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Abstract : Digital Image Correlation (DIC) is a non—contact full-field optical measurement technique that
obtains displacement information of materials and structures during loading, and has been widely
used in material mechanical testing and structural health monitoring. Traditional DIC methods rely
on subset matching and iterative optimization algorithms for displacement field calculation, which
are computationally intensive and time—consuming. To address these shortcomings, this paper
investigates deep learning—based DIC displacement prediction methods. First, high—quality water—
transfer printed speckle images obtained from tensile tests are used, and Farneback dense optical
flow combined with Delaunay meshing is employed to generate pixel-wise displacement field labels,
constructing a training dataset. Subsequently, a lightweight end-to—end displacement prediction model
based on convolutional neural networks and Transformer mechanisms is built to directly regress full-
field displacement from speckle image pairs, avoiding the complex search and iteration processes
of traditional algorithms. Meanwhile, the network architecture is optimized with depthwise separable
convolutions and attention mechanisms, achieving millisecond-level inference speed to meet real-time
measurement requirements. Experimental results show that the proposed method significantly improves
computational efficiency while maintaining sub—pixel measurement accuracy, achieving an average
prediction rate of 70%—-80% on an independent test set and an inference speed of 80—120 FPS. This
technique provides an efficient and reliable new method for full-field displacement measurement in
material testing, structural performance evaluation, and industrial online monitoring.

Keywords : Digital Image Correlation (DIC); deep learning; displacement prediction; opticalflow; water—
transfer printing speckle; Transformer
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