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DEFECT/FAILURE ANALYSIS

One importance component of computer is Hard disk drive. This component
is main data storage in computer. In hard disk industry, the hard disk passed various
complex process and tested system. In each step, it will generates a large data and
recode them during test process. This data is useful for failure analysis, find root case
of failure and solve this problem. In this paper we propose the Image processing for
help to analysis and separate defect mode on media disks by use data form record of
result after tested process this method will help to increase speed and accuracy in

failure analysis task.
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blue blue min (red, green, blue) (2.1)
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Green Yellow

Cyan

51U 2.3 ALV HSV

Mnanyay TuAauedIzul Hue WU IA19819 08MHIAINZNIND 0

1Y A 1 1 o 9 I = [= = U B~ A A F) 3}; ==
uAMIAeIAUNINY 0 1a2 hue azTuyuvesd (a1d) Ianiullawanawuazdmsanadd

=l

1 1w Y o Yy 1 1 A Ay Y TowoA o @ ] 1
AUNINUY 0 LLﬁ’J“’l]g'VHGI,WVI,ﬂJiJﬂT’UEN Hue maﬁw"lmzmmmmumnuum AIDYNLBUH IDNTN

=

¥12-61 dudadialaduiadia it 0 axr i a R 18y e dRmasms 1rmin

a d‘ = ISP ' v
NITNAITUUNDTLUAINAUNIND O

(240xblue, ) + (120xgreen, )
blue, + green,

. A a QJ a9 . S 1 [ 9 a A Y 1
Saturation ABANNUIFNTUDIFBINT Saturation UAUNINY O LLa’JﬁTI]lﬂﬁlzll‘JJll
= I A Y "y . A 1 o 1 12 = [
Hue F2UTUIDIUUAD Saturation HAUNINUY 255 LLﬁﬂQTJ"Iﬁ]SlljJiJLLﬁQﬁ"IJ"I’JWﬁiJﬂQlﬁﬂ

Y
Saturation auIaf N ldaail

max(red, green, blue) —min(red, green, blue)

max(red, green, blue) (2.3)

Saturation =
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Value A9AMNEI19UDE HFaau1503a 14 Taea1nnuduue a1y aI19u0d

' a A @ o Y
LlﬂﬁgfﬁflﬂﬁgﬂﬂﬂﬂuﬁTN’]iﬂﬂ’]u?mulﬂ%']ﬂ
value = max(red, green,blue) 2.4)

233 FYUVUALUU HLS

SEUVTUVY HLS (Hue lightness saturation) Wl U1 1AY Teletromix Incorporated

[

Y Y
wildnyazadieny HSV asliiedveesz D9z IU0GN Hue Lightness 1182 Saturation

L=1
(White)

Green

{120%) =N GLR)
Yellow 5 Blue
(180°) A (07)

RQ‘E{:‘_—_ Mapcnia
(2407) {300°)
s

4
!

/

\ /

31U 2.4 uAAITTVUT HLS
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A ! =) v d[ IS %’ a 'd‘ S A 'd‘ =) 'd‘
Hue A9AIUDNTHANTINTUUIUDYN 0 DI F1u8210gN 120 d3IALUASTUAIDYN 240

A o

. A R SO = = I
84911 Lightness fomAaNuaINTIzianasun)asamunuanu L Tasn L = 0 azidlu@en

I A o Yo 2
L =1 atugvn mmmmuam"lﬂmu

max(red, green, blue) + min(red, green, blue)

lightness =
g 2

(2.5)

Id AA o g Y o [ a 4 = =

CMY (Cyan Magenta Yellow) 1luszuvannanvumnlddmsumsnunnna lneil

a o A A 2 A ' . . X = = ¥
avanAed Cyan Magenta LAY Yellow 413801 Subtractive primaries Color (F1LAN 1LV8IAS U
(3% i38031 Additive primaries Color) 32 UVAUVY CMY anunsonla laemsiuedluszuy

Y
RGB aUAUauaaine

Y=1-B (2.6)

= o Y o 1Y a 4 =\ LY = 1 d' :ﬂ' LY ]
VU CMY i]%uWul‘]_]GlG]fﬁTﬁ'i1_1ﬂ"liWiJWﬂTWﬁ!mfN‘liJﬂ!fI/IWIﬂ’JSLHfNﬁNﬂ‘lNENuliJ
v

9 A o Y 9 [ = 9 .
ﬂ"lil']ﬁﬂﬁﬁﬁﬁﬂ?llﬂ@ﬂ"lﬂgﬂﬂ@\? AIUUIIUNS 52 UY CMYK uni1ag K = min C, M, Y)K

I aa A o
WUaAN 4 unuaa

C=C-K
M=M-K

Y=Y-K (2.7)

234  FYUVAMVY YUV

sLUUANUY YUV Mg miuInsvimiuuy PAL tag SECAM B389 150811

U

<] '

1 ] U @ I o {
wae 9 Uszmalag Y AoA1nnuaaeuosmn aaudyana U wag v dudganaiinuamd
oI ava lalszuy YIQ wldunuilosninwundyn s I 1oy Q am1snan Bandwidth

9 - d' 9 d'd ' o
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24 N1INIIVIYANN
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senindyana lihnuniwde
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ANUATULAIUDIYANTN
. 3 ) . 3 .

2. maasumnlasvesdyara liluiunisuldsunlaviisudunainiudves

fayana TiThgnimualassanmsn/deunlasmesuinavedinges
(% I @ aa 1 I~ @ Aaa
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2

papm 1

9 Y
aunsaadnmlninliguaimgeannonganmin1d windyarasuniunaiunnugu
{ < ' ] [ 1 @ %
AN DUAaZATIWINTANYAZUANAIINY HINANUTULTIV0A TUNIWHILIgNTUNIY
118115911 an NUTUIAIVEIA NN MDY B dwHUALINUIILINY taazga Tunn
o oA 9 a ~ A = ~ % 1
Haans i Idvzifiaanmamay (Mieiden) 91090 anUYeI WA < Tuganin
J { a 4
2.4.2.1 minsestoyanmiagldaundouuuadinmans (mean filtering)
ax dy FIAl A a o 3}4 =
Mtz lFANRABIUVANAMAATUDIPANINUA HINNAINUYUIA N x M

Y
1%

Y
MHUA K NN lj1ﬁ”|l|ﬁﬂﬁTu’Jﬂ!‘I’T”lﬂTWGlﬂﬂJhlﬁ)ﬂ\iﬁ

[(x,y) =%i (%, y) (2.8)

Y ~ o [ v
Tagn (xy) = ANuduLEIUeIn o AuKUe (x, y) Tunmeaawns

2422 minsostoyaninlaeldnisegiu (median filtering)
Y [
M3tz 101 NUT NI AIvDIgANATIN U TUA IR 9 WFEIEIAY (sort)
Y 4 = 1A 1 9 o 2 I o B
nindoslvwn Miniuezidenmnegasainare 114 vindruawiinuaiusaugan
Y A ] ) 1 A ax dy 9 Y ~ o v R d Aq ¥
niaeeNogasana1ziiwvnunas 3mstzdeslsmssesdmusauilunszuiumsnly

o 19 aA ] = @
naﬂumﬁmmmqq !L@]ﬂlﬂﬂﬂﬂquqmulﬁﬂﬂﬂuﬂil%ﬂ

NN 1 MW 2 Wi 3 HRANT
1 21 3 2 3 4 3 21 4 221 3
42 21 53 4 1 21 40 4 2 4 |
0113 > 3242 7 1420 122 2
221 1 1 31 2 2 4 0 2 231 2

A @ 1 9 Y1 o
g‘lJ‘Vl 2.5 LLET@N@YJ@EJNﬂ"Iiﬂi’ENSU’EJiJuaﬂWWIﬂEJGlGD'ﬂTN‘ﬁEJj1u
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Yar (X ¥) = 1(X, y) = 1(x,y +1) (2.11)
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Yar (X5 Y) =1(X, y) = 1(X,y) (2.12)
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(2.13)

GD(x,y) = tan* { Yairr (X, Y) }

Xairr (X, Y)
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V.P(X,¥) =P(x,y)-P(x-1) (2.14)
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2 J o ' Y
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A Y 1 o 1 = Y
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[VP(x, )| =[V,P(x, V)| =|V,P(x, Y)| (2.17)

Y A 4 9y 1 A .
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Mask M¥uUan laaaaun1an 2.18 uag 2.19

Zo Zo Z, 10 1
Mask(E,)=|Z,, Z, Z,|=E,=[-2 0 2 (2.18)
Zo Zy Zy 10 1
Z, Z,, Z, F1 B 1
Mask(E,)=|Z,, Z, Z,|=E,=|0 0 0 (2.19)
Z, Z, Z, 1 2 1

o

MrualiunIAres Mask 191100 3x3 Uazlin WAy Ex 182 Ey 1IA10YHUT

v v = ' oP J oP a = J Y
UAUNRUIUDITIU x HASUBDITIU E PUALDZNAN VD UNTAIUAN IRVINTUNT 2.20
X

iag 2.21

M i) =VEZ (i, )+ EX(i, )) (2.20)

o(i, j) =tan " (E; (i, )+ EJ (i, }) (2.21)
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Smoothing with Gaussian filter

v

Gradient Calculation

y

Nonmaxima Suppression

l

Thresholding
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° 1 4 . .
2.6.8.2 MIAMUIUAVOUNTIATUA (Gradient Calculation)
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2.7 ﬂ13ﬂuﬁ1!ﬂuﬂiﬂiﬂfﬂ“ﬂgﬁfnisll’t’)ﬂ Hough Transform
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517 2.17 naasmaiusuduaswesmsni/as Hough Transform
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VINAUMITVOUTUATY y, =mx +¢ 11099 (x,y,) AWaaslunIni 2.17 (a) A
Y Id 1 1 1 1
AnuFuazgauny y  vosaumsiumaei (m,,c,) ®30i58011aIUVD Parameter  Space
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Ya | c=mx, + ¥,
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(‘ré * -.L'IJ':II
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(x5, ¥5) c=mx, +y,

{‘r] ?_}?I } - -
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(x,y) UUIZUIUOS Image Space taziiimslasuiluszuiy Parameter Space #30iT8N71

Hough Space Adttead lun1ng 2.19

vh

y7n_r+c

v o J 1 J 4 [
gﬂﬁ 2.19 HEAANANUFAUNUTTIEUINANUDUINDT p ﬂﬂﬂﬂ%ﬂﬂlé’}uﬁﬁﬂ



36

o v 7 1 ~ A A I
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272 MIAurduasaly Hough Transform Tuaneaeaiia
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uagimualiyaveininaesla

