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Design and Verification of 3D Digital Image Correlation Systems for
Measurement of Large Object Displacement Using Stereo Camera

Younghun Ko, Seunghwan Seo, Hyunsung Lim, Tailie Jin, Moonkyung Chung

Abstract Digital Image Correlation is a well-established method for displacements, strains and shape measurements
of engineering objects. Stereo-camera 3D Digital Image Correlation (3D-DIC) systems have been developed to
match the specific requirements for measurements posed by material and mechanical industries. Although DIC
method provides the capabilities of scaling a field-of-view(FOV), dimensions of Geotechnical structure objects
in many cases are too big to be measured with DIC based on a single camera pair. It can be the most
important issue with applying 3D DIC to the measurement of Geotechnical structures. In this paper, We were
present stereo vision conditions in a 3D DIC system that can be measured for large FOV(30X20m) and high
precisions(z-displacement 0.5mm) of the ground objects with Stereo-camera DIC systems.

Key wards Digital Image Correlation(DIC), Streo-camera, Feld of View(FOV), Displacement, Geotechnical structure
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2. DIC Method %! Stereo Vision

2.1 CIX|E! F4 A7t 7|H(DIC Method)
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Fig. 1. Schematic diagram for correlating the images of a reference subset before deformation and a target (or deformed)

subset after deformation.
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Fig. 2. Schematic of stereo vision.
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Fig. 3. Stereo camera calibration using checkerboard.
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Stereo camera Stereo camera Field of distance Field of view
baseline(mm) angle (mm) (mm)
#1 65 25 220 170 x 150 x 110
#2 85 25 270 220 x 190 x 150
#3 137 25 390 330 x 280 x 200
#4 272 25 690 600 x 530 x 400
#5 380 25 930 850 x 730 x 730
#6 582 25 1390 1250 x 1110 x 1110
#7 13,300 25 30,000 28,000 x 21,000, 20,000
#3 10,000 20 32,000 30,000 x 22,500, 20,000

(a) Coded point marker installed at the test site

Fig. 4. Experiment site and Coded point marker.
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(b) Coded point marker 1D:20
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can
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A Aolet o] Aukw eRRIghet ofuf ko
2 S4E il e AAe] W, MevE gt
1 7pgste] 2% A= 24 DIC Al2glolA 1
dole oleta 7pgeih BuHoR, oA 34
¥ 22h= DIC Al2ge] sf=glojol A LAIgH Sl
H

=74 Axel| RigHEth
2 ool tiwz 3DDIC 54 Jdeo ds

AHZ 7|2t

Left Camera

(a) Stereo camera installation

Z : ciarg el A2 [m]
T : 7H0ii2t AtO] #2| [m]
A : 7{H2} &2 Zk [degree]
R : 7HH|2} §IX| ®S [m]

*HE 2mLHo|A FHEL IX| HE

(b) Terminology for stereo camera installation

Fig. 5. 3D-DIC system for experiment.
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Fig. 6. Displacement error of point marker in X, y, z direction
in case of camera position change.

Table 2. The displacement precision of each point marker under camera position change conditions

Optical axis Range X Range Y Range Z o o @
angle (mm) (mm) (mm)

1 22.06 0.29 0.35 1.14 0.09 0.11 0.37
2 20.02 0.44 0.54 1.56 0.13 0.17 0.48
3 18.12 0.39 0.57 1.63 0.12 0.18 0.52
4 23.64 0.38 0.51 1.50 0.12 0.17 0.47
5 25.36 0.30 0.34 1.14 0.10 0.11 0.37
6 22.29 0.27 0.32 1.03 0.09 0.11 0.34
7 22.67 0.34 0.45 1.29 0.11 0.14 0.41
8 21.37 0.33 0.49 1.34 0.11 0.15 0.41
9 21.03 0.31 0.41 1.14 0.10 0.13 0.36
10 22.25 0.27 0.36 1.17 0.08 0.11 0.36
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42 2t 7|&Mof ME FF HUE 24

2HE e 7HHERe] AZlE 13 miPE 2 m4 A=
LHAIAA 3 m7IA] ARJSaL ZH7e) QoA KA}
AERIE A9 x, y, z F ¥ 4 HLU=E 2Rt
Aci(Table 3).

o714, 7HlEt B52] A=(A)r= F 71 7iH=t
AIRE] ol A] Ztteolar, FOD(Field of distance)
+ 7hilet AzolxRE tE7IKe] A, FOV
(Field of view)= 3D-DIC A|AEO & AZo] 7153}

A et ejulict

Table 40 ZQIE upA2] 9] 54 0142 @At
ik Fiolete] Zhest Aokwa Wl AL ¢
A2 ek Flete] Aelzk 30 med v 3DDIC
AEIE B oy 2o BrRssigon, Sl
Z%7b 17PEY 2R dl= He) 227 £1.18 mm7g
=2 U} IDDICE Agsprlo] s ghe 7w
e} ghbict

