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3D-shape Measurement of Rough Surface Using Wavelength Shift Interferometer

under Unavoidable Random Changes of Optical Path Differences
Masaaki ADACHI and Yuuri SASAKI

We propose a 3D-shape measurement technique of a rough surface using speckle interferograms captured under ramdom
changes of optical path differences. Amounts of the phase shifts between captured interferograms are calculated through
Max & Min light intensities searchings at two different pixels in frames and twin normalizations of their intensity changes.
The calculated phase shifts which involve random changes over 2m are used to extract phase distribution of a speckle
interferogram. After capturing 175 specklegrams which consist of 25 specklegrams at wavelengths of around 778.201nm,
778.217nm, 778.258nm 778.366nm, 778.623nm, 779.151nm and 780.260nm, phase distributions are extracted regarding the
first captured interferogram in each wavelength. These distributions normally involve uncertain offsets due to random shifts.
After canceling these offsets with the phase data at a base-height pixel selected arbitrarily, the ratios of phase change against
wavelength change are extracted at all the pixels. 3D shape is calculated from the extracted ratios.
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Fig.l Optical layout of a wavelength-shift interferometer used for 3D-
shape measurement of rough surface. Light source is DFB laser
whose wavelength can be changed between 778 2nm and 780.3nm.
PZT mirror is used to make rondom phase shift. An object is a
rough aluminium plate
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number recorded with random phase shifts over 2n. The intensity
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Fig.3 Extracted random phase shifts as a function of the frame number
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Fig.6 A calculated 3D shape of a rough aluminum flat surface shown in Fig.1.
Surrounding area is looked lower than a center area. The reason is that the
incident laser light on the surface has a convex wavefront

Fig.8 Local-size-averaged phase difference distribution for the measured
electric substrate. (a): equivalent wavelength of 37.8mm, (b), (c), (d),
(f): equivalent wavelengths of 10.63mm, 3.67mm, 1.44mm,
0.638mm, 0.295mm, respectively. Local-size for averaging is 5 5
pixels

Fig.7 A picture of the measured electronic substrate and
parts installed on it. White characters were printed
on it and no coat was deposited for the measurement
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Fig.9 The measured 3D shape of the electronic substrate and parts installed
on it. Convex properties shown in Fig.6 are removed by subtracting a
shape data of a flat plate which is used to put the measured object on
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Fig.10 Measured shape of a part of Japanese 500-yen coin and two blocks whose
heights are Smm and 10 mm. This data show that the proposed method
has height range more than 10mm in shape measurement

Fig.11 Measured shape of a part of the objects shown in Fig.10. Enlarged images
of specklegram are captured by adjusting a Zoom lens. An upper area
contacting the coin is looked like flat. This phenomena is thought to come
from specular reflection at a wall of blocks
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