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ABSTRACT
This thesis presents a technique of image consiruction for the media
surface by using reflectine laser beam. The intensity of the reflected and scattered
laser beam from media will be detected. and stored a5 a data file in a computer,
frer that the stored data wili he taken to construct the imaege of media
order o demonsirate the shape of the scratches that occuned on the media surface.

-

Cniales

In additicn, tne obtained image is employed in the process of the o

uu '

This technigue will relrieve the relevant images from the image database

_)

euclidean distance criterion where the similarity belween the inspecied
image and the retrieved image is identified by normalized cross-correlation. The

etrieved image and the obtained infarmation can be used to diagnosis the cause of
the damage on the media surface. it found that the machine is capable of detecting

a rnicrometer-dimension-scratch.
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2.4 a3 (Light amplification by stimulated emission of radiation :

Laser)

Lasale SliAITAYNI A AN TIHA TR lU e nuawa nalesan unad
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Anuazthminiunfiairaeinansisinn (semiconductor) Wy unaudies andla
lud, wadeuensiwluivaalnd v sgliilewunaifouaniwlud ol
Huansiesntete P uay N udniwusznufudulalaaienit wageslalands
ansaiduanawesldidegnnszausienszualih



j N b4 o
dutnueAnaN HILIBUINAIAANITZIR .

2.5 n1sUssuIaNan nA2835 latnuins

nisUssanananweeiflawnuwars-9] WWuinidnisuideiléfuauiouun
\osnniiuiEilidudounsTinanisiaia erfonisiasziosdusznaundn(Principal
Component  Analysis PCA) ioaniiiveninann 2 85 Wy 1 38 vldhesens
Uszaaana nsvauerulsoendu 2 duseu fe ‘ﬁgumam%aui? (Training phase) uaz
Fumaun (Working phase) Tnslunszurumaideudsuduazdodnmiunuuildssuuiv
wazipuiliiou iedrunldlunisiuisufivunmidumeasyfunmduiuy u

N5EUILNTIIIUNETEY

2.5.1 JumouiSous

dunmsstumaviife wuasayanmitldnienliud duewinmvosiunouiie
msunupdayanindurmdinaniogluziuigiiges (sub space) Taonmduuyuione
M o usazawdlvusoiiAufie wxa finea awduluuwRazn mazgaudaslinidu
wn3NAL AT URS NIV DIMAALAWAD X1, Vs, o, Xo wﬁamﬂﬁuam%ﬂfﬁﬁuaumazmwwgﬂ
wdaslUiunnimes x, x.,.... xe 3816 xoJunedutnneedaun (wxh)x 1 Anwa taevi
nsulasannusiauouuausuaduenund s GT@LLam‘LugU‘ﬁ 2.21

X1
Y1 A X 2

X v X i
2 A 2N .

o = i s - =X,

J . ) Xut

X X NN Gy :
_ANN {iwHl*|

E‘Uﬁ 2.21 ﬂ'ﬁLLUﬁx‘if\]’IﬂﬂWWQﬂL%UL’mLG\ I

PINULTIINITUINABIALREY (mean ) VOINWAIUALNIT

1 M

m=— xi (23)
M Z,
YIFAA LN DTN IWUNEUALUAARL L LA
£ =x -m (2.9)
WEYINNITVIAILAS DU 9RIHLUSUSIUS 1 (Covariance matrix : C) Aaun1s
1 A
C=—> %% =44" (2.5)
M3

123707
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loy 4=(% %, ... .%, ] Badunsindaun (wxh)x M Wevhnisieaunisliagle
AA'v, = Av, (2.6)

Tapil v, 2 Wulsinunneesuaslanuwiadnes 447 wallosnn 447 Jvunlvgiuan
= = & o © b © ] i 4 & =t o
Tagazdvumamsndidu (wx A)x (wx k) MlEnsmuaiilaeinuagldinauiu Jeiins
A5 A7 4 Whwwewnindidu M x M leald o, Julainuonmesuay 7, Wulainu

wiadwes 474 wwla
A Au, = nu, (2.7)
mﬂﬁv’uﬁ”mﬁ@mﬁw A Fapsinesauniseyle
AA" Au, =1, 4u, (2.8)

namanlfvetLssnd sslailanuniadives 44" auniudulanuiiadives 474
INANNNTT (2.5) ude (2.6) a8ld 4 = n, wasnaunsi (2.5) uas (2.7) wldauduius
gadlonuinimediio v = du, kazainnsiesnsiniruszneundnagldinlainunnsa i
Arautaivlainuuiadaiiiiangey wndunisideyaiiinaiuisn (duiid1dyueinim)
daudhairnuatesnnlunsiinduinaiadunmnadwite SrasSenamitaidlwii
nwlatnuina ﬁmamluguﬁ 2.22 dhuloinunneesiaudeiuaileinung andunisie
%agaﬁﬁmmﬁqa (A1uig19 Tureanin) TNEULEYMaRTUNAYEILES NG u, lalaenissin
poduifitdloinuwiailuseduiiugdesniviewintugusinezsduadnldddymeanin
tuies Fsamnde i e K aodid fauns

wazazlaleinuwada
v, = An, (2.10)

i

msmlainueneesuiudsni (Normalized Figenvector) agla Liv =1

LAALINRMBIYDIN N UL ULAILNSawnL A uaun1S

Y
X, = o)V, (2.11)
/=1
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lawf (/) wduanhwinfiuguveusiaznw dednguaunisimiozle

o, (j)=Vx, (2.12)

<

logit i=1,2,..., M agldnnmesanimminiugiuren meuuuy x, As

@, (1)

|3 (2.13)

i

, (K)

2.5.2 Yumauiia,

o o & B S P o v o 2 ) € =t 3

il miuiTvaishidudeyaisentsaedounilnduinines Gagld
nnwes x,,,, WavanausmsARATeAA WIULUUIE ]

in’sa = x-mn —m (214)
PN ANNRAIAEINUENIEauNS
3 AP
Dy (1) = V; X (2.15)
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oy i=1,2,...,K wldunwasamhmviniiugiuussnmisesnsmae

Oregy (1)
Dy (2)

test :

(2.16)

Dot (K)

NnuvimMImszeekuugadiAisy (Euclidean Distance) S¥nInenIWifoInTs
W AUAIWHLLUUUFAZATRIUATUNNATI A3aunI1sh 15 wazviinisaadulainainiiun
nadoy wilouriunmlalunguniwiuuuuniniian laegane ¢, VidssTidaduansiong

Tuguit 2.23

2
gf :d(i!eﬂ’xl)z\/Z(}?lest(k)—x;(k))z (217)
k=1
Tt i=1,2, ..M
(1)1
e
& (:)‘6 0,
034 ] £ .
[}
0‘)3
)
[£) 3 (1)9
) 5
7 [£3]
- 'S U)i

JU# 2.23 shednnnmaiduminiugiugownasamuasnsanauladennmitlndife
hgeanadeloyalaenisven & Witleeiidn

2.6 mIsmAtanduiusleiuiudsn@ (Normalize Cross-Correlation)

Soldmwiuuuuilndifssdunmiifeimanaasusnitaaudassshnismeiany
wileufuvesnmiiFesnsiunmiuuuuidennanadsdeganmiaiinsmanduiug
luTFuusnd asauns
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22 WX (i) = X MUK, ()~ X
NCC(X,,,X,) = — = (2.18)

