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Dynamic Three-Dimensional Shape Measurement Method
Based on Misaligned Gray Code

Lu Lilian, Wu Zhoujie, Zhang Qican’

College of Electronics and Information Engineering, Sichuan University, Chengdw, Sichuan 610065, China

Abstract The Gray-code assisted phase-shifting technique can achieve three-dimensional (3D) shape measurement
with strong robustness and anti-noise ability. To solve the order edge error caused by the uneven surface reflectivity
of the measured object, noise, object motion, and other factors, a dynamic 3D shape measurement method based on
misaligned Gray code is proposed. The traditional Gray-code patterns are moved in advance by half fringe period
before projection to obtain misaligned Gray-code patterns, then the traditional Gray-code decoding method is used to
decode the binarized misaligned Gray-code patterns to acquire a decoding result that is completely staggered from the
wrapped phase. By correcting the decoding result, the obtained correct phase order can be used to assist the wrapped
phase to be successfully unwrapped. Meanwhile, a virtual phase plane is introduced to further expand the number of
projected fringe periods and ultimately to improve the measurement accuracy. The experimental results show that
the proposed method can perform 3D measurement by coding projection fringes with 2V ' periods when N-frame
Gray-code patterns are used, which can avoid the order edge error without any additional patterns and effectively
improve the measurement accuracy. The 3D reconstructed results in complex dynamic scenes prove that the
proposed method can achieve high-precision, high-efficiency, and high-speed 3D shape measurement at a rate of
2381 frames/s.
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Fig. 1 Schematic diagram of principle of Gray-code assisted phase-shifting technique. (a) Sinusoidal {ringe patterns

captured through projector lens defocusing; (b) Gray-code patterns captured through projector lens defocusing;

(c¢) mismatch between decoding order edge and wrapped phase
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Fig. 2 Schematic diagram of misaligned Gray-code coding

strategy. (a) Traditional Gray-code patterns;
(b) captured misaligned Gray-code patterns after
shifting patterns in Fig. 2 (a) by hall period;
(c) decoding order & obtained by using misaligned
Gray-code patterns in Fig. 2 (b) and

corresponding wrapped phase ¢,
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Fig. 3 Schematic diagram of dividing decoding order % into four sub-regions to obtain correct phase order %,
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Fig. 4 Schematic diagrams of order decoding and phase unwrapping of fringe period number expansion. (a)—(c) Three step

phase-shifting sinusoidal fringe patterns; (d)—(g) misaligned Gray-code patterns after expanding period number;

(h) unwrapped phase ¢,; (i) decoding order %,; (j) phase order k,; (k) primary unwrapping phase ¢, ;

(1) reference plane unwrapping phase ¢,; (m) measured object unwrapping phase @
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