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PLED Defect Inspection by AOI System
Student : Meng-Kun Lee Advisor : Dr. Der-Baau Perng
Department of Industrial Engineering and Management

National Chiao Tung University

ABSTACT

Polymer light emitting diode (PLED) stacks up several thin layers of materials,
including PF layer, metal layer and ITO layer. Without any other source of luminance,
PLED materials present bright, clear video and images that are easy to see at almost
any angle. Thus, the inspection of commonly observed PLED defects such as dark
point, surface scratch, non-uniform luminance, lack of color uniformity, and
insufficient rubber width, etc, are an importantissue of PLED industry. An AOI
system, which can inspect all th¢ listed defects, was developed to improve the
inspection speed and quality.

Luminance and outward appearance are important quality indicators of PLED
panel. The defects listed above can be classified into two classes by these two
indicators. Class I defect is related with PLED luminance, including dark point and
non-uniform luminance. A conducting fixture was designed to have the PLED panel
be conducted and lit up with 3 Voltage. In order to detect which layer was broken, we
use (a) an UV light to stimulate the PF layer, and (b) a back light to illuminate the
metal layer for image grabbing. Class II defect is related with outward appearance,
including surface scratch and insufficient rubber width. The coaxial LED light is used
for image grabbing. The proposed AOI system can detect the above mentioned defects
effectively and robustly. Such AOI system can provide great help for improving the
PLED quality control process and production process.

Keywords: Computer Vision, PLED, Defect Inspection
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B pixel> 4o 2.8 #751 » #7103 EE F B R g o[- % > 10 pixel x 0.025 mm/pixel=
0.25mm >+ e vt F g ELIF PG S R el e TS iEd Y G

0.25mm > 3 ¥ # [ AT (FOV) 40 > J 97 58] ) o

A
A 4

® 2.8 Grid % %7 & W
$ Grid vz 21 > %15 CCD #rH Fif > M P& 1 R, 8 _Grid frét 5 chiE
R E N FR S Ao BLE SPEERE o BT 4 E enGrid B0 1% [9) s
o % EanGrid BT w ok o pPRAEE h% B R Slice SAR Rk gAe ko
STIL N BLER AP e DREALT BRI FRIP R (T MR Sl R

L)
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242 FEAIEE S B

St

APy FE B 5 [OL-1]¢0— tedic = onE > WA - B gﬁgigx,g{h(rk):nk )
P A xR K BAK Ao AR AR ik Bk e
AL [16)] # TFT-LCD i g = 3] 4 = Hc B R B > 33H &4 B % B e Ff

ECR X EEBRADTIOAR OV RAPE R DT IO R DL R KT

Q.

FATIZF RATIEIZBR LD 2MFRNTIEBRAEY > ILRE KT IER

BEERALEES THIARERHAI 6] T5 ﬁﬁ'x];’]rg_ Voo R R I9- .]J}m;}ﬁﬂ.

R b= % T30 23 B LB RANTIBRARERF THBER 2 LRPF B oD

)
=1

s
>

B W - HEP

kg

v

B 2ARAR T B 120 BB 1 X5 SBAFES S 5 100 7 H T304 bk @ 2
100 ®H2 £ F SBAFFEA B 5 200200602020 H Lok psEs &
100> o TR pF@E v mFs | fe®b. 2> B Z 05353 17 - R - @
FHEIERHAIoRA22F L] PREORRLL .

Khwang [12] -~ g%

’
\

‘-:n
gl
—
[}
f—
()

&40 4 Histogram = % #ipla= & < 12 o
FAR I BURR TS RS fo@ERI 2 R E SRR MR
Pixel Frequency~ % Ff & T 3o e Bl iod Pk 3 HAE S HPIFIEE
BB AR A 2 R S TR R 2 PP R H TG AT e

Haverkamp [2] & 4 » f* & = BEHF § 0P HEE > - 5B KB

ETIES
fin

oo B35 o A E EEE ehd B P (threshold) T, fv Ty » #5856 2
o R BB B FEE B RO SR FER RS TR AP E

