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Experimental Research on Surface Roughness Measurement
Using Angular-Speckle Correlation

Liu Hengbiao Liu Chenglin
(School of Sciences, Tongji University, Shanghai 200092, China)

Abstract The surface roughness measurement is experimentally researched by using angular-speckle correlation
method on blasted sand surface. Through the data processing and analysis of laser speckle patterns, moving
correlation algorithm was presented to get the maximal angular-speckle correlation coefficients. This method can
avoid the negative effects of surface flatness and waviness effectively. Under the prime measurement condition, the
optimal incident angle increment of laser beam was given, and a method of surface roughness measurement including
speckle pattern acquisition and processing was developed. The key of this method is that far-field speckle patterns in
different incident angles and illumination areas of rough surface are detected and processed. The experimental results
indicate that prime root-mean-square (RMS) deviation measured by this method is almost linear with the arithmetical
mean deviation of the surface-samples.

Key words optical measurement; surface roughness; laser speckle; angular-speckle correlation method ; moving
correlation algorithm; optimal measurement condition
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Fig. 1 Sketch map of surface roughness measurement

based on angular-speckle correlation
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Fig. 4 Distribution of spatial average angular-speckle correlation coefficient

4.2 AEBHEXRHHRENREAHAEENE
HRHZMW

SRV A R I D R AR A B T vk X
R,=25 ym,12.5 pm.6. 3 pum,3. 2 pm F P> 0§ 75
2 THDHURE B AR D EAT 17 Ay T2 TBORE R G REL R 2 0 4 5
By o S I X g — R AR A 2 A 8 S [ X
T — DX BIEAS W) OO A R R AR 1L
BOREEIR . PIRBOCAS N «=21" X TH KM

R i BB SO R X8 T Sl S B ik T 5
TERT 8 A G F1 RAS [R) S A B3 R A I 19 £ 2
PEA K R B ORAE v o BEJ AR (O 303 3R T
RESIIRMmZE. B 5 48 W T R, =12.5 pm K
A st 19 19 32 HBCIRE R 5 2 i DK L R0 3% 1T 48 S 42 5 AR
i 2 BEFOE A 1 BE S 1 A AL LA . HER B 5 ()
F4 b AT R 8 SO HE I X3 ) ) JEE BIBRE AR G AR
80t RAR Y B8 RSP B (L 1% 22407 A T BICBRE AR G 2R 2K



700 B % ¥ i1 29 &
1~ 45 ~
(@ 40 - b
0.8 |- (b)
35
% 06 |- £ 30 |
E =
=04 |- § 25
20 |-
2 |-
0 15 +
0 1 | 1 10 | | | |
0 0.5 1 1.5 2 0 0.5 1 1.5 2

Bl 5 Yol oy Bl Aa BB 1L

Fig. 5 Variation of 7. and g, with Aa

9 73 A5 1 L 5 181 5 Ch) iy 2 X 1 8 4>l i B X 3
F1 2 THT 5 95 3% 07 AR i 2 19 SR S B4 4L R 2 4 o W]
R R T MR 22 B oy AT B . X T — AN R AR AL
FHE R T R A 22 o B9 7 R I 2 — A Bl
FEAGT IS Aa BIAZ B H R AL 5 () A1 B R
R A I R 22, 2 Aa BN o, 197 2 B A
A BIUE /N TRGH I A Y Aa 3K BT, 0, B9 35 1 B
KU BEH Ao B3GR T FE RS B S22
XA [a] A9 R 2 T A i+ 4TI 4 B 4% 7 AR D 22 19
P o0 BE Aa B ACRLAERAR A9 (D 6)

60
—+—R=32m
50 —~v—R=6.3m
—&=—R=125m

——R=25m

0 0.5 1 15 2 2.5
A /(%)

B 6 A [ 2 TR ot ) B 34 7 R O 2 000
Fig. 6 Measurement value of RMS deviation
for different surface samples
2 (3) 3, T LA H 6 1 40 86 35 O AR 25 7 3
B o YIS 5 25 Bl SO AT A B R Aa 19 AR 1L R
. WIRIC B=onksinaAa, B 4 fA B BB M 6 R 5
B RAE Vo = exp(—B2) o Vo ¥ B HIFECH
/ A7 ,

Y— 5 =— 2B exp(— 5. (6)
W7 FE7R % RO 24 S |7 e | B | 8] B 5
i e — SR AU 2R 2 [ Bl =1/V/220. 707, | ¥\ | 35
UK. T b [V | B RN T B HBE
FH G R B o 5 T T 5035 5 WA 22 0, 2Z (] 19 W) 7
FAFE G | e | BN 20, (18 B DI 2 2 B —

AN Yo BB 5 52351 5 0 B0 0L 8
LGE BRI o WOBCE . B T LR
I 5 1L 6 o XA S A4 30 AN 2 T B 24
FRR 2200 TS (0 R KX — %, W TR
WA5E o ELIHLES 22 4 HOR B K A R0 I A S £
o W7 5 + | 81 BA S A0 FE SO i Aa JRE HEHLAS L,
5 A BN BB | Vo | U HEAN . BB, —
B Y B2 20 IR — B 0, HORDE . WIS
ATREIR /N o, BT RELR 2% I 7 5 4508 10 Aae L 2
b WA 2 1402 | B] = 12 A2 0. 707, WA 1T 4 5
Y | B BKAEL

08

0.6 -

|y 'max|
=
=
T

0 1 1 1 1 ]
0 0.5 1 15 2 2.5 3

181

T | Y e || B B2 4K,
Fig. 7 Variation of | ¥ .| with |g]

4.3 REANSHEBENHE

TEF AR 5 25 PF T L AR (30 A5 1 Ay B2 HoE
KRB Yo = expl — (1/2) J=0. 607, Lg%
T A AN [7) J6E BT DX S0 88 AR AT 5% R 0w KA Y-
IUE e - BEFOC A A 38 1 009 248 o il 2 0 2 )
T 28 b a4 (6 07 15 R 5 () = 0. 607 X R
(0 B A A A A Aa, o B B £ A A0 AR B
B | Bl = lowksinaAa, | =0. 707 B Af 3R i 3
T %8 58 120 7 AR D 22 1 B AR Al TR o,

it 2 A AR R S R T
4 A THRE il ) B8 B 24 07 AR i 22 i AR A T 4



3 XS A TR AR G Uy vk 3% THIHLARS J82 ) &t 52 701

nse 1 MIE 8 . e B HEA S A 3 B
T =R 7 . S5 R B TR SRR
IS LN (R, =3, 2~25 pm) . 4% 58 349 75 AR i 22
A THE o, 55 2 THRE b 10 56 B 55 AR 7 35 0 22 R,
REFIAIER R

1 FTADHLRE BZ I A S 0 4

Table 1 Results of surface roughness measurement

R,/pm op/pm o/ pm lo, —ou | /pm
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Fig. 8 Results of surface roughness measurement
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