NNINSN NU'0NA"INRN

awNNN 'v? npnnn

22997 - awnnn 'wTNa DTpPNN 0P'ND

NNMN7? nmy Nni7pwx nin? FCBM nd>ayn
GBM aion juho 1T X7 nin MR

028048494 .7.n 21N NIV nwAn
7N N YT W ANtNaNA PIN VEPN9N

2016 NaIopIx



Q919157 32N

PP NN 1
PP NIan 2
D NOIWNN NIYT NTAN 3
D e NIMArXPAS NIYNT 3.1

D - N9 X7 NIWT 3.2

D e T10' NININ 3.3

G PP PUPPPPPPPPIN D'YU'NIN 3.4

G I FCBM nd>ayn 7' 7w 0'w'nIN NNIAR'T 3.4.1

B e Preprocess 7w n'w'nIN NNIAR'T 3.4.2

T o Image Preprocess 7w n'w'nN NNIar'T 3.4.3
S FCM Preprocess 7w n'w'nIN NNIAR'T 3.4.4
T Data Mining 7w n'w'nn NnMar'T 3.4.5

D CheckValidity w'nan 3.4.6

S SRR ViewAllPatients w'nn 3.4.7

D ViewPatient w'nn 3.4.8

10 s FCBM n>yn? nip7nn nnian'T 3.5
T FCBM n>ayna o'y 070N 3.6
T s Start Server-n 1"7nn 3.6.1

T2 Pre Processing-n 1*7nn 3.6.2

1S PreProcessBlock 7*7nn 3.6.3

1D e Mining-n 7'7nn 3.6.4

L T MineBlock 7"7nn 3.6.5

T D1ININ 0'01 PN 4
1D FCBM n>ayn miupuaIx 5
1O s FCBM n>yn nindv 5.1
20 e FCBM n>ayn nmian 5.2
2 e nwv 5.2.1

22 P Il 5.2.2

B0 wUnnwn punn 6
L SRR nim's ' 7
S noWNN NI 8
S nT'N' NI 8.1
B0 s N'¥1201'R NPT 8.2

o 0 S [N NN 9
BT NIINNY7 DTN TN )'70N Vixa 9.1
56 i FCM-4% o*Timin 7'y 1'70N vixa 9.2
56 i, FCM niyxnxa yTnn N )'70n vixa 9.3
oG SRR NINXIN 9.4
O aj7NN |wNN7? NIyxni 0n'o 10
o SRR D'N90)] 11
58 NIX720N N'¥'7 YOMP0 X NOO) 111
(610 I stored procedures n1'x'7 V970 :2 ND01 11.2
B8 TIj? 12 N901 11.3
B9 NIPNN NIXIIN (T N90) 114
T0 N¥IN NIXIIN 1N N90) 11.5
7 SRR NN 12



291K Nhav

B e FCBM n>yn? 7y nnia o'w'nn NNAR'T - 1 'R
B ettt PrpProcess 7w 0'w'nIn NNIAR'T - 2 IR
e Image Preprocess 7w D'w'nIN NNIAR'T - 3 I'K
B FCM Preprocess 7v 0'w'nIN NNIAR'T - 4 IR
SRS Data Mining 7w D'w'nIN NNAR'T - 5 IR
10 e FCBM n>wn? nip7nn nn1an'T - 6 1I'N
T Start Server-n 1'7nn 7w ¥ NNIAR'T - 7 IR
1 e Pre Processing-n 1'7nn 7w qx1 nnan'T - 8 IR
1 PreProcessBlock 1*7nn 7w gy nnan'T - 9 IR
1D Mining-n 7*7nn 7w ¥ nnarT - 10 K
L TSR MineBlock 7'7nn 7w ¥ nnaxT - 11 X
L TR FCBM n>wyn nindw — 12 3k
200 et r e e e eaaaa FCBM n>ayn ana — 13 n
24— mmn 7w wavelet transform - 14 s
25 nann 7y wavelet transform 7w n'x10017'X - 15 'R
25 sub-bands-7 wavelet transform nxxin 7w np17n - 16 N
T PR noon Yy - 17 'R
B0 e aaee yT'n N'MD yixa 197 0'pT1a Jon - 18 WK
B yTm N YINA 1197 pT21 '019 on - 19 ik
B2 s yTm n'Md yixa 197 MRI namn 7w 01ion naima qon - 20 'k
33 YT NI YIN 11971 DTN TIY VI 197 00N 7na qon - 21 X
34 YT N'MD YIXA 1971 DT7A T YIXK DR DD'Y70N 7100 00 - 22 1R
35 YT NI YIX DRI DTN T YIX DR 070N 7100 qon - 23 IR
XL SRS yT'n N YIX'A NNKR 07721 0N - 24 IR
K YT NI YIX' MNXR 2772] '019 on - 25 IR
38 s yTn N yixa Nk MRInamn 2w 011on 0ima jon - 26 'K



