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Development of Material Deformation Measurement System
using Machine Vision
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Abstract

In this study, the deformation of materials was measured using the video and tracking API of OpenCV. Circular markers

attached to the material were selected the region of interests (ROIs). The position of the marker was measured from the area

center of the circular marker. The position and displacement of the center point was measured along the image frames. For

the verification, tensile tests were conducted. In the tensile test, four circular markers were attached along the longitudinal

and transverse directions. The strain was calculated using the distance between markers both in the longitudinal and

transverse direction. As a result, the stress-strain curve obtained using machine vision is compared to the stress-strain curve

obtained from the DIC results. RMSE values of the strain from the machine vision and DIC were less than 0.005. In addition,

as a measurement example, a bending angle and springback measurement according to bending deformation, and a moving

position measurement of a punch, a blank holder, and a die by time change were performed. Using the proposed method, the

deformation and displacement of the materials were measured precisely and easily.

Keywords: Image processing, Machine vision, Tracking API, Strain measurement

1. A 8

Mg MYPS A= AL A5 Wy 54
< Ak doA wg- F8g 9ES . 5
3| st Wygst= A T AN WES 543
= A AR B4 AUt ¥4 T 58 WY A
T tYgt 8ol teeith MEES SAseE W
HE A&7 (extensometer), ~E A A]A] (strain-
gage) o= Al FFste FAHsE A 54
ol QlaL, oA E Abgste] WP &S SHs=

L A&t &t ) AAug s, A4 #4
2. A7l shstal 7| A Y ARIE S, g

# Corresponding Author: Department of mechanical system design and
manufacturing engineering, SEOULTECH

E-mail: cwlee@seoultech.ac.kr, ORCID: 0000-0002-7848-280X

5 A2
(Automated Surface Information Analysis System)= 7l '&
stof, AT AT 3 A FEHEES S48

o} o] 9Je%= ASAME (Automated Strain Analysis and

[}
S g WMPE Z4 AxUe AF W] AP
279 AAE Y, Y F 439 4 =
gatel MPES SAsE Yol



Digital image correlation (DIC)= A A|7to 2 WHEH &
= S8 7 s WHeE 4], AR 3o &A=
dolE F3l =¥ ¥ (Speckle pattern)= THEo]
F3, A7l whE HEe ofF 9 WEe S4ge
24 Ag muel B we 9 wges =4
& = 8tk DIC & &8sk A4 AR WS 3
Aow Aze] weh BAY & o), Anel A%
AR R A Al Aud wEes 457
98] AT DIC o A5, AR 2xeolE
Ealof shnl, AF B A % 24 LzEels
Qosd =@ Aelor ¢ delElel ol 73

of, AAztew ALty oy & wio] St
ole} & ZAIE Ayl s AFE M, @

ol & LT A Am WY A4 Vel
WEE AT Kwok 5 [5] HAl v A AElE &
a wd T AEe] AgHAE FEstd W
Ztwg F4skqth Elkins 5 [6]2 w3 FENA
Aol eolAE ARSI WAME = ARER 5 Y
IS SASAY Ha & [712 732 w3 3A0A
FHel HolAE AAsto, wHolAe] AXE FAst
of Asel e Axs FAsh ojek 2 ¥
& &G Aze] WMol 54 Thseiy, 54 w9
Aejelrt A8 Thsste] W8S AT ATk

2 e 5L A gA" Jhel, AvpEE

2]
7heete] @At Hlol B & AFE-Ste], Python 7]WHe] A
59 Wy 9 olsS HHISMA SAHSE T2

Foli= Aolth & Ao Ae= WAl vl Fof
o Al Eo] A e Ry glolHg
OpenCV (Open Source Computer Vision) [8]%] 57 3
d E= JhAY f1AE F4E 5 A= Tracking API
of, F4g /A A AAE #A4ATE F U=

5103

AL IS AR WA

- =
Btk 2o 1 F A APl A&
2% (GOM Correlate)Z} 2 <159
Wi el vawE Fl Alte WS HAFETh
I owd AddA AR5 WY AxE
FHA ] A Aol 7 58 FEY olv s

e,

>,
2
ro ©

>

A

O )
o &

\a

2. & Ad

0

H

EEEEE

0!

= =
S8 125

r

I
L

2.1 9% A ¥

Aa W1y 4> A FH45 7Ivtez 3o F
Psrelch B Avold Aed 94 2wy =4
duEFS Fig. 1 3 2}

WA Azl AA F4 E44 Al 3t

X
9 (Region of interest, ROI)Z A A3 & s vl
o] AAE FAste], el wE 91 W3} dHel
HE Asn. J4 9 Ag, 249 & AE
Aote] Zeelel wE w7 AAFHA)S AR
E A 7gE ¥wsd ok o] HeolHE &

.
Select ROI

Run tracking API

Image Processing

Extract circle in ROI

Find and save
center point of the
circle

Fig. 1 Flow chart of the tracking and deformation

measurement algorithm

2.2 Tracking API

A AxHom Fohlt AL AA
T}, Tracking API & ©]¢} 2 A F4& HU} 4

4
A AR G QR NE API 2 5
Z7] AW dAdste] &A1 AA F
1=

Tracking API & o#7F¢] w2l #d < S
719kst 8 JHS] tracker & AlF T E AT E
CSRT (Channel and Spatial Reliability Tracking) E 2] #
£ AHSsklth. CSRT E#f#1+= ROI W) A 2] G



