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KEYWORD: CLASSIFICATION OF HYDROCEPHALUS AND CEREBRAL ATROPHY/BRAIN
FEATURES/NEW FEATURES/MAGNETIC RESONANCE IMAGE/SULCI/VENTRICLE/
SEGMENTATION

MANIT CHANSUPARP: CLASSIFICATION OF HYDROCEPHALUS AND CEREBRAL
ATROPHY. THESIS ADVISSOR: KRISANA CHINNASARN, Ph.D., ANNUPAN RODTOOK, Ph.D.,

80 P. 2016.

The thesis proposes new algorithms and two new features for automated
classification of Hydrocephalus and Cerebral Atrophy in Magnetic Resonance Image.
With the use of the proposed method, it can help physician to classify these two
similar deformations. The proposed method can be divided into three stages:
Preprocessing, Features Extraction and Classification. In the first stage, the
preprocessing process, those unrelated parts of the image are eliminated. In the
second stage, only the region of interest part is proceeded further to extract five
significant features. The features include three typical features Evan Ratio, Frontal and
Occipital Horn Ratio, Ventricular Angle and the two new features Sulci Ratio, 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. From the experimental result, we found out that the two new features
help to improve the classification performance. In particular, the Sulci Ratio is clearly
separated in two deformations as a result of Sulci size in Hydrocephalus and Cerebral
Atrophy are vice versa. Hydrocephalus patient usually has sulci size narrower than
normal but Cerebral Atrophy patient is wider than normal. The performance of our
method is 93.3% of true positive rate, 1.7% of false positive rate and 93.3% of F-
measure from the classification of Hydrocephalus. In classification of Cerebral Atrophy

is 98.3%, 6.7% and 98.3% respectively.
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L —u)2p;

0_12 — Zl=k+15l1’1 ﬂl) Di (1_7)
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of = Yiea (i — py)%p; (1-9)
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Basic morphological operations

Morphological operations {uta3esdioNnldauaiu nsussaiananmainea §1msu
o 1 A ' a 1 I v a < = 13
AnfanIouwAdfndIurauIeInIn, lassasiswesnin lnsldvnguiveada Fadaly
Morphology 3gunuzuinamsesunsevesinglunin wunguvesddvievuatuninluund
d1m15Un15911 Morphological @ns1saldluni1sfiidndesuniu vengiunvesing uazidn
driuvaainglinszuiumsiugnumaiillann

Dilation

Dilation A N5V #iNwaveININ Iagn1saunuA1ves S (Structuring Element) flagy
1 2-6 vuusazAvRsinEan I tnevinnsaunuaInALrdIuugelUSIunUIa19 G99y

N J a Aa Id Va1 1 A 1 a a = a0
wWasumwesinanianly 0 nliandu 1 Weavasinwale o finwantdsvu S dA1n5s
UANYRINNLLANIN waLALilAIALAY WeNNAYaY S TAMTITUYNAIYBIINYANTIN LEAIR
U 2-5 lagilaunisaail
D=1&S={Z|[(S),n S]E S} (1-11)

1ng

I Aen g waz S Ao Structuring Element

1 1 1

1 1 1

1 1 1

5UT 2-6 Structuring Element Amasadnia vunn 3x3
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Dilate

U1 2-7 n19¥191ue4 Dilation

Erosion

Frosion \Ju3gn1sfinsadudnuiiu Dilation Feazasvuinvesfinga lnen1saunuaves
S vuusazAasinanin Ingvinsawnuainsuisuugelusunusanwn deay
Waguawasiinwadidandu 1 iandu o definwalafnwanisuu S famssiuaves
finwanm wazazfienaafia Wennfinwaves S IAmseiuAwesinisannuansssgudl 2-6

[

Tnedlaunnsnai

E=10S ={Z|(5), C1 (1-12)
Tng

I Aen g waz S Ao Structuring Element

U1 2-8 N1591191U384 Erosion

Hole filling

Hole filling tunszurunislumsifudruiilugesiiintuluingainnismiiniga
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Feuste (Connevtivity) uaz 8 n1sidieuse ansamuMmMLTTessldmuaunseelul
Xk =X, SN A k=1234... (1-13)
msmums%éuqmaqLﬁaﬁﬁaumw‘i’]sg’]ﬁ ko X, = Xy_q
ng A Aeflufivesing
S @9 Structuring element Fiaunns

