sguIdgatuanysal

Iﬂi\iﬂ’]’i m'su,&mLLazmﬁLﬂsqzﬁmmﬁﬂﬂﬂasuaﬂwsaaummnmw MRI
(Segmentation and Analysis of the Ventricle Deformation of Brain

MR Image)

/

ALKAYY

WUNOuY JUas WntlAsINIIvy

N

o)
i
D
[as]

PIYTATUN  LAADAUNTNE

N

o)
i
D
[as]

WNAIEITIN Sedlvdny

N

o)
i
D
[as]

UNﬁ’W’JLUiyﬁ]ﬂiﬂj ﬁ‘lWlﬁﬂf’NQﬁ

N

o)
i
D
[as]

WILNER NalNWL

N

o)
i
D
[as]

wedualyius seannd

N

a v a

WLENT AT8END

Y

N

o)
i
D
[as]

Y1981795597 DUUUA

-
o)
(e
P))
me

WgILA BIYEN N

-
o)
(e
)
me

wigdysned agu iy

2
o)
(e
PS))
me

Y19@1795A5 AuSad

e e eRp e eXp eXlp eXp eXp eXp eXp &1y
o)
s
D
(asd

2
o)
(e
)
me

UNANMIFIITIU WIUAS

TA5IN15738UsEANIUUSTUI U LA
MNRUIANYUITUIA (SUUTZUUULRUAY)
Y9uUszannl W.A. m&vo

wﬁwmé’agswq



SYElASINTS 2560A10802152

o—

aundeysyn 32/2560
sguIdgatuanysal

Iﬂi\iﬂ’]’i m'su,&mLLazmﬁLﬂsqzﬁmfmﬁﬂﬂﬂasuaﬂwsaaummnmw MRI
(Segmentation and Analysis of the Ventricle Deformation of Brain

MR Image)

£

WUNOBY JUas WntlAsINIIvy

[y

YIYTATUN  LAADAUNTNE 217338

N

o)
i
D
[as]

WNAIFITIN Sedldey

N

o)
i
D
[as]

UNﬁ’W’JLUiyﬁ]ﬂiﬂj ﬁUVlﬁﬂ@ﬂQﬁ

N

o)
i
D
[as]

WILNER NalNwL

N

o)
i
D
[as]

wedualyius seannd

a v a

WLENT ATEEND

Y

N

N

o)
i
D
[as]

Y1981795597 DUUUA

-
o)
(e
P))
me

WgILA BN

-
o)
(e
PS))
me

wiedysned aguiy

2
o)
(e
P))
me

Y19@1795A5 AUSad

2
o)
(e
PS))
me

UNANMIFIITI WIUAS

el eXRp eXRp eXp eXp ep eXp eXp eXp eXp &1
o)
s
D
(e

AMZINYINTTETEUINA N%ﬂ%ﬂ&]’]ﬁﬁ]gﬁWﬁ

AUYgU 2561



AnRnssuUsznA

NITeillasunmsatuayunideansulssnatunegldanntugaryussuia

(quUszanauaui) UsednUeudseann w.a. 2560 1 Ing1qgysn iudtinau

'
= o

AYNITUNIINITINBWINR Laundeyayn 32/2560

ANIEEITY

AuENgU 2561



UNANED

nsduunnzihdslulnssaues uar lsalunguasosde ainamdiedeiduaudi
mnuvyeeduilonn SnuagranUszmsiifinnundiondsturesnmaneaneUaely
nauAuRAUNAfNgs viliadeenuduaulunisidadelsaveswnmd waverailudnis
Snwfianain vize a1t ddlutlagtufiinAdemsiumaianisuszinananmiliaueislu
nswunamdeanuinnfviaaesi uinadnsilddasligndeanntn Tunuideii
dnauatunouisuazdnuuylninianindie Aamisaldlunisduunnindieaiy
aunuuvdnvasaussthonnegihdslulnssanes fu fielsnauesleldognednluii® il
Prwatvayunsinaulavenmslutunounisitadelsaisaesiiidnuazadioadatud
Funerdsfidaveiidaesy 3 Junsundn Iiun JunownIounim (Image preprocessing)
wielsdrsonisUsvanana, duneuaaordnuaziAUIINANEIBaNDY ward unaunIs

Juunmelassiguszamiiien ludiuvesdnuaziiuvesanesgnanaiioudnanlddwun

(%
[y

armuanaslueiddeild 5 Snvar Usenoudae 3 Snuusdafuedlsnamsinddlulngs
aues 1. $nsdndu 2. 8ndrnvealnssanes 3. yuvedlnssaned uay 2 dnwaglvaid
WLaUe Ao 4. §RI1AIUTBITOUUDNANDY LAY 5. YUUDUUINTIAUDI AINHANITNAGDINUT
Snwarlmildiiauerelifuieruunndssninnnghdslulnssiulseauosloldd
Tnglanzegeds Anvazriesseuusnanss MLUskniuiuseninsassnguuauinuni 1ng
Tugfnziddulnssauesdidnidudessevuenaussuaunitauund nduiuludaudiae
avowedrildnsdiuTessavuenauaInienAulng Ussdnsanlunsdwungnuseidiy
#ae TassreUszamiiouuuuimofidunsounarsdu e fesaraugndedld
uadwidal Suunnmziddulnssanedligndes Snsmauanade 93.3%, Snsmauinidia
1.7% waz A1ANMNT 83 93.3% Suunlsnaussdalignios 98.3%, 6.7% way 98.3%

ANUAINU



AITUTIANT Nerererereeeereereresesesesesesesesesesesesesesesesesesesesasesasesesesssesesesesesssesesssesessssane

ANITUDTUN MWlerrirririnininisessesenesenesesssssesssssessessssssssesssssssssssssssssssessessesssssssssns

UNN

AT ULULAE ANUENAUVBITLUI e ssesessssssans

[y

U INUBINTIT IV . ererererrrrsrereeresrssseseesesssssssessssssssssesesssssssssssesensnsans
TAUTEAIANITITY cerrrererrerrermesenmenseesessessensesseesesstssesssessssssesssesscsss
VOULUAYDN NIV e sververerrereerssesessssesassessssssesssssssessssessessssesssssssesssssens
UTELHTITANATIIZLE U oo sesesnsesessssssessssssssssssssssssssssessens
R I Y A IR T R T
PTG IO e vrrrrerrreeeeeeeeseesesssssssssssssssesssessssssssssssssssssnssesssesssssseses
AT TUNTTUTIAEITOL oo eeeessessssssssessssssssessssssssssessessssssssssssnns
3 AT TUNTITIV crrerrerereseresessssssessssssssssssssssssssssssssssssssssssssssssssssasasssssssssases

[
v

TUADUNITATYUATNADUNITUTELIAN D e evevererererererererereresesesesesesesesesesenes

Qe

v @

PUADUN TR MDNIIEUL veververrerrereereersessessessessessessessessessessessessessessessessenns
DUNDUN T Nareeveenveereeeeesesssesseessessasssessssssesssessessssssesssessesssessssssessans
B AN ITVINAB e eveereereereereereereeseeseeseessessessessessessessessessessessessessessessessessessessessessons

[
v

TUADUNITATYUATNADUNITUTELIAN D e everererererererererereresesesesesesesesesesenes

Qe

v @

FUADUNTTEN MDNIIEUL e eereereereereereeraereersessersessessessessessessessessessessessessessenes
DUNDUN T Nureeveenveereeeesseessesseessessasssessssssesssessessssssesssessesssessssssessans

5 ATUNANITNARD  etererireteretereretesetesesesesesesesesesesesesesss s s s s s s ssssssssesssssssasasans

20
26
27
30
32
33
33
35
a0
a5



#1508y (fi9)

FAITOUINANTTNIARD G cevrreererererssesesesessssssesssessssssssesssssssssssssssssssssnsssseses
AU T TIIE T O DU e veere e eerseeeesesesseeseseeesssssessesessssesessesssees
UTTOUTHNT e eevureesseessensesssesssesssessseesssessesssesssesssesssesssesssesssesssssssesssesasesssesssesssessnes
ATANLIN cevviecseeesesssesesesesssssssssssssssssssssssssssssessssssssssssssssessssssssssssssssssssssssssssnenes
AIANLIN Mevrerecrcreressssescsesessssssesssssessssssssssssssssssssssssssssssssssssssssssssssssssses
AANUIN Vrrerrererererseeseresesssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssasns

B L G USRI



o
AN

4-1

4-2

A150yA1319

Y
WU
ANWALLTIALAYIY 5 Evans Ratio(ER), Frontal Occipital Horn Ratio(FOHR), 40
Ventricular Angle(VA), Sulci Ratio(SR), Frontal Occipital Horn Angle(FOHA)

;
dQJ\'LYJ
NP L euerenirrnnerrnnrenerenirennseneirenseassreasenscressrassessssensssssssesssssssssnsssnsssensssnns

FeuarAUgNABIluNITTIRUN ANURAUNATADY SevienvtAslulnge 43

ANDY U LIALUNAUAUBI D rerrecrreerernerrensersensensesessesseessesssesseessesasenns



1-1

2-1
2-2

2-3

2-4
2-5
2-6
2-7
2-8
2-9
2-10
2-11

2-12

dsuey U

¥ oo
[

AMUARIBATITEMINNNAEALDS NITUAILUINTIE@Uad (F18) AU 1saly
NANANDIHND (U)o ssss s sassaees
ASEUIUNNT EUNNITUTEL IDNAN TN, eveererrereerereeessersesesseseesessessesessessesessessssesseses

DIAUTENDUN I LU N TG BIATUT N e eeereerereererreressessersssessessssessesessessessssessens

InssanasUnfvesywd (Hy) way Inssaueaniinnizinadulnssaues

(M waneduestoanasnd uay (N maeduesleaueveiivauesdle
FUNDUNITINAUNTALTVAFE IS OAToerrrreeeeeeereeeeeseeemmmmmmsssssssesssssessessssmmmnnns
Structuring Element ?%LM%SN%’G;%’& YU 3XBuueurerererererersreseseseresseseseseseseneans
NITVNITUVDY DilATION.rererereeererrrerererersesssesesesessssssesesesesssssssssessssssssesesessnens
NITVNITUVDY ETOSION.everererrrerererereressssesesesessssssssesesensssssssesesssessssssssesesensans
NITVIINTUVDY HOLE filliNGurererererrerererrereeerereseseresesessesesesesensesesesesesssesenes
SCAN MNASKeuueererrrrrrrrnnereeeeeeeeeeeeeeeeesssesssssssssssssnsnnnsnssssssssssssssssssssssssssssssssnes
(n) YouwnvasanUaany (Convex hull) kag (V) WaRNUUUBITNG..ccucnee....

sUsuUNsSesUAAN nReNsauan naule

.............................................
1%
o

WNUATLERTURBUN ST e wuna Mzt ddlulnssauesiulsravo e
uHuANLERTumeun1sUennylnan (Skull stripping) #3638 MLOumuu..eeeeeeee
LA AR RO UN T TN UDIAUD e eerererrreesseeeeseesssseeseesessemmssees
anuanstunaumsyaulunszuaunsUanngdnan (skull stripping..........
auaEnsTunaumsTnulunsEuILMSMIAUNaIENes (sagittal plane of

DFAIN) tveeeerreeerreeeseeeesaeeeseeessseeessesessseesssesesssessssessssassssassssssssssasesssesssasensans

ANLANITURNDUNITHE NFIUINTIAUDILALLUIUIATUNAUN AL AT UAT e

N33EUAUEIgnveIn s luns AN Asye kAl MU ILaENa e el ng

10
12

13
14
14
15
16
17

18

25
27

28
33
34

35
35



4-10

d13Unygunw (da)

YN
ATNLEAINITATU IO AT IETUDIIU e vvvererrerrerenrsresessssssssssssssssssssssssaens 36
ANLEAINTITATUIUDRTIETULY IV INTIHUD D cvvevrrererererernerensnsrnnsssssssss 36
ANNRARAIN T IALUVDIIITIAUD e evecerrermrereerenssessensesssessesssessenssesssessesssesaee 37

aanstuReunsaiatesaNns dudl 1. Wienyuaues 2auesfifiurerie 37
R To N o O

(NMNUAAINTTINAUANVDITBIANBY AILNTANUIUNIAUNT N eeeererreccrenens 38
(n) nmuandlasenszgnnssamoaazgaunuvinsaes (1) Mwuansaie 39

3 MAATUUY LATINTEANUBINTIHUD L cverererrrersnersensenscssenssessenssesssessessecsane



UNg 1

UNUI

1.1 anndussazaarua 1Ay veatyn

avihashulnssaues WunmeRnUnifiintuainnisavauiiludunds (Cerebrospinal
fluid) msﬂiﬂwmauaamﬂﬁﬂﬂﬂﬁ%uﬁ@%ﬂﬁmﬂwmamt,mﬂizﬂauﬁu RRYIRAY Lﬁﬂﬂﬁﬁ@ﬂﬁu
nsluadsuresinledundannidesen, el enaseosdndndandninlodundanniaund
dswalvianudulunslvandsueifiuaed uilugnisaadeszuutszameng 9 wasidedinly
fanmnluldsunissnwiesegndesuasiiuvianed anzdiniAnduludaseny wag Windeou
pIMsduLInvesUiarSusaitonas, Fuliye, Wude mnameiifeduludn Asveros
Winazaenelug (invues iesnneifunyinandslianuainmioudlvgFweoonld)
amgfaunAdannsoinulimenalddsnisiunisings mngduaslddunissnuiignios
agaviuhsiUhenasiusan1sgadessuuUssamuasAUin15081907193

n9itiadunnziddulnssaues wnddesldnmesadmuandongesuldun amild
99nn"3¥ Computerized Tomography (CT) way Anildaniasesdnesienduauiuwingn
TS en naend uauiuudwmdn Magnetic Resonance Imaging (MR) a1waneLaa i
anunsalanwaeag q vesausdlaegiensuiiy ldinasidueiviznelungluandsee Ay
wwendedortoudnssialsinaniledund S adunsheiivzatnendnvassng 4 vedse
Mnnmeeifaruandengauvand ddunmshddulnssaueunmdsdunane Baisive
le1n vneveslnssauesiiverslngfinniiiloganamaessd nidnwaeildanameie
vosnmziAslulnssanessuiinundendeiulsalunguauoste (Cerebral Atrophy) léun
Tsnauaadeuviedalsiues (Alzheimen), lsawiAudu (Parkinson) uananiulsdnwmeng
padnuestainziAuarlsnauawloduiudousudngae Fuduieswnuaztninalunisi
unndazidadoiieduunarufinunivsaadldodnsgnsos uenandlutagiunisitedonie

Phaslulnssausdipadasianyinuznazlseaunisaivasnndiiissagamendundnivinuy



IS GHENAR! ()
amgepduawwivdnitielungl | agdiadulnssaes
lsnauesdle (Saulawes) AN NEAE UAUINLL LA N U