(2.27)
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A5M3 Hough Transform ABN15HIA1 1INAUNITN 2.26 Taglinmsiriuage

v
(%5, Y,) VB Image Space ANHUATUDN p SINNUTUNIT 2.28

P =%+ Y5

cosd +

05 0 + —=2—sin 0 2.29)
VX t¥Yo VX t Yo

vuald =X +y2 1ag o, =tan" [ﬁj HaZOUNUAVOITUMT 2.27
XO
9
wldmues p awEums 2.29
p =Tr,(cosacosd +sina,sinfd) =r,(cosa —0) (2.29)

n1sudasgduuuves HT WU p=xcos@+ysind voaga (X, Y,) 1u
I J 4
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A < A Y 5 e v D =
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] A 1 A Y] g’; A 9
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1 0 1 1.414




38

_ T =
o 4 2

319 2.21 ueAIdI9819M13911 Hough Transform

] Y
ada K

1Hon3 4 9alnavu 1y Hough Space A1U999A 2 3 4 tag 1 Tunmil 2.21(b)

a
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p =Xco0sfd+ysingd—-p, =0 (2.30)
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[ 1 1A | 4 2 A ] v
Taswinelszemifionnuudieaziinounaiumnaisvilsduna Taolilinnewdes
A . 1 A 4 Y] Y 1 ] 1 [
W30 luued (bias) Tasa1dunadinals p gnilowdiiugaasuazguAUAIAINUTINT

Xt g ¥ @ 4 . I 1 J <3|
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a { [ 901 Y] . . 1 1 [ d o 1 .
16Hﬂ@ﬁgﬂﬁ]ﬂu1ﬁuﬂ (weighted input: wp) aaao lddatansuate Tou (transfer function: f)

f
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“lf\‘llﬂﬂl‘]JUﬂ'l!’ﬂ"l@W!@]ﬁLﬂﬁ?i (scalar output: a) ANUFANNINN 2.22 “B\iﬁ?‘ll?iﬂﬂ']ﬂ’)ﬂ!ﬂ%@?ﬁﬂ@l

a lannaums

n=wp

a=f(n)=f(wp) (2.32)

Input Neuron without bias
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P’ W H"j- a.
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n=wp+Db

a=f(n)= f(wp+bh) (2.33)
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Input  Neuron with bias
f Y h

p.u-'z ”'f aI
lb

L . oy
a=finp+h)

A ' ~ & ' =)
g‘iJ“V] 2.24 LLﬁﬂ\ﬂﬂ‘i\ﬁﬂﬂﬂiZﬁWﬂmﬂilﬂu\‘]ﬂl.l’)ﬂ LL’U‘UiJhl‘ULL’E)ﬁ

k4 9
% U

Tunil £iuiansunieTou dred1asu Wansuduiivla vazadsusSnuosa 1Hudu

1" Aa

o { o 4 ! 3 ! J o [ J
MU NTUAIBUNA n(n = wp %30 n = wp + b) tilowlasuiun1e1dna a (a = f(n)) dmSum

Q

%‘ @ 1 I U a 4 ] = ~ [ 9
1viin w naza luted b nJuﬂwnimmaimeﬂmwwﬂﬁzﬁmmﬂwmmsaﬂm"lﬂ@ﬂ
4 a ~ % ] = A 1 a I'4 [ d'
f;mﬂﬂmmuaﬂmﬂmﬂumemﬂizammﬂuﬂﬂamwwﬁmmas w uag b ansadsunlasu

9 A 9 ' ~ A ~ v o ' ' o A A
Iaie1¥ Insesrelseamifionnaaanganssuauis1AoInNs en@aee1e 15U N159AT1aN
~ 9 1 [ 3'/ [ =1 A Y o ~ Y
MeFEUININOY AL IEsaaeu Insaelszamimenive 119N 1519993 Tagns
[ ] 1 a 4 %’ [y [ =1 A =1 [
Usuuaammisiimesiiviin uag lotoavedlassvisdszainiey wio U199 Iasaane
) A < A A @ ) 1 @ wa
UszamimonazlSumatwes e 197 1dasman Taaieae1081900 Tuaia
d o 1 .
29.1  Wenrumsoreleou (Transfer Function)
J v ] ] a [} [ J v [
Wanduag Toulaguinugnals < ¥iadenu 1wy Wanvuae Teunuuaon
a < . . . . J v 1 a 9y . Jd o 1 o w
$NUDYA (Logarithmic sigmoid) WanFuoe TouuuuFudu (linear) Wanwuo1e TouLuuTINg

< .. Jo 1 o 3 . .. Jo 1
1N (hardlimit) 1/1\‘1ﬂ%uﬂWﬂIﬂullUU%WﬂﬂlLﬂl\‘lﬁiJﬂJW]i (Symmetric hard-limit) ﬁﬂﬂ‘]ﬂuﬂWﬂIfJu

J a Ja J A a J . . . A
puy larleSueanunuuAsnuoss HIeuNUFANBER (Hyperbolic tangent sigmoid) LaLdY

Y
[

) [ a aq Y d v 1 ~ Y A a 4 L&Y 1
61mmmmaa&u%ﬁmwmﬁmsﬂauﬂﬁlw 2 UV A9 LUVADNTNUDYA LazWINTUDIY

Toutuuadu



43

Jd o 1 a Jd o 1 a J
ﬁ\iﬂ‘]fuﬂ1EJT@‘L!LLUUL“]NLﬁgf}uﬁﬂﬂ%uﬂ1ﬂi@ullﬂﬂﬁﬂﬂ%ﬂﬂ@ﬂﬂ

1

fn)= ——— 2.34
(" 1+exp(—n) ( )
a
_____________ R
a = logsig(n)
A S ' A s ” W Saq Y
qﬁjﬂ‘ﬂ 2.25 Llﬁﬂﬂﬁ\‘lﬂﬂﬂlfﬂﬁﬂ181@1!&L1J1Jai’)ﬂ"lfﬂll’f]ﬂﬂ iag ‘[',Uu ﬂBﬂWl(l“]f
292  WanduseTeunuurudu

f(n)=n (2.35)

a = purelinn)

v
o [

Jd o 1 a S
g1 2.26 naraslanFumsae TounuFudy wazdydanvainly



44

210 Tassngilszannifennilanignuuraigdune

I J @
Tou f1Tlu01dna a Aeeuns

n=wp+b=w,P +w,p +..+W,p; +b

(2.36)
a=f(n)=f(wp+b)

Input MNeuron w Vector Input
A A\

P

,

" H»
2
22 ™

a=FfiWp +b)

d' ! = é ' a
gﬂﬂ 2.27 !Lﬁﬂ\ﬂﬂi\iﬂﬂﬂﬂﬁgﬁﬂﬂmEJ?JWH\‘]WH’JEJ!L“U“UWQRJ@HW'G]

d‘l 19 Y A j’ ~ = 1 & [] a
e T lildesnununn awnsodeu Tnseiedssamuilsnionuuvatodunalu

silde Taolddyninnmesawaalunini 2.27



Input Neuron
Sl T ) X
P s
Rxl L“_; P Lx1
X
L= f
1=, b
R Lx1 L
PN J
a=fWp +&)

d‘ ! = é T a 1
q‘iﬂJ“Vl 2.28 !Lﬁﬂ\ﬂﬂ‘i\i“lﬂilﬂﬁgfﬂﬂmElll‘l’ill\‘l‘l’iu')ﬂ!LUUWﬁWﬂ@uWﬁiugﬂuUUﬂﬂ

211 Tasevnedszanifentuuria1ed¥y (Multi Layered Perceptron)

Layer 3
g ™y r . ‘\a}
W, L e R AR L @
—a T s
L, o
l ¥ T l T ¢
", — @’ ", - )
M e (I 2 P S >
l "52:: A : l b’z i %
Loy 1 4 L, 8 2
Hg 1 @5 # n
=5 o D] S g S
I o *bzsa g xb’s]
1 l
. S \ J

a' = £ (IW" p+ b')

a* - LW a'+b) 2 - P (LW7a'+b)

a' = PLW LW 1w p+b)+b)+b)

d' 1 = gj
319 2.29 uaaslasavielssamineuaus

45



46

Y
1 9 3 []
Taseinelseammenuyurialey¥y (Multi-Layered Perceptron: MLP) 1 laseune
IQ { d 1 { o 1 % ¥
Usgamidieunteuldmniga Hulassieiawnsainuiianugudounn q 18 ¥
' Y 79 Y Vo A Ay Y1 Y A, &
nanldin aunsodszgndld lanuaumneunnilszan  Taelidouindedisiuiusuuas
1 ] Y v
TMUIUUITOUMHINZ AN MNN 2.29 aad IATIuedseamNeuuuUEINTy NIWA 2.30 a9

] = g a J
Tasevnelszammonuuvauyulugimning

Input Layer 1 Layer 2 Layer 3

al = fL(IWLip+hy az= 2 (LWz1ai+he) @ =13 (LW32a2+b3)

a3 =3 (LW £2 (LWL (IWLp +b1)4+ b2jeba =y

d‘ 1 = a g’/ )
51U 2.30 vaaslassniglszammeurargdunavatesulugiunuge

TasenelszamfeulsznoudisdilszuianaGoniingou FuFeunodInY 1Ay

: 9
H’Ji@ulmﬁ3G]’Jfﬂ$fNNTL!ﬁﬂ]uﬂlu1mi‘ITﬂ@]’JlluthENU’Jii’]uﬁ’Ji’d)u ) ANFU (layer) AU WIUNI

' T T
v A 1 a =

A ~ . A o 1 J 2 [ = 9 A A o =R 1
ALTOUAINITINIT Weight Tﬂﬂwmuaiaumag‘lummaimEJ’Jﬂuﬂzwummmuﬂumtmaz

vy Y
[ 9 v

iseurzsumdyaudunaMieuaenudiunanualszutana  wazezlddy o

A o =\ & 1 1 g‘/ =4 o A 9 1 g’; 1 v A
INUINDIAWALNIINUIAUNTUU Taeh miywmmmww"lmmmawngﬂm‘lﬂmmmu

Turutlanensae i (wes, 2548)



47

L
Av A A k4

2,12 HIRYNINYIVOY

Aa A a 4 =) 1 4 3’/ a o A A a dg!
AUNIuMsAATIZRVeUTEUULHU WS HUIZNITATIUIUVOUTEMNAT DY

Y

' 4 Y = é’ A 1 4= 1R A
urvies Taguud Tduvesveaderzinnvulovinavouruivesivina lnaauu uaziiie
v Aa (A 1 1 F= < 1 [ < o [ ~ A ) =
arlnussgednielunriunmlesvinadnas uaedie lsimudmivnseinsiuveuds

