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Three-Dimensional Electronic Speckle Pattern Interferometry with
Carrier Modulation by Using Large-Shearing Block Prism

Sun Ping Fan Xiangju Wang Xinghai
(College of Physics and Electronics, Shandong Normal University, Jinan, Shandong 250014, China)

Abstract A technique with carrier modulation for three-dimensional displacement measurement by using electronic
speckle pattern interferometry (ESPD) is presented. Firstly, a new block prism, named large-shearing block prism,
is designed. A large-shearing electronic speckle pattern interferometer can be constituted when large-shearing block
prism is used. Secondly, the test object and reference object are illuminated separately by three lasers which are fixed
on horizontal and perpendicular position. A new three-dimensional (3D) ESPI system is constructed by three lasers.,
a large-shearing block prism and a CCD camera as well as a reference object. The carrier fringes in three interference
fields can be introduced by rotating the reference object with a small angle. Interference speckle patterns before and
after deformation, and interference speckle patterns after rotation of reference surface are collected when three
lasers are used respectively. After the images are subtracted, three carrier fringe patterns and three modulated
carrier fringe patterns under different illumination are obtained. Finally, three phase maps can be demodulated by
using Fourier transform. Further phase calculation is needed to separate three displacement components. A typical
three-point-bending-beam experiment is completed by the 3D system presented. Experimental results are offered,
which show that three displacement components can be determined effectively. The 3D system has simple optical
setup and has an easy way to operate, therefore it provides a new approach to three-dimensional deformation
measurement.

Key words measurement; electronic speckle pattern interferometry (ESPI); 3D displacement; carrier-frequency
modulation; large-shearing block prism
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Fig. 1 Schematic diagram of large-shearing block prism. (a) three-dimensional structure of block prism,

(b) front view of the block prism
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modulation
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Fig. 4 Picture of 3-D ESPI system with

carrier-frequency modulation
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when the object is illuminated by laser A
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Fig. 10 Modulated carrier fringe after deformation when

the object is illuminated by laser C
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the object is illuminated by laser A
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