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Development of 3-Dimensional Welding Deformation Measurement Based on Stereo |maging Technique*

by SHIBAHARA Masakazu**, KAWAMURA Eri***, IKUSHIMA Kazuki****, ITOH Shinsuke*****,
MOCHIZUK I Masahito***** and MASAOKA Koji******

Due to the rapid improvement of digital cameras, especialy the pixel resolution, digital image correlation (DIC) has been introduced to
measure the deformation and strain of structures. Using digital cameras for the DIC techniqueis an easy and fast method for obtaining structural
information, represented as all the pixel pointsin a photo. Because a wide range of structural deformation can be obtained with high accuracy,
this method has the potential to be very useful.

Currently, DIC can execute a measurement with high accuracy only when the out-of-plane displacement is small. When the out-of-plane
displacement is large, the deformation causes the measurement error. Therefore, a stereo imaging method using two digital cameras is proposed
in the present study. The proposed method can measure not only in-plane deformation but also out-of-plane deformation with high accuracy
without calibration of the errors caused by the out-of-plane displacement.

In this paper, the measurement accuracy of the proposed method for in-plane and out-of-plane deformation is discussed through the
application of a bead-on-plate welding test. The proposed method can measure transverse shrinkage and angular distortion with high accuracy.
In contrast to the vernier caiper and laser distance meter measurement methods, which can measure only a few points at a time, the proposed
method using two digital cameras can measure the full field in a short time. These results confirm that the proposed method is more
advantageous than other methods.

Key Words: 3D measurement, Digital image processing, Digital image correlation, Stereo imaging technique, Welding deformation, Angular

distortion, Transverse shrinkage
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5 12.3
6 200 14.7
7 20.5
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9 36.8 2.0
10 44.6
11 60.4
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Fig. 13 Welding deformation measured by proposed method.

BIERSEDON T B EHER LU OIHITB T, 4E6
BEPNEWEZRLTWAZ D005, Thid, WL
DFEAEZBFERLTVEIDOTHEEEL LN, ZORELN
DFEZEDEHL XN Fig. 14TH5H. @FIZ
Q=205 )mm* D& E R L, AHIX Q/h=44.6 Imm® D
Y. AREOEHIZ, BF0k0, JFTAICLHHE

= T T
E oF. Welding lrlwnre Aa]
® . i ¢‘A '.:
g -0.02 S T, S -
= ‘x \. ;.' !‘t :
-E’E, -0- 04 “ \ .JA -
., a ° A ]
2 -0.06 K A ]
©
= A A e om2s.9 ym®
‘5 —0.08 A 0/h=44.6 J/m®
5 @ :Proposed met ) 0/h’=28.9 J/mn’
— 0.1 J:Laser sensor, A 0/h=44.6 J/mm®

' 20 40 60 80 100 120

Coordinate in Y-direction (mm)
Fig. 14 Longitudinal shrinkage distribution in Y -direction.

WRERLTWS., HRHIY, EGEFHOBEICEVTIE
HENLAGE AT OFEBTH 5, WIHEHE T LR AK & <
BRALMEMAEFHTETWE I DR TE L, T/, Ak
KoY FHEHTH 5 Y=0mm B LU Y=120mm 2BV T
i, FEEE2SIZIEE TIC R o TWB I ENMRTES., &
B, SHELEESEB L ORBA THEoBA B
T, M QR AREOHMAEL 0.1 mm LT TH 50T,
ZO5AT R R ERI 51203, ERARER ISR L, 0.01mm
= —DFFICHVEEIERINS. - T, KBEN
RSP SEZ S L, MU O FHINIAIGE O FHIZ TR
TIHEICHETIED 525, SHOFHIFRIZE T, #E
VAT LMK BWGENER WS Z LT, BN A A E
WTEXLWEREERLABERIIKREVEEZ L LN TE
5.

RIZ, BRLoY FAKsG%Rd Fig. 13 (b) 225, B
DOLEEE Y TEHOFHFLEFICBBHLTEBY, BIGTEORA
PVHERTE 5., TOMICIERT 2 &, #imiBlFERE <IN
HiLTWABZEDHRTE L. 72, RO OLEEBH
HECEITICHEA TV B Z e 0D, y HFHOERIZERETD
ATIELBY, ZRUSNDIDIE, v HIZIZHEIZPEAT
BELCTWLEFTHLIEDS0D. X512, FHE (0 7
LliE, SO —RIXBITLHEIE, HEAIHEDGHE, BRI
BLUAZEFELTVWEIDLITTIERL, ABRENIKEVD
WCEREROZRLFAELTVDE I EDHEATESL., 20
FERRIEROEIIER LT, Fig 11HoH @) 1ORT LD
2, WNVEREDPMMOSM0NE L 3R e b HENEZRT &
EZObN5.