X, PoNuIv09319

SU# 2-9 Msvhamuwes Hole filling

Labeling
. = a & v a Aa o Y ° 9

Labeling 30 N1sAnslunisAumiinanininniu lnenaliagyinisfrunlunim

o P a ! dl 1 oa < I ! S & v
Y1301 n3oi3endnnnlunnslagudsiinganinesnidy 2 adude duiidudomin
(sAusznavlunmiaula) Au duidudemds nsfienuiinwanmiaiulunim 2 IRty
T 8 N1sieude dudsnisAumiinisavesingiinduiulalinisuiausiunsiusnlag
Rosenfeld (Rosenfeld, Pfaltz, 1966) laginn1sa@knuULkUU Raster scan 31U 2A59 K389
1S8n31 Two-scans labeling 1nen15911 Two-scans labeling azuuan1svitausenidu 3
Tunounall
1. Msnsansauusn : 1un1sld scan mask duansluguil 2-8 uvinisAumfinganIni
Juinglomihaniuezivuassiusmnifiaanuinidliamnsassynsiiliidesannd

FIUIUATINGUDY 7 WirTudfeaiasuazimualinsliluudIns1d (Arbitrary label) 19

fuiinwanmiduingluneu wazvihnstuiinestiuadluniss Equivalences
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2. 11519 Equivalences : 1Jun5in Arbitrary label Tu #1919 Equivalences u1vi1n153n

i A I Ay oA i ' ) DY i
ey waziienAftiefignvedwsiazngy iehunldidudunuvesngy
3. MINTAUTEVAR | NTanluseuiiaes iedwuvuveusiazngulun1sg

Equivalences 3117015 T9ns1a91n mNaans

U7 2-10 Scan mask

Convex hull

Convex hull w3awUdenyuresing nandldinendesiifiwindniianvesgaianla 4 9
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sely LwniUdenyuvesnmanansasuinldnuaunisi(lauasfegsvesenudenyy
LARIFIANT 2-7(n)
C= {Z!l;”l ajp; : a; = O0foralliand ZEL a; = 1} (1-14)
Ty N Aedrunugndriaasiineaidomdn
p; Wnuusiazyalu N
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CyYeGIOC

(n) ()

U7 2-11 (n) veulwnveswnlionyu (Convex hull) uag (v) Wasnyuvesing

Skeletonization
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20 2<=N(P1) <=6 ) | |
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P2 x* P4 « P8 = 0)
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P9 P2IP3
P8} P1 P4
P7)P6|P5

JUN 2-12 siuunsissawdafineaneuseuiineaiiaula

1AsR9daluN15IAUSLANS AW

[
[y [

WnsUsTdiuaugnaes Tunsduunvesideilavindsednsamuainmmaasdlag

[

A1T99INAT BRIINAVINGIY (True positive rate) , dnsImauInUaou (False positive rate)

way ALY (F-measure) Insanmaniaiunsasuialanuauniseeldd

DRITINAUINDSI
TP
TPR = m (1-15)
oI INavINUaau
FP
FPR = m (1-16)
ANAAATE
F=27x% Prec.is.ion*TPR (1-17)
Precision+TPR
.. TP
Precision = ——— (1-18)
(TP+FP)

g TP foduiuveamsiuunnnilylagneies
TN fodruwiuvesnisiunnanilalylagnaes
FP fodnuiuvesnisiunanitlylignaes