Bk RE B L M F B 2 (curve-fitting algorithm) i 3+ #1718 T B ig #7

—x

WS TREERS B LT R AR AR RFY AR AT - B
HE o T fr To@r P 0 R T hiE R 5 3“;@1’?,%;%%:} NELRE

4{*&/2‘ ‘}\] ¥ - F'Hﬁ_lﬁl ’ ll'"‘-r‘}\]amr:’; lﬁﬁﬁ_lgﬁ-pﬂ/}\g l%\ﬁ:\y =

o

Ahmad [10] & * 4 £/ & i& & 3 (gradient based operators)=:¥ % 14 Jp]

FF o % 5 % (intensity) % J2 enF 3R R AL > I * RINF B OAIF T IHE RS
12



- FEE(F HRES T )iTE - EitE o FE @%@fﬁ FH MR R e

B BRFPEEERGAN R RE AL PR RS DL il

243 38
20 15 % (Morphology) [11] & & 455§ 4 .4 21 1 63 3+ 8 77+ o 25 gkt
m?{ﬁ?’\f{f%ﬁ'frﬁd T 7 /}1}" * 8’ lg\ﬁ:\’a 1 B arl AR G B

¥ ngiﬂ:}ézﬁ»:' LigeP Fea & endoe o David fv Di [4])] 1% 4 i & st e

B eaEE T BN S A R S E R RS A E R
e > g XA P R R $ fen! *ﬂ}# W pH- o

2.4.3.1 "'k {r iz 4 (Dilate and Erode)
37 (Dilate)i& & ,Tﬁa{fé B tfad inde REIRA R R 2 £ > @ B4 (Erode)
Lt B P NS 5500 BRR G R S (x,y) 0 L b(s. 1) B B
% (structure element):& 7 4 Ff B2k foid s o B 2 Ko™ ¢
LGS
(f ®b)(x,y) =max{f(x—s,y=0)+b(s,0) | (x=5),(y =1) € D,;(s,t) e D} (2-1)

A

aw

(fOb)(x,y) =min{f(x =5,y = 1) +b(s,0) | (x =5),(y =1) € D;(5,0) € D, } (2-2)

29 D oD, A WA fAeb T EE o

2.4.3.2 ¥R 4rF & (Open and Close)

FOGIRE R ez @ v ie- g B 4R E ¥ (Open)fri & & 3
(Close) - 7R 5 £ (v if2 BAEY » L (TR G WIEETE > Aot ® 4307 1

e fﬁ ¥ 2 32 Jﬁ&«\ijﬁ“%@&\#ﬂ’é??ﬁ?éﬂw?ﬁ‘iﬂ"f%;}%%ﬁéﬁ% o B LiE

BAFRGLPEEE L PR ReEE  Hr AT AR 2
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W - TR AR TR B A T SR A i 38 o

YT

fob=(fOb)®b (2-3)
B e

feb=(f®b)Ob (2-4)

2.4.4 Blob Analysis
Blob #4731 & A j¥ - %RF G o FERAPE R T AP ARl 8L T FAF
P PACET S e Hp R A GRS B K A = 2 o 913 blob» 454 %
231 s LHApR R Bk T AR ST S DR A G
Bo o fd - HAREL0 & 2300 chif ko & v R o g e [21] U7
Blob # 17 %38 AU iE 2. B ijet chg & JHR AR 0 A TR R T B T RE
SRR o et [18) 41U Blob sttt s CRT 3 % 6} B iha
Sl T RETEOR S ) AR AR e
T 5 E_Blob A 45 % * % i gk &4 2 [9]):
Lo BAGHGS e TR R
2. AR GA 0 RE B 2 blob £ blob 2 B F # a4 o i K 1% - B A
B2 WPFER S 00 @ % -blobz APFER S X300
3. F1* A& & (Morphology ) #-8 % A cngein 2 e
4. X T blob I ppfFenigit (kT2 LE 3o Ao E IS )

5. 3% (Calculate) 45 T » 4755 % o
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¥

I
iy
At
&+
o
W
=
B 0\%
\-.

