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Abstract

This special topic proposes MRI brain scan classification using
Deep Learning method. The segmentation of the lateral ventricles from 3D MRI
scan using Thresholding and Active Contour techniques is also presented. The
lateral ventricles is stored as 3D point cloud and then classified using two
Convolutional Neural Network (CNN) models: (i) VoxNet and (ii) 3-D Network in
Network Full Connected (3D NIN FC). The experimentation is conducted using
two datasets: (i) Epilepsy and Non-epilepsy and (i) Musician and Non-musician.
The experimental results indicate that both VoxNet and 3D NIN FC perform
excellently for Epilepsy dataset but VoxNet performs slightly better for
Musician dataset in terms of both effectiveness and efficiency. The
contribution of the research is that, using the proposed approach, some
medical conditions can be analyzed and classified without specific knowledge

from medical people.

Keywords: 3-D MRI scan image; Image Segmentation; Lateral Ventricles; Image

Classification; Convolutional Neural Network
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2.2 Inseauaenudne (Lateral Ventricles)
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2.3 FFNINMUAAITAKUS (Thresholding)
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2.4 vaaWaa (Flood Fill)
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2.5 waninmaunaslaaa (Active Contour Model)
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2.6  msUsuingalaunsuwuuuiuaa (Adaptive Histogram Equalization)
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wuudFutu (Hierarchy) lutlgmiiued wwiignihinldiudeyaiidugunm defidunouisd
yldRensiSeusdeusisesiu 9nnm (Pixel) aanany (Motif) dau (Par) uluieing (Object)
Tnepmnuawsafilassigdseamifisuuvuneuligfuuoadednldwauideainines
dunsouvanatutiuifie nsiseudandnune (Feature Learning) waznudn v laly
Budoya Input dwiulesstheussamifisuiloringnszuaunissiuun (Classification) uams

MsyaUlafanIng 2.12
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— CAR

— TRUCK

= VAN
O ]

— BICYCLE

FuULLY
Awr CONVOLUTION « RELU POOLING CONVOLUTION » RELU  POOLING FLATTEN o UnEcTep SOFTMAX
N 5 Y
FEATURE LEARNING CLASSIFICATION

< o | o a o
NN 2.12 ﬂ’WiVINWN‘U’eNIﬂSQ‘U?EJUi%ﬁWV]LLUUﬂEJUI’JQ%uu@aL%Qﬁﬂ

1N 2.12 asildinsionundnasiadu 2 du fie msiSeuinadnuae (Feature

Learning) k&g N1337uUN (Classification)

reluazefursieiumounisiiousnadnvas dsUsenouludae Convolutional
Layer, ReLU (Rectified Linear Unit) Layer , Pooling Layer way Fully Connected Layer EN

[

Dudwuszneundniidhdnylaeeauseaveausasdazgnesuneiuide 2.7.1 - 2.7.4
2.7.1 Convolutional Layer

Wudunouusnd sludud asd T unauly n1sviaudnvue (Feature
Extraction) 9 ngunmlnglifasendn Filters Ssagvinmsidouinilunudeya input
matrix [ielilainudnuuzvesdoyasenun Fwuinves Filters Afeuldazdvunn
n*n 91aluuszneuludie Parameters usiazaias Fauurnvea Filters axdoeiioani

v = a 1 & = o 4 ’ v
VAYeIUoYa Fensideuluusazasaaziinisih Convolution Operation #i8n13

AaslotAUAN YlERaNLMAMIAININT 2.13

Filter Input Output
T W,
Woo | Wo1 Xoo | Xo1 [ Xor—fyre o
—t | Wo3 ™
Wio :Zoo Z01
|1
Wio | W11 X10 _{ X113 X7 Tw,
Z10 | Z11
X20 | X21 | X22

Zij = szi+m,j+nwmn
m n

WA 2.13 aun13n13v Convolution Operation é’wms@m
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Parameters usagdasly Filters 9193vu191nAsdun3ormuaA T eeAls Faud

ag Neuron 9wdlA Parameters 984 Filters NUAN#9ULNOWT Feature

Input

1il22:8 124 5617
17]°2: 321247 |25 116 1T
112 |:8314]5]|6]7
12|28 40] 752006 5T Output
ile251535 15455510607
1ele2:1= 8554 )50 8517
112 | 3™ 5 _| Belmi |
Filter
3N
N o 474 Ny
B-1%1

AWl 2.14 faghanisvia Convolution Operation MENIAN
Filters %ﬁwmil,?{auiﬂmumwﬁaa 9 AUATU Input Matrix wiag Neuron
Tu Convolutional Layer azuansnadnuaizuiazdausasnnuandieiuly ludu
wsn 9 azld Low-level Features uazos 9§ azidumud ud uniua sy iy

Convolutional Layer figld

Zero Padding

31NAMT 2.14 9819iuI1 Output il#an Convolutional Layer 3zdivun
3 a o g a ady v g a aa & ° Yo
8nae aduaudunnn azdanlidnasisoy o 35013 Zero Padding 3gvinlsuau

9849 Input Huuairtu Output Taensufis 0 1y Input Matrix uamssianind 2.15

OoO|l0O|0O|0O|O|O|O|O|O
o|jlOo|Oo|lOo|O|OoO|jOo|O|O

0jo0ojojo0jo0j0|0O

Al 2.15 Ny Zero Padding
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2.7.2 RelLU (Rectified Linear Unit) Layer

Lﬂuﬁgumuﬁaaaﬁm%umsﬁﬂuiﬂmé’nwms%uﬁﬁﬁaﬁ%’umzﬁu%aﬁww
dwiulasadgussamuuuneuligduuealdain a1l Output 911 Convolutional
Layer weinuileridunsziu Tnonsivluansdnvazvesileddu ReLU uansfanind
2.16

RelLU

10F

-;() -lﬁ :' l:)
f(2) = max (0,z)
AN 2.16 nIMLaRIANYYYBIHantY RelU
Tae? Lo z Aenaawsusazimfilaain Convolutional Layer

® f(z) = 0 finaiile z<0
® fz) = z ineiilo 220

megunsldfandunseiuuandlananmd 2.17

Mwi 2.17 fegnisuTuseflaidunsesu RelU

15 | 20 =401 35 15 | 20 0 35
18 |-110| 25 | 100 18 E0E 25 | 100
20 =45 | 25 | -10 20 B0 25 0

101 ¢ 75 | 18 |23 101 | 75 | 18 | 23
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2.7.3 Pooling Layer

Lﬂu%gumauﬁamluﬂm%uiqzua“’nwmz Wlsrasdvestudfifievhnisan
yumvasdoya 716910 ReL U Layer Tnen1sans uau Parameters v84 Matrix uas
diesiamsanniseuan Tinsvaumesnuvedassesyamidisniiuszansam
snnBu Tnennsih Filters W@ouruluna Matrix was@funInaisng 1 Inefitey
14#e Max Pooling Fadumsidendriiunnanlunn 4 desdl Fitters vinsideusinu

LARIFININA 2.18

92|98
74| 80

98

AN 2.18 N13¥1 Max Pooling

vaniasaduneuiian wlinadnvaasfeyaifiothlgtunsuiidrontsduun

UJsenn

2.7.4 Fully Connected Layer

£% 1%
U ¥ [

uilasutureugavindmiunisilasidiedsvamuuunouligiuuealds

See

an mé’qmﬂﬁmamé’ﬂwmdmamu Convolutional Layer , ReLU Layer Wag Pooling
Layer pudifu Output #ildaztlugnszuaunisieufiieasrelunadilélunis
FTuunlagldlassrnsuseamifenuuuimesidunsounatadu (Multi-Layer
Perceptron) 1ng Output 7ildifuanines N 37 tnefi N Aesuiunaiavesd i
ABINTITIZYIIUY Asvinlaserneyssamifionly Fully Connected Layer wanasa

AN 2.19
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L Output
{  signal

Input |
signatl

Input First Second Output
layer hidden hidden layer
layer layer

awit 2.19 msvilassaeussamidionly Fully Connected Layer
Dropout

\Jun13vi1 Regularization Liieandnanisiindaym Overfitting 34

| v

aggunn Neuron U Node vadlassigdssamiiismieldlidnisSous
unfiuly mswmsiseuieraildfdweseuiedeyauniiendu uinou
vaaeuiudeyanliineieniedoyaulanlmlernasyhungliiusiug seen

lasananeuiuaynd i Dropout WanesenIng 2.20

'

=)

\><7
\\‘6’6';
st

KX XA
Vs

‘

-
S,
i
L)

.l
7/
"cf-',
0
e
MO
0)\;‘.‘
s

X
l/

/,"c
7
V>

(a} Standard Neural Net (b} After applying dropout.

AW 2.20 Tasanenauuaznawin Dropout
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2.8 lassguszamidiganuunsuligduuealdnauia
AELNUENBILUY MRI Tuiinagluguuuunmassdiivany q amusyneufu du
vodwssauaadutng (Lateral Ventricles) fuansuunim MR sgagilutsvasnmiuans
Favun Feduilornisdalnssanosdudnisenin wlfnmaiuiunnginseanosidie
lugduyuamassdivate 9 awsedududiuau n amsegd (n wsiumuvuIAves
Tnssauesdudre fagnifveglusuuuvvesninauiii nieensdandi (3-D Arrays) 7
Wuluund nsldlassdreyszamiiienuvuneulagfuueaidedn (Wade 2.7) luswdidu

i
aa o

nwaudiaduilannenssulaesiuvedassineldaiun1saiunssen WA a9aR wel

lldufisfiunnfe mimandnyae (Feature Extraction) A mfunmauiiftuasdos
fvsanauandie aandaenssudaisa (Network Architecture) ignidenlddmiuau

f‘:d 2 %% leun 3D CNNs: VoxNet wag 3-D NIN (3-Dimension Network in Network) "'Ti;&

¥ a

wansluirden 2.8.1 uay 2.8.2 lneanund narwdiinsniaudnume (Feature
Extraction) AudagaluifsuIung (Volumetric) Jadayaszuansaglusuuuuass Voxel

Y190 Lateral Ventricles wansluning 2.21

AN 2.21 Volumetric Display of Lateral Ventricles

2.8.1 3D CNNs: VoxNet

VoxNet Lﬂuimmawﬁqm%ﬁ’uﬁ’mmiﬁwﬁagaﬁLflumwamﬁﬁlﬁ" SuAugn

U ldudeyan Tans uduidu Point Cloud 7 tdutgausunns (Volumetric

U 9

[ '
a o w

Representation) TumausoazgnyilieglusUuuuvesgsusuves Voxel #311n

(Discrete Voxel Coordinates) #uluguuuudogafiflmmuadeiulnssanesfiudi
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ngansenlidmiudu input dwmsudunenisaug lasnmnissrassaminenssu

283 3D CNNs: VoxNet Lana@an i 2.22

32%32x32

14x14=x14 @ 32

6x6%6 @32 Ml
'

ﬂﬂW‘Ia/‘i 2.22 7MNN1531899a1URENTIHVDY 3D CNNs: VoxNet

VoxNet 4 Input Layer 915U Input AflA1aneiaaun I X J x K Jaufazeved

Wwaan3a (Grid Cell) 3sandntanmedunIsAWGU 1 2 WSe 3 ause 0.5 wazAm

Y
M 2 Beawrilvirnegsendng -1 fa 1

'
aaa

Convolutional Layers C (f, d, s) t81803t181950 Input MJudIR lngany

1
¢ aal

Adusniudeyaideiui wazstawosnaludiuves Feature Maps oo siena1nay

@374 f Feature Maps lngn1353iuved Input fivieeuligdu A £ adu Filters

v
=~ =l dl

NIATUN19S vus vesdndau dx dxd x f'1nudl d AedALTei uf (Spatial
Dimensions) wag f' A8911IUv8e Input Va4 Feature Maps d@uasuligiuaiunsa

gnUssynd9 Spatial Stride s #8 wag Output 7ildaziuilaidunssfu Rectified

Y

Nonlinear Unit (RelLU)

Pooling Layers P (m) tawosinariazanuumunisteudeyaamiuwuin

1%

Y93 m WIBNAUNATSNUT (Spatial Dimensions) legnsunuiiuaazudeniluiudou

v
(2

Y81 Voxel g9A NMLATUIA m X m X m

Fully Connected Layer FC (n) 43U Fully Connected Layer i Output
$1uau n faseu d Output wiazdrseudenssmAududuiigniFous (Learned
Linear Combination) %84 Output munanLawesfeunthrua b du

