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Grinding Surface Roughness Measurement Based on the Spatial
Filtering of Speckle Pattern Texture

Wang Qinghua Lu Rongsheng Yang Lei Lei Liqiao
(School of Instrument Science and Opto-Electronics Engineering . Hefei University of Technology,

Hefei, Anhui 230009, China)

Abstract Surface speckle pattern intensity distribution resulting from laser light scattering from a rough surface
contains various information about the geometrical and physical properties of the surface. A texture analysis method
based on spatial filtering is used to analyze speckle patterns of grinding surface. The feature parameters of speckle
texture with a good monotonic relation related to the surface roughness (R,) are extracted. The basic principle of the
texture analysis is to extract three types of vectors based on fractional Brownian motion model of window speckle
images. which are the normalized scale range vector, the normalized pixel pair number vector, and the normalized
multiscale intensity difference (NMSID) vector, then to make a NMSID vector transformation for speckle patterns,
and finally statistically to investigate both the transformed images with zero gray pixels and the transformed images
without zero gray pixels. The analysis results show that both texture features energy and new entropy of the
transformed images have a good monotonic relation with surface roughness value R, .
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Fig. 1 Basic scheme of the speckle pattern formation

and the experimental setup

RO . B HLAL T RE i B9 IE 45 1. A
S # B AT RN LUk /0 2 TR R 2 3 530 e 2 T
ZERTT I R RC I . R E L LY 107, [ 2
O F P LA A YR O B D R TR JEE R i A
[FIRCHE I . AT DL 2L Bl R, 38 4 . BO0E 1 B X bE R
TEASAR T B AS 5 A M 0 . 3 3 78 BICRRE &1 9 £
PR 5 2% 1 RLRE A7 AR PR R .

(2)0.05 pm (b)0.1 pm (©)0.2 pm

(d)0.4 pm (€)0.8 um (H)1.6 pm

[ 2 HCE 11 B R i REL R A T i
Fig. 2 Speckle pattern variations against the

specimen surface roughness
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Fig. 3 E(AI,.)—Ar relation curves under various windows
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Fig. 4 Spatial filtered transformed image under 5X5

window

4 HDRE B S

13590 5 HL B 2 4 T HCRE P19 8 57 07 B ¢
LA JF 75 2 L 52 68 30 625 4 PR 08 2 A L
S TR PESTREY T4 CES S P e St



8 1 TEIRAESF . kT BICBE P g 30 s Sl 00 ) 5 ) % T ML s 2 ) o 2327

P AT o b g ) A 3 R R A R S gt
OIMT . FTIE AE BIAR G rp R A S B X
A A DX
4.1 EZEWHZITHH

ZEHG ST RS A B R DX (R R B 4%
Xf AR 4V EAT e AT 3 M, 0 i B BOTT 2% BB B LR A
B AN REAE . EATRY S A E 2

T fL = 2 ZEf(z,])*u]

\\Mg H
HMS H

f(z,j)

ﬁgi f‘z - .
x lev

el
M. fs =— ;O/ X lgp: 3

%ﬁl}:ﬁ:ﬁ: f‘1 :7151 %1 f(ly]) xlgf(l;]) o
Hopr fGLj) o MXN B H RO AR K B, 3X

B M=N=100;u M X N £ 1 B 1% 2 K £ i) F
2.0

(a) f, curve

1.5

£,/107

1.0\~

05 1.0 15 20
R, /um

o o

(c) f, curve

0.6

g

0.5

0.4

0 0.5 1.0 1.5 2.0
R /um

Y ps J& MOXN G 10 R4 K B2 5 4 T
T BRI H  (R FR KB max level D f K
IR .

X i — 1 BT A2 45 T i LA b DY AR S X
FEMLAF 2 4% 0 AE AE A [R)HLRE B2 T B9 48 28 )5 o
FRHAE S RS R, 9 SC R e dnlEl 5 fros. i A
AR D7 ZEHFAEAE R, O 0. 1~0.8 pm JEE N, 5 R,
A BT I R S R 5 BB AR IR IR 5 005 AL B3
PB4 0. 2~0. 8 pm. DA E=/H54ES R, 1 i
A HG B Y TR P AT R L T A . B Y PR
PP Ed I 0. 2~0. 8 pm, HE S R, BK R ML
JEB I . HOE b AR PETEE Y R —
i FBCBRE 1T ) D AT AT — A5 A ] R A S
R, WbREA G 2R M A5 B R, R7E AT MRS & 1 75 26
ks

it (b) f, curve

0 0.5 1.0 1.5 2.0
R, /um

(d) f, curve

0 0.5 1.0 1.5 2.0
R /um

Bl 5 R, 5 R%H R A 5% 2R 4R

Fig. 5 Relation curves between R, and the four features with zero gray pixels
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Fig. 6 Relation curves between R, and energy and new-entropy feature without zero gray pixels
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