ZZ (X=X T DX G - X, T

=l =1 i=l =1

X, () way X (i, /) fefmiAnuainwasnneai (4, 7)  lunw X waz X,

5t

sudisu Tnedl X Aenmdiiuivmagou war X, Aentwiuuuy uas X, X, @e

lest

ANAGEYDIANNATIBIRNEALINROSA W X Lay X, a1uady amnsaaiunleng

fest

aung

'S XL ) (2.19)

J=l

l/.51 -

'M<

I

1 N N
=S X, G ) (2.20)

i=1 j=

=

Afileas NCC agaglutid -1 fia 1 andn NCC gadimantng 1 NI A A uuBAI1L
TR VUL US HU g UR Lale AR 18 R UL NI

2.7 mMsnsravsaplativuuniuiiudoyatazauideiifieadas
A uIndes oo aqunuislunismseslnTuiitiaduuulduiiudoya 1y
napsgaviAuBlEnasauLUUELNY (Scanning electron microscopy) w38 SEM [1] 939168

<

Suasdilnmsauiifiniuninnsldenudeuiidaualva Gelddeiuinvestag laduas
udnmseulunseduldTaniiawduuiniy Tagaratendssrueonunludnunzyeg
Blanmsaunuunsmdandu (Back scatter electron) , SeBidnd (X-ray) w3 SidnAsauluy
ninqd (Secondary - electron)  18usiu Tngasiidagunsaifiviminiisudidnmsoumani
(Electron  detectors) taAsuliidudymralai tazdeluiannaniananin ouans
dnwnzvosiuiausngdunmagefiamnsonaiuld fananaluzuit 2.24(n) uazndaq
QavTIALLIIaTAaY (Atomic Force Microscope) v3s AFM undpiganssativiininey
dosnsmuianiia APM Tudnmishaulasmslifendsduduvuednuizanm 10 wly
Lms L?JuﬁﬁmLmﬁﬂ@w%mea"ﬂﬁl,ﬁmﬁﬁuiwﬁwﬁaL%mﬁuﬁyuﬁaﬁﬁaamﬁmﬁzmﬁaa%ﬁa
FHunn Tnodlonmiisuasuuituingvensain awinussiinssriisedau (cantiever) 04
vy aevilivheudosiaeysingg fusmuanmanagaiivesiuindeoraisansiaie
Wanyuasviauresuasaweifitsadudiiuresisiu andusafuneifiazulas
Fuyaaesnuiunmunsiiuiigamisasieaauld Tne AFM (1] Seniuanunsafiasie
ansaldlduiuinfivaravanesiiuauiuwasuid il LaziisEAuAING I
(roughness) Lty 4 lulesies uazswanmaunulngiiiaalsiviu 100 lulasuns Fuans
Tusuit 2.2a() Wusu
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Detector and

’—_ Feedback

Electionics

Photodiode

L?
’

s,
F i
s
£

’
L ,
Sample NM Cantilever & Tip
. PZT Scanner

(V)

U 2.24 feghanipsiefildlunisETemsssdatuuuusuiviaya
() ndawarmiiannsatitulauny
(U DeBIENETAMSsaY

uanmﬁa%ﬂﬂLﬂ%"m-ﬁaﬁi*l:151mé'm'i'vuué"aﬁaﬁdm%i'iﬂ-ﬁtﬁa'rﬁaaﬁ'umsmsaa%m‘thu
vunsiuiuotiadnvaisaifive TudasBRsAlAS isissiyeenly (il

Tu¥ .a. 2001 IHEMEup U830 Optical systam for detedting surface
defect [2] filanannisagsisunouas Inoiinmshaursladamessegndaiuluduaud 3
wnudiiaginifias e Ui imaien fuddgevimaspnl Lassuduawasioy
avvounduldilay A fvta v sues Wz Ineadaua iile SU g s Suuas
(Avalandhe Bhotodiodes  APD) diwamuiiounasvisiudayars vy Ingdoyaiildes
Dy eiduge daunalee ST s UulEA YA aevtinldlunnsuszinana
Imm’iuu‘%nmﬁﬁﬁﬂmﬁmﬁwa&ﬁma@mma‘%@aﬁu seidntsnanlifiseeTatuiilosinuas
Waieian st eulda druluusaniiaadneedtatawess il Anduuinwii
soudindiu u3a, Sinligiys lsdhdlamsamiueadiintuioad Wesniinnisnszid
viovnmuasdudnaieesiniumana T natanaluguil 2,25

Signal processing circuit

Light source

Focusing lens

Recording media Condenser lens
I |

1
— Rotary encoder

Spindle motor

SUM 2.25 Optical system for detecting surface defect

o
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Tud a.e 2007 Wsnisiiauewidaies Defect inspection system and method
for recording media [10] szmﬁu'ca‘“’lﬂumuaaaLanmaumlwLqumwamawmawmuaa of
viliBiinaseuuuunisgivanssnainuiutivdays & mmammawmaﬂaaﬂmum gn
a3 TulnefnsIsuBiEnnsou sxnuitluuinndlifisosinsuiu mmanmauwlmw
FamsTuBiEneseutusziaindy uelunesnduiulusussiisesdntiuuunsuiiu
(I GEE I AdEnaseunleSufialiinty Seiildvsuldifisee fadauisunudauy
urwfiudoya oA umisluysstnanadunwasly yeneindfdinisuasefmadiuyin
Ufindurfudidnmaseouludunisiiisesindruitodunisdiumisiitlsosatiudae o
nanstusuUi 2.26

Electron source—p——

Electron beam—]

Defection electrodes—4 - —4| '—

Focusing lenses—+—B{ |

Electron detectors
Gas tube

Recording media

—
LSpindle motor l

I Feed stage ]

31]17; 2.26 Defect inspection system and method for recording media

11 f.e 2008 Wdnasdiaueuisedes Infrared cameras to observe the
magnetic media scratches [4] ﬁiﬁﬁ%miahaﬂ'ﬁ:ﬁLLﬂlWﬂﬂﬁﬁmmuLf“mﬁﬁa;ila uazldngaa
piraduautevlunisesramanudeuiiiniu Wissnnluuinadiiisesdntuasiiany
Youninniluunadug wndlutinuiisesatiurzdianurnuiniuvsanseualaiy
ynnluuiinaiiltiisesfevaiu dlvansausnliinluuinalaiisosingunioliann
ﬂ’J1N§auﬁLﬁ®‘¢§UUuLLﬁJULﬁU‘ﬁa%alﬁ ﬁmam'lugﬂﬁ 2.27
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Thermal infrared camera

Recording media

Current Source @

gﬂﬁ 2.27 Infrared cameras to observe the magnetic media scratches

Tl e, 2009 1afinnssanauideisos Defect  inspection  method  of
magnetic disk [3] ﬁi%'micgﬁﬁnmaa’LWﬁwﬁihaiﬁﬁuﬁ’;uﬁwwmﬁﬁaém/@au Gadufia wadl
qeaifisnwsse wﬁwaqu’nuﬂmﬁu%amﬁuﬁa@hu/ﬁ&u’iﬁﬁmmﬁ Imaavﬁmsm'jwﬁwm
nsvualwiniaelddvdruin-ne ammmwaauaamﬁmﬁiﬂm‘luﬂimmmm fuaz
wmamwmﬂuwnmuus}mawmmumaummwmﬂmmmmuwLmumwauaumm ok

