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Abstract: In the three-dimensional (3D) measurement system by the light-source-stepping method using LED, due
to the large divergence angle of LED, the large fringe projection area can be achieved in a short distance, resulting in
a short working distance of the system. In addition, the large luminous size of high-power LED leads to low fringe
contrast, and it is difficult to project fringes with high brightness and high contrast. To solve the above problems, it is
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proposed to use laser diode (LD) as the light source to realize high brightness and high contrast phase-shift fringe

projection in the light-source-stepping projection device. A portable and high-speed three-dimensional measurement

system is designed by using the projection device and binocular camera. Firstly, an improved Fourier transform pro-

filometry is used to obtain the phase and modulation of deformed fringe. Secondly, using the randomness of laser

speckle, the rough matching of the binocular image is realized in the modulation map. Then, the fringe phase is un-

wrapped on the basis of rough matching, and the phase is used to realize fine matching. Finally, the

three-dimensional shape of the object to be measured is obtained. The experimental verification is carried out by

using the designed system. The measurement volume of the system is 360 mmx290 mmx100 mm, and the maxi-

mum 3D point captured is 1280%x1024 points. The 3D shape measurement speed of 100 f/s was achieved. The

measurement standard deviation of the plane is 0.19 mm. Five planes with a distance of 1.00 mm were measured,

and the average error of the measurement distance is 0.05 mm.

Keywords: optical three-dimensional shape measurement; fringe projection; Fourier transform profilometry; bino-

cular stereo vision
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Fig. 1 Phase-shifted fringe projection by
the light-source-stepping method
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Fig. 2 Influence of the light source size on shadow
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Fig. 3 Schematic diagram of the 3D measurement system
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Fig. 4  Corresponding point matching diagram
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Fig. 5 Physical diagram of the measurement system
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Schematic diagram of the 3D measurement system

Overview: Fringe projection based three-dimensional measurement technology has been widely used in reverse engi-
neering, cultural relic protection, medical image, virtual reality, and so on. The fringe projection device (projector) is an
essential part of the measurement system based on this technology. The common high-speed projector is expensive and
complicated. Fujigaki proposed a light-source-stepping projector using a linear LED array and Ronchi grating. The pro-
jector is simple, smaller in size, and cheaper in price. However, a large light-emitting area of high-power LED leads to
lower contrast of the fringe, especially the high-density fringe. The large divergence angle of LED leads to the short
working distance of the projector. On other hand, the light-emitting area and divergence angle of laser diode (LD) are
small. To solve the problems of LED-based projectors, a linear LD array is used as the light source to project
phase-shifted fringe with higher brightness and higher contrast. Because LD is a coherent light source, a speckle prob-
lem is introduced while improving fringe contrast. Using the randomness of speckle, the speckle in the modulation im-
age is used as a feature for rough matching of homologous points in a binocular system. In the origin system, PMP is
used for phase measurement. The measured depth range of the system is small because the phase shift is different at
different depths. An improved Fourier transform profilometry is proposed to extend the depth range. A portable and
high-speed three-dimensional measurement system is designed by using the projector and binocular camera. The mea-
surement process is as follows. 1) The light-source-stepping method is used to project phase-shifted fringes and the
camera is used to take deformation fringes. 2) The two deformed fringe patterns with phase shift are subtracted. Then,
Fourier transform, filtering, and inverse Fourier transform are performed successively. Finally, the wrapped phase and
modulation are obtained. 3) The modulation image is segmented, and then the homologous points are found by feature
matching in the neighborhood near the point with the highest modulation in each non-connected region. 4) The
matching points with high reliability are selected, and the phase is unwrapped by using the reliability-guided fast phase
unwrapping algorithm. 5) Using the unwrapped phase for fine matching, a high-precision parallax map is obtained. 6)
The three-dimensional shape is reconstructed using the parallax. The experimental verification is carried out. The mea-
surement volume of the system is 360 mmx290 mmx100 mm, and the maximum 3D point captured is 1280x1024
points. The 3D shape measurement speed of 100 f/s was achieved. The measurement standard deviation of the plane is
0.19 mm. Five planes with a distance of 1.00 mm are measured, and the average error of the measurement distance is
0.05 mm.
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