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3D Displacement and Velocity Measurement Based on a Single Frame
Deformed Fringe for a Moving Object

CAO Sen-peng'?, CAO Yi-ping'
(1 College of Electronics and Information Engineering , Sichuan University, Chengdu 610065, China)
(2 College of Electrical and Mechanical Engineering , Pingdingshan University ,
Pingdingshan, Henan 467000, China)

Abstract: 3D displacement and velocity were measurd by using a single frame fringe which is recorded by
an interlaced scanning camera for a moving object. One frame deformed fringe is operated by dividing into
two single field fringes, reconstructing 3D surface shapes by directly using Fourier transform
profilometry, extracting 2D binarization templates from the modulation of single fields, computing the
centroid to get sub-pixel locating point, and processing the shape data by bi-cubic interpolation and
calibration, it can accomplish the measurements of 3D displacement and 3D average velocity within the
interval of a field period time. In the 3D space experiment with constant velocity of a 3D object, the
maximum absolute error of measured velocity is 0. 6mm/s, and the relative error is 0. 57 %. This method
needs only one frame deformed fringe to measure 3D displacement and velocity, and improves temporal
resolution and measuring precision.

Key words: Measurement; 3D displacement; 3D velocity; Fourier transform profilometry; Sub-pixel
localization; Interlaced scanning
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Table 1 Intrinsic parameters of the camera (pixel)

Focal length  Principle point Distortion coefficient

[—0.45155, 0.64745,
0.00053, 0.00001, 0]
245. 05 —

1907. 74 337.75

2056. 11

®2 BHISNSE

Table 2 Extrinsic parameters of the camera

. ) Translation
Rotation matrix L
vector/ pixel
0.003 789 0.999 9 0. 009 466 —79. 83
0.998 7 —0.003 307 —0.050 39 —68.74
—0.050 35 0.009 645 —0.998 7 780. 67
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Table 3 Space coordinate, displacement and

velocity of matched points

X/mm Y/mm Z/mm

Q 84.58 88. 32 32.96

Q. 84. 30 89.17 31.07
{/mm —0. 28 0. 85 —1.89
v/(mm =+ s ') —14.0 42.5 —94.5
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