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Roughness Measurement of Shot-Blasted Surface Based on
Polychromatic Speckle Autocorrelation

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

Abstract The speckle elongation effect of speckle pattern produced at the far-field diffraction plane by roughness
surface under illumination of polychromatic light can be utilized to measure surface roughness. A roughness
measurement of a shot-blasted surface by means of polychromatic speckle autocorrelation is introduced. In
consideration of the isotropic radial structure of polychromatic speckle pattern., an appropriate digital image
processing algorithm is poposed. Several factors affecting the characteristics of the speckle elongation are discussed,
which include the determination of characteristic length of local autocorrelation function, the size of local window for
digital image processing, and the exposal saturation ratio of speckle image. By capturing and processing
polychromatic far-field speckle images obtained from many points on each sample surface. optical roughness index
values of sample surfaces with roughness parameter R, of 0.4, 0.8, 1.6 and 3.2 pm are calculated, respectively. It
is shown that the optical roughness index can be used in scaling well the roughness degree of sample surfaces.

Key words optical measurement; surface roughness measurement; polychromatic speckle autocorrelation; speckle
elongation effect

SUHCHEIE 1% (55 1 0% T HLA X8 B JED L @ M
BRI REC L 1 TR SRR
HOR PR R SR FHCE B 1 LR (93855 %

3 H
R AR T 6 SR AR 4 T 72 2 CRE Y B4 T )

PEATHRE BEM AL .y T A 1 i 200 o BB TR
il JSE T i AR x B I T S A e AR A A
Rk E . fdJUHERA R . 28l T 2K
P14 IR 2% RS 52 100 D77k » JF o R R 1 B D 0
PR BRSO R AR Y E S R
A R A5 5 1 oL B A R T A

Wi BHA: 2009-10-28; W EME M A B 2009-12-21

K0 7 HICBRE 1 AR DG 3 THTAEL R 88 00 Dy 1 A
b7 A 3 8 Sy /NI AR IR Ll Y 1
AL R R T PR A L R — A R O I
AIFELIRE J5 3k o X AR 7 35 IR T 22 I S BB
M BOREAE A BRSO K Y 1 5 6 O

EETH: FEMEEME NSRS 354 (o F 2005383 5) ¥ B PR &,
YEE B A XUER (1962—) . 53 Wi 4% . EE IO D7 A WS . E-mail: liuhb62@ tongji. edu. cn



9 4 PUREY A

il M L 2% T A4 22 I HORE B AR G TR Rk T

2579

BT PR J3E A 5 o 2 THTAEORELARS » HICBRE S8 4 R 388/
HT T RICRE 1] 58 14 20 A1 R A1k 5 22 1 SO B A5G X A
[ 7 300 T 2T+ 0T A 5 B B0 R Ak B
R FAL R 1T LRSS

AR 3C LAl 8 AL 35 T8 R W 5 Xk &R B AR 48 2 0k
FEBE A AH 5% 2 1m0 MRS S 0 3 05 9k 5 AR 3 X 2R 3 i
14 22 1K S22 7 RO €] 98 1) 4% 1) () P8 A% 1 4 S R AR
& tHE A Ry R AL BT 3% R TR E A OG bR
CRFAE A 1 208 B, 2807 IR R Ak A Jm 8 7 1 R
FIEICRE P 5 1) 4 1B 1 B X 3 RE S K280, 1 R AE 5K
B 5 1h R ER A A 5C pR BURE AE R B A R
i 3 TR A 1 1Y) Ol 2 RELRE JEE R A5

2 SREESUE

Pl 1 Oy 25 0 0 O 1 A 56 4 T AR £ Wt
FRBR . PR R SR ROE K
SRR A R AIDE IR . Tk S RSO 2 R

555 O TR TN (89 B 2R TR TE 2 R 2 5 B E G 1,
AR OG R i e & AR Al i . BT LR I AR
XF 2 WA WOG R I AT 2 (6] U8 P, A4S 2 35 51 /9 H 25
JCBE. B 1K E A L HE B RO ATOG. HE
AR 5 ] T IORPATGE R B AR . DGR 2 fE
JH 2 5 Bt IR B 35 1 79 DG BE AR L ORI BR AR EOG
22 WO AR WORE A 2 T AR B 4 WS AR
IR . HURE I % T CCD B AL i s i
TG T WAL B TSR AL b BT BT ER A B, S
B B b, PSR IR BOEER 1P 3 5 635 nm
650 nm, B K HH DA 10 mW s B LUK &%
R AT T 10 £5 B B A B AR 25 pm (EHAL B
B 1B 2,085 3 MiE SR 4 myfEEE 4 ik 38. 1,
100,150 F1 100 mm; Y6 2 A9 H4E N 2. 5 mm;
CCD {5 4% 4% (AVT Marlin F-080B) 6 s 7E R
SFOA 4,65 pm X 4. 65 pm, B4R R SF R 1024 pixel X
768 pixel, ZAJLE N 8 bit,

beam splitter ﬁlter. lens 1_inverse telescope o
laser 1 pinhole
| l 1 0 N [
| i1 T U U |
Jiaphragm picroscopical lens2 lens 3 idiaphragm 2
phrag objective
_—
laser 2 lens 4
computer I:] CCD

Bl 1 2 I 7 HORE B A S 3 AT R 32 0 G o 2

Fig. 1 Experimental setup for surface roughness measurement based on polychromatic far-field speckle autocorrelation
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speckle pattern generated from shot-blasted surface
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Fig.4 Local autocorrelation function of polychromatic far-field speckle pattern generated from

shot-blasted surface (R,=0.4 pm)
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