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Three-dimensional shape measurement of objects with discontinuities
by dual-frequency color fringe projection
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Abstract: To reduce the projection fringes in three dimensional profile measurement by traditional
phase shift method and to improve the measuring speed, a dual-frequency and 4-step phase-shifting
color fringe profilometry is proposed to measure the 3-D shapes of objects with step-jumps and discon-
tinuous shapes. Dual-frequency color fringe patterns with 4-steps phase-shifting are generated by com-
puter encoding with four low-frequency and high-frequency sinusoidal fringe patterns. These color
fringe patterns are projected onto the tested objects by a digital video projector, and the deformed
fringe patterns are captured by a color CCD/CMOS camera and stored into a computer. Then, the re-
corded fringe patterns are separated into their RGB components and become 8 frames of fringe pat-
terns. One image related to the background is also obtained by the sum of four dual-frequency color
fringe patterns. The shapes of tested objects are acquired from high-frequency fringe patterns, and the
ambiguous phase jumps caused by steps are eliminated by using low-frequency fringe patterns. To de-

termine the shadow and dark background, the image related to the background is binarized and used
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for correcting the phase extraction. The experimental results verify that the proposed method can

measure exactly the step-jumps and discontinuous shapes with only four images. Compared with exist-

ing methods, the presented method can effectively reduce the quantity of information of fringe projec-

tion and image acquisition.

Key words: 3D shape measurement; dual-frequency color fringe projection; phase unwrapping; object

surface with steps or discontinuities
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L (z,y) = alz,y) +b(x,y)sinf p(z,y) ], (1)
I, (xsy) = alx,y) +blx,y)sin[px,y) +x/2],

(2)

Ii(x,y) = alx,y) +b(x,y)sin[ ¢z, y) + ],
(3

I (z,y) = alz,y) +b(x,ysinfpla,y) + 3n/2],
D

olx,y) = 2nfx + ¢(x.), (5)
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o(x,y) = arctan
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Fig. 1 Phase unwrapping
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