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Abstract; To achieve safe and efficient work in job shops, this paper proposed a BP-DRFJSP model
that considers workers” boredom perception. First, the impact of boredom arising from repetitive tasks on
work efficiency and work safety accident risks was analyzed. A mathematical model was developed to
quantify this impact, and a scheduling model was established with the optimization objectives of minimizing
makespan and production safety risks. Then, a MO-FTTA was designed to solve the model. Finally,
comparative experiments and a case study involving MO-FTTA and three other common algorithms were

conducted to verify the performance and feasibility of the proposed approach. The results show that when

w CESiS :1003-3033(2025) 12-0008-10;  Uh H 1#.2025-07-20; 1&F& H11:2025-10-10
s S EVES AR (1995—) , Lo, SR MO Bt Bh#, BB L 2P RIS, E-mail :2536545650@ qq. com,



o512

FRARAE 7B T I A2 Ml 7 1) 22 4 1 7 U BE AT 9

solving BP-DRFJSP model, MO-FTTA achieves better hypervolume ( HV) and inverted generational

distance (IGD) in 95% of the test instances, with C—metric values close to 1. Moreover, it yields superior

objective function values in 90% of the instances compared to other algorithms. In the case study, MO-

FTTA reduces the makespan to 79. 635 minutes and lowers work safety risk by 1. 25%, demonstrating its

effectiveness in enhancing production efficiency while mitigating safety risks, thereby supporting safe and

efficient workshop operations.

work safety scheduling;

dual-resource flexible job shop scheduling ( DRFJSP) ;

processing efficiency ;

multi-

( Boredom Perception, BP) ) DRFJSP ( BP-DRFJSP) ;

Keywords: workers” boredom perception ( BP) ;
work safety accidents;
objective football team training algorithm ( MO-FTTA)
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Fig.1 Practical processing efficiency based on

workers” boredom perception
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Table 3 Results of orthogonal experiments

e K s

HE P I U
1 1 1 1 0.372 1
2 1 2 2 0. 556 0
3 1 3 3 0.743 6
4 2 1 2 0.557 6
5 2 2 3 0.817 2
6 2 3 1 0. 646 1
7 3 1 3 0.534 6
8 3 2 1 0.763 2
9 3 3 2 0.628 9
u, 0.5572 | 0.4881 | 0.5938 —
u, 0.6736 | 0.7121 | 0.5808 —
Uy 0.6422 | 0.6728 | 0.6985 —