AMUIAIUINST AL

JUN 1-1 ANUAGEARITENTINNNEUANDY VRS

Lsalunguanestle (n) fu anzihadulnssaues ()

¥
&

Tungalsrauesile Jadulsaiiunngludgeeny fursezgqdsidedeanesluunsdu
daaligUlegadennumsadn, N1smuAusNNMeRaUNg w3e deyndnnainiy, Te1n1insa
vosndrudlowvunazan lsalunguilannsnitedeldlneguinnmaieiedvesaves Wegain
amigenui iedesevanameie dwalvinaaussdiuiinaanas osseunananas (Sulc)
fanudnanndu uar wesudnagiunsivandiuldisuda Basal cistern) Inssauasasdie
avosdoudonnnnmeeazivnalyniaudnfulildiRnduannsveesilaedilud
ndsdusonuintuannisgydeiilodosoulnssanoniliinssaussfivuelugTunagen
sulunslnandsvefidmadutni melnssauesualveil Sainadennuduadliiuunmely
nsitadeled Inssanesuualugidiulunmintuainmsazauniledundwosnasings
Tulnssaues vide aideseulnssausmnduasdoluanenisauesoffuu

Swazvosnnizhdsiuinssaues iemnTnsauenuelvgiintuanuiinaniludu
ndsazaveginaelulnssudivauiulfinsauesfemeetusosiuUFuuhiinntuni

meiingluanAsyevesuyud liaunsoverstulaviliedozseuinssanesgnilenesnly



idleganamaenglvandsuzaznuin ofeazseu q Inssausseglusumisiiialuanauuni
Tuftheifnsazamilvdundaduiinamn dudoavesazuundafislufungivan dewals
JossauNeNaNeIgNTULAUAY

Tuthgtumaiamasunsdszmnananin Buduiiaulelunsiuussgndldfuameae
ysdunsunng Fedanifedifstestunsiuunnnsiddulnssasesiulsafidann
pdpadaiu Ratulurasssezia 6 Ukuan Tnsdulngatulufimstiauednumylnsl
Aeofuanesiiazdareimuuszaniamlunissuunlvgniesuind sy wag nswaun
geWdlnUsEyndnannsaatmednvazveslsaldlndifsaiunansevilaeunnd3sd enide
Tunsuundiingarnssviuunnaeaduawiuwingn Wessnaweeauwuudmdn i
Hrsnvazvesauedlduinninnnereuwuudy 4 o1fgy ArununvsaUdenauss, dnvas

Wadauuuang 9 dnwauzniunldlunisduunanuiaunfvsgedng sduluiinisadaen

v
o

Snwarildaninssaueadundn winidufindondsturesiannzinddulnssausuaslsa
aueslotiufelnssauosdaiivuelugimiloutu deowmiFaduaimgivinlissavsamlunms
SuunvesAfomatussliifiome nduidelddaiufalymifndulidsfndutuneuds
Tunnsafmendnvaivsuenldfennuuanaaiurewisnzihfarlsaaussilosanunan
AweneAALALILMEN Suldundnual ShsndiusasseuLenass Feenunsaesungldduile
avesInAnnisgniudnanmsveneiivednsmsedoly way dnvasyuveuvIlnsaues

(Frontal and Occipital horns) N1agtsdudulainuivesnssanostunesiidu Weldtunou

[

IFananuaFahuiiauisssamdugenswsauLuy Waldlunisaunniizunaslulngg

a1 I

avpsfulsauaslofonmaisaduauuuingn lnesjmiaimenduifuuuutaeddudae

Tums@nuidieimungenduasfiannsoatuayunsindulavosummeld
F5nslunsuunnmsiddulnsauewarlsnauosdeiiavle Wunsfnnidneus

TndvesasdUsznausing o meluauesiivsuenldfrmuunninmwesisdesnnuiiauniledu

28195 Fednwarluufaulauseneulusmeansanuae lawn 9RIIaIUIDITEUUBNANDI LAY

' '
= =

yuveuwlnssanes uenanieuideddliiieraudnvasiilungsnivlunisuszdiune
Amztfddulngsaues wavldudrglunisduuniulsaiindeadeiy Feusenaume §nsdiu

827U (Evans), 8ns1duvaauilngsanes, yuvaslnssanes nsaglamndsluisnasdnuoe

'
a

T9AuTnTuNagfeaNIuNTTUINNT Wit mdeyanaunsussiana iiefmunaniziy

aula (Region of interest) lnglusuidsilaziiiesdruluilloans wintunazduninsgwng

A v

nylvanuazsdanuauedariiiunld wardsineluauesunusdiveanuiuiioauasny

9

(%
o

INS9ANDIBNT NINTEUIUNTNTEUANTRLARAL USEINANDIUUAIUUATIANE Aty aE198499



sonuAtetull Wowhedmnldaunsafuusiuianouasinssavesldodsanysaignios
Snuuedanaldtoudaluananuiuaie wasnsawalinisduunisassanuiaund
paoLadould Snumzitoiasgnlfiuyateyatnivedasdisussamifsuuvumes
dunsouvanetu Woasawuusaedumssuunnizihddulnssausauasisalunguavesie
soly
midsiaghmneaeulsydniamuestuneuitdmuduunnnzihdsulnssaues
wazlsalunguavesdelagldnndrorduauuwimdndiuanes vesauyatoyaninigu
Usgnaudne grudeyadiisnzidslulnseanssnin Medpix dadugtudoyanimdienis
NSUNNEVBINIATYISIEINGMALLIVENTAUNA NINeIae Uniformed Services Tudiuves
ameaneUlelspauesde wiseendu 2 gateyarmeiu Ao yadeyaninaregUielsndayle

B3N Open Access Series of Imaging Studies (OASIS) wazn naegUIELsANTITAUFUAIN

'
=

Parkinson’s Progression Markers Initiative (PPMI) mﬂ’aaauﬂuﬁqmﬁagammgmﬁLﬂ Al

WND99E19ENST Y

1.2 Jgyn1va9n1539¢
oy Tiindulumssiuwun amzihdshlnsiauesiulsnauesloansaedunglaseil
1. awdreeduauuwivdnanesluyadoyauinigiu visnmilanaduvesduin
nelvanuazitoauadlndidsatu mnld3ansusnnglnan (skull stripping) Iu‘i’jwﬁ’u%a
fndnmsvhanuiionfernudndundnlunisuendin ervliansasendruioaues
ponunldogagnies wavdswalinisussinanaluddudaluisdoRnmaiatuld
2. miAdefiinsldmaianissanananmiioswunamziadulnsiauesiulsnates
doluednlddnviionsdnvasvosauenriiiy dwalidszansawlunsswunl
LNEWDLIN
3. EnvairvesaNesiignldlueiin nanednuay \Wuvuinvesauesitldlydnsdin wun
g maneSsdwanednuasmand warendliannsathundisudioutunweed
tanana3esanenIngadoun e
Frevsuifudlgmiliadumai cuadelsddanuduaiiisnisene q iaunsawsaym

4199uls Tae



Poywndl 1 FuneuiBnisvennglvaniiinanldluemidded fnssuaunisiiendounsaves
doaneadundn Tsanunsonendriieauedfengnieudtlunsdiingnanuanioauonsd
Auduvesdndeiuiniy

Pywndl 2 amfiendfedunssuunnaneihdsdulnsanosiulsrauosiolusfntuds
lLifiuszAvBamifismaiiniuain msfnwifiesdnuazvesinssauoadundn elaianunsn

LAAILADIAINULANANIYDINIADIANURAUNA AR LN 9d809ANURAUNANUINT TN IaUD4

(%
A v A = o

yuslvanileufuusiifnanameisety nuideidednumanuasll Tiud Snsdusos
souuBnaNad uay yuveurIvestnssaues ududnuvasinandlddsauuanssesiisaos
AuRaUn@lieg ALY

Hoymit 3 nwuzvesavesiiinduiu uas Qﬂﬁﬂﬂﬁiﬂumif\j”]LLuﬂﬂ’J’maﬂUﬂaﬁzﬂaaﬂ Ty
Aot wwoguulaunsnidiuazesm weliansasesiuiunmaiesdonuaingeg 7

TUUIALANAIAY

1.3 ngUszasAn15I9e

1. fAinw uazduat dnuaglmiveanneihddlulnssanes waglsalunguanoslofiasiid
Paglumsduunanuusnsvesisaadligniesnndeiu

2. fauwmerlduiuLuuiansosuunnnzshddulnssausauasisalunguauesdoldogg

anludd weldlunisfinw sievanludvenduisussendnatuanunisindulaveswnmdle

1.4 YaULYAYaINI1UIIY

1. Anwanuuzidsdiavlnilvesanse NanalaannInasgAaUALILLILAN

2. Wnduneudslumsdunanzinaslulnssaues fu lsalunduaiesle Usenaume

[ o [y ¥

lsndalawes wag Lsannsaudu dusunmgUiseyaus 60 Truly

[ o

1 dl' 1 & o & ¥ [d [y Y
3. awangpauaunLimaniludenaingn lWunmszaum (Gray scale) Tuunudnuang

Y
=4

(Axial view) uagsiasegluszAuiiulnssauemsaulaegadaiau (Cerebral aqueduct-

level)



1.5 Uszlgwiininitazlasu

1. Tumpudslunisivuausnuauladmsunmaneaues Asessulauiosrusznounis o Tu
AMAEiANUTNTRIERA1EARINY

2. ARdANwULlMNY9IENDY FIFIUITONARNILADIANULANAIIYDINZIAT LN AL DI ULSA

auole Tudgeeny uaraguulauugnstdiu uag aamm

3. WA WISAULUUN A1U1509UN A122UA Stulnssaueanulsaauaale oe 19l

Usgansam wieldlunsfinw degenluguenduislunisatuayumsdndulavedunng



uni 2
VOB HAZITIUNTTN NNEITDY

2.1 ngu)ingIva9

2.1.1 N15USEUIRRANINBAZNISHNNE

p—

[ 1
2N Useulama Waawna

A4

JUN 2-1 nszuaumstunisuseaiananin

nsUszanananmidunisuszgndldanunisussiianadyaauudygiu 2 Haleely

WAaEIAUIUDNAILMUIRANINULAIN wazdasinfsdygyin 2 TR 9 Nlaildnndie ms
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UszanaliingUszasdiiie Usuugmiamudnwazdudulsslondliduaimionisuia

ANUNNNVBIVINY BEUAEABNNUADT ITATY Uagyilvniniy 9 wWasuwladluniiadu
Welivunzauiunisussuiana anilanannundnasiu sxuldiinisuszanananmddu
Whanteglufanssuvesywd Nlamluesiusznou uaznuidgdnegimils Fanites
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funm wazdrdedin, quamidusdiauin Ao audieseiniwnianisunmg @9
Fudusosthemansnsinunsussanananimanyszgnaldiguiu ieiiudszansamans
ﬁwmusuaqu,wmﬁg’qj’l,%'mmiyiumﬁﬁaﬁfaiimm 5 W30RTIIMANURAUNRTDID TIITANN 9 Tu
$umevesgUaeldsiniatd unaiiuseansamanndu fogranisthnmdieunyiinig
Anseh udnnsvesnsUszanananwlinmeudanndsdulumsmifouuadise
Tudagtu matlanisatenmmisnisunng dwmsuliunndaiunsansiveioizdfy 9
i 9 melusnnmelilegldsnludewadn teimunlunn Sunnedeadnese (X-Ray) 3
aunsaanenInlasiasiensegniazedetsuted1aty Yan aelusianmeld seunlaiinis

W3 191A309 Computed Tomography (CT) Fea1u150dunIneisnzeing o Tunuissuu
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dnrsla vibiisiudeyanmlaunniu uaranasadlu wenanildadiniesdneninaaiy
az\8ngd39819 Magnetic Resonance Imaging (MRI) @sliananinwaruiiduiiodoilaly

n3en (Soft tissues) lWAnInnmasuuudy 9 amateaduauiuwiivin duenainael

U Y v

Jayaninenmudldslitayaniuaiiladnale in3esanenduawiniimante daaiunse
dnenmeipiziideanslussunuing q lade lnelidnludenndeuiemunimete 39
sEuUaINsaRanalanIvin 3 sEuy

nsuszatanan mnIensuang Wunisduneiianseitn1sang g veanisuseaiana

[

A L lgiuMNINIsLImg lagnisidenidimelingig q Aunwmeansunmdl asfiuegiv
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o 1%

WninensoTngussasAvrainsinsigiammniensenngtu 9 ielvilanagns Ayael

LLWVIE?E‘!’]&I’]?@"?Lﬂi’]%ﬁﬂ?‘wLMﬁWﬁUlﬁﬁ%ﬂ’JﬂLLﬁ%i’mL%’Jll’]ﬂgi‘u Tagmaliareen1suseuiana

= 1

AMININUIBTAIRITNIT Fedrulngiual Tunisiesiziamnisnisunnddnazlonans q

ya o v

8135w WelwladsidesnismudmunenseTnguseasdvenisimgeiainmis

o
3 I v U 3

NIWNNEUY 9 WwAdandereinsusziIaNan NidIAgy Aon1TIANIIAUNINNIINITULANE
A NuENdIUNIN (Image segmentation) 1WAsnsuendruladiuniswssnmiisaula
28NN Fanrsuusdunnd Inedrulnguarnzilutuneulowunazdrfgyegisuin

289n15UTTUIANANINNIAITUNNE LT B991NAINNIINITUNNEN LAINLAT BIEIUATNUUY

o = 13

19 9 Tu lngunddnavilesdusenaudu q Neglndifesiveieisiviaeninu wu elbe

'
a

nszan oduizdnuAgs vIeudnseNadssuniu (Noise) Tuluvaizargn I Adgwail N3
AT N1E 8N #9015 99T UADILTNITUENFIUNINUIVIINUIN FALENAIUN LS
ABINNTIBNUT FIDYINTU NISWUIEIULDANDINNANENDS NITHYNFIUN NN BIA

FYINAINLD MRI ASHUIEIURNZLEULATRR

2.1.2 nw’?nmfwwﬂyawyysf

Tnseauas (Ventricle) Wudaainaneluauesdaduidniuvesidssausaas ludu
789 Inssauasaunsawenaanladu 4 daumiedufs Inssausaniudig (Lateral ventricle)
Julnseegusinmaueivg (Cerebrum) wensendulnssinudrewazuan nsauesiiany

Juderhuneaiieginasseninamaniia wazlnssaavnefelnssauesidilugosiniiogls

Y



Fawadu venanimelulnssauasdudredUszneuludomwn siuau 3 1w suldun 1w
AUt (Frontal homn) Lw1RuMa3 (Occipital horn) LLagL“U’lﬁagjﬁ’N?jﬂ (Temporal horn) §4
wamdlu JUT 2-2 (n) Tuduvessuit 2-2 (o) Baduusunmansrduauuuimanlusysuiiiy
vievhaues (Cerebral aqueduct) seauilifusydufiunmdlivssifiunnzunddulnsaues

