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ABSTRACT

HSA ABS Auto Inspection Machine is in quality control process. It has some
problems, low quality captured image and lag of inspection tool. They cause to reduce
inspection performance. In this case, the suitable software is a solution. Image
processing is applied. The solution composes of three software components, Manual
Inspection Tool, Auto Focus and Frame Adjustment. Manual Inspection Tool is used
for identifying the defection on ABS. Auto Focus and Frame Adjustment are a kind of
image processing. Edge detection is an image processing technique which is used in
the Auto Focus. Template Matching is also an image processing technique which is
used in Frame Adjustment. These software improve inspection performance

significantly. However, the software caused to take longer machine time.
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A15797 3.1 NaN1SVAAIANNLUNAANSIALaENTUSauRsuTLUIRTRIRLUanUaaulnanig
UszIumELnuafnIge

Arazaantunas Y aansaIasaluasAaen

HWUIAR \ LN
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Emﬁﬂﬁ'samimmﬁ o * %k P
msilRaudisuiiuaunn
2 05q * % % kK 2. 0.0.0 ¢

namsvaaedldlusunuvitastansiannsa 3.1 deldinaniidauivuanudl n1s

s
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v ) & 4 a = = P = val o
anduazldendudliedudanyasuiivuindniing vasinswseudeuiuldlaanvnuunm

yesdlantasy Feeremnulaiinisainduauisainnulasdiodsulanyasuivuinlng

weiloduanlasuilvunaidnagdwaliinisinlindug vinlvldanuisodanenauld vaush
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aunsaSeudisuiulddie

WeRersamaniana {idsunuinisisuisuannatuaniinisinamiens

andunninaE sdudideuiadenldnsdisudguvrunaduiumsnisiauseniuag
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3.2.3 NN5E51995N19

SnuniziatesloinaulanUasuuy ABS Atunzauiie wuuwWdsuiiauvuna agielsh
Aun1IesI9aey ABS deadulumuanudeenisues QC Q’LﬁiauﬁﬂaaﬂLLuumﬂﬁffmum%qﬁa

YadmSuni1sniadeu ABS SauduluswAsUUSNTEUATEY HSA ABS Auto Inspection WARAS

Fagud 3.3
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WHDNII81UAMNABIN1SASI9EBU ABS

tHan ABS

i, . syyvtavesdaulaniasy
£99ANRS A

¢ STUMBLMUIYIEILUanUanuuL ABS

9

guantaay
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« AsnauinvsdnieddleNdannasifuriasasiwieresdiwlanUaauiy
Fenipsadie
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PIIVIN

- syduviesdudaniasiasningng

. @59E0US18AYLDYN

. leesesiionsininvuinvesdulantUasy
- szyriliavasdalUandaouasganiiiag
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3.2.4 nMSRRIUIganLS

4 W owaa o ¥ & - o 4 A o devaa = =
Lll’E]lﬂ'Jﬁﬂ’]‘i"/lL‘wu’lsﬁﬁJLLa’J ‘Zluﬂiﬂﬂﬂﬂ ﬂ’liEﬁ'NLﬂiaﬁ‘ua’lﬂm‘d’aﬁﬂ’liLUiE}UWHUﬂu’]ﬂ

2
ar = Y

wspsileaazgrivsunsundnvaaaissinsirlulfluduneudng W wdesdlegnitmuniusie
aMw Ci é’ﬂwmwmLﬂ%ﬂqﬁauamﬁ'wgﬂLmuf'f{ugwu (Basic Frame) 9893z UUUATRANT B9
ssuuUFURmsAldRe Windows 7 fifsuimuniaiesdiotrliiunuitnsuastunouds
U 3.3 Suldud indesilefifivunanannvangliidenld fudenszysiavesdaudantaen

Y

AshanISIEazdgnUDIas LLﬂﬁﬂUﬂBNﬁQﬂﬁlﬁ'JmLﬁi ATAUNANITNTINIA LLagﬂ‘TiLa%'{laUﬂ’l'i

A iandeuvisufinnadwiasgiudeya sUN 3.4 uansdnuuzuazauanRvenIole

3U 3.4 dnvazuarauaudivenieiien

\Jouimuiniosdainiinevausinuneinisveld lneguduiiniwazainlunis

@32

THuasesiles Wenauwnuluifioelaveslduds Jsduasesilouszneuatlusunsuvan

P99LATIENT




15

3.2.5 n1sas19lusunsunan

o A a

WeutaIesiliotnusznovaslusunsundn Tagldlaudlvdruvedusinsuiduusagig

e

T Weawdfinfledduidnlulunszuiunisnsiaindiuuaniasu w3e HSA ABS Inspection

wazinn1sdsiudeyasnituaiedeuazgiudeya degui 3.5 Mellfllsudeulusunsy

U qU
9

Microsoft Visual Studio Taglda1un C# ndsandunaasuszuulagsinuazyiuugald

Tsunsuviaiegegnaes
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initial hardware

Move camera X-axis

Clamp HSA . Scan barcode

to next head

Move camera Z-axis

LN | No

Capture all SRS

secticn?

