A8

ARYGNNE—VDEHRAHA=1—FILIRY FIT—VI2&B
ERFREFRATLORE
Development of a Friction Coefficient Prediction System using Convolutional Neural
Network(CNN) and Speckle Patterns
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Table 1 Test condition

Disk size, mm D46 xt5
ﬂ Camera -
Laser 45deg Ball size, mm ®12.7

Normal load, N 10

Temperature, °C 25

Reciprocating speed, rpm 40

Beam Expander Sampling rate, Hz 1000, 100, 10

Acquisition Time, s 160

Fig. 1 Optical system for laser speckle observation
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(3) FEBEO/ERNDL, Yo7V FEEE 1000 Hz, FEFE 0.01, Ny FHA X5 O, REREOMEN 0.741
ERDIENHERENTZ., ZOZ END, BEEICBIT D ARy 7 o8 F — Ui b BEERE L ORE ) R S
ni-.

MaxPooling

input
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Convolutionl Convolution2 Convolution3 ’ Fully Connected

Fig. 2 The architecture of the proposed CNN
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Table 2 Parameters used in CNN Table 3 Comparison of different analysis parameters
Architecture training
Number of Training data 156200 Sampling Rate, | Learning | Batch 2
Hz Rate Size MSE R
Optimization algorithm SGD

- 5 8.58E-06 | 0.723
Learning rate 0.01, 0.001 0.01 16 8.85E-06 | 0.714
Number of Epoch 100 1000 32 8.02E-06 | 0.741
Batch size 5, 16, 32 > 9.14E-06 | 0.705
Loss Function MSE 0.001 16 1.24E-05 | 0.601

32 2.06E-05 | 0.336
5 1.23E-05 | 0.602
0.12 0.01 16 2.08E-05 | 0.326

_ 32 | 3.95E-05 | -0.277
g o 100 5 | 2.90E-05 | 0.062
2 0.08 i 0.001 16 | 1.30E-04 | -3.21
é 006 | 32 | 252E-04 | -7.15
Z 5 | 9.39E-05 | -1.75
2004 | 0.01 16 | 3.78E-04 | -10.1
=00 | 10 32 | 3.16E-04 | -8.24
5 | 3.46E-04 | -9.12
0 : : ! 0.001 16 | 9.00E-04 | -25.4
0 0 100 150 32 | 9.26E-04 | -26.1

Time, s

Fig. 3 Time Variation of Friction Coefficient
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Fig. 4 Speckle Pattern
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