Wasgdusyauiiaunsaivvuinveddnssanesladaauign wivzlivsingludiuw

ANUAN

Frontal horn

Frontal horn

Tempeoral horn

Occipital horn

Occipital hom

(n) ()

AN 3 5LH T - v o b v
anaegaes sauUl (Top level) | oot 00 seduiiiiuinssauosioanyle

NUARYIN nael
Tuunudinnn 2819UALU (Cerebral aqueduct- level)

Tuwnudanvg

JUN 2-2 asAusznouMelulnsaaueImuUNUARYINg

2.1.3 naznslulwsiguas
Tngunfudmilnssanasazussglumeiiludunds3unn 150-200 gnuiAiauilins uag
finswanduluusiar Tuuszana 500 gnuiaigudiues Jalumnetdunilsiuuyudasinig

=

ANTUULYFUNATITT 9 300 NUIAAEUAAT UAIIMINSNTIEIUTENINNTAIVToRATN
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a a aZ < ! £ U 5 Ly v a ! a a [d
WaRaUNATY Nazdanalilnssanasioawunsutlvdundasunauinnitunfauindu

amgihddlulnssanes nmefiinssaemomyudianisueestunnausuneluses
nsavauthlodundsiinninund nauitheiinuinasduggeony uas Windeu vidomsn
it Fsaimguosnnufnunilunisavaudifielud
- msramhlvdundannduly Suinldann wu esenves Choroid plexus
- fAsgesumaduiludunds auvedldvansesng iy iesenaves denvonlulnss
dusLazLieans AuAinIsusfde (Aqueductal stenosis) MsAaEe Wy Nens
ammgiuauaﬂ (Neurocysticercosis) umu
- m‘aam%mﬁﬂ%é’uué’aﬂmﬂﬂa #1L9811AIN NTRAGUVADALTRARN

fvanganneneinnngiinauazdwaliiiuaudulunglnanfsye Jawansgnunag

aunde nrMuRaUnANTEUUYSTAINIINMIgnilenvellaiioanss wavdunsned

1Y 1 o

Famnlilasunisinweggndeuasyiunei wnndisnuitiludeidaduegagnies

Y

feanvguadlnssatawaluginuuun ey Jamansinwiiladnideaays

1%

JUN 2-3 Tnseaussunfvesuyud (€19) way Inssauesiiinnizinndlulnssaues (137)

2.1.4 Isaauadela

aupweINyudll UsenaudusmgwaduseamInuauinyseann 140,000 auad ue

=

azasazdisnuavdendniuirasuszamau q fs 15,000 yadeuse wadwallgnasig
TuivAssvaziiunmsnegluassdnaenaug g ioguimeanisasiueadanss nends

nimniianisgaydeadanestufagliaunsoadishiunaunuiunnls lusssuvfudaty

Wenyudid1dTevssianeasisudeunssaciviuududigadaesideuasuaziwadangly
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Nan dwalidgoneiiwadavestovaininivdu q duanuysdeduamandnuedlse

'
=Y

auesle uandelitadedu q snidwaliwadauswmals Wy annzidenllifesaueatseain
NsvaemdanlAn 81N15Y8LIAANBIHE ALTUAUIINNTAUMANITANNNIILANTY FipsN
wifgosivanasluaunssul Msnla waznsimana vieenuaulalumanisalnie

Aanssusau q fdaed wazdndunntu yrdnanvesgeengtuazdely luuesedenis

'
o w

pdnemdsiugUianzinadulnssauesfednisiniwesnaulensuwazen vladoulm
a1un Tudiuresn I dadedu unndazaunsafiarsanlanainaisanesvesiUle ieg

muwanauagydeluIsilinalie eaussaaieas

(n) ()

JUT 2-4 (MnmaneaduauuLivanauosUng uay (A NEN8AFUELINLIMANENBTeY

AVPHEHBNAR

2.1.5 The Object Attributes Thresholding (OAT)

Otsu (N. Otsu, 1979) Mihiausduneudslunsmeannsalvasaasnmlnesaluifan
Falnunsuvesnin lngaiu1saia1sulanA19anInvesnInsEa N L seiu
[1,2,...,L] ai’wmusuawqmmwﬁgjwmLmué’asj N 97u3u mmfuaugmﬁqmmwﬂgwm
annsasuunldidu 2 aana de Co AU C; lnsunuanaind sedv [1, ..., k] uay
[k +1,...,L] snudreu 3’%56’514@@“} fuenilduenuey (Discriminant analysis) S4AdanaT

anansamunldndnsduresmuLlswUTIuTEINRaNE 0 FuAIALLUSUTINS
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(Total variance) 62 wagld 02 WuanuuusviuiiAad uarslunaia Armnsaloadi

wilngaumulamuaunsi (2-1)

(2-1)

Asalvadiivzaazduegiue N viie 04 Munitgn naumsi (2-2) uag (2-3)

103,

2 (U w(k)—p(k))?
o5(k) = = oG owi)

Ansalvadfivnzan e Aszdumm (k*) 7
O'L%(k*) = max(aé(k)) 1<k<L
lny
wo = Xiey pp = wlk),wy = 1—w(k)

2 XK (1-u0)?pi
Wy

2 Zf‘:k+1(1—ﬂ1)zpi
Wi

o5 = Wowy (o — ﬂl)z
%zl(i - .ur)zpi

Wo0é + wyo?

(2-2)

(2-3)

(2-4)

(2-5)
(2-6)
(2-7)
(2-8)

(2-9)

(2-10)
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/ AMNTZAUN /

B

f galnunsy
o U A @ 1Y o 1 (5%
ﬂquqmﬂqiuﬂULﬂquUuqmq muﬁmwﬂﬂﬂl,wiﬂisljaﬂmﬁl ﬁq%uﬂgﬁImLLﬂilﬂ.ﬂﬂ
7 Otsu’s
RNIIVFADUAINULNUISHAN
ANIAUNSTALUAG Tdwinngau

¢ LAUNT AN

/ ANNIALYARAYBTING /

I
Y

JUN 2-5 TupaumMImAmsalyanmeds OAT

N15NIalyanmIuAI1uuuaeing OAT (A.Rodtook, S. Chucherd, 2012) Tagin

TUABLITVRY Otsu INUTEENALIMENENNITYINGT Bedunounsvinauiinad

38 OAT i dumeuisves Otsu uUszendldiudalvunsuvesnindienannisving
WeuSuAunsalyad Imngauiuseauanuduvesing (Wewmnh) Insguiunisasil

1. fmuadouly ngldanauduvosinguudunust Amsalvasdldainnsusuly
wingaSadasognigldidoulviirinua

2. nmuali j = 1

3. iuedalnunsuvesnm (G;)

4. htunewisves Otsu tARMANTTAYas (&) an(Gy)

5. Mnuadalnunsussauinlndlaglyt (Gj41) wirdu duves (G)) g5z

ﬁﬁ'} fqﬁ.l (tj)
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6. iiuen j udwihgde 4 uaz 5 aunseiiawmsalganilaainnsusuldegluteuly
s AwuA1nIalyanilaainds OAT Ae AnnIalvanAIgaineNlaaInNns

Yuwazagludeulunmmun

2.1.6 Basic morphological operations

Morphological operations uia3esdiofildausiiu nsUszanananmainea dmsu
Fadovioudududiuveuvesnin, lassadveann lngldnguiveadn 4 udaly
Morphology azunusUisniegunssesinglunin wunguuosddmianualuniwluui
d15uni139i Morphological @nunsaldlunisfdndssuniu sumw'ﬁyuﬁsuaﬁmq waznnIn

dufurasinglanssuiunsiugiumanilaun

2.1.7 Dilation
Dilation Ai® N15v8183ANINVBININ LABNITARAUAIVBY S (Structuring Element) 619

SUN 2-4 VULAAZAIY9ANIN 1A8YINITALNUIINGIALIULT8 I UTIALAUa199 Ty

9

&

WasuAwesganmndandu o Wilidndu 1 diervesganmla 9 ganmmilsuu S fanss

1 =

TUAYBIYANN LagazilAALAL WeannA1ved S HAMTIiuNNAIIeAN NN uanIRagy

'
P

7 2-6 uay feaunsi (2-11)
D=1®S={Z|[(S),n S]E S} (2-11)
g

I Aonmiiund wag S A9 Structuring Element

5UN 2-6 Structuring Element #widgudnda vun 3x3
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Dilate

SUN 2-7 M9via1uves Dilation

2.1.8 Erosion
Erosion WuASmsiinssiududy Dilation Aovvanvuiavesganinlagnisaunuaves
S vuusiazAwosganm Tagvinmsaunuainduvsuuinelugsiumisanswn Jsaziden
Avesganwdfiandu 1 Titiandu 0 ileganwlaganiwmilavu S fAnssiudvesganin
wazazAnafiy Wovnganimues S fidnssuAvesganinuanidisgud 2-8 uazdsauns
7l (2-12)
E=10S ={Z|(S), c1 (2-12)

g

I Aonmiuud wag S Ao Structuring Element

Erode

=

JUN 2-8 M3¥91u84 Erosion

2.1.9 Hole filling

Hole filling \unszuaunislumsivdindudesinimiiniuluingainnisuganim

Jewmdsignasuseumigganmiami lngeden15nanieuraseninavauvesing i

¥
[y

YUV UV IngUILALITUTIVLANNNTORUIALTOUAB LA 2 WU AB PALTBNABLUY 4 N3

\Wouse (Connectivity) wag 8 NSLTBNAB @NLNTAAUIIMNAUNYDIINlARENN1ST (2-13)
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Xe = X  ®S)N A k=1234.. (213

nsrvIUNTATAUARaLilofesaun Nt k 01 X = Xi_q
1ng A feoluiveding
S @® Structuring element NiauLIM3

X}, Poluinyeig

U7 2-9 M3vhaumes Hole filling

2.1.10 Labeling

Labeling e msansidunisfumaanmitiniu laevlagyinmsdumluningash
vieFoninmluudlnsutsgnnimesnidu 2 dufe dududemii (esduszneulunm
flawla) fu drwiifudemds masfouganmiaiuluniw 2 Sadeuld 8 ndousio dau
FBmsdumannmuesingfinduiulddnsiiausiuasausnlng Rosenfeld (Rosenfeld,
Pfaltz, 1966) IA8YN13ALNULUY Raster scan §1u3u 234 w3adiLun1 Two-scans
labeling Tnen15v1 Two-scans labeling aguusnisviauesndu 3 Fumeoussil

1. M3A15a50uLIn < U151 scan mask fauanslugud 2-10 uvinsAum

anmiduingiswminaniduazivusasiusmniinanuinaulidainsassyasilile

Wosndidwiunsingudy q wiriunaesiiarsanagimvualanslikuuting (Arbitrary

label) Tiuganwiiluingluneu wasvinstufinasituadlunisng Equivalences

2. 91579 Equivalences : 1Jun1511 Arbitrary label Tu #1519 Equivalences u1vinnns

Jangu uasidenANtoegaveudazngy wWethulddusumuvenau
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3. MINRsaNTeUARd : Ansanluseuiiaes iedwuvuveusazngulun1sg

Equivalences 1vl#nsaiun T nHadns

E‘Uﬁ 2-10 Scan mask

2.1.11 Convex hull

Convex hull W3aiUdenyuvesing nanldingndesniivwimdniianvegasla 9 1

Fegnnelummdesianianninaseunquynynumenls andonumdesiinemvenyden
yudndslumsmusiazaluinidenyu (Extreme point) tunsevhlnsfisnsanasagala
vuten Mnualiassgadand1ndugautsad sszuineasinqusisaunisidunss
axy + by, — c = 0 mndusanaiamnsautgadu 9 IﬁaQIuﬁQLﬁaaﬁulﬁﬁQﬁum
LLamiwaammﬁﬁmimﬁLﬁu Witegasaugady 9 vuiwn fvnnlifesiswiefiansanm

wWasnyusiel wawdenyuresninaunsamuialdniuaunisi (2-14) wasfiag19uaan

Waenyuuanafagul 2-11 (n)
=M ap;: a; =0foralliand 3N a; =
= {Y;_1aip;: a; = 0foralliand Y;_;a; =1} (2-14)

lny N fAednuiugadnfinvesyaniniiaami

p; wnuusazyalu N

'
3 a

a; AAdNUTEAVSIUINTTNaTINVINAUNT
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(n) Gi))

JUT 2-11 (n) YeulvnveawaiUdanyu (Convex hull) uag (v) Wdenyuvesing

Y

2.1.12 Skeletonization

wadelunismilassnszgn (Skeleton) vesing Fandnnslumsmilasensegnazerde
nauveduiilFainnieviilvinen (Thinning) fenszurumILuUYg auninaylianunsayi
1630 Tnodufildaedinaguaiiddyuosiagld Tunudded Wdenldtunerislunismilass
N3¥ANWUU Zhang-Suen (T. Zhang, C. Suen, 1984) fisn1silunuuguuy Famnedarves
foyaildunlmisndunaveanszuiunisdteunth funevisildigminunldiionles
nszgnlunuideiidesieituneunisiauiivedensdniunsn uasdsadidesy
avs-nmnsmlasenszan lnenszuiunisasdsznoulufeaesnszuiunmsvhendos e
A09NsPUIU-NIeei Auuanasfuisadntios ludiuvoshunisganindyinis
MTI9E0U ANNLA 9 ﬁﬂiﬁﬂgLfluagmmwLﬁawﬁwzﬂszﬂauﬁwLLUm;mmwé’amauﬁmam
Tugufl 2-12 uagganmiifinsaniazgnaudionsamudoulusing 4 delud

(1) S(P1) =1 (Lﬁ'a@mmwﬁﬁawsmﬁmsu’?iamiawhﬁwﬁa)

(2) 2 <= N(P1) <=6 o |
(3) P2*P4*xP6 =0 (F1usunszuiunisyingigasfasssunieazidasudu

P2 * P4 x P8 = 0)

(@ P4+ P6 %P8 =0 (dwiunszuiunsingndesdaesiunisasiuasuiy
P2« P6 x P8 = 0)

e, S(P1) ﬁafﬁwmug‘uqumsGmO—1'1'71"U31ﬂguuwumgmmwaauagﬂmwﬁau%

N(P1) Aedmuiuganmmiemitiedaeusauganiniiaula



P2IP3
P1iP4
P7]P6|P5

-2 Be
o0 | O

JUN 2-12 sUkuumsiseawdaganmaenseuaanmiiaula

2.1.13 ip5agiialunisiauszansnin

£

[y [
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WNsUsTiuANgnaes lunsduunvesnuideilaginuseansninveinisnaassiag

