferior populations acquired superior genes from elite individuals to enhance their overall quality. Subsequently, the
effectiveness of the proposed algorithm was verified by comparing it with those of other algorithms on test examples. Fi-
nally, the algorithm was applied to a real aecrospace composite material manufacturing system to schedule actual produc-
tion activities, thereby verifying its feasibility.

Keywords: transportation constraint; pre-maintenance; acrospace manufacturing; NSGA-II; population quality; group
evolution; heuristic initialization; local search
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Table 2 Eight algorithms for different selected strategies
M PQNSGA-NO PQNSGA-H PQNSGA-E PQNSGA-D PQNSGA-HE PQNSGA-HD PQNSGA-ED PQNSGA-II
HIM — J — — J J — V
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s N FROR YRS AN, IR AT E TR
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Fig. 5 IGD convergence curves of eight algorithms

e s fias, FEEress 1B 2, 1 HIM
TREWE 1) R P R S 4 Y IGD B, Ui HH HIM 3K
W B A5 B g TR W AR R, R BRI T AR
A48 & E S, X PONSGA-NO Fil PQNSGA-
E A] I, PQNSGA-E 78 %A~ A 1 7 1 (1% 1GD f
B 4K F PQNSGA-NO, iX it I EGMLBS 7 i X}
AN BT Y 4R T ASOR W, ARE SRR T 2
AR MR P HLES 0 AF B AT T BT M A, 108
THEME R . #— 2 PQNSGA-NO
A1 PQNSGA-D £ 1T DL & B, PQNSGA-NO [#)
IGD {H 78 37 fR Z 1l 5 PQNSGA-D 25 A i,
7RS5BT PQNSGA-D, ix % ] DPLS
TS TE L ACE W% TR, 5 Bk Bk s Jmy 58
AL, BN LA . 7F POQNSGA-D L4l [l 4>
Ja1 18 & K % EGMLBS 9 PQNSGA-ED HH W it T
PQNSGA-D, 1l 4 748 & 5K i EGMLBS A i b
Pemm TR BT A, O B O e i 4 Rk
ML R RIE T RS R GE ST . BAT L, DPLS
F1 EGMLBS M #h 5 s AH B A2 0F, B B3R T+ T 3k
PERE . 45 & B A SR IE A9 PQNSGA-TL 78 35 4~ 24X
i IGD (E AR 2 fe /Ny, A St i e,
W 3 i stk SR s AH B AR 3 . LA PQNSGA-II FiI
PQNSGA-HD, Hi# % IGD {5 ¥ B4 T )5 &, i8]
EGMLBS 7ER 4 i CHER M 4, i m
TR EEARERE

K H I 2 77 2253 #1 (analysis of variance, AN-
OVA)PH B9k 25 533 e T SR g 1 1 & M o ¥ IGD
AR Chypervolume, HV ) P B A Ay i b7 A%
i 8 FhA 143 oK M, ANOVA 43 A4l S 4n 4 3
v s (v, PRz B 5 X8 i) iy AR 8 79 552 i 7
B, FH B IIZ SR W 4 O s P A R R
WS % M) iy A% g ) S RS R, 25 P /NT 0.05 T3
U 122 SR W% XoF Dl iy 7% o 114) 2% S D ik f )

7 3 451 R, EGMLBS JRHE7E HV A1 IGD A~

fe bR EAEA ] T iR R ITE A F AR, KRR %
WXL R R, B P I AR T 0.05,
W17 EGMLBS i B AT .35 1, 7e i1k id 72 ke
BT OCHEAEH . AHILZ R, HIM 3R g 19 34 75 {6 Al
FAE S/, Ul B 0He 54 s A Xk G At 3 b S s %o 38 0%
SRR /N, SR, HIM SRS AE HV 1545 1 P<0.05,
R AR 98 52 2 B A AL 78 1GD #6545 |
P>0.05, 7 WK 15 18 T e A0 i i AR AR I HIML 5
ANBA B EFME, XU HIM 50 729 45 46 B B
PR R M AR B AR AR, R S )
% 2R 25 ], (EAE B T AR 5 2 B i i e
b, 5 B A AR R ORI 9% 1GD f545 . DPLS
WM AE HV HIGD & b b iy 2475 (B A F{E 315
o, X UL T DPLS SR AT LA i i 19 21, A
Bl T A i T e U AT O AR AR S o RO, AR
IGD #&#5 |, P {EHEE T il #HE 0.05, 32 9] DPLS
SRMEAE g — T g B 1 2 e, SR Bk o )R AR
A, B W .
®3 ANOVA FENMER
Table 3 ANOVA analysis of variance results

