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Digital Image Correlation Method Based on Seed Point for
Large Deformation Measurement

TANG Zhengzong, LIANG Jin, XIAO Zhenzhong, Guo Cheng
(School of Mechanical Engineering, Xi'an Jiaotong University, Xi'an 710049, China)

Abstract; To solve the problem of large deformation measurement with digital image correlation
method, a method based on seed point is presented. Dividing subsets in the reference image, one
point is chosen as the seed point and is matched first. Utilizing the deformation continuity of adja-
cent stages of a series images, an improved integer pixel search method is proposed, which guar-
antees that the seed point can be matched successfully even in large deformation situation. Once
the seed point is matched, it can be used to calculate the initial correlation parameters of its four
neighbor points following the deformation continuity of neighbor points in one stage, then the
four neighbor points can be matched successfully. The above process repeats until all the points
are matched. A rigid rotation experiment and a tensile test are carried out to verify the proposed
method. The measurement results of 40 degrees rotation and large deformation up to 113% con-
firm the validity and precision.

Keywords: large deformation measurement; digital image correlation; seed point; iterative least-

squares method

e EUEAE T 1 (DIO) Fe T Sutton 5 AN B — 8 R T SRS ARS8 5 BB R 1
P T e B R RS R AR S XA 3R R R A2 B R XN I R K
WA AT SO 5 D e R T 2 PR B Ak RS AR AT A B0 BB L i e SR BBORE O 2R 011 e
BN Tz R AB (Eidme s/ MED S 48, SRIBOR 3¢ FR 3R B (Bl

RO AR e, o P e R s e /MED B AR — AR AL A A . n] DL i f

Wefi B . 2010-05-18.  FEFH A FHIESE(1982—) B Jli AR s B8 (BR R O 8 #8324 . B4 uiH . H
F ARBI LAY BIIH (50975219) 5 1A RHE T HEHHRI% B B (BE2008058).



52 [T 7 . ]

PN

E ¢ 5 44 &

INTAEAR A LY (TLS) R4 7R . TLS B A8y
T AR 0 L ) 2 B (E A A 1 W0 (EL A RE
PRUES S . R R AR R R A1 5
DR EIRIE , I R TLS Bk iR, % 5 ¥ 18 B
DA S A A I T 2 sl R AR TR B I L B sl 232k
R, T — 26 4 Jmy fE Ak B VR R T EEE . a0 st AL 5
B 22 A A R RUBCRAARAR, B AR D
FESEBRA S . SCERL7 142t 17— 705 S A 46 11y
FIANIE 27l e B 3 Aok o £ AR AE S5k 15
2 MR EUR A B R AR X AR I SOk 8 148 R LT A
WLEE B 1) 5 SO AR UK AR TE A 19 7 %, {H X 2 Fof
TN T A H. I T RO R 0 R 5148
UACR kS

ARG R R vl R SR R AR £
AR EG CBIE AW IO , — ST, FHER
RS EUR AT S A7 A S I AR SCHR T —
e G 0 o 55 VG 2 7 32 92 07 3 R AR AR AR
AT N F S P - i 2R AT DE I R 3 2ot ] —
ARZS BYAH B AR I S o A b i hy HoAth s 42
HERIE , IR 58 B T A S UL L, A JE R N 138
RGBT SEB TR AR TR o AR 0 e 8
1 BFEBAEE T %

BT USRI AROC T 2 T4k 2 iR EUR Lot
Be a5 L DL T BREHRAE S5 i si Ak 1 iR UG AE
HAE EUR. FES 2 EG BUAREVE AL A5 (s y)
FUL A 2M+1D) CM+ 1D RANIEE 7 XA/ 5%
FIX ARG EG T A A8 R  IRHIR
SRR B AT A I, SR 5 S5 7 XA
JERRE LA D) R i H AR T XL I 5 (2

BT RNIEE— 5, (25D N HAEE R F %
B AT FEREA AR G D EE R, B 1 A ) B T A
HERE— e S RS A A T 1133 AR SR R R — B
S pREL
i =zx4+d, tutud, +ud,
yi=y+d,+o+tod, +od,
K iuv B (s W 2y FWAEd, d, N
My S5, T 2y I ERE R u, .
v, vy RINSE T X BHE.
Fag A3 R s (s ) FILE (ol ) B K A
THEFEIR R
Faiy) —e(ainy) = ro+riglaiy) (2
Krree MR I35 ro or AAME G BRG] R B K FE

oY

ZSIAE R BT YD) N ARREBUR R I
AR S SRR B R B (.