51 PLED 5 Ta g7 FAS BE L ASA L LT G BRE{rd &R

£F % F @B AT AT ] - PLED BOR HRIIE P k55 ok Bhfo ot L2 A 5

ST R&R F -3 s PLEDFRLZRR > e BRI RRFBHERE S F =
% PLED ' Bligse » ¢ 4 021G ~ B 573 LE ko n TH* - fFkhg2
B IR RE D R AT AR R AT AT A B2 R (TRIR R SLE R

-ET/‘—’ fsfuﬂ °

3.1 PLED % kgL R

PLED %78 P i & ¢ 2% 2L (dark point) % % B % 32 (non-uniform
luminance ) & & o B2 2R3 8 FAkBR Y > N BRI BB TR SF R LT
FRARLS > G LR AR L R B G g BEECR 3 4 T F FY PR
Metal & i & 2 8 5 F 5% o “Lr'”f 5 Hs BhpoR 0 R R - ek PF R e
Metal & -

ARy Rm BRI S A 2 BIE D KRR ¥ - BIE DAL BERR F S B
WP ALE PF AP %= B3P A5 Metal & &R o 7 £ & mriom BLER 27
FA LA PLEDETRAREGTRAE S ok #2  L8FS - BAP
fed = BB P ko H FL-PLED B & #7817 el (f T & 2 2] %705 BRI 3

& PLED = P in g ewh— K o #7000 Jf AR5 R - K engrfd o oA B3k 7
Fe ek % Ao B (T IROR R R T A BE o %%‘FJ ¥ #| PLED = P ié.f:“é—’}?éf’:i - K >
GRECEN S L TS FE R SRR S

MHEEEARLF o FB BRI ALE L B 3.1 A2 o
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#PLEDE % i

Bt

7~

o5 2Lk P

LT E R

il
Metal & 7 % >
Y

B R F i

2 T o BhE P K

B 3.1 o Bh4a P A RY 0 AT )

3.1.1 #%%IE'J
PRt Rl PLED € T8RS o o h b LBt LT A 4 o B hmgh o
AR LR - 0L (W32 % B PLED » 230 1 3V TR @ 24 %3 (75 o 31

B3| e ko] 3.3 95T o
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(a) PLED ;5 & (b) i T 8% ¢ PLED # i}

@] 3.2 PLED 5 f iR B~ i 35 35

B 3.3 i 7 2% (695 1] h PLED ¥ ffe

3411 AR Rlw B 2

AFPTERNA R E o Au e LG THE Gap - EitARE ) fo Twgs

B BE | TR P 5 R BT

Q

"# Gap =
(1) BhLik

FHERE S F o R 24

=
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(2) Find Stripe Method [9]
FI* T & AcH] 3.4 2 Stripe Marker > ** #7% = [F] ) (measurement box) 2. #2 i -
HR Gk T L PP BEEATE L AR R E(R 3.5) 0 38 edge
value ° edge value £ 3 Ap 2R P2 Eend - § H @+ 383k T threshold » 4 71 2 e

7 edge 35 1 & % & 2 Stripe Marker o 395 (g A FF @ eh® it > ARGt 5 35

DR B e L2 5 "markers” o F 35 P4 wmarker 2. {8 0 Qv B H ZF A
Yk

+— Search region

Stripe marker
(with a vertical orentation)

] 3.4 Stripe marker ‘.’:-5'-‘?_*:\ N 3.’?‘1;:’4!&3"% A B ehifoE Rt

r2 byt 2 - PLED €8 fr-R T e Gap 8 MR kT etz o B 3.6 5 14

IR TS A

:‘F

=

Qe

¥

iy

2]

—b

"

I

a

@

"U
Y pgEEEEEEE
EEEEEEEE
EENEEEEE
o HEEEEEEE
o INENEEEEN
EEEEEEEE
EEEEEEEE

i
*m
(U]
|
&

S
e
“f“‘

B] 3.6 418 3.3 £ pis B
(3) Gap &4

18 8] 0 K ch Gap 14 A B & 255 H% 0 4o 3.7 ron o



(4) m¥mz @&
B ifo 1 24995 90:F 2.2 Tk & (Threshold Value ) » #-4 F B2 i@ & ik
2t (PiXGIS) L’LU‘EF f_ﬁﬁﬁ?; 5] fk\ﬁ?\&ﬂxgﬁf @:ﬂf’_—% E oo — AL gL - 7']\]1? & A V‘JJ?‘;{

