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Modeling and algorithm for proactive scheduling problem
considering quality prediction
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Abstract; To effectively describe the influence of factors such as the assembly personnel level and the workpiece
quality on the job quality of aircraft assembly and establish a reasonable proactive schedule for the assembly
process, a support vector regression ( SVR) prediction model and a two-level iterative search algorithm are
developed. Firstly, with collecting relevant historical quality data, a SVR prediction model is trained by taking the
data of assembly personnel level, workpiece quality and so on as input and job quality as output. On the basis of the
trained SVR prediction model, a job list-based tabu search framework is adopted to search the neighborhood of job
list, and the optimization of personnel allocation is achieved through the serial scheduling generation scheme with
embedded personnel assignment search module. The results of numerical experiments show that the predicted value
of job quality obtained by the SVR prediction model can be controlled within 5% in comparison with the measured
value, and the highest prediction accuracy is 97.38%. The mean deviation between the two-level iterative search
algorithm and CPLEX is between 9.99% and 27.54% , which is the smallest among proactive scheduling generation
methods. In the uncertain environment, the right shift algorithm can obtain the optimal or sub-optimal mean
makespan and mean deviation in the baseline schedules obtained by the two-level iterative search algorithm. The
SVR prediction model can effectively predict the job quality of aircraft assembly, and the two-level iterative search
algorithm can meet the requirement of constructing proactive scheduling for aircraft assembly.
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W E, WA T 6 o E, (B9 CPLEX Jiik E, HZ IR0 Topy & TSN E, TR .
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Tab.2  Numerical results of S32

- CPLEX CPLEX-RANDOM CPLEX-TS TSD

Al E/h ¢/ % Teu/s E/h 6/ % Teu/s E/h 6/ % Teo/s  E/h 6/ % Tepy/s
1 51 0 431.75 67 31.37  437.25 67 31.37  443.26 56 9.80 618.48
2 51 0 431.75 76 49.02  437.73 74 45.10  447.37 61 19.61 652.90
3 51 0 431.75 68 33.33  437.18 65 27.45  445.19 60 17.65 576.51
4 51 0 431.75 80 56.86  437.58 72 41.18  446.52 67 31.37 645.86
5 51 0 431.75 82 60.78  437.05 82 60.78  443.63 70 37.25 567.48
6 51 0 431.75 64 25.49  437.03 64 25.49  445.26 57 11.76 600.49
7 51 0 431.75 82 60.78  437.22 77 50.98  448.50 69 35.29 699.59
8 51 0 431.75 67 31.37  437.08 67 31.37  445.28 60 17.65 608.46
9 51 0 431.75 70 37.25  437.27 67 31.37  444.17 66 29.41 603.94
10 51 0 431.75 77 50.98  437.31 73 43.14  445.56 65 27.45 631.93

Bt (E] 51 0 431.75 73 43.72  437.27 71 38.82  445.47 63 23.72 620.56

K3 SRHEIRER
Tab.3 Numerical results of S42

) CPLEX CPLEX-RANDOM CPLEX-TS TSD

Al E/h 6/% Teguo/s E/h 6/ % Tw/s E/h  6/% Teu/s E/h G/ % Tey/s
1 69 0 831.65 99 43.48  842.05 100 4493  847.03 87 26.09  872.91
2 69 0 831.65 100 44.93  842.22 102 47.83  845.06 87 26.09 717.24
3 69 0 831.65 89 28.99  842.42 85 23.19  847.51 78 13.04  812.58
4 69 0 831.65 105 52.17  842.50 95 37.68  849.37 90 30.43  798.94
5 69 0 831.65 108 56.52  842.57 106 53.62  850.81 90 30.43  861.08
6 69 0 831.65 106 53.62  842.23 98 42.03  847.47 92 33.33  810.64
7 69 0 831.65 106 53.62  841.69 92 33.33  846.06 92 33.33  819.07
8 69 0 831.65 103 49.28  842.06 101 46.38  848.46 89 28.99  864.45
9 69 0 831.65 102 47.83  842.12 101 46.38  847.61 86 24.64  896.27
10 69 0 831.65 108 56.52  841.59 96 39.13  847.19 89 28.99  810.96