1w a g’; 1 a 4 y o
iy Mansanluvuaeunfe MIANTIEHIUIUVYEUTFS (DeFect Pattem) 1118491031191

aS K Y T W 1 = d‘ a z% g}J 1 (% 9 1 1 [
Youdsdui Nz mnuuagluuuveudes Nneavutueuana1enu ¢ ez diwanednyme
s A a o a Aa X ' 7 A
YoIMImamsal viemstlsziiudyuzoimuazauneg lums@s MAavuvuLHLIoI N
1 [ 2 d' ' [ ' dy A (2 dy d' = d'
uananuoen 1 TasiadeNaawaaina1nil e JUnuumsnszneaImeiuive e aTen

a 49! a 1 o [ 31./ ax o [ a 4 =y 1 d' a d%’
mmuiumnmmq ] HUIBDN ﬂ\‘]uu’JﬁﬂTiﬁTﬂi‘Uﬂ1§3Lﬂ§1$ﬂgﬂlmﬂﬂ]6\uﬁﬁ]@1§ q NMNAUU
Y

' P Y a ' A2 gy v 4 a da X2 oA
vuusurles Nz ldesuneae 1T 39 ldaiunmsmgluunvesdennayuaail

an v A @ 1 = I ad o [ a
ITMIABUYDINITIVNGUUDIVOUTY (Cluster Index: CI) Wuasdmsumsisediunms

[

' = o a Jd o [ o U o
AUNQUUBDITY Iﬂﬁlﬂﬁﬁ%ﬁﬂlm‘ﬂﬂ1%1@\17]1\1ﬂﬂ!@ﬁ1ﬁﬁ5ﬁ11’i'i‘IJﬂWlJ’JmWWﬂWl@\‘IWBﬁ Gllmﬁ'i%u
KX o o 1 =R Aax dy Y Y] v J A =< < Y ~ Aaw
NANHUSUYDINTITIUNQY GIN’ZIﬁﬂ1§H1@Nﬂ1§W¢MHT®‘(’JN@@LU@Q mmullmmmimmnﬂ

[} '
=K A

119 1891n1357053FMINANUITEA 9 N la e ueaunannsveINIsHIarHive
[ v Y o [ ax 1A Y A a é’ as 1 A 9
N133UNQY uaz"lﬂmmiwwunﬁmﬂwn LWfJLl,ﬂ‘ﬂiy‘ViW]Lﬂﬂ"lll.!%Wﬂ’Jﬁﬂﬁ@]N 9 ‘ﬂllﬂ'i’J‘]Ji’JiJ

1 A

A A I Y v A o A [l o YA A A 9
uh LW’E)Gl.TillﬂﬂTﬁﬁ?ﬂ%'uﬂWﬁﬂUﬂﬁiJV]iJﬂ’NiJEJﬂﬂqu ﬁ"liﬂiﬂu11‘]J1%W’1]13ﬂ!"|11!\1']1ﬁ/]&ﬂ8’)‘1]6\1

Q

nuveudelugduuuais q ldeandidszaninmuazamnsoui 14183
v Y ]
Tag3TnN1sa1e 9 NuIdeaena1niu 1851050389103 MIMIMHUAAIveY
o [ ! o a . . . 2 g
Arioar (a Index) N lavnuuudiassluTudisa¥aay (Negative Binomial Mode) #a1ilu
1 é o [ . ax tdyd 1 A U [ Y] d‘ 9
AIUNTUB IV UTIA0IW IO (Poisson Model) Taeasmstiligasoune myeosdan il laun
° a & aw A A A A A o ]
nnmsmuuveudenu Janvazh liamiveu Tagmmzedaslunsaiinsdsunguued
a2 A o 9 o Iy Y @ I 1 o g’l = 1 1 Aa
voudelisiuiutes il lan1vessarhesnuuiuaiay duiuleaenaneni1sdseiiiu
[ = z& o I Yo d' (] 1 ] d' 2’, d' @
anvuzvesgluvvveuds il ldanvasi luuiueu linaing q insnszaiedives
a & g = @
vouFeUw U uuReINY
ast 1 A 1T v oA o 1 o a d aa a c&l ~ & &
AMIAoNING MIMIAATINMITUNGN Taso AN AATIZHADAINUN [20] Failu
9 [ o :i' A A ] dy A A ] 4
M5 1FHanNMIMUINUUNUNTH AN (Quadrant Methoe) TUMTULINUNHIVO UL I OF
I~ ] d‘d [ g’./ = o a [ 1 1
ponunaie q vesndvuamnu MnHuIBMsdsalduanyaensnszaelunnaz¥es
(% ?xI/ a A v A [ 1 9 as dyd dg@’ |9 1 1
AU ANTAINVDIATINITUNGUAIBITNTU IUURYIAVYUIAUDIFD LAz 13 19D

' Aq ¥ & [ A o Py o o 1 g}; é’ [T
‘b’ﬂ\i‘VIGl,Wiﬂ G]f\‘l’l’iﬁﬂﬂ'li“l/]‘Ll'lllﬂ“]folufﬂiﬂTHuWUqum%%11!’)1!611’8']\1511’0\11!1! VUDYNUANHUS

youtoyanazimiimsnadoulunaazuuy s linisdanisnszredlrvesvoudel



48

o < 1 Y a o 1 A An Y 3’/ Yy [
ANHUSINNIY "l]\‘iﬁx‘lNﬁi‘l’iﬂﬁﬂigL‘JJ‘L!ﬂﬁi]‘UﬂqueU@\iGUENLﬁﬂ‘Vlhlﬂiﬂuu VIANNUTDAAADINU

]
A A 9

1 v
I N IUNIANSNHULYDINTNTZIIAIVDIVD AT DN O UAUNAIY
dyw = o an 1 v oA [} 1 LY d‘ 1 [ a 4
wonnInHglimaiaue s mmarivesmstungy Tuansuz i luedensinsgs

Y aa

=2 g o v A @ J 1 v ax aa 1 a3 a
VBYANNADA [21] %QLﬂHﬂWﬁW%HW@%UﬂﬁﬂUﬂQN IﬂEJUthﬂﬁEI’J‘ﬁV]NﬁfIﬁ uaumsydsziu
] % 1 ] 4 a A o o [ HIPN 3 o
‘58ﬂ‘U"U’E’NﬂTﬁ]UﬂQN‘UHLLWHHLW@i IﬂﬁlﬂﬁWﬂﬁﬂHWﬂﬂ"ll’é)ﬁﬁﬂlﬁuﬁ"llﬂﬂlaﬂﬁlﬂﬂﬁu Hagn
[ [ o =) d' 1 ' d’Q é 1 d' 9 ax dy ] dy 1
N1TIATTAVUDIVNIUIUVDUTINDY TSV INYATDIIANWIITUN G]f\iﬂﬂ/]hlﬂiﬂﬂ?‘ﬁﬂTiu‘U\‘iG]f’N

o [ [ @ Y1 o A 1 = ds! 1 ' <3 as dyd U
AIVNIUNITAIUNQUNUITES quz”lﬂm%uummmuwu‘lﬂ !LGI’E]ElNuliﬂGHiJ’J‘ﬁﬂﬁuui}ﬂ@’ﬂu

q

v
! [ v v

d‘ dd‘ v = J (% J Y [ dd‘ =

ATIN UNNITUNANHUSUDINTINTSINYUAITULUANA NN U u,ssflwmmm@wummﬂu ANUUI
[ 9 [] A Y a A = dy Aas dy [
ﬂ'\iNaﬁlﬁ‘lllﬁ']il'lﬁﬂllﬂﬂllﬂggﬂLL‘]J‘]JTIL!“I/]ﬁ]i\?llﬂ mmmmmﬂtymumam NITNITNITUNINIG
a o 1o an Aaa A [ 13 9 o a J
'JLﬂi"Ig?i’Iﬂ‘(’Jul,ilu'lLfJTJ‘ﬁﬂ']ﬁﬂNﬁﬂ@liﬂi%’iﬂﬂﬂ’)ﬂ LlﬁlﬂufniﬁiNLL‘UUfﬂ'IﬁfJ\WINﬂmﬂF’Hﬁﬂﬁﬂlu

g A A a o o = Y <3 1 [}
LLUUWHﬂ'luﬂilﬂ'J'lllﬁnﬂﬁﬂiuﬂWﬁ’JLﬂ3131’”!@13ﬂﬂllﬂﬂgﬂLL‘]J‘UﬂTiLﬁ‘(’Julﬂ@EJ'Nﬁ’J@LTJ LW]UIJJ

9 [ o Y o A a A 1 PR = ]

mmzﬁuﬁmsumiuwllﬂﬂl%ﬁlmmﬂmwﬂ%gﬂmejmmwUul,munwdaﬁuuummqwm
AauFuFoutiuea

9 v
v W v A

A a tg A A 19 ¥ a 4 aa =KX A a 9
vindymanavuludsin luldmsinszineada awuddiauiteildesnuy
ax A o a £ aa o . . = 3 Ao
5N13N0IAENII 1 UIFIN A (One Dimension Rotation) FUTUMIAIUIUMNNAADINNIG
. . ' a < a
10 (Projecting) asuuunu vt Taomsnyunnu x Tudismianauduunin unums dmmz
~ ' a ° Ya o A A an Ay 19 ¥
MIMBVULIY x 1890819087 1D mMstTanuamnsamunated Tudsa luldns
a 4 aa 9 o VoA 1 Y Y 1 <
ANTIZHENAda vazansoundymimsuenuezmsiunguitanaenu lauaeg1a lsnam
as dy o 1 o Y A A A é’ A A Y
Fmstds himunsaiinisassugduuvveudeinayunusnuvevla (Edge Defect
Pattem)
9
nndemvaluismsdreduinldds iausoir T 19 unal§iald daiuiad
nuveh Idiaue Fmsmariinsiunquitegedeszez i1sgAaReU (Euclidean Distance)

i3 9
[18] Tasi3ua1n ﬂWiﬁWH’JmM115%1’?’JN“Wﬂﬂﬂuﬁﬂuﬂl@\‘]’lx‘lﬂahﬁﬁullﬁﬂ ﬂWﬂuu%ﬁﬁWﬂTﬁ

