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Fig. 1.1: Number of employed people in all industries [1]
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Fig. 1.2: Number of young workers in manufacturing industry [1]
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Fig. 1.4: Roadmap of the smart factory [2]
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Fig. 1.5: Painting robot
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Fig. 1.6: Electrostatic paint machine
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Fig. 1.7: Orange peel
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Fig. 1.8: Data-Driven Smart Painting System
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Fig. 2.1: Mechanism for determining the operating condition.



SVM

2.2.1

Fig. 2.2: Schematic of the proposed method.
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Fig. 2.3: Classification area of .
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Table 2.1: Fixed parameters in simulation.

Number of initial data
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Fig. 2.4: Trajectories of .

Table 2.2: The simulation result of the average of the yield.

Conventional method (JIT) 0.928

Proposed method 0.985

Fig. 2.5: The Manhattan distance  from  to .
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Table 2.3: The average of .

    

Conventional method (JIT) 21.31 21.59 0.28 0

Proposed method 21.31 25.86 4.55 3.09

Table 2.4: Fixed parameters in simulation.

Number of initial data  

Number of test data  

Class ratio of initial data  

Threshold of similarity  

Regularization coefficient  

Initial value of  

Learning rate  
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(a) Conventional method (JIT)

(b) Proposed method

Fig. 2.6: The simulation result of the yield.



Table 2.5: The simulation result of the average of the yield.

Conventional method (JIT) 0.864

Proposed method 0.864
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(a) Proposed method (Gradient descent method)

(b) Proposed method (DCDM method)

Fig. 2.7: The simulation result of the yield.

Table 2.6: The simulation result of the average of the yield.

Proposed method (Gradient descent method) 0.864

Proposed method (DCDM method) 0.896
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Table 2.8

DCDM

Table 2.7.  Computer spec.

Processor Intel(R) Core(TM) i7-8565U CPU @ 1.80GHz 1.99 GHz

System type 64-bit operating system

Memory 16.0GB

OS Windows 11 Home

Table 2.8.  Number of iterations and calculation time.

Number of iterations

[times]

Calculation time

[s/times]

Average
Standard

deviation
Average

Standard

deviation

Gradient descent method 852.4 562.4 0.68 0.49

DCDM method 726.3 433.7 0.07 0.05
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Fig. 3.1: Schematic of the proposed database-driven quality predictor.
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Fig. 3.2: Trajectories of the criterion E.



(a) JIT with binarization

(b) Proposed method (2 time iterations)

(c) Proposed method (55 time iterations)

Fig. 3.3: The simulation result with the training data.
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Fig. 3.4: The simulation result with the test data.
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Table 3.2: The average of the accuracy.

Neural network 0.58

JIT with binarization 0.90

Proposed method 0.93

Table 3.3: Fixed parameters in simulation.

Number of initial data

Number of training data

Number of test data

Threshold of similarity

Threshold of output

Learning rate



Fig. 3.5: The simulation result with the training data.

Table 3.4: The average of the accuracy.

JIT with binarization 0.90

Proposed method 0.97

Fig. 3.6: The simulation result with the training data.

Table 3.5: The average of the accuracy.

JIT with binarization 0.88

Proposed method 0.94
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Fig. 4.1: Schematic of the data-driven smart painting process system.
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Fig. 4.2: Schematic of the proposed method.
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Table 4.1: Fixed parameters in simulation.

Number of initial data  

Number of training data  
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Learning rate  
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Fig. 4.4: The simulation result of conventional method.



Table 4.2

Fig. 4.5: The simulation result of proposed method.

Table 4.2: The simulation result of the average of the yield.

Conventional method 0.952

Proposed method 0.987
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Table 4.3: Fixed parameters in simulation.

Number of initial data  

Number of test data  

Class ratio of initial data  

Threshold of similarity  

Threshold of similarity  

Threshold of output  

Learning rate  



(a) Determination of operating condition by mechanism for determining the operating condition

(b) Modify neighborhood data (Without learning)

Fig. 4.6: The simulation result of the yield.

Table 4.4: The simulation result of the average of the yield.