"zpPn 1

NN L,NMN 7Y PPN N12AN2 NY19n7 TYUN DY QUKD 'MNAY 91X ny¥ann MRI np'1a
.J010 NIV

xin (Glioblastoma Multiforme) nn119'07m NNIVOYAI"72 NN DIPNY DIWA JOI0N "AI0 |'an
xin (GBM) Glioblastoma Multiforme aion 0102 719'00 AN A'RNANT NI NDWN 210N
JIEN1N'9INIMD PN INKRT?E7ITAN NRXINYG NN 2NY

W' 217N NRYING NN 010NN WK X L,CT np'1aa nim 212 NIKNY DX N2 00 DNl
NI7122 DX 212 NINT? [N MRI Namn niy¥nxa . naw 755 nnika nxIzima namn 727
JANRXING NINY DN7 NNRNNAL YNI7 RN D220 17'K 2V DIk 2man

.D'7IT2 TINN D727 Y'an7 7101 ,yXIn 2xpa 772 ,nima 270 ina 7'nnn an? GBM aion |u1o
("70712 |V10) N NnIkN 'MY? 0'van GBM aion n1avnonn 50% ->

,SAI7INO IX |'7N NIMN DXN N'MIR'R NN NN MRI-n ninimn nx nayosn a7, oY (12
7w DMy 7DWUR YIX'A7 NOIYN NN9Y7 0'N9N NNV .2ITAN 7w 7TIANI DIPMN NNALL2IT W DRD
A7IM9 IX 'en nim? MRI-n nnmn

FCBM (Fuzzy Clustering of Brain MRI) no>yn 7w 11wx QIx'WI [I'9X VX1 'NDIIN LR'N9]
(FCM) nmy 7pDwx? 0170 TI2'vi MRI nnmn? o Tpm T2y Xwna DITpnnn imn

.TCIA-1 MIDAS o'nim® yTn Naxnn 2A172moi 'pn nin MRI nnmn o FCBM n>ayn? 0770
,Histogram matching ,General registration 770w n'Tzn N1MnN T2 VXA 01NN NNAONA
-7 017N T2 yxia scale-1 crop ,Mark tumor mask ,skull stripping ,Foreground masking
7172 757 Feature extraction-1 ,01umn1 7w nxr'2n7 ,0'21727 namn 25 npitn 72w FCM

.88.13% 71I'T N2 AN IX |'pPN7 nin airo n'n FCBM noawn 7w 0790



Nuan 2

NITY2 NINNA NIFAN D'ATA N2 NP0V X'N MRI nnmnn 091 7735 NnnMnn yTn N

[5] ,[2] ,[10] n'wnX |'va MINT? NYURY 217N NN NINT? NNVNA NAMY YT N MNNRR

[34] ,[32] ,[29] ,[27] ,[25] ,[22] ,[16] ,[14] ,[12]

D2IN1 0'02 N1 17X DMIANNA .01NVI'RA D'NIND D1IIN '0'0 YW XIn NN MRI nnmMn iEn

AAI7IM91 ' NN NRimn 2700

:NAN wza MIDAS 7w ankin qinn o'’kMa 0amnn 7w nim MRISw akn o

http://www.insight-journal.org/midas/community/view/21 [11]

WX IMAR (Imaging Methods Assessment and Reporting) vj7'nosn 7n XIin N7 1ANN
N'YI00'A0 ,N'YVINA0 7W N'NIND NRIWN X7 2IWNN 'WXAKRI NIV VTN 7907 INNLVN
N2 YRR UR'NI9N 7Y .NINY NIAYNIMN [IN2X NIV'YI

http://www.insight-journal.org/midas/community/view/15 [15]

2va 0'waR 7w ninm 790 1'x1,021NN 100 7w nim MRI ninmn 7'on MIDAS 7w qaknn
D'INX D'MIVON'O IX ,NIMVK'I'09 NIZNN ,WRI7 NNIXIV ,0T YN'7 W' ,NID0 7 NMI0oN

7¥ D'NINN D"'OTIVO D'71PIVIND NIYXNNRA NP71 NARNN .NINN 7V Y'OUNT D717V TUKR

D'019 K77 nmondn MRI-n ninmn 25 .0.5 x 0.5 x 0.8 mm v o'niNna Ik 1x1x1 mm

.0110V1'x2 MRI-n NIMN IR DONY7 NNd>oN 7y IMNN DYATINAN 721,0'PT2IN 7w D'NTN
,The Cancer Imaging Archive (TCIA) 7w anxn Jinn jo1oa 071N 7w nin MRI 9w Nakn o