Capture all . ’ : Move camera Z-axis

head? i b to'saie position

Mave camers o

home position

- Unclamp. HSA

5U# 3.5 nsrvaunsinnuvestlsunsundnvduiiuiniasdlodn
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3.3 n1sNaIUIssuUlnnganlullf (Auto Focus)

3.3.1 LUIAA
AN8ANUAIY9 AW Bausaznmiiaudaweng1eiu tinmagmatiuiEenam

< { o o ! Y
fdanan wagthawidangaiingnizuIunsniiainu

detuuidedresduinasiadunszuiunsmeneufinnes senduisazdasmiuium
Ananudadandinmaniveudazam ndntuisudisuaanudavesusazamn e
Fumamittaiian (esneeufiumesasamunmendaemansldd uliausasina
Toyadegussuld gendurifsdesiunainnutaidndamanimeonisszuianiwdie

%39 Image Processing

= ot L3

3.2 Jyuazigal

w

Aasnsuiluaiduinde deiuaudaliendaeaniveininaiglag gileudung

Lagdiagiamaisvanmalgamaslateduiginnmdafe amau nanladiinineuae

W

AMNTUYLEFRNATAUTOU WazAIIuAI (Sharpness) fia NMsaguiUaasp LT

TAgIUIATBIANALAD N15NIZATBVBIAULLTULAIUTINUU AIeUIATIERTaLA N

=

unAY Fun With Frequency® uuiulesaes University of California, Berkeley Livawigail

U

Qs

UodullgIu uaniniguil 3.6

FUN 3.6 nuanaanzveuvesnmiiianudnsiiaiu

148524
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nsvaseudeduiguanunastayadsndn fmenmsthamaefifianudanndieiy
uanuanIzvau 1nedIsn15msiadurau (Edge Detector) Han1snaaasfio Andaiinis
AszANETRITaUs uaznTMUABTiNINTEINTBIIBUEs FagUl 3.6 fedunansyaevedvay
wlsHnRuAuALYR uiaresruANIsEsnsalufunuAnudadndinaanila lag

YUINVDIAIUTARD N1INTLABVITATINISUAULUAIVBIAHLTHTULES

3.3.3 15831935015

Input images Fdlge detect Comparison

U7 3.7 FEmsTauazilieuiiguana g

Heons s udadndineanvamnindislag wi dusellfie n1sasdinisin
waziUSeuisudnaadn waneiaguil 3.7 Tnediiuusnia mstedeunweng drduiidesie
miﬁwmwﬁu"] LEAIRNIZABUAIUN1TATITIUVBU (Fdge Detect) N137TI9TUVDUD A
adlnrnans Laplacian saduiianuie nismaAtamusysuuunsdnsnszanenul vie
Histogram 284A TNUAINTUAITATIVTUTBULAD FR8e19n13LUsUTIUVUNTIN Histogram

wanwasUil 3.8 wazdviuganetihdirnuluusuewiazn i IBUigY Wevnawil

1l
s

flAnmuwdsusiudign duifie amndananven gl

Pixehs

intensity

@
I~
£ 8
il

s '

;;'Uﬁ 3.8 A7e819n1stUsUsuuuN Y Histogram
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3.3.4 nsNAYINAWIS

nIsmsvinulushded 3.3.3 filsuianvenduiinnisnsdnan Taeldnw
c# Tun1simurganduasaalusiknsy Microsoft Visual Studio N181a4a1nA1THAILN
ofiag Auto Focus tafau fifsussihwenuaimiusznoudrfulusunsumdn sovdund
Auto Focus aemuaunsindeuiivesndasitunisemuausasluagyssmananimiitonn

at

amngadian Inedandnisnisnainadiu Jui 3.9 uaninszuumsvieuees Auto Focus

3.3.5 msaelusunsumnan

PrgenduasusznaudifulusensundniazUsunaaldvirausiuduls @319 User
Interface Lﬁa’lﬁcﬁsﬁﬂmniumm'mﬁ!jwi'mﬁﬁ'musuaﬁzuu Auto Focus nagaulay
Usuusensvineumastsunsuvdn iiieliaTesdnsyinnunisfissuu Auto Focus Téagng
auysnl FVSUNTEUIUNTTUedlUS LN SUMA AN NSRRI ¥ UU Auto Focus gn

Wananaguii 3.10



Auto Focus

Set image

Detect edge
\;’\!:Eti"-t

Lapiacian Operator

Move camera to pext

frame

Capture all |

frame?

Return the lowest variance image

o program s data base

U7 3.9 A13YUYBIaNALIS Auto Focus

20
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Initiat hardware & ¥ | oad HSA

Move camera Z-axis

to next section :

Capture all

section?