LLamﬂugUw 2728

Read/Write |- ﬂ
Channel ——f

i *‘

Arm electornic [4——

HDC/MPU

Temperature detector

Slider
Recording media

[l

Spindle motor

'g‘Uﬁ 2.28 Defect inspection method of magnetic disk

waz lu) e 2010 I§imstiausuddodes Hard  disk  media  scratch
detection by laser scanning [11] #iinawenismisosdntiou Gaarldvdnnisasviouyos
fuasawesguiuuslddsunulougs (LOR) lunsduduasawssiagiousanainuiy
Fudaya uasiindyaadldluiusasfiiesufemes (Differentiator Circuit) Aivgls

s

dyanaieandisiinsudsuiiamosTssunssiudianaseusaniuniuliuas wazindygn
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s

AlaluruR T gAY WaX9eTMTRdYINTUNTY 50HZ fanansudenlaazinsunis
viaulusui 2.29

Differentiator Band Reject
LR Arnplifier
Circuit Fitter 50 Hz

g‘dﬁ 2.29 Hard disk media scratch detection by laser scanning
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Twingntiwusatvil lnfimseenuuuszuuduindsuieldlunisaunuiiuinveusiy
udayaludineuiume’ dwuaninmsanvesgunsalillumsmaassluguii 3.1

Laser Amplifier
Laser sensor

Magnetic media

]

rZrocontrolier

Base mator

JUN 3.1, s ativesaunsalidl {lumsweang

3.1 MseRnEuUSTUUTULAT oY

'lum‘:"aé’wmwﬁuﬂwmucimﬁwz'fanﬁ ﬁﬁtﬂuwﬁaaﬁmia&,l,nuur:iulﬁuﬁaaﬂaﬁ‘;qmiu
Fufusyuuiiiadeuiioenuuuiel 2 oy Rauwnunguildamsumyuasududeya uarunui
‘l‘é’ﬁm%’m?{auuaiun.ﬁu*z’l’az,“sa'l,ul.l,uﬁzmu Lﬁa'[.ﬂﬁnismumﬂumsauﬂuusimﬁuﬁa:daﬁ'ja
wsiu frlduansdrtfsenovpaduvesTliuitindeuluzuih 32 ubliansszuufuedeud

VNSO aNLUUNINLA LUATARLIN 7
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1_ﬁl@‘@i

il
(n) |
td i ]
R @ S
] R I
]
(u)

5UN 3.2 szuuduedouiieaniuy
(n) yuwoIR VY
() 3T
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Awdseneuitltlussuuduiadousis

1. mdugniu Bearing) 1ugunsaifldsaaiumsmyuvaunar vimiilasusadoaniy
sewinsindudla deanUfinamdsnuiseddlunsdundon

2. veaang Ball  screw) Wugunsaidsuniaiedouiluuwawnumgy Widunis
waouiludadu Tarumusiuggs

3. &ufluf (Linear Motion) ifhugunsaiivhwiiisesudminunuiideuiuuuassuny
vihvihfasusauduanussindindudave s uasdadoud

4. alufiausimes (Spindle  Moton) Wuadudaawneiiduiilunisusuusiuiv
Fogasor i sounuiinivua

5. wawmalgiu (Base Moton) Wuadiltwawasiiiimiilumadauumiluwuassuiy
feszernaiinmun

6. FUUA (Coupling) ﬁmﬂwﬁ'?jmLwawawama%uamwawawaaaﬂgl,sé'hﬁaaﬁ’u 3]
5ﬂwmsﬂﬂ'§Efdd’]EJLLS&ﬁG]ﬁﬁﬂﬁLgBGQUEj‘UENLWﬁW(Shaft Misalicnment) Liiading
usslnanuaimasiudaaang
gwﬁwﬁmwaLwiul,ﬁwiaagaﬁ%v‘hﬂﬁauﬂu
srufisessugunsnituindauriann

3.2 ﬂ'ﬁ'él'élﬂLLUUi%UUﬂ'JUﬂﬁJ

srUUATUANLEE 2 wihildsTufe mwmwmﬁumamama%ﬁg\a 2 unu uagsy
Fymuanuanudludiensvenawesifuieed Wevinsuszmanauasd 18y
Uszanaraudluiiudulvdluneuiinmeslagiunmwefmaynsuiinmd 115200 Jade
Fuii szuuaivenvsldlulasnoulnsataes 2 67 Aa MCI uae MC2 Favia 2 Fndy
Lilpsraulnsamesiued 18F452 wadlimasaninud 20 MHz fuaniudeonlnozunsums
vhaudagui 3.3

Spindle motor
Amplifier =
driver (M1}
Y
Microcontrolter Microcontroller Base motor
Computer [ - >
{MC1) (MC2) driver (h2)
A 4 A
Start swilch Hame sensar
(SW1) (Spindie mator)

Home sensor

{Base motor)

E‘Uﬁ 33 Uﬁaﬂlﬂai’/LLﬂﬂfUaﬁﬁ’JUﬂ’]UﬂN

wanMIVuRe uatawasivgnuasseanitnawesiduwesiuduuivdaya ¥
ninagungueguualuiananes (M) antuugsazasiounduludwnivuanaues

Qs

Gl
ATULUABULUSIUB IR LAY (ntensity mode)  dypiniisananlsuldliens vz

g
. ar i = = ¢ ¢ o € s
drynuinanazgnussuiana? uouldlwedvasgmaweiitwes’ leoldlnuansiadu
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dnweasziudmny i ON wie OFF ImaLiwasmz\aﬁw’lﬁﬁLa"\ﬁwmﬁﬁiwé’ngigmlﬂu OFF 1fanau
nvnanasiiléSuiadoenit 30 wWesidudaatmuduvesaiilasulsns Sedyge
o%’aﬂa'nﬁ%gﬂdaluﬁa MC1 Taetndyeaidsoanluiu OFF wansiilusuvdaiugfisey
Favau Tunmanduiu drdygradideeniudu on  wasvinluvdaniuqlidsesdadou
iy MC1 ssAsudyn OFF Thdudn “17 wardoudnnn ON Whdud 07
LﬁaﬁqmﬁlﬂLﬁULﬂuﬁauualﬂmauﬁama%r:humawa%waigﬂiu wazluudagsauaanamyy
Yosatiudauawes dyanndioanain MCL axdueanod (Headen) 1Ju “SOL” (Start Of
Line) misssdayaiifainisdsazduganisdsoyade “COL” (End Of Line) fuand
IWaiﬂ;ﬁmmiﬁNm‘lugUﬁ 34

initial program Setting /O port, variable

Y

Port b0 =1

< Tougle sw =0, Print “SOL”

- Toggle_sw = 1, Print "EQL" }4'

v

Receive data from laser, {Port a.0)

Togele sw=0&

Print "1" f

Portab = 3§

Togzgle sw=0 &
Port 2.0 = 0

Print “0”

N

-
-

Ui 3.4 Tadyisemavitnuees MCL

Twineriinusatuiiazinisaunuianum 230 2ssausawsuiudoya 1 ulu uazyhnismyuy
wefudoyanieausuTayy 0.6576 iaifsuRpTufinatuangs wastAuaiunny
souvasmsanny Juslannmindauiadugnde 2.375 wfsuseiui dwanansiv

& a i g v a = i v o
aniidanldlumsaunuusiuiutogalugui 3.5 uaziloaunuasuisas95auRaI9
nadsusnulunuinuduszesnig 150 Tuaseu duanslwadvsanisinnuees MC2 fgu
736
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(=)