L 2558200 T & B2 d o - Bt WHFEE N4oT o

255, if f(x,y) > Threshold Value (3-1)

0, otherwise

F15 PLED ¥ it & 2 & B 3 ¥cmpop » “7rl @i2 1 H - PR BRI F
FAR Ak FI ALY R I%S B3 2 B PLED A & 16(17)x32(71) # +
¥ H(Block) & 13 T Huid F x4 05 kEE(Cell) > 4o 3.8 H1R o Siptipat S

TR OAPFE S T AEE B REEER T O EHB IS o %

—

Bopfod B A BNk o 2 A B 18 SR i ] 3.9 Hr T -

16%32{[5Block
AN
s N
44 {fdcell
® 3.8 PLED = & i* % .4 &7 & F B 3.9 B33 - it s
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(5) Blob Analysis

G SRR S S SR

=

B 3.10 Blob 4 47 3 %
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SEE et s g T Gap = I A BLE ) IRARRI A R 0 4o 301 4

#P>-PLED & B

A J

-

Y
BRI T e LE
ek T Gapiz ¥

4
1255 e P #-

Gap# /%

A-kpom ‘:?::ié%/,, E3)
= 16x32 % ¥ e o
A B RHC ZT4K4
Fcell

\J
FBE B R
Histogrami % 7

- T

Y
HoEit iR

%34 7Blob & 4%

a5 BEIBUR 1L 4B
A BE &R

B 3.11 "3 Gap = &1 & 2% | inA2 B
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T B E ) TR T S R BT
BELP AFE N > AP R P AT
FaROL-1]7 R 7 Y (3-2)5 ik 7 I O E
s=(L-D)—-r s 5 f P HEFESDAFFEr 5 REGAIEE (3-2)
(1) i =k
#7P~ PLED BRE 0 0is » #2387 f 5 k4o 3.12 0 #0755

imglnverse °

Bl 3.12(a) =5 BLI R B2 i

(2) Morphology(3] ik 5 & %)
F AR L~ & (Structure element) > F IR 5 4T & B b ik

(feature) » @ © Gap » “T& @jg2 ¥ & » PIBHE~ & ht | & A 3B R I |0

Gap = 11+ F RIHE {7 4] fi 5 1 e 38 5 (open) P » 4 $H L (7 2 4 (erode)i®
o OBREAEEs 7 EREN Gape T2 LE Gap BRI BikE oAk

T Gap BRI 2 Bk o AL AR 2 B A% 5 I5x] 2 Ix1S i
R F o A EKT 5D (5,0)=0|s=0,-T<t<T} 2
{by(s,0)=0]|-T<s<7,t=0} > ¥ BERF (B 3.12 (b))t (FEREFY > 44
K% B AT 5 imgOV fr imgOH > 4] 3.13(a){- 8] 3.13(b) - /<l ¥ ¥ 11 F |5
B EHEAE RS 0 R (Gap)RlAET T K
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Bl 3.13(a) L3 BHAREFURET B3130b) kT HEAFEFERE

5

B 41 -

i

W33 mEE &%

(3) Bijtw

#-imgOV 4r imgOH & & = W@ﬂ«iﬁ oo T LB T - o BRI 2
‘ﬁ::“ B —Lﬁ,ﬁ b F#
f imgMax -3; - m}‘\ \ﬁ

u

=
ey = e
| |

B 3.14 -1 3.13(a)(b) & & & %

(4) BijAnp
BRGSO frgxy) 2 £7 &7 =
h(x,y) = f(x,y)—g(x,») (3-1)
dO3-1RPE ffrg kT HRSGRHL B DA AL -

