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Strain Field Calculation by 3D Digital Image Correlation Method Based
on Subset Projection and Savitzky-Golay Filter

Gu Jun”
College of Information Engineering, Jiangsu Open University, Nanjing, Jiangsu 210019, China

Abstract  The digital image correlation (DIC) method is a non-contact, full-field deformation measurement
method. The three-dimensional DIC breaks through the requirement that the surface of the test piece is planar in the
two-dimensional DIC system, and obtains the three-dimensional surface displacement field data of the test piece
through a stereo or multi-view camera system. First, a local subset is used to fit the least square plane, and the
discrete points on the three-dimensional spatial curved surface are projected into the two-dimensional plane. Then,
the Savitzky-Golay filter is used to solve the local strain tensor. Finally, the characterization of the strain field of a
free-form test piece is realized, especially the errors of the small-plane projection method are investigated. The
results show that the calculation error of the strain field caused by the projection process is much smaller than the
transmission of the systematic error component contained in the displacement field data. When the strain subset size
M=5, the strain field error is about 30 pe. When M =10, the strain field error is about 10 pe.
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Fig. 9 Simulated strain fields with homogeneous deformation and error (M =5,05, , =0. 001 mm,os., =0.004 mm).

(a) Positive strain along x direction; (b) positive strain along y direction; (c¢) tangential strain; (d) strain field

error along x direction
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Fig. 10 Simulated strain fields with homogeneous deformation and error (M =10,0,, =0.001 mm,s., =0.004 mm).
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Fig. 11 Simulated strain fields with inhomogeneous deformation and error (M =5,0,, =0.001 mm,s. =0.004 mm).
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Table 1 Statistics of strain field errors along x direction
Condition Deformation Filter size e./pe o./pe
Homogeneous M=5 2.22X10°" 2.22X10°"
No noise
Inhomogeneous M=5 2.20X10°"° 2.74X10°"
Homogeneous M=5 24.17 30. 11
Gaussian noise
. Homogeneous M=10 6.51 8.36
with ¢, ,=0.001 mm and
Inhomogeneous M=5 23.15 29.28
o.=0.004 mm
Inhomogeneous M=10 6. 88 9. 36
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Table 2 Main calibration parameters

Calibration parameter Unit Value
k, mm 1.56x10""
k, mm * 4.28%107"
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P mm ' —3.17x10""
R, ° 3.06X10 "
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