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Three dimensional measurement method combining color
trapezoidal phase-shifting with color gray code

SHAN Li-na, YU Xiao-yang, YU Shuang, WU Hai-bin, CHEN De-yun

(Higher Educational Key Laboratory for Measuring & Control Technology and Instrumentation
of Heilongjiang Province, Harbin University of Science and Technology ., Harbin 150080, China)

Abstract: By combining the color trapezoidal phase-shifting with the Gray code, a color structured
light three-dimensional measurement method was presented to achieve a fast high-resolution non-con-
tact 3D measurement. In the measurement,the measured space was encoded and decoded by combining
a color trapezoidal three-step phase-shifting pattern with two color gray code patterns. The measured
space was divided into 64 sub-spaces by two color gray code patterns. Then, the each sub-space was
divided into 6 regions by a repeat color trapezoidal three-step phase-shifting pattern, and each region
was subdivided into the pixel through the intensity ratio. The encoding patterns and the decoding for-
mulas were provided, and the color structured-light three-dimensional measurement system was set
up. Furthermore,the planes with the deepth of 700~950 mm were measured by the proposed method
and a color trapezoidal phase-shifting method, respectively. The theoretical analysis, simulation and
actual measurement results indicate that the measurement average error of planes is less than 0. 9 mm

and the measurement standard deviation is less than 1. 2 mm. Finally the proposed method was also
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used in measuring the plaster face and a real hand,and the results show that this method has advanta-

ges in a strong anti-interference ability and fast computing speed.

Key words: color trapezoidal phase-shifting; gray code; intensity ratio; three-dimensional measurement
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Fig.1 Color trapezoidal phase-shifting encoding pattern
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Fig. 2 Color trapezoidal phase-shifting R,G,B intensity curves
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Fig. 3 Curve of region intensity-ratio
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Tab.1 Recognition rule of region N
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Fig. 4 Curve of intensity-ratio
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Fig. 9 Build-up of measuring system and its working

principle
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Tab. 2 Results of plane emulation measurement

- TR ik WESEE S moRIERE

700. 097 6 0.318 9

700
il 699.902 2 0.050 7
750.127 3 0.490 3

750
1 749.871 6 0.126 1
1 800.102 8 0.619 1

800
Il 799. 836 1 0.176 7
1 850. 202 2 0.6110

850
il 849.796 1 0.204 8
1 900. 244 2 0.760 1

900
Il 899. 754 8 0.370 1
1 950. 289 9 0.823 9

950
il 949.709 4 0.288 4

£33 RAFEIWFEXRMNELER  (mm)

Tab. 3 Results of plane measurement with method II
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Fig. 11 Face plaster and its measurement results
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