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Defocus projection three-dimensional measurement based on deep

learning accurate phase acquisition

Zhao Yang, Fu Jia'an, Yu Haotian, Han Jing, Zheng Dongliang
(School of Electronic and Optical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: The digital fringe projection three-dimensional (3D) measurement technology can generate a
sinusoidal fringe pattern for 3D measurement by defocusing a binary fringe pattern. It can achieve extremely high
projection speed and has great potential in the field of high-speed 3D measurement. However, the binary fringe
pattern inevitably contains higher-order harmonics, resulting in a phase error introduced into the calculated phase,
thereby reducing the accuracy of high-speed 3D measurement. A 3D measurement method for defocused
projection based on deep learning accurate phase acquisition was proposed. The image feature processing
capability based on deep learning algorithm can remove the phase errors introduced by higher-order harmonics.
An end-to-end deep convolutional neural network from noise phase to precise phase was constructed by this
method and the phase error introduced by higher-order harmonics was reduced. Finally, high-speed and accurate
3D measurement could be achieved by this method. Firstly, the theoretical analysis proved the feasibility of the
proposed method. Then, simulation and experiments were performed to further verify the effectiveness and
accuracy of the proposed method. Compared with the existing high-speed 3D measurement methods, the proposed
method can ensure measurement speed while ensuring measurement accuracy.
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Fig.1 Schematic diagram of conventional high-speed 3D measurement
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Tab.1 Main network modules and parameters

Type Out-F Out-Res
ENCODER 1 Downsampler block 16 512x256
2 Downsampler block 64 256x128
3-7 5 x Non-bt-1D 64 256x128
8 Downsampler block 128 128x64
9 Non-bt-1D(dilated 2) 128 128%64
10 Non-bt-1D(dilated 4) 128 128%64
11 Non-bt-1D(dilated 8) 128 128%64
12 Non-bt-1D(dilated 16) 128 128%64
13 Non-bt-1D(dilated 2) 128 128x64
14 Non-bt-1D(dilated 4) 128 128%64
15 Non-bt-1D(dilated 8) 128 128%64
16 Non-bt-1D(dilated 16) 128 128%64
DECODER 17 Deconvolution (unsampling) 64 256x128
18-19 2 x Non-bt-1D 64 256x128
20 Deconvolution (unsampling) 16 512%256
21-22 2 x Non-bt-1D 16 512%256
23 Deconvolution (unsampling) C 1024x512
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Fig.4 Simulation results. (a) Phase map with noise; (b) result by the
proposed method; (c) comparison of the phase in the 100th
column from Fig. 4(a), 4(b) and the ground truth; (d) plotting error
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