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Application of Machine Vision for The Inspection

of Bearing of Scraped Surfaces

Student : Chao-Sheng Chuang Adyvisor : Cheng-Ho Chen
Department of Mechanical Engineering, National Chin-Yi
University of Technology

Abstract

Taiwan is one of the world’s top five machine tools and components exporters, faced
with competition from other emerging countries, the only way to ensure our
competitiveness is to upgrade industrial techniques. Scraping is one of the fundamental
techniques of mechanical industries. Currently, the inspection of scraped surfaces is
done by human eyes based on experience rules. This prevents the standardization and
improvement of scraped work pieces inspection. Studies on scraping patterns are also
difficult to conduct. The purpose of this thesis is to develop a machine vision inspection
system which automatically calculate the number of bearing marks and the percentage
of bearing areas. It uses a CMOS color camera to capture the surface images. The
images are analyzed through image processing methods. The gray level values of the
work piece surfaces are identified. Image segmentation techniques are then used to
analyzed the data to effectively identify the scraping marks and calculate the number of

the marks and the percentage of bearing areas accurately.

Keywords: Scraping , Machine Vision , Automatic Inspection
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ot 4

AN

wi 53 P

\\\

2o N1 A= kA2 1bit(1bit 3 2enl =23 > T2 iRl
EVF R R AT G ggd DFR U ERGFLTF I N § o g
DS B SRR R

.Ag\,

C
gl
>~
Ee|
e

|
i
(b2
T
2@
Qe
%
jos

al
Qe
M
T
Q.

T,

_\'

S
‘9—

R Y BRI T A 2 e L D) P i

BN ehlic =B e o 4o B 4-3 (a) #FoF o

47



2.256 A pE s (8 A FF B ) endic =8 H 2 8 bits (8 bits 5 2 8 =+ »
T256 BELE) PNFHRIFRET G F BN DTN SRR GE B F R
“,% T BB Jeie 20 :ﬂg PRI I NRRFL BN 260FEFT o 2w

B4 ST RED- R o L1256 RFFB PR e » TS ER fIL B

EEN

b é A R g 4 256 AP HEN DR e 4ol 4-3 (b)) AToT e

316 § 24 38 (4 =~ i) e =B A3 25138 42 & B ifF 202 4 bits
(4bits 3 2ehd4=x> > T 1o Bl s ) hERZFRELTS DFN > F BiE
FTHEFEF- B 166 hé 5> AR5 NP > B RHFBT T LT e A
B~d DEFR A ARG bd B9 il d wRHEIENARNIOR
B TR GATE RS T RAL o 4ol 4-3 (¢) #F e

4.256 ¢ 5¢ WA B AP ) TRy B AN A BB E 8
bits (8 bits % 218K > T 256 B s ) hFHRIFKRE T TN - X7 1Y
BEor 256 fhgpd o RUABT F O RCHETHEE g 256 ¢ HV k R IR -

4@l 4-3 (d) #77 o

5.RGB > #4405 endei= F2 ffe > * B i $°d R(Red) ~ G(Green) ~ B(Blue)= f ¢ i2

L
v

a4

@ RyG~B* &~ %k 8 B bit ehg B » #710& B if% 212 24 bits (24 bits
L2588 > 16777216 B e L) ERE R RA TS BFM o 2V A
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43 3¢ BHRE

W2 FSARE ¢ oE wi*#wﬁgﬁlgrﬁ4wﬁqaﬁmgw » FL 2 R
P dF i giiein st (S/N Ratio) ~ R AR s ¥ A SERpH¥ 2 ~ 9 ATER
Gz RAR SRRV RPE HNRNOERERECRE L FREY LS
LS ARILEE PR o R TS RS 2 AR R AR LR o T g
Td WU RMETS Pl ARG LHARRIS > 2L L7 G RTR #&
LA PR PR B kA BT A 45 AL33][34] o d AT 4 e B T
% s d AP A Y RGBS > #T T AR A AH AR TR B AR