AH491NAY BRTINAUINATY (True positive rate) , snsIHauInUasu (False positive rate)

LA ANANUMIES (F-measure) Insanmaniaiunsasuialannuauniseeldd

DNIIMAUINDIY FIAUNITA (2-15)

TP
TPR = m (2-15)
ShsmwauInUaoy Faaunisn (2-16)
FP
FPR = m (2-16)
ANANIIAIES FeaunNST (2-17) way (2-18)
F =24 Prec.is.ion*TPR (2-17)
Precision+TPR
.. TP
Precision = ——— (2-18)
(TP+FP)
lny TP fAednnuvesmssuunamitlsligniies

TN fodnwiuvesnsiwunainilalylagndes
FP foduuvaamsduunnmilalignsies

FN foduuveanmsiuunnnilalyligndes
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2.2 95504N35UMNYIVDI
Rosniza Roslan wazane (2011) lanmase@nuidunauisluniswenianizaiunaula
INAMNENPAR UEUILLULE NATEET WS en11 T n1sUenngluan “Skull Stripping Of MRI

Brain Images Using Mathematical Morphology” Tusuddeusznauliale 3 Tunoundn

£ '
(% =

lawn il n1sweninguasiungs (Binarization) YU 2 nsUsulgenImaeinaila

[ '
(. ¥

Morphological WagtunaugnineAan1sRuYeIINe 35n15nsel Rosniza Roslan et U
#o nsuenInquaziunds dheinaiin aesAunsalvad (Double thresholding) FuduiBnis
fimarsvesaauufimnzauiuamiy q lnedednandualdanmsmeniaie
mmLﬁﬂ’maaehuﬁﬁaaﬂﬁmnmwiuﬁam%’ayja nsfmfiemsiinantuaznzeh

9819 manual Weaamuisaninuaganudulaudidviniswisudisunnynninlunim
Toya winganmladiarudulieglurisiazgnssylindu dwildaula vioffeiunds us

'
% =

feglurnagssylinduingiiauls Tuddudauusnadliannsigesrimsalyas 919

9

Filiinseungulasesndiuiaadn Fsusuugauinudna1niieisynisinu Morphological
#urn1siangeu (Erosion) uazn1swene (Dilation) Tudunauaning nmiilégnamaundos
Tminnsluvsnanioauss Fserafulnssauns veussauss Cistern) 3ssnJudoadudy
Fa93namantl #2835 Morphological hole filling ua23suu3iani sauasilaluunudifu
amduatiu ludiuveansussfiunasgynsuieudisuiunmdimnuaudnadiadlosgis

manual #9lutunauish Rosniza Roslan Yiausaunsawenaiuusnuiaulalalnameaiu

'
(=

NsweNdI1e819 manual Ladeegil 96.21% dmsuusnaiiudeuiu dnsnauiniiaeyi

Y

2.16% Uy SRIWAAUIIOLN 1.62%

K.Somasundaram, R.Siva Shankar (2012) T@iaueisnsusnngluanlunimeeniu
aunuudndn ag198nludAluauidede “Automated Skull Stripping Method using
Clustering and Histogram Analysis for MRl Human Head Scans” $1ufiuilisznautunie

3 Jumaulaun nMsueninguasiiunds, N159ANAULUY K-mean UagnilATendalnunsy

a

YDINN LFULINNINEEAG UaUINRILIANAsBEazgnuUteanlu 2 Aand mewmalanis

¥
v A

AATIZAAINTEAUMNIBLUU Otsu biNawenInaNUNUNaIeenNIU TUSLAUSANININTEAUNN

q

MndousInguaIazidndnIzUIUNITUUINGURUY K-mean lagRiansananAiaady dlu

Nl e ivesvestunawds k =3 Wewlinguagluniweenidu 3 nquldun 1.
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Woanes 2. lulldilieauss 3. Wunds waglutunauanrne nmusialeausnlavsgniiun
wanslusugalnunsy iiemanaiialagdauyfigiundi ganiaednimun 3 90 luudazyaa
senn9nasiduduenuduvesganinues aeluilloayss, Weanes, neluan laediaiy

\uvesdiFesmudiy illeannsaszyrasnnanduves nelvan Tudhdvhnisauganmile
Tughstuoon ludrwvesnsUssdunnugndes asthamuadwsildunuisudeutunm
Tasssrausiase edaumesazaiugndas Dice co-efficient §s91nn1snAassnyUin
TndiAsinduagil 98.88%

Dana W. Moore waganiz (2012) lédnanasfinudunouislvilumsatniondnuases
Tsnauearladrundelunsduunauuanisseninanngidslulnssanosiulsalungy
dueid 8lus1uT e “A Pilot Study of Quantitative MRl Measurements of Ventricular
Volume and Cortical Atrophy for the Differential Diagnosis of Normal Pressure
Hydrocephalus” fimsthiendnumzddeulflunmsussduiithonnegihddlulnssaues ags
Snsrdndnud Usinmsnglvandsuy woy Uiinashlulnssaues Yssneuddefudnuas
fiinaue fie mamuvedenusnauss (cortical thickness) Fsdailudnwasiiuandldds
91N15E DUBIFN DY Lﬁal,?iadauuaﬂqmaaamaa (cortical cerebral tissue) Lﬁa@mﬂmwﬁw
pAuauLuLmEnzsanafuUI MM (gray matten) Usingegusnandensey uia
doausaniglu (white matter) Arumuveniadedmiasmamelunueinisvedsnaues
Aofidariinsgadoidedely lnaidadeludiuusniiasgaidodufdevsinusevuen
Snwngita 4 Andnundreduildsuannsnssuiunisadauasuendiunsdusznauly
AmdnganetenAuaUNIIMANFsYaTeldLITans TuE Freesurfer wiludiuvednuay
USmnanilulnssauesldatnagaiednlusifdiogonduas Brain Ventricular Quantification
(BVQ) yndioyadiiumaassvengulsnauedile Usznoushonmaienduauisusivan §ie
lsndanlawesuasnguidseTnyatayauinsgiu ADNI TudiudUremsiudulasuainys
foyau1m3g1u WOMC waznmamgindslulnssauesldsusmmninedenisunnd Weil
Comell Uszimaansgoiini nanisnaassasulddn vaaesdnumy dnsrdiudnuduay
UinasneIvandswe vesassnguyatoyadinaass danuadeadsiumnnuassiudeu vl
ANLIOUENLETAILANAYEsaRsNFuAIAnUNRDaNlY fifssdnvaruimnanilulnss
avostuATImLITedenave it uilusnusznzidvlulnssanesnlsnaualold
Tnewdlothiisaesnndennsmifiopanunszaneivesteya aznuifiasameziddulngs

aues 3 lu 5 nszareiieananngulsaausade flifies 2 Auwitdundmuniznguiulsaaes



22

ooy FeagulaindnvugiulseauesdefidiudisluniswenuesiuniizinAdlulnssauss
InentugUlisnizinAasianuunvesUdenaussnnnigiielsnauee

1ng S. Javeed Hussain wag P.V. Sree Devi (2013) Ynauaiznisinngs (Clustering)

'
o w

wuulmiinanendiulnssanaddugUrsnnziiAddulnssauss dmiudiglunisussidiuna

AMgAINa1? Tuauide “Detection of Hydrocephalus Lateral Ventricles Quantitatively

[

in Brain MRI images of Infants” Tumeuisflaveutsendu 4 drwfe druniounintou
MsUszanana Taeidndssuniuvuniw Ssenaiinldandudanvasunelundesansnay
awuwimanlevagyinistuiinnm wazUiuluninlavanseasidenrenmaniedsnig
Gaussian smoothing luddudaanamiiunsuiuussudazgnuondruiioduunmings

avesvuatrgraUle tnaldninn1suuanguwuu Fuzzy C-means wagyinisiuualvingy

'
1 al

Ui undanfivunalngnandulnseanes lutuiiaunguannmiilulnssanesasgn

Y

AwInasiessuldurunvednssaues  uavlutunesugainevuinveslnssaued
AalazgniuTeuiisuiu arnniswendiulnssanesnisunnedsad (ground truth)
WiednamaYiauAa1eais (similar index) fuveivans Tunsuldnenainsyviuy

ANEYAAUAUNILLILUENTITIUTININNLSINGTUNATUY DD UL 5 NN TuReUIdNLEaU

o w

anunsansyiinlamaneaaenu ground truth 517 ¢ 80.18 % UaduanAmvesused@ndanila

o

11191NN15AN9AAIsUNIUlUA T NENNaUNISUSEUaNa [ag S. Javeed Hussain Na13313%

a a

Fuzzy C-means fiUsgavsnmlunisudsnguesuitsiusseulmlsiefudsunu ogslsh
autunewdsiaueduduiisanisataemi sdnuazveddnsaues dsliifiomesianis
Uszilwidosuunanzidslulnssaveds

M.Ramesh, P.Priya kag Punal.M.Arabi (2014) lataus3sn1sludnisaiunisden
neluan vl snentenanizdluf auleainamdserluauise “A Novel Approach For
Efficient Skull Stripping Using Morphological Reconstruction And Thresholding
Techniques” $1ud uil Uszneud udae 2 Tunsundn Gﬁmﬂéﬂyumaumﬁ’mmﬁﬂ Basic

morphological operations TuduABULTN AMWANYATYLA19AE UAUINLLLEANELY4

Y

NszUIUNITATRdURALazAIsUNMUlunn Taenisiansauntwialvassuniumeldlu

seaunile WA13991n15 Opening B dunsEUILNSABUAUAIBNITAANTOUAUAIBNTVENY
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felAsaasne Structure elementuuuifniu wiolidssuniumeluanannouwdiSedu
Uinmﬁgiyl,?mlﬂé’wmssuma 15 Opening a7l U3sEning nelnanuazioauesd
duianu (Touching objects) mald iisliusnaidesuenosnainfuetednay Junou
seun Tuiiaes Usnaudoauesiiataldazriunsuensuarns Closing 3saeifuisnisiiiingg
a1unsaduiu Opening Tnsaduiiu Closing 98131370 nsvenesudenstiansey el
UShatesinwie 4 mintumeludeaueadeudimsuiosnnsueneuinaweuves
Fo3i13 Usnamadnsiildanfuidodientu msTaussansnmaznsyrilneseuiiounm
wadnsTunmUonngluanats manual Ingldwuiia Tanunanends Jaccard coefficient
ua Dice coefficient 3991nHANTVIARBIAEBARIBYT 83.37% Wag 90.68% AuAG
Fabijanska uazany (2014) Idiiauenisussiiunannzidslulnssanoslugioete
MINANATANITUTZNIANANINA TN DA LUIIUTTY “Assessment of Hydrocephalus in
Children based on Digital image processing and Analysis” Tnetunewizuszneuldse 2
daundn dauusniedumeulumsatndnvarvesnmziidddulnsiauosanamdisenssd
poufameslnlunswilvesitaemsndalddumainlsangiuia Polish Mother’s Memorial
Ingazanaen 4 anway oulaun 1. sns1d@mdud (Evans) ludnsnadiuseningdnssanes
funmelunslnandserlunuunisasduiiasiosndn 0.29 2. Sasdruvenvvesinssaues
AUNILAEUAY (Frontal and Occipital Homs) USRS 1EIUTIHATILU NS IR URTUAY
w&e sonelunslnandsue 3. Safwidund Wumsiesafiveaaiinssauesdaldsumnain
msadrlasanszgnueding 4. yulnssaues WuyuiAntussniaduinaudnansuosiisue
uyweyuiududuiannnssauowinumii 9 Fabijanska Idlenuidnusdannsowans
§dsnamesiivonuivesinssauaslaemnyud swaugouvanefsnianeslad urosan

v A

wenanilyulnssanesdalinnuduiusiu Saliwauni Jaivaesazuusinduiu uagly

P

TURDUGAYINY 119 4 é’ﬂwmwaﬁ’ﬂiﬁmﬂ%’umaﬁ%ﬁﬁwLauawgmiwmLﬂ%&JULﬁaummmm

s a val U

Ranandunus (Relative error) AUNSENALDIANEULIABLNNEGSIFH mmmlfnwmw LAZET]

Y

Tasunisilniu Adsanduws Amira WuLAs09iie) Inedearnnisanalaewnneidunueiin

AUGNFBY ANNaNITVAaRIwandliiuitunewiIsnldlunisadndnvarveanizunAddy
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TNs9aUeIN @A UT9ANNLITRN0 HaIINANTIRavNaniale naAestun1sananeae

yd’d

LNNESIFLAS BN U

Y

1ny Surani Anuradha Jayasuriya kag Alan Wee-Chung Liew (2012) lataue3snislu
ma‘mLLmammm‘w%aLmuﬂmwaaauawuwé’tumu?%’a “Symmetry Plane Detection in
Neuroimages based on Intensity Profile Analysis” WAUNAIIVDIANDY K3 8T DININYD
(interhemispheric fissure) 1 usosusnfaniianluaos 4 sutanesanstny (vertebrate
brain hemispheres) sonaniuludnifiinssgndunds msdumununarauesindutusey
rounsUszInanaidfyegddunuiulszmananm esieluyadeyanwaieaues
auesoalildfansunin enadedludiianesing q dmalinisinaunveseoaseis 9
meluauoansgyinldlnsenn duneulumsmununaauesiiduasdosiumumassdsey
E19UINADNIAMNAUNAITUNTEES YizeganinansvesaNes udIauhaldlunsduinm
LAUVAN (major axis) Yasanpely unundnuesaNssztiusuiioiigaueanes Feila
¢ unudananazaseuaguuinuasesievhmnyu duneuislunsmununananesiy
pdvauRgIuTinfesmusanduiumisifyanmddunngausesusninniian tusey
Tunms¥asumdsdandrvldded Fusudenmsthunundnvesauesndntugeunsend
 sums 0 93N wazt3vnsmyuunundnlufiazs 1 ssmauluia 180 sem Tnglunns
myuiAsuosmudaraianednstuiiuiuganmdomas @) Ausnguuwnundn way
agUldinesanla q Ausngaeamddvuunundninniign axdudumisiunundnanadly
fpsmmnined Juneuisaunsolimununaatemesnmiiiinssauosmaunils ud
oeslafinudiliisessulunsdiiinsaanesiivunelvg) ioakaeludunounisiiu ganmds
melulnssanesazgniusndusesusnde Tunsdiunfeufianaiaiaeslaidemanntn
wlunmgithenneihddulnssanes Swauaanwdlulnssenonegnivsumusosusn
Srunnnihlriesmilalilvesminndssesmuen uidussmiidasiulnssanosunnian

Manit Chansuparp waganie (2015) lddnaueisnisaunslnansanannninaisnau
aunLd A nLwIR A1 Tuawide “The Automated Skull Stripping of Brain Magnetic
Resonance Images using the Integrated Method” msaunzlnanuaradiudu o Tindous