FN feduvasmsiuunnmildlylignees
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Rosniza Roslan uazaaiz (2011) ldnnassdnwiduneudslunisuenanizauiiauls
nnIEIeAduaLINRaNAsedasenindsnisuennglnan “Skull Stripping Of MR
Brain Images Using Mathematical Morphology” Tusuidsusgnauliaae 3 Fumoundn
IFud fufil n1sueninguaziunds (Binarization) Tufi2 nsUsuugenIndremaia
Morphological LLaB%HGIE]uﬁ;j@ﬁ’lEJﬁaﬂ’]iLaiJ‘liaﬂ’j’N 33n151maldl Rosniza Roslan Laueduii
#io n1suenInquasiunds dewadie desAnnalaas (Double thresholding) FaduiBnis
Fntrsvesmanuduilmanzanfuamdy 9 Tnetaednandwaldannismeede
m’mL%’maqEi'suﬁéfaamﬁmﬂmwiuﬁgaﬁqm%’a;ga nsfuaiiemsiinatuanszsi
9614 manual eanusafmuntsanutildiuddsinsieudewniinealuamdeya
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Tugrsfazseylnduingfiauls Tudvudaunudnadldannisiaesainsalyas a1adly
| A Y oa o e ) a Y] ' Y  aa 1% . P
ATBUARUIATIIINWARTITN FIUTUUTIUTINAINE1IA8TTN1901U Morphological Laf
nsianseu (Erosion) uagn13ve1e (Dilation) lutumeugaiing amdnladsmmauniesing
a & = < ~ ] . ~ o & w A &
nuluvsnauioauss Feenalulnssaues wieussauss (Cistern) Js9ndudouiuiiu
149971911813 #1835 Morphological hole filling uaadsnusnaileaussilaluununiu
AnAuatu Tudiureinisussidiunaazyinnsiussuiisuiun niininuausianaulasgng
manual F9luTuneWIsyN Rosniza Roslan Waueauisakenadiuusunaulalalndldesiu
1 1 a VAl o [ a A ov v [ (% 3 1Al
N15WENAIUREIN manual WABEN 96.21% dnTuusaniudeuiu snsmauINaeg?

2.16% uay SR HAAUTIARLN 1.62%

K.Somasundaram, R.Siva Shankar (2012) latiausiznisvenngluanlunindieniu
aunuiindn ag198nludiluauisede “Automated Skull Stripping Method using
Clustering and Histogram Analysis for MRl Human Head Scans” mu%uﬁlﬂ‘izﬂawﬁuéjm
3 Juneuldun Msusninquasiunds, N153ANEULUY K-mean uaznslinsiesidalaunsy
YININ LéuLLiﬂmdeﬂﬁ'uaumLL;J'mﬁﬂﬁwz%gmwaaamﬂu 2 Aand semAtianig

AATIRAMTEAUNILUU Otsu tiverenngiuiiunaseanainiu lusedudauininssaumi
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MnGoRATNLAIUIENTTUIUNITUUINGUIUY K-mean 1ngfiansanneainnudy delu
a o Y o a I3 3 aa d‘ 1 1 [~ 1 v 1
ARLAMTUANIWesUITUNB YR k =3 Wawusnguniglunmesnidu 3 ngulawn 1.

& 9 1 & Y] ) v a & av v °
eawes 2. lallilloaues 3. Munds uavluduneugaine mwusnatieauessilaazgniin

a

wandlusudalaunsy tiennyaiialagdauyfigiuinil aaiinaziiviandn 3 90 Tuusazylg

3

szmgeazilutisanuduvesinaves aneluileauss, Weaues, nzlwan laediaudy

yesdi3oamua iy eanunsaszytmnudves nglvan ldudr3sinsavfiniadio
Tugnstueen luduveanisUssduanugndes asihamaadwsilduieudeusunin
TA59519u51934 Liloduam fosazamugndes Dice co-efficients 3991AN15NARBINUT
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dofidsaziinnsguyeidodely lneidedeluduusniiezgydsduifeviinusevuen
Snwnigdta 4 findnundrsiuilisuainnisnszuiunisatauaziendiussduszneuly
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morphological operations ludunauusn mwdwﬁiwdflaﬂ?{uaumLLajmﬁﬂ%Lsihgj
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aurnusmaniuIfnua1e Tusuise “The Automated Skull Stripping of Brain Magnetic

Resonance Images using the Integrated Method” nisaunglnanuazdiudu 9 LAndous
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Weaileanes (cerebral) foindudiudrdadslunssuiuniswisuninnounisussananalu
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AMMV13A7 (binary image) Wasnundrumduiiniwaileswutinasilomds a1e35n1s
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tharldfunmendifiowdsuenileaueseonannsnanuazBery Tidaauinndetu Tudy
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yualvgfigadeiulalédiasduuinadeanss warludrdugaine asdutuneunns
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A5ANTUNITIVY