Anngular veloaty
H

JUN 3.5 nasuamea i damildlunmsawnuiiduniane uuuduiudeya

Angular velocity at various radius on meadia

L ; f
a0 106 150 200 250
The number cf round: to move from cut side to inside diameter

Initial program, Setting I/C port, variable

Porta0=1

Go to home position, Home base motot, Home spindle moter

¥

l Wwaitine board ready 1 sec

-
v
I Moving base x 1 step

'

Sent start command to laser board

:

l Noving spindle x1 round l

Y

I step = step + 1 ‘

Y

{ End

sUN 3.6 Wladurdenisvhaures MC2

30

Aan MBI Ir SUtByan sawnuusuivtayauntulasraulnsaaes MCL diuniwein

auNs Felayanaouiamesinsuiiseuuengavrlaiuiuteayadiuiunniande 17,104

|
s i

1 uazdisaudeuladiuiutayansdu 17,049 7 waginuutoyalzanations uagdiui

‘
2/ =l

Joyaiialuande 4,669 ¢ Aawanalugui 3.7
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ey 150 TuaTou

- wimdogaaruonanio 17,104 62
vinadpurldautho 17,049 fin

R

vuetpundslugaio 4,669 A

. 5um 230 ey
U 3.7 msaunuiieiiudeya

3.3 arseantuulUsknsuAaNnILAad

3.3.1 mifutoya

Aovfilmess R Aifudeyaiiunnin MCT simanesnoynsuiinaunds
115,200 Unsioiuil lnglusunsuagyiniassiadumidydnywed “SOL” mn‘tfu%ﬂﬁagaﬁm
v rndydnual oL snfulilulndiifod datatxt uazasduganisiudoyaluuniiugde
wudydnual FOL  uasduussinivd anntuiinissaiudydnent “sOL” wasdouadaly
vhauguiiluauasu 230 ass ddlduanstnatviinniahaulugui 3.8
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Open serial Ccommnuication por

v

Open file {data.xt)

v

Loop_time = 0

S

Read data from sarial port

Y

flag_read = 1

I8}

Y flag_read =

locp time = loop time+l

collect data to file data. txt

Locp_time - 230

Cloge file (data.txt)

'

tose serial corneaunication port

!

End

gﬂﬁ 3.8 Wadwsenisihauludunssuioya

332 msaiunwiuiaveruiudoya

wsandsudoyanisawnuniuiviogansuiaduuds Tusunsuasiinisenu
%aga’lumiasumﬁagj‘iulﬂé datatxt teAumsurusidandy 1 luudazua? wagdan
Pﬁmmﬁ']ﬁhﬁummﬁlé{mmm'amm%’auaﬁu %asiﬁﬁmmiﬂﬂumm%ﬂsﬁmmmwu,m'uLﬁ'u
mauamumwlmmamh mmmumiummnmaamwLLNumwamamuamﬂwm’nﬂu 1
msznmuuwmmamwnLLﬂawaamamawaaiuIWa data.txt nfaulmLmsﬂmmmmwwumumu
musua;&avslmmnﬂwaunu mﬂuummﬁLmaammumnﬂmﬁumw farldnmAuinva s

o W 1 a ¢ o s < I3 -
fudeyauanivwmiivensuiaiesd dwandwatnianisinuvedusunsdlugui 3.9
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Open file {data.txt)

¥

? Read data (1 line) {tline}

]

¥

Load prototype image metric (Media picture)

e

L 2

Find scratch index by data not equal zero

¥

Getting scratch length (b)

e 4

Calculate angleg (7]

¥

Calculate x axds {ruchias #cos{(#1) - opives

¥ oaxis | eadits T () ) -t

¥

i

3 Media picture (xy)=1 |

M I

,,,,,,,.mw«.».m(:i\_\ bt /;_:7“‘“
Yy

!

radius = radiusklﬁ

¥ =]

¥
YALAHNATITA N
T [T ERRRR
=Tt
¥l
E End

U 3.9 Tradmsansasinwiuinveswnuhuteaya

3.3.3 nsUszunananInAeis lainuwa

AsUsEInananlu3slatnuia axiinszurunisiunisanifivesninnauiiun
Uszanana gauliannsaUssnanaldsindiu Insasutanisvinawdu 2 duneude
umaunsidend way funoumsid fuandvadininduseuniadeuslugud 3.10



Convert image to vector

Y

Calculating the mean image (m)

Y

Calculating the deviation of each image from mean image

Dev, = image, - mean

Y

Calcutating eigenvalues, eigenvectors of Dev

v D] = eig(Dev)

Y

Sorting and eliminating (D=0,1) eigenvalues

L_eig vec = Diagonal element of eigenvalues (When D>1)

L

Calculating the eigenfaces (Eigenvectior of covariance matrix)

Eigenfaces = Dev x L _eig_vec

A

Save mean {m), Deviation (Dev) and Eigenfaces

sUR 3.10 Wadwnsadurauniniseus

34

drumaun1sifiiuedliiinianssesnauLuendn (Euclidean Distance) Ay

N19UITELENVBITERIINTANRBIANTVIAUNRHANALULY kazviinsandulainnmi

Aan1Iuniesstua nlalungunmsuluute 22gaInTraei it iign Awandaduie

TURBUNTIINUIUN 3.11
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Load mean {m}, Deviation (Dev), and Eignefaces

Y

Calculating and projection database image

Projecteduimages:Eigenface! x Dev,

¥

Convert test image to vector

Y

Projection test image

diff = test_image - m

Projected_test_images - Ligenfaces x diff

A

Calculating euclidean distance

between test image (P) and set of database image (O)

fne  divg = \:YZ(J”/ Uiy

v

Recognized index = minimum of Euclidean

min{Euc_dist)

Y

Save Fuc_dist min and Recognized_index

sUAN 3.11 Waduintumpun1iia

3.4 nmﬁu%’agaﬁuﬁwamﬁmﬁu%’aga
TuAnaninusatuiliounsaiillddauarivduauaved 1uaefidues (Laser
sensor) BeRgIEug (Keyence) U LV-H37 Ailvduasdung anugnadu 680 wiluwns 3
gundua (Spot size) wuna 50 lunseu Mszorvnniniiawesifues 70 fadwms lay
lsuivweuUsivdieas (Amplifier) U LV-21A faenlnnadldadunisnmaiuay
Wasuuuamasmnuidunas (ntensity mode) ﬁauammsaméﬂnqﬂmfﬁﬁagﬂﬁ 3.12
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Amplifier

3

Power supply

()

[

JUN 3.12 msdnrgunInivesganaaes
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(1) ANATUNT

o
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s o

Lu.:iuLﬁu%a:\;ammmazﬁauuaaléfﬁx,ﬁawwnﬁmmum‘n@a MIAANSDUA2EINE LTINS



Dif

movauasreAuduLasiAsulUT LR S udesinisanmudunanawesi
fusudyyInLataesas eliiawe siduwesannsnnevausssensidsuwlaniny
WUYBILAUALTRTIAR 1RENITIENTEATRETY ANVUY 70 wnsu TunsUsdILaNaIwasAa
Ltﬁm'lugﬂﬁ 3.13 LLa:'lugiJﬁ 3.14 SzudnInUd L IELALAE IR BULAL A ISR
nsEATE Fmdrintuawesduresmenseavinniudilieudunaiiawesiduwes
laSvanasUseanm 75.54 wWosidus

c’i A n': r:l 24 84 o 3
gﬂm 3,13 MERAAAING YT ElTaAR N L ILE WALLAL DS
(nnamasdugesnoulasun s tedase s = v
() tawasid maaindlaSun s LasenTe A
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[§ S