(a) Determination of operating condition by mechanism

for determining the operating condition

0.896

(b) Modify neighborhood data (Without learning) 0.946
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(a) Modify neighborhood data (Without learning)

(b) Modify neighborhood data (With offline learning)

Fig. 4.7: The simulation result of the yield.



Table 4.5: The simulation result of the average of the yield.

(a) Modify neighborhood data (Without learning) 0.946

(b) Modify neighborhood data (With offline learning) 0.966
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(a) Modify neighborhood data (Without learning)

(b) Modify neighborhood data (With online learning)

(c) Modify neighborhood data (With adding test data to the database)

Fig. 4.8: The simulation result of the yield.



Table 4.6: The simulation result of the average of the yield.

(a) Modify neighborhood data (Without learning) 0.946

(b) Modify neighborhood data (With online learning) 0.909

(c) Modify neighborhood data (With adding test data to the database) 0.955
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(a) Modify neighborhood data (Without learning)

(b) Modify neighborhood data (With online learning)

(c) Modify neighborhood data (With adding test data to the database)

Fig. 4.9: The simulation result of the yield.



Table 4.7: The simulation result of the average of the yield.

(a) Modify neighborhood data (Without learning) 0.958

(b) Modify neighborhood data (With online learning) 0.979

(c) Modify neighborhood data (With adding test data to the database) 0.971
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(a) Modify neighborhood data (Without learning)

(b) Modify neighborhood data (With online learning)

(c) Modify neighborhood data (With adding test data to the database)

Fig. 4.10: The simulation result of the yield.



Table 4.8: The simulation result of the average of the yield.

(a) Modify neighborhood data (Without learning) 0.910

(b) Modify neighborhood data (With online learning) 0.928

(c) Modify neighborhood data (With adding test data to the database) 0.999
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Table 4.9: Fixed parameters in simulation.

Learning method Add test data to the database

Number of initial data  

Number of test data  

Class ratio of initial data  

Threshold of similarity  

Threshold of similarity  

Threshold of output  

Regularization coefficient  

Learning rate  
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Fig. 4.11: Painting robot and counterweight.
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Fig. 4.12: Painting robot and counterweight.
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Table 4.9: Reference value of bell cup rotation speed.

Temperature z1 [-] Rotation speed of the bell cup u [-]
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19.8], [15, 27] Fig. 4.13



Fig. 4.13: Pair plot of initial data.
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Table 4.10: Fixed parameters in simulation.

Implementation Numerical simulation

Sampling time  

Learning method Add test data to the database Add test data to the database

Number of initial data   

Class ratio of initial data   

Range of initial data  
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Threshold of similarity   

Regularization coefficient   

Threshold of similarity   

Threshold of output   
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Fig. 4.14: Yield after installing this system.



Table 4.11: Average of the yield.

Painting by worker in 2022 0.66

Painting by robot in 2022 0.80

Painting by robot after installing this system 0.97
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Fig. 4.15: Environmental conditions and operating condition of test data.
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Fig. 4.16: Environmental conditions and operating condition of test data.



Fig. 4.17: Environmental conditions and operating condition of test data.
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Fig. 4.18: Environmental conditions and operating condition of test data.
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Fig. 4.19: Environmental conditions and operating condition of test data.
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Fig. 4.20: Environmental conditions and operating condition of test data.
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1. (2.27)

