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Development of Three-Dimensional Deformation Measurement Method with Same
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Speckle interferometry is a useful deformation measurement method concerning objects with rough
surfaces. The method using only two speckle patterns before and after a deformation has been proposed
in ESPI by using Fourier transform. Some three-dimensional deformation measurement methods based
on speckle interferometry have been proposed. However, the sensitivities of conventional methods in
directions of three axes are not generally same. In this paper, a new method of which sensitivities in three
directions are same is proposed. The new method employed a spatial frequency multiplexing technique
that permits simultaneous recording of all the components of three-dimensional deformation with only
one camera. The validity of novel method is confirmed by experimental results concerning an in-plane
and an out-of-plane deformation.
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Fig. 1 Speckle interferometer which can analyze defor-
mation by using only two speckle patterns before and
after a deformation. (a) Optical system, (b) speckle
pattern, (c) speckle pattern in frequency domain.
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Fig. 2 Speckle interferometer in-plane and out-of-plane defor-
mation measurement. (a) Speckle interferometer in-plane and
out-of-plane deformation measurement, (b) deformation
signals in frequency domain.
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Fig. 3 Concept of proposed optical system.

Fig. 4 Three axes and camera in optical system.
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Fig. 5 Measuring area constructed by x-y-z axes.
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Fig. 6 Relationship between the object beam and three refer-
ence beams in optical system.
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Fig. 10 Speckle pattern and signals in frequency domain. (a)
Speckle pattern grabbed by this optical system, (b) signals of
displacement in frequency domain.
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Fig. 11 Distribution of optical path distance by in-plane
displacement. (a) x direction, (b) y direction, (c) z direction.
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Fig. 12 Distribution of displacement in x-y-z axes.
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Fig. 13 Resultant displacement of x-y-z axes.
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Fig. 14 Distribution of optical path distance by out-of-plane
displacement. (a) x direction, (b) y direction, (c) z direction.
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Fig. 15 Distribution of displacement in x-y-z axes. (a) x direc-
tion, (b) y direction, (c) z direction.
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Fig. 16 Resultant displacement of x-y-z axes in out-of-plane
displacement. (a) x direction, (b) y direction, (c) z direction.
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