Captine alt P, . E Move camera Z-aXis

head? a8 b tossfe positi

Move eamera o

horre position

311171' 3.10 N5¥UUNTYINIUYaUSkNSUUaNWALNL Auto Focus
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3.4 NTAAUITZUUUSUAMNRUATN (Frame Adjustment)

3.4.1 LUIAnA

818N ABS 91UIUABIATY ATILSNAR NTENENW & suvdeiignimun Useanana

1 5 eu' o 2 ] 1 d' [ ] qi' dl'
ANOIBASILIALINDRTZEET ABS AAIALATEUIINATLKLINAISIUUL UNT28EAaIALAaa UL
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v o ' ] ' o ' & o 1l o 1o o
UYSUALUALINADILEEDIBNINATINED ﬂ'lWﬂ']E]ﬂ'i\‘iﬂ;ﬂW']ﬂﬁlgﬂiﬂlﬂﬁ ABS E]QVIW']LLWHQWQH@EN

3.4.2 Feuazngal

AssEUsus ABS vunmaglag tufesandonisussinanan e inguy
neEne (Object Detection) N33zys1umAanInAIe Object Detection Hagnaies wialy
fufle n1swisuifisuusluuy wie Template Matching 3msiituiniuiznisitiiadign
Wieed nmualuuuees ABS wagthuslkuuluwisuifisuiuyng Anwauunings tiem

ANLUITD9 ABS

]
=

U 3.11 uansiodnufansidisuiisuudiuy ndfe Sanmivesunauuuidu
wikuy udnhuduuufingruieuiisuiunng AWauuAINYBIUIWUY e AL

VNAWATVDIUNLUY

JUM 3.11 LwnAamsiUTguiiguusinuy
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3.4.3 A15831995019

Determine
: Match :
Input image > adjustment
template '

distance v

UM 3.12 Fmsdfunsaiuvsnm

31nNNTITELLIAnN U susuntruulufadei 3.4.2 fileuiseanuuuitnis

o

Frame Adjustment fleguil 3.12 drdiuwinfie n1swssunmdiefiazgnussuianim 610y

hol

wde MITsuiisustuuy (Template Matching) MasaIntumIAMUIUUAINE187IA

Anumilouwnfignludidudnun uagd1nugariiafe N1IM1TsEEaTENINeLaRTie

3

]
=l v o

anumilousnniigadusiunmisssdengninmual

3.4.4 pSWAILgaNALIS

v = o .3 dd‘f =l w v oo 5 LY 1

A guimwiganyiualaeiituguainisnisniuided 3.4.3 Tunsunisiunmaiy
(Input Image) BeWALISIzAasrIvguswmiindaslagludundsiinun wdeainduds
grenm WuAImETeNSaunIrua ROl %38 Region of Interest w3e Ustiun watenaula
di' k] = - al 1 ﬂlj o/ = =) = 1
WasdunisussamaninluuSiiudinain dudalufe nstdFsuiisuwidvuy (Template
Matching) Tagihusiuuy (Template) Fagnrivualiuazanwaiedgnsguiunsidiouiiisy
winuy wazihnaansidngiuneuiinlufie mavidumisifidinnlndiAssivusiuuuuin
-:i = [ [ | e = = " L3 3 [ . o [} 2/ [
fian FadudundsiilaainnisiuSoudiguusinuy genalsazasszazUsudwsnaa sl

q

guiiuazaunszUIuNs Frame Adjustment viudt wnenarwilndidssiisnnfigasmniunmsii

'
= DR

mue TunougaIgne NNIAINTYEEINTEINAL MR AA LM auIN gty
Fu1981984 (Reference) Lilasanszazvnadananiusyosfinea Jeassutasszasingg
@ s 9/ Qs 1 n: ] 2/ n:i' a dl Y] 1 a ]

Wussezauninia laglddnsdiufignimuald ieirssesilaluuuudsiumiwes
NAad uRnIsiedauTiveanasatuilszuzife audLIsIRaInIITEEENIAUINMLARILLNAST
¥a frszevifudinde gendursazdessasuTudunidindenduaud uazvinegluszug
fvun YanwsasdssserUTudumiavAuszasiauala Wediayaasudiundd 39y

A38UIUNTT Frame Adjustment miﬁwmwuawaws’im%uamﬁagﬂﬁ 3.13
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vistgeanana$ Frame Adjustment gnimuiuenannlusunsuninveaniadng lag
Weuldsunsuiae Microsoft Visual Studio wazldniwn C# dilsuimuivenduisuenain
TUsunsundn ieananududauvesssuu lnevanduis Frame Adjustment Wuiissdau

v lUswNSUNANWINLY

3.4.5 nmsas1alusunsunan

A wSurenyiuas Frame Adjustment asiianifiunszuiun1siiauvesszuuiulag
WUNSEUIUNIT Frame Adjustment Sounszuaun1sa18aIN (Capture) A1sazUFU
fumiandesiiliainnszuiunis Frame Adjustment szgniildufuussdumdandesly

o , P [ 1
N3EUIUNTANAIN Frame Adjustment ‘E‘UVI 3.14 LLE’I@Qﬂ'ﬁﬁU')UﬂTiW’lﬁ'}uﬂJa\ﬁSUlﬂﬁu
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Adjust Frame
Move camers to matching position

Capture

Get image

Set ROI !

b Maximum value’s position on migtchea.image = matched position

- ). " Matched vatue
> dhreshold

Determine difference between

matched position and reference

JUN 3.13 N9 UvesEeNdALIT Frame Adjustment



inittal hardware

Move camera X-axis

to next head
Frame Adjustment

Move camera 7-axis

26

L oacd HSA

L Clamp HSA

{0 nex: section -

Capture

Capture all
head?