R R R F engsd A o

430 ¢ DRAH

i % % i 7# (electromagnetic spectrum) ® > ¥ R sk ik F ek £ B < 5 A4
400nm~700nm 2 » A pE3 T L kP A R Lok A B SEMLE B ET
RESMAL - FAORIRETE R o F0d {HNE 2 P chd G B A RATR D
TR o EF RGNS LR TR AR Ry LA %ﬁ” AR E S
Bt 2 o AR ARI N BT L3 BAAZGFI > TP - AT

 BJEd SBAAES AR BRGIRE D A ATF e s Sfe PR AL 2
¢ o E(tristimulus)? X,Y,Z & 7 > - @4 ¥ 0% A = R P die(trichromatic

coefficients) % 7+ [35] » H fh#ik & (4-4)3 ¢

= 4-4-1
X+Y+Z ( )
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= 4-4-2
Y X+Y+Z ( )
z= L (4-4-3)

X+Y+Z
x+y+z=1 (4-4-4)

HY z=1-(x+y) » #710 % x,y,T&?%\»T’F* B o

432 R-~G- B #¢ 4

— R AGFARE F I R pE ek (red)~ % (green) ~ ¥ (blue)
REakmed Lo Fpte S FXHLizZ R 0 - RRFDI PIHT
#id ZRhé R-G B Aoz Bz BT s 2 » RGB 4% ¢ #3
LA H g2 ¢ WA o 4ol 4-5 ATF o AP F R DAY 2 B s
ERAMRGB 04 |42 2 GiR v & & BiR J g a b on- B2 B
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ZREAS S Az B ARG TR
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d R 4-67 7 aeiE o i d G Apde g WRIF I FS BT pphe € BT 5
§ R B gpd § BRIN S 5 F R
= od MR GATE s d Apd X SR RGB 00 #72 RGB

$ A AR URIL Y B - B E & RT[36] ¢

433 2 VB GAEAARE
AR F &R B2 2UH NP & B E 3R
R(Red) ~ G(Green) ~ BBlue)= ¢ B & m = > @ 2 LR adZih* R I 47 F
RN THS DRETAIL LRI FT A LAY
. #40¢ Fifpen®E BRGT 6 B(74J2 & RGB i %d - BF g7 LR A
[37] » # % & 4o(4-5)477T

B k4 & st R BRI B e £

Bk c » RGB &tk i st ch- o &
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(4-5)

20 B D BEF AT BR f(v)) WY DI BieiE- G @

H % Ar(4-6)#r 7

S| | R(x,Y)
Sy =] fo(xp) =] G(x,»)

(4-6)
fr(x) ] [ B(x,p)

434 ¢ RS Mg

RFE A B A% H ¢ CCD #as BHds i M1 & o e A5 5 = e

Bod WA GIFAOMGE oI FF R PR AMEMETF LIRS RA

HZ B TREBOEA B RSP GRS LR o SRR I

¢ CMOS PBip#s$B~47d Bt 5B ik & B ridid B 3L R~G ~

B = @A engiife o H e ch @ &V 4o(4-7) o1

g(x,») =T[f (x,y)] (4-7)

o) A= %328 Fifo g(r,y) L d it LG AL S B do s T
FE T e
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s, =T, (r;,ry,-+,1,), i=12,---,n (4-8)

s, AR BB ihgy)d BLEDRE r, & R4 B f(x,y) hiE R
~ B(oy) AR n LA E AP (RGB 3 2 B n=3) > T, Lit
o - g Sk o

Bl 4735 5 — 458 Fifp cn= B3 o & Honde Al A W] b= B 7 R AFH
BA UEFHO R 4T(a)lgr - RXEI GvRIAEF o d ) 2 fediiTq 84 (2
F# & R123 > G214 > B21) P4t g 1% f3 47 R %2 ¢ B 1> B 4-7 (b) R-channel # ;%
TEF agvREAZARBITAIFE 0 2. ¢ > B 4-7 (¢) G-channel H = ¢ -] > £ % 48iT
HFEE 0t 2 ¢ 0 Bl4-7 (d) B-channel 2 § % ¢ pL4h g ch Ik B A 0K S eh