(Nonlinearity) ReLU 9ggnlddmsumstufiniawesgaine edruiuves Output
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donraosiuTuIuvasUsELanldviung (Class Labels) wag Softmax Nonlinearity

azgnldmiunistil output fivresu

2.8.2 3D NIN FC (3-Dimensional Network in Network Full Connected)

v
a

3D NIN FC i ug1ulas9a$1911910 NIN (Network in Network) 1 ulaiaa
naSeuidadndsuanuilefilassairwasdilasadiedugnitauidesenunan
lasstneuszamiiisuuvunsuligfuueaifednuuuiald Tunadvihnisidia
ANNaIITalun1sTungUbuudnsu Local Patches A8lu Receptive Field
lassgrgdszamisnnuunouligduueadednuuuialuld Fitter Aiduwdadu
(Linear Filters) aas 2o War dunses udt 1o usd aidu (Nonlinear Activation
Function) Litevhnsuany Input usl NIN flasengUssamiisuasuingon (Micro
Network) fiumeuulaseaseiidudeunniuiiorhnisasudoyalu Receptive
Field

lassredszamifienuuuneulagiuueadednussneuludeduneulagiu
(Convolution Layers) fin4 ¢ Wag Pooling Layers s‘fa%uﬂauhqifuiﬁﬁdawsznam?i
8¢ neluve Linear Filter wazidusingiuves Receptive Field 7imudaeteriay
nsvfuitlilduladu (Nonlinear Activation Function) lunn 9 duniluusiazdiunes
Input G‘ﬁwaﬁwémé’%gﬂﬁaﬂﬁﬁ Feature Maps

Convolution Filter 11 CNN @ 8lutnaid s.d w21y (Generalized Linear
Model w38 GLM) dmsun1siJusingiuves Data Patch wagf{Anduisdidvinnas
Tudeihsefuvedeiiduumsssudusesuuuudaduiall Tnsuusssuiiindy
wineflananuuy (Feature) ﬁlﬂa@mﬂﬁmﬁugﬂLLUU%QLLmﬁmﬁmﬁ’u Fafunns
unuft GLM fresassunailerd dudluldidadui ffnenmunndyu (Nonlinear
Function Approximator) ansaifiuanuainsafifuuussiuvesurazauvos
luna GLM anansaussqueviwsvesisiifuuinssldd Wevdhedwwouuiai

v
=]

suagUaunsauwusesnlanieidunss (Linearly Separable) fudsveauuifnd

2

a8y vunulasunilavessuuiiuyseen (Separation Plane) Tng GLM

1 1
[

19U CNN Tpgsiallagaiwauudgiulaed3enein uafaidousgiuazgnuenoen

Y

See
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ynulneLdunse (Linearly Separable) aghslsfinudeyadmiunudaiieiuineg
oguudsiiliidudaduionats fafunsuamsiiinuuundnmaniionl3Taealuidy
vithiivesilafFuiilddudaduvos input Tu NIN  GLm gnunuiisnelassain
\SesnguAgen (Micro Network Structure) §aidiudussanansilarauitlaidy
Barduriald (Nonlinear Function Approximator) §sluswildidenmefidunsou
wanety (Multi-layer perceptron) 7l uagaunsnarendulaseinsvung oy
iieLdunsuansfiagig wazlassunedinisifouuasuuaniminuuy Back
propagation

wadnsilinlasadeiinanindraduiigniFends Mipcony Layers Fagn
Wiguiiguiu CNN lunwil 2.23 i Linear Convolutional Layer uwag Mlpconv
Layer ffuszud Local Receptive Field 1Ug Output Feature Vector wag Mipconv
9zuuU Input Local Patch lug Output Feature Vector sgfuinasidunseunany

Y o

Fudslutiudszneulude Multiple Fully Connected Layers fefuflafdunsesud
LaiJuiBaidfu (Nonlinear Activation Function) iwasidunseunanetuazgnuusly
AU Local Receptive Fields ¥19us0 d@9u Feature Map aglaunanniwesidunsau

AANYYU

(a) Linear convolution layer (b) Mlpconv layer

AN 2.23 M3Teufisusyning Linear Convolution Layer wag Mlpconv Layer
NN 2.23 @7UV09 Linear Convolution Layer Usenauluade Linear
Filter upiluvauz? Mlpconv Layer Usgnauludtelassrevuingoud slui 14

wasidUunsaunanay
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lassasalagsauves NIN Aeni1sdauduves Mlpconv Layers 158071
"Network In Network" (NIN) tfiasannisndiia3etnesunnidn (wesidunsounansdu)
FeUsznauludgesdusenaurounioyednlnesaunisly Mipcony Layers

1As9as19lnesIua NIN wanslunng 2.24

2R 2.24 Tassasrslnesuvimunvedaseing NIN
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awv a a v

2.9 JURYNNYIVDY
vhdeliagnanfenideiiividesdssnauluisidudes 3-D MRI Brain Scan

Feature Classification Using an Oct-tree Representation, 3-D Volume of Interest Based

Image Classification &g Graph-Based Shape Analysis for MRI Classification 7 aunas

NTEIzgAnatalwiate 2.9.1 - 2.9.3

29.1 3-D MRI Brain Scan Feature Classification Using an Oct-tree

Representation

Iumuii’fﬂaﬂuﬁlﬁﬁwmﬁj’wLLuﬂmm@mﬁﬂwmzﬁmé’umwaLmuamaumu MRI
FBsAldleun wadansuiadin Bounding Box wallAn1sWnUYeya Oct-tree uae
n1519 FSM (Frequent Sub-graphs Mining) m2&1A1 Support Thresholds 7 20%,
30%, 40% uaz 50% Litszynnaulii dumanisvesesdewmnaiia Bounding Box uay
wgudnuay (Feature) ldguluy Oct-tree uaz Tngdurunmlnssanssusenauly
fae nlnssavesvepuiiquaInund 105 nw uazpuidulsnandn (Epilepsy)
105 a1w 1435015 Naive Bayes, Support Vector Machine (SVM) wag Decision

Trees lANASNSALAINT 2.21

Naive Bayes SVM Decision Trees

T(%) |[Accu. [Sens. [Spec. [J[Accu. [Sens. [Spec. [[Accu. |Sens. |Spec.
20 ||64.34 |67.25 |66.80 |[|68.53 [70.40 [68.23 [|67.83 [70.58 [68.67
30 ||68.53 |70.40 [69.23 |[72.34 |75.67 |70.45 |[70.45 [74.28 [73.20
40 |165.13 |68.57 |70.34 ||70.45 |72.34 [69.23 [|65.87 [70.47 [65.40
50 [|61.56 |65.40 |64.15 |/62.28 [66.96 [60.67 |[62.80 [67.05 [64.15

A15199 2.2 A5 NuERINAANSTLIUITE 3-D MRI Brain Scan Feature

Classification Using an Oct-tree Representation

MR 2.25 wansliliudniinisfiulugfigalunisduunie Support Vector

Machine (SVM)
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~
F

NN
(=T ]

o
(2]

==f==Naive Bayes

, ~- I

= C4.5

[S]

[=]

Classification Accuracy (%)
(=] [+2] [+] [=]
B o
J/
' 4
)

wn
©

v
e )]

20% 30% 40% 50%
SupportThreshold

2f 2.25 nsmilSeunadnsiudayisnisaldsuunlusiuise 3-D MRI Brain Scan

Feature Classification Using an Oct-tree Representation
2.9.2 3-D Volume of Interest Based Image Classification

IumﬁﬁaaﬁuﬂlﬁmmiﬁwLLuﬂmuﬂmﬁﬂwmzﬁm%mwaLmuamamw MRI
walladlilunisinnqumudnuasanizvesinssanewnudredald 3 35lun1sdn
nau lAun Statistical Metric Based, Point Series Based (Disc Based uag Spoke
Base) waz Tree-based Tnelduyndoy a7 idulsnaudn Epilepsy) warinauns
(Musician) 9¥gniunideds 2 a¢1 Ao fUaelsaautn (Epilepsy) funuguang
(Healthy) wazunauns (Musician) AUlalydnauns (Non-musician) nadwsveayn

Toyaveu{Miludnaund (Musician) wanslumsiad 2.3 waz{fidulsnaudn

(Epilepsy) wandlunsneit 2.4

Technique|| Accu. | Sens. | Spec.
SMB 69.89| 71.77| 68.00
DB 77.36| 81.13| 75.47
SB 82.39|88.68| 79.25
TB 86.32| 87.74/80.19

A15199 2.3 uanmainsnsIuundmsuyadeyatinauns (Musician)



26

Technique|| Accu. | Sens. | Spec.
SMB 60.63| 63.56| 57.16
DB 62.20| 67.50| 57.14
SB 69.81| 71.70( 67.92
TB 72.34(75.67(70.45

M99 2.4 MInLEnHaansnsTuundmivyndayalseaudn (Epilepsy)

91NM13799 2.3 uandliliud g Tree-based IdAn Accuracy uag Specificity
wnfign uazds Spoke Based léiF Specificity unfign

lug1uv89019997 2.4 uan ¥ U135 Tree-based 1ae1 Accuracy,

Sensitivity Wag Specificity Mﬂﬁqm

2.9.3 Graph-Based Shape Analysis for MRI Classification

Iumuﬁé’aﬁﬁm%qﬁ’ummﬁqﬁau‘lwsaamaaG’fﬁusﬁwiamﬁﬂmaammﬁam
TngleisnsAvunedauwusuunaia %ﬂLﬁumiU%’Um%mmaﬁang vilulianly
N1IANUIUABULIENN SﬂﬁgﬂwmmG‘w’aﬂéné’qiﬂé’nénﬁwamiﬂizLﬁummgﬂé’aa
Yo suisdulnssEewutwasInssanosfian WuhigatuunanunIsUsn
s q lullagdu Srlilmefinminaueiinsusudunansutsduvesaues

wuudnlul® wenanmslsiunndviofidermaududussiiiu
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LAAIAININT 3.1
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2
v @

3.1.3 NAADUNNANREIUSUTUN DU TNISULUIAIU NS AL B4

/
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/
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3.1.1  Anwmguiifeadecuasianituneuiinisusndrulnseauasdiudng
Anvmguififoitesdldun 35n1susurmnudunamosnin 3303

Amuar1Tauds wdaila FFudsdrunmesnduiiumiuasundideizueniiol

ABWS Uay N1SAnwLTedaguine ﬁ]’mﬁ”’uﬁﬁmmiﬁlﬁlﬂﬁmmLLagﬂszqﬂﬁsﬂﬁ

1A% TumawIsn1suendIulNs AL EIuTg

3.1.2  UsziliunansvnasslneSeuiisunuauinvaslnssauasilaannnsuus
daudaeiielaedigedvisy

N15UsELuNanIsnaanst ezl nsuuslnssauasd1ud s e alne

'
a

§ ermalunnsglunisids suisusunvesinssaussiudredildannis

NeaDY

3.1.3  YAFIUNNERREIUNSUTUABUISTNITUUE W INSIaUD S
Tupoullagliisnismsaiiifionsdeui TunoudsivnTutunuLAnA"g

a o [

AuBnsudalnssanesiuiwiedelnedifeimngyesdldud ol
3.1.4  weseumMsTunUssavinssauasiudwine3snsSeuiidedn
wiennsEndufieiieviesvamdasmansiiieataguiuurednsayes

AUt S UnIs U uAUTELANTNSIaL 898 g

3.1.5  NAHBUNNENRFINSUNANISNNABIVBINITIUNINSIFUDIETUT 14

Tumautagldisnsmsaifiilennasuin uiazduneuiefivunldadsluing

nsuunIsnsluulinanisaaesififgndmiudoyayni Tnefiansanainnanis
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1Y
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o
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PUNDUITUUIAIUINTIAUDIATUT S TUN DY LaAIFININT 3.3
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>

3.2.1.1 Suguituazinunadudus 4

\

3.2.1.2 Yiudpnmduenslevavuauas mwianseusn

v

3.2.1.3 TUMBUITNISWUIAIU NS BIATUY

3.2.1.4 59980 ULINS AU DITUT 3

3.2.1.5 Sudumlanwilinlnssauestuil 3 wavinisdaeen 1]

3.2.1.6 AMUIUSUINSUBIINSIEUDIATUT

v
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i
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3.2.1.1 5UA1 Input

dniiazdue Input Faldunelnd (Name) Fndnuus (Thresholding)
R NGT AP ERPIERE BT (Start, End) Wag AILAUIAINAINTBILTA
(First_Mask) Tnunmdl 3.4 uandlifuqnisuvosnmiliinTnssauosduing
uianwgaving