¥ifH 69 0 831.65 103 48.70  842.15 98 41.45  847.66 88 27.54  826.41

332 GBHEIR BT 26/ NBLBEEE (1 CPLEX Jy 1% fE BEBLER 5 T 6
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il A G4 Be ), R I A SR FH A % 7 72 el 3 5 Bl
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NG RN G253 L T30 5 SOV b 1) 25 e o f B AT
TS AR AR IR T30 52 2 A= Ak 3, B i ot H 4%
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RAEARRAE Ml SE 199 %67 30 [ 4 44 T30 79 5% el 7 g 2 7

LT W 22 fe K, CPLEX-RANDOM J5 i 5/)N. Fifi
IR IE K, TSD J7 sk AR e B iRl i 22 1Y
MR /N BLAE S42 S0 vh Sy 4% 5 bk i de /ML 1
R BIABRAHIR. LR R 7E T CPLEX J7ikfe
Az SR s 2R 2% S B A Ml o s Xof A ol A T s ]
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Tab.4 Numerical results of S21 h
CPLEX CPLEX-RANDOM CPLEX-TS TSD
A n Ey E. Ey E. Ey E. Ey
1 44.72 98.56 50.06 4.20 44.96 10.08 44.00 26.98
2 53.46 148.10 44.22 8.14 43.68 14.42 41.96 20.70
3 50.76 86.46 46.30 2.76 44.66 11.34 43.16 20.20
4 45.24 92.66 48.68 2.32 46.82 8.66 45.44 23.64
5 40.14 126.60 50.26 10.48 48.82 12.80 45.00 15.44
6 52.66 163.48 49.52 7.80 51.76 9.92 44.84 21.28
7 42.02 52.08 45.18 10.56 45.04 12.74 44.00 24.02
8 44.12 66.74 48.72 9.48 48.72 9.78 47.56 25.76
9 49.34 74.08 50.00 0.48 40.40 4.46 41.00 18.78
10 49.24 103.76 41.18 11.26 41.16 13.50 43.00 16.44
P 47.17 101.25 47.41 6.75 45.60 10.77 44.00 21.32
TE: E,, R SRR TR SEBR T30 s By R Be i) SATAR R I T3 22 A1 25 Al i s ) 74 i 2 2 T, T 3R ).
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Tab.5 Numerical results of S32 h
a1l CPLEX CPLEX-RANDOM CPLEX-TS TSD
E, E, E, E, E, E, E, E,
1 67.16 338.12 67.56 2.96 67.60 2.64 61.38 17.04
2 76.14 378.90 76.16 4.80 74.50 13.12 66.24 32.80
3 72.36 300.18 70.18 55.20 67.40 61.78 63.84 26.80
4 72.12 327.48 83.62 14.14 74.16 20.60 74.92 16.84
5 78.22 438.62 83.26 20.10 82.76 15.72 77.80 28.24
6 75.54 334.48 65.86 57.60 66.22 55.44 62.08 18.10
7 79.60 417.12 82.88 5.72 77.44 12.96 75.42 20.32
8 69.88 282.68 69.88 29.36 69.76 26.72 65.56 22.56
9 68.26 191.54 70.38 6.28 67.06 6.72 67.21 16.60
10 74.10 299.64 77.24 0.72 73.32 1.22 68.00 15.34
P 73.34 330.88 74.70 19.69 72.02 21.69 68.25 21.46
K6 SREAEBHIHEIRER
Tab.6  Numerical results of S42 h
- CPLEX CPLEX-RANDOM CPLEX-TS TSD
E, E, E, E, E, E, E, E,
1 97.04 593.26 99.20 7.82 100.50 12.26 92.00 19.22
2 96.78 584.58 104.22 113.68 103.08 38.76 98.00 38.00
3 85.34 355.66 90.86 23.90 87.94 70.80 83.56 31.46
4 106.92 577.12 105.00 5.72 95.50 5.16 95.24 34.56
5 102.74 712.58 109.98 75.48 107.22 56.62 94.42 20.00
6 115.90 686.62 107.96 28.70 100.16 46.26 103.00 24.28
7 87.04 349.20 110.06 38.68 94.06 43.30 96.00 32.12
8 94.60 549.40 107.34 30.60 101.56 6.90 94.52 26.06
9 107.00 721.44 102.28 7.90 101.48 10.74 96.00 22.00
10 99.04 388.40 109.82 25.12 99.78 39.68 96.00 27.06
HIH 99.24 551.83 104.67 35.76 99.13 33.05 94.87 27.48
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