KEAfeied ]S g2 o

44 R @

‘-\

o
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B g 7550 0 REB Gl 7P EEfes T > AR et RIT IR G
B # 45 9F 32 (Region of interest f§ i ROI) e+ B ifF 4eifhr » REE 5 R fa &
i o 4 Bt NG T RS

CREAE N LR RRAIFESS ] AN FR

2. FH ARG I R FFGF A ERE T ML D HBEG
3. MO N AR R Acdeg o M5 R0 e 40E 0 I 3w SlAsseg A
BEER
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(a) R4s8 e (b) R-channel

(d) B-channel

(c) G-channel
W 4-7 RGB#fig & 1%

grio T X A[38]3twm T ¥t

EABAAREfSFE S FRIRP -

441 R E=E
REASZcRITE> AU T #HITA Y > 3 & F RGP i idEsdis
o, 21
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(7S 4 5 > R (@ (threshold value) s8-8 7 12 4 3 & f 503 A 47 9F

JL;F
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¥k iE e Edc o i e = i@ {* (Binary Thresholding) #_#-3% hen Fr @ i@ * —

R B * T IR 5‘5‘%1\)‘?

ﬁr

LN ok BRI PR @K 5 2550 ARE LR
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\>
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Poikeg(x,y) B 2 &N 40(4-9)97T ©

b fy)2T ]
ﬂn”_iJuﬂnw<T (4-9)

EEFVTEERE B CRET - BRSBTS E
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Bk ROI G & 24 AAREATa BB RS R2LRF > FEREREL

|
ycl

F A S a3 R DK e (4-10)977

I T < f(uy) <T,

(4-10)
0 1> f(x,»)&T, <f(x,y)

g(x,y)= {

B Ty a B P RIE S T 33 RE > RAR T f(x,y) = &8I g(x,y)

443 BERE TR
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b RERE T & - BTk AR PR BN 22 R
YR AEBHIRTGIRE > FE G RATE R WmF oA F ni ko ;T‘*u{

- BFIREGIZ B E

VREEDRAIEAE LB LhenA# Y > AT EY A E R Eeh- B
Sk AR B B ROL AL > 3 e R A AR 4 T A ST
A »iF & iz 4 (Erosion) ~ %% (Dilation) ~ B i& & (Opening) ~ B i ¥ (Closing) & 3t
54 (Hole filling) - ) f6 4 57k R85 2o Bt ¥ — B b & Bend & 4 i
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T
BiEH (5 ROk & T g Boing i~ AR 2 RB=E B F B 4-10 5 £ 7
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B 4-10 S~ %250
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4.5.1 &4 (Erosion)
RWEE S i LK R G B AL el 0 € KRR A A
BUE G5B R REPFRE BABESE O RETE B (5T

BB R o B R AN L@
ROB ={t|(B), c R} “

Bl o411 5 m8l 5 5§ 2~ 200 B RBHIERIESF I F PR
B gD R R AR R E & PR D @ AR 0%

rifh B b AR S -

(a) P &% % (b) #H#~% (c) EH %
Bl 4-11 ZH4:EFY
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4.5.2 %% (Dilation)

WARKE B P i LK PR R A IR P R R S T
Fr AP B R RS PHRESE O BLRBHEAE > B E BF ML (e
%éﬁnpé%ﬁﬂ%’Mﬁ%w@’®éﬁéﬁﬁﬁ%’ﬁlﬁﬁ@ﬁi’

HEHNL@-12) 3

R®B={t|(B"), "R =®} (4-12)

Bl 4-12 39 EH 5 FFRHAAPRES PR DE - BRARE L
AARE RN ST I R S R R TG SRS
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B 4-12 WIEE s

