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Three-Dimensional Displacement Measurement in Electronic Speckle
Pattern Interferometry by Using Reversed Phase Calculation
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Abstract: A method for three-dimensional displacement measurement by separating out-of-plane displacement from
in-plane displacement is presented. A reference laser beam is added to dual beam symmetric illumination electronic
speckle pattern interferometric (ESPI) system and is shared by the two illumination beams. The two illumination
beams are used separately in experiment for the displacement measurement. Then two phase maps, including out-of-
plane and in-plane displacement, are obtained with phase shifting technique, then one of which is calculated by
reversed phase calculation method. Theoretical analysis shows that subtraction of the phase maps can greatly decrease
electronic noises, separate out-of-plane displacement easily from in-plane displacement and complete three-
dimensiomal displacement measurement. The principle of the method is presented and proved by a typical three-point-

bending experiment.
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Fig.1 Schematic for dual beam electronic speckle pattern
interferometry (Beam A and Beam B) with one

reference beam (Beam C)
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Fig. 2 Wrapped phase map illuminated by Beam A (&)

and Beam B (b)
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Fig. 3 Reversed wrapped phase map illuminated by Beam B
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Fig. 4 Phase distribution of field « in gray separated from
unwrapped phase map of Fig. 2 (a) and Fig. 2(b)
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Fig. 6 Field distribution of displacement component, (a) for field «, and (b) for field w
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