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Phase Extraction from Interferograms captured under Vibrating Environment

Masaaki ADACHI, Yasuto NIWA and Yuuta IWAO

Vertical-scanning shape-measurement interferometry using white light cannot be used under vertically vibrating environment.
Because, it is required to repeat predefined-length vertical movement with nanometer accuracy and interferogram capturing
just after the movement. We developed the technology which can measure the changes of optical path difference (OPD) of an
interferometer with nanometer resolution at around 20-ps interval. So, the technology can trigger interferogram capturing at
even the moment when predefined-length movement happens to complete at an abnormal timing due to external vibrations. But
vibrations in exposure time would change interferogram intensity captured. This change results in non-negligible measurement
errors. Then we develop new phase extraction method which utilize history of OPD change in the exposure time and can remove
the above errors. Validity of this method is also estimated by computer simulations.
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Camera signal intensities Ii obtained with a constant vertical-
scanning speed. The intensities are propotional to the hatched
areas having start phase ¢ and exposure time 7
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Fig.2 Vertical changes /;(¢) used for the computer simulation. Changes
drawn with solid line are assumed to generate in exposure time on
the target frame for phase extraction. This involves a rectangle-like
change, height of /s and width of 7/4, and some wave-like changes
beside a constant-speed vertical scanning change. Straight broken
line is assumed to generate on the other frames which are affected
by only the constant-speed vertical scanning.
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Fig.3 Comparison of output phase of this method and output phase of
the traditional method. A solid line is the output phase of this
method and completely overlap with input phase. A broken
line is the output phase of the traditional method. A center
horizontal line is difference between input and output phases of
this method. A wave-like broken line is difference between input
and output phases of the traditional method.
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Fig.4 Output phase dependence on the rectangle height /s. A solid line
is of difference between input and output phases of this method.
A broken line is of difference between input and output phases of
the traditional method.
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Fig.5 Random noise dependence of this method, which are derived from
the traditional phase-shift methods and are shown as solid curves.
In this calculation height changes of Fig.2 are supposed to disturb
interferogram intensity of the center frame. As comparison, the
traditional phase-shift methods are also used to extract random
noise dependence and obtained results are shown as the dotted-line
curves. In the later case no height change is supposed.
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