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Fringe Scanning Holographic and Speckle Interferometers
for Deformation Measurements

Suezou NAkADATE and Hiroyoshi Sarto

The Institute of Physical and Chemical Research, 2-1, Hirosawa, Wako 351-01

Computer holographic and speckle interferometry systems for deformation measurements
of a diffuse object are presented, which are based on fringe scanning method with phase-
shifted holographic and speckle interferograms. A PZT device is used as changing a phase of
the reference light in these interferometers. In the case of holographic interferometry, an
optical path difference of an object before and after deformation is calculated with four phase-
shifted holographic interferograms. In speckle interferometry, four speckle interferograms are
generated with one speckle pattern of an undeformed object and four speckle patterns after
An optical path difference, which is proportional to the deformation, is calculated
A spatial filtering for reducing a speckle noise, a correction
Some ex-

deformation.
with these speckle interferograms.
of discontinuity of calculated phases and smoothing of the data are also discussed.
perimental results with these interferometer systems are presented for the cases of out-of-plane

and in-plane deformation measurements.
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Fig. 1 Schematic diagram of fringe scanning
holographic interferometer for out-of-
plane deformation measurement.
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Fig. 2 Real-time holographic interferograms, (a)~(d), of a cantilever-like object after
deformation, whose phases are 0, 7/2, = and 37/2, respectively.

(a) (b)
Fig. 3 Distributions of optical path differences of the cantilever-like object, (a) before

deformation, (b) after deformation.
Phases ranging from —7 to 7 are displayed as 0-255 levels.
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Fig. 4 Out-of-plane deformation of the canti-
lever-like object.
A white band depicts a deformation
ranging from z —0. 05 ym to x +0. 05 ym,
where z is the number displayed nearly.
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Fig. 5 Values of out-of-plane deformation of

the cantilever-like object in the vertical
direction in Fig. 4.
The abscissa shows a sample point from
the bottom line of the object. The
ordinate depicts an optical path differ-
ence proportional to the deformation.
An error bar shows maximum and mini-
mum values on a horizontal line in Fig.
4, and a circle is a mean value on the
horizontal line. The solid line depicts
a theoretical curve of a deformation of
a cantilever.
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Fig. 6 Schematic diagram of fringe scanning
holographic interferometer for the case
of in-plane deformation measurement.
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(a)

(b)

Fig. 7 Distribution of optical path differences of an aluminum plate subject to uniform
tension at the left end for (a) before deformation and (b) after deformation.
Phases ranging from —7 to 7 are displayed as 0-255 levels.

In-plane deformation of the test pieces
shown in Fig. 7.

A white band depicts a deformation
ranging from 2—0.1m to z+0.1 um,
where z(x=1) is the number indicated
in the figure. For the case of £=0, the
white band shows the deformation within
+0.2 pm.
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Fig. 9 Schematic diagram of fringe scanning
speckle interferometer for the case of
out-of-plane deformation measurement.
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Fig. 10 Schematic illustraction for the deter-
mination of an absolute fringe order
number in a surface of an object.
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Fig. 11 Speckle interferograms of an acrylic plate subject to a tilt.
(a)~(d) result from 5times iteration of averaging within 3x3 sample points,
whose phases are 0, 7/2, = and 37/2, respectively.
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Fig. 12 Distribution of optical path differences
calculated with four speckle interfero-
grams shown in Fig. 11.
Phases ranging from —7 to 7 are
displayed as 0-255 levels.

() (b)

Result from a correction of disconti-
nuity of the phase shown in Fig. 12.
(a) contour and(b)perspective repre-
sentations. The interval between two
contours is 0.25 um.
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(a) contour and (b) perspective
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Fig. 15 Schematic diagram of fringe scanning
speckle interferometer for the case of
in-plane deformation measurement.
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Fig. 16

Speckle interferograms of a brass plate subject to uniform tension at thelright’end.

(a)~(d) result from 5 times iteration of averaging over 3X3 sample points,
whose phases are 0, 7/2, © and 37/2, respectively.

Fig. 17 Distribution of optical path differences
calculated with four speckle interfer-
ograms shown in Fig. 16.
Phases ranging from —7z to 7 are dis-
played as 0-255 levels.
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Distribution of in-plane deformation
which is obtained by a correction of
phase discontinuity in Fig. 17, sub-
sequently smoothed by 8 times iteration
of median filtering within 11 X 11 sample

points.
(a) contour and (b) perspective
representation. The interval between

two contours is 0.5 um.
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