M8 T AR 45 5 MO-FTTA (15 41 3 3%k
R4 HVFIGD fEtrEy T bk I8 45 R
Table 4 Contrast experimental results of HV and IGD
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D, 0.962 4 0.475 7 0.637 5 0.813 3 0.0715 0.414 0 0.2117 0.236 7
D, 0.913 8 0.697 5 0.799 6 0.750 8 0.096 4 0.3326 0.3597 0.148 1
D, 0.971 2 0. 660 1 0.736 4 0.843 7 0.054 6 0.317 3 0.305 3 0.245 8
D, 1.2222 0.845 2 0.862 7 0.858 6 0.193 0 0.713 0 0.447 0 0.309 5
Dy 1.097 2 0.310 8 0.630 2 0.753 6 0.166 7 0.594 9 0.5553 0.318 6
Dy 1.031 8 0.771 2 0.791 0 0.8116 0.143 6 0. 680 5 0.3570 0.259 6
D, 1.310 3 0.516 2 0.797 1 1.056 1 0.0519 0.580 9 0.539 3 0.475 8
Dy 1.534 0 0.449 8 0.734 5 0.824 0 0.204 4 0.8515 0.771 7 0.565 2
D, 1.476 0 0.517 6 0.7347 0.854 9 0.1317 0. 689 9 0.462 6 0.352 4
D, 2.108 1 0.762 8 1.052 1 1.134 8 0.033 9 0.477 1 0.4210 0.376 6
K, 1.393 0 0.565 8 0.962 3 0.944 4 0.183 7 0.878 4 0.3429 0.3503
K, 1.561 9 0.697 8 0.994 7 1.2333 0.123 8 0.448 6 0.326 4 0.203 3
K, 1.059 6 0.708 1 0.7390 0.912 3 0.078 0 0.206 9 0.2156 0.070 7
K, 1.969 2 0.739 8 0.7316 0.998 7 0.099 3 0.562 5 0.376 3 0.150 8
K; 1.802 5 0.574 9 0.734 6 0.7539 0.1191 0.386 7 0.214 4 0.284 4
K 2.2920 0.936 9 0.798 9 0.814 6 0.2339 0.314 2 0.699 9 0.482 6
K, 1.079 1 0.746 1 0.770 3 0.820 7 0.3589 0.563 6 0.528 7 0.463 7
Ky 1.077 0 0.517 7 0.636 9 0.996 2 0.475 7 0. 690 9 0.490 1 0.4853
K, 1.911 3 0.744 1 0.773 5 0.829 0 0.292 1 0.458 1 0.429 4 0.379 8
K, 1.993 0 1.565 8 0.962 3 1.044 4 0.183 7 0.478 4 0.242 9 0.250 3
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Table 5 Contrast experimental results of C
1) C(q,9,) C(g:,9,) C(q,,95) C(q5,9,) C(q,9:) € (q4,91)
D, 1.000 0 0.000 0 1.000 0 0.038 4 1.000 0 0.1358
D, 0.935 4 0.025 7 0.875 4 0.000 0 0.864 9 0.000 0
D, 0.881 2 0.000 0 0.867 9 0.000 0 0.826 9 0.000 0
D, 1.000 0 0.000 0 1.000 0 0.034 9 1.000 0 0.000 0
Dy 1.000 0 0.070 6 0.845 2 0.142 3 0.762 0 0.247 5
Dy 0.9415 0.036 4 0.755 8 0.163 4 0.7515 0.1826
D, 1.000 0 0.073 0 1.000 0 0.025 1 0.896 0 0.093 1
Dy 0.995 2 0.016 1 1.000 0 0.081 6 1.000 0 0.000 0
D, 1.000 0 0.095 8 0.782 8 0.2399 0.6519 0.254 9
D, 1.000 0 0.000 0 1.000 0 0.000 0 1.000 0 0.000 0
K, 0.994 8 0.045 2 0.930 4 0.043 9 0.834 4 0.154 3
K, 1.000 O 0.019 4 1.000 0 0.078 4 1.000 0 0.019 6
K, 0.919 6 0.000 0 0.9553 0.000 0 0.828 6 0. 085 2
K, 1.000 0 0.000 0 1.000 0 0.020 8 1.000 0 0.000 0
K, 1.000 0 0.049 1 0.950 0 0.061 6 0.908 6 0.027 3
K 0.942 3 0. 005 6 1.000 0 0.064 2 0.903 1 0.104 3
K, 0.968 2 0.000 0 0.937 4 0.052 5 0.909 5 0.044 5
K, 1.000 0 0.022 1 0.925 1 0.000 0 0.8559 0.138 9
K, 1.000 0 0.014 1 1.000 0 0.000 0 1.000 0 0.000 0
K 1.000 0 0.000 0 0.930 4 0.0439 0.914 4 0.054 3
TE: q,,q,,q; Fl g, 735138 MO-FTTA | ENSGA-I1, MMA #1 TS-MOPSO Fif1 2IEMR4E
*o6 BEEBRTEHEIILER
Table 6 Comparison results of target average values of each algorithm
w4l MO-FTTA ENSGA-II MMA TS-MOPSO
/i ), /% /i | /% fi fy /% fi ), /%
D, 12.158 6 1.91 16.815 3 2.74 15.252 2 2.72 14.232 3 2. 68
D, 15.4113 2.42 18.067 0 4.79 19. 884 7 3.82 17.643 5 3.75
D, 12.128 5 1. 81 16.543 6 2.53 15. 659 4 3.36 14.993 6 3.93
D, 12.116 5 1.83 16.1259 1.75 14.076 8 2.25 14.043 3 4.06
Dy 11.219 3 0.54 13.801 4 0. 89 14.849 5 2.52 12. 300 1.71
Dy 13. 698 9 3.45 17.868 0 3.47 15.639 9 4.62 16. 821 2 3.07
D, 12.485 7 1.28 16. 623 1 3.83 14.523 3 3.77 15.172 1 2.81
Dy 13.279 1 1. 66 18.561 3 2.23 15.485 2 2.73 14.264 1 4.92
D, 12.192 9 1.34 13.8358 2.69 13.1325 3.29 14.7259 1.49
D, 19.047 4 3.38 22.963 2 4.47 22.702 5 4.76 23.363 0 3.85
K, 50.794 8 2.32 62.330 4 3.40 60. 814 4 3.66 62.084 8 4. 81
K, 41.153 6 1.85 54.526 5 2.99 52.3114 3.49 65.099 6 3.60
K, 326.419 6 2.51 393.8553 3.61 402.028 6 2.47 341.113 2 4.62
K, 87.259 5 2.76 94.986 1 3.60 102.614 1 4.25 101.593 7 3.22
K 340.931 3 3.05 397.550 0 3.43 383.908 6 4.25 357.127 8 5.74
K 71.742 3 3.68 89.819 0 4.49 83.303 1 4.67 91.123 7 4.14
K, 261.508 2 2.56 332.407 4 3.41 297.909 5 4.24 289.242 2 3.35
K, 639.121 1 2.25 697.955 1 3.33 691. 655 9 3.48 651.961 8 4.52
K, 596.725 3 2.53 603. 646 8 4.41 649.702 9 3.50 671.3527 4.92
K 431.794 8 2.17 512.330 4 3.84 493.814 4 2.63 542.084 8 2.26
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Table 8 Types of processes that each worker can process