TusAdeiuseneulufenmsfnuuasneaesiier dnvuedunisuszanananin 1
inteailiealunsduunnmeenduauuulmvinvesitasnnsihddlulnssaues fu
Tselunguanasde defunouiBiudsoonldidu 3 unou uarlunnduneusinaihauesng
SolusiA udi 1 nszuaumMsUuUTLamunuTadaulalunm ufl 2 nsvvaunsatnds
LodnunEia 5 uazdudl 3 nsrurunsadrauuusassiildlunisuun nssuumsoLn

wansagluununn JUN 3-1

Input

A 4

1.Preprocessing

- Skull stripping

- Find sagittal plane

y

2.Features extraction

-ER, FOHR, SR,

VA, FOHA

3.Classification

= g/’ o lﬂl o 20/ Q-Il U 1
EU‘V] 3-1 UHUAMNLEAITUABUNNTNUN T UAAIznATlulnsanesiulsAauee
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YUNDUNITHAFIUNINNDUNISUSTUIANS

Avuaudinadisulalunin (ROI) #renisuannzlunan (Skull stripping)

[

NA189UMUNITUTEINaNaN aN 95l UR 1 AT T USandleausawintuiiduds
wenaulaieldlunisadaendnuugeig q deludiunsivanuazieviuatssazdognay

=

pantialiiresonisAuInlunszuIunisinly Yuneuliidelauiis MLO vee Manit

Chansuparp (Manit Chansuparp, et. al, 2015) mﬂﬂ%’ﬂﬁﬁﬂﬁiéﬂﬁu%umauslumimLﬂﬁamqgu
(convex-hul) Wialvuadnsoanufdulunsdinmitisauesde dunouisd dfedu 4
%gumu %’iuﬁ 1 L‘ﬁumiLLEJﬂLﬁaﬂMﬁﬁﬁULﬁawﬁﬂﬁw Object Attribute Thresholding process
(OAT) LHunsvNuLUUILE e uReuIs Otsu iflauus Histogram vasamoan.iu 2 dau
(Tomdemds) daeen wsaled (T) fvunvay Fuit 2 amazgniansouliieusndiu
serivanesiuingsou q oonlidaauddy fuii 3 Uihanguiinadianiulunnazgnd
n31 Iegviinisueuanulviuwiasnquiauines B au 1,2,..,n Lﬁamﬂfjmﬂm%ﬁﬁ
mumimjﬁqmlumw %wzgmzqﬂw%nmﬁaamm wazlutudia nszuauns morphology
flugnu mvens uay Wndesigminunldifieliuinafindmasouaguivailoauss o
fildnanly duneunsmivdenyuvesinglagniiiudunluinegat iteliuinaiiloauosd

l9annduin 4 auysalnngdu lnganizslunsdiiuinaiiloayssiisesauasdn nseuiun1sm

4 JUADULEAAI I ULNUATN E‘Uﬁ 3-2
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Input

A 4

Binarize

- Object Attribute Thresholding (OAT)

!

Separation brain and skull

'

Segmentation

- Erosion

- Labeling

- find largest connected component

v

Enhancement
- Holes Filling

- Convex hull

\ 4

/ Skull stripped image /

gﬂﬁ?’i 3-2 WNUNINLEnITURauN1sUanngluan (Skull stripping) A835 MLO

N1INLAUNANENDN (Find sagittal plane of brain)

wnunatsanes iunnuiinneglusesniuena (interhemispheric fissure) Lilogain
amdngeduausimanaziudusesianiigaungoguunazansveanarsaues Tunuide
ﬁﬁ’]miﬁummuﬂmqLﬁaﬁwmimumwamaﬂﬁﬁgﬂmﬂﬁ’umau ileflazineronisinuun
Ya3dun1e 9 neluaues %umau%%ﬁﬁﬂmﬂizqﬂﬂ%ﬂmEN (Surani Anuradha Jayasuriya,
Alan Wee-Chung Liew, 2012) fin15¥ieuizusulag vin1sAunigaaunsesdvesanss