(n) (P)
AW 3.4 PMARIETUMSIRAINS AL AN
(n) MwiiSuialnssavesd g
() amdavnefiAnlnsausdnuing

(M) ANFINTBIAILSA

3.2.1.2 Ysudssmmiduanslevianuauazniwdansaausn
USUAMANUDULEYOIN N MUAsIE3T Contrast-limited Adaptive
Histogram Equalization (CLAHE) a1ntiuusudssnimdansasusnlaenind

3.5 WaAINaNAINNSUSUAIA I ULAIEEE CLAHE

(n)
AT 3.5 ANABULALYEINITUSUAANLULEIS 3 CLAHE

(N) NaUUTUAMLLTLLES (V) NEUSUA IS ILAIEE CLAHE



(m)

(@)

AW 3.6 LLamij”’umaumsﬂ%’Uﬂqaﬁuniaqufm Tnefitunausil
(n) ARUDUEANDY Lﬁaﬁﬂﬁﬁaaumﬁamﬁ’waumwmalﬂmﬁamﬂmsﬁn
Clear Border
(¥) FrmusAdauuad 0.25 wlknmdunmmanuazd (nlund)
(A) NEUAILVDININ FFUANIFTIVLR
(4) N1591 Clear Border %30 Msfnduiifnfureun mdsineadynd
Antulunmdudwilildiatuveunm
(3) \iufineaduniasuugedmiigndevseudeinigadun
() Open Mask with Disk Radius 3 %38 nsaunguiinieadidsadsmng 3

29N
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3.2.1.3 dunaudsnisudsdaulnseaussiudig
MENRINTUAT Input Uae rnutureunsUsuUssnwlude 3.2.1.1

uag 3.2.1.2 udazidgiuneunisulsdninssauessnuindaeseasison

v
s

wanuluglaldneail

Algorithm for Lateral Ventricles Segmentation.
FOR p = End to Start

IF p >= First Mask
Threshold Image p
Mask = (p + First_Mask) - p
Complement Image p
Clear Borders Image p
Fill Holes Image p
| = Active Contour Image p with Mask Image
Save |

ENDIF

IF p < First_ Mask
Threshold Image p
Mask = (p + First_ Mask) - p
Complement Image p
Clear Borders Image p
Fill Holes Image p
| = Active Contour Image p with Mask Image
Save |
Set Mask = |

ENDIF

ENDFOR
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3.2.1.4 A32980UINSIaUDITUN 3
RT0INInsanfilainulnsstiud 3 videld lneame 3.7

uanafialwssavesiud 3 Usingey (unseufindeydiibu)

2NN 3.7 Inseauesifna il nssaueaiud 3

Tunseudvdu Inedaaivihe duiinegg

3.2.1.5 SUAAUALIA WA ALAZNISEAINSSALBITUT 3 wazrinsen

23N

[

usumbsnmifislnsstud 3 Gunmusalngldipmesaindauuy
Auesawa N MntuliSrdTiaduiumiagudnarweshunsasanuas

ign Foibidunlilaundailaddumely Taenm 3.8 uansmsdalnga

AUDIEIUN 3 LasNAANSALA

(%) (m)
NN 3.8 LAAITUADUNITRALNSIAUDITUT 3

(n) Wunmusniifalnsatud 3 (1) wansgagusnansuuii

'
o

(R) needniangngsgauassanvhlrgeilsllindafiadiumely
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3.2.1.6 AMUIUUSHIASYRINSIaNDIRIUTg

Tuduufinwadniidu 1 wie 8u FanuafiAsTy mr\ﬁ?u@mﬁw
AAsil 1.318359375 Fadurszesvinwesnmsuenslovune 256x256x124
vilildu3umseenunlaefiviroidug nuadiufiuns GRERUETRITRL

Usnnsnseauaemutng wanslasanind 3.9

USNas 1N 3a103MN Y14 (end) = SUOURNBA x 1.318359375

d‘ o a 1% £
AN 3.9 qmmsmmmmﬂimmﬂwmawmmumq

Tupeudsiezgmitluliuisdnlnsanewindrmnyedoyavisuaiofae

ihlwssanasnudsluldlutupsunissuunuseaminssaue st enel



3.2.2 NS UNUTELANINSIEUDIATUTNS

TURDUITAMTUNTTMUNUTE AN INTIAL DT U T ST U T LR DY uaAIsa
MNA 3.10

a v

3.2.2.1 @S suYDNAINS AU B Ut AT LA ANNS WU sd LA
Y

Y

3.2.2.2 asalumaLiievinnissnuun

\ 4

3.2.2.3 nedanuiazUseidiuussansnnuasluing

v

3.2.2.4 Useliuuseansamaseluina

Y

3.2.1.5 s giazasuna

< w e

d' gj aa o 2/ £
AN 3.10 TUADUITNITIUUAYTELAN NS IANDIAIUT
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3.2.2.1 wSeudeyalnssauasdudrsimuaiildarnnisdaunm
Toyauseneuislnssauesiudneesfiisnunieund (Healthy) 80
Tnssaues §dulnauag (Musician) 40 Inssanas wazdidulsnaxdn
(Epilepsy) 260 Tnseaued n1suansn ndiag19v0lnssauasdud19ly
sUuvurRIEsiRuandlun Ml 3.1 uaznisuananminseauesudng

Tugduuureanmansifuanslunmi 3.12

()

(m)

d‘ U 1 14 2/ 1
NN 3.11 WJ@EJNIWNﬁZJ@QWm‘U'NﬂJ@\Mﬂﬂa WRazUIELAN

vaa a

(n) MwseglnsaNeIuinwewAlaunmA (Healthy)

Y 9
<

() ANF9E19 NS IENRIAUT VI T uTNAWRS (Musician)

Y

(R) Mmsnedalnssanasiuiesiilulsaandn (Epilepsy)



AN 3.12 fegrenw 2 fRvedlnssanessiuiie (Lateral Ventricles)

Tupewsnsniudeyadmnsumsaslunatiiesnissuund

3.2.2.1.1 wistayaluguuuves 10-Fold Cross Validation

v

3.2.2.1.2 Ysurunanmwlviiuuafenny

\ 4
3.2.2.1.3 wiasdeyalviogluguuuy HOF5

¢ ; 7

219 3.13 Tumoulsmsimsendeyadmsunsadrslumaiiierihnsduun
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3.22.1.1 uvstayaluzuuuuuas 10-Fold Cross Validation

WU an1u3ULUVIDIT5N1SUUILUL 10-Fold Cross
Validation fﬁa;&aﬁgﬂLLﬂaazﬁwma%’wmmaém%’uﬁmumﬁﬁﬁqmmw
i (Healthy) ffiidusinaun’ (Musician) wazsuundidulsnaudn
(Epilepsy)

Yoyariavund 380 Tnssaes Useneulusedidauning
(Healthy) 80 Twssaueq Q’ﬁlﬁuﬂ’ﬂﬂum? (Musician) 40 Twssau®9

o al

waggmdulsaandn (Epilepsy) 260 Inseauas dmsunisnaass Id

kY

vinmsuusyadeyald 7 suuuuseseludl

1. Epilepsy: All
asralumaduundiidulsnandn Epilepsy) LLaz;:I“‘
Litdulsmautn (Non-epilepsy) Tnedl Foyar 7 13 uaudn
(Epilepsy) 260 Inssauna LLaw;ITﬁlhjL‘f] ulspaud’n (Non-
epilepsy) 120 Tnssaisies ({AfquanAuaz]fidutneuss
573AW) ai’m%’u%y’umaunWSLLﬁqﬁaaﬂaLwU Epilepsy: All uanq

@ 3.14

QU (Healthy)

fibiulsnaudn
(Epilepsy) (Non-epilepsy)
260 nssanay 120 Tnseauaa

fidulsnaudn

80 Tnaaawes

Ul (Musician)

40 Tns ey

10 Fold |

|

A9 3.14 drdutunsuisdoyauuu Epilepsy: All

2. Epilepsy: Split1
a%wﬂmLmaf\m,uﬂ;:iﬁﬁu‘lsﬂau%’ﬂ (Epilepsy) lngnns

dulnssanewhutrevesfiidulsaaudn Epilepsy) 120 Tnse

au09 (11nanun 260 Inseaned) uasy 7l ulsnaudn

@

(Non-epilepsy) 120 Twssaues ({AdguaniuazdMduln



Split] waneFanIng 3.15

umbunoyagiiiu
Tsnaudn (Epilepsy)
120 Twsaaues
9anvavin 260 Inss
o

filaitulsnain
(Non-epilepsy)
120 Twssenna

40

AuRssINAY) dmsutuneunisuusdoyauuy Epilepsy:

AU (Healthy)
80 Iwisminy

NAUAT (Musician)
40 Iwssanian

| 10 Fold |

| .

Al 3.15 aRuTuMsUUsToyalUY Epilepsy: Splitl

3. Epilepsy: Split2
afulumasuundidulsaaudn Epilepsy) Tngnns
dulnssaussutrevesfiifulsnaudn (Epilepsy) 120 Tnss
GHN ﬁmé‘amﬂmsejsﬂwmamaqé’m%’wwm@’ﬁﬂu‘lmau%’ﬂ
(Epilepsy) 9ndle 2. (Anfiwdeianun 140 Tnseaues) uag
{71319 ulsaandn (Non-epilepsy) 120 Tnsasos (A3
gumnAnagdALuinausisms) dmsuduneunisuys

%amauw Epilepsy: Split2 LRI 3.16

. 8% Vel
duvbuvoyadfiiu

Tsrantn (Epilepsy)
120 Inseanns

10 Fold

gitliiulsnauin

4 (Non-epilepsy)
210 140 Inssansii i
2 v 120 Insaanes
wievinmsduluve
Vi 2 UNRLAT

40 Inssewor

FHEEFEEEEEE
=) =4 ) ) B 0

Al 3.16 aautunsutsdeyauuu Epilepsy: Split2
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4. Musician: All

asluwaduung Mdudnauas (Musician) wagh 7

v

v

Lidudnaund (Non-musician) Tnedideyadiduinay

Y

=3
and

v a

(Musician) 40 Tws9a1949 LLazQ’ﬁlu'LﬂuISﬂunmums (Non-
musician) 340 Inssaues ({Nflavnmiuazdnidulsrandn
FIUAU) ﬁww%’uﬁumaumsuﬂﬁayjaLLUU Musician: All ka4

FINT 3.17

e o - . ‘o - E 7 (Healthy)
fitutinausd gilAuinaund e
Tnsamivs
{Musician) (Musician)
40 Tnsaans 340 Tnserany
Mt (Epitepsy)
260 lmisaes
I 10 Fold |

| Fold1 || Fold2 || Fold3 || Folda || Foids || Foide || Foid7 || Foid8 || Foids | | Feid o
o #-0) € & L ) R LD G

AW 3.17 dviudunisuisayanuu Musician: All

5. Musician: Splitl
a¥relumasruungiiduinauns (Musician) Taenns
ulnssauosd1udeve il Tguand (Healthy) 40 Tnsq
aues (10 anun 80 Tnseaues) wass{ A1 uynaun3
(Musician) 40 159381 ei’m%’m"jgumaumiLLU'a%aaﬁaLLUU

Musician: Splitl wasadann 3.18

duvbuveyadiiil
fituinauni qunm (Healthy)
(Musician) 40 Twwseansa
40 Wa nitamua 80 Tnsa
auae

I 10 Fold |

------
{

AR 3.18 drdutumsuusdeyauuy Musician: Splitl
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6. Musician: Split2

LY

a%’wimmaﬁmun@’ﬂﬁuuﬂmum? (Musician) Tagnns

gulnseauosiud1svo a7 Tguand (Healthy) 40 Tnsq
Ay Mdeanmsgulnssaussvosdiiigunmd (Healthy)
e 5. @Infmdetanun 40 Tnssaeq) LLazﬁgﬁLﬂuﬁﬂ
AUAT (Musician) 40 Tns9auD4 a‘l’m%’u*ﬂgumauﬂml,ﬁﬁaga

