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Abstract

In the actual flexible job shop scheduling, considering the influence of transportation time and
machine speed, a multi-objective optimization model is established to optimize the maximum
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completion time, machine tool load and total energy consumption of the machining process, and
an improved multi-objective Jaya algorithm is proposed for solving the model, considering the ef-
fects of workpiece transport time and machine optional speed on the scheduling results. Combin-
ing the characteristics of the problem, a three-level coding containing process, machine and speed
and an insertion decoding considering transport time and machine speed, and a hybrid strategy of
multiple rules are used to initialise the population approach to improve the population quality,
and then a variety of different discrete individual update methods are designed according to dif-
ferent situations, and five neighbourhood structures are designed based on the characteristics of
the problem to improve the search capability of the algorithm. Finally, the feasibility and effec-
tiveness of the proposed algorithm is verified after modifying the benchmark algorithm and con-
ducting comparison experiments.
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Figure 1. Example of individual coding
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Figure 2. Update of OS code in method (1)
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Figure 3. Update of MA and SS code in method (1)
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Figure 4. Update of OS code in method (2)
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Figure 5. Update of MA and SS code in method (2)
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4.3. FEEsCIe

KL LLE 2 NSGA-IT 18]« SPEA2 [19]3F47 SE30XT bb DASSUF A SCEE R AT S A 8tk . =AM
15:3°% Fl Matlab2020b i 2528, S5 BI7E 3.20 GHz A HE %%, 8.0 GB PIA7 I HEfw b ib4T#4E. ﬁﬁﬁ Hi%
IR BERAR h 50, i RIEARIRELE N 100; IMOJA F SPEA2 frI 4 RS S AU A 50; NSGA-IT 1 SPEA2
(A AR SRy BB E N 0.8 F1 0.1, BN B B MATIZAT 10 K.

7 2 AR SIEE = AMAL B AR R 45 AT B, SR IRLE R . WFE 2 ATRLEH, 7EX 10 4
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Table 2. Comparison of the optimal results of each optimization objective of different algorithms

=2 FAEEENE M BERRNESE R

IMOJA NSGA-II SPEA2
1
Core TL E Core TL E Cor TL E
MKO1 2223 5770  1103.81  23.87 60.80 118434  25.17 63.33 1235.73
MKO02 19.67 5423  1040.16  20.83 5740 113688 2197 59.77 105435

MKO03 77.83 344.10 6097.73 84.47 368.57 6409.36 85.83 367.03 6682.36
MKO04 34.30 128.40 2356.49 36.43 138.40 2571.49 38.63 143.53 2553.58
MKO05 72.87 262.23 4322.49 80.00 275.87 4515.53 83.37 284.83 4563.55
MKO06 56.07 144.30 3584.13 60.17 163.17 3911.92 60.70 170.83 3741.23
MKO07 63.50 268.10 4369.99 67.33 272.83 4835.83 77.03 292.43 4850.99
MKO08 202.23 1009.33  18110.88 211.13 1027.67  18549.98 225.73 1100.43  19761.19
MKO09 145.23 966.67 16127.57 156.17 1012.03  16993.20 165.90 1051.73  17673.48
MK10 120.13 809.00 14553.03 134.10 859.43 15325.38 138.13 882.33 16052.16

ANFRFIER) C $545 A0 IGD Fabr st th s ansk 3 M3 4 foR. 22 3 xS R N 1A 0 (SRt 4T
B EIR, % 4 9 IGD M ENIER. A& 3 ITLLEH, CIMOJA, NSGA-IN)TE 6 NMaEH F55F 1, 78
HE 445K FREER 1, 1 C(NSGA-IL, IMOJA)TE 7 MNEH F5ET 0, fEHE 3 MEH FREE 0, 1X
UL IMOJA A RIAE X FCAREE T LI 5% NSGA-TI 48 KL B HIfR, T NSGA-IT 35150 ff S Xk LA o5
IMOJA; C(IMOJA, SPEA2)TE 4 NEH F4&ET 1, fERIRMEG FREL 1, #AKT 0.9, 1fi C(SPEA2,
IMOJA)E 7 NGB 5T 0, fERIAHM LR 0, #/NT 0.007, X IMOJA FR1G AR LR i 4E
AT LA 75 SPEA2 46K 2 KU ¥fi, T SPEA2 SRAF IR HE LLZE 6 IMOJA. 5 4 FTLUE tH, IMOJA ¥ IGD
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{ETE A B - #REAS Lk NSGA-II 1 SPEA2 E/NFIHME, TEHE S Fiiz/MT NSGA-II #1 SPEA2 [ IGD
i, HAE 4 ADEH F2ET 0, X360 IMOJA BA BT U SO EFn 2 #E .