'
o ! [

! Y 1 =) o v Y X o 1 S A U
ﬂ1u’3mi$8$1ﬂ\1'iZ’l"i’JNigiJﬂvlﬂﬂEJNL‘iEJ\iﬁWﬂ“UVl‘IJLm’J FIATUIUISISUINYAAUAYUITSHIN
Winavesveudeioun A AN tazimItadiauszoz e lauaziimsmuiaszez N

' [J ' = A Y dy o Y o = [ 1
TEUINAUN U GINﬂWIllﬂﬂWﬂﬂﬁ1/?13%851!%8?(1%15&1“11]Gl“b'cluﬂﬁﬂWiuﬂW]fuﬂTii]UﬂQM
~ ] a Y 1o 2 1 Aan ' Ay ¥
‘ll’ENGUEJ\‘iLﬁt’JUlﬂ uaxﬁm13mwmwzgﬂuummma%et’mzmuﬂmmmumn‘ﬁmsmm Vlllﬂ
U [ Ao ] a 4 an o
ﬂaTJiJ'l!!,éjﬁ Ll,ﬁ38\1ﬂ\i"lgljf]a“ll’f)\iQ11!’Jﬁ]ﬂﬂl@\1ﬂ1§vlwﬁl%}ﬂ1ﬁ’J!ﬂﬂ%‘ﬁ‘ﬂﬁﬁﬂ@l HAagNITATUIUATY
A v Y Y [ g’/ Ao dyd Y o as dy U 1 v A
NNANIITINIY Ul’ﬁﬂ’ﬂﬂﬂ?ﬂ muu“lmmmﬂum"lﬂmgmaﬁmﬁuuﬂ%’iumummmﬁmmﬂw
(% ' 2 =2 g ] ~ v = v & au A 2 =
NITIUNUUDILTY “]N!,‘]_]uellu@]’i]uleNﬁ"J‘L!“Huﬁm11!1!‘11’E)\‘NTL!’J%EJ‘L!T@fJiJﬁEJ@%L@EJWUENﬂ'Ii

gutiuauesue i luunn 3



UNN 3

as o A a v
ABNIIAUHUNIFIIVE

(% L =i a v dy I a J A a da!
mqﬂazam“lummwnEnaaluuwu ’1]3L‘]JuﬂWi’JLﬂiT%ﬁﬂmﬁWﬂﬂVﬂlﬂﬂﬂJuﬁlu
a d a IR A o a I o A2 A o a da!
Timuwa@aﬁﬂﬂﬁﬂmummmiwamLﬂumuauumﬂtymwumun%zmmu%szmums
Jd A I3 A A A a ds! ' v K 9 a A a2 A da!
NATDUINTAATNNAD ﬂnumwmmﬂwLﬂmuummuuuﬂﬂmaya Iﬂﬂﬂil%m@ﬂﬂﬂl@ﬂlﬁﬂ!ﬂﬂﬂlu
dy [] v K 9 1 a3 a A & o Y [} o 1 =
uliﬁ]gllll(l%’ﬂluﬂﬁﬂu%ﬂGU@QﬁLWiT?ﬂLﬂUUiL’Jﬂ!TﬁJﬂﬂJﬁ”I"“]N‘VIﬂ‘ﬁnl,llﬁ"lllﬁﬂﬂiﬂﬁ’ﬂﬂlﬂlﬂu
9 Y A o Y a ~ 3}1 o W A A A o
sllﬂll”a]lﬂiﬂEJE"HL‘H@!‘I/I‘I/I"IGlWLﬂﬂ“ﬂ@ﬂ!ﬁﬂuu@”Ii]lﬂ’iﬂﬂ‘Via1Elﬁ”lmﬁs{]a1WQﬂJi’NLﬁEJ‘VI§JLWENﬁ]TL!’Ju
4 v 3 ' A o a ¢ a Aa X gy 1Y o
mﬂuaﬂuwj1"111mmimnfﬂzu1"hhmiwﬁa1mimamﬂmu"lmmwmﬂmmssﬂmmmmmu
2 1 Aa 2 v Y oA o o a
UDIVDILT YA €] MpavraId U Ut NN EsadunauansUseuIananIn
a o = o 1 o 1 A A a Lg 1 v KX 9
LLﬁgﬂﬁ’JLﬂiw‘Vifﬂ"lﬂWIf‘L!ﬂTi‘l]‘i.lﬂ@iJﬂﬁﬁ]‘]JﬂQN"lJi’]x‘ILﬁEJV]Lﬂ@]ﬂJH‘]J‘L!LLWUU‘Lmﬂ"lJi’quJJaiJﬂGIgfhluﬂﬁ
a SR @ o o 1 A A a g = ] Y o
’Jlﬂ§1$°ﬂﬂ\‘1§ﬂu‘ﬂﬂﬂﬁﬂi$’1]18@]’361]@\1%']11!’)1!ngGH!L‘H“L!\151]E]\‘]m"c’l‘ﬂLﬂﬂﬂlﬂ%\‘l“]ﬂﬂiﬂﬁﬁ\lﬁﬂﬂ'l
9 (% o Y 1 < = 9 A X
ﬂ’J'llllflJﬂi]ﬂ‘UE‘ﬂmﬁ]"lJENﬂillu‘ﬂWLLa31/]1f‘lﬁl,!,fslnlsllllﬂ’e)ﬂNi’Jﬂ!i’JLlﬁziJﬂ’ﬂllgﬂﬁEN‘JﬂﬂfNGUL!IﬂEJ
aw Y dy o a 4 = Jd a o o 9 Ay Y = J
‘11!\1']11!7]%EJQU‘]JLH]%‘V]1ﬂ153!ﬂ§181’i@1ﬂ15!ﬁ8%6\‘1EﬂiﬂﬂﬁﬂIﬂfJL!1%@Haﬂ1ﬂﬂ1ﬂﬂl’i)\1ﬂ]®ﬂ!ﬁﬁlﬁ1ﬂ

A a dgf 1 v KX 9 o @ = 9 an ~ 1
9 ‘VILﬂWU‘L!‘UHL!,INL!TJL!‘V]ﬂSUEJyja‘lﬂ‘ﬂTﬂh‘ﬂﬂLLEJﬂg‘]JI,!,"U‘]JGIJ’E)Qﬂ3111!?(8141‘(’11@EJﬂ’JEJ’J‘ﬁﬂﬁ‘VIﬂEﬂ’J

Y o 9 Y A 1 A A a ds! a 9
NIV NAUND Y IV I UNAVDIDINTLTINIDAUVU Gluﬂi%‘]J’JuﬂﬁWﬁﬁ]lﬂ

a d A Aa d‘y " v K Y d a d
3.1 fﬂ‘i'J!ﬂi1$ﬂﬁﬂluﬂ1gll!!“U‘]Jslli’]Q!ﬁﬂ‘mﬂﬂ"ll‘H‘U‘M!!N‘H‘U‘la!‘l’lﬂsllﬂ%q{ﬁ"llﬂﬂa1iﬂﬂﬁﬂ

= - Aa 2 T o =Y
i]']ﬂﬂ']iﬁﬂ‘]el'lgﬂll‘ﬂﬂsll@{llﬁfl (DefeCtPattem)ﬂlﬂﬂﬂlﬂﬂmuﬂutlwuﬂu%ﬂﬂ]@y’ﬂGU’E'N

a A '

Jd a 4 a [ o 1
g130AdaN 1AgNia13U19INNIINTZIAIVBIvEUToNogUULHITUNNTYE NuNTFUUUD

u
Y

@ A A 1 Y 1 (=
mMinszaeavesveudoula il ngulve asll

3.1 guupuveudeiinaainsesguaivesuruliuiindeya (Dent Pattern) 31/t

Y
=<

A A a dy a a ] = 9 = @ [ d‘ a
maqmﬂmﬂmuiugﬂgmuuilzmm1ﬂmmmu,muumnﬂmayjanmiqummaummmmiwa@
] = 9 A a é dqy 1 d' [
LLW’H‘U’L!‘V]ﬂ"ll'lel“aLENTii'é)tﬂﬂﬂ1ﬂﬂ33‘U'Jllﬂ1ﬁ1J‘i5ﬂﬁlU“I)'Q’Eﬂ%ﬁ]gllﬁ'uﬁ'ﬂlusllﬂ\uﬂiﬂﬂﬂﬂi]lﬂ
A A Y I 1 = A a v 0 o ] v KX 9 <
ﬂi$llfﬂﬂ‘l”i‘i’é)i]ﬂi‘ﬁlﬂu‘i@\i‘i'ﬁ')Elﬁﬂ’l"i5?]’Eﬂi]i]%l,ﬂﬂ“‘lﬂﬂ‘ﬁ’J’EJTLJLITJﬂ‘i&mﬂﬂﬂlmuﬂu%ﬂﬂlﬂyjﬁﬂ%$

Y

9 v
liinaems lugduuuil lansau



50

A A A a % ] v =2 9
g‘]J“I/I 3.1 Llﬁ'ﬂ\ig‘]JLL‘]J‘]JEIJ’ENLﬁEJVILﬂﬂﬁﬂﬂﬁ’E)EJEJ“]JG]’J‘UE’NLLNM‘]JHVIﬂﬂJ@‘JJ“a (Dent Pattern)

¥
2 5 g A A

3.1.2  sUuuuveudENINNTLAIULLANNUN (Full Pattern) MINTENYAIVOUTY

QU

Y
2 A

< dy dldy 1 13 A = A a v 1 =) '
UUURUNUNU ﬁ?uiﬁﬂglﬂullgﬂllﬂﬂﬂfl'lﬂlﬁﬂﬁ']ﬂﬂ!ﬂ@]mui‘l’]ﬂﬂ’]ﬁﬂﬁﬂﬂ’]ulluuﬂmﬂ'lw (G
Y ' A D] ~ A A o o Aa 2 = A ' ~
Glﬁﬂ']ﬁ@']uuaglmﬂusllﬂ%laﬂﬂﬂluﬂ'] Llaglzilﬂllu"l”lﬂ‘ﬂﬂﬁﬂﬂﬂ'ﬁﬂ'NTL! NANNAVUIUTUDUINISY
= a 2 s ¥ ' = Y A ) Ao @ A o '
ﬂl’mLﬁﬂﬂizmmﬂﬂmuiﬂﬂmamuwu "H\Tllﬂﬁliﬂllaﬂﬂﬂluﬁ']@QTI‘W'J@"IUUUL@Q NNINITDTULAS