4.5.3 B i& ¥ (Opening)
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RoB=(ROB)® B (4-13)
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AT R U RS PRIk KR AP RRE BARERLE R
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APEFREPND B I hif B Bl 415 SIVFEAEFYE S N o 2 2 K50 5 (4-19)
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4.6 F P ¥

SRR 3t DR R Bl U St R o e O SRR
WERBEL bldod F3E C BRI KRBT oEE o

Bl B @ IenTsd 0 & 5 5 Bkt b IROL it ROI £~ 4p 3
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b T v s LR Apid o B 4-16 (b) 5 ik id (Eight-Connectivity) » 5 2 i@ 3
i B ,x,gf», T h s LRk B b AR PifE > &t o~ Bk

(a) =il (b) ~idid

Bl 4-16 7 ff F R P DTRK

4.7 FHEA F5

A2 A& e A 47 AR R e f s > BRSO {e 18 B 1 Rl
£ o {35t

Feid | fE B PR G ff o KRR P f(x,y) 0 E gD
BEN > Fomihry  EofiddHTHRN 5 @160

N=YY fx.y)
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x=1 y=1

65



B BRI AR S L (4-17)5

S (4-17)

47.1 & f #35

B AR G E g B o= 1w AR jpeae- TE(MT) R GFEfor 7 P
B RD R s BB R o B Y 1 G A E R EIR ) SR P ik
BB B e X L5 B Ak ( Size filtering )[40]  4-B4-15977 » H ¢
P4 Rl cha #% £818 ik » R2 o 4 L1006 B o R3:ha 4% L4 ft > R4 h
BAE2BGE 0 RSehm B EIB GG - XTELT > 7 8] 37 ik ohp i

?‘/ﬁ% o AFEFEY L} ien 2 > A psEsafoiEig ] fe gk o
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51 CMOS ¥ B R

511 &Bpwv¥ir

SRR LLSSRFT SR L L BTG & f v % (Distortion)
LG 0 B E R AGERI T G210 ¢ FIBEY SEFEPL I
PaRiRslAegtd o Flm AL T R o dek EMAG N kPt o flz 5 PRk
% (Pincushion Distortion) ; 4r% 2 & E §P *t » L iUk » f2 % 4 sk vd % (Barrel
Distortion) ° B 5-1 *7 7w B P > k7w % s B9 k>04&7 A2 Pkea s

k<O% 7 A2 Rod % o BRI T &N 40(5-2) X o B 52 5l &% o

k<0

Bl 5-1 &LEp ve ¢ R

Bor s AR e S amd R kAR AR (x )R B B

B e R BRI o Pl - AN S e e B AN 0 Ae(5-1)5
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r.= kx(x* + %) > r, = ky(x* + y*) (5-1)
®(, ) E AR EE S BT EEAEN(GD)

{xv:x+rx:x[1+k(x2+y2)] (5-2)

y'=y+r,=y1+k(x*+ )]
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Maximum measured error of the
epipolar constraint: 0.042 px
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521 R~G- B ¢ I o 3
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GRS A 3 B L RTEE 0 TS
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R A b 5 s B E ¥ 2 > B 57 A% R-G-B = % channel *
RN BARECSR cFRIGCEYG - BAE SBRRAFR0R) &K
o H? B GREERZHEE SR S B LT SE ] & T 4 W= B channel
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Bl 5-8 B-channel f§ & 0 & 48 #73& B~end iz & 1782 1
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5.2.3 A5 8 Aum

VEE L PRAILE SR B R A RA S AR EHPRAL 0 D
FHET - BN D2 RPAFELERP RS ARDAR Bl R R
BP(8 0 g SRR 0 T A1 AR F R FE T 3 N Dl A
(Filling) 4@ 5-9 #7if o & i& * B i& & (Opening) 4B 5-10 #rif » B3 fed 4% o)

RS T3 B I 0 HE T R BRI

B 5-9 (a) B $:(129,807) 5 ¥ w2+ 50 12 0% 5 (b) Filling & & 1 8 i
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524 BEAFETE
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T e e ff 0 B¢ PPL A R 00 MF P iR e - POP 5 iR