AT, DAT2BEFHCFHIIY AT 228 L,
FYU Y IVEEHBEEICE O AT LA WGEZEAT 5 2
LT, BREICHNEES X OCHAVERE SREFICE ) &
WTELFHEEMB L. RRED AT A0, EEEERN
EDBFELVF YA AT OMES O L E ITRKE
LT HETFHEENL D, KRBT LANLVOFEHEDRL
59, EfMEWOBEEEEEI ORI AR % 5 e
EROTVEEEZ N, SHORABOIKRITHFEIFET



R R Y.

528 & (2010) 45 1 & 115

4, #

[l

AREFFETIE, AT VAWfgEICES < ZRuERE >
AT AERREL, AN HEEABRTHILIE-FF 7L
— MABCB U 2 EHATHEICET LR, DT o
Bk AN
1) BRIV ATFLEHCSLZ LT, ANB X OEINEEDS

i B & RICEYFHIlTE 2 2 L 2 /R L 7-.
)RRV AT LIZE B S NHIHEB X LRI,

BIBER L 727 A X B MEMS L L —F =25

FROWAZERTCIRGH > 2 5 212 & A EHAlME & 2= 0

WIEIE—% L ZoZehs, HEVATLEHVS

ZeT, EHETSLBECIHTEZLEZONRD.
3 MEIVATFLAEAVLI LT, RGHL D L LEHED

B HENGR AR & ST T & A2 TREE A R L 7.

E 2
RIEFEO—EIL, HARPHHRBSFAIIRE MBS
FF5e (B), FEIE519760579) DEBITIT -7, Z 2%
WoEELRLET. £/, AHIROZEITIZHAY, EKRE
LI R UKL KRR v & — %5
FICICEHOEEELET.
3 £ X B

1) M. Uneda, M. Shibahara, M. Matsuishi, S. Iwata, K. Kitamura and
K. Ishikawa: Studies on Non-Contact Deformation Measurement
Technique of Structures using Sub-pixel Image Processing, Journal
of the Japan Society of Precision Engineering, 72-3, (2006) 360-

2)

3

4

5

6)

7

8)

9

10)

11)

12)

13)

365. (in Japanese)

K. Okamoto: PIV Image Evaluation Algorithms, Journal of the
Visualization Society of Japan 24-95, (2004) 31-35. (in Japanese)

M. Shibahara, K. Yamaguchi, K. Masaoka, T. Tsubogo : I {&L#
W2 & B IR - IS HEHIE DR, WEY YR T T A
2006343 s LS, 2, (2004) 667-674. (in Japanese)

M. Uneda, M. Matsuishi, S. Iwata and K. Ishikawa: Studies on
Strain Distribution Measurement using Digital Image Correlation
Method: Effect of out-of-plane deformation on strain measurement
accuracy and its compensation, Journal of the Japan Society of
Precision Engineering 73-6, (2007) 659-664. (in Japanese)

S. Murai, T. Okuda, H. Nakamura : FEHIE A X T & H 72 fifbT
5 HEE B A %8, Report of the Institute of Industrial
Science, University of Tokyo, 29-6, (1981) 196-209. (in Japanese)
H. Wakamatsu, S. Honma: Stereoscopic 3D CAD-System with
Stereo-Coordinate Input Device Based on Binocular Parallax, Trans.
IEE of Japan, Vol.120-C, No.8/9, (2000) 1135-1141. (in Japanese)
K. Inose, H. Imoto, Y. Nakanishi and Y. C. Kim: 3D-measurements
of Welding Distortion Using Photograph and Its Applicability, Pre-
Prints of the National Meeting of JWS, 75, (2004), 286-287. (in
Japanese)

I. Murase, S. Kaneko and S. lgarashi: Robust Matching by
Increment Sign Correlation, Institute of Electronicsm Information,
and Communication Engineers, J83-D2, 5, (2000) 1323-1331. (in
Japanese)

H. Shimono, S. Kaneko and S. Igarashi: Fast Rotated Image
Matching based on Two-dimensional Orthogonal Expansion by
Marginal Eigenvectors, Journal of the Japan Society of Precision
Engineering, 68-8, (2002) 1042-1046.

F. Saitoh: Image Template Matching by Selecting Block Areas
Based on Normalized Correlation Rates, Journal of the Japan
Society of Precision Engineering, 67-8, (2001) 1271-1275.
Zhengyou Zhang: "A Flexible New Technique for Camera
Cdlibration", IEEE Trans. PAMI, VVol.22, No.11, (2000) 1330-1334.
K. Satoh and T. Terasaki: Effect of Welding Conditions on Welding
Deformations in Welded Structural Materials, Journal of the Japan
Welding Society, 45, (1976) 302-308.

W. Finkelnburg and H. Maecker: Elektrische Bogen undthermisches
Plasma, Handbuch der Physik, Bd. 22 (1956), 254.




