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Abstract: In the vibration measurement of two-dimensional digital image correlation technology (2D-
DIC), the limited depth range will cause speckle image blurring when the out-of-plane displacement of the
speckle is too large. In order to realize the expansion of the depth range, this paper proposed a deblurring
method for defocusing speckles that combined Wiener filtering and adaptive local smoothing. The method
first analyzed the mechanism of defocus blur in speckle images and used Wiener filtering to restore the orig-
inal blurred images. Subsequently, an adaptive local smoothing strategy was introduced to suppress the
ringing effect caused by Wiener filter deconvolution. Finally, to verify the effectiveness of the proposed
method, experiments were conducted on defocused speckle deblurring, out-of-plane displacement mea-
surement, and vibration measurement. In the experiment of defocused deblurring effect, the speckle im-

age obtained a higher average intensity gradients and a smaller optimal subset sizes, indicating that the new
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method could effectively improve the speckle contrast and produced high-quality restored images. In the
out-of-plane displacement reconstruction experiment, the maximum dynamic measurement range was in-
creased by 9%, and the dispersion degree of the measured value of the out-of-plane displacement was re-
duced by 8.8% compared with the real value, which effectively extended the depth range of 2D-DIC. In
the actual vibration measurement, the method improved the signal-to-noise ratio of periodic vibration by
5.5%, and reduced the mean error by 2.4% , which effectively increased the measurement accuracy of
2D-DIC. The proposed method in this paper significantly expands the measurement capability of traditional
2D-DIC in the depth direction, and provides reliable technical support for full-field vibration monitoring in
complex dynamic scenarios.

Key words: speckle deblurring; depth range extension; digital image correlation; out-of-plane displace-

ment; wiener filtering
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Fig.1 Basic principles of two-dimensional digital image correlation
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