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A Study on Elecctronic Speckle Contouring for 3-D Shape Measurement

AAR(HEY dgd) , 29THAED Td)
G. S. Kim (Graduate School, Chonbuk Univ.) , Y. J. Kang (Chonbuk Univ.)

ABSTRACT

ESPI(Electronic Speckle Pattern Interferometry) is an optical technique to measure surface deforamtion of
engineering components and materials in industrial areas. ESPI, a non-contact and non-destructive measuring method,
is capabie of providing full-field results with high spatial resolution and high speed. One of important application
aspects using electronic speckle pattern interferometry is to generate contours of a diffuse object in order to provide
data for 3-D shape analysis and topography measurement. The electronic speckle contouring is suitable for providing
measurement range from millimeters to several centimeters. In this study, we introduce the contouring method by
modified dual-beam speckle pattern interferometer and a shift of the two illumination beams through optical fiber in
order to obtain the contour fringe patterns. Before the experiments, we performed the geometric analysis for
dual-beam-shifted ESPI contouring. And by this geometric analysis, we performed the electronic speckle contouring
experiment. We used 4-frame phase shifting method with PZT for quantitative analysis of contour fringes. Finally,
we showed good agreements between the geometric analysis and experimental results.

Key Words : ESPI(H 2} 23 E #¥ 714d%), Non-destructive Measuring Method(t] 5}3 23 u}y), Contouring
Method(F 1L 3 Z&W), Optical Fiber(}4d ), Shift of Illumination Beams(ZA}Y] o©]%),
Dual-beam(©] 5 4]), Phase Shifting($]4}°]%), Geometric Analysis(7]38}83 3j4]),

1. A &

AN2 7Y ol8d AZUYE BAS 7 '%] gﬂflifi,%ji %th)ia;%-ﬂ]#i}i%%
s24 Fzady YT 2o doAdd o4 TUTL 198410l K. Creathe] <13} x4 274

8t dA99e WAsen Eus $9, wy o U SAT AUUE Held AYE a2
5 7 =3 v o 23l 31 Z A

3 A% 59 A% 99z 2FE & A B2 4 Zlm“h?]tﬂf@Z*“.]%E:};::}:LM;fi

AR Aw Fol sbsdA 2o B4 PHErH Houm FRE T wE £ 4

s oy Goe At aag o4 3 NS Wt 4 e ue 23 e
A3 gtk Tz adue AR Az FA gl A A FHY 718354 A3 vy AlAdE o] 83
4 el Bde AAe mx ame pagve ) A delEe A% % Bt golsivn 4
19600l £AS WA wAge BN Awouy 0 ASe) rEsHE FAE D Y A
5 wlos MM emA butedt Ledene sg | SUE WY BUAE 18 FRgde g2ou
AgHch Ton A BTy gy O THES B AARAA AAARR A4

o] BYasAuY. olg ZL FHEL wwoZ A
-239-

dgee) wag



A A2HE HYES ASA A, $F7) A, JAA
A, 297 44, 48 A Fol de o) §H
A th
HA 2802 Ad Y o4 14 72
(contouring method)& Tl E A9 Folet it
3 A9 S 7hAH(contour interval)e] IHAY B
, °1& F39 3a4d EAY Yol st A
A B3 dgelnt? A EAste FnA
Aldoz Fope g, EEaly W,
29 F Ae el sled & 4¥9A o
A At i)ﬂ% gy PSS ol &% ¥4 A
1:]./\

}
A

D oo £ ol

R R

o] ZAME o] &% W, EA
A7E B, EAE WA WY,
gAYe 1%*17% Yoz Ydnp. OO0 &
W Ao A% WU WY HA 2HE
AE 4 WMZEY F EAYE oF
(shifpA] 71 2ol & 339 B9 YA4ESAHL
st A3 sPA A olFd % HAHY F
T3 P (contour plane)E HA3s7] Y3 LA AAA
T EAN o3 BHHFH FA #E HEe 7
shata Me Fyate olgd EUE v
I, o) uygoz AWES ol&F FYFAHAL 4
Aeter. Z2Ae o]FL wlo]ZRu|E o 43
Hol gl FMF & +HHAL. Fad TA
2 Y(contour fringe)E E§ EAY ol HA
g 4ug dr] g3t AL F EAY F 3
ol 914t ol =9l PZTE H&sle AP E
st

£ or2 1 B o op 2
oz ro
10
E
lSL ~{r

2. 288 ¥y 48 A4
o N 285F HAE F 234
slo] YAAEE WESL e WHF
AstA Hed § EAYL 3 2874 4
dg 712 olEHt. ¥ 1& FEAYUY
pdel e AR A4S dE AE THAE
F3 uvh § A 2AH U Us 2L 4
02 FEaHog AR EANUE ZAIE Hoj A
%3t ’E}S 2A Hed,

N K Roox & W0
2 g

£
&N
o
lo
Jkﬂ

o] WEL
U1 = u;exp i(¢s1 + ¢ml)
U, = usexpi(dg + dme) m

-240-

Fig 1. The in-plane displacement arrangement of
speckle pattern correlation interferometer
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Fig 3. Vector geometry of the contouring
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Fig 4. Experimental arrangement for dual-beam-shifted
ESPI contouring
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(b) demodulation image

(c) 3-D plot

Fig 5. Results obtained when the illumination angle

6 is 23.5° and the angle difference

AG is 0.75

mrad : (a) phase map, (b) demodulation image,

(c) three-dimensional plot.
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