#-imglnverse & f- imgMax ¥ ™ {8 3| © 7 o BEIER 2. B2 (h(de B 3.15) » ¥t
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T R A B K

Bl 3.15 B 3.12(b)¥+ ¥ 3.14 Ap i 2 5 %

BAPR RS PP AT Bifer a0 A B3 A THE Gap = @4 22 >

APEE 0 7 R RS R A RIS ke

A
g
=
7—4—
B
)
\~+.
Ui
=
-+
i
D
™
“
;&
(S
=
S
=
.
1
=

I

438 38 LB 0 A B 2B 307875 o gt N (F L g ELg 2
WRlZ p B m A B R

SN
E

—\

231 &F%E7? 253 A
123 |4 516
39|36/81 |111|57|34
24129127 127 |28|50
241277123 145 150|126
26(25/123]29 |25|23
24\28\33 |24 |37|25

Nl |l wWlino | —

B 3.16 B 3.15 2 F A 27 & B

24



L [

B 3.17 B 3. 15 2R & 38 2. » 2| % %
(6) Blob Analysis

Mo R AT close BE 0 R W - BoRRE REE REEH
i blob A 453+ 8 B & # ~ -] o 4oB) 3.18 #7710 @ fF £ TR AL 32 s k4

& Al R T L e B AAET T -

. ; 2 : % 3.2 blob & f ~ /]
4 ' :
. - Labe | Area
; |
1 1
&
7 2 11
3 17
4 15
g
5 6
L ]
6
7
9 o 8 224
9 6
10 4

R 3.18 34 {7 blob 4 +7 5% *
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4

g o Beg T D CURARR A T 0 o] 3.19 41

@%%wD%ggm%%>

A
Pl PGS

imgInverse

Y

Morphology-Open

operator # imgOHfr
1mgOV

imgOH{=imgOV & & 3
1mgMax

l

Subtract
(B tfAp i)

imgInverse-imgMax

!

Auto Binarizaton
( p#z B

A

Blob Analysis

3 B ) A TS W NO
% OAF AT S IR
[

<: o B :)

B13.19 T2 84w 4152 | in AR )
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AR R gap F B VIR FEGEFEF o kB L R T
P AACR] 320 2P At g A EICRER S EHE oA R -3 I F VI
ey

FOLRPRPRRE > AT Ty gk dE

BLAGBI2 F B2 o

B 3.20(2) @ B4 L A B Bl 3.20 (b) threshold=75 » & B2 4t A 2] )

ko AT HAREB TS50 et FILR

Histogram

180
160 |
140 |
120 |
100 |
80

Count

40
20 |

1 15 29 43 57 71 85 99 113127 141 155 169 183 197 211 225 239 253

Intensity

®] 3.20(c) (a)2- % g 2 = Ml

B 3.20 o B 3 F P
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3.1.2 PF & ) % 0 % 54
PF & FIH 451 > a0 1% b R pes > A AT 4% UV (5 2 fplw %
S Nk on R RAoB 321 0 Bk hoB] 322 Sr o SR 322 F AT 0 A

X3 %I PFRiRas > o BRPGARE RN > 5 P AR o

wr| IR/ A[PLED /
1 i

Bl 321 PF & B thpl 2t 7@ e, W 322PF & BRB ik

y Bt e
3.1.3 Metal & £k 2>

F15 Metal & 5 7 37 & BATE S o 5 2T BT 0 50 4 kR
R R R R S AR N AU S

AOMHE L U5 3 A4 e 7 L Ble @ 3.23 0 Bl % 4ol 3.24 47

S PLED .

