a7 Ale s =R A, #1327 Al4%, pp. 347~353, 2008 347

glo]x] WhALES
wA W ALY 27

RS

(2007d 11€ 9% A,

215k4".
2008 3¢ 8Y AAl9k®)

DOI:10.3795/KSME-A.2008.32.4.347

Study on Algorithm of Micro Surface Roughness Measurement
Using Laser Reflectance Light

Gyu-Jong Choi, Hwa-Young Kim and Jung-Hwan Ahn

Key Words :

Micro surface roughness(7] Al 3£ A 2 7]), Laser reflectance light(zl] o] 4] H¥FALE),

Weighting function(”}% &), Neural network (2174 3] =)

Abstract

Reflected light can be decomposed into specular and diffuse components according to the light reflectance
theory and experiments. The specular component appears in smooth surfaces mainly, while the diffuse one is
visible in rough surfaces mostly. Therefore, each component can be used in forming their correlations to a
surface roughness. However, they cannot represent the whole surface roughness seamlessly, because each
formulation is merely validated in their available surface roughness regions. To solve this problem, new
approaches to properly blend two light components in all regions are proposed in this paper. First is the
weighting function method that a blending zone and rate can be flexibly adjusted, and second is the neural
network method based on the learning from the measurement data. Simulations based on the light reflectance
theory were conducted to examine its performance, and then experiments conducted to prove the
enhancement of the measurement accuracy and reliability through the whole surface roughness regions.
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Fig. 1 Reflection model of plane wave incident on a
rough surface®
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Table 1 Specification of HV7131D CMOS image sensor

Pixel resolution 642 x 482
Pixel size 8x 8 um?
Format VGA
Sensitivity 2.5V/lux - sec

Table 2 Specification of LT052 Laser diode

Optical power output 35mW max.
Wavelength 650nm band
Operating current 110mA max.

External Memory

Laset Diade Image sensor

Half mirror

surface

Fig. 2 Experiment device for

measurement

roughness
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Table 3 Neural network parameters
Type Feed-forward
Training data(input data) Ryt Ry
Training data(output data) R .
Bias Used
Activation function(hidden layer) | Log-sigmoid
Activation function(output layer) | Pure linear
Epoch 100000
Training method Gradient decent
Learning rate 0.01
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Table 4 Comparison of output error ranges according to the number of hidden layer and its neuron (unit: ¢zm)

Number of neuron 1% hidden (min, max) 2" hidden (min, max) 3 hidden (min, max) 4" hidden (min, max)
4 (-0.030, 0.028) (-0.024, 0.016) (-0.039, 0.042) (-0.021, 0.023)
6 (-0.020, 0.049) (-0.023, 0.013) (-0.015, 0.012) (-0.012, 0.015)
7 (-0.018, 0.014) (-0.020, 0.015) (-0.011, 0.010) (-0.020, 0.036)
8 (-0.013, 0.014) (-0.015, 0.014) (-0.014, 0.018) (-0.038, 0.020)
9 (-0.018, 0.025) (-0.014, 0.012) (-0.017, 0.020) (-0.024, 0.022)
10 (-0.021, 0.026) (-0.040, 0.025) (-0.038, 0.020) (-0.025, 0.024)
12 (-0.028, 0.030) (-0.024, 0.021) (-0.051, 0.060) (-0.068, 0.031)
Determined number 8 9 7 6
Table 5 Experimental results of SKD11 Table 7 Experimental results of Silicon-wafer
&,rﬁf E01 o l%mnh I%nuﬁ wa quNN Rq,ref Eol o I%fmnh ermjw Rw quNN
0.02 | 39.14 | 1250 | 0.02 | 0.08 | 0.018 | 0.019 0.02 | 39.18 | 7.91 | 0.02 | 0.05 | 0.020 | 0.023
0.03 | 39.31 | 11.37 | 0.03 | 0.07 | 0.029 | 0.027 0.04 | 39.52 | 9.26 | 0.04 | 0.06 | 0.042 | 0.040
004 | 3941 | 1138 | 0.04 | 0.07 | 0.035 | 0.041 0.06 | 39.93 | 11.19 | 0.07 | 0.07 | 0.068 | 0.067
0.07 | 39.85 | 12.88 | 0.06 | 0.08 | 0.063 | 0.067 0.08 | 40.15 | 11.43 | 0.08 | 0.07 | 0.082 | 0.076
0.08 | 40.09 | 1456 | 0.08 | 0.09 | 0.078 | 0.082 0.09 | 40.30 | 13.85 | 0.09 | 0.09 | 0.091 | 0.093
0.09 | 40.27 | 15.01 | 0.09 | 0.10 | 0.089 | 0.089 0.10 | 40.36 | 14.46 | 0.10 | 0.09 | 0.095 | 0.102
0.11 | 4050 | 16.43 | 0.10 | 0.11 | 0.106 | 0.113 0.11 | 40.50 | 1553 | 0.10 | 0.10 | 0.104 | 0.103
0.15 | 40.59 | 18.04 | 0.11 | 0.12 | 0.138 | 0.149 0.15 | 40.76 | 17.19 | 0.12 | 0.11 | 0.127 | 0.150
0.18 | 40.77 | 28.76 | 0.12 | 0.19 | 0.190 | 0.180 0.18 | 40.82 | 26.38 | 0.12 | 0.17 | 0.174 | 0.180
0.23 | 40.89 | 38.32 | 0.13 | 0.26 | 0.255 | 0.230 0.20 | 4091 | 29.54 | 0.13 | 0.20 | 0.195 | 0.200
0.31 | 40.96 | 47.66 | 0.13 | 0.32 | 0.319 | 0.310 0254112 | 36.71 | 0.14 | 0.24 | 0.244 | 0.250
0.30 | 40.24 | 47.46 | 0.15 | 0.32 | 0.317 | 0.300

Table 6 Experimental results of Super alloy

R E, o Ron | R Ro Ry Table 8 Comparison of roughness error rates (unit: %)
0.04 [ 39.55 | 11.38 | 0.04 | 0.07 | 0.044 | 0.041 SKD11 Super alloy | Silicon wafer
0.07 | 39.81 | 12.88 | 0.06 | 0.08 | 0.060 | 0.067 R Ru | R | Ru | R | Ru | R
0.10 | 40.32 | 18.44 [ 0.09 | 0.12 | 0.136 | 0.101 002 | 100] 50 - - 0] 15.0
0.15 | 40.60 | 20.03 | 0.11 | 0.13 | 0.137 | 0.150 003 | 33] 100 - - - -
0.18 | 40.79 | 26,53 | 0.12 | 0.17 | 0.175 | 0.180 0.04 | 125| 25] 100] 25] 50 0
0.28 | 40.93 | 4330 | 0.13 | 0.29 | 0.289 | 0.280 0.06 - - - -| 133 117
007 | 100] 43| 143]| 43 - -
St 4 oo | ol il T il a3
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Step 5 : 018 | 56 o] 28 o] 33 0
date exgold > = 0.20 - - - -| 25 0
Atz 22917k o 0231 1091 0 -1 -1 - —
> 24T FEIUF S F Step2 2 olF 852 - 1 32 5 2"} 0
0.30 - - - -1 57 0
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