ARTx XEER

%y ZHER
x,y)

T\—
=]

dx[ ror
‘ S y)-exy, y)=rotrig(x, y1)
| |

B RO R G TT i S

WEEZFXHIH n MR, BEZE K EHE
Z FHAR A BEAIL A0 A M R 2 ), 38 1 SR IORE G 2R B
/MBI G TR 52 % 7 X B4 &
KA R H s 11X, B
cs(p) = Z [f iy —ro— gy DT

(3

[} dy

HRSH 0] &
p=lusu, sty 0,0, 00,7071 ]
A E— AL A R, f] LUE TS 530k

2 By EUR R a5 DR E 7 1

T SRICTLS 303k B AR 5C 2 K00 (6 1 2 A1)
MBEEERITERRNSH T XA WIE. I
p WRIMEE A «.0,0,0,0,0,0, 1] HEAR AL FK
AN TR I RASIE 1 DL
2.1 WHMBGRERERAE

G RRAG R RIS % T XK
RIS AR A RS 38 1 4 R A28 X I
WIBR R M 5h 2 7% 1 X IF A 56 & 8 T AH ¢
R R R A BT 4R A H AR 11X 18 2 D
Iy e WA e i B DR E R 21 L 18] 22 2%
X, 422 1 IXRE G A1 BER/ I 0 ks B 18e % 8°
I P 2b) 3 e B A SR Bt vl LR B v 14 432
MAMEL 4221 IXBEHe M EROR L 1 ks P8 %
161 (P 20) A I i BT X AR LS 2R
W« DL TRl A OG5 ) A O 3R B e
B 8 Ay e LI 3a) o DRGSR UL RS 40 2 I

W H AR I AR 2 A5 B AN W
REG—ZFNEG LR 1RGNS H G N
RSS2 B AR SR (H 55 N—1 1§
PR B AR LR 5 . S SORR I AH AR S T ) i 2
PRI T — Rk RBR R R Ik SRS R A
R RIEMAR A ZITEA RIS % T IX

http: / www. jdxb. cn



811

it

RS 5 RTINS B b - R VR L 5 7 53

AR PR 15 AN A2 Xt T 47 78 BOR e % L A5 e e
16°) T8 » DLIET 2d . 1) FHAH 8 4 BT — IR 2 (R4 e
i 8% AHDE S Bl IR (D X225 7 Xk 748 I
T AR5 HEE A TR R XN B8R WA B AL B
JE BZ25 1 X IF AT ARG A5 B R X N Y
FHOR R B AR 2 A A — A W A e AL ]
3b) . R FR . R 3L, 3207 i R AR T R A
KA B 44 TP AL [RI A AR A 1 DL

(o) Jig%% 16° (D ik 16°mF YA Sy ¥
B 2 ZHFREAEVENNBEGERRRER
1.0 1.0
|
& 0.5 & 0.5
0.0 0.0
400 w o 400 w -
2300 200 2300 200
%} 200300 ﬁ\;@ﬁ? 4%\@ 200300 3c\@ﬁ‘

(OB EHEF Y (Dl RG R R %
B3 1R XN AR 5 R KA

2.2 HFEGHMFREET X

WA da 7R AEFEAT R ST 5 AT 3 R B A
275 G PG T3 X O3 20 RHR 7 X B R R
HWETRR R Bk RE IR TS0
FIAE A B A SE S RO R ERS BE 2, TN LR
Wi T e TLS F ik e SSOs . AR T8 — A fir
VC BE s 24 il AR R A R DT IR AR U AR S 10
HIAE I A DT P R S8R 2 AR AR

AR X BRI > e e L 15 2% G L UL
HAT — ST XA D o o IS0 1 5 2B 47 A
SRPEHC IR FH 20t B B AR R AR R 7 IR R 1 5
AIARCSE A, SR J5 T TLS S 0 H A7 A o
DCRC. St YRR Z AR R T7 3k Al PR UEFR 1 A EHOR
JRe% B R AL 175 0 T T3 9% 1T LD BE 2. 24 b5
SVCECSE R A AR SR AR I S AR A1
SAARIE R CE VR V2 A D SR T e S KA

T HBERS E CD EAE  LTE FER L
B AT 0 B S R L e
LA o B A B4R 5
F AR RO B BLIEAE R TLS 1% 9 (E X 406
ST TR ACDU R, S4BT A PCRE IR - SLAT LAy
BT 50 FEA SR A 06 20 40 £, A BT
S, 107 AT ST RS H L N 4D . T
AR SR 15 2 0 7 645 T3 S » R 2
D7 AR BB 3 T 0 A 2 O 90 18 T
LRI A B4 1 H R > T 019 48 2
40 LT L2 A DRI ELA e 9 PSR,

(b) JIT A B 15 P IE g
B 4 FHRDF ST AR S DL L Y

3 SLEe Kt

FH 2 A S 56 SIS A 35k A S s AT R S 7E
TR, 53 B ER 7 IR/ R 15 X015 &
2K 13 &E.