(n) - (v)

=1

sUN 3.14 anududuaalees
(n) NaUVIAILAWNBNTEATY
(%) NAITIAWAINILNTLATY

= [ = i 24
3.4.1 nawssuuEuLiutaya
lutuseuil azvinisainagusnwwessesdatiuvuukunutsyalagldivinvats
o v oa [ & 8 = o ' ] < L4 =1
wamilviiinsesvukiiudoyaldugluuuisans newhlldlunmsaunuieasradu
nwiuiRely fuangui 3.15
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JUN 315 Apgrsesdavanuuutuiiudaya

3.4.2 An¥WANTENUIINAITIUNIUYBSIAINIBUBN
ayviinsangegunsallfuasadldnaviogou Nulaaiinmeusninaden 15U
winaiell duananissaaaUnsalnuaEIIen Ul 316

UM 3.16 wansnmsaessaunInllvilasaing
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3.4.3 AnwwRansznulanniswasuiianislunissauaaaieas
YmsUsuawesiduwesly 30, 60, 90 uay 180 asrmmuasulasisunaniany
# 0 93 fananiAnINITUURasITuasIugUR 3.17

. J:?-/ i : 3 £ - =T WA
d o’ " [
sU 3,17 asuSulewosidues

3.4.4 ﬁnmwanizwumnmsmgauszazﬁﬂwmmwa%z%uwa'a‘ﬁuucimﬁuiy’aga

LﬁaﬁﬂmdﬁsazmwaaLawa%v'ﬁutfda%ﬁuuﬁmﬁuﬁagaﬁwaﬁamwﬁuﬁ‘maaLm'u
iiudayaviolii eian{asussasyinsan e SfuvasMiruiTudoa (0) 1Hu 3,
5,9 uaz 14 \eiums Aaudsansluzli 3.8

7

Ui 3,18 msuilssesinnsihnaaweiuresiuukuiiutaya
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(M) (v)
U 4.1 nReudisuamiuieesusuAutoyaia
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4.5 M3UsTUIMNANTNAE IS latnun

TunsUszanananmisislonuma Sudusrdesfinwiuwvuiieldlunis
Wisuiisy fnansiegunwresndsteyanwiililunismaaosinau 18 A uazyn
amiluawiiuAe 200x200 finwa seandlugui 4.11
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AN 5 NN 6

2NN 7 AN 8

2NN 9 AW 10

AINA 11
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ﬂ’IW‘?i 15

mwﬁ 16

AN

17 AW 18

o o ' o o v v
JUR 4.11 shegnnwsunvunldiduadtoyanin

4.5.1 MTAUAUAIW

mMsfuruwazliismszoevinawuugadaiiolilunisdnaulainnndinm
nagauiimundisfunwlalungunmdunuuinnian laegainssegnauuugpdnditos
fian falduansszozvauuugadavousaznmlundadayanmlunse 4.1-4.3



AsN 4.1 WaRIsEBYMIUUUYARAYDIN WY 1-6 AuurnwiTluadalayanin

52

X

o m‘wﬁ' 1 mwﬁ 2 mwﬁ 3 mwﬁ 4 m‘wﬁ 5 mwﬁ 6
AT 1 0 10.63 1.01 6.79 3.24 271
Al 2 10.63 0 21.86 11.00 12.03 11.62
i 3 10.184 21.86 0 4.09 6.40 10.23
a4 6.7 11.00 4.09 0 4.76 7.47
QW 5 3.24 12.03 6.40 4.76 0 1.92
AT 6 271 11.62 10.23 7.47 1.92 0
awdt 7 5.73 11.60 2236 16.40 7.35 3.69
AT 8 13.41 35 62 7.74 14.07 9.06 10.33
WA 9 3.77 10.18 4.42 236 232 3.56
AW 10 8.06 8.20 7.69 2.56 6.62 9.12
i 11 6.73 2.14 17.48 8.26 8.03 7.37
A 12 9.63 5.24 28.66 17.39 12.57 9.06
AW 13 838 9.71 28.47 19.63 10.98 6.52
Al 14 9.18 15.53 28.93 22.47 10.98 6.05
A7 15 8.84 21.88 25.32 22.61 9.78 546
Al 16 8.41 27.39 14.85 17.23 6.43 4.73
AT 17 8.66 27.21 518 9.67 515 6.71
AN 18 9.33 19.32 177 3.31 5.78 9.62
5T 4.2 LARISEEYVNLULEAGATBIN N 7-12 Auusnwillupdadoyanm

S i 7 i 8 AN 9 WA 10| awd 11 | awil 12
a1t 1 5.73 13.41 377 8.06 6.73 9.63
AW 2 11.60 35,62 10.18 8.20 2.14 5.24
A 3 2236 774 4.42 7.69 17.48 28.66
AT 4 16.40 14.07 2.36 2.56 8.26 17.39
Wi 5 7.35 9.06 232 6.62 8.03 12.57
AW 6 3.69 10.33 3.56 9.12 7.37 9.06
A 7 0 21.90 10.18 16.51 7.62 4.62
A 8 21.90 0 11.06 20.33 28.93 35.69
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M15190 4.2 udnsszozvhauugrinean i 7-12 duudmwithuadsdogann (o)

D m‘wﬁ 7 mwﬁ 8 m‘wﬁ 9 mwﬁ 10 mwﬁ 11 mwﬁ 12
SN 9 10.18 11.06 0 3.68 6.82 13.21
A0 16.51 2033 3.68 0 6.18 15.05
AL 762| 2893 6.82 6.18 0 3.54
AW L2 462 | 3569 13.21 15.05 3.54 0
AW13 167 2994 13.54 18.50 6.63 2.05
AW La 145] 2552 15.08 2258 11.25 5.66
A5 2.88 18.15 14.72 24.56 16.31 11.69
AW16 8.70 6.40 11.02 21.73 21.02 21.15
AwiL7 16.35 235 6/65 14.33 21.25 2757
A8 2131 8.63 3.84 6.19 15.74 26.54

A15147 4.3 UaRITEUEVILUUERAAAYEINTWT 13-18 Auudawiilundatayanin

.
&

P mwﬁiB mwﬁ 14 mwfi 15 mw{ﬁ 16 mwﬁ 17 mwﬁ 18
A9 1 8.38 9.18 8.84 8.41 8.66 9.33
AT 2 9.71 {553 2188 27.39 27.21 19.32
A 3 28471 = 2893 2532 14.85 5.189 177
AW 4 19.63.| - 2247 22 61 17.23 9.67 331
i 5 1098 | 10.98 9.78 6.03 5.15 5.78
AT 6 6.52 6.05 5.46 4.73 6.71 9.62
AW 7 167 1.45 0.88 8.70 16.35 2131
A7 8 2994 | 2552 18.15 6.40 235 8.63
AR 9 13.54 | 15.08 14.72 11.02 6.65 3.84
A0 1850 | 2258 24.56 21.73 14.33 6.19
AL 6.63 11.25 16.31 21.02 21.25 15.74
M2 2.05 5.66 11.69 21.15 2757 26.54
AMA13 0 169 5.68 14.29 2343 26.91
Ami14 1.69 0 244 9.65 2038 27.74
AMILS 5.68 2.44 0 4.59 14.35 24.90
AMN16 14.29 9.65 4.59 0 5.16 15.31
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397 4.3 uanssEEiauUUgARAYEINTHA 13-18 Auusinmilluadedayanm (de)

s {2
a : +\

AW 13 | amdi 14 | awdi 15 | nwit 16 | awid 17 | awdt 18

AWALT 23.43 20.38 14.35 5.16 0 5.84

AMTL8 2691 27.74 24.90 15.31 5.84 0

lugun 4.12 (n) szuananmiidvegeu way (@) szuananmiléainnisdudu dly
A9 1 SzudatszEzviaLuugnanTesn miinmageuivusiarnmluadsfeyanin

