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Digital Image Correlation Measurement Based on Pointwise
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Abstract To extract a smooth and accurate strain field from a noisy displacement field obtained by digital image correlation
method, the moving least-square (MLS) fitting method is often adopted. However, as the MLS fitting method is
computationally expensive and unstable when applied to large datasets, the pointwise moving least-square (PMLS) fitting
method is proposed herein to improve the computational efficiency and stability. The feasibility and accuracy of the strain field
fitted by the PMLS fitting method were explored on simulation experiment under two conditions of continuous displacement
field and discontinuous displacement field, and then the strain field of the two groups of measured data images of the continuous
displacement field experiment and the crack experiment were obtained. The PMLS fitting method was compared with the
classical point-by-point least-square (PL.S) method and the MLS fitting method. The results show that the accuracy of the
proposed method is effectively improved compared to the PL.S method by more than 16% when a large window is used, the
computational efficiency increases by more than 27 times compared to the MLLS method, and the stability of the MLS method is
significantly enhanced. For the discontinuous displacement field, the problem of strain distortion in the discontinuity regions can
effectively be addressed, which confirms the applicability of the proposed method to discontinuous displacement fields.
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Fig. 5 Root mean square errors of the two methods under three kinds of deformation. (a) Displacement field; (b) strain field
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Table 1 Optimal window size and root mean square error of the two methods under different deformations
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u
' . Window size 5 5 9 5 5 11
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) Window size 5 5 5 5 5 5
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E s /pixel 0.091 0. 064 0.064 0.079 0. 064 0.064
Uy
) ) Window size 5 5 11 5 5 13
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) Window size 5 7 7 5 9 9
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Egus /pixel 0. 044 0.032 0.032 0.039 0.032 0.032
U-
’ ) Window size 5 5 15 5 5 21
Strain
Erys /10 0.542  0.547  0.447 0. 540 0. 547 0. 450
K5 BE R PLS-1 A1 PLS-2 0 iy s 2 6 H WS Ry 310, = (EAIOLFE 3 RN AR 7 4005 45 SR AT XS LG, 5] 6 BT 7R

FAEJE 1) PMLS-1 . PMLS-2 f1 PMLS-3 5 MBI A8y AT LARH S, 5 8% 47 0 107 25 37 1 g U B 45 Ak, A 1) By
HEBE 4 BB PLS-1.PLS-2 l PLS-3 4875 37%~47% . Wi PMLS W43 5 25 5 1 PLS 35 01 30 T TG4
38%0~43% M 166~3306. X F PLS-3% , & M H PMLS-3 AR Bt PMLS-2 Ml PMLS-1 8 5 . fil4n
SPRSE L TG AEEED PR A S S K 6(b)Miks L, PMLS-1.PLS-1,PMLS-2,PLS-2,
AR IR 22 BRI PMLS-3 i iR 22 5/ e bl PMLS-3 Fl PLS-3 4845 19 B 22 37 1 24 1 9% 22 43 Sl Hy
DI 21, PMLS-3 X (188 5 fw 22 53 9 U KT BEF9 8 8353 pe, 12403 e 8393 pe, 12433 pe, 3573 pe MM
Fi LB LTI S 3743 e, PMLS W 404 6032 % 4 91 PLS 2% 6 6796
Sy itk LU MR O S AEA ) BT O LA S5 6826 F195% .
AR XS AT w6 B 1158 2y 15 WE A AR TR] y 2 b - 24

@ 5[ (b) 0.06
0.041
1k \
0.02r *
g
2 of g 0r
3
-0.02
1k
-0.04
_al
. y ’ y y ! : 00675750 40 60 |80 100 120 140
0 20 40 60 80 100 120 140 h
POI along x/axis POl along -axis
-0.6 -0.02
: ) — theoretical u —theoretical ¢
—— PMLS-1 ~0.031 —— PMLS-1
----- PLS-1 -----PLS-1
—— PMLS-2 w” —— PMLS-2
----- PLS-2 -0.04 -----PLS-2
—— PMLS-3 —— PMLS-3
29— ] T PLS-3 005 = oo PLS-3
?82 84 86 83 90 92 94 O'0574 76 78 80 82 84 86
POI along x-axis POI along x-axis

6 A y A bR B A B G AN AL G A 45 2R () 88 37 5 (b) W22 37
Fig. 6 Fitting results of displacement field and strain field under the mean value of same y coordinate. (a) Displacement field;
(b) strain field

PMLS M MLSIEE B E LA G E S 2 XA w, 09— By 7 8 00 1T 55 B a) F 47 ) L, &5 2% a0
W PLS YEAH Y, O ik — 20 WL = Fh 07 0 BT H 5 R0, F2PR . W LIS B PLS Jr ik i B R A, MILS T

0612001-6



£ 605 F6H/2023E3 A/HASBFEHRE

F2 =FIrEER T H
Table 2 Calculation time of the three methods unit: s
Method Window Window Window Window Window Window Window
size 1s 5 size 1s 9 size is 13 size 1s 17 size is 21 size 1s 25 size 1s 29
PLS-1 1.528 1.781 2.291 3.003 3.594 4.139 4.535
PMLS-1 2.002 2.659 3.708 5.027 6.671 8.603 10. 890
MLS-1 251.797 260. 140 267.3576 272. 980 281.033 287.159 293.716
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Table 3 Conditional numbers of matrix A

Method Support Support Support Support Support Support Support
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MLS-3 2. 155X 10% 1.450 10" 4.400%10" 9.144x10" 1.678 X 10" 2.177x10" 1. 650X 10"
PMLS-3 53. 201 5.833X10° 4.271x10" 1.913X%10" 6.374% 10" 1.735X10° 4.093x10°
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Fig. 7 Target image and fitting results of discontinuous displacement field. (a) Target image; (b) fitting results
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Fig. 8 samplel5 test. (a) Reference image; (b) target image; (c) displacement field obtained by DIC
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Fig. 9 Fitting results for strain field. (a) PLS-1; (b) PMLS-1; (¢) PLS-3; (d) PMLS-3
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Fig. 10 Comparison of strain field results at thin lines
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Fig. 11 Fitting results of vertical strain field and local enlargements. (a) PLS-1; (b) PMLS-1; (¢) PLS-3; (d) PMLS-3
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Fig. 12 Comparison of vertical strain field results at thin lines
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