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Tab.1 Random errors in DIC due to overmatched or matched shape functions in the case of various deformation modes
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Fig.1 Schematic diagram showing the calculation parameters and the

deformed subsets in DIC using three different shape functions
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results measured by DIC using three different shape functions
N AT LN Z 0, B 2(a) o i VE FC IR e ECTE L B I i B PR T AN RS IR 2. Al 2
(b) 7T UL 728 R BT g B8 2o VT E A 1 00 T 5 BE AL 15 22 U -F- AN Bl W AA 7 B8 6 ) ok 42 i 42 4k 5 [ Al —
Wt s BCRE A5 5 A L-F SR R R BEALIR 22 . BRI, T SO A 11 ZHBEALER 22 19 -F IR N s A SR 45 2R S
HOB AT L.
3 23 5 R 1 R R F = A2 ek B0 DIC J7 32 3530 B9 52 56 A of 2 A el 2k sl i) B8 A o 22
5 UG MR AR E 22 AR 7 IXORCF Z DG &R . TTRLA Y (1) =08 ok 8O I 08 A i 22 25 15 e 75 A
MEZBLMEERLR, S5RGBT XS RI R ; (2) EEMGE T X RS R A1 B0 ZF B fl— B e
PR A A BOARVE 22 L T TR BRECS TN A TR BOARE 22 5 (3) X BHIE eR R HI A R T IX
Rt — B e e 8O A I R A AR EZE LA AR . BJE L SRR AR WoR BEALIR 22 5 th BB
AT BEPLER 25 + 3 W& o () I R 25 T 3« (R UL T P A% TE W P PGS B 32 BECHE 7™ A Y AR B 3
ZEMHAF L AR UEZE A N N 5 BRI A — 1 H 8 A i 22 5 T A6 PR 1 XORCT B/ i [ER 5 X
TR DG VR 4 K BEAR AN A2 o A5 52 B 1) 57 % A vHE 22 AR XS T B8 1 A D S

0.02 0.04
(a) = = Experimental O-order (b) = = Experimental 0-order
0.018 ==@ = Experimental 1-order 0.036 ==@+ Experimental 1-order
T 0.016 =4= Experimental 2-order | = 0032 =4&= Experimental 2-order
.g == === Theoretical 0-order .g = == Theoretical 0-order
= 0.014 ===« Theoretical 1-order » ~ 0.028 ===== Theoretical 1-order
E 0042 =+= Theoretical 2-order f’ | g 0 024.'\.\ =+= Theoretical 2-order
< - § RN
S 001 L 4 ® 002~ Ny
H - 3 Vs,
S 0.008 - | S 00168 .
B e . | T RN
S 0.006 i guEEs 8 0012 M e
c .
- o
& 0.004 e PO & 0008 Y., Stmmig
o o T ‘-"'“.-u-u-.
0002, oo _ges™ 0.004 *ar 4
el ararardl
=== " _ _
0 1 2 3 4 11 21 kh| 4 51 61
Standard dewviation of noise (gray value) Subset size (pixel)

B3 WIARF #2925 vl DIC J5 ki) £ (0 A AL 5% 22 K b 2 =B (4 BEATL D2 22 15 (a) W P B 1 22 (- X Hy
A1XATRFD s (D) T IXRAF (B 5 2258 ) Z MY K&
Fig. 3 Experimentally obtained and theoretically predicted random errors involved in DIC in rigid-body
translation test as a function of: (a) standard deviation of image noise (a fixed subset with a size

of 41X 41 pixels); (b) subset sizes (image noise with a variance of 4)
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Fig. 4 The relationship between experimentally obtained random errors as well as theoretically predicted random
errors involved in DIC in homogeneous strain test and: (a) standard deviation of image noise (a fixed subset

with a size of 41X 41 pixels); (b) subset sizes (image noise with a variance of 4)
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Fig.5 (a) The actual u displacement field within the region of interest (ROI) of the reference image;
(b) the distribution of displacement u and displacement gradient u, along line AB
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Fig. 6 Differences between the imposed displacements and the measured ones using (a) 1st-order shape
function and (b) 2nd-order shape function as well as the mean value (MV;, MV;) and standard deviation
(SDy , SD») of the differences within the region with linear and quadratic deformation, respectively
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Fig. 7 (a)reference image with the ROI predefined on it; (b)deformed image; (c¢)the measured vertical displacement

field using 1st-order shape function; (d) the measured vertical displacement field using 2nd-order shape function
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Fig. 8 (a) The differences of the vertical displacements between 1st- and 2nd-order shape functions; (b) the

vertical displacement distributions using 1st- and 2nd-order shape functions and their difference along line CD
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On the Error Analysis of Matched and Overmatched Shape
Function in Digital Image Correlation Method

WANG Bo, YU Li-ping, PAN Bing

(Institute of Solid Mechanics, Beihang University, Beijing 100191, China)

Abstract: Digital image correlation method (DIC), which is based on image sub region, should use the
appropriate shape function to approximate the real deformation of target image sub region. Since in
most practical measurement, the local deformation of target sub region is generally unknown., and the
practically adopted shape functions with defferent orders of Taylor’s expansion (e. g. . zero-order,
first-order and second-order) inevitably produce mismatch (undermatched or overmatched) problems,
resulting in additional systematic error or random error in displacement measurement. Although the
systematic error due to undermatched shape functions has been thoroughly studied, but the
displacement measurement error associated with overmatched shape functions is still lack of theoretical
analysis. In this work, theoretical formula for random error associated with first-order and second-
order shape functions adopted in DIC method was derived first. Then, a series of numerical
experiments were adopted to verify the correctness of theoretical formula. Experimental results reveal
that overmatched shape function will not induce additional systematic error, but will increase random
error, and that the random error from secon-order shape function is two times of that from first-order
shape function. In addition, taking into account that the systematic error due to undermatched first-
order shape function is often far larger than the random error due to overmatched second-order shape
function, so under unknown deformation condition, second-order shape function is recommanded in
practical application.

Keywords: digital image correlation(DIC) ; displacement shape function; error analysis