B 3.23 Metal & R thRIZE 7 LB B13.24 10 &k jfors~ 7 2 Metal & R B i
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3.1.4 PF %k 4= Metal & & pli% & 2
PF & - Metal & stk iplis & 2 5 0 L B35~ % chmpop B2 (0 4 % > 41
*AEEE Y BRSNS RE AL B RBERE O T S R o &
ST e R BT
(1) Morphology(%] & & :& &)
* 15x1 B 4§ A B PF R B2 (] 3.22)2 Metal g B ()
324)F 8 > &% 4-Fl 325 foF] 3.26 - ] 3.25 ¢ 7 12 f BB OB Bk S HE

~F A B320 IR EST L A F B (Gap) R FET T Kk o

. . )

B 3.25 B 3.22 /5 1 = Open & & & 5% B 3.26 B 3245 1=t Open & & % %
(2) Subtract (¥ HAp R )
HRAGFERPHHFALRE TR E Y © SRBOR P foniFicd “f E
Jo B AU B AE B 1S B R AR R TPV A R B TRY AR R ;%@urjv,éf mEP L

PR J;;I;u{’fg TR BRI H S % AoR] 3.27 fr @] 3.28 #on o

B 3.27 BI3.224c@ 3.254p %% B 3.28 B 3.24 fcB 3.26 4p Rt % %
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(3) Binarization ( § k= &)
B OTRR BRI S E T R A BREET F B R 2 TR
% (8B e A FF B Bl(Histogram)4e B 3.29 v 3.30 » 7 14 {7 3 PF & {- Metal %
B AREA G RRG B0~20 24 A B > S S TRR B 30 MRS A

%A Atk > B2k heR 3.31 r 3.32 47 o

Histogram

8000

. 6000
=

2 4000
O

2000

0

1 20 39 58 77 96 115134153 172 191210 229 248
Intensity
Histogram

4000

.. 3000
=

2 2000
O

1000

0

1 20 39 58 77 96 115134153172 191 210 229 248
Intensity

@ 3.30 ®] 3.28 e FF A i
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Bl 331 B 327 = @it %% Bl1332 B 328 - b &5
(4) Blob Analysis
PF A Ui (.0 B0 1 § RWABT 2 7 LA BE P & (close)i § - #-

B At 4=k o 4ol 3.33 5 48] 3.27 7 11*11 mgﬁ@g IHEF2XPLES R

B333M32T RGP LEE L%

% o

- v 15 e AL 17 blob 4 45 > H ¢ % blob & ff + 3 blob & T *LiE -

ST SENOY

-

251151 l/:_%_ff'\i ”"Jg’?%m’ﬂialqﬁ&h?#iov&r@

e

334 401 3.35 53 L5 4TS 5 16 3 41H 33353324117 blob A 472 B %

ES R Ao )k

31



® 3.34 & 3.33Blob 4 7.5 * @ 3.35 [ 3.32Blob 4 47 .% %
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& v ek 4 PF R fo Metal & Bt )i £ 2 AR A 7 40 ) 3.36
S

72~PLED PF -

Metal Laeyer &*

Morphology-Open
operator

¥
Subtract
(B A r)

¥
Binarizaton

(Fifs B 1)

A

Blob Analysis

i

Bl 3.36 PF ~ Metal Layer i ¥ B /# 5 % in 42 B
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315 2 B # R BLTE 2

4 PLED 2 B ehda3 B A5 3 E ps 2 5988 %8> 7~ ¢ - ¥ PLED
AER RIS REFRRD ARORELL S FHRF R RER LT
Rigimitdiee HigHiz4o7 ¢
(1) 4 & PLED

A&7 PLED 377 % 38+ G 64(17)x128(F1) 1B 3 5k Bh > #-ipatt 5F L 2L 4x
4 g kabs =4 16x32 BF FH > 4oB] 3.8 #77 o

(2) £%2° W

,-\

FHEERBRIDOUFE >R DTRFIY BF DU Eissr
(3) BHAFAEWVR
MAEBF FHOBF A EL L% FEADRAR > R {oizF R paRN4

FRBVGPEATFE DL R o FIRA PR 10 BARL R T i

\*‘4
S

}
i

L %
TR ARRIEE(TLE LSRR D) s CE T RRZ AR A RS
ARG RH2Z BB A EL B L 10RERREE M B Rl b
A
LA A ILRT G A N E LR BN ek 330 B - A
FoFEABAN AR AARY ARSI o E - AR FABRNE
o Flgb e B g g ik AL AT AR < el eha B g TR
PLED 34 5 4 B+ %3 » KT Ric4d B+ %E > F LR <310 B

