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Table 2 Objective values of different search strategies

BKXFXQXE YHARE
IGWO HBWO HFPA GWO IMFO IGWO_nT
1x2x20%3 1535.3 1 644.2 1716.7 1701.6 1692.5 1 663. 4
2x3x40x4 3 469. 8 3764.7 3 956.8 4 008. 6 3894.2 3798.6
2x3x100x5 9082.4 9513.9 10 017.7 10 021.9 10 120.2 9923.7
3x4x120%6 11 523.9 11 998.2 12 351.9 12 232.8 12 351.9 12 084. 1
F3 dUNRRE BB ER
Table 3 Test results of small and medium-scale problems
IGWO HBWO HFPA GWO IMFO BATHY
BK FXQXE - - - - - N
G G {1/ % G $,/ % G {3/ % G £,/ % ) /s
2x20%3 1489.4 1632.9 9.63 1724.1 15.76 1795.4  20.55 1709.3 14.76 95.2
2X20x4 1715.7 1893.4 10. 36 1 968.7 14.75 1997.2 16. 41 1 874.2 9.24 118. 4
2x20%5 2332.9 2474.5 6.07 2738.4 17. 38 2 698.9 15.69 2 693.8 15. 47 185.1
2x40%3 2803.7 3201.2 14.18 3287.6 17.26  3098.5 10. 51 3199.5 14.12 229.7
2x40x4 3329.2 3921.5 17.79  4264.2 28.08 4149.8 24.65 4 301.3 29.20 290.0
1 2x40%5 3862.4 4286.3 10.98 4 451.6 15.25 4 353.6 12.72  4273.1 10. 63 335.8
2x40x6 4178.8 4598.1 10. 03 4792.7 14.69 4654.1 11.37 4338.4 3.82 355.1
2x60%3 4621.1 4899.5 6.02 5022.9 8.69 5198.8 12.50 4 986.2 7.90 281.7
2x60x4 4 867.6 5482.7 12. 64 5479.4 12.57 5142.3 5.64 5567.9 14.39 304.2
2x60%5 5194.3 5890.5 13.40 5834.2 12.32 5687.7 9.50 5902.6 13. 64 341.4
2x60x6 5538.5 6108.3 10. 29 6 155.3 11.14 6 129.5 10.67 6 208.6 12.10 402.3
3x40%x3 2893.5 3188.4 10. 19 3365.4 16. 31 3309.2 14.37 3208.5 10. 89 210.5
3x40x4 3377.0 3797.0 12.44 3 966.7 17.46 3 948.8 16.93 3857.2 14.22 217.3
3x40%5 3747.4 4169.1 11.25 4270.2 13.95 4174.4 11.39 4198.4 12. 04 338.4
5 3x40x6 4239.1 4601.2 8.54 4788.5 12.96 4 587.3 8.21 4 476. 1 5.59 389.5
3x60x3 4734.2 5322.9 12.44 5274.1 11.40 5145.9 8.70  5098.3 7.69 417.1
3x60x4 5287.9 5714.3 8.06 6089.3 15.16  5511.7 4.23 5625.8 6.39 583.8
3x60x5 5727.3 6602.4 15.28 6 732.6 17.55 6 525.9 13.94  6372.2 11.26 671. 4
3x60x6 6253.8 6827.2 9.17 6 972.6 11.49 6 867. 1 9. 81 6 693.9 7.04 744.2
S 14 4 010.2 4453.2 10. 98 4 588.3 14.95 4 472. 4 12.52 4 451.9 11.59 342.7
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Table 4 Test results of large-scale problems