. Movecamerator ||

~ home position

Capture ait

section?

Move camera Z-axis

t6.5afe postion 1§

t Scan barcode |

Pt

5U# 3.14 nszuiunsvedlusunsunanudaiiy Frame Adjustment
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NANT5IAY

namsNuYsrendwIiivmngnUsafiuderaunin Tngganmeine aumnnsg

W
°

A15UseY lpsannTenLIsIauaIvinaukendy waglvnadnsnnnany #an1snmun

@/ (3 - |

FaNAuIsuAaziiSanUsziumeInuRNaiuAWYeN 4.1 nanisuseliuasasiiatn

U

(Manual Inspection Tool) 4.2 wan15Uszifiuszuulniasalud® (Auto Focus) uas 4.3 Ha

n1sUsEIllusTuvUSUsunUInIw (Frame Adjustment)

4.1 wan15UszsiuAseeliadn (Manual Inspection Tool)

(7]

mMsUszfiurAnsYN e iAot endenasiseil
1. P dediovennsesiein (Reliability)

2. L”Ja’im“ﬁumaﬂaﬁ’ﬁmﬁ (Operating Time)

3. g usiugvenasasilein (Precision)

4. A mssreaesesiiota (Accuracy)

5. ATndenauoald (Expert Usen)

6. Audutauvein1sldiadesilatn (Complicated)

7. amuBavgunonaiosiladn (Flexibility)

8. Msidisuiisuiulusknsuil (Comparison)
ransviududennsed 4.1

AU atiovaaAsasiiadn (Reliability) Urunany 1Wiguiisunaniinsiagaou
ABS #eiA3eaiiadn (Manual Inspection Tool) AUNANITATITEOUIINHWL Y Kl

Ueiags NUIHaANSATuAN T

1a1iildlun1sufiifnas (Operating Time) WWudifienala Tdiatluun wanlal
057 [ Hesannisifeanvuinveaaiosiiasndudedddinanidntey waisnisnsraiatu

sa057 Tbidldanusnuanulalunaidunis



28

A19199 4.1 M3usziliuransvineuveunIadladn (Manual Inspection Tool)

Indicator/Score | k&% hkk | Kkkk * XKk * % *

Reliability v

Operating Time v

Precision b 4

Accuracy v
Expert User |

<

Complicated v
Flexibility | ! v :

Comparison v

anuwiudrvauasasiiada (Precision) gean Lilesainuuinveniasiiagnivun

Hlugenduas ibiynasiideldinsedieln vunvedaiesiledsnsiiaue

ANuLigInsIvaaasesiiodn (Accuracy) g1 asinuuiavadniasilowasnmaed

2
= o

gnasaaiafivwieadnane ilinisasiainlidesamaiateu dsduruiisinsiisduegiv

NSFIANIUINLIATFIULASERTIEIUYRIN I8N

dldiaSesiiofn (Expert User) lidantudasiivszaunisniuazainusrvigan 14

Lﬁmmmﬁ'ﬂismmaﬁmﬂaﬂﬂaauﬁaq"uu ABS Mty Wisidanldiasadiialdadumnzau

al = ot ay 1 ar 2 . o b= - L [} 5
\sssladnillifiadududou (Complicated) Lﬂi@\m@’mgﬂaaﬂLL‘U‘UI‘H‘U@’IU@'IEJ N
AnaTasiiadne LazadenannisfiSeudiy wivaendanlduuinvaaasosdlain a1anuaInu

geniantioy

wsasdlatadiavudandu (Flexibility) w1 eugnaliglddfsiuusuasteuluiau

NanumluNIsAIAIAI a9l

o =~ a s ] . i
wWiaSaurieunulusunsuenn (Comparison) WU11AMNEILITALUNISHTIEDY

Funuilunndunaziuseansnimuinau
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4.2 pan1susafiuszuulnnaanludli (Auto Focus)

MsUsziiusansYn eIt Nds Auto Focus anfeinassiaal
1. mudefiovewonsiuaf (Reliability)

2. L’Jmm‘ﬂum‘iﬂﬁﬁami (Operating Time)

3. AUtAUBIN N LaNAILIS (Sharpness)

4. pruBaneuvassansuas (Flexibility)

