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uneven fringes phase unwrapping
Ji Hongbin', Zhang Huibo', Dai Shijie'?, Wang Zhiping?

(1. Research Institute of Robotics and Automation, Hebei University of Technology, Tianjin 300130, China;

2. Tianjin Key Laboratory for Civil Airworthiness and Maintenance, Civil Aviation University of China, Tianjin 300300, China)

Abstract: A binary spatiotemporal encoded method for uneven fringes phase unwrapping was proposed to
remove the limitation of the existing non — uniform striped phase unwrapping method. From the standard
non —uniform stripes cut off the phase reverse to cut off the phase line, the boundary line for binary
coding and decoding.By using four step phase shifting method, the absolute phase of deformed uneven
fringes can be obtained with three pieces of aided coding patterns. The nonholonomic system was
established, and the relationship between the absolute phase and the depth of the object was fitted by
quadratic polynomial. Compared with existing methods in simulation environment, the improved amount
of average and standard deviation of all symmetric points height difference of arch object are 65% and

51% respectively. The improved amount of average and standard deviation for arch cuboid are 95% and
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90% respectively. At the same time, the method is used to measure the surface of the rectangular object,

which average error is only 0.64%, compared with the measurement results of the Coordinate Measuring

Machine(CMM). The experimental results show that the method can improve the quality of uneven fringes

phase unwrapping, and improve the measurement accuracy under the condition that the number of aided

coding pattern is not increase.
Key words: optical 3D measurement;

nonholonomic constraint system
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phase unwrapping of uneven fringes;

binary spatiotemporal encoded;
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Fig.1 Model of traditional phase—shifting method measurement system
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Fig.2 Comparison of non—uniform fringe wrapped phase

and wrapped phase boundary
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Tab.1 Code value contrast

Binary 000 001 010 100 110 011 010
code 001 010 100 110 011 010 001
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Fig.4 System model with the partly removed constraints
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Fig.5 Simulation experiment of phase non—uniform stripe

unwrapping for arch bridge
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Fig.6 Arch shape object measurement results
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Tab2 Result's symmetry of the method which applying

double frequency to unwrap combined with the

completely constrained system
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Tab.3 Result’s symmetry of the method which

applying the binary spationtemporal

encoded to unwrap combined with

the non—constraints system
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Fig.7 Cuboid measurement experiment
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