VARV i i A5 £ PAIGD Ay Jo A5

. F P F P
HIM 9.1018  0.0393 43425  0.1056
EGMLBS 98.0658  0.0006  75.9829  0.0010
DPLS 15.1600  0.0176 8.4065  0.0441
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Table 4 Comparison results of five algorithms of IGD, HV, and CR (test case)
Rl EiEL 2 Jaya MOGA ICA HABC PQNSGA-II
IGD 0.1159 0.2110 0.2847 0.0749 0.0570
TPMKO1 HV 0.8381 0.6808 0.7443 0.8746 0.8842
CR 0 0 0 0.3750 0.6250
IGD 0.0766 0.1983 0.4745 0.0235 0.0068
TPMKO02 HV 0.8854 0.7604 0.6792 0.9724 09777
CR 0 0 0 0.0769 0.9231
IGD 0.2136 0.4358 0.3127 0.1072 0.1898
TPMKO03 HV 0.8362 0.7411 0.7658 0.8767 0.9399
CR 0.0556 0 0 0.3611 0.5833
IGD 0.1044 0.1778 0.3402 0.106 1 0.0009
TPMKO04 HV 0.9039 0.8531 0.7360 0.9326 0.9565
CR 0.0938 0 0 0 0.9063
IGD 0.1183 0.0498 0.3540 0.0952 0.0198
TPMKO5 HV 0.8984 0.9290 0.7396 0.9044 0.9698
CR 0.0435 02174 0 0 0.7391
IGD 0.1755 0.4294 0.5171 0.2603 0.1384
TPMKO06 HV 0.8128 0.6700 0.5970 0.7650 0.8691
CR 0.0909 0.1132 0.0682 0.1136 0.6818
IGD 0.0575 0.0455 0.2806 0.0563 0.0399
TPMKO07 HV 0.9189 0.8520 0.7546 09171 0.9391
CR 0.0690 0 0 0.2759 0.6552
IGD 0.1865 0.1795 0.1554 0.1574 0.0212
TPMKO08 HV 0.8542 0.8564 0.8864 0.9053 0.9331
CR 0.0333 0.0333 0 0.2677 0.6661
IGD 0.6201 0.5262 0.4991 0.5290 0.1022
TPMKO09 HV 0.5102 0.5669 0.7111 0.5578 0.8658
CR 0.1071 0.0769 0.0577 0.1346 0.6346
IGD 0.2030 04173 0.4747 0.3486 0.1314
TPMK10 HV 0.9370 0.7433 0.7011 0.7699 0.9643
CR 0.0962 0 0 0.1714 0.7714
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Table 5 Processing information of TPHKO1 instance
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Table 6 Machine information and transportation time
BERE/ 24P T[] Az Fa sf ] A M, M, M, M, M, M M, M, M,
" e, 12.5 13.0 12.0 12.0 14.0 13.5 11.8 12.0 12.5
REFE/KW
e, 1.5 1.0 2.75 1.75 2.0 1.5 1.2 1.0 1.5
et A] Tom 3.0 5.0 4.0 5.0 3.0 6.0 7.0 4.0 4.0
M, 0 2.6 2.2 3.0 4.8 2.6 2.8 33 3.1
M, 3.0 0 1.2 3.6 32 3.7 1.8 23 3.6
M, 45 2.1 0 22 3.9 47 4.6 2.8 4.8
— M, 2.4 2.0 3.9 0 33 42 4.1 3.9 3.9
eea] > 18] [
mﬁwt\ﬂ ‘Z'wj M, 2.8 23 3.9 2.9 0 2.9 45 45 2.6
iz Hi i E)/h
M, 49 1.6 4.5 2.4 2.8 0 2.1 3.9 43
M, 1.2 2.4 33 42 3.6 2.7 0 1.1 1.5
M 49 1.5 1.3 4.1 3.1 4.9 3.7 0 12
M, 1.8 45 4.7 3.7 25 5.0 1.5 2.8 0
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Table 7 comparison results of IGD, HV and CR of the five algorithms (real-world case)

S bR Jaya MOGA ICA HABC PQNSGA-II
IGD 0.7110 0.7333 0.7467 0.0779 0.0163
TPHKO1 HV 0.5524 0.5328 0.5255 0.903 1 0.9920
CR 0 0 0 0.4375 0.5625
IGD 0.4444 0.5453 0.4809 0.2248 0
TPHK02 HV 0.6666 0.6251 0.6588 0.7845 0.9909
CR 0 0 0 0 1
IGD 0.7281 0.6110 0.7105 0.1941 0
TPHK03 HV 0.5596 0.6301 0.6333 0.8864 0.9952
CR 0 0 0 0 1
IGD 0.7418 0.8103 0.7035 0.1264 0.0140
TPHK04 HV 0.5517 0.5360 0.5544 0.9615 0.9897
CR 0 0 0 0.2727 0.7273
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CR 0.066 67 0.0333 0 0.1000 0.8000
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