Woudoyalae lutilsza@nsnm

A 2 (J <3 g A
ETJ‘VI 3.2 uﬁmgﬂu‘uummmﬂﬁliﬂﬂizﬁnﬂm’JLL‘]J‘]Jl,meu‘ﬂ (Full Pattern)



51

(% @ ' I
3.1.3 q‘i.ﬂLLU‘]J"UEJ\HEdTEJEMﬂﬂWiﬂiﬁEMEJGI'JLL‘]J‘U%‘UﬂQiJHJu'N!Lﬁ'Ju (Circum  Pattern)
4
U 1 a o 1 J a Jd @
mmmmnm%aiugﬂuuuﬁ ﬁjualﬁtlulfﬂfﬂlﬂﬂ%']ﬂﬂ']ﬁ‘lJﬁ‘IJ!mQﬂWWTinJLﬁ’E)SGIN €] YDA
Jd A o o 1 ] A a A o 1 [ v W ] =
mm@ﬁﬂu‘uNm!,mm"lmmnzﬁu ﬁ'i’f)ﬂﬁllﬂﬂ%'1ﬂﬂ?ﬁ‘VIW’J’E)"Iua\illﬂﬁﬂwﬁﬂﬂlmuﬂuﬂﬂ

U (]
doyalasnss daraliveudomsnszneanilugirwumou

A = o @ R
717 3.3 vaasgliuvveudeninmanszneduuuIUNQUIT UKL

3.14  JUuDVVOUTNINNTLIGAMVUIUNGUUUITAN (Radial Pattern) JUuvUMS

=S v W dy d' (% 1 [ L% (% 1 L= 9 o Y a
LYINNITINYAIANHUSU ’E')WNWQWﬂﬁWmﬂVIﬁ’J’éﬂu‘lﬂﬁiJWﬁﬂﬂllwuﬂuﬂﬂﬂlﬂu‘.a mlysnu

v v oA

ngndudamaau@eY dawarh 1 luaunsaimsiuindeyaluisnaudinannla

319 3.4 uaaszlnuve ATENNTLNBAMVVIVNGUUUITHY (Radial Pattern)
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Y] Y] ] I~
3.15  guunvveudennmsnszneanuutunguiiludu (line Pattern) A11MAVO4
Y
Y] @ [ [ 3

MINTENAIVIRUFS IuaNBUL U IMNNHAa UK dIU o1 unanInInlng

[ Y = a é@' 1 v KX Y d A o =Y o [} ] A @
durayavaNAUUUULHYTUNNTBYE TasuyBanI09UnI sl UITHA 8NAI0E1UTY 1ATDITNT

A A 1 Y (a ova I Y Aa o U a = 1 A
in30eloa1 q uazdlfuaau Wusaliuinuanarimannudenieau liausofiee

o < o & {a X 1 [
W11 lumsinudeyald datusduuuveudeinavuiadislsednsazihodu i ld

u
Y

' % & (Z [ dy 1 AR = Fl 3
DYNYALIU “]Ng‘]JLL‘]_I‘UﬂTiﬂ§$ﬂ18@31uﬁﬂym$u61ﬂ15E]‘]NﬂfﬂﬂE‘ﬁm@}ﬂlﬂﬁﬂ"lilﬁﬂhlﬂiﬂﬂﬁﬂ

= ~ o ) 1 3 9 .
3‘].]‘1/] 35 !,Lﬁﬂﬂg‘llLLUU%@\?Lﬁﬂ%WﬂﬂWiﬂﬁ%fmﬂ@'JLLU‘LI%‘]JﬂQ‘JJL‘]JULﬁ“LJ (line Pattern)

32 MEeseNvaya

= ) ' o Y v A ° Y
ﬂiS‘U’JUﬂ”Iim'iEJiJﬂli’Jyjaﬂ@‘L!ﬂS%WﬂuﬁigﬂLL‘U‘UﬂﬁﬂixmﬂﬂTllijJiﬂﬂﬂ"liuﬂWaﬁll’ﬂM“a

A o I 3 J . 2 9 ' o 9 o A )
nuy ﬂ‘]&lﬂlglﬂulﬂﬂll‘i/\la (Text File) ‘ﬁ)’\ﬁlf’]llvﬁﬂf’]l!ﬂgﬂWﬂUﬁTEﬂuﬂﬂﬂ'ﬁﬂig{ﬂTﬂW'Jﬁllﬁ]"lﬂﬂ']ill"l

o Q2 X 3 f o \
Tadoyantanymziiluinlid (Text File) Favoyaniolwmn lWatisgszydumivveude

u

] < J o Y 9 o ] = 9 3 4
agluglvesunsanazidnaeiisazinmssumdoyadwmisveudeaindeyaniolumnlia
Y o s o q YU o H ¢
twazih lszunana lupnTemasnimgmsainnlddoyanmelulwanta luauysel

o o ) Ay x4 o a ¢ ) A a
!51%31/]1ﬂ1§@ﬂﬂ§ﬂm@yjﬁﬂ1ﬂﬁﬂyjimu@@ﬂllﬂ llﬁg‘ﬂ'lﬂ’ljglﬂi’lgﬂlﬂW’]g“]é@ﬂlfnJﬁﬂﬂJﬂ'nll

k1)

¢ 1 & @ g 4 < J o
auyselmiy nasaniu e ldgadoyavesunsauazisniaes ¥ a1s 19z A0S

H 9 H
uilasgadoyai lauil Ideglugdnuvvesgauaazgaioguuunu X uaz Y nfseuaiouves

o—

A A a dﬂ( v v KX 9 < [ kS o 9 dy Y
FINNAVUUUUAUUUNNVDYAUULDI LASHAIIINUUTIZUIVDYAUNU X Hag Y u“lﬂ“l%

d

a o 3 ' & a Aa X '
WUATIY 1’?“‘]J!L”U“U"U’E’Nﬂ1iﬂﬁ$ﬂ1€l@]’ﬂu"lluﬁ@uﬁﬂllﬂ LWE)‘H’TH"lJLL‘]J‘]J"lIfJ\‘lLﬁ'ﬁJﬂLﬂWUHUHL!WH

@

Uu‘ﬁﬂ 21 ﬁIﬂﬁlW%Tﬁm1%1ﬂﬁﬂHm‘“ﬂT§ﬂi°’ﬂWﬂGlﬁﬂJ@QﬂJ@ﬁlﬁﬂ@lﬂqﬂ
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W
33 miﬂmmngﬂamu Dent pattern
2w o 9 A Y o = dy Y
NuIvgvoriauemsas e lslumsaauenveudelugluuvi Tagaz 1935ms
a g ) [ a 1 { ) 1 {
WioanTIMnaveudsd luduriuaursenmsmaanudgegalugadumisvoudeon
a é’ [ a = %‘ o 1T A 3’, A1 A VAo Y A ]
aTUNMgIgaveInstnaveuded luduriaauiniaununnadmua 1ivse lums iz
Y a ~ %‘ o 1 a a T Ao [ = I
SmMsiAaveudes Iud i udunanunNIMMUaEIIzIaNgunuvesveu Tty
DA o % 1 dy
11U Dent pattern 1ag335mMsmuinaaae lail

?zl; A o =) 1 9 o v 1 dy
VYUNDUN 1 mmmmumawmmmmaz@ﬂi@ﬂ%ﬁumimmmmm"lﬂu
Y.
6 = tan{'] (3.1)

o Y o 1 1 an . 1 2’, 1
muruald (X,,Y,) Ao dumisveveudeunazauussUdolauay | UAIALA 1,

3 2

A = d‘ a
2,3, ....,n A9 VBAFTININAVUNINNA
g’; ~ o s [ = [ L4 9
YUADUN2 ﬂ"l‘l!’m!?iﬁzfJ$1/]NGU’ENGU’ENLﬂ'ﬂlmﬁZ%qﬂLVIﬂﬂﬂﬂﬂﬂﬂuﬂﬂaNIﬂﬂﬂl%ﬁMﬂﬁ

9
Tumseuadaae il

L = JX2+Y? (3.2)

A A A 1 = = o J =
WONITUIL, AD szazmwawmmauuw(xi,Yi)mamm@g{uﬂﬂmmaz 1 U

2

Y v
AR 1,2, 3, ..., n NOVDATININAVUNINUA

Y H v
TuApUN3 MulumIsInNudgege lugadoyavoude

Repeat = Foo (L, 6) (3.3)

H Y ]
Taef i TAaaua 1, 2, 3, ..., n VNANMIVNAUDUI I UAA Repeat > Threshold NiNUA

F) [ = v dyl I =
‘13151%3%i}mlaqmaﬂqumuﬂummmaiugﬂuuu Dent pattern
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34 msAauen3Uuuy Full pattern #azuu Circum pattern 3340UIAIIVIY

=
Uszannnen
Aw Aa 9 A Y [ A A a 49! 1 4
MuuITenunsas e lslunsaauenveudeninavu LA uINe 3
v Y Y
N3ZUIUMIAALINTBYAILAALENLUUMINTZIIBAININIHULaz MsAauen Tuguuuiiag
Y 1T v oA % 1 o Y = I = 1T o a £
1935MsmAmarimstunguinvestsyadazitlumsnfseumevadulszansvoninu
T W a £ Aa % Ao £ g o
nlsdsruFauuazmdulszansvesnnuulsdsiusiszegnedaluauiseruil Idiuen
Tasenedszenmifioudnniwlumsaaengduuy Tagldnaasuden Tnssiielssamiion
1 U a Q(
1111 Feed Forward Neural Network (FFNN) Tagiiualdiaunn 2 uwn fe smduilszdns
1 U ) Qo’ a
vyoanNuulsdsnsaynuazamdulszansvesnnunlsdsngaszez i aganms
' o 1o v { 9 o
NAADINUIIMIHMUA Hidden layer 19101 20 92 1waoonansoonnaiga dmsums
g 'd
Muramamdulszansvosnnunlssiurayuuazadulszansvosnnuuilslsnuds

Y
5383‘1/]1\‘11@]Elﬂ'liﬁ'lu’JmWWﬂ'IGU’E]QL?TEJLW]ﬁgﬁﬂllﬁ'ﬂ\iﬂ\i‘ﬁ

?1’/ A o = J Y o o 1 dy
Tuaoui 1 Muluyuvosuedonaazya lagldaumsauiuaae 11l

_ 4l Y,
6 = tan [X] (3.4)

Y
Q/

] 9
Juaoudl 2 insiesdiauaues ¢ 3naries llwnudsnniumiuiumnm
HANANYDIVOIYNITENINATDIYATIDYAANY TasaNNT

U

A = 0. — 6.4 (3.5)