3.1 Rknes st

Y527 MG (WLIEL 5) BBl 48 5 o 8 s AR UK E
B 8°.16°.24° 32°F1 40°, M R fLESL AR TR 1Y 5 K K
B 127 BUR E R BUR T IX S8 5 5 U 7 —
A EURF XA R 55O0F % A7 U L. 5% A%
SRR R RO AT Ml 8" BIME A g
DCRC AL, oAy 4 5K EMG IS DT LI W 1 1) FH etk iy
BARZI RN FTA 5 KR B FP T 2 DT EC AL
Ty FEFh - s DCRC S8 AU » F BRSO 2. 2 T ik
ST T R DT, BE 5% 1 40° 10 MR K 3L
VCRCEs A UL IR 5b. TR 2] 107 7% ik ] v aT DA
FERE A 223 s NN 2| 7 o7 (TS B 1y w01 ) |
AR AT G

FH Tl o0 79 e 2 et A DR BT AT A ) B A6

http: / www. jdxb. cn



54 [T

i}

PN

E ¢

5 44 &

MAaY e . R 1 el IR 2L Brfy 5 SR
A i 2 23 A1 HEAR — B0 Ul W] 5 HERE A B B RN ik
AR A I KA 22 6 2970 0. 007 mm,
PN 25 6. 0. 002 mm, B AT g A4 I B RS
JE.

(D ZHEIR (b) £ ERE 40° 5 B 1S
s LB/

- TN 7
/ 144 /fr 14.4
12.6 12.6
. 10.8 10.8
B @ B
3 = s
I1.9 W 1.9
v 0.2 - 0.2

(iR ik &l (D HF AR LB 23 A €0 1 4]
K5 EURVCECES R KA R ik

K1 BARESHEBN R E

BEREF MR G Suin bR
/O m% /mm /nm 0/mm /mm

8 630 0.007 4 72.145 0.002 0 0.001 1

16 630 0.006 4 41. 374 0.002 3 0.001 2

24 630 0.006 8 1982.200 0.0027 0.0012

32 630  0.006 4 41. 374 0.002 0 0.001 1

40 630 0.007 8 2 027.200 0.0032 0.001 3

SEIE 630 0.007 0 0.001 1101 0.002 4 0.001 2

3.2 Hm@hdskis

S B A 2R 28 7 i3 B9 RGMA4100 R 75
RESLIR AL LT i AR A 45 589 i K

152 mm. 5%~ 20 mm . JEEF N 2 mm. i §— CCD

BARHL(L 280X 960 122 .8 D) BEATIRR R4, I T
53E B 0 T8 W o 4 FH LED 47 B4 B8 B ) 3o 72
[ S A E AT R AR, L R AR 1
50 %6 » Iy AR I £ AF A 0. 5 %%,

TERARSE B8 3 A P, 3 B R O R 10 mm/
min, GHURERE R 1 Wi/s, R T 102 w714
T 45 SRR L dy . I AR R R A e
BF 2, 2t IS4 I 52, 0040 A 1) A8 T 25 AR R T
HA i 3 e A A, anf&l 6 FoR 76 37 & 1%

CRE D B X4y BG T X5 » e B — A E Ry #h
T EIFUEATVCAD , MORZS 102 Hra] LU 2132 5 1Y 48
TAEH K, 35 K G G 32 R LD, W A i 30
ANRAS T DAVEE ) 1R FH 0 i AR 3R VT L Ty
250 102 A-RAS AT 4R IT B A ).

AR A R FHSCHRL 10 182 s i A8 T+ 5
AR BIRRLRAS ) F2 0 A8 AR an &l 7 FrzR. AE i f
U O T o111 W & o ) VR DL I /B Jo DA
8 2538 2 A SR I, 25140 Ak %) 07 AR BH 5 8 F HoAth
ALE B AS DIRZSAE 102 F5045 Ab 10 e K 32 0 728 15 3k
113%.