IGWO HBWO HFPA GWO IMFO B 4TI

BK FXQXE - - = - - N

G G £,/ % G £,/ % G £/ % G £,/ % [8] /s

3x80x4 7086.5 8193.1 15.62 8229.4 16.13 8211.2 15.87 82354  16.21 876.7
3x80x5 7372.4 8294.9 12.51 8409.2 14.06 8318.5 12.83 8447.5 14.58 1035.2
3x80%6 7556.1 8422.3 11.46 8753.1 15.84 8595.9 13.76 81234.2 8.97 1245.6
3x100x4 8 712.9 9 487.8 8.89 9477.8 8.78  9423.8 8.16  9301.1 6.75 1790.5
2 3x100x5 9 031.6 9525.2 5.47  9699.5 7.40 10065.1 11.44 9967.8 10.37 1800.0
3x100x6 9 402.8 10 235.3 8.85 10 335.7 9.92 10211.3 8.60 10 299.3 9.53  1800.0
4x60x4 6024.2 6437.6 6.86 6599.0 9.54  6436.7 6.85 6129.9 1.75 1051.8
4x60x5 5991.4 6392.4 6.69 6759.3 12.82  6435.2 7.41  6533.4 9.05 1217.1
4x60%6 6058.2 6537.7 7.91  6598.3 8.92  6622.6 9.32 63241 4.39  1622.4
4x80x4 7232.3 7726.3 6.83  7765.9 7.38  7926.7 9.60 7742.6 7.06 1255.9
4x80x5 7679.7 8160.5 6.26 8326.8 8.43 8195.2 6.71  8211.3 6.92 1318.3
4x80%6 8129.1 8713.7 7.19  8966.5 10.30 8512.3 4.71  8531.6 4.95 1390.0
4x100x4  8992.0 9321.9 3.67  9433.3 4.91 9938.4 10.52 9547.5 6.18 1638.1
3 4x100x5 9 411.6 10 134.2 7.68 10 192.1 8.29 10 012.1 6.38 10 129.7 7.63 1800.0
4x100x6 9 779.8 10 398.1 6.32 10 488.2 7.24  9984.8 2.10 10 633.8 8.73 1800.0
4x120x4 10 126.3 10 748.4 6.14 11237.7 10.98 10 537.5 4.06 10 625.2 4.93  1800.0
4x120x5 10 743.9 11 232.6 4.55 11121.2 3.51 11267.8 4.88 10963.1 2.04 1800.0
4x120x6 11 461.9 11 901.8 3.84 11 966.6 4.40 12013.2 4.81 12 045.4 5.09 1 800.0
¥ 8377.3 8992.4 7.59 9131.1 9.38  9039.3 8.22 8994.6 7.51  1502.3

X /N RS [R) A, TSP 343 S R 342.7 s
M ,IGWO % F HBWO HFPA .GWO Al IMFO 435I
WHET 10.98%,14.95% ,12.52% F1 11.59% ; %} F
KA [7] 5L, 75 SF 343 AR 1502.3 s 9, IGWO
% F HBWO HFPA  GWO Al IMFO 43 5l st 3k 1T
7.59% ,9.38% ,8.22% 1 7.51% ., MK & 1G-
WO % F HBWO . HFPA .GWO F1 IMFO 43 51 ikt #F
T 9.33%,12.24% ,10.43% 1 9. 61% , 1IGWO 45 5|
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Steel Surface Defect Detection Based on Improved YOLOvS5 Algorithm

YAN Yu, JING Yuchao, SHI Mengxiang, YANG Duo

(School of Electrical and Information Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract; In order to solve the problem of low efficiency of steel defect detection and economic loss caused by false
detection, an improved YOLOvVS algorithm was proposed for steel defect detection. On the condition of keeping the
original YOLOv5 detection layer unchanged, three auxiliary branches with adaptive weights to extract the shallow
information of the YOLOvS network were added to the improved algortihm, and the auxiliary branches could also
enhance the gradient flow of the whole network, which made the training effect better. The EMA attention mecha-
nism was added to the main part of the network, and the weighted feature information of the EMA module could
help the model better focus on and understand the important target features. SloU was used instead of the CloU loss
function, and the angle loss and shape loss introduced by SIoU could make the anchor frame fast and accurate in
the regression process to improve the stability and robustness of the detection. Through experiments on the NEU-
DET dataset, the proposed algorithm improved the accuracy by 3.7 percentage points compared with the original
YOLOVvS5s, with better detection performance than other mainstream algorithms.

Keywords: YOLOvS; adaptive auxiliary branches; attention mechanism; loss function

(BS54 00)
Distributed Hybrid Flowline Rescheduling Based on Improved Gray Wolf
Optimization Algorithm

XUAN Hua', XIONG Mengying', CAO Ying’

(1. School of Management, Zhengzhou University, Zhengzhou 450001, China; 2. School of Civil Engineering and Architecture, Henan
University of Science and Technology, Luoyang 471000, China)

Abstract ; Distributed hybrid flowline rescheduling was investigated considering machine breakdown and transporta-
tion time constraints. An integer programming model was constructed with the optimization objective of simultane-
ously minimizing the maximum completion time, total energy consumption, and total delay. An improved grey wolf
optimization algorithm was then proposed to solve it. Firstly, according to the characteristics of the problem, a
three-chain encoding method based on factory-operation-machine was designed. A population initialization method
combined with NEH heuristic approach and completely random procedure was proposed. Next, after the leadership
individuals were chosen, a dual-mode parallel search method based on tracking and autonomous action was intro-
duced to update the bottom wolves. Finally, tabu search integrated with forward insertion transformation of opera-
tion chain and backward shift operation of machine chain was applied to avoid falling into local optimum. Simula-
tion experiments tested 370 instances. The effectiveness of the improvement items in the proposed algorithm was
verified. The improved grey wolf optimization algorithm improved by 9.33% , 12.24% , 10.43% , and 9. 61% , re-
spectively, compared with the four algorithms, including hybrid beluga whale optimization algorithm, hybrid flower
pollination algorithm, classical grey wolf optimization algorithm and improved moth-flame optimization algorithm. It
illustrated the effectiveness of the proposed algorithm.

Keywords: distributed hybrid flowline rescheduling; machine breakdown; transportation time; energy consump-

tion; improved gray wolf optimization algorithm
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