X, Y Gadunadnsvenisninasin sawvagudnans (x;, ¥;)a; vesiuniignuus s

Y
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1 d"J a o o < o 1Y . . = 3 i

pagfiufianes A ardudaundunisAuiuminundnatad (major axis) @93zidun1ued
= Y = o o ¢ O ax a A1 o A |
Migavesaned uadnihudasulagunsen Tuneudslilauuagiunitdunifiununneg
Tusosugnasduiunidsiivsingingadmuuunuuniign nsaunIduinisuyuuwnu

a o

VAN Ase 0 e 180 aerlavilyaviuegNyawunseen 1 9 1 eervziin1suiinigade

a

(Ueandanusinguusnunan Tuvefianszagulain esmnusngfiineadauinigaazidu
dl v 1 ! a v d’l ¥ U :j ad v ! QI a
aerfunundnaneaglusesniueny lunuideiliususstuneuisamnanilaeiiunisidy
Foeine Iilnssavesgnaudufinaduilemduagyinisidniiundwsvunesnivie
= a = ' o U A Ao A dAa
WigeusaUdensauLen (convex hull) vesanas newinnsvsuiuiinieaden lienifiniyg

Tulnssaueuasiundagliligniurandusessevauss nszuaunislumsmununaiases

TunansladaununIm JU 3-3

l

Removing back ground and ventricle

- Convex hull — g*‘%
. .
- Holes Filling ‘1‘.‘_2:.’-'?

v

Rotation to find sagittal plane

- Rotate major axis from 0° to 180°, = ,jl

then calculate the most black pixels

/ Sagittal plane of brain /

E‘U‘ﬁ 3-3 LWNUNWLAAITUADUNITIILNUNA VDAL DY
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YUNDUNITANAAN WU

n&sannmniofissdiudoaussnasgnuyulifeniniiouiosuda fazidng
nsvuIunsElmedn vz vinddulnssaewarlsaanesle Fwdndidosuhuldly
nsvuIuNstasiliiies oaues (Cerebral) uas Tnseauas (Ventricle) nsuwenadiulnssaues
2ONUIINAN 1AUNIENITALY9I19 (Hole filling) unld ﬁw‘i‘%ﬁﬁnmﬁﬂL%L“ﬁjawé’qﬁgﬂ
iaué’auﬁwﬁm%LﬁuawﬁwzQﬂﬁmuﬂﬁﬂw‘%nmﬁdm’m h; Tunnwaneswerineiifiving
Tvgjiian max (h;) Afelnsaues uenaninsaed sy neusd U waEnd 39
emmaLwﬂﬁ:}uléﬂ@sﬂ%umF’immwaqmmqﬂwwaumL?JuﬁgmLLﬂaﬁm%fULLsmﬂ’]WIWiaamaa

< 1 Vo1 < A 1% v ] ' < k4 [
panuassdlngliduuiunmidiwidiiund wag druaranduwiundy

[ 1 = .

2M3189UD21U (Evans Ratio)

gn31d9uBU (Evans, et. al, 1942) 1 Judnsndiusenineiiue1igaveaufnumn
YOIINITIAUDY (frnay) TUAIUE1INGAVINETUNEINAN ([0,) TeluALUNFSRTIEIUL

o 19 ! & ¢ S v o oa ] & vaa |
wFRItiaundn 0.29 MnunnIHuLNndIzReduilvguinonalugnillnsiaussveelvg
A & v 5 @ = a a o & Vet

vsollugUrsn1izinAdlulnssaues Wendan fig, M0 dnwuziliandannis
VRTINS IALDI AR LB AN TNOIRITUTDIUIAURENTUNINTINEIT N AN W

1171 Mickey mouse sign

ER = fmax (3-1)

lmax
2AI18IUVIVIINTIEUDY (Frontal and Occipital Horn Ratio)
1auslany O'Hayon BB (O'Hayon BB, et. al, 1998) SRt laNINASAIUILYY
NATITENIN [y WAZAUTE1TAAYDUUIUNEIVDIINTIANDY (O gy ) WAV

Imax dnwaztgnldivauiansvuinvednssauadlagofeynnunasveiausuvtiLay
auraadiolrudlainnsneddlainduis sursulaniunils Fsnrsneuieewuietsna

AnTulanuisiiaunivednssavsaedaeililainnegiAundsznaume

FOHR = Imex*Omax (3-2)

lmax
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UNVaIlWIIENaY (Ventricular Angle)
Fabijanska (Fabijanska, et. al, 2014) Lauaé’ﬂwmwamuﬁLﬁm%uiwfmLmuﬂa’mauaq

fulaunivednseates lneinainununatsiyuadlunarmauduiadiuiiiiuning
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A - o y
Mheatvauulunsussiiunzifdulnssauesls