5. MaSsuisuiulusunsan (Comparison)
nan1sviududensd 4.2

15197 4.2 nsusEiueaniIsinauYasssuuInngemnluli (Auto Focus)

' Indicator/Score |k kk k& koo Yok X *k *
Reliability g -V ; _

Operating Time v

Sharpness : v

Flexibility (v

- Comparison

<

AanuLYeiiovasvarawas (Reliability) Ununans wagwsaaynalanimdefidaau

LLasMﬁ'aQﬂﬁ'umﬂ& uadanun1sinalasunuafisegasa

nadldlunisufiRnisvesgenswas (Operating Time) 3uludasldinangniuy
LH84917n5E VNS UABINEATNVA18ATILAL NADILARDUNTAA LU LHBVINIUe
ANNTEUILNTYIUYeLA3eIdns MliAamMsazauaiiy aUjifinisveigensiuasis

Tiawnn MstnadldlunsufiRnistuegfudnnunsaanndsausadeuudasla

A2INTAVRININENENEITBNAWIT (Sharpness) TagsIuABULNA UaI8ATINAIW
Favau waveasmunnwldday wsgandliivsnsaiivadnilasves HSA dwals

s ABS lledluszesluia
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vandwasiinudavdu (Flexibility) ge iasngldannsanmlusunsuld

= ar o

WarFsuisunulusunsuin (Comparison) wuinnwdntusesilteddgy

4.3 wan1sussiiusyuudsuaiusn1n (Frame Adjustment)

& o

MsUsESuHaNT SIS Frame Adjustment sndBLnasiaal
1. A deiiovesrendiud (Reliability)

2 naniildlunsufdRnis (Operating Time)

3. Anudanguvasgaiauas (Flexibility)

4. Wisueuiulysunsunn (Comparison)

HAN1IYIN T URAI®I5199 4.3

A15797 4.3 N1sUTEEUNaNISHIURITEUUUSUATLLIN W (Frame Adjustment)

Indicator/Score | kkAAk | hkkk | kkk | kk *
Reliability © 1 | Uy =)

- Operating Time v

 Flexibility v ‘ : ,

- Comparison v ‘ ? f ‘

A21uUIL YD VoI aNA LIS (Reliability) AaUd19A 118991nN1991191UV DS

goudwsFrame Adjustment Usznaudiedaulainsaunay vinlvinaansinuiianaintioy
nafildlun1sujjiAnis (Operating Time) Aaudneas (asnlyidnmsiseudiy

gandusAsudisdanguuin (Flexibility) ilasanveauis Frame Adjustment i

Goulufausademlaiaunavue

Wardseuiisuiulusunsuin (Comparison) WUTIRILKLAY89 ABS 21N NEN88Y

Tununnufianmsasivaeuldieniinmdienlidiissuu Flame Adjustment
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HAFNEAINNITHAILILATEIINT (HSA ABS Auto Inspection Machine) Ag AWMU
FudrugonAwITvIeE laua Manual Inspection Tool, Auto Focus Wag Frame Adjustment
euAlamisneg yilidAnnalnlmig Jungluiriosdnsiaznszuiunmsniiaia ABS gaving

e as = o © o P
Lﬂi@\‘i"\]ﬂﬁ]\‘mﬂi%U']Uﬂ’]'ﬁ“ﬂ’]\‘ﬂUﬂ\ﬂ‘éUW 4.1



initial hardware

Move camera X-ax}s

to next nead
Adjust Frame

Move camera Z-axis

g Clamp HSA 3

L oad HSA

1O next secuon .+

Capture ail

heag?

- Move camera £6

home position

Capture all

section?

Move camera Zeaxis

tosafe posthion

Eiriish

52

Scan Barcode |

JUN 4.1 n3¥UIuMsauYes HSA ABS Auto Inspection Machine a3H UNSHRIULILAY
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WawlazAeganLAIas HSA ABS Auto Inspection
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HAN1INAUILATIINT %50 HSA ABS Auto Inspection Machine Development f1u
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Hard Disk Drive

From Wikipedia, the free encyclopedia. (https://en.wikipedia.org/wiki/Hard_disk_drive)

Hard disk drive

Internals of a 2.5-inch SATA hard disk drive
Date invented 24 December 1954; 62 years ago™

Invented by IBM team led by Rey Johnson

g‘l_l‘ffi n.1 First Invented Hard Disk Drive

g‘dﬁ n.2 A disassembled and labeled 1997 HDD lying atop a mirror
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A hard disk drive (HDD), hard disk, hard drive or fixed disk is a data storage
device that uses magnetic storage to store and retrieve digital information using one
or more rigid rapidly rotating disks (platters) coated with magnetic material. The platters
are paired with magnetic heads, usually arranged on a moving actuator arm, which
read and write data to the platter surfaces. Data is accessed in a random-access
manner, meaning that individual blocks of data can be stored or retrieved in any order
and not only sequentially. HDDs are a type of non-volatile memory, retaining stored

data even when powered off.

