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Three-Dimensional Display of Rotary Mechanical Parts
Based on Digital Holography
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College of Mechanical Engineering, Chongqing University of Technology, Chongqing 400054, China

Abstract A pre-labeling method for the reconstructed image position of a diffuse reflector in the reconstructed plane
is proposed. Firstly, a hologram is obtained by using the specular reflected light of a specific area on the object as
object light, and the area where the =+ 1%-order reconstruction image is located is pre-marked. Then, without
changing the position of the object, the object light emitted by the diffuse reflector on the object is holographically
recorded, and weak diffuse reflection is extracted from the original pre-marked area. By changing the inclination of
illumination light and combining FIMG4FFT method, the three-dimensional contour of the object at a specific
viewing angle is obtained. After obtaining the three-dimensional contours at multiple viewing angles, the problem of
solving non-linear equations is transformed into an optimization problem by using particle swarm optimization
(PSO) to solve the stitching parameters, so as to achieve the final stitching of the three-dimensional object contours
at multiple viewing angles in cylindrical coordinates. The error calibration experiment shows that the maximum
relative measurement error is 5.6% . The proposed method can successfully acquire and stitch the threaded surface
with multi-view and three-dimensional contours, and realize the three-dimensional holographic display of rotary
parts.
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dimensional display
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Fig. 1 Two cylindrical coordinates with uncoincident axes
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Fig. 4 Experimental optical path of inclined illumination light measurement
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Fig. 5 Experimental setup for measuring inclined illumination light
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Fig. 6 Reconstruction results of specular and diffuse reflection. (a) Result of specular reflection on 1-FFT plane;

(b) reconstruction of specular reflection image after filtering; (c) result of diffuse reflection on 1-FFT plane;

(d) reconstruction of diffuse reflection image after filtering
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Fig. 8 Effect of gradual specular reflection weakening. (a) Strong specular reflection; (b) weakened specular reflection;

(¢) simultaneous existence; (d) diffuse reflection
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Fig. 9 One object with a height difference of 9 mm, combined by two gauge blocks
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Fig. 10 Height of measuring block by inclined illumination method. (a) Digital hologram; (b) 1-FFT reconstruction

image; (c¢) FIMG4FFT reconstruction image;

(d) phase difference image; (e) image with linear tilt

terms removed; (f) image after denoising
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Fig. 13 Stud contour measured by inclined light illumination method. (a) Digital hologram; (b) 1-FFT reconstruction

image; (c¢) FIMGAFFT reconstruction image; (d) phase difference image; (e) image with linear tilt terms

removed; (f) image after denoising
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