WUU Musician: Split2 LaaeRanInd 3.19

dunbuvoyaiii
aunmi (Healthy)
40 Tnsaanos
91 40 Twseaunait
wiReInnsdulune
ol
5

giduinauni
(Musician)
40 w2

[ 10 Fold

SETTR ) i g
Fold 1 w Fold 3 w Foid5 || Fold6 W Fold8 || Fold9 || Fold 10
H ) (sl

AW 3.19 drdutunisuusieyanuu Musician: Split2

7. Healthy, Musician and Epilepsy: All
afuluinaduundifquaing (Healthy) 47 Juin
PR3 (Musician) uazidulsnavdn (Epilepsy) Toeliluina
wundaya 3 Ussianlulieaideaty (3 Classes) dwmsu
%y’umaumit,l,ﬂq%a;&auw Healthy, Musician and Epilepsy:

Al LanafanInd 3.20

fiifiqunma Aidhainausd fidulspandn
(Healthy) (Musician) (Epilepsy)
80 Inseanns 40 Insaauna 260 Iwseanes
|
10 Fold

|
= = = )
o) () s

‘:' o o gj I 14
AN 3.20 AMNUTUNITHUNTBYALLUY

Healthy, Musician and Epilepsy: All
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Wievmsuaaiudteyassgnudseanidu 10 drunanslunnd
o.21

e e 4 10-cross
< E = (Dol @y v Q
Favorites
@ Airdrop
(& Recents
% Applications 1 2 3 4 5
© Downloads
@9 Pictures

iCloud

(15 iCloud Drive
(23 Desktop
% Documents
Devices
) Remote Disc
L& Google Drive A

Tags

A7 3.21 Jayafigndnuueiieden1s 10-Fold Cross Validation

3.2.2.1.2 Ysuauanwliduuntfe iy
AMNAURTUURIINTIANDIFIUTNTVUIR 256 X 256 X 124
Voxels aawst snunazgnusulvey 1duvuia 100 x 100 x 100

Voxels 1nguwUadud1uueslnsiano 8199 199u19 94 X 94 x 94

|
=2

Voxel eiaiavsienanisedeandeyavedinssauesiudiclun

€

Toyavonunftfivuanlngi gaiesnuvinudnvae (Feature) 7
WRendeatuuun wazldninenslumsinntosdign Wivdiuiiud
31901u919 (Padding) NuamMARIU 3 Voxels Sauudr1dvunn
100 x 100 x 100 Voxel fdamsusuninuanslunind 3.22 Favin
K1 MATLAB radwsildoglusuuuvedlnd mat Seuanslunin
5.25



a4

>> obj2vox_batch('LateralVentricle.txt',94,3, 'LateralVentricle’)

v

o o o ) Y vy O ~ a Y
NINN 3.22 ﬂ']ﬁ\?ﬂTﬁﬂiUﬂ']WIWi\iaﬂJaﬂﬂqumqﬂWﬂﬁﬂJﬂwmuqmLﬂEJ'Jﬂu

L 2N 2 LateralVentricle
< E T a0 Gy v
Favarites
@) Airdrop
(&) Recents
¥ Applications Epilepsy_1.mat Epilepsy_2.mat Epilepsy_3.mat Epilepsy 4.mat  Epilepsy_5.mat
@ Oowvinloads
53 Pictures
iCloud
< iCloud Drive
£ Desktop
ﬁ: Documents

Epilepsy 6.mat Epilepsy_7.mat Epilepsy_B.mat Epilepsy. 9.mat Epilepsy_10.mat

Devices
{_} Remote Disc

& Google Drive &
Epilepsy.1lmat  Epilepsy12.mai  Epilepsy.13.mat  Epilepsy 14.mat Epitepsy 15.mat
Tags
@ Red
@& Orange
Yeliow
@ Green Epilepsy.16.mat__ Epilepsy.i7mat  Epilepsy 18mat  Epilepsy.19.mat  Epilepsy.20.mat

2N 3.23 IlanadnsAlannnsusunnlinssausediuing

3.2.2.1.3 wuasdayalvieglusuuuy HDF5

A il 3.24 uamadrd snsuasdoy aidesanniisuiise
Torch7 sessulwddayatndluguuuy HOF5 Susuasidseu
dumaiiAulag (Path) Aussalilag Text wamelunnd 3.25 uas

Werhnnuwasaudrazlalwanadnsuandunndg 3.26



a5

1 from hafS_util import =
2wtpu! filename_prefix = 'Lateralventricle]

Ader wrh- tensor_label_hdf5(mat_filelist, volume_size, pno_su )

5 will use constan class 8) for the test data "

6 unsnr filenames = [li p() for line in nncn(l‘( filelist, 'r')]
7 \abels = [1 for _ in ranqc(lenltensnr filenames)))

8 N = len(tensor_filenames)
9 assert (N<=500)

]

vox_size = volume_size + pad_size » 2
data_din = [1,vox_size, vox_size, vox_sizel
label_dim = [1]

dlu_utype = ‘uint8"'

label_dtype = ‘uint8’

20 hS_batch_size = N

23 batch_data_dim = (min(hS_batch_size,N)] + data_dim
R4 batch_label_dim = (min(hS_batch_size,N)] + label_dim
RS hS_batch_data = np.zeros(batch_data_dim)

26 hS_batch_label = np.zeros(batch_label_dim)

28 for k in range(N):

DY mat = sio.loadmat{tensor_filenames(k])

8 print tensor_filename:

31 if (tensor_filenames(k]) (81] == ‘e

32 labels = [2 for _ in ranoe(\en(lensur filenanes)))

13 elif (tensor_filenames|k])(81] =

24 labels = [1 for _ in rarge(lcn(lensor filenames))]

5 else :

6 labels = (@ for _ in range(len(tensor_filenames)))

37 d = mat{mat.keys() (2]]

38 1 = labels (k]

19 h5_batch_data [kshS_batch_size, ..

O hS_batch_label (k%hS_batch_size, .

ot

52 if (k+1)ahS_batch_size == @ or k==N-1:

13 print 'i%s] %d/%0° % (datetime.datetime.now(), k+1, N)
b4 print ‘batch data shape: h5_batch_data. shape

45 n5_filenane = output_filenase_prefixsstr(k/hS_batch_size)s’ .5’
6 print h5_filename

47 print np.shape(hs_batcr\_data)

8 print np.shape(hS_batch_label)

9 begidx = @

50 endidx = min(h5_batch_size, (k%hS_batch_size)+1)

51 print hS_filename, data_dtype, label_dty

52 save_hS(hS_filename, h5_batch uan(beqxux endidx, : » hS_batch_label(begidx:endidx,:], data_dtype, label_dtype)

5urite tensor_label_hdfS('lateral_ventricle path.txt’, 94, 3)
6 (d,1) "= load_hS(output_filename_prefixs’s.n5')
27 print d.shape

A 3.24 Adnisudasdeyalviegluguuuu HDF5

&6 _ lateral_ventricle_path
/Users/pokpakornklinkasen/Documents/mri-brain-project/3dmodel_feature-master/
LateralVentricle/hab_2.mat
/Users/pokpakornklinkasen/Documents/mri-brain-project/3dmodel_feature-master/
LateralVentricle/hach.mat
/Users/pokpakornklinkasen/Documents/mri-brain-project/3dmodel_feature-master/
LateralVentricle/had_4.mat
/Users/pokpakornklinkasen/Documents/mri-brain-project/3dmodel_feature-master/
LateralVentricle/haff.mat
/Users/pokpakornklinkasen/Documents/mri-brain-project/3dmodel_feature-master/
LateralVentricle/ham_6.mat
/Users/pokpakornklinkasen/Documents/mri-brain-project/3dmodel_feature-master/
LateralVentricle/hamh.mat
/Users/pokpakornklinkasen/Documents/mri-brain-project/3dmodel_feature-master/
LateralVentricle/hanr_8.mat
/Users/pokpakornklinkasen/Documents/mri-brain-project/3dmodel_feature-master/
LateralVentricle/hat_9.mat
/Users/pokpakornklinkasen/Documents/mri-brain-project/3dmodel_feature-master/
LateralVentricle/havn.mat
/Users/pokpakornklinkasen/Documents/mri-brain-project/3dmodel_feature-master/
LateralVentricle/hbjb_11.mat
/Users/pokpakornklinkasen/Documents/mri-brain-project/3dmodel_feature-master/
LateralVentricle/hbmo_12.mat
/Users/pokpakornklinkasen/Documents/mri-brain-project/3dmodel_feature-master/
LateralVentricle/hbo_13.mat
/Users/pokpakornklinkasen/Documents/mri-brain-project/3dmodel_feature-master/
LateralVentricle/hcab.mat
/Users/pokpakornklinkasen/Documents/mri-brain-project/3dmodel_feature-master/
LateralVentricle/hccd_15.mat
/Users/pokpakornklinkasen/Documents/mri-brain-project/3dmodel_feature-master/
LateralVentricle/hcjg_16.mat

AT 3.25 Text File d195ULdun AU TN @L 099 1UT1
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. % 5 Results
! B=co 8- &
Favorites

ares | HF HF HF HF HF HF

&) Recents
7 Applications lateral vanlncle 1. lateral ) vanlncle 2 lateral venmde 3 lateral. vmln:le 4 lateral ventricle_5 lateral_ventricle_6
ns

© Downioads
R | IOF Fg: H}- |'§:
iCloud
& iCloud Drive -/ lateralventricle_7. lateralventricle 8 lateral ventricle_S lateral_ventricle_
w Desktop hs . .h& 0.h5
%! Documents
Devices
() Remote Disc
@ Google Drive 2
Tags
® Red
Orange
Yellow
® Green
& Blue
@ Purple
© Gray

Al 3.26 HDF5 File Aldann1sulas

3.2.2.2 a¥alumaritevinisauun
nsasalunausiazysznmazgnasmugluuunisudsteyaniude
i 17 lwided 32211 FwvaddlualugUuvures 10-Fold Cross
Validation Tagl4 2 $unaw3s (VoxNet uas 3D NIN FO) eazsililéTnmaus
azada 10 Luea 590 2 Tunewisidu 20 Tusa suyngUUUY (et 1 -
7 lwidedt 3.22.1.1) agldimun 140 luaa fudumsiaelivsudiniide
Torch7 Wuwsudnmiadufifendmiunshaufifeatuseulidedn 3
Feutusearw Lua 9 https://github.com/charlesg34/3dcnn.torch
nsaudun1sAiunisuussuuduinig Ubuntu 16.04 Server
Ingldu3In1ssIu AWS (Amazon Web Services) EC2 idanldu3nng Instance
Type: p3.2xlarge Fausznouludeaiuased 235 ECUs, 8 vCPUs, 2.7 GHz,
Intel Xeon E5-2686 v4, 61 GiB memory, EBS only, 1 GPUs Nvidia Tesla

V100 (Usgnaulume 5,120 CUDA Cores tag 640 Tensor Cores)



a7

Hyperparameters Al durSudu (Default) Sxselus
® learningRate (Learning Rate) = 0.01
® (earningRateDecay (Learning Rate Decay) = le-7
® weightDecay (Weight Decay) = 0.0005
® momentum (Momentum) = 0.9
® epoch_step (Epoch Step) = 20

® jitter_step (itter Augmentation Step Size) = 2

Hyperparemeters ﬁﬁmumad (Custom Hyperparemeters) &
Fasteluil
® batchSize (Batch Size) = 2 (31nLAY 64)
® max_epoch (Maximum Number of Epochs) = 150 (310
LAY 200)
é”hasmmsﬁaﬂiﬁfﬁﬁéﬁa‘fm%’ua%ﬂmmaLﬁaﬁﬁLLun%a&auamgf,umw

7l 3.27 uay 3.28

® © @  Downloads — ubuntu@ip-172-31-0-119: ~/Documents/3dcnn.torch — ssh -i obey....

ubuntu@ip~-172-31-8-119:~/Documents/3dcnn. torch$ th train.lua --train_data data/LT/t
rain_data_1.txt —-test_data data/LT/test_data_1.txt --batchSize 2 --max_epoch 156 -
-model voxnet -—save musician_all_VoxNet_1

train_data : "data/LT/train_data_1.txt"

learningRateDecay : 1e-87

weigthDecay : ©8.0805

learningRate : 0.21

model : "voxnet™

batchSize : 2

epoch_step : 28

momentum : 6.9

gpu_index : @

test_data : "data/LT/test_data_1.txt"

save : "musician_all_VoxNet_1"

jitter_step : 2

help : false

max_epoch : 158
}
Found Environment variable CUDNN_PATH = /usr/local/cuda/libé4/libcudnn.so.?7
nn.Sequential {

[input => (1) -> (2) => (3) => (4) -> (5) => (6) => (7) -> (8) => (9) -> (10) ->
(11) -> (12) -> output]