Test Image Equivalent Image

(n)

sUT 4.12 wamsAuauninlag
(n) A mnUNIeaaU
() nwnlnvinanseuRy

15799 4.4 LLamisUw‘mmuqﬂﬁﬂmaamwﬁﬁnmmaaUﬁULLﬁiazmw'Luﬂé'ﬁagamw

AmluAaItayanIn S VIILUUYATR
AW : 6.7960 e+13
AT 2 1.1002 e+14
AN 3 4.0997 e+13
AT 4 0
A 5 4.7664 e+13
AWl 6 74731 e+13
A 7 1.6402 e+14
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Avasn At medeuiuusaznwluadatayanw(se)

mwluadstoyanin FEHEVIUUUYAA
A 8 1.4077 e+14
AN 9 23604 e+13
A 10 2.5664 e+13
A 11 8.2608 e+13
AN 12 1.7394 e+14
A 13 1.9638 e+14
AW 14 2.2479 e+14
AR 15 2.2620 e+14
mwﬁ 16 1.7234 e+14
AT 9.6702 e+13
AT 18 33108 e+13

HaNISNAanT Tun1snaa st Ny wadausidunanauIdua nluags

Toyanini 4 Faasmllannsauauninilneg1egnaes LazliauInITuNNTEeLYng

WUUHARATEUI AT NAABUAUNINF LU LA ARLlUA13197. 4.1 agwudn an

svovviniidosngane awi 4 Feiiantudud Suiliswrnamidinviaaeududiuvis

yoanmauuyluastaan Nl
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4.5.2 NITAUAUAINLIBAIWIAIUUNWIDY
NAADUNITAUANAINIBNINS 28 TALIUTAIILUANS B9 tRBRaRIN N IUARS

Joyanmiilndifssfignuasaniiunnse iy fauaaenmniuamadautaznmilaainns
AuAy Tugun 4.13 daulumsng 2 uanaszggviniiuugadnuean vt madeunuunas

mwluadatayanin

Test Image

(n)

Equivalent Image

()

UM 4.13 mamsAuAuMwiisnmiiauunnsadlay

(M) Awndeaeu
(1) nMwnlaannNIAUAY
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nwluadstayann LUEUINULEAAR
A 1 58534 e+13
NG 2 1.0188 e+14
AT 3 3.5809 e+13
AT 4 1.2743 e+12
Al 5 3.8903 e+13
mwﬁ 6 6.3996 e+13
AW 7 1.4902 e+14
A 8 1.3376 e+14
a9 1.5957 e+13
AR 10 2.1095 e+13
i 11 7.3375 e+13
A 12 1.6072 e414
AN 13 1.8104 e+14
AN 14 20811 e+14
AT 15 2.0989 e+14
A 16 15975 e+14
AN 17 8.7842 e+14
A 18 2.8780 0413

nansveasd nwiildlunsvaassduilunmi 4 luadeyanin wdnhuiau

YA uYIseadnYusan lagluin1sineduruiuaseedntiy §9910A LA LUAIT19N

4.5 anfiuliin Arsguzvhanuugadadosiianidinaduninil ¢ uanddiiuinlusunsudy

A0V A AL ARALUNWIBIUNU T LN N WAL B U

4.5.3 N1SALALAIWLIBAINIAMUUNWI DILAZANITLAEDUATLHLY

NAADUNTIAUANATNILIDANNTOETRAT LT AU UNNT B AT IN 15 AU TuHUNY

nwluagadayaniv IRBLERINTHALNDL T U 89N WA UNWI DILELABURT WML Teagla

wAne AL megeuLazAwilannsAuAn Tusui 4.14




Test Image

(n)
JUR 4.14 wapnsavRun e niimuansawaziintsdeusumides
(M) Awmiiumegey

Equivalent Image
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A151990 4.6 LLamﬁxazmaLLuuqﬂﬁmaamwﬁﬁwmwmaauﬁwLL,m'axm‘vauﬂé’afa’J’agamw

nulunadsdaganin FEEELUULARA
A 1 53914 e+13
A 2 9.9442 €413
AINA3 33558 &+13
AW 4 2.8984 e+ 12
Al 5 3.0699 e+13
NN 6 5.9475 &+13
A7 14291 e+14
AT 8 112949414
A9 12916 e+13
A 10 1.9850 e+13
A 11 7.0435 e+13
AN 12 1.5752 e+14
w13 1.7542 e+14
A 14 2.0151 e+14
AN 15 2.0254 e+14
AT 16 1.5317 e+14
AN 17 8.3872 e+13
A 18 2.6764 e+13

NANISNAADL. AN LS lUN1TNAa D INULTUA N 4 luadaoyanin uaaunay

UNAITUYDIT08TATIUDAN LAZINITENUAILNUIIDITALTAUIUDNAIY FI9INATTLA LRSS




58

= v o2 | . a v o @ o o - '

# 4.6 uanslvitiudy szesianuugrdnipeiigandeadunivd ¢ nuneanuailusunss
Fea1us 0y Ul AR LTI ARAILUNWI DALAET NS A DU LML Res 8T At ulu A TR
UUNAADU

4.5.4 nsvedauaugnaedlunsineuvadllsunsy

Hanaaay mmmmgncffaasuaamsﬂazmamamwlﬁéﬁa"‘ﬁlammwaﬁa%’ﬁasﬁu
FuinsmaanUsg WernauRananavesszuy tagegldinnismageufunniuiaues
soedntuiifirnuuanses ﬁaLLaﬂﬂugUﬁ 4.13 uazldnansmitldannisvadsy lunisng
nav

A9 4.7 weaeuniduAuamEIslanumaiiagaugndedunTininuYes

Tusunsu
Asai AL DU LYY mwiuﬂﬁa%’agamwﬁﬁuﬁu TEUTMSUULERER
nadey | N (% Matching)
1 99.7455 AR 4 1.2743 e+12
2 99.7455 A 4 1.2743 e+12
3 99.7455 AT 4 1.2743 0412
4 99.7455 N 4 1.2763 e+12
5 99,7455 WG 4 1.2743 e412
6 99.7455 e 4 1.2743 e+12
7 99.7455 A 4 1.2743 e+12
8 99.7455 A 4 12743 e+12
9 99 7455 A 4 1.2743 e412
10 99.7455 A 4 12763 e+12

%aWﬂwTﬁa%a'gﬂlﬁ'jﬂﬂmﬂmamﬁaﬁfmulﬁgnﬁaa TaslUshnTuanunsoAuAy
amilaassiunnasilunsvaaaudiuay 10 A