A 1

\Wisailoanes (cerebral) foindudiudfgdlunssuiunsmssuninneunisuseaianaly

(% (% [
Y

NUAUNMNINTUNNE TunetIdiaginisavdiunglnanuaziieviuatatoenann ey
Tnednszuiun1svinnulsznoune 4 Juneu Uil 1 Aenszuiuniswlasninssaumduy
AMNY1397 (binary image) Lt o9 uundruiiiuganimdoniiuazidonds fdaeisn1s

Object Attributes Thresholding 4ufi 2 ns¥uIu"S Morphology WUz N1siANsau gn

Y
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thanldfunmnsuieenidoausssenannginanuasibortu Iinoumndedu Tudu
i 3 nguAAIMES 9 VU NALlAFUNTARTY (labeling) WlodMMNgNRA AR U]
vl figed siulaldinasduninadeanss uasludfugaing ssdudunounis
Usuusanmi ol uinandoauesiildauy saifiaalaefinsi1 morphology ug1u 1
Uszgnaliinads Feusznaudae n1svene way nMafntering ndminduianhuinade

avesliunaineananamauatuszaumn nuidelyadunnisuilgmlunsdifininaie

'
v A

Weanosiunzinandanuduvesdlndidssiudsnndumeiinnisaunglnantudagiui

LY ¥ [ I 1 @ 1%
afuAuvesing dunaeilunsuendiufazussaudymls
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UNN 3
A5ANHUN1SIY

[
v

Tunuideiivseneulumensfinyinaznaassiiednyaesiun1sussuiananIn i1
wtpaislnaalunssuunamseduauuuininvesiiiennyidiulnssaues fu
Tsalungquanesile Fstuneudsiuiseentdidu 3 funeu uazlunndunouiinisvhauegig
Solusid Sududud 1 nsvviunsuiuusazimuauinuiaulalunin Wesnaindre
avosdivianedudilddenis (dgmitndunludunouadadnumy) uazamdieuianin
anodldldfiantuununarsniw Feduduiiaedosuusliivdeanzusnuiadlauasnyu
auedlideminifiediesiensinwin duil 2 nszuiunmsatafuerdnumeiis 5 uastud 3

nsrUINNsasMuUaemlglunsdwun AssUIuMIIrIaLanIegluLNLAIN JUN 3-1

Input

A 4

1.Preprocessing

- Skull stripping

- Find sagittal plane

2.Features

extraction

-ER, FOHR, SR,

3.Classification

JUN 3-1 ununmuanadunaunsinauiediunn?

Y
o

vinAglulnssauasiulsaauadie
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3.1 YUADUNISIASENNTIWABUNISUSSUIANA
3.1.1 nuausira aulalunin (ROI) aregn15vannslvan (Skull

stripping)
TususunisUszananannanasuludanudded aueaduissdiumanintunaula

wieldlunsanimendnuaesiing q dadudiunglranuazieviuauedznssgnaveniivelvideg

[
va v

man1sAalunszuIuNSaRll %umauﬁm%lﬁﬁﬁ% MLO 84 Manit Chansuparp (Manit
Chansuparp, et. al, 2015) :mﬂ%’UELSé’ﬂﬂaié’Lﬁu%umauiumﬁmmﬁaméu (convex-hull) el
nadwsoonuAtulunsdinetianosde Tunewsi ffety 4 duneu dudt 1 Bumsuen
Lﬁaﬂwﬁﬂﬁmﬁawé’ﬂﬁw Object Attribute Thresholding process (OAT) Wumsiheuuuy
MUT R URBLIE Otsu LitouUs Histogram vasn eandu 2 dn(Semih,doman Fe

A1 wsalyd (T) Mvangan Tuil 2 MnazgninnIeuiokendIuTENINENaIiUingsou 9

[ (% ' '
= v = a 1 = o

pantidalaudu Tun 3 uinanguannmnaadulunmazgning laginisuevddu

Tfuusiagngudeuganimdaud 1,2, ..., n iflemnguqanmiifowalvyfiaalunin See
gnszudurinaniioanss uarluduila nszuauns morphology fiugnu n1swens uay Wi
oaisgmirnlfifleliuinafinanasounquiniaioaues egsitlénanly sunounism
Waonyuvesingldgnifimdnunluineaet dWeliusnaideaussdldandud 4 auysalun
g9t Tnsamelunsdifivinudoauosiidesanssdin nszurunisia 4 Juneunansly

WHUAW UN 3-2
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Input

A 4

1. Binarize

- Object Attribute Thresholding (OAT)

!

2. brain and skull Separation

'

3. Segmentation

- Erosion

- Labeling

- find largest connected component

'

4. Enhancement

- Holes Filling

- Convex hull

\4

/ Skull stripped image /

JUN 3-2 wunmuanstunaunisdanngluan (Skull stripping) Aae3s MLO

3.1.2 msmnunatNauad (Find sagittal plane of brain)

wnunansaues uunuinnegluseniuend (intethemispheric fissure) i 99310
AmdngaAuaLsLianaziudusesidnfigaunngeguutararwesnatsaues Tunuide
dnsfumununanaiieynmanyunwanedliisaindunseu ieflazdiiedenisiavunn
Vo9aIung 9 ngluausy %umau%‘%ﬁﬁwmﬂazqﬂm“’lﬁ’&ﬁjumaa (Surani Anuradha Jayasuriya,

Alan Wee-Chung Liew, 2012) in15¥119u5udulag ¥n15AUNIAQUNTOEAURIANDY
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X, Y 3adunadwdveanisnmasiu suidsgudnans (X, ;) a; veaiuiifignuus i ms

aefiufanss A arnudaundunsiuiuminunanausd (major axis) Feagiiuniugn

I

NgavesaNes umdnhundariugaunsess Junewislilauigiunddumisiununneg

TuseemueasduduniaiusngannnasuuunuuInign NMsiumIsvinn1snyuwny

VAN fausl 0 fis 180 arnlagiiganyuagNyaeunsass vn 9 1 eamazdnisduaaninde

(emdafiumnguuunundn luhefianazasuléd ssmilumnganinddunniianasdu
pseniunundnaneglusowusn lunuidedldusuusduneuisdindnlnemunaib
Yoving Winssavesgnouduganmdundomiuasyhmsmidafiundsimuneenvie
\WWeausnaUdensouuen (convex hull) vesaned nouinsmyuugannde il o
panlulnssanosuasiundaagldlignivrudusossovanes nssvaunislunism

WAUNANANDILULARILARIUNUATI JUN 3-3

l

1. background and ventricle Removing

- Convex hull —» g%
- Holes Filling w\:ﬁj

&L
2. Rotation to find sagittal plane

- Rotate major axis from 0° to 180°,

then calculate the most black pixels

v

/ Sagittal plane of brain /

E‘Uﬁ 3-3 WNUNNLEAITURDUNITWILAUNANTVDIALDI




30

3.2 YumaunIsannansas

Y 1 [ [

AmdneavesikuNsIeIBLNNABUNUSEINANE Aazidignsruiunsatiniondnuas
fnsquesdnes dvauiidoniuldlunszuiunisiasiiies eaues (Cerebral) uaz nss
dund (Ventricle) nsuengdiulnssaunieanuiainnin lai3sn1aintesing (Hole filling)
wldf FeBsivsnaganmdemdignseudeuseganmidemihargnimualiduuiin
¥o93 by lunwauesdosinsifivunelvgiian max(h;) Arelnssaues uanNI s
aupsfasznoufedumuazvds dsamnsanenduldlaglduaifanarsveaninugs
Tnssaneadugausdmivusnnminssavssoonduassdlnglidruvudunindidion

FUNTN war druarnduneunds

3.2.1 9A5187U8374 (Evans Ratio)
gn3dImBIU (Evans, et. al, 1942) {WudnaadiuseninwinueNgavea i umiives

INS9EUY (frpax) NUAUEINAAVINElUNEINAN ([4,) TeluAuUNASRIIEINTLADS

v '
¥V Y o A =

Wouni 0.29 mnunnIuLNngIfdeduilvguitenadulniilnssaneswwenelvgvse

JudUrennzinadulnssaues 1Hosnde fia, M0 dnvaziuanlafnisvenesves

In59aua9laflag@N1TNOIRIVUVD UV UNENTI NSNS ananwaziiin Mickey

mouse sign

ER = Jmax (3-1)

lmax

3.2.2 anT1auy1vealnsiauas (Frontal and Occipital Horn Ratio)

Ynauslny O'Hayon BB (O'Hayon BB, et. al, 1998) snsidruiildunannmsiuiam
NATINIEIN frnax LLazéfmﬁsmﬁqmsuaqmé’mwﬁwaq‘[wsqamm (Omax ) V30U Ly
Snvarignldifiouansuunenedinssauodasonderisnrumosesiadumiinuas s umds
dioliudlaimswesldidifatuiosudniladumids Sansmeadiivsduiisroadetuld

1%

MnUNTRaUnAvednssaneaedaeililaiinnigtAunUsenausie
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FOHR = mex*Omax (3-2)

lmax

323 19/&/7/@@[7\/50573180 (Ventricular Angle)

Fabijanska (Fabijanska, et. al, 2014) Aﬁuaa”nwm::wao;/yﬁlﬁ@ﬁyuiwd';mnunmo
aueen vy 1umiveslnsiauey IngTna1nununaINyIyuaslun 19y uaud s uiY)
Frumiiilenn aanuavvesysiAaduavenlifanisnesiiveswssaueavuiu Futusn

nilianwgieaivayulumsussdunnshniulnsaueslsy

3.2.4 ang1dusagsavianauas (Sulci Ratio)

JedsaUNaNaNes (Cortical sulci, Sulci) lusessouaneafiuUinaIsenitsduyuaNes

'
L2 =~

(Gyr) uvuInvessesatasnidlunsitadeieduunseninnizinAsulnseatesiv

15AaUD9ED LHDIAIENI@DIANURAUNALVUIAVDITOIENDINKNARUNY TulsAauadtle 509

¥ '
= = A

auesazdlvunlugdudunaniaineinisveddsanazaydeilodoluises q vilisesaussn

qy v

waveaulaie winsaiudisludiennsinAslulnssaues Inssanesivenslvgasiden

[

deidosou q senly shlideaussgndufinnginaniassesseuusnavesizgnivliuauas
FAveddldiusglemiananuuansnsianld Wewauussansamlunissuunassni
AnunAdlvdmaunndstu Tnslaus Shardusossouuenaues usnmdiusening mas
ATuAnvaITDIANeNTes 5; Auufidugiuates b

SR = % (3-3)

3.2.5 yywaqngfwsoayae (Frontal and Occipital Horn Angle)

[
=

SnwardldsuanmisTauiiAntuuulasanszgn (Skeleton) waslnasanss danisaina
Iﬂiﬂﬂiz@ﬂlm%’%umau?%ﬁuaa Zhang-Suen ((T. Zhang, C. Suen, 1984)) gmmmﬁﬂszﬂauﬁw
3 331 @I nlFaIngaUats (end point) Hsiheuazanvesudumtiuafuvas vi
sufU9AKRENA MUY (Branch point) dauyud 3 \usyveswdumiin nanaRenuiAady

F2IgAUaNeaesgATRLU Ut AUaLendIuUY Y tnssaneuluna-Snvazivaey
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Ly

fuduianuuauresulnsaues (Ventricular Angle) linduainnisweswasdumtngge
fheauaTeiin lidnvvesinssauesaznadlvgualvu Tasansegniilafidenseglusuidy
wazvninssaseshilddizuieidadealuangunssaina (Universal shape) yuiuilngs
anosiinldgonaglinaiuly uimnduniafuludusansdiaaduminddnvas el
yaununansaves Tunsdwuiusinssauesifnldazuauudionduntiaglildwosiany

AIUUNITNBIVDUVIFUNTNTIE AU sEnaulUmMen 1 sTlyu NN o LAULAE YU ING

aueanbineRnUN

3.3 FumaUn15T LN

Tutunougavinet dnvaeisinfiadaldnuiasnmaiserduauuudvinvosisans
nauAinUnG szgnlfidugndeyalunisisouiifieairsuuuiaedumssuunvesiaseine
Uszanmiisuuvumesidunseunatedu gadeyaiividrggauiadu 2 da Alddmsy
AnaouwaznaaauLazdiInTIaaumeIswuulyd 10-Fold Cross Validation w131dlmes

dmfumaiseuinldlumuidded lamnuaniuil

- Learning Rate 0.1

- Momentum 0.1

- Number of epochs 500

- Number of Hidden layers 12
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UNN 4

NAN13INMEBY

Tuunil pmradngannsneassiildainnsldtuneudssne q fldiauslluuni 3
ERRRFRTETR Ganmeenduauuusivinavedussduiuiifueauos Idiunssuiuns
Suaituiviaule wazvhnsuendiuesdusznovluaueseendu 2 dudeiioausuarings
aues neulananaen 5 anvae nglunsanaurazdnvuzdnduazissmuuadunioay
fufiildlunsdunndnd dnvasildndudoyadsinaeililunsaiuuuaedduns
Suunsioly Fsannanisnnasseluneeasidenlusariu duanseluil

yadoyanmienduauuuindnavesiivhunldlunsmaaesi uisoonidu 2 nqu 1.
Az dlulnssanss Feld 9905201910 Medpix 119 8yanINE18M 19N TUNNG DS
APATNTIEIME AL VA TAUINA UINTEe Uniformed Services 112U 15 Trdanmw uay
lunqu 2. nqulseanesila Usenoudie lsadaglawes a1n Open Access Series of Imaging
Studies (OASIS) kaga1na 18 Uaslsan1sAuduann Parkinson’s Progression Markers
Initiative (PPMI) a813a¢ 30 Tiidnn 9nvisaesngusisidu 75 dnm gndoyaumsgn

Panuaiialmanneleosneasisay

4.1 YUNDUNITIASEUNIWABUNISUSEUIANA

4.1.1 Fmuaviasiiaulalunm
masmsidansivanuazideviuauesuuu MLO nmeadumnumimanaussanyateya
faaoanduiduninsedum azgnuuandunmlundse?s OAT Fserdemavineures Otsu
Fendnmudiiteutsnmalnunsueeniduassssiudu Ao duidudemuardd
Huesmihinming) $e388 unmesdudmifaesnidnsalvadiivmngan axgn
wenoonuazagnsietemuefimunanimiu tedunsssydauiiaglivily
Uszsnanalutusoly Fuandlugud 4-1 @) wnmluundillddsrnunistnndeu e
wusnszrhailoaussiuingou 1 senlidaaubeiu fisuil 4-1 () luduaninevesis

=2

MLO 2gvinsangy Iiiunguannndniuusazngulunin uadsseylvinguiniivuiniveg

'
a Ya v

naetunmluiieauss JUi 4-1 (1) Tumeugavheiduduneuiiiidelinudi Uiy

Y

Usgavsnnlriuiinuileausanls aseunquilleaussnniign menisuidenuenvasing
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(n)