(1): nn.VolumetricConvolution(1 -> 32, 6x5x5, 2,2,2, 1,1,1)

(2): nn.LeakyRelLU(®0.1)

AN 3.27 Msm&dmsuasalumaiasiuun

Fnduinausd (Musician) Auglallsiduiinewss (Non-musician)
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® @® = Downloads — ubuntu@ip-172-31-0-119: ~/Documents/3dcnn.torch — ssh -i obey....

ubuntu@ip-172-31-8-119:~/Documents/3dcnn.torch$ th train.lua —--train_data data/LT/t
rain_data_1.txt —-test_data data/LT/test_data_1.txt —-batchSize 2 --max_epoch 150 -
-model 3dnin_fc --save epilepsy_all_3DNIN_1

{

train_data : "data/LT/train_data_1.txt"

learningRateDecay : 1e-87

weigthDecay : 0.8085

learningRate : 8.81

model : "3dnin_fc"

batchSize : 2

epoch_step : 20

momentum : 6.9

gpu_index : @

test_data : "data/LT/test_data_1.txt"

save : "epilepsy_all_3DNIN_a"

jitter_step : 2

help : false

max_epoch : 150
}

Found Environment variable CUDNN_PATH = /usr/local/cuda/libé4/libcudnn.so.7
nn.Sequential {

[input -> (1) -> (2) -> (3) -> (&) —> (5) => (6) -> (7) —> (8) -> (9) —> (18) —>
(11) -> (12) -> (13) -> (14) -> (15) -> (16) -> (17) -> (18) -> (19) —> (28) —> (21
) => (22) -> (23) => (24) -> (25) —=> (26) -> (27) —=> (28) -> (29) -> (308) —> (31) -
> (32) -> (33) -> (34) -> (35) -> output]

AN 3.28 NMshimdsdmsuassluafiasuun

(%)

fdhlsnaudn Epilepsy) fuglalsifulsnandn (Non-epilepsy)

3.2.2.3 nedaunarUsaliudseansnnvadluina
mmﬁmﬁgﬂmﬁaﬁwmiﬂizLﬁumsa%’wimma‘tmwiaﬂmmaﬁﬁgmm
3 9m310 laun Accuracy, Sensitivity wag Specificity Tun15Uszuanaws
ARSI USEIIaNATIUATY 150 Fpoch Imawaé’wﬁ‘ﬂy’mum%gnL%Emaﬂulwa‘
Text fOENNTUANIAYBAAZINNT I UIE T Wseananaluinauans

Tunmit 3.29

@® @ @® © Downloads — ubuntu@ip-172-31-0-119: ~/Documents/3dcnn.torch — ssh -i obey....

Epachs, 1
[ 18/18 = Tot: 709ms | Step: 41lms
[ 18/18 = Tot: 479ms | Step: 28ms
[ 18/18 = Tot: 482ms | Step: 28ms
[ 18/18 = Tot: 479ms | Step: 28ms
[ 18/18 = Tot: 458ms | Step: 26ms
[ 18/18 = Tot: 483ms | Step: 28ms
[ 18/18 = Tot: 454ms | Step: 26ms
[ 18/18 Tot: 477ms | Step: 28ms
[ 18/18 >] Tot: 477ms | Step: 28ms

loss: 2.5054697990417

Train accuracy: 77.16 % time: 7.49 s
True Positive: 189

False Positive: 41

True Negative: 61

False Negative: 32

Sensitivity(1): 85.52836199€95
Specificity(@): 59.883921568627

elapsed time: 18.60

dl 52 1 1 I o
AN 3.29 MDY NNITHANNANUDILAAZUINTIN

TuraugNmdseananaliea
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WonsuszuianalilnaauATuAILLUU 10-Fold Cross Validation W&
NSMANTINUAVRINA AL UInT TR duSURaN ISR URasUS LY

Uszandnmvedlunavzwanidusded 4.4 luund a

3.2.2.4 Aipneviazasuna
ihradwsAnadevewusaznsinildvedumaris 2 Ussim wvi

n13a3U3n Inssaneeimudn (Lateral Ventricles) Saanuansnsalunissiuun

A7 ulsnaudn Epilepsy) wazanosidutinauss (Musician) Idunndoe

Wiedln swaziBeavowantsvaasarnsasunasznaiicluuni 4



uni 4

NanN1sALNUIIULaZN15AUS18NE

Tuunilagnanie nan1sadusunIsuUaE LN SIaL 898U N5USLLIUNANAS
Aniununsudsanssanewitude Jamanulumsuusdininssauasdiudg wans
ALIUUNNSTUAUTELAN NS YU IF 1UT 19 NANSNAEDULAT UL UUSEANTAINAIS

PuunUsslamlnssauesiudng uag JgmanulunissuunUseunninssauesdiuing

4.1 WamIAEUIUNISUUsE U NS sauRIdutg
IMNIBNsulsddnssasasiuiedilaiausluund 3 vadef 3.2 Sreerelnsg
auewindrefignuisdausedingg uandunind 4.1 - 4.3 Tnenwdl 4.1 fo nmands
Y0INTIANBINIUT19YBIENDS sw8Nnr AT 4.2 Ae mmanufiRvedlnsduoidusae
fu8e mdy waznmdl 4.3 Fenmandavesinsauasdnsnaeaos hijh Fanmgienanald

gniauemetandLIs MATLAB



AN 4.1 MaUTRINT AU IUTIVBIELBS sw8Nr
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AR 4.2 awanudflnssauesinudsuesanes mdy
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AW 4.3 awanufifinssauesinuivesayes hijh
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4.2 MSUTESHUNANISAEUIIUNITUUSE I LTINS SEUDIG1UT 14

NHANTANTUNURUIEIUI NS EN DP9 @u1snthvunvedlnssal o se L
“Lé’mﬂi%’msﬁﬁ%auammﬂ%uLﬁauﬁ’wumiwsqamméﬁuﬁwﬁlé’ﬁ]mmiu:u'aa'auéh gilalne

|
< [J

ALTEIMEYIIUIU 84 AN TIUAAIRINNTIT 4.1

A19197 4.1 MsiUSeufisvrunavednssauesiut el 1N Ien1s i aue waznisuys

dumeilelneriduivey

WInYadlnse | Auravesinse | Armnuuands | Araaiuediedy
dupsiudng | auasiudns | sewdrsvunalnss V89
%0 | anmsudediu | an3Bmsit | awesdudneenn | awnelnseees
sues | Tnedidieanngy Uaue nmsudsdlag | dudrsainnis
(@nunAd @nuae Jiagmnauay uwisdaulag
\guRLns) wufes) | Basiieue | dileaviguas
(gnurAfiaufiags) | SSnnsidnaue
(Fowaz)

JR 5.94 5.80 0.14 97.65
ID 6.15 7.84 -1.69 1256
SLD 6.20 /23 0.97 84.42
MD 6.22 6.37 -0.15 97.67
AMH 6.51 6.53 -0.02 99.74
AD 6.59 fxd5y -0.66 89.95
PD 6.68 5.54 1.14 82.93
AB 7:16 7.04 0.12 98.27
GPB .31 7.81 -0.50 93.20
PJC 1.58 7.05 0.53 92.98
AFF 7.90 7.54 0.36 95.44
TD 8.30 7.62 0.68 91,79
LR 8.51 8.12 0.39 95.57
SAA 8.52 6.90 1.62 81.00
SvC 936 255 0.03 99.66
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YWIAYRIINTY | wuravadnss | Amnauande | A1anuediefy
dussnudng | aussdiudie | sewdnsvunalnss BN

%0 | vnmsudsdou | an¥nnsit | swesdudieann | wunelnsseues

ey | leef@eawmy uieue nsuusdlay | diudrsannms

(@nuran @nuaed Hi8amayuay wusdulag
LYURALLAT) LYURALUAT) FBmsihinaue HiBamguaz
(gnurAfiufiuns) | ASansiinaue
(Soraz)

PP, 9.38 8.91 0.47 95.00
RP 9.45 10.03 -0.58 93.88
MW 9.51 10.60 -1.09 88.58
BM 9.78 9.52 0.26 97.34
PRW 10.16 8.88 1.28 87.37
MCA 11.09 10.41 0.68 93.88
AT 12.36 1 145 0.83 93131
MBO 12.44 13.05 -0.61 95.09
CAB 12.60 13.88 -1.28 89.84
DMN 13.24 13.54 -0.30 ATl
GB 13.24 14.72 -1.48 88.83
CCD 13. 2% 13.00 0.27 97.96
NE 13.52 12.05 1.47 89.13
BO 13.53 13.75 -0.22 98.39
GO 13.61 13.27 0.34 97.49
MW 13.82 14.29 -0.47 96.58
WB 13.89 13,95 -0.06 99.53
MES 14.60 15.03 -0.43 97.03
MKR 14.94 14.41 0.53 96.44
BMO 15.44 14.66 0.78 94.92
JLH 15.81 16.08 -0.27 98.30
RL 15.82 16.63 -0.81 94.88
TAA 15.94 15.38 0.56 96.47
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WINVBINT | Vnvedlnse | Araduuendng | Araniuadieiy
duaeiutne | dussdiudie | szudnsvunalnse YD
¥o | vnmsutsdau | 9 Bnsi | suesdutieann | vunelnseaues
dues | lnedideaviy uiaue maudsdlas | dudrseinnis
(@nuaan @nuaAn Fidinmnuas udsdaulaeg
LUALUAT) LYUALUAS) WBmsiiaue | fidleavguas
(@nuAriwuiins) | FBmsiivuaus
(Sowaz)

PAL 1579 15.86 0.11 99.28
KE 16.28 16.91 -0.63 96.12
AM 16.44 16.42 0.02 99.88
LA 17.28 17.04 0.24 98.63
CAF 17.78 17.22 0.56 96.85
RRA 18.25 18.63 -0.38 97.93
JF 18.30 17.38 0.92 94.96
GM 19.03 20.42 -1.39 92.68
JKF 20.18 22.71 -2.53 87.46
JAS 20.34 23.50 -3.16 84.44
DLJ 20.78 20.82 -0.04 99.81
GH 20.82 26.87 -6.05 70.96
JEB 218, 20.48 0.63 97.02
PB 21.54 24.69 -3.15 85.39
PM 22.04 23 57 -1.53 93.07
AVN 22.18 23.02 -0.84 96.21
JDG 23,71 24.78 -1.07 95.50
MK 23.81 23.86 -0.05 99.81
PAF 23.97 24.60 -0.63 97.38
CNB 24.13 27.51 -3.38 85.99
DB 24.34 23.07 1.27 94.78
DS 25.16 11.55 13.61 4591
ML 25.54 24.24 1.30 94.90
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WIAasInse | vunavaslnsg | Apiuuendns | Arpanuadiesy
auaerudne | auasfiudne | sewdsvunelnsg Y84
Fo | nmsuvsdan | 91033mst | suesdudneann YUIALNWIIENDY
auay | leefideavay GV maudsdulas | dudrsannnis
(anunan @nuaAd Fi3Eavnuaz usdulag
LuRLAS) LUALUAT) Wrnsiibwaue | Gideavguas
(@nuiArieufiuns) | 38n1siiiaue
(Sovaz)

OMC 26.05 25.10 0.95 96.34
JDL 30.23 31.50 -1.27 95.79
BJB 30.30 29.53 0.77 97.44
ACH 31.76 31.90 -0.14 99.55
SM 32.56 30.62 1.94 94.03
LDK 35.08 34.36 0.72 97.94
LT} 36.37 36.19 0.18 99.51
EMJ 37.90 43.26 -5.36 85.86
MC 41.87 42.49 -0.62 98.53
M 41.98 44.65 -2.67 93.63
TJG 42.65 42.66 -0.01 99.99
IRR 42.73 46.73 -4.00 90.64
PLD 45.78 44.90 0.88 98.08
ANR 46.82 46.77 0.05 99.89
clGg 49.11 50.34 -1.23 97.49
MDY 49.87 49.63 0.24 99.53
EVs 55514 62.28 -9.11 82.87
EP 53.99 62.69 -8.70 83.88
TH 54.09 58.22 -4.13 92.37
EHC 59.18 62.71 -3.53 94.04
GJL 75.05 79.36 -4.31 94.26
JJH 78.77 85.22 -6.45 91.81
RMT 79.01 84.04 -5.03 93.63
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VWIAYBIINTY | uIAadInSe | Areuuand | Arpauadieiy
duasiudny | auesdiudny | szudreaunelnsg Y9
T8 | nmsudsday | andenist FURIIUTININ | AUIAINSIEUDS
duey | Tnefidieavngy Uiaue mswdsdulas | shudrsannnis
(gnuran (@nuaan fideaviquas uusdulay
LURLUNT) LYURALUAT) Wnstheue | iderwgua
(@nurrAniguuns) | FBnnsiduaus
(3owaz)
Aade 0 e 93.25
Lower - - -6.00 -
Bound
Upper : . 4.71 >
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1NATNA 4.1 Auledn USunalnssaueswudeildann3znsiiviaueian