4.6 Ei'aur;iaﬂ'izmuﬂ‘i’l?\lﬂﬁ'wﬂ% (Graphical User Interface, GUI)
Lﬁar[,ﬁasmﬂsiamsﬁwlﬂﬁmuuasmﬁ@L%'Uaﬁfiazgaﬁﬁaaﬂ'ﬁuammaﬁmmﬂu
sudauanniu Tathawseuszarunsiwndudly snldlugiunisuaniua fauansdiuse
Uszanunsiinfiugltugud 4.15-0.17 Ssazuansasnegildannsusznans oy nwd
T maaau(Test Image), NniilAaANSAURUAMEquivalent Image), Mwd i vaday
Tndifssiunmlslundsfoyanmannian(Matching with) uaz Wadlduanumiioudugas
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3. A Design of User Hearing Circumstance-based Audio
Recommendation Service

Jong-Jm Jung, Seok-Pil Lee (Korea Electronics Technology
Institute. Korea)

In  this stedy, “intelligent real-sound preseatation
technology” that support high quality and realistic audio and
the “core technologies” that are composing of this will be
mtroduced. For recommending music based on user’s
circumstance, user emotion, user’s activity, user’s hearing
environment and other information is defined and utilized.
User input their own circumstance information by user
inferface device, and user get the recommendation lists
based on circumstance information, Human emotion is
simply categorized mio 12 cases of feelings for uulizing
recommendation, and 3 factor of circumstance (temperature,
humidity. luminance) is used, at last 3 information (user’s
activity, tune zone, weather) is used. In the end, based on
these all information, user can get a recommendation music
list that user are likeable hearing under user’s circumstance.

4. Developing Learning Materials for the Fmbedded
System Architecture of the Software Design

Ryvosuke Hiwatashi, Yoshihiro Yasutake, Koichiro Tanaka
(Kyushu Sangyo University, Japan)

This time, we added lecures lo confrol the hardware with
software design. This wants to let students understand
difference between hardware control methods and software
control methods. To achieve the goal, we mcorporated
lectures 10 leam the software control methods. The hardware
control requires prumnatily a schematic, Kamaugh diagram,
fruth table and state diagram. The software control requires
primarily wiring diagrams, flowchants and programs. We
prepare a single theme which would be desigued both
hardware and software control methods. | think so smdents
can understand and compare the differences between the
control methods. This ume we have created teaching
materials actually. we leciure and make a valuation.

5. Valid Japanese Syllabaries for User Authentication in
Keystroke Dynamics

Yuta Shiomi, Yuwji Kinpara, Yoshihiro Kaneko (Gifu
University, Japar)

Keystroke dynamics-based user authenuication 1s recognized
as one of potentially valid biometrics. For this research, we
asked 51 subjects of university student to mput predefmed
fext in order to get keystroke data, from which we take two
consecuiive keystrokes, termed digraph. In that text, 31
digraphs appear more than once, with which have already
achieved authealication error rate EER less than 1%. In this
paper, even if we restrict 8 digraphs on Japanese syllabaries,
we can achieve EER results around 8%, which are not bad
comparing with other well-knmown measures using 31
digraphs all. This restricted number of digraph based result
is expected to password enhancement.

i
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I
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6. Cross-diagonal, Bit-parallel Implementation of
Levenshtein Edil Distance
Hiroyuki Funaya, Kazushi lkeda (Nara Institute of Science

and Technology, Japan}

A cross-diagonal, bit-paralle]l implementation of Levenshtein
edit distance s proposed. The algorithm runs theoretically m
O{max(n.m)} under an ideahzed condition, where n and m
ate the lengths of the query sequences, and practically m
O(mnc/p} where ¢ 1s the cost for parallelization and p is the
nunber of processars. The parabelization cost is so large
compared to its benefit that the algonithm 1s only suifable for
larger number of query sets, which is shown by an
experiment.

7. A Black-based Two Bit Transform Using Second
Derivatives for Anti-shaking

Sangwoo Ahn, Jongwha Chong (Hanyang University.
Korea)

In this paper, 4 block-based two bit wansform using second
dertvatives which is used for anti-shaking is proposed. Low
computational complexity and accurate mofion estimation
are demanded o anti-shaking for mobile phone. Therefore
two siages which consist of the predicted motion vector
(PMV), the rmwo-bit transform using second derivatives
(2BT-SD) are performed stage-by-stage. The two stages are
carly fenmmated up to result of stage. So the wade-off
hetween computational complexity and accuracy is mediated
by the early termination which is determined hy
characteristics  of frames. To  evaluate ihe proposed
algorithm, peak signal-to-noise ratio of reconstrucied frames
and current frames is measured. And the proportions of each
stage are used to evaluate computational complexity

8. The Media Surface Image Construction with
Technique of Reflecting of Laser Beam

S Sactung (College of Data Storage Technology
Innovations, Thailand), P. Wardkein, J. Koseeyaporn (King
Mongkut's Institute of Technology Ladkrabang, Thailand)

This ariicle presents the mnage of scratch on media
canstriiction by emitting the laser beam toward the media
mounted on motor. The mator rotates and moves the media
in order 1 obtain the complete scanning on the whole media
surface. The reflected laser beam 15 detected by
differentiation method that detects the intensity of the laser
beam. This data was saved and brought to construct media
surface to display the shape of the scratches on media for
analvzing the causes of the scratches.

9. An Efficient LED Lighting Control Algorithm to
Reduce Power Consumption
Chi-Goog In, Chi-lo Lin (Semyung University, Korea)

In this paper, we propose an efficient LED lighting contro!
algonthm. Such algorithm reduces power conswmnption and
increases LED life-cycle and heat efficiency of LED Lighting
module. This paper proposed that algorithm is creatmg
pattern by using a magic square on the LED Mawrx. Such
pattern can rotate and invert perforns techniques cross
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The Media Surface Image Construction with Technique of Reflecting
of Laser Beam

S. Saelungl, P. Wardkein® and . Koseeyapoml
"Pata Storage Technology, College of Data Storage Technology Innovations.
chpartmcnt of Teleccommunication Engineering, Faculty of Engineening,
King Mongkut's Institute of Technology Ladkrabang,
Ladkrabang, Bangkok, Thailand 10520
E-mail - 2690302(@kmitl.ac.th

Abstract

This article presents the image of scratch on media
construction by emirting the laser beam toward the
media mounted on motor. The molor rotates and moves
the media in order (0 obtain the complete scanning on
the whole media surface. The reflected laser beam is
detected by differentiation method that detects the
tntensity of the laser beam. This data was saved and
brought to construct media surface to display the shape
of the scraiches on media for analyzig the causes of
the scratches.

Keywords: scralch, media, laser, image construction
1. Infroduction

Hard disk drive consists of several parts; one of
them is the media where the data is stored. The
magnetic media s composed of multiple layers such as
substrate, NiP layer, magnetic laver and carbon
overcoat layer, which have the abality to rellect light.
According to the theory of light reflection, the light
reflects well on the polished and smooth surface. On
the other hand, the light reflected from the tess shiny or
ueven surface creates less intensity of the light
reflection. The less intensity of the hght reflection 1s
caused by the scatlering of the hght. According to
these principles, the scratch media image construction
by using optical laser reflection scanning techniques 1s
proposed. In the past, there were many techniques used
to detect scratches on the magnetic media, such as
scanning electron microscopy (SEM), atomic force
mucroscopy (AFM), optical system and defectve
mspection method and wfrared cameras, [1-6} ete.
But these techniques required complicated equipiments,
the price was too high and the resolution was
eXCessive.

