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Table 1 Table of partial information on aluminum coils

Coil Processroute  Process number  Material type Entry width/mm

1 C,A,C,C 500,590, 600, 610 P 1470
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500, 510, 520,
4 C,CACA T 1250
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Table 2 Process flow and proportion of aluminum coils

Process route Ratio/%|| Process route Ratio/%|| Process route Ratio/%

Cx1, Ax1,

Cx1 0.3 ||Cx3, Ax],Cx1 42 0.3
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Cx3 0.2 ||Cx4, Ax1,Cx1 7.7 1.0
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Cx1, Ax1,
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Cx4, Ax1
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Table 3 Comparison of results of different rescheduling methods

BF MF BF MF
FCase FCase
Partial Complete Partial Complete Partial Complete Partial Complete
1 13.881 13.281 14.832 14.683 11 34.665 34.065 35.630 35.440
2 8.996 8.996 9.964 9.348 12 28.296 25.760 29.257 27.136
3 14.040 11.197 14.989 12.517 13 33.412 33.184 33.875 33.546
4 13.060 10.060 14.030 11.380 14 39.320 38.355 40.282 39.745
5 15.369 14.450 16.317 15.752 15 39.598 40.270 40.564 41.623
6 15.180 12.880 16.106 14.196 16 48.560 47.866 49.468 49.224
7 19.125 19.125 20.113 20.487 17 43913 43.410 44.874 44.757
8 23.413 23.358 24.344 24.733 18 44.629 46.399 45.595 47.743
9 21.860 21.629 22.822 22.032 19 38.700 38.468 39.662 39.815
10 23.509 22.433 24.471 23.825 20 44.695 43.295 45.657 44.637
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Table 4 Results of ablation experiments on KOA and its variant algorithms
BF STD AVGITER
FCase
KOA IKOA-1 KOA IKOA-3 KOA IKOA-1 IKOA-2 IKOA-3 KOA IKOA-1 IKOA-2 IKOA-3
1 13.281 12.420 0.186 12.848 0.186 0.133 0.099 0.150 2232 239.5 174 214
2 8.996 8.996 0.103 8.996 0.103 0.062 0.052 0.051 73.4 72.1 93.4 92.9
3 11.797 11.640 0.257 11.392 0.257 0.144 0.080 0.123 298.2 275.7 257.3 233.7
4 10.060 10.660 0.049 10.730 0.049 0.054 0.036 0.043 3715 391.4 373.7 369.5
5 14.450 14.169 0.155 14.169 0.155 0.074 0.067 0.061 373.5 3435 379.4 321.2
6 12.880 13.980 0.155 12.960 0.155 0.136 0.043 0.103 279.8 280.7 282.4 258.5
7 19.125 19.125 0.098 19.125 0.098 0.051 0.040 0.050 31.2 38.2 45.2 62.8
8 23.358 22.513 0.076 22.513 0.076 0.044 0.047 0.047 3734 330.5 225.1 251.4
9 21.629 20.809 0.056 20.854 0.056 0.057 0.059 0.057 423.4 426.7 446.5 411.4
10 22.433 21.489 0.106 19.169 0.106 0.046 0.082 0.063 395.2 389.5 413.6 386.2
11 34.065 34.657 0.203 34.043 0.203 0.201 0.080 0.080 350.8 309.2 298.6 223.7
12 25.760 25.760 0.146 25.760 0.146 0.091 0.075 0.092 419.8 420.2 389.4 330.4
13 33.184 31.524 0.119 32.724 0.119 0.084 0.069 0.082 411.5 380.6 457.4 435.2
14 38.355 38.375 0.081 38.375 0.081 0.082 0.081 0.081 369.6 338.7 327.6 463.3
15 40.270 38.398 0.130 38.398 0.130 0.212 0.120 0.133 308.3 384.3 313.2 334
16 47.866 44.960 0.337 44.256 0.337 0.210 0.118 0.169 405 473 325.7 399.2
17 43.410 43.905 0.113 43.404 0.113 0.148 0.142 0.142 341 237.3 401 269.9
18 46.399 38.429 0.274 41.460 0.274 0.269 0.147 0.217 211.5 233 190.5 2115
19 38.468 38.819 0.167 38.462 0.167 0.181 0.174 0.168 368.3 431.6 361.6 396.4
20 43.295 42.095 0.291 42.730 0.291 0.216 0.134 0.152 3425 283.4 402.2 342.5
FRA M (23) M 24) Fis, Ho, fo FOREE k WENE N LA, f 3R EUSe R B 5
1 fi—f ZIE NE(E, n FRRis TIEL
AECT=- 3" 23 . o .
" @) S Rt T B HR I R, S
" Nem SRR IR 9 77 AT FR . KOABPS 534 7E 15
ZZ D [ =2 A~ Case US4 JR e i), Ho ABCT fEAE 7 #p 433k h
ES = /oL =t el 4y Tb, RITZFET B M 10 RE R IRAR, LRI 45
Zzl el KL AE e R UEME . X T ES {6, KOABPS

prgl BHETE 114 Case BUS T e/ ME, M FEHREEMR AT
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Table 5 Algorithm performance comparison on small-scale dataset
BF AECT ES
Case