‘Lﬂzﬁ”ﬁaaﬁuﬂ%mm‘lwsaamaqéfm‘*ﬁwﬁLLﬂqﬁaaﬁaImeQ’L%mng Fa1nuanIsEd il

[

annsadwwadeuneidlagld Z — test lnofauufigiudsil

Ho: py =1,
Hy:pg #pyp

Tnefi p, Ao Atad srurnvaslnsane e ldannsulsdulng3ens
tauslaelldnyiiu 23.97 uas p, Ao wnevesinssatesdudeiildannnisutsdudae
folaed vy Tnefiruvinfy 23.33 9anmsnaaey anuigiulagly o Wiy 0.05 dau
Jeauunnsgiuminfy 17.14 uay Sruanilnseausayhiu 84 Tnsedsos ibilausnaings
Z founin -1.96 uaz 3ANAn 1.96 Mndusnunnmaiineaey Z 1§y 0.3 Famnaglu
USoiiliujiasauufigiuing fuﬁalﬁﬁwé’ngwmﬂmwaﬁ%ﬂﬁLaﬁ Ho wanedn 380159

a o v aa

iiausliliimnuunnsieusgeidbdnyiuitudeninefideamgy

0.4 T T T /- \\\ T T

03r ’/ \ 1

f(z)
"\\\

01 1
z =0.34 ‘
0 : e :

AT 4.6 NIIMUERIAN Z VBIN1SNAERUUSEANE ANIRNSUUsEIuE

Z-test synINBNsIULaUBLAY TBLUEUlnef Tangy
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Tyminulunsudedaulnssaussdiudig

4.3.1 wwwithiviviurssnmaunusuetslefivunly
amaLnudtenslovsduiivuaiiunnseiulnsunitunruinvesnin

WY 256x256x124 FeUNEUT VAN 256x256x256 Fedoadinsusurunn

awnauthuldsely

4.3.2 yunssvasnwaunuueidlefildmilouiu
mwaLmuLﬁmmﬂauNﬁauﬁyumammﬂmaﬁ’u‘imsﬁawi”uﬁﬂmqiﬂamsmu

mwnauthlulgay

4.3.3 duvaulnssaussursdrulaidaiiiosiy
ausaioweslnssanonTuded foydlofgpdifinisarinoenanniuagyilsl

mmauyiaisuaaiwsqamam”wusé’mamﬁaaaﬁaﬁaaﬁmiﬁmumm%LLﬁa’Lﬁmmzam

=b

a0
4.3.4 n13UszilunavesIsnisuusdsulnssauasdrudaefivhiaualyl
dunsaRanTaINgUTIsveslnssauasfudiele
wafmﬂszLﬁuiwsqamaaﬁm%’wqﬁlﬁf\nﬂmsLLﬂqdauImaQ’v?immiyaeﬂugﬂmm
Usunad wililgmieed Uszilunavesisnmsfitiausldifisausuiiisuun
Guaai‘wsmaw’hm’hﬁiﬁmﬂﬁ%'ﬂﬁﬁﬁ’]Laual,vf'xﬂguhianmmﬂ?auLﬁaugﬂiwwaa

Insauasmutngle

NANITANEUIIUNITIUNUST AN IS IE UG 1L

¥
=

lwidetazyaimanismaass uaz msUssiiulseaviamussluieg 54
wasTafilduszneulldae Accuracy, Sensitivity kag Specificity ¥89n15a319luLa
Lﬁ'amﬁmsaﬁuuﬂimsl%ﬁ%‘maﬁauﬁﬁaﬁﬂ (Deep Learning) Ingldan1tmnenssy
VoxNet Wwaig 3D NIN (3-Dimensional Network in Network) S18a¢.8 8a98 4
an1nenssuiansosuieliluitei 2.8.1u48% 2.8.2 puanu Ima%’agaﬁy’wm%
gauvseenidu 7 wuu 1dun’ Epilepsy: Al Epilepsy: Split1, Epilepsy: Split2,
Musician: All, Musician: Splitl, Musician: Split2 wa e Healthy, Musician and

Epilepsy Classification Using 3D NIN FC Tuthdiedl 3.2.2.1.1 40 1, 2, 3, 4. 5 .6 uax
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7 muEAU LLamé’amnﬁu%’aga’luu&iammmsgﬂLLU'qmmgﬂwam 10-Fold Cross
Validation luduvesmsasralumanis 2 aandnenssutildy Hyperparameters
Awdloutu (nanlilumdef 3.2.2.2) FauanMAReIEnsU VoxNet . 3D NIN FC
(3-Dimensional Network in Network Full Connected) waz nmsuUseiiiudseavznmn

vosluna suansluited 4.4.1 , 4.4.2 uas 4.4.3 AUaIAU

4.4.1 wansnaaeeaniuaatUnenssy VoxNet
”Luﬁﬁmil,ammamswmammﬂnmm%’aﬂﬂaﬁy’a 7 wuv (widefl 3.22.1.1
10 1,2, 3,4,5 .6 uaz 7) Ingasslueannanilnenssy Voxiet Wlevnssauun
A3UUUUYBY 10-Fold Cross Validation Inenan1svsaesisunisadslamasiuun
Wi L ulsmandn (Epilepsy) d1m3'ud oy auuy Epilepsy: All, Epilepsy: Splitt,
Epilepsy: Split2 uanslumsnadi 4.2, 4.3 uag 4.4 suss NANISNARBIEINSUNS
asslunaduungdfidudnauns (Musican) dm3udoyauuy Musician: All,
Musician: Splitl, Musician: Split2 uandluni151s 4.5, 4.6 uay 4.7 Tudruvesnanis
naaesimiunsasslueasuungifauami (Healthy) dndutinauss (Musician)
LLasﬁﬁLﬂubﬂam%’n (Epilepsy) 1Jun1svitune 3 Ussiaw (3 Targets) dwiudeya

WUU Healthy, Musician and Epilepsy: All waaslumisie 4.8



64

Epilepsy Classification Using VoxNet
Training Testing Testing Testing Run
Fold Accuracy | Accuracy | Sensitivity | Specificity Time
(%) (%) (%) (%) (mins)
1 99.38 9737 96.15 100.00 34
2 99.69 89.47 84.62 100.00 34
3 100.00 97.37 96.15 100.00 34
a4 100.00 021x 92.31 91.67 34
5 99.69 97.37 96.15 100.00 34
6 100.00 89.47 96.15 75.00 34
f 99.69 94.74 96.15 9B67 34
8 99.69 86.84 88.46 83.%3 34
9 99.69 94.74 96.18 Q7 34
10 100.00 92510 96.15 83.33 34
Average 99.78 93.16 93.85 91.67 Total 340

M54 4.2 wanmvasesiildanmssasislunaduunddulsaaudn Epilepsy)

meaandnensan VoxNet dmiudoyauuu Epilepsy: All

Splitl: Epilepsy Classification Using VoxNet

Training Testing Testing Testing
Fold Accuracy | Accuracy | Sensitivity | Specificity
(%) (%) (%) (%)

1 100.00 s ¥ 83.33 75.00
2 100.00 DG 83.35 100.00
3 98.99 95.83 100.00 91.67
a4 100.00 100.00 100.00 100.00
5 98.99 9167 83.33 100.00
6 100.00 91.67 91.67 91.67
7 100.00 100.00 100.00 100.00
8 98.99 91:67 83.38 100.00
9 100.00 83.33 83.33 85,33

Run
Time

(mins)

22

22

22

22

22

22

22

22

22
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Training Testing Testing Testing Run
Fold Accuracy | Accuracy | Sensitivity Specificity Time
(%) (%) (%) (%) (mins)

10 100.00 100.00 100.00 100.00 22

Average 99.70 92.50 90.83 94.17 Total | 220

A5197 4.3 mamiwmamﬁlﬁmnmia%ﬂmmaﬁ?ﬁuuﬂ@ﬁLﬂuiiﬂam%’ﬂ (Epilepsy)
meannenssu VoxNet dmsutoyauuu Epilepsy: Splitt
Split2: Epilepsy Classification Using VoxNet

Training Testing Testing Testing Run
Fold Accuracy | Accuracy | Sensitivity | Specificity Time
(%) (%) (%) (%) (mins)

1 99.49 79.17 83.33 75.00 22

2 100.00 91.67 91.67 91.67 22

3 100.00 95.83 100.00 91.67 22

4 100.00 95.83 91.67 100.00 22

5 100.00 91.67 83.33 100.00 22

6 100.00 91.67 91.67 91.67 22

7 100.00 100.00 100.00 100.00 22

8 100.00 91.67 83.33 100.00 22

9 99.49 83.33 88.33 83.33 22

10 100.00 100.00 100.00 100.00 22

Average 99.90 92.08 90.83 93.33 Total 220

A5 4.4 wansveaesiliannsasilueaduundidulsnandn (Epilepsy)

maalnenssu VoxNet dmsudoyauuy Epilepsy: Split2
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Musician Classification Using VoxNet

Training Testing Testing Testing Run
Fold Accuracy Accuracy | Sensitivity | Specificity Time
(%) (%) (%) (%) (mins)
1 100.00 92.11 50.00 97.06 34
2 100.00 92.11 50.00 97.06 34
3 99.07 89.47 25.00 97.06 34
4 99.69 92.11 50.00 97.06 34
5 100.00 89.47 50.00 94.12 34
6 99.69 9211 50.00 97.06 34
7 100.00 89.47 50.00 94.12 34
8 99.69 86.84 25.00 94.12 34
9 99.69 89.47 25.00 97.06 34
10 99.07 92.11 50.00 97.06 34
Average 99.69 90.53 42.50 96.18 Total | 340
M54 4.5 Namswmaaaﬁiﬁmﬂn"ﬁa%ﬂq‘[umaai"ul,uﬂ;gﬁtﬂuﬂ’ﬂmm? (Musician)
mednUnunsan VoxNet dmsudeyauuy Musician: All
Split 1: The Musician Classification Using VoxNet
Training Testing Testing Testing Run
Fold Accuracy Accuracy Sensitivity | Specificity Time
(%) (%) (%) (%) (mins)
1 100.00 50.00 75.00 25.00 7
2 98.15 75.00 75.00 75.00 i
3 94.44 37.50 25.00 50.00 L
4 98.15 62.50 75.00 50.00 7
5 98.15 62.50 75.00 50.00 7
6 98.15 87.50 75.00 100.00 7t
7 96.30 87.50 100.00 75.00 7
8 98.15 75.00 50.00 100.00 I




67

Training Testing Testing Testing Run
Fold Accuracy Accuracy Sensitivity | Specificity Time
(%) (%) (%) (%) (mins)
9 100.00 75.00 75.00 75.00 7
10 98.15 87.50 75.00 100.00 7
Average 97.96 70.00 70.00 70.00 Total 70
A51991 4.6 mamsmamﬁlﬁmﬂmia%ﬂmL@aﬁi’wLLuﬂQﬁLﬂuﬁﬂmuﬁ (Musician)
swanlnenssu VoxNet dwiudeyauuu Musician: Splitt
Split2: Musician Classification using VoxNet
Training Testing Testing Testing Run
Fold Accuracy Accuracy | Sensitivity Specificity Time
(%) (%) (%) (%) (mins)
1 100.00 75.00 75.00 75.00 i
32 100.00 75.00 100.00 50.00 7
3 100.00 75.00 75.00 75.00 7t
4 100.00 100.00 100.00 100.00 7
3 100.00 25.00 0.00 50.00 7
6 100.00 75.00 75.00 75.00 7
i 100.00 62.50 75.00 50.00 T4
8 98.15 50.00 25.00 75.00 i
9 100.00 50.00 75.00 25.00 7
10 98.15 75.00 75.00 75.00 il
Average 99.63 66.25 67.50 65.00 Total 70
M990 4.7 wamimaaqﬁiﬁmﬂmia%ﬁﬂumaﬁmunﬂﬁ@uﬁﬂﬂuﬁ (Musician)

meanUnenssu VoxNet dwsudoyauuy Musician: Split2
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4.4.2 wansnaaesdusuaalnenssy 3D NIN FC
Iuﬁ”aﬁﬁaﬁl,a,amwamsmammnmmﬂﬁayjaﬁg@ 7 wuy (lwidedl 3.2.2.1.1
19 1, 2,3, 4,56 uaz 7) Invad1alunasnan1dnenssy 3D NIN FC i ovinnas
TUNAILFULUUYBY 10-Fold Cross Validation Tnenanisnaaasdindunisadig
TumaduungMdulsnautn (Epilepsy) ) dmsuyndaya Epilepsy: All, Epilepsy:
Split1, Epilepsy: Split2 uanalunis1adi 4.9, 4.10 way 4.11 aruddy NANITYINADY
dmsumsaiilueasuungidutinauss (Musician) dmsugadoya Musician: Al
Musician: Splitl, Musician: Split2 wanslun1919 4.12, 4.13 waz 4.14 ludruveua
nMinaaesdmsunsasisluinadiuungidauama (Healthy) Jidudnauns

