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A speckle pattern interferometry system based on a two dimensional spatial fringe analysis
method is discussed. In order to detect precisely a phase map of a speckle interferogram generated
from speckle patterns in the new system, a digital filtering and a prediction processing using the
Kalman filter are employed in addition to the ordinary two dimensional spatial fringe analysis.
The experiment for the measurement of static deflection of a cantilever is performed. The results
show that the spatial fringe analysis method, which can readily measure the dynamic events, can
be introduced into the measurement based on the speckle interferometry.
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Fig.1 Flow chart of the processing.
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Fig. 2 Schematic diagram of speckle interferometer.
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Fig. 4 Carrier fringes after digital filtering.
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Fig.5 Images of virtual moire fringes from carrier fringes.
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Fig. 7 Distribution of slope of phase of carrier fringes.
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Fig.8 Unwrapped phase maps of carrier fringes.
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Fig.9 Phase map of deformed cantilever.
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b X ROEES S i~ TCOEETH B, £z, A
(1) @D 7-bairiiRzERD 28551013, WEA LEE
& OB a (=35mm) &L, alcBF3-biaE
(A 70X =% —0DFH:1.8um) ZHVWE I LTk

D, WEF2HHEL, COFBREACTERCBIT S
bAhEEFTEL.

Fig. 10 Tix, BRLTRIEBRHERIETO RV EH
2500, X (1) WWRTIbAORICL Y RD 7-5HEE
ERESRIBELTWR Z ERbd, ZOHEOFHERE
EWERR L OZEOBHERZE T 24.4nm (=0.0391) T
b5,

DIEOFER LD, BIRICAR L 7z 22 MR IENT I e R A
EEELIETVERAWLEFERFIATAZLICEST,
ANy 7 VTR & DR & NI FRE R & BRI
RS AIRETH 2 Z L RHERT L LN TE T2,

WERER LCHT T, ERARY 7 VFBHEICEWT
HREINTELCCDEZ NV EARY I VDKRER LI
B ABESME, ROTCARY ZIVOREE EF ¥ ) ¥
— RO R & OBSEY 2 EORIEE, /A ARG OMUEE
FRLODOSBRTSCEERICB ) 2B L TEwm L
TOrRITNIEEZREBVEEZ TS,

4. ¥ & &

AWHFETIE, ZERINMREITEC /A ADFEZRFT %
72D T7 4 NY—HEELT, TA4IINVT4NF )T
BHEWNZ, ANV T 4NE ) I BT FEEZHAWT,

EA



EE OTHERAITHY ST 3 — I 7 ZR KRR AT

3,

A2~y VTN B W TERIRETH 2 2 L 2R

L7z,
ZOEFREEERICE WT, ZEMEETEE ARy 7

W7 ADFEFTICERT 2 2 2 & D SR E RIS AT EE

THLIEEHERTLIENTET,

Rk,

My R RITS 12 H 7z > THIA L 7z TIM-

SAC # TRt wie 2 & & L7 R E M B S O H
NEREECEIBH#H I LET. £, KFRE, Pk
10 SRV K FEMBIFERIRE IC & > TIT o 72,

X

1)

3)

4)
5)

6)

7)

8)

[

D. Malacara: Optical Shop Testing, 2nd ed. (John Wiley &
Sons, New York, 1992) pp. 501-598.

G. Cloud: Optical Methods of Engineering Analysis (Cam-
bridge Univ. Press, New York, 1995) pp. 395-491.

S. Nakadate, T. Yatagai and H. Saito: “Electronic speckle
pattern interferometry using digital image processing tech-
niques,” Appl. Opt., 19 (1980) 1879-1883.

S. Nakadate and H. Saito: “Fringe scanning speckle-
pattern interferometry,” Appl. Opt., 24 (1985) 2172-2180.
K. Creath: “Phase-shifting speckle interferometry,” Appl.
Opt., 24 (1985) 3053-3058.

J. Kato, I. Yamaguchi and Q. Ping: “Automatic deforma-
tion analysis by a TV speckle interferometer using a laser
diode,” Appl. Opt., 32 (1993) 77-83.

A. J. P. van Haasteren and H. Frankena: “Real-time dis-
placement measurement using a multicamera phase-
stepping speckle interferometer,” Appl. Opt., 33 (1994)
4137-4142.

G. Pedrini and H. ]J. Tiziani: “Double-pulse electronic
speckle interferometry for vibration analysis,” Appl. Opt.,

29 % 4 5 (2000)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

33 (1994) 7857-7863.

T. Takatsuji, B. F. Oreb, D. I. Farrant and J. R. Tyrer:
“Simultaneous measurement of three orthogonal compo-
nents of displacement by electronic speckle-pattern inter-
ferometry and the Fourier transform method,” Appl. Opt.,
36 (1997) 1438-1445.

T. Bothe, J. Burke and H. Helmers: “Spatial phase shifting
in electronic speckle pattern interferometry: Minimization
of phase reconstruction errors,” Appl. Opt., 36 (1997) 5310~
5315.

J. Burke, H. Helmers, C. Kunze and V. Wilkens: “Speckle
intensity and phase gradients: Influence on fringe quality in
spatial phase shifting ESPI-systems,” Opt. Comm., 152
(1998) 144-152.

J. Burke and H. Helmers: “Performance of spatial vs.
temporal phase shifting in ESPI,” Proc. SPIE, 3744 (1999)
188-198.

BHEE, BEEN Iy T4 v — Tk B ERNE
fEFTEDEIEREE OUE", K, T (1999) 384-390.

Y. Arai, S. Yokozeki and T. Yamada: “High precision
two-dimensional spatial fringe analysis method,” J. Mod.
Opt., 44 (1997) 739-751.

Y. Arai, I. Ishihara and S. Yokozeki: “Automatic spatial
fringe analysis method for two-dimensional fringes image
including phase discontinuities by obstructions,” J. Mod.
Opt., 45 (1998) 2011-2023.

ACIRMER @ BRI o 77 2 v 7 (BEEIE, EH,
1993) pp. 185-263.

SHEEE SEEE7 vk =R BEIEHET, IGH
Wy, 47 (1978) 370-375.

FHRE, EHEE  “BEETBHOFRHRCLI2GE LD
BORRERET V MR T T 7 4 FR”, HE, 15 (1986) 402-406.
HA®MY <R - SREREE uE, ®x, 1997) pp. 109-
118.

255 (57)