KOA- GCLN- EICA- KOA- GCLN- EICA- KOA- GCLN- EICA-
J(a, b, c) KOA IGWA GANS  IPSO KOA IGWA GANS IPSO KOA IGWA GANS IPSO

BPS TSO VNS BPS TSO VNS  BPS TSO VNS
15%(2,3,2) 5849 5873 5873 6.031 5938 5871 5871 0554 0.657 0.699 0.688 0503 0678 0735 0536 0512 0552 0510 0480 0466 0.461
17x(3,42) 3272 4772 5272 3272 3272 4992 5252 0157 0206 0343 0384 0.096 10.740 0274 0473 0480 0492 0523 0489 0.594 0519
20%(4,52) 3.826 5.020 4212 3.826 4051 3.826 3.826 0.41 0.31 0156 0.168 0.83 0129 0.154 0137 0.165 0.160 0157 0.139 0.189 0218
22X(5,62) 4580 4424 4424 4310 4537 4424 4640 0184 0172 0248 0.192 0205 0.188 0230 0.161 0219 0231 0204 0.196 0274 0.204
25¢(242) 4721 721 6431 5372 4983 7121 7021  0.091 0483 0459 0438 0.192 0431 0447 0411 0373 0503 0399 0480 0392 0.459
26x(3,52) 7266 7.678 7386 7.041 7318 8706 8.666 0286 0384 0376 0297 0274 0.605 0.637 0.605 0.632 0598 0520 0571 0573 0.629
28%(4,62) 5.180 5.180 5.180 5.180 4.957 4340 6.500 0.128 0281 0322 0294 0281 0272 0481 0184 0203 0265 0.154 0.199 0230 0311
30%(53,2) 4.486 6166 5308 4900 4738 5308 6508 0.098 0252 0.193 0357 0027 0.149 0382 0543 0551 0448 0.509 0480 0510 0.415
33x(2,52) 5760 5808 6292 6292 7304 6292 6648 0201 0.195 0100 0.156 0.137 0133 0073 0497 0520 0474 0453 0425 0453 0493
35%(3,62) 4.640 4.640 4.640 4830 4.640 4.640 4792 0204 0.136 0126 0.172 0.77 0119 0.113 0408 0497 0503 0611 0435 0485 0.467
37%(432) 5780 6336 5778 6.031 6450 6.662 6.822 0.077 0.088 0.102 0.083 0.082 0.110 0.166 0506 0537 0.671 0537 0554 0565 0.520
38x(5,4,2) 8414 11.088 11.088 8935 11700 12.288 10.088 0202 0.668 0.695 0.683 0504 0.824 0.608 0.620 0520 0565 0591 0.507 0499 0533
42x(2,6,2) 7.580 9.980 9.980 9366 10.043 11340 10.908 0.066 0.362 0379 0592 0351 0527 0573 0472 0532 0480 0591 0490 0.528 0.499
44x(332) 7.168 13.822 14.022 9392 10.058 13.822 13.822 0.078 0.684 0.856 0.846 0481 0712 0761 0253 0296 0270 0284 0301 0282 0.246
47%(442) 6220 9.428 9.428 9.686 9.861 10.628 10.628 0239 0.118 0.135 0.147 0.145 0251 0270 0201 0214 0281 0256 0221 0218 0281
49%(5,52) 9471 12723 11.871 11074 13783 12243 14271 0.060 0342 0257 0285 0324 0276 0527 0574 0451 0541 0557 0499 0593 0515
51%(23,2) 760 8250 8328 7160 9.790 10248 10.088 0.071 0.090 0.149 0.103 0166 0361 0339 0501 0.527 0.644 0.661 0.624 0.604 0.629
52x(34,2) 8.908 12908 10.796 10.853 9.758 14.396 12.916 0.060 0.470 0251 0310 0405 0611 0491 0595 0.657 0.603 0593 0554 0.667 0.636
54%(4,52) 6950 6396 7.556 6991 6.840 9.756 8796 0332 0260 0.147 0.125 0.628 0.063 0.043 0718 0.657 0.654 0574 0.601 0.676 0.624
55%(5,6,2) 8399 10.799 10.799 11940 8964 10.799 10.799 0220 0.059 0.065 0.083 0.092 0060 0.078 0306 0397 0375 0379 0334 0333 0312
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Collaborative Two-Stage Reentrant Batch Scheduling Problem for
Aluminum Coils Considering Equipment Failures

BAI Yunfeng, XU Zhenhao, GU Xingsheng
(Key Laboratory of Smart Manufacturing in Energy Chemical Process, Ministry of Education, East China University of
Science and Technology, Shanghai 200237, China)

Abstract: Equipment failures in aluminum coil production disrupt normal manufacturing operations, and how to
adjust scheduling schemes dynamically in response to such failures has become a critical practical issue. To address this
problem, this paper establishes a corresponding mathematical model and proposes a Kepler Optimization Algorithm
with Adaptive Adjustment Based on Population State (KOABPS). Specifically, a hierarchy-based dynamic decoding
method is constructed, Latin hypercube sampling is adopted for population initialization to ensure sample diversity, a
population state-based adaptive adjustment mechanism is designed, and Levy flight is introduced to help the algorithm
escape local optima effectively. To verify the effectiveness of KOABPS, a factory dataset is built using actual
production data from enterprises, and random datasets of different scales are further constructed according to the
characteristics of practical production data. Comparisons between partial rescheduling and complete rescheduling are
conducted on the factory dataset, and ablation experiments are carried out to demonstrate the validity of the proposed
key modules in KOABPS. In addition, small-, medium- and large-scale random experiments are designed to compare
KOABPS with other typical optimization algorithms. The results show that the proposed algorithm outperforms its
counterparts in both solution quality and convergence speed.

Key words: aluminum coil production; batch processing; reentrant scheduling; equipment failure; Kepler
Optimization Algorithm (KOA)
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