1070

Recently, the technique to detect scratch on media
by using reflection of the laser beam was proposed in
[7]. This techruque provided only a priumary detection
of the scratch on media however size of the scratch had
not yet been defined In addition, the scanning process
10 cover the whole surface of media must be
accomplished m manual. In tlus paper, the proposed
work has been developed from [7]. An addition motor
15 combined for whole surface scanning purpose.
Moreaover, the received signal which is the optical laser
uitensity is transmitted to be stored in computer. The
stored data 1s finally retrieved to generate the mage of
scratches on media

2. Principles and Theories.

The characteristic of the laser 15 different from other
lights; it has higher intensity, more certain direction,
less divergence. Tt generates a shgle {requency which
1 conventent for calculation and procession. 1t also
retains all the common characteristic of the light such
as the reflection, the refraction, otc. According to the
light reflection theory, the reflection of the light on the
simooth and glossy surface has higher mtensaty than the
reflection on the rough surface. As shown mn Figure
1{a), the mntensity of the light from the smooth, glessy
surface 15 almost the same as the intensity of the
original one. This 15 because each particle of the beam
is reflected in the same direction. Cin the other hand, as
shown in Figure 1(b). the intensity of the light reflected
from the rough surface s reduced since the particles of
the beam are reflected in the different directions
depending on the texture of the surface. This is also
known as a “diffuse reflection™

Another law of the light reflection is that, if the
rellecting surface 15 smooth and transparent, then the
angle of the incidence will be equal to the angle of the
reflection (see (1) and Figure 2.} In addition, the ray of
the incidence, the ray of the refiection, and the normal



line must be in the same plane. The angle of the
incidence 1s the angle between the incidence ray and
the normal line. Similarly, the angle of the reflected ray
is the angle between the reflected ray and the normal
line.

8i - el (I)
In the proposed work, the system can be depicted n
Figure 3. The optical laser emitted the beam toward the
rotating media, and another set of motor controlled the
forward and backward movement in the media
scanning process. The reflected optical laser beam was
received by the receiver. In the scratched area, the
optical laser intensity was down because of the
scattering of light. In this work. this signal was sent to
the control part, and then to the computer for further
process. The device was consisted of four main parts;
the motor for rotating the media (M1); the motor for
moving the media forward and backward (V2), optical
laser systems to detect scratches. control parts and
computer.

{2) [i)]

Specular reflection Diffuse reflechon

Figure 1. [llustration of light reflection

Figure 2. Diagram of specular reflection
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Figure 3. Block diagram of the proposed system

3. Experiment Setup

In this work, the laser sensor brand “Keyence”
model - LV-H37,  amplifier model LV-21A are
employed where some parts of their technical data are
shown in Table I and [T The magnetic media are 3.5-
inch and maximum rotating speed 1s about 1.57 rad/ s
which 1s driven by stepping motor is installed. The
scratch on media is made where the size of the scratch
is about 60.73 pm, measured by the smart scope. The
distance of the installed laser head 1s about 70 mm.
from the media.

Table L. Specific technical data for LV-H37

Power 3.0 mW max (FDA)
Wavelength 650 nm {Visible red laser)
Beam spot shape | Approx. @50 um (distance 70 mm)

Table I1. Specific technical data for LV-21A

82

Response time Fine 80 us
Detection modes | Differentiation mode
Control output NPN open-collector , max. 100 mA

4. System Description

Figure 4 shows the block diagram of media scratch
detector where Figure 5 and 6 show the flow charts of
the microcontrollers MC1 and MC2. Both controllers
are the microcontroller no. 18F452 with 20 MHz
crystal. The working principle of the laser beam is that,
the laser head will emit the laser beam toward the
media, and the reflected laser beam will be received by
the laser receiver. This signal will be processed by the



amplifier of the laser sensor set in the differential mode
to detect the changes of the light intensity in real ime.

The output signal from the amplifier is in the form
of ON and OFF signal, and tus signal will be sent to
MCI. If the received signal is ON, it means that there
is a scratch on a certain posilion on the media.
Contrarily, if the received signal is OFF, it means that
there is no scratch on a certain position. After that the
MC1 will transform the OFF signal to “0™ and the ON
signal o “1% and will send this data to be stored in the
computer via the serial porl. In this study, the data was
collected 330 cycles. The MC2 is used to control the
base motor (M2) and the spindle motor (M1) to control
both the speed and the position. Figure 7, shows the
cxecution of the MATLAB program used to receive
the data from MCI1. The data will be stored as the
dataxt file in the computer via the serial port. By
using the received signal, the header in MCI1 will
inform the computer when to start and when 10 stop
collecting the data. MCI1 will send the computer the
header Start Of Line “SOL™ and End Of Linc “EOL”
to start and to stop collecting the data, respectively.
The process will be repeated for 330 cycles. For Figure
8, the operation of the MATLAB program used for
generating an image of scratches on the media is given.
The stored data will be read row by row in order to
search for a “1” which indicates the location of the
scratches in each row.

Commuter

] ]
Al switch ]
15wl

Figure 4. Block diagram of control part.
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5. Result and Discussion

From experimental setup and system description
aiven in the previous sections, the obtained image 1s
illustrated in Figure 9 ltis found that shape and size of
the scratches shown on the image are the same as made
on the real media as depicted in Figure 10 This image
can be used 10 make decision that whether or not the
media 1s suitable to be assembled to a hard disk In
addition. the cause of scratches on the media can be
further analvzed by using this image. The result of the
proposed work can be applied in hard-disk drive
manufacturing

Figure 9. [mage of scraiches onunagnetic media
obuaned from the proposed svsiem

Figure 10. Real media with scratches used in
experiment.

6. Conclusion
In the past. in order to collect the shape of the

scratches that occur on a media must use highly
sophisticated equipment as well as the resolution more

{07R
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than necessary Therefore. 11 may not be suitable for
monitoring the media before assembly. Morcover, due
te nature of the surface of media (smooth and glossy).
it is difficult to take image of scratches. In this paper.
the system for generating an image of scratches on a
media s proposed. With smoath and glossy properties
of a meda. the scraiches are detected by using laser
beam. By performing row by row scanning on the
media. the reflected mtensity signal 1s stored as data in
the computer. The stored data representing different
intensity of reflected light is employed to create the
mmage of the scratches on the media. With this image.
itas.useful.in the hard disk assembling process. Also,
the cause of scratches can be further investigated from
theimage. In fiture work. smallest size of the scratches
tharcanbe detected by this svstem will be studied. The
procedure for automatie making decision whether the
miedia can or cannot be assembled 10 a hard disk will
also be given.
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The media surface image construction with technique of reflecting of laser beam

. i A L2 . :
Sarawut Saetung Paramote Wardkein® and Jeerasuda Koseeyaporn

Abstract

This article presents o technioue of image construction for the media surfuce by using reflecting kaser beam. The
mtensity of the retlected and seattered Tuser beamt frovn media will be detected. and stored as o dutu file m a computer. Alter that

the storad data wili be taken 10 constriet the inage of media surtzee In order to demonsirate e shape of the seratches that

cess Of the eigenfaces echnigue.

cccurred on the media surinee. I addinion. the obtained image is emploved in the pro

fgqute will revdeve the relevant images from the image database based on evelidean distarce oriverion Where e synilarty

He

herween the inspected imzee wnd the retdeved image i jdentitied by normatized cross-correlation. The retricved image and the

obizmed nformation can be used © diugiosis the couse of the damzge on the media suface.

Keywords: scratch, media, laser, surface image
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