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Characteristics of the Spatial Filtering Effect in Phase-Shifting ESPI for Sequential

Out-of-Plane Displacement Measurements
Minniu ZHou, Takeaki YosumMURA and Takumi MINEMOTO

Graduated School of Science and Technology, Kobe University, 1-1, Rokkodai, Nada-ku,
Kobe 657

In order to realize sequential measurements of out-of-plane displacement with phase-shifting
electronic speckle pattern interferometry (ESPI), the phase-shifted fringe patterns should be
ensemble-averaged by means of spatial averaging. In this procedure, the speckle intensity
distribution is generally integrated over the effective pixel of diameter D which is several
times as large as the real pixel size p. However, if the average size of speckle 7s is less than
b, the effective pixel works as an integration averaging filter because many different speckles
are included in the pixel area. By appropriately using this condition, the usual smoothing

filter can be utilized more effective for averaging the ESPI signal.

The statistical measure-

ment errors of the spatially averaged signals and the evaluated displacement have been

estimated for each averaging operation.
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Fig. 1. Schematic diagram of phase-shifting ESPI.
BS indicates the beam splitter and sensor does the
area sensor.
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Fig. 2. Dependence of the spatial coherence factor f
on 7s/p. The solid curve represents the theoretical
result under the condition of D=2.8p and the closed
circles represent the experimental results.
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Fig. 3. Dependence of the normalized standard devi-
ation of the signal S(8) on #s/D under the conditions
of §=7/2 and ¢=0. The solid curve represents the
theoretical result and the closed circles represent the
experimental results.
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dashed lines (a) and (b) are curve-fitted to experi-
mental data by Eq. (15).
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