DRMI1EIUTBITBUUINEUDY (Sulci Ratio)

Jo93UNBNANDY (Cortical sulci, Sulci) 1UuTIT0UANDITILUANA1NTENINEILYLAL D
(Gyri) WnAvuavestesadagnidlunsitadeiiodnuunsenintannziiAsiulnssauesiu

15AaUBIHD LUBINENIADIAURAUNALUUINVDITDIANINHARUNY TUlsAaNDIED 599
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aveziivwnlvgdadunauiaineinisvedsanazgydeiiaigeluies 9 Milvsesaues
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Waeseu 9 eanld vililleanesgniufnnglnanuarsesseuuenavsnasgnivliuauas

Y

Y

AIdedsladnuseloviainanuuaneatunld wenwuussansamlunisdwunassniny
RAUNATLATALAULINTITU Tnelaus dnsIdIuTR9saULaNaL a9 USRI 1dIUsEnINg Nasiy

ANUANVRITRIENDWNTBY S; AUNUNdugIWaNes b

&3

n .
i=15i

b

SR = (3-3)

UNVAUVIINI9EUBS (Frontal and Occipital Horn Angle)

1%
=

anwaziilasuainnisiayuiintuuulasinsean (Skeleton) veslnssauos Fan1saia
lasenseanlaldtunawisuas Zhang-Suen ((T. Zhang, C. Suen, 1984)) yuwanilusenausie

3 13 @0euLINInlAINgAUa1Y (end point) HeE8LALYINVOAUIAUNTIUALAUNET 11

[y

v . | a ) I v | & A a X
HUAUYALBNATUUU (Branch point) @1uyuy 3 LUULNVBIIINIUAUT NA1IADUNLNAYY

sEningalangansgauesw I uniniuanenduul yuninssavendunu-anvasiivie

Y '

gufuiimuuauaNlnssanas (Ventricular Angle) HinTUIINAITNBIVBHUIAIUNTIRT

VI v I

AeALTININ liuvednssanesaznadingualuu lasinsegniilandsnsegluguiau

wagynlnssanedlilaisusendaideluaingunssaina (Universal shape) yaiunlngs
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v Y A

Tudunaugained dnwasnsindadaldainusaznnaenduauIuulnan e raaes

nauAuRnUnA avgnldilugadeyalunisiseudiiieasrsuuudaedunsiuunvesiaseig

o0 v !
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Y

NnaauwasnaaauwariiuInsIvaaunl83shuuled 10-Fold Cross Validation w1s513uwas
° ) =~ P au Ao &
dmsunmsiseuinldlunuideld lamnuaniuil

- Learning Rate 0.1

- Momentum 0.1

- Number of epoch 500

- Number of Hidden layers 12
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M597 4-1 Snweuzi@asaavia 5 Evans Ratio(ER), Frontal Occipital Horn Ratio(FOHR),

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

Farnle
Avnaslulnseauas (Hydrocephalus)
aAwaufi | ER | FOHR | VA | SR | FOHA(UW) | FOHA(#e) | FOHA(M)
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
7 038 | 0.76 | 55.00 | 0.0010 |  73.99 111.52 111.13
8 0.48 | 0.71 | 48.00 | 0.0008 | 41.43 118.44 168.30
9 039 | 0.81 | 62.00 | 0.0011| 79.62 117.05 122.16
10 031 | 073 | 48.00 | 0.0008 | 134.16 127.32 59.29
11 028 | 0.69 | 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| 112.90 149.37 59.06
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lsalunguauasdla (Cerebral Atrophy)

aAwaufi | ER | FOHR | VA | SR | FOHA(UW) | FOHA(#e) | FOHA(M)
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
a 0.25 | 053 | 51.00 | 0.0010 | 140.84 63.58 119.10
5 0.25 | 054 | 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 | 800 |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 | 072 | 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




a2

51 0.23 | 0.55 | 37.00 | 0.0001 43.06 130.36 141.19
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 4471
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
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True Positive Rate 93.3 98.3
False Positive Rate 1.7 6.7
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The 2015 Biomedical Engineering International Conference (BMEICON-2015)

The Automated Skull Stripping of
Brain Magnetic Resonance Images using the Integrated Method