9
cY o

Y 1 o J 9
Tuao Ui 3 MUIUNITLILNNVIVBUT LAz ANBUNUYAgUInaIt Tag lFauns

Y
Tumsauirudsas il

L = JXZ+Y? (3.6)

i A 1 @ 4 v Y 1
WeNITN L, AD 528z Nv0uRUFIUUA (X, Y,) Hsunugagudnalaas i Jaaaue 1,

=

A a d4a X 2
2,3, ...,n A0 UBUTINMNAVUNINIUA
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' Y
Vuaoud 4 MnsieadiFumves L 1inates lUuandsnintdusiuianiainu

HANANYDITLILNNIEHI NV UTod0IgANBIAANY TAgauns

D, = L —Liy (3.6)
9 S 1 1
Mriva i Lo, NAUNINU O

Y v

VUADUN 5 MUIUMIAAFUNTIVNANFITLIZN lAsauns

1 v A U 1 a S 2

AMAFUMIIUNQUIBITEELNI = max| ==~ (3.7)
D

g’/ d' o 1 U = U 1 =Y

PUAoUN 6 MUINNAMAFTNIIUNGUITFIYN TAsAUNT

1 v [ ! a SA2

MATUNTIUNGUIFINY = max | =4~ (3.8)
A

Taoil A = zﬁ
se = pAA A)
5 - 32
2 _ (D,- Dy’
IR Ty v

Aa v dy Y o @ 1 ?1}1 A 1 v A A v A A
Tuadseit Iaihaedeginunvesnsdesnmiumsulasmasihdayuazasihiz

a‘ [} 1 = ] 1 = &' %
szazmaielSuasu lasavielssanmeunou lagazuen Iassuiedseanmeuionauen
5UMUD Full pattern 1oz InseaelseaniiouiNonauentuy Circum pattern 09021014 11

o =2 9 ) B A (v ) )
fﬂ51]ﬁﬂﬁ'ﬂ‘Lﬁ]\iﬁ@\‘115]5"]!@]"]]@3;!@‘1/1ﬂﬁﬂﬁ@uﬂuﬂgﬂéﬂﬂﬁﬂlﬂfuﬂu
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dmivIs N lumsAauenguuy Full  pattern 1ag1DV Circum  pattern 33411
Tassnelszamifiouniumsdivaeumissuiooudisuauszsusunndmazaaauly
R A ] J 2 a A A & I a
ilugiuny Full pattern W3 liTasominnveosszouiiaziiios 0 vie 1 mniu Hussa

a3 @ I 1Y 3 [~} A <
FTUUNZUAAINAMIAALENoon T ULDY Full pattern uaduiluma w50 0 szuunvg il
Y H v
mauluduee lldehdeyavesueuden la luaauenlugduunues Circum pattern Ap3IR
I a A I I < [ (R . 19
Wusansewniyailu 1 szounzuaaswamsaatenoonu1Iniu Circum  pattern 1A

9
Til¥Avzihdeyavesueudsliiszuranaluiiae lidludu

3.5  nmsdSuasulasesviglszanniia

= 9 A

] v 1 -~ o = Y v Y
el Iasevielszamimeniimsizouiveyavesgnmuaziavoyainein 1
' = ya 9 v "o oA o 1A
Tassnelszennidien laGouiueg 1au9nnszuaumsm aastinsTunguIrTezn1a
T oA o J a = aw dy 9):9:}/ 1 dy I 1A Y o [
ez MAABUMITUNUAIYY Faluanddeies lsnagesatuutumouna lvnulaseng
=\ = a o 2 dy Y o 9 1 = z%l ] A
dszaminendaluaniteruilezdesimainlnssielssaminenivinaeslnsainene
' ~ A v A 5w = g X A A oA
Tassnsdszammeiorislunisdaauledmsvves@slugluuu@ununuasdnduas
Tassneilszannifisuiosiolumsaaduladmivveudsluglunurwminlasluanuide

F4 ] ) Y
vz 14 Tugavesn i InsounFe neurolab tioas1aInssiiedszanmiionaum
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~ 9 A [ = [
f1319N 3.1 G]qfﬂGU@11“ﬁLW@7]']fnjﬁ@umﬂuﬁﬂiugﬂllﬂﬂ!@]uwuﬂ
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3.5.1.1 msdfuaeulasaielszamiiouiedadulavoudolugdunuma

4 1
A A

No. ANFtinsdungudaszaenng | MAYTINTIUNGUIFIYN OUTPUT
1 0.982 2.219 1
2 1.026 0.029 1
3 0.999 0.264 1
4 1.035 0.707 1
5 1.666 0.015 1
6 1.505 0.015 1
7 7.62 0.984 0
8 1.899 0.497 0
9 1 0.013 0
10 1 0.007 0
11 1 0.023 0
12 9.832 0.054 0
13 5.743 84.211 0
14 1.342 14.023 0




A 9 A o = < dy ~ 1
T NN 3.1 Glgmmu“am’e)1/11m'iﬁaummmﬂugﬂgmumnwuﬂ (99)
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No. |1ABUMITUNQUITITLELNI | MATTNITIUNGUITFIYN OUTPUT
15 3.368 19.927 0
16 1.152 24.344 0
17 1.23 24.268 0
18 1.265 8.009 0
19 3.612 19.006 0
20 8.505 19.884 0
21 4.906 21.49 0
22 1 2.745 0
23 1.964 16.922 0
24 1.053 13.541 0
25 2.438 14.259 0
26 2.092 9.925 0
27 1.769 12.623 0
28 4.332 14.61 0
29 4397 42.702 0
30 3.8 8.193 0
31 1 41.847 0
32 10.322 28.89 0
33 4.447 15.808 0
34 1.051 6.453 0
35 2.011 14.305 0
36 2611 18.769 0
37 3.069 21216 0
38 3.576 16.62 0
39 10.065 37.398 0
40 1.081 34.62 0




[
PRl TSIV

~ 9 A o 1 = = =
AT NN 3.2 5])"@GUf]3J“alWﬂﬂ’]ﬂWﬁﬂﬂﬁ@UTﬂiqmqﬂﬂﬁgﬁ’]ﬂlﬂﬂuﬂlﬂ\uﬁﬂiugﬂllﬂﬂ!ﬂu
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] 9 - ' ~ a
3.5.1.2 ﬂ"ﬁ%‘l“ljﬂ"llfJiJ”ﬁL‘W’E)‘VnﬂWﬁ‘ﬂﬂﬁ@‘UTﬂﬁ\‘i"UWﬂﬂi$ﬁTﬂl‘ﬂEllIGUfNLﬁEJElu

k4 H
A A

NWUN

k4 1
A A

WUN

No.  |f1ABUMITUNQUITITLEZN AMAYUMIIVNGUITIYW
1 0.998 0.314
2 0.998 0.012
3 0.985 0.642
4 0.974 0.7
5 0.99 0.481
6 1.012 0.902
7 0.995 0.752
8 1.022 0211
9 0.994 0.308
10 1.069 0.47
11 1.093 0.639
12 0.999 0.008
13 0.994 1.072
14 1.038 0.654

Y '
3.5.13 msadalasenedszammiesvuunn Tasldmda

nl.net.newff ([[0, 100],[0,100]],[4, 1]1) ﬁﬁof‘}ﬂ nl.net.newff ﬁﬂm’gﬂmi

a5191a599181 52 amiflenuy FEED FORWORD NEURAL NETWORK #491neiddazidlu

9 ] = d'da a =1 4 [ Y I3 A o
ﬂﬁﬁiNTﬂiﬂﬂﬂﬂ‘ﬂigﬁTﬂmEJZJ‘VI?JE’J‘LA‘V!G] 2 BUNALAZUDINWANIND 1 L@WI‘V!@]T@]EJ?LI%WH’JH
9 v v H Y 9
FUFDUIIUIU 4 Gyuc'fiqmﬂﬂ1smamﬂimﬂ§8ummmﬁ’wuau%u%uwmmﬁi’mau%wau

A A o Y a 1 a Y A ) @ 9 ! =
TIL“ViﬂJ"I%ﬁlW]‘I/I"IGl‘ViLﬂﬂﬂ"Iﬂ'JUJWﬂWﬁTﬂu@ﬂ%q@ﬁTﬁiﬂﬂ"ﬁﬁﬁNI?‘I?Q%TEJ‘]J?%?T"I‘VIWIEJ?JGLL!ﬂTi

o = <3 dy AA o 3}; 1 1" W 3‘; Id Y
AALYNVDUT ULV LANNUNADIIUIUFUSD NN 4 FuiTluau



60

3.5.1.4 hmsdsvaeulagldmda
net.train (inp, tar, epochs=1000, show=1000, goal=0.02) Taan inp oy
} v 4
YOI ABUMITUNGUITITZOZNN LAz MAFTNMTIUNGUTIYN Fansaoemtioz Tauninga
9 o [ A 9 49! 1 A Y| 9 ' = T g
doyadilSudounainiuuazan ar Ao HhrevesdoyaunazyadavzunuaIaig 0 naz
{ " Y s & A < { <

1 Tagh 0 vunedalildiluveadelugdunuwdniuiinag 1 aznneduiluveademilu
[ I dy A& ) dy < 9 9 Y o ~ 9 zg A 1
anaz@ununadoyatineg ldunngadoyadrlSuaounassiuin  Epochs Aon1

$MIUTOVURINIHEEUS Goal MAANAIAVBINMITISEUT

d' = 1 a | = =
A1519% 3.3 1WSeuneumanuranaia (MSE) Iﬂixﬁl18‘]Ji$ﬁ1‘1/ll,‘1/lEJ?JGU?NL?{EJGLUE‘L]LL‘U‘U

Lﬁﬂ‘ﬁué
Hidden layer Mean Square Error (MSE)
1 1.117981946
2 0.158315048
3 0.180840077
4 0.105053146
5 0.151594433
6 0.161353027
7 0.195780137
8 0.532359108
9 0.283507596
10 0.499443081

o < 1 1 = Yo o
3.5.1.5. MM umved lasavielssarniey Taelamas
I~ [ [
netsave (“check full.net) 921 118DIM5AVAIVE4 15918152 8N
{ o [ < I ¢ A
meounlaminsdsuaauuGeudseudunu 1du IaeazadinlunsFenuildaulu

duauso



352 mydivaeulasanelseamieumiedadulaveudeluginuniwmou

3.5.2.1 afwgadeyarioinmsdoulugiuuuiwmou

A ) A o
AT NN 3.4 G]Jﬂm@yjalwaﬂ']ﬂ1iﬁ@ualugTJLUJU'JQLLW'JU
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No. |A1ABUMITUNQUITITLETNI |AIAIAFTINITIUNGUITIYW OUTPUT
1 0.982 2.219 0
2 0.999 0.264 0
3 1 0.013 1
4 1 0.007 1
5 1 0.023 1
6 1 2.745 0
7 1 41.847 0
8 1.026 0.029 0
9 1.035 0.707 0
10 1.051 6.453 0




