TR |

Received January 7, 2009; Accepted August 21, 2009

St 38, 10 (2009) 529-538

Carré 7ILVaAY X LERBE T EN—FvILARY I

Ny —ERVWESEANEREE

W FEr R FWE B &Ra

*BAVERF Y A 7 LB CER T564-8680 WKHTIILTFHT 3-3-35
RSB EEIEAT T811-4142 FERH R K 2-32-1
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Pattern Based on Carré Algorithm

Yasuhiko ARAI*, Yasunori TSUTSUMI* and Shunsuke YOKOZEKI**

* Department of Mechanical Engineering, Faculty of Engineering Science, Kansai University,
3-3-35 Yamate-cho, Suita, 564-8680
** Jyouko Applied Optics Laboratory, 2-32-1 Izumigaoka, Munakata, 811-4142

Temporal carrier has been introduced to electronic speckle interferometry in order to produce
virtual speckle patterns. Dynamic deformation measurement with a large deformation is per-
formed by using virtual speckle patterns. However, it takes a long calculating time to produce
virtual speckle patterns, because the method requires Fourier transform operation at each pixel
of CCD. In the proposed method, virtual speckle patterns are produced by Carré algorithm
without Fourier transform. As the results, it is confirmed that the calculating cost of virtual
speckle patterns is improved remarkably, and that the new method also is equal to the ordinary
methods in measurement accuracy.

Key words: ESPI, virtual speckle pattern, Carré algorithm, out-of-plane deformation measure-

ment

1. ¥ C & (Z

1970 FERAPIB L D, ARy 7 V& HWi-ZEREHRE &
LTTV # X712& % ESPI (electronic speckle pattern
interferometry) ' ® 2F|H 3 1, & 512, HETIIHER
Beffi 2w H L7z 2 > o — 8 — T & 2 marfiaein
L HNZTEEHIDMTO N S ICE S T 547,

ARy 7 OVFERANC X 2 BIATZE IR 1, BFA
A2y ZOVTEEHEE D LT H A TR0 2 EA
LicH¥ERER Wb O, ZHNEF v ) ¥ —1Fke5 2
52 ExREMELT, WENRICEEBFAES 2N I
ERUNAEDT 2 2 L2 ko TEROND F v ) ¥ —EHREF
M3 2% 38 (BHIERD 2 ROBEHICIZ T, ¥+ ¥—
B % 52 27: O 1% H S COEIZHNICHFR
B L TB L FHR) DAY 7 WY — 2 & 2 E5#
BE R TR fEATIE°~1?, temporal carrier?“?? £ifff % v
T-fEMTEE, X 512, temporal carrier Fiff AT 2 2 &

E-mail: aria @kansai-u.ac.jp

38 & 105 (2009)

WO TN—F ¥ VAR I Ny =V REWEL, Zho
ERHWIEN D OREAHI O 7 0 OF 152729 & U3
HanhTwb,

KR TIE, KRB 25 @t s BRI YR
HEATREZS /N —F 2 W Ay 7 Vo8 — o % Fl b T SR
i 2 R FTTREIC 3 2 72012, YL % Ed AL 3
ATRE R BTN EE L T B,

IN=F F VAR T8 Y — vk W T EiTR 2 T,
TRREAT % B RABICAT 5 72 D WA TR HHBEFE 12 35 V> THREL
ENTEF T 2 ARY T WRY — & E N5 NHFEER
EFIALT, ATHICARYy 28y —>BavEa—5F
—ECIERIL, ZOEBlS NIz N—F v IV ARy 7 0N
& — e ClHEZ & DYMEDES « N2 T
bhTna,

EZHN, ZOFEEROTRERGH 2T 7201
X, ZEORIICIE U TEGEBN T N—F v LAYy 7

529 (35)



_Center of

Rough SUi‘face-l P, ~ rotation

Measured object Reference

Laser beam /

Half mlrror

(b)

Fig. 1 Principle for producing virtual speckle patterns.
(a) Speckle interferometry optical system, (b) Intensity of
speckle in deformation process.
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Fig. 2 Fringe analyzing process.
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Fig. 3 Virtual speckle pattern based on Carré algorithm.
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Fig. 5 Production of virtual speckle pattern by Carré
algorithm. (a) Series of speckle patterns, (b) Virtual
speckle pattern at (7+1.5)".
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Fig. 6 Virtual speckle pattern. (a) Virtual speckle pat-
tern, (b) Intensity profile, (c) Amplitude profile [B], (d)
Bias profile [A], (e) Phase profile [¢], (f) Phase shift
profile [a].
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Fig. 7 Relationship between phase shift («) and reference
plane speed. (a) Object speed: 1.44 um/s, Reference plane
speed: 1.86 um/s, (b) Object speed: 1.44 um/s, Reference
plane speed: 2.79 um/s, (c) Object speed: 1.44 um/s, Refer-
ence plane speed: 3.72 um/s, (d) Object speed: 1.44 ym/s,
Reference plane speed: 5.58 ym/s.
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Fig. 8 Deformed carrier fringe in frequency domain. (a)
Spatial domain, (b) Frequency domain, (c) Spatial domain,
(d) Frequency domain.
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Fig. 9 Phase maps of deformed carrier fringe. (a) Phase
map of 0"—virtual speckle pattern, (b) Phase map of
virtual speckle pattern—150".
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Fig. 10 Total phase maps (0"~ 150**). (a) Specklegram,
(b) Total phase map.

L7 fitor s R % Fig. 9 (a), (b) wzhZzhmd, Z
2T, Fig. 21K L & 512 2 s ORISR 0= %2 5K
LI EIWILEST, W=F ¥ IVARY 7 )XY — > DEUE
FRCA U 2BEERZHKRT 2 28 TE 52, ZONHE
ERWTRD I b= VOB % Fig. 10 (b) @
Y. x HROLEADAAHZEE B-B OFLZ 4 > T 24.60
rad ThV, REBRTIZREELZIC L 2 EFPEMAMMTH S
& &Y Fig. 10 (@) ZRT b= VOEFIZEHT 2 A<y
IIVT T LD 4 FETIREE (25.12=6.28X4) OZEERICH]
ERERIZHIEL TWB 2 b,

Fig. 10 (b) WRT b —F VOERAAEI D & HHZE

536 (42)

Standard deviation: 0.046 rad

500

Phase [rad]
(=)

y [pixel]

x [pixel]
600 0

Fig. 11 Error distribution of phase map.
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Fig. 12 Comparison with other methods.
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Fig. 13 Phase map of measured object. (a) Measured
object, (b) Specklegram, (c) Phase map.
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Fig. 14 Comparison with other method.
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