AMIEAUWNLATUIN
YAUoyANINENEATY

AWULLIMANIASEIY

NIUATEUIUNTHUILYA

seninauvaaniuing

Q)

ihmsianseudng Lite
wusuenngeanidu iile
auas, nvlvan, ey

(¥)
Wn1sansliiungy
ANNARAN LiNBLdeN

@7

naunvualveig

()

AU BLURBNUBNYBY
g ieUsEana Ui

Haanslinseupguiiloauas

WNiign

(@)

ANAULDLUDFNDIANNAIN

AuatumBUSUNAaNSALe

JUN 4-1 mmuanstuneunsviheulunssuiunisusnnglvan (skull stripping)
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4.1.2 NITAMNUNANEND
ndeyaynnmiiiunlinaaeutuavesinaglinmssiunindmalinisingusig o

meluanesilaends duneuliazyinismununalvesatesienyuliauswmainiuam

[V
v a o

iieanmnuduteulumsuszananaddiudnly nszuiunsiiseasBendsl Tuil 1 fvuage
unsesfvasauadlaeN IR TIITeRAAUENaTsiuTisesTignuus i fiuflasd
(x;, vi)a; MsFeiuiiaues A dduiauhnsmunundnvesayes TR N VgtV TR
LUNTOEA Faust 0-180 a3 wieavimstfuganmamiiusnguuuLnurdnlusiazem

wiganndninielulnssauesagligninuntiuniume tupesudinaiwandlugun 4-2

JEN O
S Q ~
S 2 W A < o
Ak A% | 3
s R Y v b Y
NN €N gy
opy e

g‘dﬁ 4-2 pMianstunounIseUlunszuIuNITIRILAUNaNaNeY (Sagittal plane of brain)

4.2 unounisaiasnyal

nsataordnuurvesanes osiUsznoulunnariifissduisaussuarInssauos
wihifufigminuniiesiest nssviunmsuendnulnssaueseenuanamiunssillag seyli
naugammdemdaignienseusegnnmbemiiniusesin h; wasteriaiidvualg
flanaziulnssaues max (hy) vonaind nelulnssavesduudlfduuinaindund
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Frontal horns

Occipital horns
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touched line
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AN9971 6-1 Snweauzideaiauiia 5 Evans Ratio(ER), Frontal Occipital Horn Ratio(FOHR),

Ventricular Angle(VA), Sulci Ratio(SR), Frontal Occipital Horn Angle(FOHA)

Farale
AazinAdulnssauns (Hydrocephalus)

awaaufl | ER | FOHR | VA | SR | FOHA(uW) | FOHA(#E) | FOHA()
1 0.11 | 0.70 | 28.00 | 0.0010 | 63.39 106.74 158.48
2 0.63 | 0.84 | 47.00 | 0.0010 | 149.50 81.43 43.34
3 0.13 | 054 | 36.00 | 0.0007 | 19.29 54.06 139.83
i 0.16 | 0.64 | 70.00 | 0.0009 | 73.25 109.50 117.71
5 047 | 1.04 | 59.00 | 0.0008 | 156.31 175.93 0.00
6 031 | 0.87 | 86.00 | 0.0010 | 39.40 101.31 152.12
7 0.38 | 0.76 | 55.00 | 0.0010 |  73.99 111.52 111.13
8 048 | 0.71 | 48.00 | 0.0008 | 41.43 118.44 168.30
9 039 | 081 | 62.00 | 0.0011 | 79.62 117.05 122.16
10 031 | 0.73 | 48.00 | 0.0008 | 134.16 127.32 59.29
11 0.28 | 069 | 800 |0.0010| 6681 102.19 139.62
12 039 | 0.89 | 56.00 | 0.0007 | 118.30 120.50 77.94
13 0.40 | 0.86 | 65.00 | 0.0007 | 96.37 111.79 106.87
14 0.44 | 088 | 7.00 |0.0009| 11290 149.37 59.06
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Tsalunguauasela (Cerebral Atrophy)

awaaufl | ER | FOHR | VA | SR | FOHA(uW) | FOHA(E) | FOHA()
1 032 | 0.73 | 58.00 | 0.0008 |  97.90 109.96 106.17
2 0.29 | 0.71 | 63.00 | 0.0010 | 93.62 115.79 100.45
3 0.28 | 059 | 62.00 | 0.0010 | 97.43 116.57 107.59
i 0.25 | 053 | 51.00 | 0.0010 | 140.84 63.58 119.10
5 0.25 | 0.54 | 20.00 | 0.0009 | 97.89 117.00 98.92
6 032 | 0.72 | 62.00 | 0.0010 | 93.46 112.39 116.66
7 0.25 | 0.58 | 67.00 | 0.0010 | 96.74 109.47 108.43
8 0.26 | 0.63 | 8.00 |0.0008| 74.05 103.57 126.84
9 0.36 | 0.81 | 78.00 | 0.0012 | 137.49 45.50 56.20
10 0.18 | 0.23 | 78.00 | 0.0008 | 23.84 142.13 138.11
11 037 | 073 | 68.00 | 0.0011| 9634 114.59 107.29
12 032 | 0.72 | 56.00 | 0.0010 |  93.95 55.68 173.56
49 0.28 | 0.65 | 65.00 | 0.0002 | 92.49 115.09 116.57
50 0.26 | 0.62 | 22.00 | 0.0001 | 76.99 121.58 117.83
51 0.23 | 0.55 | 37.00 | 0.0001 | 43.06 130.36 161.19
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52 0.22 | 0.58 | 57.00 | 0.0002 69.50 120.81 117.89
53 0.31 | 0.64 | 59.00 | 0.0001 90.00 62.72 178.96
54 0.27 | 0.65 9.00 | 0.0012 116.57 148.51 63.09
55 0.29 | 0.66 | 56.00 | 0.0002 52.65 138.04 117.66
56 0.26 | 0.64 | 48.00 | 0.0001 82.42 110.24 126.17
57 0.25| 0.83 1.00 | 0.0003 14.55 130.40 44.71
58 0.25| 0.64 | 37.00 | 0.0003 73.49 130.36 116.28
59 0.25 | 0.58 | 46.00 | 0.0002 75.02 125.45 126.35
60 0.21 | 0.48 | 51.00 | 0.0002 60.80 132.81 123.47

Usgansnnlumsduunseninnnzihasiulnssaues fu lsalunguausile vosluneuisi

LAUD LU LARIAINNGIN 4-2
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M13197 4-2 Fegazaugnaedlunisdnuun ANURaUnANIaes serdnannzdiAslulngs

aues fu lsalunguavssle

3NTIANUYNADY (%) anazthddlulnasaues | Tsalunguanasie
True Positive Rate 93.3 98.3
False Positive Rate 1.7 6.7
F-measure 93.3 98.3
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The Automated Skull Stripping of
Brain Magnetic Resonance Images using the Integrated Method

Manit Chansuparp *, Annupan Rodtook ?, Suwanna Rasmequan * and Krisana Chinnasamn *

L34Faculty of Informatics, Burapha University, Chonburi, Thailand

2Department of Computer Science, Faculty of Science, Ramkhamhaeng University, Bangkok, Thailand

Abstract—Skull stripping is one of the significant steps in
brain image processing. There are still a number of difficulties
using those common methods such as the region growing
method. Aforesaid methods were largely depended on shape
or intensity of non-brain tissues. This led to a difficulty when
those non-brain tissues and intracranial have approximately
the same intensity values. This research proposed an automatic
skull stripping method based on the combination of
mathematical morphology, component labeling and
segmentation by Object Attribute Threshold (OAT). With this
proposed method: MLO that combined the morphology,
labeling and object attribute threshold method together, the
removing of non-cerebral tissues can be completed. The
proposed method also performed well even for the case that
both cerebral and non-cerebral values on the MRI brain
images have similar intensity. We used 20 samples of T1-
weighted MRI brain images in the experiments.

Keywords: Automated Skull Stripping, Skull Stripping, Magnetic
Resonance Imaging, Labeling, Thresholding, Mathematical
Morphological, Object Attribute Threshold

I INTRODUCTION

Magnetic resonance imaging (MRI) is a three dimensional
detailed anatomical image. It has been used widely in medical
diagnosis. This type of image has a very high resolution as
compared to other radiology images and can be used to identify
various types of tissues [1]. The MRI has also been employed
to diagnose diseases or malfunction of brain such as brain
tumor [2], Alzheimer's disease and Parkinson's disease.
Moreover there are a number of studies working on MRI brain
images to diagnose others brain issues such as cortical
thickness measuring [3][4] and tissue classification.

Skull stripping in brain MRI is a crucial pre-processing step
which can help decision making process of doctors to improve
the accuracy of diagnosis. Skull stripping is the process of
removing non-cerebral tissues (e.g. skull, scalp, veins) from the
whole-head magnetic resonance images to keep only those
cerebral tissues. There are some brain diseases that may look
similar through the MRI image such as those diseases that have
an influence on cerebral atrophy. Human naked eyes are
inadequate to estimate those sensitive details. So it is necessary
to have tools that can enhance the image to help in identifying
those details more accurate.

978-1-4673-9158-0/15/$31.00 ©2015 IEEE

At present there are numerous techniques used in skull
stripping. The most well-known techniques are mathematical
morphology [4][5][6], region growing and thresholding
[6][7][8]. Gonzales and Woods [5] proposed mathematical
morphology (MM) as a useful tool for extracting image
components such as boundaries of object or skeleton. MM is
based on non-linear local operators. Basic operators in the area
of mathematical morphology employ in Skull stripping are
erosion and dilation. Several literatures [6][8] applied erosion in
order toremoving non-cerebral tissues and then applied dilation
to enhance image after shrinking.

Region growing [9], it is an approach for image
segmentation. Region growing is performed by posing the
seed point and then start the expansion to the neighboring
pixels. While the region is expanding, this algorithm will
decide which pixel has a similar property to the seed point.
Such a property might be a level of grayness or the similar
color code. Providing that the neighboring got a similar
property, the region will be expanded subsequently. The
disadvantage of region growing is that it is very sensitive to
noise. With this effect, it can cause the extracted region to
consist of a number of holes or become disconnected. In
addition, the initial seed point needs to be set manually
otherwise it’s so difficult to specify point that is in region of
interest.

Thresholding is one of the simplest and the oldest
implementations method for image segmentation. It is useful
to discriminate the foreground from the background by setting
appropriate threshold value from gray level image. If the
intensity of the pixel is greater than the threshold value, it will
be classified as a selected group member, otherwise will be
push off to another group. Thresholding method that was
normally used in skull stripping is Otsu's method [7]. This
method will select the threshold value by minimizing the
within-class variance of the two groups of pixels separated by
the thresholding operator. Rosniza Roslan [6] proposed
Double thresholding method that assigned two threshold
values of non-cerebral for stipulating the intensity range of
cerebral tissues. In this way, it made the result more efficient
than the traditional Otsu thresholding. However, this method
could not perform well on some images that the skull and the
cerebral tissues have similarly intensity. It is also failed to
attempt such a case that dataset got various intensity values.
This is because of the assigned threshold values were not
appropriate for some curtain images.

In this research we proposed the automated skull stripping
of brain magnetic resonance images using the integrated
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Methods. The main idea of this research is to apply erosion
technique to separate those touching components in order to
correctly labeling each component after the thresholding step
to eliminate the effect of similar intensity. To determine
region, this research used labeling by scanning each pixels for
eliminate initial seeding point problem and in the final stage
skull stripped image was evaluated against ground truth
segmented image.

II.  METHODOLOGY

The goal of this research is to remove non-cerebral
tissues from the 2D MRI axial brain images, in particular
for those cases that cerebral and non-cerebral parts have
similar intensity. The proposed method can be divided into
four stages. For the first process, the Object Attribute
Thresholding [15] was used to produce binary image. Next,
the second process, morphology erosion for separating the
touching object was applied. In the third process,
component labeling was adopted to find the brain. The last
process morphology dilation and region filling were
implemented to enhance image and to retrieve some lost
edge. The process flow of the proposed method is shown in
Figure 1.

Input

U

object
attribute
thresholding
(OAT)

Erosion

i

Labeling to
find largest
connected
component

Dilation

De

Fillin,

[
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Figure 1: Process flow of proposed method
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Data Collection

2-dimensional T1-weighted MRI data sets used in this
experiment obtain from Biomedical Image Analysis Group,
Imperial College London. They were collected from three
hospitals in London. Contain 20 healthy brain images in
NIFTI format.

Cerebral Tissues

Skull (non- cerebral)
CSF (non- cerebral)
Meninges (non- cerebral)

Figure 2: MRI axial brain Anatomy

A. Thresholding
The Object Attribute Thresholding (OAT) [15] applies the
Otsu’s algorithm to split the image histogram into two classes.
The first class is Cy(background) and the second class is
C,(object) at threshold value T. The split process is conducted
iteratively while

T > A and $[_oH, > BYEme* H,

=0
H = the histogram , G,,,,,, = maximum gray level ,
A = grey level of background approximation.

Finally, § is the calibration parameter used to define some
parts of the total number of the image pixels that should
belong to the image background. In the resulting image, pixels
which have gray level less than the optimal threshold value
Tope are isolated by marking as non-processing area in the
next step.
B. Mathematical Morphology
1) Erosion
For erosion technique, the different pixels are converted to
‘white’, not 'black'. The two main inputs for the erosion
operator are the image which is to be eroded and a set of
coordinate points known as a structuring element. This
structuring element will determine the precise effect of the
erosion on the input image. Erosion will shrink the boundaries
of regions offoreground. In this experiment, the main
objective to use Erosion is to separate cerebral from skull from
by shrinking the skull and cerebral edge. The erosion equation
is shown in eq. (1)
E=10S ={Z), 1 (1)
I = input image . S = structuring element , E = eroded image

|
]

Figure 3: the Operation of Erosion



2) Dilation

Dilation technique resembles the erosion technique by eroding
the background. This technique also needed two types of
inputs. They are the image to be dilated and a structuring
element which has multitudinous formats (i.e. lines, diamond,
disk and balls shape). Dilation operator performs the local
comparison of a structuring element shape with the object to
be transformed. Once the structuring element is positioned at a
given point and it touches the object, that point will then be
appeared in the transformation space, otherwise not. The
purpose of using Dilation in this experiment is to retrieve the
berecaved parts from shrink and smooth image. The dilation
equation is shown in eq. (2)

D=1®S={Z|[(5),n SIE S}

1= input image , S = structuring element , D = dilated image

Figure 4: the operation of dilation

The structuring element that used against erosion and dilation
in this paper is 3x3 square as shown in figure 5

1 1 1

1 1 1

1 1 1

Figure 5: The structuring element

3) Filling holes
Filling holes algorithm that used in this experiment based on
morphological reconstruction. With this method, the hole will
be background region surrounded by a connected foreground
pixels. The proposed method uses it to fill holes inside the
mask brain region. The filling holes equation is shown in eq.
3

Xe=(X  ®B) N AS k=1234.. (3)

The algorithm stopped at the iteration step K if X, = Xp_4
A = Region brain
B = symmetric structuring element.
X, = all the filled holes.

