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Single-wavelength speckle-shearing pattern interferometry for
simultaneous measurement of in-plane and out-of-plane deformation

derivatives based on spatial carrier phase-shifting
TANG Xinyong, YAN Liping, TAN Lan
(Nanometer Measurement Laboratory, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: Speckle-shearing pattern interferometry is one of the important methods to measure the
deformation derivatives of objects. In order to solve the acquisition of interferogram in the single-
wavelength dual-beam measurement system of in-plane and out-of-plane deformation derivatives, a single-
wavelength speckle-shearing pattern interferometry system based on spatial carrier phase-shifting was
developed for simultaneous measurement of in-plane and out-of-plane deformation derivatives. First of all,
an optical path of single-wavelength speckle-shearing pattern interferometry is designed. In this optical
path, the laser enters perpendicularly to the surface of the tested object, and two polarizers whose optical
axes are perpendicular to each other are used to ensure that the polarization states of beams in the two
observation directions are perpendicular to each other; Two Mach-Zehnder shearing devices combining a
lens and a diaphragm are used to adjust the shearing amount and carrier frequency of two symmetrical
directions independently. With the shearing amount being consistent, two different carrier frequencies are

introduced to separate phase frequency components of the speckle-shearing pattern interferogram in the
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frequency spectrum. The spatial carrier phase-shifting technology is used to extract phase components
related to the in-plane and out-of-plane deformation derivatives on the recorded frequency spectrum of
speckle-shearing pattern interferometry. Finally, the introduction of carrier frequency is analyzed and
designed, and the deformation of a three-point bending test board with notch is measured. The
measurement results are consistent with the simulation analysis, which verifies the feasibility of the
proposed measurement system,

Key words: speckle-shearing pattern interferometry; measurement of in-plane and out-of-plane

deformation derivatives; spatial carrier phase-shifting; Mach-Zehnder shearing device; polarization state
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