Table 3. Comparison results of C metrics of different algorithms

3. NEFEER C ERRIXTEEEER

HA) C(IMOJA, NSGA-II) C(NSGA-II, IMOJA) C(IMOJA, SPEA2) C(SPEA2, IMOJA)
MKO1 0.9273 0.0167 0.9133 0.0067
MKO02 1.0000 0.0000 0.9924 0.0000
MKO03 0.9333 0.0035 0.9235 0.0000
MKO04 0.9441 0.0059 09113 0.0059
MKO05 0.9935 0.0000 1.0000 0.0000
MKO06 1.0000 0.0000 1.0000 0.0000
MKO07 1.0000 0.0000 0.9937 0.0000
MKO08 1.0000 0.0000 0.9509 0.0033
MKO09 1.0000 0.0000 1.0000 0.0000
MK10 1.0000 0.0000 1.0000 0.0000

Table 4. Comparison results of IGD metrics of different algorithms
F* 4. FEIEEM IGD IEFRRIXTELEER
a1 IMOJA NSGA-II SPEA2
MKO1 0.0004 0.0330 0.0452
MKO02 0.0001 0.0459 0.0598
MKO03 0.0008 0.0383 0.0465
MKO04 0.0004 0.0307 0.0342
MKO05 0.0000 0.0235 0.0315
MKO06 0.0000 0.1905 0.3004
MKO07 0.0002 0.0399 0.0474
MKO08 0.0004 0.0236 0.0396
MKO09 0.0000 0.0607 0.0706
MK10 0.0000 0.0598 0.0682

Kl 8 7R T MKO09 SHA N & FIEIZAT LR G T3 Pareto ARATHT LA =M. 18] 8 1, “*” IR

IMOIJA HU45#] Pareto A,

“0” FKIN NSGA-II,

“a” FIN SPEA2, WLIAEH, IMOJA Fif3 Pareto #x

RRTHAE =N HAFR4H 77 A1 BB EUAS T Eb NSGA-IT FI SPEA2 BT ()45 3, i W IMOJA 7] LASR A3 B AL/ Pareto
AT . B 9~11 J7R T 3Rl MKOS A, —Fh S HUAs it 58 T Tl i) H AR, MKOS A 15 4
TAF 4 GHLE 106 B T FHM. M 9~11 FHTEUEH, IMOJA U5 B EE T ZALA RS R D, RE
NSGA-II A1 SPEA2 i ] 1 A ST HE (IR BERT 4R 10 7 72 A4 N ZUARAD i, (B2 BT TR B 7 ML as Al
TIREZ, 58 LI EE R ZE IMOJA R, XU 7 IMOJA A LASRAS B AF (1 B 7 58 . IMOJA HUA3(1)
f#(Cpaxs TL, E)N(74.73, 274.73, 7897.61), NAGA-II }4(80.00, 281.07, 8160.74), SPEA2 4(83.37, 300.27,
7491.87), {Ef/h5E LRFEIFEE 7€ L, IMOJA B8 T /NI 5 TR 7 %, HAE =A B hs LEs L
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Figure 8. Pareto frontier diagrams and orthographic view of each algorithm of MK09
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Figure 9. IMOJA obtains Gantt chart for MKO05
9. IMOJA 3K MKO5 B9 HH5E
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Figure 10. NSGA-II obtains Gantt chart for MK05
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Figure 11. SPEA2 obtains Gantt chart for MK05
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