A 9 A o 1
M13199 3.4 gadeyariomsaenlugluuniwmiy (@)
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No.  |ABUMITUNQUIFITLEZNI |AIAIAFTINITIUNGUITIYW OUTPUT
11 1.053 13.541 0
12 1.081 34.62 0
13 1.152 24.344 0
14 1.23 24268 0
15 1.231 15.628 0
16 1.265 8.009 0
17 1.342 14.023 0
18 1.505 0.015 0
19 1.666 0.015 0
20 1.769 12.623 0
21 1.899 0.497 1
22 1.964 16.922 0
23 2.011 14.305 0
24 2.092 9.925 0
25 2.438 14.259 0
26 2611 18.769 0
27 3.069 21.216 0
28 3.28 8.193 0
29 3.368 19.927 0
30 3.576 16.62 0
31 3.612 19.006 0
32 3.85 13.771 0
33 4332 14.61 0
34 4.397 42.702 0
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A 9 A o 1
M13199 3.4 gadeyariomsaenlugluuniwmiy (@)

No.  |fIATUMITUNQUIBITLEZN |AIAIAFTINITIUNGUITFINN OUTPUT
35 4.447 15.808 0
36 4.906 21.49 0
37 5.743 84.211 0
38 7.62 0.984 1
39 8.505 19.884 0
40 9.832 0.054 1

] ) A o ' ~ a
3522 ﬂ'ﬁ%‘l“ljﬂ"llf]ll”ﬁLW@ﬂ1ﬂ13‘ﬂﬂﬁ’ﬂﬂiﬂﬁ\?"lﬂﬂﬂi$ﬁ1‘ﬂl‘ﬂEllIGUfNLﬁEJElu

pRL TSI NV}l

~ 9 A o (] = =
AT NN 3.5 Glg"ﬂ‘llf]ll“mWﬂﬂWﬂﬁﬂﬂﬁfJ‘]ﬂﬂN‘lﬂﬂﬂigE’ﬂ‘l/ll“l/]ﬂuﬂlﬂﬂlﬁﬂclugﬂll,ﬂﬂ%ﬂlmju

No.  |ABUMITUNGUITITLEZN AMMABUNITIUNGUITIYY
1 1 0.019
2 6.499 0.386
3 3.05 0.033
4 3.827 0.425
5 4.199 0.344
6 2.528 0215
7 2.578 0.106
8 2.256 0.344
9 4.187 0.029
10 1 0.41
11 1 0.333
12 1 0.18
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Y '
3.52.3 mmsaalasanedszammenauin laeldmda
nl.net.newff ([[0, 100],[0,100]],[3, 11) M9 nlnet.newff ABAITINT
1 ¥ o W I
a5 lasavielszamiieutuy FEED FORWORD NEURAL NETWORK #991nfdaaziily
9 1 = AaAa a = 4 [ 4 =)
msadlassidszanmiioniioune 2 BunauaziiemMuanny 1 101ya laslidiuu
Y Y J H Y Y
FUFOUIIUIY 3 FUFIDINNINA09UST VI A8UAUDITIUIUTUFOUNVIIAITIUIUTU SO U
~ A o Y a 1 a Y A ) @ 9 ! =
nmnzaunm liinamanuranaiadesigadmiumsasielassielsz ey lums
Y Y
Y] o & 1 [ v a3
AALENVDAT IV IUADIIUIUTUFDUNIAY 3FUTT U
3.52.4 mmsdSuaeuTaslamda
net.train (inp, tar, epochs=1000, show=1000, goal=0.02) Tagh inp il
v Y Y
Y9I AHINTIUNAUTITLOLNI LAz MAFTINITIUNGUITIYN Fansaeeniriiaz lauinga
P o (v 4 g X \ Ay D) ' & )
doyailSudounaielunaza ar Ao HhrnevesdoyauaazyadanzunuaIAIg 0 1az
H \ < S A 4 ) i
1 Tagh 0 mneda b l@duveudelugiuuuauiuiuag 1 sgnweduiuveudeiiu
@ =< 9 dy <3 Y Y o 1) A Y ds!
anbauzNuIuadeyatiisng ldunngadoyadilsudounasietumn
Epochs ADASIUIUTOUVOINTIT U]

Goal MAANAIAYDINIHEUST

d’ = 1 a 1 = =
M13199 3.6 1WSeuNsUMANURANA A (MSE) Tﬂﬁwwﬂﬁxﬁmmﬂmmmﬂugﬂuuu

NHHIU
Hidden layer mean square error (MSE)
1 1.83103962
2 1.20963587
3 0.398692976
4 0.424955094
5 0.421209851
6 0.406345331
7 0.433620059
8 0.43870555
9 0.446553005
10 0.43664755




65

o <3 1 ] = Yo o
3.5.2.5 MMsnumved lasavielssarniney Taelaaaa
< 1 [
net.save ("\check circum.net') 9 ¥ U1 gDIN1TIANUAIVDIIATIUTEY
§ o I I a3 & A
Uszenimoun ldvimsdsuaeuinisudesudunu Rdlu Iidimeazainlumsidenunldau

Tususuae il

U
3.6 m'iﬂﬂusmgﬂamu Radial linettasttyd Straight line
v { 1 Id o 1 { 1
Tunszurumsaaneninauisduaziumsiimdeyavesveudeoglugilves
o Yy a o A ] o S [ Ao 2 dy Y a
Text file ¥himsuasleglugiinameazihundnadimsuanidesuilldiauomaila

v
S A

4 o a 4 o <3 v « .
mydszurananmivennsinngitazaauenguuveudeiiludnyag Radial line 1az
. . a ~ Aa v dy A YA

HUY Straight  line Tagmaiamsidszuranammnauiteiiaonlyne Hough Transform

2 3 ~Aq Yo @ Yy A v VoA
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Media Pattern Classify V.1

Media Pattern Classify
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PR GINELNGE MAFUMITUNGN | ARty | yliaveude
IBITLILNN NQUITIYN
1.0 7.959 Radial
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Straight Line Defect Detection with Feed

Forward Neural Network
5 Liangwongzan, A Oonsivilal

Absract—Howadays, berd disk s one of e most popular
siorage compenents. [n kard disk industry, the hand disk drive mmest
pass various complex processes and tested systems. I osach shep,
thars are some faikemes. To reduce wasts from these failures, wes xmst
find @& root canse of thoss fathmes. Conventomall data amalyuds
eqthod is not efective woagh to analhvze the large capacity of data.
In this papar. wu proposed the Hough methed for stmaight bme
detection that helps o debect straight bine defect patterm dat cooms
in hard disk drive. The proposed method will help fo mcruase moms
speed and accuracy in failers azabynis.

Keywords— Hough Tramsformr Failwre Apabysis; Media; Hard
Disk Drive

L INTRODUCTHORN

arm Disk Dirives (HDD') are components for data storage
nzad in computers. They are response 1o varions uses that
the demand of HDD &5 inverse varation fo the cost.
Therefore, the HDD indusmy has wo balance demand with
bigh as such f0 Mmoease capadty aod
production techoology. The defined process of HDD
production is complex. It consists of varmous COMpODSNs,
namely read - head, media for data storage, and medor. Dae to
is complesity, there are some faihmes oocoming in each
process. Most commonly found faflme is fom defect on the
media which capnet be repaired and wastes production cost.
Falbare Analysiz (FA) &5 utiized to identify the fmlure of
defect on media and classify the partemn of defect. FA helps
techricians to access problems rapidly, decr=asing waste and
production cost. However, FA where fafhures are analyzed by
buman i3 not mpid enough. Comsequently, this stdy is o
mrrodnce a method of Failure Pattern Distection based on the
Hough Transform and Image Processing for detecting straight
ling partern oo media to help detecting defect in HOD media
for the loadad case of FA process.

I Houest TrassFoRM

The Hough transform is a technigus used to fnd shapes ina
himary digital image By Hough Transfor i s possible o
find all kind of shapes that can be machernatical expressed. for
instance lines, circles and ellipses, but enly sraight linss wdll
b conzidered hers. If having a white pixsl i a binary imags,
infinity many straight lines can po through that single pixel,
aod exch of these lines can go through other white pizels m
the same mage. and the mers whits pixels on the same lme
the more is this ling represented in the imags.

5 Lisagwongsan i with the Schenl of Mahanizal Engmecring. Surmass
Umiversily of Techoolygy, Milhos Refchesimm Thiilind {e-mal
nirmal fon gy com)

A Dusivilai @ with Cenles of Exelience @ Fleoic Encip, Sl
Mlat=rmly, and Haalth Scierce Pulhl:'l-:r.l Technalogy H.r:lt:l.lL.II Cemaler
Schosl of Elcciracsl Esgi al E
[laiversty ol rndnli:in hi']l.m Raats- b, .“H:III Tlnﬂmll el
snsnl bl o B

This &5 the prncple of the Hough trapsform for siraight
lines, A: menfiopsd above a shape can be found if a
mathematical expression can be set for the shape, and in this
case where the shape is a siright Ime, an expression can be set
as:

y=atx+h Y]
Where = is the slops, and & is where the line moersects the
ms. These paramesters, 7 and &, can be used to represent a
straight lime as single point (2 &) in the parameter-space
spanned by the mwo parameters 2 and & The problem by
Tepresant a line as a point o the (3, b) paramester-space, is that
both 2 and & zoes toward infinity when the line becomess more
and mere vertical, and thersby the pammester space becomes
infinity large. Therefore it iz desimble to find another
expression of the line with some parameters that have limited
boundaries. It is done by using an anple and a distance as
parametars, instead of a slope and an intersaction.

agping

K
Fig. | Mapping of ons w=ique line o the Hough spacs
An important concept for the Houph mansform iz the
mapping of singls points. The idea is that a point is mapped to
all limes that can pass through that point. This vields a sine-
like line in the Hough space. The prindple &5 ilsirated for a
point po = (40, 30) in Figure3.
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Fig 1 Transfrmation of a single point (pd) to a line in the
Hpugh space. The Hough space line represemis all possible
lines throush pl.
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&) pl md"m'plmu&;mnd in the Foagh space

Fig 3 Transfommation of two points (p0 and pl) to to lines
mn the Hough space. The mfersecdon of the Hough space linss
mdicates the lina that pass threuzgh both pll and pl.