Table 3. Field of view(FOV) and Optical angle by stereo camera baseline distance

Camera baseline Angle of two Field of distance Field of view
(mm) camera(A) (mm) (mm)
1 12,741 23.80 30,262 37,620 x 25,470
2 11,033 20.64 30,414 31,520 x 22,775
3 9,009 16.99 30,089 37,055 x 25,790
4 7,131 13.52 30,034 33,855 x 22,970
5 5,117 9.76 29,867 35,605 x 25,180
6 3,070 5.88 29,696 23,360 x 16,965
Table 4. The displacement precision of each point marker under stereo camera baseline
Poete | om | om | W ) )
1 23.80 0.51 0.69 2.10 0.17 0.23 0.66
2 20.64 0.42 0.62 1.84 0.13 0.19 0.60
3 16.99 0.50 0.70 2.36 0.15 0.21 0.74
4 13.52 0.55 0.77 242 0.17 0.24 0.80
5 9.76 0.59 1.00 3.85 0.18 0.32 1.22
6 5.88 - - - - - -
60 —n—X, Y Displacement
20 —e— Z Displacement /\
18 50
P 6
E 7 & 40
g 10 g —\.
‘E 06| RH HYUE L / o
0 n,.| ® 10 \.
024 m i t N = . /40 y \.
T 000 0000 7000 6000 9000 10000 TTI00-TE0 TS -2 -1 0 1 2

Stereo camera spacing (mm)

(a) 3D-DIC Displacement precision of each stereo camera baseline

Displacement (mm)

(b) Displacement error of stereo camera baseline[13m]

Fig. 7. Displacement error of point marker in x, y, z direction in case of stereo camera baseline change.
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A7) A 9 &7 JH2 Table 59 Aelataick
takETRe] o] AA2]¢] FOD(field of distance)7} 30 m,
40 me wf WU WHIQl x, y HRFe] W] et ¥

mY IIH ztll—?ik_,] Hﬁ]_'{g
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o 4= o=t ]L 30 m W} Blwslo] © we
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oA ZHglR ZQIE npAE 23t Aotk A
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QA

alo] web TOIE upA 24l o] WA Al e
o, 40 moll] AP uf upAe] 2 REE A

How o] & AL BRIE 4= otk EIIE 1}
7o) iy, o] wWele] 24 HUEL +1.05 mmo]
A H1382 30 % A= 927} 2718 Aom ekt
tj(Table 6). 7llel} TApszie] He) Hojass

274 A= dopxjey|, o= &4 ZQIEVF 30 m
o2 ARESY] el ZIES F7]E 40 moj

Table 5. Field of view(FOV) and Optical angle by distance to object

Optical axis angle Field of distance (mm) Field of view (mm)
1 23.80 30,262 37,620 x 25,470
2 20.57 32,203 31,520 x 21,410
3 19.58 34,203 40,125 x 27,815
4 18.89 36,052 37,125 x 26,120
5 18.25 38,086 38,490 x 26,860
6 17.85 40,045 40,380 x 26,310
80 "=2=X ¥ Displacement O==x Y Displacement
—e—Z Displacement —e—Z Displacement
:\S 404 g 40
g 304 % 30 .
5 g o
o] % 204
% 20 T
T . . '\
10 / \ %7 / .\
o, /"'\_o :
ol — ° I : >
R 1 °

Displacement (mm)

(a) FOD [30m]

Displacement (mm)

(a) FOD [40m]

Fig. 8. Displacement error of point marker in x, y, z direction in case of FOD change.
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Table 6. Displacement precision of each point marker under FOD(field of distance)

Field ;)ﬂfl n(:;stance Rz;::]g:l)x Rz(llr;g:l)Y Rz(l:lgl:) Z o) o) o)
1 30,262 0.51 0.69 2.10 0.17 0.23 0.66
2 32,203 0.48 0.59 1.98 0.15 0.19 0.65
3 34,203 0.56 0.72 2.28 0.18 0.23 0.76
4 36,052 0.50 0.76 2.77 0.16 0.26 0.86
5 38,086 0.51 0.71 2.80 0.17 0.23 0.86
6 40,045 0.57 0.69 2.75 0.18 0.22 0.88

Fig. 9. Pixel level of point markers at 30 m and 40 m.
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(a) intensity of illumination (b) Pointer marker zoom image

Fig. 10. Point marker Image of 3D-DIC system according to Lux level.
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Fig. 11. Displacement error of point marker in x, y, z direction Fig. 12. Displacement error of point marker in x, y, z direction
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