Introduced by IBM in 1956, HDDs became the dominant secondary storage device
for general-purpose computers by the early 1960s. Continuously improved, HDDs have
maintained this position into the modern era of servers and personal computers. More
than 200 companies have produced HDDs historically, though after extensive industry
consolidation most current units are manufactured by Seagate, Toshiba, and Western
Digital. As of 2016, HDD preduction (in bytes per year) is growing, although unit
shipments and sales revenues are declining. The primary competing technology for
secondary storage is flash memory in the form of solid-state drives (SSDs), which have
higher data-transfer rates, higher areal storage density, better reliability, and much
lower latency and access times. While SSDs have higher cost per bit, SSDs are replacing

HDDs where speed, power consumption, small size, and durability are important.

The primary characteristics of an HDD are its capacity and performance. Capacity
is specified in unit prefixes corresponding to powers of 1000: a 1-terabyte (TB) drive
has a capacity of 1,000 gigabytes (GB; where 1 gigabyte = 1 billion bytes). Typically,
some of an HDD's capacity is unavailable to the user because it is used by the file
system and the computer operating system, and possibly inbuilt redundancy for error
correction and recovery. Performance is specified by the time required to move the
heads to a track or cylinder (average access time) plus the time it takes for the desired
sector to move under the head (average latency, which is a function of the physical
rotational speed in revolutions per minute), and finally the speed at which the data is

transmitted (data rate).
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The two most common form factors for modern HDDs are 3.5-inch, for desktop
computers, and 2.5-inch, primarily for laptops. HDDs are connected to systems by
standard interface cables such as PATA (Parallel ATA), SATA (Serial ATA), USB or SAS
(Serial attached SCSI) cables.

Technology
Magnetic Field lines
e hiend sd . o . strong Held and Hald reversal

near baundary

gﬂﬁ n.3 Magnetic cross section & frequency modulation encoded binary data

Magnetic recording

A modern HDD records data by magnetizing a thin film of ferromagnetic material
on a disk. Sequential changes in the direction of magnetization represent binary data
bits. The data is read from the disk by detecting the transitions in magnetization. User
data is encoded using an encoding scheme, such as run-length limited encoding, which

determines how the data is represented by the magnetic transitions.

A typical HDD design consists of a spindle that holds flat circular disks, also called
platters, which hold the recorded data. The platters are made from a non-magnetic
material, usually aluminum alloy, glass, or ceramic, and are coated with a shallow layer

of magnetic material typically 10-20 nm in depth, with an outer layer of carbon for
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protection. For reference, a standard piece of copy paper is 0.07-0.18 millimeters

(70,000-180,000 nm).

Spindle  Head

Actuator Arm

Actuator Axis

Power Connector

Jumper Block

IDE Cennector

gﬂ‘ﬁ N.4 Diagram labeling the major components of a computer HDD

gﬂﬁ n.5 Recording of single magnetizations of bits on a 200 MB HDD-platter
(recording made visible using CMOS-MagView).
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*Ring" wriing element

Longitudal Recording {standard}

+| Recording layer

4= Additional Layer

g‘dﬁ .6 (Above) Lonsgitudinal recording (standard), (Below) perpendicular recording

diagram

The platters in contemporary HODs are spun at speeds varying from 4,200 rpm
in energy-efficient portable devices, to 15,000 rpm for high-performance servers. The
first HDDs spun at 1,200 rpm and, for many years, 3,600 rpm was the norm. As of
December 2013, the platters in most consumer-grade HDDs spin at either 5,400 rpm

or 7,200 rpm.

Information is written to and read from a platter as it rotates past devices called
read-and-write heads that are positioned to operate very close to the magnetic surface,
with their flying height often in the range of tens of nanometers. The read-and-write
head is used to detect and modify the magnetization of the material passing

immediately under it.

In modern drives, there is one head for each magnetic platter surface on the
spindle, mounted on a common arm. An actuator arm (or access arm) moves the
heads on an arc (roughly radially) across the platters as they spin, allowing each head
to access almost the entire surface of the platter as it spins. The arm is moved using
a voice coil actuator or in some older designs a stepper motor. Early hard disk drives

wrote data at some constant bits per second, resulting in all tracks having the same
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amount of data per track but modern drives (since the 1990s) use zone bit recording—
increasing the write speed from inner to outer zone and thereby storing more data per

track in the outer zones.

In modern drives, the small size of the magnetic regions creates the danger that
their magnetic state might be lost because of thermal effects, thermally induced
magnetic instability which is commonly known as the "superparamagnetic limit". To
counter this, the platters are coated with two parallel magnetic layers, separated by a
3-atom layer of the non-magnetic element ruthenium, and the two layers are
magnetized in opposite orientation, thus reinforcing each other. Another technology
used to overcome thermal effects to allow greater recording densities is perpendicular

recording, first shipped in 2005, and as of 2007 the technology was used in many HDDs.