(Musician) uazg{7 19 ulsrautn Epilepsy) 1un19¥UIBLUY 3 wuy (3 Targets)

ﬁ’m%'mgm’faigaﬁ Healthy, Musician and Epilepsy: All wanalun1s1g 4.15

Epilepsy Classification Using 3D NIN FC

Training Testing Testing Testing Run
Foid Accuracy Accuracy Sensitivity | Specificity Time
(%) (%) (%) (%) (mins)
it 100.00 100.00 100.00 100.00 94
2 100.00 89.47 84.62 100.00 94
3 99.69 94.74 H6.15 91.67 94
4 99.69 91.37 96.15 100.00 94
5 98.46 94.74 96715 91.67 94
6 100.00 86.84 96.15 66.67 94
7 99.07 92.11 92,51 91.67 94
8 98.46 84.21 84.62 83.33 94
9 99.69 94.74 96.15 91.67 94
10 99.07 94.74 100.00 83,33 94
Average 99.41 92.89 94.23 90.00 Total | 940

A15199 4.9 wamiWﬂaaqﬁiﬁmﬂmsﬁa%’wimmaﬁwLLuﬂQﬁLﬂuiiﬂau%’ﬂ (Epilepsy)

mean1dnenssy 3D NIN FC dm¥uteyauuy Epilepsy: All
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Splitl: Epilepsy Classification Using 3D NIN FC

Training Testing Testing Testing Run
Fold | Accuracy | Accuracy Sensitivity Specificity Time
(%) (%) (%) (%) (mins)
1 99.49 79:17 83.33 75.00 58
2 99.49 91.67 83.33 100.00 58
3 99.49 95.83 100.00 91.67 58
a4 100.00 100.00 100.00 100.00 58
5 99.49 87.50 75.00 100.00 58
6 98.99 95.83 S¥67 100.00 58
7 100.00 100.00 100.00 100.00 58
8 100.00 91.67 83.33 100.00 58
9 98.99 83:33 83.33 83.33 58
10 100.00 100.00 100.00 100.00 58
Average 99.59 92.50 90.00 95.00 Total 580

M13147 4.10 wansvaaesfilviainnisadelueasuungdulsaaudn (Epilepsy)

meandnenssu 3D NIN FC dm3uteyauuy Epilepsy: Splitl

Split2: Epilepsy Classification Using 3D NIN FC

Training Testing Testing Testing Run
Fold Accuracy Accuracy Sensitivity Specificity Time
(%) (%) (%) (%) (mins)
1 100.00 83.33 91.67 75.00 58
2 100.00 91.67 91.67 91.67 58
3 100.00 91 67 100.00 83.33 58
4 100.00 95.83 91.67 100.00 58
5 100.00 91.67 8553 100.00 58
6 98.99 95,83 91.67 100.00 58
i 100.00 95.85 100.00 91.67 58
8 100.00 91.67 83.33 100.00 58
9 100.00 87.50 9167 83.33 58
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Training Testing Testing Testing Run

Fold Accuracy Accuracy Sensitivity Specificity Time
(%) (%) (%) (%) (mins)

10 100.00 100.00 100.00 100.00 58

Average 99.90 92.50 92.50 92.50 Total 580

5197 4.11 wamimamﬁlﬁmﬂmsa%’wimmaaﬁ’wuuﬂ@ﬁﬂﬂsﬂam%ﬂ (Epilepsy)
muaaUnenssu 3D NIN FC dmiudeyauuu Epilepsy: Split2
Musician Classification Using 3D NIN FC

Training Testing Testing Testing Run
Fold Accuracy Accuracy Sensitivity Specificity Time
(%) (%) (%) (%) (mins)

1 99.69 94.74 50.00 100.00 94

A 100.00 92.11 50.00 97.06 94

3 96.30 94.74 75.00 97.06 94

a 99.38 Q203 50.00 97.06 94

3 99.07 86.84 25.00 94.12 94

6 99.38 Q 2l 50.00 97.06 94

7 98.77 PR 75.00 100.00 94

8 100.00 84.21 25.00 91.18 94

9 99.38 84.21 25.00 91.18 94

10 99.38 9211 75.00 94.12 94

Average 99.14 91.05 50.00 95.88 Total 940

13790 4.12 wannsveaesiildannsadisseduundAiduinausd (Musician)

meaanenssy 3D NIN FC dmiudoyauuy Musician: Al




72

Splitl: Musician Classification Using 3D NIN FC

Training Testing Testing Testing Run
Fold Accuracy Accuracy Sensitivity | Specificity Time
(%) (%) (%) (%) (mins)
1 94.44 75.00 75.00 75.00 18
2 100.00 50.00 25.00 75.00 18
3 98.15 37.50 50.00 25.00 18
4 100.00 62.50 75.00 50.00 18
5 100.00 62.50 75.00 50.00 18
6 100.00 75.00 50.00 100.00 18
{/ 100.00 62.50 75.00 50.00 18
8 100.00 62.50 50.00 75.00 18
9 98.15 75.00 75.00 75.00 18
10 98.15 62.50 50.00 75.00 18
Average 98.89 62.50 60.00 65.00 Total | 180
5797 4.13 wanTveaesitlinmsasislumaduungddutinauss (Musician)
mvaadnenssu 3D NIN FC dmsudeyauuu Musician: Splitl
Split2: Musician Classification Using 3D NIN FC
Training Testing Testing Testing Run
Fold Accuracy Accuracy Sensitivity Specificity Time
(%) (%) (%) (%) (mins)
1 100.00 87.50 75.00 100.00 18
2 88.89 62.50 75.00 50.00 18
3 92.59 87.50 75.00 100.00 18
a4 96.30 75.00 75.00 75.00 18
5 100.00 12.50 0.00 25.00 18
6 96.30 75.00 75.00 75.00 18
7 96.30 75.00 75.00 75.00 18
8 100.00 50.00 25.00 75.00 18
9 100.00 37.50 50.00 25.00 18




(s

Training Testing Testing Testing Run
Fold Accuracy Accuracy Sensitivity Specificity Time
(%) (%) (%) (%) (mins)
10 96.30 50.00 75.00 25.00 18
Average 96.67 61.25 60.00 62.50 Total 180

13971 4.14 mamsveaesiildannisadiliaswungiduinauss (Musician)

meandnenssy 3D NIN FC dwifudeyauuy Musician: Split2
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4.4.3 n1sUssiliuysednsamvasluing

Tunn 9 10 Epoch agvinrssuiindnimin (Weight) vasluinaangnli Tng

o

WVININYANTUIZLIANARRBII o RATEU AN Training Accuracy Mlunanaaauiy

v a

Tayanlddmiunislinaeunou (Training Data) waefinnsandaefususn Testing
Accuracy ﬁ'wmaauﬁ’uﬁagamﬁmwswmaa‘uﬁa (Test Data) 39A19 saeilyl 5
wnliunieldawnsafiasfiutulasn zﬁ"wmﬁi?aamhil,ﬁwﬁyumrwﬁhqqqmﬁmalé’ﬁ’
dnunsanganisdszainana (Msairaliea) lviui annisveasensdisana ez
Wait na1m T e unelugIuay Epoch 71 150 € 440 UL At 719 e
Hyperparameter: max_epoch Qﬂﬁg\‘i‘l”iﬁ 150 nsmluansan Accuracy ﬁgﬁammﬁmﬂ
mia%"mimLmaﬁ’wm"umit,masffaa%a WU Epilepsy: All, Epilepsy: Split1, Epilepsy:
Split2, Musician: All, Musician: Splitl, Musician: Split2 uay Healthy, Musician and
Epilepsy: Al auded 1, 2, 3, 4, 5, 6 waz 7 lufated 3,221 1 AIUEFU ALade
Training Accuracy Wae Testing Accuracy 98434 10 Fold 7 as19luimaefy

VoxNet uag 3D NIN FC dwisuteyanignuusliiragssinvuanslunnd 4.7 - 4.20

Training and Testing Accuracy of Epilepsy Classification Using VoxNet

Epoch 5 10 15 20 25 30 35 40 45 S50 55 60 65 70 75 80 8 9 95 100 105 110 115 120 125 130 135 130 145

~—Average Training Accuracy —Average Testing Accuracy

il 4.7 nsmuansAnade Training Accuracy Wag Testing Accuracy
wiag Epoch 14 10 Fold vosnmasulumaduungidulsnaudn (Epilepsy)
Ingandnenssy VoxNet mensuusdeyanuy Epilepsy: All

faust Epoch 7 1 8 150
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Training and Testing Accuracy of Epilepsy Classification Using 30 NIN FC

oh % 1015 20 25 0 5 407,45, 50, '$5" 60 | 6§ 0 5 80 8 S0 95 100 105 110 115 120 125 130 136 140 145

——Average Training Accuracy ~—Average Testing Accuracy

mwﬁ 4.8 ﬂi’]WLLamﬁﬂLa’Sa Training Accuracy uay Testing Accuracy
usiag Epoch 1 10 Fold maamia%ﬁﬂuma'«j’muﬂﬁﬁﬁu‘[iﬂau%’ﬂ (Epilepsy)
laeanndnenssu 3D NIN FC Memsidsdeyauuy Epilepsy: All
Fous Epoch 7 1 &3 150

Training and Testing Accuracy of Split1; Epilepsy Classification Using VoxNet

1015 20 25 30 35 40 45 S0 S5 60 65 70 75 80 85 %0 95 100 105 110 115 220 125 130 135 140 148

—Average Training Accuracy —Average Testing Accuracy

AWl 4.9 nsmiuansAad Training Accuracy wag Testing Accuracy
usiag Epoch % 10 Fold vomnsaiuluinasuuniidulsraudn (Epilepsy)
TngaaUnenssu VoxNet MeMsudoyauuu Epilepsy: Splitt
Faus Epoch 71 1 & 150
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07

05

04

Training and Testing Accuracy of Split1: Epilepsy Classification Using 3D NIN FC

10 I 007 2 30 35, 40 45 s0% 'ss| 60 | 68 I /5 808y 90 95 100305 110 115 120 125 130 135 140 148

—Average Training Accuracy —Average Testing Accuracy

20l 4.10 ﬂi?WLLammLa?{s Training Accuracy uay Testing Accuracy
usiag Epoch 14 10 Fold Guaamia%’w‘[uLmaﬁ'}uuﬂg’ﬁlﬂu‘[mam%’ﬂ (Epilepsy)
lngantnenssu 3D NIN EC MunsuUieyauuy Epilepsy: Split1
Faust Epoch 7 1 84 150

Training and Testing Accuracy of Split2: Epilepsy Classification Using VoxNet

08 N/ Y i Attt L N
08
07
06
05
04
03
02
0.1
Epoch 5 10 15 20 25 30 35 40 45 SO 55 60 65 70 75 8 85 a0 95 100 105 110 115 120 125 130 135 140 145

—Average Training Accuracy ——Average Testing Accuracy

Pty 4.11 nsiuansA ey Training Accuracy Uay Testing Accuracy
wsiag Epoch 14 10 Fold maamia%’wiuL@aﬁmuﬂ@ﬁtﬂu‘[iﬂaw%’ﬂ (Epilepsy)
Tngandnenssy VoxNet MeMsuUdeyauuy Epilepsy: Split2
Faus Epoch 1 1 &1 150
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Epoch § 10 15 20 s 30

Training and Testing Accuracy of Split2: Epilepsy Classification Using 3D NIN FC

35 a0 45 58 \s3 \6p [ g5/ 20 A5 80 B85 90 95 100 105 10 115 120 125 130 135 140 145