22 e - A9 - o Fe

ARE wrgste] A 9AE F8eH, 1 Al MY = 45 912 S40] AgstA vt wehA

A FEE ASH R JUolEFdown A oj9} 2 FAIE Astr] 918 ROI & A€ AS

& FAgH9) o, Fig. 2 ¢} #©] ROI €] 9] 9 27 AAg 4
2 AN E A7 AP we o]Feke = W] o] FAelA EA S At

gl 54 45 F48] fxE SA-s7] 96l

A Hedoz 48 GOM Metrology ¢ 0.8mm

IJE wAE Ak EE ROI &= v F4 o

Gaussian filter

2.3 @& A digF
Tracking API 7} w}A 9] Q&g A& A|331A
2571 witell ROI ol A 93 wtA 9] T4 9IAE
v ¢uEEEs A&sdh WA ROl Yol ¢
upA 9] LJ¥AE FE3k] 1o A e AL
A F, HAHY] HxHEZHE FAHAES 3o

PZS

A A YXE FASL. a8x

Y
=5
I )
fo, 2 o0k
E ot o i
off K[ ro sl

=

i

2
-
(&
o)
jakes
e
g
XK
oy
o>
o
O
Ho
P
|\
o
ol
2
v

o
Qo] A 9l ¥ dyelde FEE Z2Y
o

10 R
£ A&ste] 98] mol=E AAGAH. wo]= A
AE A tEA]D e 7E-AIQE DB = sk
AgetAl w8l AA (Bdge)7t A=E 4 Tt
e dHE o] FHS

Hekslr] 9l 7he-Alqk 2
S

= 4 =
2ol 4 ghel Aelsk AW 0, Aow 1 € A
= KeR
= =

2883 A4S B Fig. 3 Image processing results of (a) original materials,

=3k} (b) sprayed materials

PIF WelE Hgate] wolzt fu AAE F
3k olu xS o] HolHe S A&7k I, Canny 2.4 #H Xe
T2 Ao AAE dAEdh 28a AE53 AAE A5 Ao 49 The, A, BESE o 9
Aoz ZA3 k= 52 9 W3 (HoughCircles)S o7 FW GH7E 4 Xt o] A Gl o
S8l @l#de vk Z1elal OpenCV 9] FAIFA 27} ol A F4 darg)Fe] LA 484 +
S T8 Moments 35 ARESte] HEF <24l gltt. Wb, Fig. 3 (b 2ol 54 vrE o]zt
Wi-o] FATAS Tetel T4 FxE ARSI st fAdl FF A Axmyels BEAY, T3
Fdel A Zadvid sd F8AY daudEs AN 2EAS F-Hste] 29 AHE FA e
ggsto] At wrE miA e FA HAE Arts O 5 A vl F4 dadss Agshd ko=
At o] A RFES obl Fig. 2 o FEFekAl 7} #adte]l wu A3 npA el Fz o] sbsait)
EpiTH Fig. 3 9] (% 2419 1W A A F ApdelH, (b)

Az W St = 54 ol o ey, = 2 A A5 Gl vel|EE A8% AR
e st Mg EJE wAE AREEIH olth. Wl A d A mpolqy o] A|= ko]
Tracking API 9|4 &3 np71 & v AbRshe 44, =7} @ol Holw wki, ¥ A & AA 9 vlely
FHsh= 54 Ao o] Lyl "ol v vt g oln|Aol= wo]=rt HolA ¥Es & T
AE FAS= A7t BT o]} o] FH Ao F7HA o, B M Axgole Qg W]l A



Wa WA Ba
st g0l Asteld, ©Es] A5 WY glo] olF
W SAsE Ag TF a4 2EHAE AT A
t}.

3. HAH|IXME S8 HE 53
2 AT 522 OpenCV 2] Tracking API & ©]-&
st s WES sk Blojth E AFollA =

é?(
AT dAZ, 1 5 9F APS ALt =3 5
g odAR, §3 MM #3 A= 54, =29
AgeA #AX], tho], EFA U] ARt mE
olF A& FAs. A MTDI jite] s A
FAIE 7] (MINOS-020)2} Apple 2] iPhone 11 & Ab&
sto] Full HD St = g5 Al zste] SA4eqlth

28 B4 CR2 = A}%é}aiﬂ, NE Fes

}__
= [¢)
4% WMYPES st HPES vA AL
2 A2 wss B S Hec.
WA Fig. 4 o o] A F B AWFow o
WA 2 AN, F 4 A RRRT. 223 AT
AS 9oz #3 5, GOM Correlate program
AN miAE 5o Fof alF DIC Z= 1o

_E oft

A ST HEET 2 ATl A% gHew
ZA% WEFFS vasgith. o714 WHIAFS A
(HEFE Asdoh A (D)olA do= ARE oA

wbA 2 ) Abele] A, &= WY A vHA 2 A A
ole] AelE elmgtrh,

w54 e 23

d, —d
e=—1+——20 (1)
dO
3.2 ¢ A Zit & =4

=
Test 1 H-E] Test 5 7}4] & 5 3] A3 &
Table 1 ¥} Table 2 o WeFWl o™, @ 3b&2 thef 4%
ol tt. &3, DIC 2 F4% "y g Hal vAd

Table 1. Comparison of measured strain using DIC
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Table 2. Comparison of measured strain using DIC
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vision (%)
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4 0.172 -0.169 1.82 0.0031
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Fig. 10 Experimental set-up of the sheet drawing

experiments
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