C. Labeling and Find largest connected component

Finding the largest region in an image, first and foremost, it
has to give a label for ecach region with a unique number
(Labeling) in order to evaluate size of each region. Labeling in
the proposed method based on region growing and
equivalence class resolution [10] with the following steps.
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First assigns temporary label which has an equal size as an
image and start scan the image along column from left to right
and top to bottom. The consideration will be on only those
foreground pixels. If all neighbors pixels are background
pixels, setting new label as temporary, if not setting it to the
found label. In case that there is more than one label, record it
to equivalence table and pose label arbitrarily. After that
applies adjacency matrix technique to equivalence table.
Then label all the region and then count all the label
to find largest label.
R, =max(R,) n=123.... (1)
In finding the largest connected component, it helps
us to pick up, in particular, those components that we are
interested in. In this regard, we will not concern those

surrounded components.

III. EXPERIMENTAL RESULTS

The proposed method was experimented with the 20 axial
T1-weighted MRI healthy brain images. The experimental
results were compared with the results of the skull stripped
images processed by the ground truth segmentation of expert
radiologist from Burapha University Hospital. In the part of
morphological ,erosion is required only once. For assuredly the
cerebral area is covered so dilation is used twice. These
numbers of iteration derived from experiment.

The efficiency was evaluated by using arca overlap (AO),
false positive rate (FPR) and false negative rate (FNR).

Area overlap is given as :
_pnh]

A0 = —5%
[, Ul,]

X 100

I = image which want to compare.

False positive rate is used to falsely detect non-cerebral part in
Skull stripped image by the proposed method. False positive
rate is given as:

_FP
= TN+FP)

False negative rate is used to identify falsely detect cerebral
part in the image by the proposed method. False negative rate
is given as:

FPR

__FN
= (TPFFN)

TN = number of non-cerebral pixels which match in both
image.

FNR

TP = number of cerebral pixels which match in both image.

FP = number of non-cerebral pixels in the image by proposed
method.

FN = number of cerebral pixels evanesce in the image by
proposed method.



Figure 6: A sample skull stripping image (a) before applied
Rosniza Roslan method and (b) after applied Rosniza Roslan
method

The experimental results of using 20 MRI brain samples by
applying Rosniza Roslan method are shown in Figure 6 and in
Table 1. The output after applying Rosniza Rosaln method got
a quite nice result. However, there is some case (e.g. Figure 6)
that input image has similarly intensity between skull and
cerebral. In such case, there was a remainder of skull region in
which does not has intensity contrast with those cerebral parts.
In addition, the cause of high FPR in TABLE I is due to the
fact when removing non-cerebral, it failed to remove all non-
cerebral pixels. Therefore, there is some remain in the skull
area.

The experimental results of using the same dataset with our
proposed method as shown in TABLE 2 presented average
results of AO of 98.24% , FPR of 0.0032% and FNR of 3.57%
which were approximately better than Rosniza Rosaln Method

Table 2. Average percentage of AO, FPR and FNR using the

propose method: MLO

Image number AO (%) FPR (%) FNR (%)
1 98.74 0.0086 2.46
2 98.24 0 3.07
3 97.83 0 4.76
4 97.41 0 6.10
5 97.62 0.0044 4.07
6 97.74 0.019 3.27
7 98.41 0 2.52
8 98.70 0 3.37
9 97.80 0 3.73
10 98.91 0 2.96
11 97.40 0.0088 3.94
12 98.47 0 3.27
13 98.12 0 3.88
14 98.40 0 4.24
15 98.73 0 235
16 98.10 0.0226 3.26
17 98.87 0 2.77
18 98.66 0 3.71
19 98.17 0 4.74
20 98.58 0 2.90

Average 98.24 0.0032 3.57
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at 16.5%, 15.9% and 4% respectively.

Table 1. Average percentage of AO, FPR and FNR using Rosniza

Roslan Method [6]

Image number AO (%) FPR (%) FNR (%)

1 94.10 5.55 5.97
94.28 6.16 5.10

3 63.64 33.92 12.89
4 95.22 4.89 4.13
5 66.74 32.45 12.38
6 70.67 11.60 12.31
7 89.39 5.20 13.80
8 96.54 4.37 2.80
9 95.48 5.71 3.03
10 95.76 5.63 341
11 69.99 18.36 9.55
12 95.91 5.10 3.18
13 68.16 23.34 9.23
14 77.47 53.63 4.04
15 93.93 5.53 6.06
16 60.60 47.09 8.56
17 72.56 26.91 6.45
18 71.92 12.13 8.06
19 91.70 5.96 9.48
20 92.98 5.62 7.95
Average 82.85 15.96 7.42

IV. CONCLUSION

In this research, we proposed a method to extract
cerebral tissues from axial T1-weighted MRI images, in
particular, for those cases that have similar intensity of non-
cerebral and intracranial. The proposed method is based on
region segmentation by the successive key processes to find
largest region in brain MRI image. The proposed skull
stripping technique focuses on finding only the cerebral region
instead of removing those non-cerebral parts which
surrounded cerebral can help to eliminate the intensity
problem between skull and cerebral. The main contribution is
that we proposed to combine standard and simple methods that
work well with one another to achieve quite a high result.
Furthermore, the MLO can be applicable to various dataset as
compared to those methods that largely depended on intensity
principal. However, the proposed method may get some
trouble with a case that cerebral portion snuggle up to skull
(which occur in the patients have ventricle expand e.g.
hydrocephalus) and has skull intensity resemble the cerebral.
In such case, it is quite hard to separate them. So for the future
work, we plan to attempt such case to find way to improve our
proposed automated skull stripping better.
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Abstract— Present radiologic diagnosis of hydrocephalus
(HC) are still the main concern for most researchers in the
area. This is due to the fact that clinical symptoms and
radiographic image of both Hydrocephalus (HC) and Cerebral
Atrophy (CA) have similar characters. In this paper, we
propose to use two new features: Sulci-Ratio (SR) and Frontal
and Occipital Horn Angle (FOHA) together with typical
features: Evans Ratio, Frontal and Occipital Horm Ratio and
Ventricular Angle to classify between HC and CA. The
experimental results show that Sulci-Ratios of HC and CA are
difference. So this kind of ratio can help a lot in differentiate
between HC and CA. The use of these two new features makes
an attractive improvement as compare to most recent
researches in the field. Those researches are mainly focus on
the Ventricular which makes it more difficult to distinguish
between HC and CA from MRI images. The performance of
our methods is improved by 59% of true positive rate, 36.8%
of false positive rate and 66.1% of F-measure from the
classification of HC. In classification of CA is improved by
36.8%, 59% and 36.6% respectively.

Keywords: Differential diagnosis, Hydrocephalus, Cerebral
Atrophy, Magnetic Resonance Imaging, Sulci, Ventricular

L INTRODUCTION

Hydrocephalus is a neurological disorder characterized by
an abnormal accumulation of cerebral spinal fluid (CSF) in the
ventricles of the brain. The abnormal accumulation is mainly
caused by two factors. Firstly, there is animbalance of CSF
production and absorption. Such a situation may lead by tumors
in choroid plexus. Secondly, there might be some obstruction to
the CSF flow. As a result of the accumulation, the brain
ventricles will be expanded and huddled around brain organ.
This is why the brain pressure will be increased. This symptom
usually happens to neonates, young children or elderly people.

The diagnosis of hydrocephalus commonly used two types
of radiographic images: Computerized Tomography (CT),
Magnetic Resonance Imaging (MRI). These kinds of images
can demonstrate most of the clinical features used by
Clinicians. The patient will be identified as having the condition
of hydrocephalus when ventricle enlargement and dilation of
frontal horn (Mickey Mouse Sign) on images were found. The
difficult issue is that how we know whether the large size of
ventricle seen on image is caused by the accumulation of CSF
or not. This is because it can be confused with ventricle
enlargement which is caused by shrinkage of brain tissue.

978-1-5090-2033-1/16/$31.00 ©2016 IEEE

Patient in CA group who got Parkinson Disease (PD) or
Alzheimer Disease (AD) will also always have a large
ventricle. In such case, the large ventricle is not caused by the
expansion. But it is caused by the loss of brain tissue from
atrophy. Hence making a diagnosis on such cases is challenging
to identify whether the large cerebral ventricle caused by HC or
CA. In addition, there are some clinical features that are
overlapped.

Clinicians use signs of atrophy, Sulci widening and basilar
cisterns opening [1] to distinguish Cerebral Atrophy from
Hydrocephalus. Current accuracy rate is still largely depend on
personal skill and experience of clinicians. If the clinician
makes a wrong diagnosis, this can lead to a situation that the
patients could not receive prompt and appropriate therapies. In
addition, the patients may also fail to pay attention to certain
precautions. In order to make the diagnosis more persistence,
assistive tools are need. This is due to the matter of fact that
human naked eyes are insufficient to estimate those sensitive
details.

At present there are a number of techniques to extract
clinical features of Hydrocephalus before using them for further
assessment. Fabijanska et al (2014) [2] proposed semi-
automatic algorithm to extract hydrocephalus features to
eliminate human error factor, accuracy limit of radiologist’s
judgment, or bias manual measurements. Those features are
Evan Ratio, frontal horn radius and ventricular angle. They are
appropriate features that can represent the ventricular
enlargement. However, they are not adequate to distinguish
between HC and CA. This is due to the fact that all those
features are mainly extracted only from ventricular. In such
case, for both HC and CA, will always have the similar large
ventricular images.

To distinguish between CA and HC, there is a need for
feature that can correlate with CA. Moore W. et al. (2012) [3]
proposed to use the size of cortical thickness of brain (grey
matter) to diagnose the symptom. It was measured by
Freesurfer which is a public software package. Cerebral cortical
thickness is the distance between the Pial-Surface and the gray-
white interface. Once the brain starts to atrophy, the cortical
tissue will start to be lost. In such a situation, it makes the
cortical thickness thinner. In addition, they also used feature
that calculated from ventricular which are Evan Ratio and the
total Intracranial-volume. With these features, they can then
differential the Normal Pressure Hydrocephalus (NPH) from
Cerebral Atrophy (CA). They proposed that the ventricular
enlargement features can help to distinguish NPH from PD.
Furthermore, the thickness of cortical can also be used to
distinguish NPH from AD too. They further discussed that both
ventricular volume and cortical thickness features can clearly
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distinguished NPH from other groups. However, from their
result, we can spot that the NPH (2/5) are still thronged with
cerebral atrophy group.

In this research, we have an assumption that features
associated with ventricular can distinguish HC from CA only
at a very preliminary level. That is the accuracy rate is still
below 50%. We, therefore, propose to use size of Sulci (Sulci
Ratio) to identify between HC and CA. That is the Sulci Ratio
of HC is usually larger than the one of CA. Moreover, the
angle measured from frontal and occipital hom between HC
and CA were also different. With the use of proposed features,
it can help to distinguish between these two deformation
groups more clearly. The accuracy rates of our proposed
method are 73.3% of True positive rate (TPR), 1.7% of False
positive rate (FPR) and 81.5% of F-Measure in classification
of HC. Accuracy rate of classification CA are 98.3%, 26.7%
and 95.9%.

II. METHODOLOGY

The proposed method uses two novel features: Sulci Ratio
and Frontal Occipital Horn Angle in addition to the typical
features: Ventricular Angle, Frontal Occipital Horn Ratio and
Evan Ratio. The results of proposed method exhibit that the
preliminary diagnosis of hydrocephalus condition and cerebral
atrophy diseases can be much improved. The two new features
of the proposed method can help to improve the classification
efficiency between Hydrocephalus Condition and Cerebral
Atrophy diseases on MRI image. With the use of the proposed
method, it can help physician either in the process of patient
case screening or decision advocating.

The proposed method can be divided into three stages: Pre-
processing, Features Extraction and Classification. In this
research, we use open access public dataset as input. In our
experiment, we manually pick up only those brain images that
show the axial slices of the brain ventricle clearly. These
selected images are being used as input for further processes of
our proposed method. In the first stage. the preprocessing
process, those unrelated parts of the image are eliminated. For
this research work, the only element of the image that needs
for further analysis is the cerebral tissue. Therefore, other
elements of the image which are skull and meninges have to be
removed. We use MLO [4] skull stripping method proposed in
our previous work to remove the skull and meninges. We,
then, need to locate the central sagittal plane of the brain image
to be able to rotate the brain image in a perpendicular position
that needed for the next stage analysis. In the second stage.
only the region of interest part is proceeded further to extract
five significant features that will be used to classify between
HC and CA. Those features include Evan Ratio, Frontal and
Occipital Hom Ratio, Sulci Ratio, Ventricular Angle, Frontal
and Occipital Horn Angle. For the final stage, the five features
extracted from each MRI image are being used as the input
data for multi-layer perceptron neural networks or MLP
classifier. The process flow of the proposed method is shown
in Fig 1.

Input

A

Preprocessing
-Skull stripping
-Find sagittal plane

y

Features
extraction
-ER

- FOHR
-SR

-VA
-FOHA

A
Classification
-MLP

Fig 1: Process flow of proposed method.

A. Dataset

In this research work, the 2-dimensional T1-weighted MRI
data sets are used. It consists of several type of cerebral
atrophy patients. They are: 1) Alzheimer’ s disease dataset
from the open access series of imaging studies or OASIS
( http: //www. oasis-brains. org) and 2) Parkinson’s disease
dataset which was assembled from the Parkinson’s progression
markers initiative or PPMI ( http://www.ppmi-info.org). Both
datasets contain 30 images of men and women patients. For
this work. each data is chosen randomly using 60-years of age
or more as the only criteria. In addition, 15 Hydrocephalus
brain images is obtained from MedPix. MedPix 1s a medical
immage database of the Departments of Radiology and
Biomedical Informatics at the Uniformed Services University.
Hydrocephalus images are chosen with the same criteria. The
details of the proposed method are described as followed:

B. Image-preprocessing

1) Skull Stripping

Skull stripping approach used in this paper has been
slightly improved from MLO which is our previous work [4].
The approach consists of four steps. The first step is to identify
foreground and background using Object Attribute Threshold
or OAT [6]. OAT 1is one of the adaptive threshold technique
based on Otsu’s algorithm with iterative process concept. The
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second step is to apply opening morphology operations. This
operation includes erosion and dilation in order to separate the
touching object between the skull and the brain. For the third
step, is to identify the brain area by giving a label to each
component of the image using 8-connected component
technique. By doing this, we can obtain the largest connected
component as the brain area. In the fourth step, however, we
need to find out the exact structure of the brain area. We then
apply Convex Hull Algorithm to approximate the actual brain
area before using it to extract the brain area from original MRI
image. From the experimental results show that convex hull
helps to make skull stripping more complete, especially for the
case of cerebral atrophy.

