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Error of the finite-element-based digital image correlation

measurement method
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Abstract : Finite-element-based digital image correlation(FE-DIC) is widely used for non-contact, full-
field deformation measurement. The accuracy of this method is substantially affected by several
factors, including mesh size, image noise, element type, and the spatial complexity of the actual
displacement field. In this study, both theoretical analyses and numerical simulations were conducted
to systematically examine the influence of these factors on the measurement performance of FE-DIC.
The results demonstrate the existence of an optimal mesh size that minimizes the displacement
measurement error. The amplitude of image noise not only directly degrades the measurement accuracy
but also shifts the optimal mesh size. Moreover, higher-order elements exhibit enhanced capability in
representing complex displacement fields, albeit with increased sensitivity to image noise. In addition,
fine meshes are required in regions with highly nonuniform deformation to accurately capture local
deformation characteristics. A uniaxial tensile test on an aluminum plate was performed, validating the
effectiveness of the obtained conclusions in practical strain measurements.
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Fig. 1 Rendered view of the doubly-clamped thin plate
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Fig. 2 Displacement measurement error

for different mesh sizes
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Fig. 3 Variation of displacement measurement error with

mesh size under different noise levels
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Fig. 4 Four-node and eight-node finite elements
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Fig. 5 Displacement measurement errors for Q4 and Q8 elements under different noise levels
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Fig. 9 Experimental results for strain measurement in the uniaxial tensile test of a plate specimen
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