i αiyi z1i z2i z3i z4i

1 -1.446390000 24.8 38 33 21

2 -8.858240000 26.7 71 29.8 20

3 -1.244920000 16.8 43 27 40

4 -0.005014490 21.8 35 21.6 30

5 -2.574690000 25.6 44 29.8 20

6 -0.019598700 27.8 53 16.2 25

7 -0.006567040 16.1 38 21.6 30

8 -10.231600000 26.4 68 28.6 25

9 -13.421200000 23.2 34 32.2 21

10 -0.000703105 20.7 37 21.6 30



i αiyi z1i z2i z3i z4i

11 -2.660970000 23.4 38 32.2 21

12 -0.040551400 24.5 64 16.2 20

13 -0.004438100 23.2 67 18 25

14 -0.006452200 22.4 89 18 25

15 -4.307290000 25.6 39 29.8 20

16 -4.935690000 26.4 74 29.8 21

17 -0.004315990 8.5 51 64.8 30

18 -14.663200000 33.8 56 28.6 18

19 -0.007272660 27.1 48 28.6 25

20 -0.010383500 29.9 32 28.6 25

21 -0.006765080 13.2 56 27 30

22 -10.957900000 30.4 64 28.6 21

23 -8.074780000 33.7 55 28.6 16

24 -0.814254000 22.1 30 32.2 20

25 -27.461100000 24.1 37 32.2 20

26 -0.206499000 28.6 66 28.6 23

27 -3.677650000 10.4 54 27 40

28 -0.006878280 23.2 40 19.8 25

29 -24.878300000 25.3 36 32.2 20

30 -0.005947640 12 47 64.8 30

31 -0.126256000 34.1 55 28.6 19

32 -23.135000000 26.6 71 28.6 25



i αiyi z1i z2i z3i z4i

33 -0.000927442 4.3 50 64.8 30

34 -0.116045000 26.5 53 31.4 15

35 -0.006938380 17.9 45 25.2 30

36 -2.612690000 28.6 63 28.6 22

37 -0.006198740 23.4 76 18 23.4

38 -1.836330000 28.9 70 28.6 23

39 -0.027412800 29.5 52 16.2 20

40 -0.000636896 28 54 31.4 19

41 -0.005876720 15 50 27 30

42 -1.904310000 26.6 61 31.4 19

43 -0.335003000 28.3 64 28.6 25

44 -0.065062900 29.9 59 28.6 25

45 -0.003786430 28.9 50 17.4 15.8

46 -0.945716000 3.2 32 64.8 30

47 -0.002081900 20.5 37 21.6 30

48 -0.018157300 24.2 58 16.8 25

49 -1.295110000 17.2 45 27 40

50 -6.185030000 26.3 61 31.4 16

51 -0.005842900 3.5 49 64.8 30

52 -0.006071200 18.1 44 25.2 20

53 -0.002359560 10.5 51 64.8 30

54 -8.531170000 24.1 58 16.8 20



i αiyi z1i z2i z3i z4i

55 -27.461100000 15.1 42 27 40

56 -0.005604050 23 71 18 25

57 -5.787450000 25.1 35 32.2 20

58 -5.556840000 32.5 53 28.6 17

59 -27.461100000 24.6 36 33 21

60 -15.721500000 24.4 36 33 21

61 -0.006676110 22.1 62 21.6 30

62 -0.005418250 12 27 64.8 30

63 -0.005493070 30 46 16.2 20

64 -3.899960000 16.8 42 27 40

65 -0.251883000 24.8 41 31.4 15

66 -0.012979400 10.3 32 64.8 30

67 -0.035089100 28 52 28.6 25

68 -0.455153000 28 54 31.4 19

69 -20.456100000 34.1 55 28.6 19

70 -0.007870670 24.8 44 31.4 15

71 -0.065814300 24.8 44 31.4 15

72 1.643400000 25.9 63 31.4 15

73 4.804130000 9.1 53 27 40

74 1.344610000 20.2 47 25.2 40

75 2.167760000 26.5 51 29.8 19

76 51.896500000 24.6 35 33 21



i αiyi z1i z2i z3i z4i

77 2.691810000 28.9 37 28.6 18

78 32.946100000 15.1 42 27 40

79 0.979432000 20.1 43 25.2 40

80 5.324050000 21.3 33 33 20

81 41.976100000 33.8 55 28.6 18

82 65.705100000 24.5 37 32.2 20

83 2.368510000 3.7 35 64.8 30

84 7.353950000 26.5 62 31.4 17

85 13.515600000 26.8 72 29.8 21

86 9.585210000 25 58 16.2 20

87 14.022900000 30.3 64 28.6 22

88 3.975020000 24.7 44 31.4 20

89 29.627100000 26.5 70 28.6 25

90 2.982460000 18.2 44 25.2 40
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