2) Brain Central Sagittal Plane Finding

Typically the input data may not be in the orthogonal
position. In order to find central sagittal plane of the brain to
use in next phase of feature extraction, we need to adjust the
position of the input data. In doing so, we have modified the
method of Surani ef al. (2012) [5]. That is we want to find the
diameter of brain called inter-hemispheric fissure or also
known as the medial longitudinal fissure. This fissure is the
deep groove which separates the two hemispheres of the
vertebrate brain. On the MRI image, the fissure can be seen as
the two deepest grooves on top and bottom of brain. Therefore
in finding this longitudinal fissure, we make a hypothesis that
such a fissure or an axis should be located at degree of which it
provides the biggest number of black pixels. To make the
detecting of black pixels accurate, the pixels of ventricle pixels
must be excluded. We start with finding the centroid point
using Eq. (1) and proceed to establish the brain’s major axis
using Eq. (2).

Centroid = (X = Y, %%, V= yr, 40

)
Where XY = coordinate of centroid.
x;,y; = x-location and y-location of the center of
each object i.
A = area of the brain.
a; = area of each object i.

((x— x6) * cos(t) — (y — ye) * sin(t))?
2
¢ ((x — xc) * sin(t) + (y — yc) * cos(t))?
+ B2

=1
@

coordinate point on the ellipse that fit over
the object.
xc,yc = coordinate of centroid.

t = the angle of rotation of axis

from the positive x-axis.
a, b = the half-length of major and minor axis.

Where x,y =

Once the major axis was found, we then replace all the brain
ventricle pixels with foreground pixels. This step is done to
avoid not to mistaken it as cortical groove. The major axis was

rotated at the centroid point through 180 directions with one de
gree step. At each changing direction, the background pixels o
n the axis are summarized. At the end of rotation, the candidate
axis for sagittal plane is the axis that got the most background

pixels.

C. Features extraction

1) The Evans Ratio (ER)

Evans Ratio [7] is ratio of the maximal width of the frontal
horns of lateral ventricles (f,,4,) to the maximal width of inner
skull (i,,4), as illustrated in Fig 2. For normal person, this
ratio is less than 0.29. On the other hand, ventricle size of HC
patient will be larger than normal case. Or they will have the
larger f... value. Hence the Evans Ratio is greater the
mentioned value.

ER = —fm“x 3)

lmax

Maximal width
of frontal hom

Maxxn;"a‘}xwidth

of inner skull
(lma.v)

Maximal width

of occipital frontal
(Ormax)

Fig 2 : Cross section MRI brain image with major
measurements of ventricular enlargement case.

2) The Frontal and Occipital Horn Ratio (FOHR)

This ratio [8] is calculated from the summation between
value of f4, and 0,4, divided by value of i,,,, as shown in
Fig 2. The measurement of these values are taken at the level
of the cerebral aqueduct. These properties represent the
volume of lateral ventricle.

FOHR = fma'x"'omax

C)]
lmax

3) The Ventricular Angle (VA)

Fabijanska et al.[2] proposed a feature that implicate the
angle between central sagittal plane of the head and a line
touched upper edge of a frontal horn, as shown in Fig 4 (a).
Narrowness of this angle can explicate the bloated of frontal
horn. This feature contributes to assessment of ventricular
enlargement as well.

4) The Sulci Ratio (SR)

The Sulci is a groove in the cerebral cortex located between
two gyries. Size of Sulci is normally used in diagnosis HC and
CA. As a result of both deformation have differential Sulci
size, in HC the Sulci are narrower than normal caused by
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ventricle enlargement that squeeze surround tissue to skull. On
the other hand, the Sulci in CA are wider than normal as the
losing of brain tissue along with its symptom. It can be seen
that size of Sulci help to simultancously improve the
classification hyperplanc of HC and CA. Hence in this paper
tries to apply or use the advantage of the size of Sulci. We then
proposed the Sulci Ratio. This ratio is the proportion between
the size of all cortical Sulci (S;) and brain arca space (b). SR
cquation is shown in Eq. (5).

n s
SR — 21=blsl (5)

Fig 3 : Measurement cortical Sulci on MRimage.

5) The Frontal and Occipital Horn Angle (FOHA)

Fig 4(b) illustrates various angles that occur on ventricle.
These angles are derived from building skeleton of brain
ventricle. These consist of three angles, the two angles formed
on skeleton that arc angles of the end point of frontal and
occipital horns in both side (left, right) against above branch
point. There is also the angle of the right and left frontal horn
as last. FOHA help to verify that narrowness of VA [2] is
really happening from bloated frontal horn. Due to the fact no
matter how bloat frontal horn is, its skeleton is still the same
shape and FOHA isn’t unusually wide. If FOHA is unusually
widc then it’s because of the frontal horn deform to match to
the central sagittal plane. In such a case even frontal horn isn’t
bloat, the VA may narrow. So bloated frontal horn must
composc of narrow VA together with usually wide FOHA.

Top angle

Left frontal hom point
Right frontal hom point

FOHA left
W31 VHOA

Left occipital hom point
Right occipital homn point

@ ()
Fig 4 : The various angles occurred on ventricular system for
assessment ventricle enlargement.
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D. Determination of object in brain

1) Determination of the brain ventricle
To identify brain ventricle, this paper employed hole-filling alg
orithm which is based on morphological reconstruction. With (
his algorithm, the hole will be identified as background region
that is surrounded by a connected foreground pixels. The brain
ventricle is determined as a largest hole on image. The filling h
oles equation is shown in Eq. (6).

Xlr = (Xk—] @ B) nA® k=1 (6)

A = cercbral brain arca.
B = symmetric structuring element.
X, = the filled largest holes.

2} Determination of the maximal width of ventricle horns
and inner skull

For mecasuring maximal width of ventricle, the first step is
to separate the frontal and occipital horns as apart, to measure
the maximal width of each horn. This process is done by using
middle row of the height of ventricle as illustrated in Fig 5.
Their maximal width obtained from finding the row that has
most range between the first and last foreground pixels.

Where

Middle
oW

Maximal width frontal horns
Maximal width occipital horns

Fig 5: Determination of The maximal width of brain
ventricle horns and inner skull.

3) Determination of the cortical Sulci
To extract cortical Sulci, we bring convex hull of brain
imagc to opcrate “cxclusive or” with filled hole brain image.
This paper used convex hull algorithm to find outer segment of
cerebral. The convex hull can be calculated following Eq. (7).
C= {2!2”1 ajp; : a; = Oforalliand Z!E'l aa=1} M
Where : N = a finite points of brain area.
p; =eachpointin N.
a; = non-negative coefficient and sum to one.

Fig 6 : An operation to get cortical Sulci.



4) Determination of the line touched upper edge of
frontal horn

The rotating point of this line is the point at which the first
background pixel is found next to foreground area. We then
consider only those points which are aligned on central sagittal
plane. The line is then rotate clockwise until the first
foreground pixel of the right frontal horn is met. Then this line
is determined as a touched line. However, in this work we only
experiment with the rotation from central sagittal plane to right
side.

5) Determination of the brain ventricle skeleton
Skeletonization that used in this paper by Zhang-Suen thinning
algorithm [9]. The process contains two sub-iterations. The
both are just a little different in term of surround pixels that are
investigated. A contour point (P1) will be deleted if all
following condition in each iteration are satisfied.

(1) sPH=1 (Its connectivity number is one)
(2) 2<=N(P1) <=6
(3) P2 x P4 xP6 =0 (For the second iteration P2 * P4 x

P8 =0)
(4) P4« P6%P8 =0 (For the second iteration P2 x
P6 x P8 = 0)

‘Where S(P1) = the number of 0-1 transition in the ordered
sequence of neighbors.

P2 — P8 = the neighbors pixels of a contour point.

N(P1) = the number of nonzero neighbors of contour point.

The skeleton is indices that used to be a represent of the whole
area of ventricle. So it need to set the points on the skeleton in
order to explicate positions of horns, as shown in Fig 4(b). To
define these points, the end points are found by finding the
pixels that its connectivity must be equal one and the branch
point is pixel that has the most connectivity.

1. CLASSIFICATION

In classification stages, we employed classification
methods named MLP by Weka software package, and data is
divided into 10 folds cross validation for training and testing.
Correctly classified instances are used to evaluate the
performance of distinguish hydrocephalus from cerebral
atrophy disease. Learning parameters of method are defined as
follows:

¢ MLP : Learning Rate 0.1, Momentum 0.1, Number of

epoch 500, Number of Hidden layers 12

The efficiency was evaluated by using true positive rate, false
positive rate and F-measure.
True positive rate is given as:

TP
=Py @

False positive rate is given as:

TPR

FP
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F-Measure can calculated following Eq. (10).

Precision*TPR

F=2x (10)

Precision+TPR

Precision = ——— 11
~ (TP+FP) an

‘Where : TP =number of correctly classify HC, CA.
TN = number of correctly classify non HC, CA.
FP = number of falsely classify HC, CA.
FN = number of falsely classify non HC, CA.

IV. EXPERIMENTAL RESULTS

Experimental results of the classification of HC and CA
obtained from two groups of features are proposed in this
section. The first group or the result in TABLE I we employ
Moore’s methodology. Moore [3] used Freesurfer software
package for analyzing possible features to distinguish HC from
CA. From Moore’s experimental result shown that cortical
thickness (CT) and ventricular volume (VV) were the two
main features that yield the highest result. The cortical
thickness are calculated from the average values of each part of
the brain as shown in Fig 7. In addition, ventricular volume is
given by the subfraction between BrainSegVol and
BrainSegVolNotVent values. In the second group, we propose
to combine five features. They are Evan Ratio, Frontal &
Occipital Horn Ratio, Ventricular Angle, Sulci Ratio and
Frontal & Occipital Hom Angle. However the two latter
features are the two novel features proposed in this work. The
result is shown in TABLE III.

In our experiment, 75 images of T1-weighted MRimages of
HC and CA groups are used. The resolution of an image is
around 160 x 256 pixels. We then employ multilayer
perceptron to classify between HC and CA patients.

In TABLE 1, the output of applying two recommended
features of Moore with the public datasets used in this paper
provide lower performance as compared to Moore’s work
(60%). This may be a result of the average values of cortical
thickness in three deformations are fallen in the same value of
around 2.2 mm. While in Moore’s work, the average of
cortical thickness are vary. In addition, the variation of
resolution of image may also affect to the ventricular volume.

In TABLE III Evan Ratio of HC is still greater than 0.29.
The five proposed features help to classify HC and CA better
than the recommend features [3] at 59% of true positive rate
(TPR), 36.8% of false positive rate (FPR) and 66.1% of F-
measure from the classification of HC. In classification of CA
is improved by 36.8%, 59% and 36.6% as shown in TABLE
v,

Fig 7 : FreeSurfer’s cortical thickness map in the Alzheimer's.



TABLE 1. Two recommend features from Moore’s
methodology (Cortical Thickness: CT, Ventricular Volume:
Vv)
Image | Hydrocephalus (HC) | Alzheimer (CA) | Parkinson (CA)
No.
CT (mm) VV(mm?) CT vV CT vV
1 2.62 23,285 2.49 10,119 2.59 18,873
2 2.22 21,050 2.32 53,353 0.3 16,678
3 2.73 23,105 2.51 35,574 1.64 537
4 1.29 23,107 2.57 16,759 2.21 14,813
5 2.93 19,870 2.65 11,817 1.55 6,916
6 2.74 20,795 2.61 16,426 2.07 19,988
7 2.5 17,643 2.78 23,626 2.62 22,885

TABLE II. Accuracy of two recommend features from
Moore’s methodology (True positive rate, False positive rate,
F-Measure).

Accuracy (%) HC Group CA Group
TP Rate 14.3 61.5
FP Rate 38.5 85.7
F-measure 15.4 59.3

TABLE III. Five proposed features (Evan Ratio: ER, Frontal
and Occipital Horn Ratio: FOHR, Ventricular Angle: VA,
Sulci Ratio: SR, Frontal and Occipital Horn Angle: FOHA).

Image | ER [ FOHR | VA | SR FOHA

No.

1HC | 011 | 070 | 28 | 0.026 63.39,106.74,15848
2HC | 062 | 084 | 47 [0.019 149.50,81.43,43.34
3HC | 013 | 054 | 36 | 0.045 19.29,54.06,139.83
4HC [0.161 | 064 | 70 | 0.029 73.25,109.50,117.71
SHC | 047 | 104 | 59 [0.014 156.31,175.93,0.00
16AD [ 032 [ 0.73 58 [ 0.129 97.90,109.96,106.17
17AD [ 029 [ 071 63 [ 0.141 93.62,115.79,100.45
18AD | 028 [ 059 [ 62 [0.133 97.43,116.57,107.59
19AD | 025 [ 0.53 51 [ 0.102 140.84,63.58,119.10
20AD | 025 | 054 | 20 | 0.087 97.89,117.00,98.92
71PD | 031 0.64 | 59 [ 0.082 90.00,62.72,178.96
72PD | 028 | 0.63 61 [ 0227 81.17,116.57,111.80
73PD | 029 | 062 | 41 [0.179 121.76,58.57,148.08
74PD | 030 | 070 | 57 | 0.204 90.00,109.19,108.24
75PD | 019 | 0.55 7 10154 145.30,128.88,48.59
TABLE IV. Accuracy of five proposed features (True positive
rate, False positive rate, F-Measure).
Accuracy (%) HC Group CA Group
TP Rate 733 98.3
FP Rate 1.7 26.7
F-measure 81.5 95.9

V. CONCLUSION

In this research, we propose five features with two new
features that could created a classification model of hydrocep-
halus (HC) and cerebral atrophy (CA). They consist of Evan
Ratio, Frontal and Occipital Horn Ratio, ventricular angle and

two new are Sulci Ratio, Frontal and Occipital Horn Angle.
We extracted them from T1-weighted MRimage. The proposed
features could classified HC and CA as well when compares
with those recommend features [3]. In particular, the Sulci
Ratio is clearly separated in two deformation as a result of
Sulci size in HC and CA are vice versa. HC patient usually has
Sulei size narrower than normal but CA patient is wider than
normal. The main contribution is that we combined the former
features with two new features to achieve quite a higher
performance. Furthermore, all proposed features were angles
and ratios so it can be applicable to the various datasets
regardless of the resolution of images. However, to extract
features from brain ventricle may get some trouble with a case
that the ventricle greatly deformed from universal shape
(which may occur in HC patient). In such case, it is quite hard
to define the points that represent positions of ventricle horns.
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