FHAH FERRE RN RS G PR AL o
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53% FE& AR eriaiRl
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- RIRPETIETRY DELEAT 0 g3 A fEREI 0 - AR I D
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(a) R-channel (b) G-channel

(c) B-channel

B 5-13 F2 K i dren= 5% 2 P AEE et FF R0 T

5.3.1 BT
HNHR AL G R RS A 395 AP B-E k TR ITA S efest > LR
FRRAd 2w Lanfes o TR AP ARl w AFPREFRA - RB
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Clx,y)= 2. G(x,») (5-4)

~ = R =

Bhud

YK AR TRIGA R BRI RS L 0 L
LS TR B G R B TR E » A e LT HANRRBRFAHE

BIL > TT @ T ok > RHK it ] § BT ork > AE PR FEK £

B 5-14 »~ %€ R~ G~B = i channel ® 3+ 8 11 = BAFFE > B> d ¥ B 5
AP P PAFET LG B TEL S TG A BRREAL Y BEL R

BEE P~ G-channel & » B 0 & 55 nf & > = @it {2 i 4o Bl 5-15 #77 o
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m- 3
------------- !
? I 1 I I ] 1 | 1 I 1 1 l 1 1 ‘D'
R T R T m @ % & & @ W m W m
(a) R-channel % F& & = ] (b) G-channel # F& & > B)
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Spezifikation

Die Leistungsmerkmale auf einen Blick

Interface

Dbjektivanschluss

Sensor Technologie
Modellbezeichnung Farbe
Modellbezeichnung Mono
Aufldsung (h x v)

Farbtiefe

Auflisungskategorie /Pixelklasse
optisches Sensorformat
Shuttersystem

max. fps im Freerun Modus
Belichtungszeit im Freerun Modus
Belichtungszeit im Trigger Modus
ADI Modi

Binning Modi

Subsampling Modi

/0 - Strobe

140 - Trigger

/0 - R5-232

|/0 - GPIO

1/0 - 12C

HDR (High Dynamic Range)
Sensor Bezeichnung {m,/c)
Pixelpitch in pm

Optische Flache

Schutzklassen

Abmessungen HABST

Gewicht

Spannungsversorgung

Gigk

C-Mount

CRMOS (22v)
UI-5240CP-C
UI-5240CP-M

1280 x 1024

10bit {10bit ADC)
1.3 Megapixel
1/1.8"

Global

50 fps

Qus - 2000ms

Qps - 2000ms
horizontal = vertikal
horizontal = vertikal

EV7SC550BE / EV7&C560BC

5.30

6.784 x 53427 mm

P30

2900 mm, 29.00 mm, 41.00 mm
55.00 g

PoOE +~ext. 12 -24 V¥

102



ek B R 4o AR g

* Image Acquisition 01: Code generated by Image Acquisition 01
open_framegrabber ('uEye', 1, 1, 0, 0, 0, 0, 'default’, 8, 'default’, -1, 'false', 'default', '1', 0,
-1, AcqHandle)
grab image_start (AcqHandle, -1)
* while (true)
grab_image async (Image, AcqHandle, -1)
bin_threshold (Image, Region)
connection (Region, ConnectedRegions)
select_shape (ConnectedRegions, SelectedRegions, 'width', 'and', 700, 1000)
smallest rectangle2 (SelectedRegions, Row, Column, Phi, Lengthl, Length2)
gen_rectangle? (Rectangle, Row, Column, Phi, Lengthl, Length2)
dev_display (Image)
dev_set draw (‘margin’)
dev_display (Rectangle)
Leight:=(Lengthl+Length2)/30
Leight3:=Leight*25.4
disp_message (3600, 'l mm="+Leight+' pixel', 'image', 12, 12, 'red', 'true")
* Image Acquisition 01: Do something
* endwhile

close framegrabber (AcqHandle)
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stop ()

