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A Study on the Fracture Detection of Multi-Point-Tool

Young Kyu, Choi* Bong Hwan, Ryu**

ABSTRACT

In modern industry the requirement of automation of manufacturing process increases so
that unmanned system has been popular as an ultimate goal of modern manufacturing
process. In unmanned manufacturing process the tool fracture is a very serious problem
because it results in the damage of workpieces and can stop the operation of whole manufac-
turing system. .

In this study, image processing technique is used to detect the fracture of insert tip of face
milling using multi-point-tool. In order to acquire the image information of fracture shape of
rotating insert tip. we set up the optical system using a light beam chopper, In this system
we can reduce the image degradation generated from stopped image of rotating insert tip
using image restoration technique., We calculated the mean square error to diagnose the condi-
tion of tool fracture, and determind the criteria of tool fracture using experimental and stat-
icstical method.

From the results of this study we've developed non-contact detection technique of tool frac-
ture using image processing method and proposed the fracture direction of automation and
unmanned system considering the optimal fime of tool change milling.

Key words : Multi-Point-Tool (F}213%), Image Restoration(¥4E4), Mean Square Error (H4=}
%93h), Light Beam Chopper
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LT

T ik olHF &R E 9 779 HEd FAE
o] &4 (damage)# AFA #A7}F glew, o
£4& FANANA TAHE e ZAEH 1A A
ANz g d&2 & & g BAEY T4
2 sl FTRERAE 78 AzgA el A4
£ 22 o g gan, uld T Froe AR
2AE B B9 gl Ha gleon, FEd dF
7 AgEa gloy, FroE FEL Fdd T
9 #&7)€3 vmate] B o o] Fops) A3} thi
nAseta & 4 vk AR E FRud 27
& B FTFuRe oZr]edc) 24 FHgelA gtk
TTHEe] A 3 d&7]€0 e TEHQ of
= FuEe vk #dd £ ogls AReA slest
HAA o2 Yot M8 FrgEe EAA AL
o2 7hatAdA Sy et A A2
of ool g APve FTHEAE 59 A3
o Mg ¥ d7v AL glen, 00 g4 J)e
& BAHMES AAs] HF o FAFERA A
24 (computer vision system)< ©]&% HdEo|
}"I EQ 91'[-4_. @ (M

2888 ¥ d7dMe ESYs Ax4FE a8n
AZEd FoA JdE dFE EdREA NAF
gl FEAZHoEZN A AV FE0Ved g

B Ngs, 7|29 déedEde 2y s
I7E 2dz gidest e 1Ule] AANE AEEA
@a 2R WL o] J4E IS5, g
58 949 AYE AH F7e FHE TAHLEH
224l (on-line) AZE 7I5A 3= Aotk ayy
YYP3} go] F7} FAde A4 o|F AFEHuA
Nedlg ol &3t J4S YSrlde BE 3
EAE /M x gt} BE o] A4 442 FEE 7
T9] A A4 FV98 A4H e 29 (chop-
per) 8l AL AT H4E AAZ AT FAH
T v @t B ARE A gt naEky
2 dfdMe telFTE AMste FREEAA A
oE g9 d&g AEsie 7Y ARE: A €A
ZzAA 7IHE Bl 44 AFF BAYE 2%
7] 98 4A4E4 (image restoration) < o &% H3
Z2 AE 7IPE Adstn FradAr] & dAG

T8 R AFstel] g FFL AA G ok
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2. @42 (Image Restoration) ®®

d4E4 (Image restoration)d F3#HQ &

9 A7+% (image enhancement) & SHATIA S A

Mdsied lek 2y olE FrhA) #hge] Aol
GgMAe] A AAA (human visual system)
BT Zne FHE AR 98 44E IF
v dAAAg Fdud, JAELL FA4E
(inverse process)\t FZH (degradation model)
ol &3l G4 (original image) 22 EF3lhe=
Aolth, JAEY 7Y F) FEEEF (uniform lin-
ear motion) <l 93 & G4} A @t

B fy) 7t AT LoARL, %O  y @)
T 4% x,yplelse 79 NEE ga, 715
g o fAA(ESY oH & HlAM F =22 =
Z77F Qe B Al 4 Fedol dis] dAIAd
w=ge) FFozA dojAn}, =AY At GAH
o3 o|Rojxn Hea gAAIt dAEFY U
A %A gethn 7y,

gheF T7b 329 A& 7kelg) o 13 v
ig=y

8063) = [ flx - %(6),y - (@t

37]14 ¢(x,y) = blurredd4olth,

(2. 1)% Fourlerd&alo] Halshd 4 (2, 2) 9 At}

G(u,v) = F(u,v)[ exp{-j2nfux,(t) + vy, ()]}t (2.2)

A(2.2)% Fu,v)7t tof g&qctes A2 RE o
3 2o Fgz wHH)

G(u,v) = H(u,v) F(u,v)