W, W, W, W,

124 125 134 235

v.b.a F VA58 0.3.0.5.0.05 F10.005,
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Table 7 Process information of structural components

Bt T AT XRANT | TR | TF
1 B A fa]/min | 2% | 254
0, M,/M,/M, 20/25/18 3 3
0, | M/M/M, 15/17/14 3 1
J 0, M,/M,/M, 12/13/11 1 3
0, | M,/M,/M, 12/10/19 2 3
0,, M,/M,/M 14/16/13 3 3
J, 0, | M,/M,/M, 10/11/9 1 3
0, | M,/M./M, 18/17/19 4 1
0, M,/M,/M, 18/20/17 2 2
0, | M/M,/M, 35/40/33 2 2
Js 04, M,/M,/M, 25/28/23 3 3
0, | M,/M,/M, 13/15/12 3 1
Oy | M/M,/M, 14/12/12 1 1
0, M,/M,/M, 14/16/13 1 2
0, | M/M,/M, 35/38/34 4 2
Js O, | My/My/M, 28/30/27 2 2
0, | M/M,/M, 18/20/17 3 1
0, M,/M,/M 22/25/20 1 2
0, | M/M,/M, 28/30/27 3 2
I Oy, | M/MJ/M, 15/18/14 4 1
0, | My/M/M, 8/10/9 4 2
0,, M,/M,/M, 11/12/10 4 3
J, 0, | M,/M/M, 18/16/15 1 2
0, | M/M/M, 13/12/11 2 3
0y, M,/M/M 16/14/15 2 1
Oy | M,/M,/M, 21/20/19 1 1
% Oy | M,/M,/M, 12/15/13 2 3
Oy | M,/M/M, 10/12/14 4 1
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Fig. 6 Gantt chart of machine scheduling for Z instance
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Fig.7 Gantt chart of worker scheduling for Z instance
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Fig. 8 Iteration curve of Z instance
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