dev _clear window ()
* Image Acquisition 01: Code generated by Image Acquisition 01
open_framegrabber ('uEye', 1, 1, 0, 0, 0, 0, 'default’, 8, 'default’, -1, 'false', 'default', '1', 0,
-1, AcqHandle)
grab image start (AcqHandle, -1)
grab_image async (Image, AcqHandle, -1)
* Image Acquisition 01: Do something
close framegrabber (AcqHandle)
smooth image (Image, ImageSmoothl, 'deriche2’, 0.5)
decompose3 (ImageSmoothl, Imagel, Image2, Image3)
* decompose4 (Image, Imagel, Image2, Image3, Image4)
compose3 (Imagel, Image2, Image3, MultiChannellmage)
* bin_threshold (Imagel, Region2)
threshold (Imagel, Region, 48,174)
* threshold (Imagel, Region, 146, 255)
fill_up (Region, RegionFillUp)
opening_circle (RegionFillUp, RegionOpening, 2.5)
connection (RegionOpening, ConnectedRegions)
select_shape (ConnectedRegions, SelectedRegions, 'area’, 'and', 300, 99999)
count_obj (SelectedRegions, Number)
area_center (SelectedRegions, Area, Row, Column)

tuple_sum (Area, Sum)
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* get_domain (MultiChannellmage, Domain)
area_center (Imagel, Areal, Rowl, Columnl)
Areal:=real(Areal)
Sum:=real(Sum)
tuple div (Sum, Areal, Quot)
tuple_mean (Area, Mean)
tuple div (Area, Mean, Quotl)
index:=[]
for 1:=0to |Areal-1 by 1
tuple_select (Quotl, 1, Selected)
if (0.8 <Selected and Selected<1.2)
tuple concat (index, 1, index)
endif
endfor
select_obj (SelectedRegions, ObjectSelected, index+1)
obj_diff (SelectedRegions, ObjectSelected, ObjectsDiff)
* moments region 2nd (SelectedRegions, M11, M20, M02, Ia, Ib)
* elliptic_axis (SelectedRegions, Ra, Rb, Phi)
* convexity (SelectedRegions, Convexity)
* compactness (SelectedRegions, Compactness)
* roundness (SelectedRegions, Distance, Sigma, Roundness, Sides)
* cooc_feature image (SelectedRegions, Image3, 6, 0, Energy, Homogeneity,

Homogeneity, Contrast)
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* entropy_gray (SelectedRegions, Image3, Entropy, Anisotropy)
gen_rectanglel (Rectangle, 0, 0, Leight3, Leight3)
intersection (Rectangle, SelectedRegions, Regionlntersection)
connection (Regionlntersection, ConnectedRegions1)
gen_empty region (Dest)
RowConcat:=[]
ColumnConcat:=[]
for j:=0to |[Row|-1 by 1
select_region point (ConnectedRegionsl, DestRegions, Row[j], Column[j])
concat_obj (Dest, DestRegions, Dest)
count_obj (DestRegions, Number?2)
if (Number2=1)
tuple_concat (RowConcat, Row[j], RowConcat)
tuple concat (ColumnConcat, Column[j], ColumnConcat)
endif
endfor
count_obj (Dest, Numberl)
dev_set draw (‘margin’)
dev_display (MultiChannellmage)
dev_set color (‘red")
dev_display (ObjectsDiff)
dev_set color ('blue')

dev_set line width (3)
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disp_cross (3600, Row, Column, 10, 1)

dev_set color (‘white")

dev_display (Rectangle)

dev_display (Dest)

dev_set color (‘red")

disp_cross (3600, RowConcat, ColumnConcat, 10, 1)

dev_set color (‘'yellow")

dev_display (ObjectSelected)

disp_message (3600, 'PPI=+tNumberl+' POP="+int(Quot*100)+'%', 'image', 12, 12,
'red’, 'true')

*fori:=1 to |Area| by 1

* disp_message (3600, Area[i-1], 'image', Row[i-1], Column[i-1], 'white', 'false")

* endfor
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