B
=)

2.1)

(2.3)

W x, B4y, W 2F (motion) 5o 54
g3 gobd AeEE (transfer function) H(u,v)
2.3 e2%E 4R[oe & 4 gk ¢4 4F
g ule} Zo] x,=at/Te] H &2 RFIMT FEHE
& o9, 1=Tdw 44 F o)FAE a7} Hnf
Y, ()= 0017] W&l 4 (2.3) = ch&3 2,

T . :
Hu,v) = msm(ﬂ: ua) e’

rfr dle

(2.4)
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(2.3l He o9 F5 noll A8 u=n/i= v}e}
W, ugkel 0o HE AS7E BAS] g 94
foey 7t 0<x<Le) F9eA 0 2& €3 Y& &
& M 4 2.4 vehd EAdL AE £ o,
FAe o] FeA glx, ) FRE AFH & £ 3o
o, v=x-at/TE B YS}H &3} 2},

80 = f; Fle~xo (0l = [ flx - Tl

= f _fde  OsxsL (2.5)

2R xofl W& v ok 2ol £ 4 gl
(using Liebnitz’s rule),

g(x)=f(x)-f(x-0)
fX)=g®)+ f(x-a)

A7\ ggel 2g Loleksta, BN BA7 9
dje] =&AZ T5e Yelg) 3% Kol dal £39
ADE ot 89 L=Ka 7} 9, W4 2t x=z+ mao]
2, 78 (0,0 PN @& AE, me (/) 3
Sy,

A2.6) A9 23 Y & 2ok
f(z+ma)=g'(z+ma)+ flz+(m-1)a)

Osxs=sL or
Osx=L (2.6)

(2.7)

agln o =&He B¢ 0<z{(a HAUA
$4ole 349 FEL p@ e B Tt 2ol Ve
Wi,

9(2)=f(z—a) O=z<a

HQNE e@9 2 g e 27 & 4 Yot 2
Ynzg

2.8)

f(z+ma) = 2 g'(z+ka)+9(2) 2.9)

o 9, x=z+ maBw) 4 (2,9)& TS 2e FHz
vE % ok,

F(x) = ;m; g(z—ka)+p(x -ma)0sx =L (2.10)
g2td gx)E oln] duglyl e e & Fate

Aog FaNF F Sl
blurd F422 #H o] #+E JHH 2 Frhs
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7] 9% PFe) e thest de PHelth AW
AZ 08 LAAS x8] H5e) o] (RE K-171A9)
me] W7k Aekey Fejs ok,

pe] EPESLE (emiolzm, FF 0<x-ma<ao]
v et 0<x<L Eddel U f()E ke &
oF K& uhEai} et o] Ao Wk

Fx) = ﬁ;g'(x—ja) @11)
A(2.11) 5 gA2d
@(x - ma) = f(x)~ f(x) (212)

A7NM k<x< (k+Da e 4(2.12)9) g
Asa, k=0, 1, ... k17X g ForeE o
&3 Zo] @rh,

Ko(x) = 2‘ F(x + ka) - K;‘; f(x+ka) 0=sx<a (2.13)

4714 0 < x{aol7] W&o m=0ctt. AAE K2
Rl oS 2] dt

#x) = > Ox+ka) = > e+ ka)
‘P(x)"’A—%S‘;];(X+ka) Osx<a

: K-,
(p(x—ma)uA-%Zf(x+ka—ma) Osx<L

Fol g8 4(5.4-29 % dysta
p(x - ma)~ A -%zgg’(x + ka ~ ma - ja)

K-1 K

.,A.-.%ggg’[x—ma+(k—j)a]

gt
k] 4 (2,12) ¢ 4 (2.13) 22 3e AFAANE
4 F doH vhedd #,

K-1 K

f(x)~A——Ilzz§g'[x—ma+(k—j)a1+2g'(x—ja)
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Fig. 3.1 Schematic diagram of image acquisition

system

3. AEFA A U

3-1 AEER|
Fig, 3,12 3Ask= g8 i olEH (insert
tip;SEKN 1504 AFN-) 9] 5945 47198 Fgele]
£ (optical table) 9|9 AX|g A X 28] FAZo|T,
Fig, 3.1914 R¥ visgh 2o Fgeold Ho =¥
d(flame) & AT F AMAERE AE4E 4 sle
FT7EY (tool holder)E A&ste] Zy Y ek 23t
APt FTEU e AAE (L2 A 9= A
02 4F3A QM ERE 7 EF AR 3T &
AEZE g, ol RHIHA THE o|F4 AFE
AL A7 Aolct. ZHq A 2HE F
TFEHY 9 AAEHF L9 ?l’ﬁCﬂE"%ﬂJr d
2 A4 CCD7MIEre dAlsta o9 30= 7HHeR
o]Ro] HeNe laser(15 V) Azl Zglozn A}
£38l5th. 28] He-Ne laser? T4& ¥ (beam)<
'T}‘]'E]J] 8] He-Ne lager®d] d=(x10)E £33
g A7 & FAYEFE U3 I
(spec1a1 filter;50 wm) & FHAZR2ZH ARG WUE
AMoEY e FAIG &= UGtk EF UM EH
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70