If the distance o (nhwo) is the distance from the arizin to the
ling alemg a vector perpendicalar wo the e, and the angle &
(theta) is the angle betwesn the x-axis and the r vector (see
Fipue 1), Equation | can be writen as:

cos{#) Iy

y=——— i —t %)
sin(#) sin(f)

Fig 3 &hoand ovaa repmesentaton of a stradght ling, Each Ene has a
umigee parameter st [ 7, &)

The expressions here, instead of = and & iz foumd by
migonomemically calowlatons. Te get an expression of o |
Equation 1 can be remmanzed w:

2 =x+cos(f) + v+ an(E) 3
Conmary to when the parameters is 2 and &, the vahes that

p and & can have are imited to: & = [0.130] o degres ar 6
1 [0.x] in radians, and p & 2 [- 0] where [) iz the diagonal
of the imagze A Ine can then be rarsformed into a smgle
peoimi m the paramester space with the parameters & and p. this
is also called the Hough space.

If, instead of a line, hawving a pixel in an image with the
position (% ¥), infinity mary lines can go throwgh that single
pixal By using Equation 3 all these linss can be ransfoomed
into the Hough space. which gives a siousoédal curve that is
another curve that infersect the first curve in ene poind, in the
Hough zpace. This poinf represents the line, in the image
space, that goes through both pixmels. This can be repeated for
all the pizels on the edses, in a edge detected image.

A/\-

Fiz. -‘rﬂnmleut’ umghh:e[a}demghspac&{hj
I ProfosE METHOD

A Prepromssing

Fawr data of media defect are created and stored in database
in each local hard disk factory, We used those data for input of
imape apnd preprocess imape by imitially cropped fo size
1100 resolufions and used smoothing immage edze
detection, fileer nodse, by Canny Edee Detection Alzarsthm.

The Carmy alporithm uses an optimal edee detector bassd
on 3 32 of iferia which mclode findms the most edees by
minimizing the emar mee, marking edges as closely a3 poszble
to the actoal edees to maximize lecalizafion, and marking
pdpes only once when a single edpe exists for moimimal
tesponse [10]. According to Camny, the optimal filter thar
mesefs all those criteria above can be eficently approximated
using the first dervative of a Ganssian fincton.

Fap
Glar)= =? e
-;ll'_-.'[: J":' _.'r_' I.IC'EI_,"} .r' rl
o @

whare: gik. !l = cnnwlmm:al kernel
i y) = original image

I ) = filtered image

ZN + I'= size of commhrtional kernsl

Both the Gaussian mazk and its derivative are separable
allowing the 2-D1 coovolhifion operaton to be smplified This
optimization is oot limited to soffware inplementation onby,
bt appliss to hardwars implementation as well, as shown in
the pest secdon
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The non-maximal suppression stage finds the local maxima
mthed:.recumufmegmdm.md supesses all others,
mininrizing falte edmes. The local maxima iz found by
conrparng the pixel with its neizhbors along the direction of
the pradient. This belps to maintain the single pizel thin edges
before the final threzholding stage.

Instead of using a single static threshold vale for the entire
image, the Canny alzorthm moodoced  hysteresis
threshalding, which has some adaptivity to the local content of
the image There are two threshold levels, & high and o low
where s = t. Pixel values above the t vahie are immediatehy
classified as edges. By wacing the edge contoun, peizhbaring
pizels with pradisnt mapmimuds valoes less than & can sall be
marksd as edges as lang as they are above t. This process
alleviates problems assodated with edes discomfinuifies by
ifennfying strong edses, and preserving the relavant weak
edges, in addition to mainfxining some level of Doise
suppression. While the results are desmable, the hysteresis
staze slows the overall alzorithm down considerably.

The performance of the Canoy algorithm depends heavily
on the adustable pammeters, g which iz the standard
dewiation for the Gaussian filter, and the threshold vahaes, t
and t. ¢ also confroks the size of the Gamussian filier. The
bigger the vahwe for ¢, the larger the size of the Gawssian filter
becomes. This implies mors bluming. necessay for noisy
mmages, a3 well a5 detecting larger edges As ewpected
bowever, the larger the scale of the Ganssian, the less acoarate
iz the localization of the edgs. Smaller values of o imply a
smaller Gaussiam filter which limdes the ameunt of bhaming,
maintxining finer edges in the image. The user can tailor the
algonthm by adjusting these parameters to adapt to different
enviromments with different poise levels.

Fesults can be further mmproved by perfonming edge
detection 3t mulfiple resobmions using  muli-scale
reprezentations, similar to the Mar-Hildreth alporithm [2].
Thiz iz achieved using differemt standard dewviations, which
correspond to different resplution versions of the maps. Edzes
bawve zero crossing a moltiple scale valses Combining
maxima information fom different scales allows befter
classification of rue edges.

Convelution at multple resobotons with larze Gassian
filters require even more compuraton power. This may prove
to be challenping to mmplement as a sofrware sohmon for real-
time applications.
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Fig. & defiact sirai ght line patiemn after passed Canzy Edge Distecticn
Al goaithm

8. Feature extraction by Circle Hovgh transform

This step used Hough tmsform techmigues to idemtify
peosition of arbimary shape. T‘tep‘nrp-a:enfmlstethmquhm
find mmperfact metancess of object in parameter space within a
certain class of shape by wotmgz procsdure This woting
procedure is camied out In 3 pamameder space, from which
ohject candidates are obtained as local mardma in a so-called
accumvalator space that is explicitly constucted by the
alzoritimn fior compuating the Housh wansform. For each input
imape in the %y plane. a spherical filter iz applied and the
outcame of this is a set of points in the parameter space. These
points represemt the ceoters of probabilistc circles of pre-
defined radii in the %y plane. Mapping is done for sach point
in the original space fo a oorespendms point in the original
space 10 a comesponding point in accumuolator space and
increment the vahwe of the acommitaor bin

To determiins the arsas where most Housh space bnes
intersect, an accumvalater covering the Hough space is uzed.
When an edee peint iz mansformed bins i the acomlator is
incremented for all lnes that could pass through that pomt.
The resolution of the accummlater determines the precizion
with which lines can be datecied
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In general the npumber of dimensions of the acomwlator
comesponds to the pomber of umkmewn parameters @ the
Hpuph trapsform problem Thos, for ellipsss a $-dimenszional
space is required (the coordinates of s center, the length of itz
majer and minor axis, and its angle). For lmss 1 dimensions
suffice (r and #). This is why i is possible to visualize the
content of the accummiator.

L. Clemification by Feed Forward Senred Network (FFANN)

The Hack propasation neural network wsed here is Feed
Forward Meural Nerwark (FFRI). FFHI was the first and
arguably simplest fype of anifidal neural network devized In
this petwark, The information moves in only one directon,
forward, Som the input notes, though the hidden podes (if
any) and do the oupat modes. The mumber of input Layers,
hidden layers and output layers are ad adfusted to fit the dara
point o the ourve, Croring the maining phase the maming daa
in the accumvalator aray is fed info the mpat Layer. The data is
propaganed to the hidden layer and ten to the eatpurt Layer. This
is the forward pass of the back propazation alporthm Each
node in the hidden layer gets inpix from all the nodes Som
mput layer which are ntiplexed with appropriate weishes
amd summed The ouipat of the kidden node is the nonlnear
trapsformation of the resulting sum. Similar procedure is
camied out in the cutput layer. The euiput values are compared
with target values are comparsd with farget vabues and the
emor between two & propagated back towards the hidden
layer. This &5 the backward pass of the back propagation
alporithm The procedurs is repeatsd to pet the desired
acourcy. Dunng the testing phase the fest vector &5 f=d nfo
the input layer. The ouiput of FFINN &5 conpared with irairine
phase ourpat to match the comrec ops. This can serve a3 nesd
to do recognition of facial ohjects.
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IV. ExrermaenT BESurT

The 140 sample pictures of media defect with sraight line
patt=m wers samplad and pre — processed by image processing
techmniques. l'hemmlsmsmmutrf&nnfedge
detecon techmiqus, and their nedse were eliminated by
(Ganssian filter. It was chown that the Canny edge dafection
was able to both eliminaing the noiss and smeosthing the
barder edse. To decrease the sample borders, the magnimuds
and orentation of them were caloolated by the first order
emploved i searchmg for the mapmitude of gradiemt To
identify the pimel border and comnect the berder, double
thresholding algorithrn was emmploved The sampls imagss
then were mesized o 100100 pizels for a Gt mape
ProcesEing respanse.

The peak valoes of Soaizhi line detection alporithm were
searched in the Acoommlator armys. A thresheld valos was
defined to represent the boundary of the sraipht line pattem
Then, the maxinmm valoes Som the acoommilator amay were
compared with the thresheld to idendfy for the swaizht line
pattzm. Fig ¥ demonsmared the soaight lne partern defect and
the acoommlater. Figo 10 dememstated the dicle patem
depicting the peak vale voed fom the acommuolator amay,
that the defect was the straight lme parern. A fe=d formard
neural nerwork with 30 hidden layers was oained from Table I
with hidden layer is 30 pefwork is besi acooracy from this
newral perwork the acouracy obtaiped is very high with
compured valoe of 99.20% and the performance plot of neural
netwaork sach layer as shown m figure 11
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TABLET
CosMPARE A MUIOUIRACT 10110 HEmim Layim:
Moo o HEms o, or FauTy BeADCURAY
Il LAYER DETeCTED
140 1] 133 7 55 i
140 o] 127 3 STaA%
140 30 139 1 90 2
140 40 138 2 SRITH
140 50 138 2 SRITH
140 &0 133 7 5 0
140 T 134 & 5T
1440 a0 138 2 SRITH
140 o0 138 2 SRITH
140 (1] 135 5 56 43N
140 (B 6] 135 5 56 43N
140 120 134 & TN
WComoLusne

This stady's aim was to introduce an alzoritho for sraight
line pattern detection on HDD media based on the Hough
Transform method and feed forward newral network (FFWI)
The experiment demonstrated a satisfying result The
dewveloped alporithm was advantage for the fafhwe analysis of
HOD production process, such as help fo access problems
rapidly, decrease waste. mnd reduce the producton cost of
HOD industry. To minimize the ssarch time duration and yiedd
the effective search the border lines of samples were
identified by the pre — process of the image processmg feed
forward neural netwodk (FFI) method.
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