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Surface Roughness Measurement Based on Laser Speckle
and Neural Network

Xu Xiaomei Hu Hong
(Harbin Institute of Technology Shenzhen Graduate School , Shenzhen , Guangdong 518055, China)

Abstract In order to realize non-contact and rapid measurement of surface roughness, a new surface roughness
measurement method based on laser speckle and radial basis function neural network is proposed. The validity of the
measurement method is verified by experiment, and several main influencing factors are analyzed. By utilizing image
processing technique. four feature vectors are extracted from gathered speckle images. The four feature vectors that
are nearly correlative to surface roughness include contrast. dark region ratio, gray distribution and binary feature.
As neural network has characteristics such as automatically organizing, automatically studying and memory capability
etc, these four above feature vectors are taken as inputs of the radial basis function neural network to realize the
surface roughness measurement. A number of samples are used to train the neural network, and the trained neural
network measured 4 flat-grinding specimens with different roughness values. The results indicate that the
measurement method can measure surface roughness in a classifying way. The method can measure surface roughness
not-contact and rapidly in high-precision. And the analysis of influencing factors is helpful to in-depth research.
Key words measurement; laser speckle; neural network; surface roughness; image processing
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Fig. 2 Speckle images of the flat-grinding

specimens with different roughness values
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Fig. 3 Speckle images of the cylindrical-grinding

specimens with different roughness values
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Table 1 Measurement results of the flat-grinding surfaces

Measurement Specimen Specimen Specimen — Specimen
No. 1 2 3 4
1st 0.09243 0.20218 0.38526  0.77322
2nd 0.09817 0.22256 0.41336  0.78713
3rd 0.09744 0.19741 0.40176 0.82193
4th 0.11404 0.19789 0.39969 0. 78957
5th 0.08816 0.19070 0.41653  0.82718
6th 0.10769 0.18765 0.41299  0.79702
7th 0.09048 0.21365 0.37939 0.78724
8th 0.09585 0.21414 0.38987  0.79190
9th 0.08764 0.20718 0.42581  0.79849
10th 0.11246 0.19079 0.40231 0.81704

Mean 0.09840 0.20140 0.40270  0.79910
Ideal 0.1 0.2 0.4 0.8

H1 3% 1 AT LUE i B RBF B 28 0 25 00 i 1 22
THLRS BE R, {H-5H fe B A0 & 1 R, (AR, 3

0.7
(@)
0.6
> 5,000
5 05 e
g : :.\-"‘:-' -
g 0.4 —Q-::;:._ e
(®) R
0.3 Bt
“mp-
0.2
0 0.2 0.4 0.6 0.8
Ra
0.5 T
= (C) &
~ *
= b
g 0.4 e
.g -\"-. = -~
2 03 i
2] o -,
3 2 R
> 0.2 e Y
£° i
0.1
0 0.2 0.4 0.6 0.8
Rﬂ

AT AR S 0 5 R PR AL
3.2 HWMER

DSR2 T RLRE B2 22 18] 47
TEFE VI & 2 A G SUE S X FERE A R
DR DM 30 4 45 365 1190 A SR T LR v 2R 0 1R JEE A G
REST. SCIRUEWIA G M 240 0 457 I A [R) ML BE S8 45 2%
R AL 2 (1) 22 S e oK fe O BRLAEL . ARSI R G
OGS AR LA 457 AR HURE Z T

)M TIFIERIFE i s T AN [R5 vk
TOLT - B A5 32 T A BROBE 1] 6O A [ A9 L TER A K
JEE 7 P A AN [ AR 1Y G R A 2 RO (L AN T
SN, B 7 AT RURRAE (B R, Z 8] R 56 3% 4
JE—EN . T B R L TE I G 2 R 2% I B )
S AN ) 075 SRR AR I 5 i 0 45 2 2 )
I 53 0 £

&7 AN [0 7 1k 5
Fig. 7 Effect of different processing methods

PR MARDL B0 B8 B M il il
KBGO0 & B0 2w B AR . K 2
H R g 0 G = S IR R R IO 119 % AR (L
FT I AT A 2 00 T A T A i 3 K B L RO
P AR X B B2 R AIE OB JBE R AR R (L 45 A {4 DK
ZN 5 T X EE AR O ol 45 A R i 5 2 T AL R 52 7
IR AR M 2RI RN 3 R B R T AN K T A AR JE A
I HL HC AT 7K 3 0 e 2 2R 4 5 i B R — 2t
ARG R AT LAy S B v A 45 2R o0 i e AR
2%,

1.00
o ()
o
= 0.95 flat—grinding b s
S 5
P 4
g omofieT e
g T .:'-.__.
—ié 0.85 w—H .
A cylindrical-ginding
0.80
0 0.2 0.4 0.6 0.8
Ra
0.30
(©))
= 0250
[}
2 020 T
< 015 4&*‘-
%’ ' ‘H'““e-..___ He
= Bn AL,
& 0.10 -___HT
O'050 0.2 0.4 0.6 0.8
Rﬂ.
e e

(@)

T

B8 AR AT R R — S AL R . (A il
T 5 (b) A 7K Wi AR T 5 (o) el R

Fig. 8 Speckle images of the same point in different conditions
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Table 2 Speckle images’ features of the same surface in different conditions

Dark region ratio C

Gray distribution R, Binary feature M,

Conditions Contrast V
Surface with oil 0.35958
Surface with water 0.29355
Clean surface 0. 44406

0.92979 0.24015 0.11395
0.93548 0.20378 0.10375
0.92477 0. 28758 0.12358
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