Manit Chansuparp *, Annupan Rodtook 2, Suwanna Rasmequan * and Krisana Chinnasarn *

L34Faculty of Informatics, Burapha University, Chonburi, Thailand

ZDepartment of Computer Science, Faculty of Science, Ramkhamhaeng University, Bangkok, Thailand

Abstract—Skull stripping 1s 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
Morpholegical, Object Attribute Threshold

I INTRODUCTION

Magnetic resonance imaging (MRI) 1s 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.
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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][71[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 1s performed by posing the
seed point and then start the expansion to the neighboring
pixels. While the region 1s 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 n 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 ofthe 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, 1t 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 1s 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.
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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
€, (object) at threshold value T. The split process is conducted
iteratively while

T > A and Xf_oH, > B Xme* Hy

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
Type are isolated by marking as non-processing area in the
next step.

B. Mathematical Morphology

i) 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=195 =), €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 nceded two types of
inputs. They are the image to be dilated and a structuring
clement which has multitudinous formats (i.c. lines, diamond,
disk and balls shape). Dilation operator performs the local
comparison of a structuring ¢lement 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 m the transformation space, otherwise not. The
purpose of using Dilation in this experiment is to retrieve the
bereaved parts from shrink and smooth image. The dilation
equation is shown in eq. (2)

D=1®S={Z[(5.n S]E S} )

I = 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 mside the
mask brain region. The filling holes equation is shown in eq.

3)

X=X ®B)N AY k=1234.. (3)
The algorithm stopped at the iteration step K if X = Xp_4
A = Region brain

B = symmetric structuring clement.

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 each 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..... (D
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 :
_lpnih)

A0 = =120
[11UI;]

100

1 = 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
(TP+FN)

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

Table 2. Average percentage of AO, FPR and FNR using the
propose method: MLO

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 0f 0.0032% and FNR of 3.57%
which were approximately better than Rosniza Rosaln Method
at 16.5%, 15.9% and 4% respectively.

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

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 0 327
13 98.12 0 3.88
14 98.40 0 4.24
15 98.73 0 2.35
16 98.10 0.0226 3.26
17 98.87 0 2.77
18 98.66 0 371
19 98.17 0 4.74
20 98.58 0 2.90

Average 98.24 0.0032 3.57

IV. CONCLUSION

Roslan Method [6]

Image number AO (%) FPR (%) FNR (%)
1 94.10 5.55 5.97
2 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

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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The skull stripped 1mages using the proposed method
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Abstraci— 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 smmilar 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 Hom 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 i1s mproved 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 mmages
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 i1s that how we know whether the large size of
ventricle seen on image is caused by the accumulation of CSF
or not. This i1s because it can be confused with ventricle
enlargement which 1s 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, Sulei 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 climicians. 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 diaghosis 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 wventricular
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 bramn (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 1s the accuracy rate 1s 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 horn 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, 1t 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 i1s 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 Homn 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 nput
data for multi-layer perceptron neural networks or MLP
classifier. The process flow of the proposed method is shown
inFig 1.

Input

Preprocessing
-Skull stripping
-Find sagittal planc

r

Features
extraction
-ER

- FOHR
-SR

-VA

- FOHA

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 1s obtained from MedPix. MedPix is a medical
image 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 1s to identify
foreground and background using Object Attribute Threshold
or OAT [6]. OAT is 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 {o 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 cercbral 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 a/. (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).

. = aiXi - a;Y;
Centroid = (X = XL, =, ¥ = XL, =)

(1
Where XY = coordinate of centroid.
x;,y; = x-location and y-location of the center of
each object i.
A = arca of the brain.
a; = area of each object i.

((x — xc) * cos(t) — (y — yc) * sin(t))?

aZ
((x — xc) # sin(t) + (v — yc) * cos(t))?
+
b?
=1
2)
Where x,y = 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.

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;,,,,) to the maximal width of inner
skull (i,,,.). 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 fiqr value. Hence the Evans Ratio is greater the
mentioned value.

ER = fmax (3)

i'TI’HIJC

Maximal width
of frontal hom

max/) _

Maximal width

of inner skull
(imax)

Maximal width

of occipital frontal

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 fq. 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 = fmﬂ.x‘*omax

)
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 gyrics. 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

76



ventricle enlargement that squeeze surround tissue (o 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 area space (b). SR
cquation is shown in Eq. (5).

noo..
SR = —Z‘;l ol 5)

Fig 3 : Measurement cortical Sulci on MRimage.