In 2004, a new concept was introduced to allow further increase of the data
density in magnetic recording, using recording media consisting of coupled soft and
hard magnetic layers. That so-called exchange spring media, also known as exchange
coupled composite media, allows good writability due to the write-assist nature of the
soft layer. However, the thermal stability is determined only by the hardest layer and

not influenced by the soft layer.
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Components

gﬂﬁ n.7 HDD with disks and motor hub removed exposing copper colored stator
coils surrounding a bearing in the center of the spindle motor. Orange stripe along
the side of the arm is thin printed-circuit cable, spindle bearing is in the center and

the actuator is in the upper left

A typical HDD has two electric motors; a spindle motor that spins the disks and
an actuator (motor) that positions the read/write head assembly across the spinning
disks. The disk motor has an external rotor attached to the disks; the stator windings
are fixed in place. Opposite the actuator at the end of the head support arm is the
read-write head; thin printed-circuit cables connect the read-write heads to amplifier
electronics mounted at the pivot of the actuator, The head support arm is very light,

but also stiff; in modern drives, acceleration at the head reaches 550 e¢.
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31]17'i N.7 Head stack with an actuator coil on the left and read/write heads on the

right

31]171' 1.8 Close-up of a single read-write head, showing the side facing the platter.

The actuatoris a permanent magnet and moving coil motor that swings the
heads to the desired position. A metal plate supports a squat neodymium-iron-boron
(NIB) high-flux magnet. Beneath this plate is the moving coil, often referred to as the
voice coil by analogy to the coil in loudspeakers, which is attached to the actuator
hub, and beneath that is a second NIB magnet, mounted on the bottom plate of the

motor (some drives have only one magnet).

The voice coil itself is shaped rather like an arrowhead, and made of doubly
coated copper magnet wire. The inner layer is insulation, and the outer is

thermoplastic, which bonds the coil together after it is wound on a form, making it
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self-supporting. The portions of the coil along the two sides of the arrowhead (which
point to the actuator bearing center) then interact with the magnetic field of the fixed
magnet. Current flowing radially outward along one side of the arrowhead and radially
inward on the other produces the tangential force. If the magnetic field were uniform,
each side would generate opposing forces that would cancel each other out.
Therefore, the surface of the magnet is half north pole and half south pole, with the
radial dividing line in the middle, causing the two sides of the coil to see opposite
magnetic fields and produce forces that add instead of canceling. Currents along the

top and bottom of the coil produce radial forces that do not rotate the head.

The HDD's electronics control the movement of the actuator and the rotation
of the disk, and perform reads and writes on demand from the disk controller.
Feedback of the drive electronics is accomplished by means of special segments of
the disk dedicated to servo feedback. These are either complete concentric circles (in
the case of dedicated servo technology), or segments interspersed with real data (in
the case of embedded servo technology). The servo feedback optimizes the signal to
noise ratio of the GMR sensors by adjusting the voice-coil of the actuated arm. The
spinning of the disk also uses a servo motor. Modern disk firmware is capable of
scheduling reads and writes efficiently on the platter surfaces and remapping sectors

of the media which have failed.
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OpenCV

From OpenC\V’s Official Website, free document. (www.opencv.org)
Introduction

OpenCV (Open Source Computer Vision Library: http://opencv.org) is an open-
source BSD-licensed library that includes several hundreds of computer vision
algorithms. The document describes the so-called OpenCV 2.x API, which is essentially
a C++ AP, as opposite to the C-based OpenCV 1.x APl. The latter is described in

opencvlx.pdf,

OpenCV hasa modular structure, which means that the package includes several

shared or static libraries. The following modules are available:

® core - a compact module defining basic data structures, including the dense

multi-dimensional array Mat and basic functions used by all other modules.

® imgproc - an image processing module that includes linear and non-linear
image filtering, geometrical image transformations  (resize, affine and
perspective warping, generic table-based remapping), color space conversion,

histograms, and so on.

® video - a video analysis module that includes motion estimation, backeround
subtraction, and object tracking algorithms.

® calib3d - basic multiple-view geometry algorithms, single and stereo camera
calibration, object pose estimation, stereo correspondence algorithms, and
elements of 3D reconstruction.

® features2d - salient feature detectors, descriptors, and descriptor matchers.

® objdetect - detection of objects and instances of the predefined classes (for

example, faces, eyes, mugs, people, cars, and so on).
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® highgui - an easy-to-use interface to video capturing, image and video codecs,

as well as simple Ul capabilities.
® gpu - GPU-accelerated algorithms from different OpenCV modules.

® . some other helper modules, such as FLANN and Google test wrappers,

Python bindings, and others.

