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Abstract Considering the problem of the reduced fringe contrast and measured depth of field when the defocused
projection of binary fringes is used to generate sinusoidal fringes for measurement, a structured light measurement method
based on the focused projection of binary-coded fringes is proposed. Taking the intensity value of sinusoidal fringes in a
single cycle as the law, the binary fringes are encoded, and the encoded binary fringes are processed in a specific way to
generate sinusoidal phase-shift fringes that can be used for the actual measurement. Meanwhile, with the two-plus-one
phase shift algorithm, the background gray image required for the measurement generated by the binary fringes is reused,
which reduces the projection of a uniform plane pattern and improves the measurement speed and accuracy. The
experimental results indicate that by taking the standard sphere as the research object, the proposed method can achieve a
measured root-mean-square error of 0. 0425 mm. When the projector is in focus all the time, binary fringes are employed
for measurement, which can avoid the influence of nonlinearity, reduce the influence on the contrast of sinusoidal fringes
and the measured depth of field, and yield high-precision reconstruction results.
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Fig. 1 Principle of phase shift method
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Fig. 2 Schematic diagram of binary fringe coding
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Fig. 3 Schematic diagram of single cycle image processing
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Fig. 4 Principle of wrapped phase solution. (a) Binary coded images used to generate first sinusoidal image; (b) sinusoidal and planar

images generated from Fig. 4(a); (¢) sinusoidal and planar images generated from Fig. 4(d); (d) binary coded images used to

generate second sinusoidal image; (e) wrapped phase image; (f) section curve of wrapped phase
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Table 1  Analysis results of sphere fitting error  unit: mm
Fitted sphere
Method . RMSE
diameter
Three-step phase shift 50. 814060 0.1165
Twelve-step phase shift 50. 814041 0.0725
Proposed 50. 814064 0.0425
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Fig. 9 Experimental reconstruction results of calibration plate
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Table 2 Analysis results of linear fitting error of calibration plate

unit: mm
Method RMSE SSE
Three-step phase shift 0. 106 4. 456
Twelve-step phase shift 0.083 2.755
Proposed 0. 085 2.895
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Fig. 10 Reconstruction results of plaster head. (a) Overall results; (b) local magnification results
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