—Average Training Accuracy  —Average Testing Accuracy

ottty 4.12 ﬂ?’]WLLﬂﬂ\‘Iﬁ’]LagEJ Training Accuracy ay Testing Accuracy
Wwsiag Epoch 911 10 Fold maamsa%’w‘[uLmaﬁi’wuuﬂﬁﬁﬂu‘lmam%’ﬂ (Epilepsy)
lagaondnenssu 3D NIN FC Mmensutstoyauuy Epilepsy: Split2

Aaust Epoch 71 1 s 150

Training and Testing Accuracy of Musician Classification Using VoxNet

P13 2 25 30 35 40 45 50 55 60 65 0 75 &0 8 90 95 100 205 110 15 120 125 130 136 140 145

—Average Training Accuracy —Average Testing Accuracy

AN 4.13 nsvluansAiaie Training Accuracy ag Testing Accuracy
wsiay Epoch v 10 Fold vonmas s uungiduinauss (Musician)
laganndnenssu VoxNet mensuusdeyanuy Musician: Al

Aausl Epoch 1 1 & 150
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Training and Testing Accuracy of Musician Classification Using 3D NIN FC
09 M
08
tpoch 5 10 15020 425 30 35 40™. 45 .50 §5, 606 65 /70 75 80 & <90 095 100105 110 115 120 125 130 135 140 145
—Average Training Accuracy —Average Testing Accuracy

AN 4.14 nswluaniARde Training Accuracy uay Testing Accuracy
usiag Epoch 714 10 Fold vomnsaiulumawungfduineuss (Musican)
laganndmenssu 3D NIN FC mMeMsuidayauuy Musician: All
Faud Epoch 71 1 54 150

Training and Testing Accuracy of Splitl: Musician Classification Using VoxNet

e WAL AW A DI~ oy, 7

1015 20 25 30 35 40 45 0 S5 60 6 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140 145

—Average Training Accuracy —Average Testing Accuracy

AN 4.15 ﬂ‘i’wWLLammLaﬁ"a Training Accuracy gy Testing Accuracy
usiag Epoch 1 10 Fold suaamsa%fwiumaa’i’muﬂé’ﬁlﬂuﬂﬂmum? (Musician)
Ingan1tinenssy VoxNet Memsuusdoyauuy Musician: Splitt
Faus Epoch 7 1 &3 150
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Training and Testing Accuracy of Splitl: Musician Classification Using 3D NIN FC

Epach 5 10 15 20 25 30 3540 45 50 .55 |\ 60 65/ 70 75 8085 90 95 100 105 1o 115 120 125 130 135 140 145

—Average Training Accuracy —Average Testing Accuracy

MW 4.16 n3uansALadY Training Accuracy wa Testing Accuracy
usiag Epoch 13 10 Fold vosasnlmaduundAduinauss (Musican)
lnganUnenssy 3D NIN EC Memsudsdeyauuu Musician: Split1

Faus Epoch 71 1 & 150

Training and Testing Accuracy of Split2; Musician Classification Using VoxNet

A vf\_/‘\ A\ /\/\_/\V\/\/\ /\\/y\’\/\ /\\/\ /\\/\A,\/«/W"\,——ﬁ_r————\,——-—

fpoch 5 10 35 20 25 3 3 4w 45 s 5 6 65 70 75 80 85 %0 95 100 108 10 115 120 125 130 135 140 145

—Average Training Accuracy —Average Testing Accuracy

29 4.17 NINUERIALRAE Training Accuracy lay Testing Accuracy
wsiay Epoch %14 10 Fold Yo masulLasuungduinauss (Musician)
lnganUnenssu VoxNet Menswdsdeyauuy Musician: Split2

Aaust Epoch i1 s 150
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Training and Testing Accuracy of Split2: Musician Classification Using 3D NIN FC

Epoch 5 10 15 20" 258730 35 40 45 50 S5 60 65 /70 75 8 8 90 95 100 205 130 115 120 125 130 135 150 145

—Average Training Accuracy —Average Testing Accuracy

ANl 4.18 ﬂi'lWLLammLaaEJ Training Accuracy lay Testing Accuracy
wsiay Epoch 7 10 Fold mmm'ﬁai’mimLmawmnwmmuuﬂmum (Musician)
lngantlnenssu 3D NIN FC mamuwwagmwu Musician: Split2
Faus Fpoch 71 1 §s 150

Training and Testing Accuracy of Healthy, Musician and Epilepsy Classification Using VoxNet

Epoch' 51 18 115 20 25 0 35 40, A5 50 55 60 o5 70 95 80 85 9% 95 200 105 110 115 120 125 130 135 140 145

—Average Training Accuracy ——Average Testing Accuracy

mwvu 4.19 ﬂsWWLLammLaaa Training Accuracy Uay Testing Accuracy Usay
Epoch ¥ 10 Fold vosmsaiulnaduundiifigunng (Healthy) Aiduinaues
(Musician) LL@SQWLUuIiﬂaQJ‘Uﬂ (Epilepsy) Ingandmenssu VoxNet fensuus

%a;dau,w Healthy, Musician and Epilepsy: All #aus Epoch 718150
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Training and Testing Accuracy of Healthy, Musician and Epilepsy Classification Using 3D NIN FC

01

fpoch 5 10 g5 207 25 30 35 ag A%, 50 \sS \ 6ol [ 65/ do/ 75" s0Bs 90 95 100Waos WMo 115 120 125 130 135 140 145

—Average Training Accuracy ~ —Average Testing Accuracy

AN 4.20 n3MuaAIALaRY Training Accuracy Uag Testing Accuracy Wsay
Epoch 11 10 Fold vesnisadnalumadnuundfiiaunni (Healthy) 47iduiinauss
(Musician) uaggfiidulsraudn (Epilepsy) Insamilnenssu 3D NIN FC fhenisuts

Yoyauuy Healthy, Musician and Epilepsy: All flaust Epoch 71 1 8 150



4.5

83

Namsvmaa‘uLLasﬂszLﬁuUszﬁwﬁmwmﬁﬁi”lLLumJ’i:LmlIWNanm

%4 v

AUV
ﬁ’a‘ﬁaﬁ%ﬂa'nﬁﬂmim%aULﬁauwams%mamﬁlé’fmnmsa%’w‘[mmaﬁmuﬂ

maeandnenssy VoxNet uag 3D NIN FC dmsuyadeyaris 7 suuuu uasdlumsn

a

7 4.16 uay NISNAROUNNERAIS 2 3358991 VoxNet Lag 3D NIN FC Tpg
c??aamagmmﬂwamsmmaaqﬁﬁﬁqmw’m Epilepsy: Splitl - Epilepsy: Split2 uag
Musician: Split1 - Musician: Split2 Taglgen Accuracy, Sensitivity, Lay Specificity
Wunnstalunisnageu dae35nsnaasy 7 — test lngnsiUS s UL guan
Accuracy, Sensitivity waig Specificity $¥17319 VoxNet 4 3D NIN FC, VoxNet Ay
Tree-based (39911338 Tuia9e 2.9.2) uay VoxNet f4 Spoke Based (3109134
luiade 2.9.2) drmsumsTuungiidulsaaudn (Epilepsy) way Wnauns

(Musician) fag Z-test uanslusiadion 4.5.1 — .56



84

Total Run
Accuracy Sensitivity Specificity .
Time
(%) (%) (%)
(mins)
Name
3D 3D 3D 3D
VoxNet | NIN | VoxNet| NIN |VoxNet| NIN |VoxNet| NIN
‘ FC FC FC FC
Epilepsy:
93.16 | 92.89 93.85 94.23 91.67 90.00 340 940
All
Epilepsy:
9250 | 92,50 | 90.83 | 90.00 | 94.17 95.00 220 580
Splitl
Epilepsy:
92.08 | 9250 | 90.83 | 92.50 93238 92.50 220 580
Split2
Musician:
90.53 | 91.05 | 42.50 | 50.00 96.18 95.88 340 940
All
Musician:
70.00 | 62.50 | 70.00 | 60.00 70.00 65.00 70 180
Splitl
Musician:
66.25 61325 67.50 | 60.00 65.00 62.50 70 180
Split2

AI7 4.16 M3aUSeufisunanisunassdildanmsadrslunasiuundsantnenssy

VoxNet uag 3D NIN FC é’m%%sﬁa;gal,wu Epilepsy: All, Epilepsy: Splitl , Epilepsy: Split2,

Musician: All, Musician: Splitl , Musician: Split2
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4.5.1 MinaaulssanSNINsEning VoxNet waz 3D NIN FC 898 Z-test d1%SU

nssuungnilulsaaudn (Epilepsy) Tnsldunsin Accuracy

Ho: s =p,
Hy g # 1y

Tneil g Aar Accuracy ¥ 10 Fold veyadoyafiinisutauuy Epilepsy:
Splitl 270 VoxNet Ssdidwviiu 92.50 uag I, faF1 Accuracy %1 10 Fold YBIYA
Yoyafidnisutauuy Epilepsy: Split1 910 3D NIN FC gadiaviafu 92,50 91nn15
neaey anuAgiulagly o wihiu 0.05 dudeauuinnsgiu 10 Fold ves Epilepsy:
Split1 990 3D NIN FC fAvseanas 7.3 uagdau Fold {Ju 10 vililduzinainga
Z Wound1 -1.96 uaz 11NN 1.96 MnduinAnaianagou Z 1§winiu 0 ean
ogluuSniliufasausfigning ﬁ?uﬁaiﬁﬁwé’ﬂgmﬁmwaﬁ%ﬂﬁLaﬁ Ho uandn
Lidanuuanaieiusdrafiadrdysenisaarinenssy VoxNet uag 3D NIN FC
ﬁm%"umﬁwLLunQﬁLﬂuIsﬂau%’ﬂ (Epilepsy) lagldunsin Accuracy ns1muansan
Z Y9IM g uUsEansaman1Unenssunae Z-test 581379 VoxNet wag 3D NIN
FC ﬁm%’umsamuﬂﬁﬁLﬁuimam%'ﬂ (Epilepsy) tnalduns¥n Accuracy wanasann

§a.21

0.4 ; : : o .\\ . :
/ \
/ \
03 / '\\
,f/ \ﬂ
N / \
N 0 / \
= /i \\
4 \
0.1 / A\ 1
——4 z =0 L__
0 1 {_‘ 1
-4 -3 -2 -1 0 1 2 3 4
z

AT 4.21 n5WLansen Z veansneeuUssansanaaninenssudie Z-test
38w VoxNet uay 3D NIN FC dmiunsduungidulseaudn (Epilepsy)

Tneldunsin Accuracy
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4.5.2 MNaaauUsLaNSAINTZNING VoxNet uag 3D NIN FC §98 Z-test 81U

mMsduundiluiinaund (Musician) Tngldunasin Accuracy

Ho: py =y

Hy @ py #
Tnefi 1y For Accuracy 1 10 Fold veeyndeyafifimsuiauuMusician:
Split1 970 VoxNet Fafa iy 70 uas W, Aedads Accuracy 11 10 Fold a4
yadesafiinsuuuy Musician: Splitt 99n 3D NIN FC Safifiindu 62.5 a1nnns
naaey auudgiulasld o iy 0.05 drwdsauuninsgiu 10 Fold YBINGY
Musician: Split1 910 3D NIN FC Ussunad 11.79 uay 37113 Fold wihdu 10 vilsile
U3aingm Z Yeendn-1.96 uay 11Nt 1.96 Mntumuaiaiineaey Z 14
Wi 2.01 Famnegluusiiadings ﬁuﬁaﬁmé’ﬂgwmﬁmwaﬁ%ﬁﬁLaﬁ Hy uanadn
dnnuuanssiuegdvedfysenitaaondnenssy VoxNet uag 3D NIN FC dmsy
mstuung?duinauns (Musician) Tnglfnasin Accuracy nsmuansiadnmy

Westu Z wihifu 2,01 aneglutavings z 7 1.96 ua -1.96 Jawensu Hy : W #
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4.5.7 n15nngEauUsEaNSAINTEN19 VoxNet way Tree-based #78 Z-test
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4.5.9 nrsnadauuszdnSainszndng VoxNet uas Tree-based A2y Z-test
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4.5.10 MsnadauUszanSa1nssning VoxNet wag Spoke Based @18 Z-test
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4.5.11 n1snadaudszanSa1wsening VoxNet uas Tree-based #78 Z-test
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