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Introduction:
Many optical metrology techniques, such as optical interferometry,

fringe projection profilometry (FPP), and digital holographic microscopy,

retrieve the phase of the acquired fringe images to produce the physical

quantity of the measured objects, including the surface profile,

displacement, vibration, and 3D information. The accuracy of phase

measurements based on these techniques is essential to reconstructing

various quantities. In FPP, the phase information of the deformed fringes

modulated by the tested object is proportional to the surface shape and

needs to be recovered by various phase retrieval techniques. For fringe

pattern analysis using deep learning, mainstream works adopt U-Net and

its derivatives as the backbone of neural networks at present, but they

cannot meet real-time measurement requirements due to the significant

computational overhead of U-Net.

In this paper, we present a lightweight fringe analysis network based

on two-stream convolution, which adopts two paths to process input

fringes simultaneously. The context path first obtains image features with

a large receptive field through fast downsampling, and integrates the

global context information to effectively guide the refined features for

learning. The spatial path adopts a convolution-based spatial sampling to

extract high-frequency features of fringe images. In addition, we utilize a

composite loss function, which guides the spatial path to learn the

detailed features of the edge through the by-product of the ground truth

while backpropagating the output of the network. Experimental results

demonstrate that the proposed method, which reduces the GPU usage

and improves the accuracy of phase retrieval, can achieve real-time and

accurate fringe pattern analysis.

RESULTS:
In order to compare the phase accuracy of our method with U-Net

and FTP, two different scenarios were selected for testing

quantitatively. The high-frequency fringe is fed into the network to

obtain the wrapped phase, and then it is unwrapped through stereo

phase unwrapping to obtain the absolute phase. The results of FTP

show its largest MAE error is 0.26 rad, and the results of U-Net show

its MAE error is 0.082 rad. Our method shows the smallest MAE error

of 0.067 rad.

Method:
At present, mainstream fringe analysis networks using deep learning,

as the end-to-end fully convolutional network used to establish a pixel-by-

pixel mapping between fringe images and phase information, require both

rich spatial information and high-level semantic information to realize

high-quality phase retrieval. In existing works, these networks extract

high-resolution features to encode accurate spatial information of fringes

that is crucial to predict the detailed output, while enlarging the receptive

field of feature maps to distill high-level semantic information for

improving the accuracy of phase measurement.

The proposed network, consisting of the context path and the spatial

path, is used to perform fringe analysis. The context path aims at

collecting the fringe and phase features with a large receptive field

through fast downsampling, and encoding the global context information

to guide the refined high-level features for learning, while the spatial path

captures spatial information encoding rich detail information and outputs

low-level features. The features from the context path and the spatial

path are concatenated by Feature Fusion module (FFM), and upsampled

to output final phases.

Figure 1. The diagram of our method. The wrapped phase is obtained by

the proposed network, and then unwrapped by stereo phase unwrapping.

Figure 2. Comparison of the phase error of different methods: FT, U-Net,

our method, and magnified views of the phase error for two selected

complex regions.
Conclusions:

We propose a fringe analysis network, which reduces the size of the

network. Its phase accuracy is improved by 10%. With over 70fps for a

single image on the RTX3080 and only 1.7G, it paves a new way for the

future implementation of optical metrology based on deep learning and

the widespread use of mobile devices.
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