3) The Frontal and Occipital Horn Angle (FOHA)

Fig 4(b) illustrates various angles that occur on venlricle.
These angles are derived from building skeleton of brain
ventricle. These consist of three angles, the two angles formed
on skeleton that are 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 (o verify that narrowness of VA [2] is
really happening from bloated frontal horm. 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
wide 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

Above branch
point

FOHA left
W31 YHOA

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. Delermination 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 t
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).

Y=, ®BNA° k=1 (6)

A = cerebral brain area.
B = symmetric structuring element.
X, = the filled largest holes.

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

For measuring 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
mosl range belween the first and last foreground pixels.

Where

Maximal width frontal horns
[Maximal width occipital homs

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
image to opecrate “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= {ZEI1 ajp;: a; = O0foralliand EE! a=1} (M
Where : N = a finile poinis of brain area.
p; =ecachpointin N.
a; = non-negative coefficient and sum to one.

Fig 6 : An operation to get cortical Sulci.



4y 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.

3) 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 alittle 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) s(P1)=1 (Its connectivity number is one)
(2) 2<=N(P1) <=6
(3) P2 x P4 « P6 = 0 (For the second iteration P2 * P4 «

P8 =)
(4) P4+ P6+P8 =0 (For the second iteration P2 *
P6 % 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.

III.  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.
Cormrectly classified instances are used to evaluate the
performance of distingunish hydrocephalus from cerebral
atrophy disease. Learning parameters of method are defined as
follows:

¢ MLP : Leamning 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 )
TPR = TPirRy ®
False positive rate is given as:

. FpP
FPR = 7nyEpy @
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F-Measure can calculated following Eq. (10).

Precision*TPR

F=2x (10

Precision+TPR

Precision = TP (1D

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 | 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 (CI) and venfricular 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 subtraction between BrainSegVol and
BrainSegVolNotVent values. In the second group, we propose
to combine five features. They are Fvan 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
resultis shown in TABLE III.

In our experiment, 75 images of 'T'l-weighted MRimages of
HC and CA groups are used. The resolution of an image is
around 160 = 256 pixels. We then employ multilayer
perceptron to classify between HC and CA patients.

In TABLE L 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
(I'PR), 36.8% of false positive rate (FPR) and 66.1% of F-
measure fiom 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 23,285 249 | 10,119 | 2.59 | 18873
2 2.22 21,050 232 | 53353 03 16,678
3 2.73 23,105 251 | 35574 | 1.64 537
4 1.29 23,107 257 | 16,759 | 2.21 | 14813
5 2.93 19,870 265 | 11817 | 1.55 6,916
6 2.74 20,795 2.61 16,426 [ 2.07 | 19,988
7 2.5 17,643 278 | 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 143 61.5
FP Rate 38.5 85.7
F-measure 15.4 59.3

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

Image | ER | FOHR | VA [ SR FOHA

No.

1HC 0.11 0.70 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 0.64 70 | 0.029 73.25,109.50,117.71
SHC 047 1.04 59 10.014 156.31,175.93,0.00
164D | 032 [ 073 | 58 [ 0129 97.90,109.96,106.17
174D [ 029 [ 071 63 [ 0141 93.62,115.79,10043
1I8AD | 028 0.59 62 | 0.133 97.43,116.57,107.59
19 AD | 0.25 0.53 51 | 0102 140.84,63.58,1159.10
20AD | 025 | 054 [ 20 [0.087 97.89,117.00,98.92
71PD | 031 064 | 39 [o.082 90.00,62.72,178.96
72PD 0.28 0.63 61 | 0.227 81.17,116.57,111.80
73 PD 0.29 0.62 41 [ 0179 121.76,58.57,148.08
74PD | 030 | 070 | 57 [0.204 90.00,109.19,108.24
75PD | 019 | 0.53 7 J0154 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 Homn 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 1s clearly separated i two deformation as a result of
Sulei size in HC and CA are vice versa. HC patient usually has
Sulet 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 n HC patient). In such case, it is quite hard
to define the points that represent positions of ventricle horns.
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