The further chapters of the document describe functionality of each module.
But first, make sure to get familiar with the common APl concepts used thoroughly in

the library.
Called Function
Image Filtering

Functions and classes described in this section are used to perform various
linear or non-linear filtering operations on 2D images (represented as Mat()‘s). It means
that for each pixel location (x, y) in the source image (normally, rectangular), its
neighborhood is considered and used to compute the response. In case of a linear
filter, it is a weighted sum of pixel values. In case of morphological operations, it is the
minimum or maximum values, and so on. The computed response is stored in the
destination image at the same location (x, y). It means that the output image will be
of the same size as the input image. Normally, the functions support multi-channel
arrays, in which case every channel is processed independently. Therefore, the output

image will also have the same number of channels as the input one.

Another common feature of the functions and classes described in this
section is that, unlike simple arithmetic functions, they need to extrapolate values of
some non-existing pixels. For example, if you want to smooth an image using a
Gaussian 3x3 filter, then, when processing the left-most pixels in each row, you need
pixels to the left of them, that is, outside of the image. You can let these pixels be the
same as the left-most image pixels (“replicated border” extrapolation method), or
assume that all the non-existing pixels are zeros (“constant border” extrapolation

method), and so on. OpenCV enables you to specify the extrapolation method. For



47

details, see the function borderinterpolate() and discussion of the borderType

parameter in the section and various functions below.

L-a‘ijacji‘ah-

Calculates the Laplacian of an image.
C++: void Laplacian(inputArray src, OutputArray dst, int ddepth, int ksize=1,
double scale=1, double delta=0, int borderType=BORDER DEFAULT )

Python: cv2 Laplacian(src, ddepthl, dst[, ksize[, scale[, deltal, borderType]llll) —
dst '

C: void cvLaplace(const CVvArr* src, CvArT* dst, int aperture_size=3 )

Python: cv.Laplace(src, dst, apertureSize=3) — None
® src - Source image.

® dst - Destination image of the same size and the same number of

channels as src .
® ddepth - Desired depth of the destination image.

® ksize — Aperture size used to compute the second-derivative filters. See

getDerivKernels() for details. The size must be positive and odd.

Parameter:

® scale - Optional scale factor for the computed Laplacian values. By

default, no scaling is applied. See getDerivKernels() for details.

® delta - Optional delta value that is added to the results prior to storing

them in dst .

® borderType - Pixel extrapolation method. See borderinterpolate() for

details.

The function calculates the Laplacian of the source image by adding up the

second x and y derivatives calculated using the Sobel operator:

dlsrc dlsre

det = Asrc = an + o
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This is done when ksize > 1 . When ksize == 1, the Laplacian is computed by

filtering the image with the following 3x3aperture:

0 1 0
1 -4 1
0 1 0
Object Detection
: :r_hétchTem.ﬁléfé: .

Compares a template against overlapped image regions.
C++: void matchTemplate(InputArray image, InputArray templ, OutputArray result,
int method)

Python: cv2.matchTemplate(image, templ, method], result]) — result
C: void cvMatchTemplate(const CvArr* image, const CvAr* templ, CvArT* result,

int method)
Python: cv.MatchTemplate(image, templ, result, method) — None
® image — Image where the search is running. It must be 8-
bit or 32-bit floating-point.
® templ - Searched template. It must be not greater than

the source image and have the same data type.

Parameter:

® result - Map of comparison results. It must be single-
channel 32-bit floating-point. If image is W x H and
templ is W x H, then result is W-w+1)
x (H-h+1).
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® method - Parameter specifying the comparison method

(see below).

The function slides through image, compares the overlapped patches of size
w X h against templ using the specified method and stores the comparison results
in result. Here are the formulae for the available comparison methods (1 denotes

image, T template, R result). The summation is done over template and/or the

image patch: x' =0..w— 1,‘9’ =0.h—1
method=CV_TM_SQDIFF

ROGY) = Y (T y") = I+, y +7)?

x},yl'

method=CV_TM SQDIFF_NORMED

Ree] 2 B (059 Mot ¥y +9)2

\/fo o TOAYE - T x4 Xy +y!)?

method=CV_TM CCORR

Rix,y) = 3 (T(x597) - 1+ x, y +y))

-x.t&yl

method=CV_TM_CCORR_NORMED

ZI,QI(T( ,y] Ix+xy+y')

’\/Z\: AR Zx',g"l(x_i_xg?g +yf]2

method=CV_TM_CCOEFF
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Where
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Fad

Ty ) =T,y =1/ w-h) -2 0 T
Vix+ %,y +y) = 1x+%,y+y') - 1/(w-h

M

ey 1(x +x",y +

method=CV_TM_CCOEFF_NORMED

T ("0, ) - V(x4 %,y +1))
\/zx,g, (YR - Ly Vx4 Xy + YR

R(x,

After the function finishes the comparison, the best matches can be found as global
minimums (when CV_TM_SQDIFF was used) or maximums (when CV_TM_CCORR or
CV_TM_CCOEFF was used) using the minMaxLoc() function. In case of a color image,
template summation in the numerator and each sum-in the denominator is done
over all of the channels and separate mean values are used for each channel. That
is, the function can take a color template and a color image. The result will still be

a single-channel image, which is easier to analyze.
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