B0 WA TG AN B ARG B BIE L ERA R R

7 ¥R o

1112|121 | 129

2| 113 | 122|129

3114|123 | 131

333 A kb LB P
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TESTES E 87

PLED %R R ik

SR MR RS R HRIE B AR A T 0 0B 337 SR

BT A
& dxd B T B

BT A B
4’ -,

1

= 16x32 18 + ¥ He

A
FEERBIF M
Histogram=
ebkhoB W E

A
FTEE BRI BH
Histogram=
edkhoB WIFE

B 337 2R3 B RITE 2
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3.2 PLED * g4 i

PLED “t s 2 & ¢ 354 » %] 4 (surface scratch ) 2 % %7 & (insufficient
rubber width) @ f& > & & B L SR WPl KR K LR R B2 o
3.21 4 % 3§ B kR &5

AT B LED R (7B LR A RILE > @ - BLiF
40045 B & B3 CCD RS = 0 883 33tk - Lok g 5d 5
FoT Lt o RS HF Sy kR > - L ¢ FHMF & CCD F =i
PR T MR8 DR AP A G o n AL G AT P R AR R

Bk o H KRl T R B4R 3.38 T o Brifs % 4o W] 3.39 4 o

LED R $a A || | sg
4 A Eﬂﬂ PLED | il %

B 3.38 % & 21 5 R K RT L B B 3.39 & & 416 Bon &

322 % & S G HBIFE 2

FRFE R B GG T 2 0 & f 5 4k (Inversion) » P 3 {8 B2 2T 113 metal
B ed Ak ArB 8 en@ o Bt W 02 metal B BORHRBLF B 2874 6 21§ ok
o BB R RIE B2 AR LB 3.40 AT o AGFH R LSRR S A4oB) 341 47

I °
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#P-PLED% & 3

W R

A

Blp v

A
Morphology-Open
operator

¥
Subtract
(B HAn )

A
Binarizaton

(B 1)

A

Blob Analysis

Bl 3.40 % & | § B AR RIF B Z I AZH
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arlina T T LRSS £

()% & 21 i B B i DIOEXIEE Xty

(c) (b)3t 7 1 = Open i & & % (d) (b)fe(c)hp i ¢ &
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3.2.3 B 5P R

B PLED # k&% Flaia a2 p ~eh M He ML gld § 25Pa R
v ¢ EP AoB] 3.42 41 o I A keh VT N b e BrEEIL T %
HEIFP M HERPES SRR T A RBIE R A kS

PP HFRPT) PR A ] 3.43 Aron e

kT B T 9 BB

3.2.4 R RIFE 2
A% &2 L & 4% Find Stripe Method [9)] &3+ &% » H o1 * 3 24

,%-&r"f:
(1) &= ‘%/?#’%]
4o 344 #5w 0 P E A PLED #k R hd T 2L R AT i

IR EFTRDER T AHER I BN RFER &K KRR
ﬁ)—io%— E" "% "83/}%\—[83/}? ‘E/{E" ﬁ‘ A\gvlj,{ii,{l }%@‘-/L:ﬁ
i#] 4 1) St BLRGRIPE C ek 3 R BReDE F oo #5124 % PLED

KF R TR AT PRERER o R R R R FIR L5 (Left Start X,
Upper Y1) I (Right End X, Lower Y;) > 2 ¥ LowerY; 5 % - B# £2hY A »

@ Left Start X ~ Upper Y; fv Right End X 5 £ 5% # feni@ f Ak 5 T % 5 g B

39



FRR LI B EAR R > 7 i ks Upper Yo dp 8 B (8 - 5 B gen Y &
%@ Lower Yodg enE F R PR Y AR =B T HERFFE X+
K 5 Left Start X(F R B2 i = 3 it X &%) F| Left End X(% — B3 £ 281X &
)Y = v B Upper V(B F t 3/ Y A4R) % A2802 Upper Y, +a 7 %
BEY BfE o a v R s A FIEFRP GenR g Y BiR 0 4 fr%é'ﬁ— [R5 325
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