A& AH-RoEA BHEY JATE ¢olEA chop-
perd] BEHE F7EHY 2HY & HAFE 2AA
AZLRA 94L& TVNE T UEF ALIAh

3-2 ety
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(shift) HAE A& F&(pixel)® AsTE BF A
Fig. 3.39 94424 gn=)S o5 gdegdes 54
AZY, 599 942 2704 AHede 7]*"3*154-4
MSE (mean square error) %% AXslH o] A4z
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#1 Reference Image
(600, 500, 1200, 1500 rpen)

3
Dynanie Image (#2--¥31)
(600, 900, 1200, 1500 rpm)

L ]
Comparison of ,
Line Profile

K
I Restoration Process
g

)
l_ Calculation of MSE l
|

Static Imagej =»

3

] MSE < MSE + 3o
no
| Detection of Tool Breakage l

Fig. 3.2 Flow chart showing detecting process of
tool breakage

yes

td ol BdE YALE AFH B9 #Es
234 H& Aolrh

START

2 47N FioE FFLFRHFLR AEE
MSE#-2 thgat Zo] 498 + vk, dikdez 4
FAE BokllA G449 PJUE AEE & e Pie
2 Aol B (objective fidelity criteria) @ F#
A3 B2 (subjective fidelity criteria) 2 W&
Avt, FEe £4AFEs 9 93T dF98Y dFE
A ved & 9 W oA AR A 712
thal, ZEch ojH @ Aol o]4% 4 e
MSE(mean square error)e 7|&%94 (reference
image) & falt, )& AT filx,y) E YHI¥ (input
image) [z 89, Y99 HAFE (image coordi-
nate) (x,y) & el ths] thea} 2ol A4 E ¢ Utk

71298 ey 9 filr,y) Abele) MSEE MxNF3
of et Feate] g HAY A Zon L7
Zo] & 4 qth,

{gg[ﬁ(x,y) - fR(x:Y)]z}

MSE = 1
MN

a:Number o
A:Mean of g(x.y)

Blurring image g
Restore image fi
Pixel

x,y
x‘y

3

B,C,L=512,L=K*a

0

|Differential image g'[x]zg[x]‘-gjxﬂ”

1

B+sg'[x~]*a) Write f[x]

v

Restore image f(x
(end ) ‘

fC+=g'x-m*a+(k=j)*a]

Fig. 3.3 Flow chart for image restoration process
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A [512,100]7449] gelZ=94 (line profile)&
bl Heln, mdFT(type2)d B94 Fig, 4-1
o giz 2 AHE Ave SUZE gL e
AL Fig. 4.2¢9 2tk

Fig. 4.1914 Eevist o] FA4E Gake] oA
(edge) = A Al vehde, glza st
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7 9eE ¢ F Aok

gy B AFdasl go] FE&xR FAHs: U4
olE g9 gAa 22 1) oM usle wps} 2o] of
F Fe N7 GPESE EF FE GAoldo] bix

ATEE A 44E EH ¥ AAE Bk
wEb oluje] e AFRGAET A Hold, o
g o] EAY FHEL Ytz FEEL 53 U
sEA Bk o)A 1 Aol H4 (pixel)d B
Ego] yolx Ao] opfe} AAHoz G4 EEH
2~E (contrast) 7} Wolse Ao® s4d £ qloh
Fig. 4.3& 4% 600rpme g FAse n=2HA
% AMoE 98 299 BUAA AL G4 o
& 598 43 Fig. 4.45 22 9402 B3
Fig. 4.3¢14¢9 2RIz qd Fig. 4.19 A=
BYE v nHoBA A TR 9AE 5=
&7l AN E FA e H4 (pixe) A0l x2S V1€
0.8 ojuHxe YT |FHAcAE ¢ F A
th mEkA olEd HA ALwE dhiidges g
A g& SAELEN 93 59E A €,
A Hej whe} go] A dYFTE AALEE

T I

Irigia Wichh (pliol)

Fig. 4.1 Static image and line profile of sharp tool tip(type 1)
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Fig. 4.2 Static image and line profile of broken tool tip{type 2)
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Fig. 4.4 Restoration image and line profile of sharp tool tip(600 rpm)
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Fig. 4.5 Dynamic image and line profile of broken tool tip (600 rpm)
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Fig. 4.6 Restoration image and line profile of broken tool tip(600 rpm)
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Fig. 4.8 Variation of MSE with input image (static)
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Fig. 4.9 Variation of MSE with input image (600 rpm)
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Fig. 411 Variation of MSE with input image(1200 rpm)
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