(h)ARZ 50

(DRA 102

()RS 90
B 6 NIRPRES 4 B 45 K DT B 25

s ERNA/%
gl
177
173
: 175
. L1174
o Fi72
= 171
16.9

o= 1

() RE TURIRIRED

NI 35}?‘735/% EEEQ&/%

= B
536
517
S o3

e
—— -
————————

[N
COON A
wnhWN

(IRZ 90 (DA 102
B 7 RIRPIRZS G 22007 48 43 A R

FURT K AEAS 2 AR P A7 249 02 i AR ST
JTEAF R E R RS oA S T TR L BUR
A SIS BYET 30 AR S A SO LA i 42

http: / www. jdxb. cn



55 1139

it

RS 5 RTINS B b - R VR L 5 7 55

A CBCFRED JEAT 1 XF e, 18T 8 Fivzs s AR SCT7 ik
ST B I e 2R it 2 B AT A Y — B iR
2 Al LA 3. 30 AR o 3 B R R 22 o M
0. 082, V-4 2% o, 24 0. 053, UEBA SO ¥ HA 55
T B4 VA R

121 ]
ok Bl R
0r o Fxrmag
8 -
X
R 6f =
o ar A
2r @wﬁ
o |mmas®
-2 i 1 1 1 1 1
0 5 10 15 20 25 30
R

B8 A7k S5 I EE R AR

%2 AXLFELHIAmELERZ NGB E

IRASHL Omas/ Y0 oain/ Y0 6/ % FREZE/ %
30 0. 082 0. 008 0.053 0.018
4 %5

BERS R 7 BMRAN ST i A KA I P AT AE /Y
LR A S T — R R A B s DR E T k.
BIT R RS EG A AR S ALY ) Lk LA
LR — RS AR SR i AL 1 b . AN AUE IR T 4 58
TR AE R R WA e sl R AR TR L 5 5 2R )
() AL ity ELBEANVE e B AR 2N TS H., NI A
B BT RRCR. RA S5 125 0 T TR M e 2
S LA KA A B ] A SR L X T 40 R TR
Toe 2 (VA S AR A 202406 B 7™ AR 9 e ik 11320 1K
AT B DN A SR R B e (A R Ak
UERH T AR SOk A R

S 30k

[1] SUTTON M A, MCNEIL SR, HELM J, et al. Ad-
vances in two-dimensional and three-dimensional com-
puter vision [ J]. Photomechanics, 2000,77;: 323-372.

[2] PAN Bing, QIAN Kemao, XIE Huimin, et al. Two-

dimensional digital image correlation for in-plane dis-

(3]

[4]

[6]

7]

(8]

[9]

[10]

placement and strain measurement; a review [ ] ].
Measurement Science & Technology, 2009,20(6):17-
33.

TIWARI V, SUTTON M A, MCNEIL S R, et al.
Application of 3D image correlation for full-field tran-
sient plate deformation measurements during blast
loading [J]. International Journal of Impact Engineer-
ing., 2009,36(6) :862-874.

PAN Bing, ASUNDI A, XIE Huimin, et al. Digital
image correlation using iterative least squares and
pointwise least squares for displacement field and
strain field measurements [ J]. Optics and Lasers in
Engineering, 2009,47(7/8) :865-874.

BRAE, mHAR, BRNI. S gL Sk Y B S R A G
Rk [J]. a5 TR, 2007(10):1633-1637
CHEN Hua, YE Dong, CHEN Gang, et al. Digital
image correlation search method based on genetic algo-
rithm [ J .
(10):1633-1637.

WIS, WPERL. R T 2R AR Y B S BB OG5
[J]. JerF#ok, 2007,18(1):100-103

PAN Bing, XIE Huimin. Digital image correlation

Optics and Precision Engineering, 2007

method with differential evolution [ J]. J Optoelectron
Laser,2007,18(1):100-103.

ZHANG Zhifeng, KANG Yilan, WANG Huaiwen, et
al. A novel coarse-fine search scheme for digital image
correlation method [ J]. Measurement, 2006, 39 (8).
710-718.

W, R, 5, & RGO CTh ET A 4
RRME A TR R TR & [J]. 6%, 2009
(2): 400-406.

PAN Bing, XIE Huimin, XIA Yong. el al. Large de-
formation measurement based on reliable initial guess
in digital image correlation method [ J]. Acta Optica
Sinica, 2009(2) :400-406.

SCHREIER H W, BRAASCH J R, SUTTON M A.
Systematic errors in digital image correlation caused by
intensity interpolation [ J]. Optical Engineering, 2000,
39(11) . 2915-2921.

ORTEU J J. 3-D computer vision in experimental me-
chanics [J]. Optics and Lasers in Engineering, 2007,
47(3/4) :282-291.

(Jm okt

http: / www. jdxb. cn