:Nan WA TCGA-GBM v aznnn 11imn

https://public.cancerimagingarchive.net [8]

The Cancer Genome Atlas Glioblastoma Multiforme data - TCGA-GBM naxn qIk'n

:Nan W' collection

https://wiki.cancerimagingarchive.net/display/Public/TCGA-GBM [28]

IN 'WTNn ,N0oN YIn'y NIX7 nTINY1 nv'ox7 01*Na NN Xinl public domain 2 Tam faxnn
D2IN1N NX 1907 * 12 de-identification N2y Naxna 0PN 72 7w DUY'R D'0TD M TINY
1WA XN N1 de-identification :ni yTnn DM *70N 127 1A% 0'NINS7 1aNna

Nan

http://www.cancerimagingarchive.net/about-the-cancer-imaging-archive-tcia/ [9]

ANI' NIV 17X NNINNY INDINY DNPNA IR? DIRTETA72 T2 nnmn [0 172pnny nnmnn 775
NN hbe

VTN N 707 oMM 07w 1oon o'y
270w 0 TEM MmN Ty
General registration o
Histogram matching

Foreground masking

Skull stripping

Mark tumor mask

Crop

Scale

770w FCM-7 o' Tpn 12y
D'?1727 MmN D NN e
DM 7W QXTI e

172 'D%7 Feature extraction e

O O O O O O

,FCM niyxnxa y1n nd ,FCM-7 orTim 1121 namn? o1 112y (9710 'ndinn op'non
NINI NIRXINN NID'R DTN L,UNNYN pYnn NIYXARKY VTN N NIRXINIE D772 2IN1 NAxn
JIRXINN


http://www.insight-journal.org/midas/community/view/21
http://www.insight-journal.org/midas/community/view/15
https://public.cancerimagingarchive.net/
https://wiki.cancerimagingarchive.net/display/Public/TCGA-GBM
http://www.cancerimagingarchive.net/about-the-cancer-imaging-archive-tcia/

NOYRT MWST Nt 3

nehIsyens M 3.1

.DICOM vn192 offline-a n"wosin 02Nl '0'oan 01N 72PN NN e
D1IN17 DTN TIA'YW YXIN NDWNn - e
D' Tpn NN TAY o
Y71 NNNYN L,NINNAILO'A 71111 ,N'¥1001 7710 DaknNn NN 1Ay =
.3D Slicer n1oin narya yxiar skull stripping-i
.MIPAV N1IN NIY¥NX2 YXIA' jpg '¥ap OIND NIXYINN Ny =
27w offline n1oim ntva yxiar scaling vixai ,crop vi¥a ,naonn Nt =
172w Offline preprocessing niin ,MIPAV ,3D Slicer :nimdin =
‘FCM-2 prTim 12wy o
D'?1727 namn D npin .
DM 7w ANT'man .
172 707 Feature extraction =
(Mm% GBM 2101 |010) 217IMoI 'pn? nin MRI nmn alon noaynn - e
UNNYUN PUNN NIYXNAK AFON NIXXIN DX A'YXN DN

NP5Id¥IND NO M7 3.2

MDURNNDIN NN e
NPT e
ATN NPT o
AXMVIR NPT o

oy mmyr 3.3

MAI7IM91 ' NN NRINMN 7175 01ININ 0'0 e

7'2' 0T 021N 0'02 .7R'OPK NN T2 NiMNn NINIZ? 0T 02ININ 0'021 NRNINNN e
Y-n1 X-n ¥ 7y 12210 nRimnn X1, 7272 nimn 7w Inn yxann [nn wx ,MRI nnmn
U IMING Niann 70w )
0'017 N2yI' D"VII7IN DIININ .NAYD TN NN YTNN NNEENT? NIZynaNnn NIX
TIX A Ty ox Loffline a1on n'An 0IMaN N2 .0P'N9N DX WNW' TWUX D1IN)
N'MYy9S TN DN NNAYN Y 2NN 011N 9'0INT

NN NIYX¥NAKA DNIX [IN271 DNIX 917W7 A N1 .011ININ 0'01] NNW! UP'NON NIXIN e
.D2IN1N 0'02N DN GI7WUN WK NINK T 722 IR ,07'N9N 1YW NI

NNIMN 7¥ 21 1950102 DM7N0I1NAXK DITR 'IN'T AWOKR' NIMY7ON N72an K77 amd e Tign e
200 yximna 1'n 7121 27 (2 X)) NT VP'N9L YIN'YA I'NY VTN NARNA 772 707
[AT2 |ID0ON MYV PT21 19 NNX NIINN DY PT2N NDWNAN AT VR'NS NNA0NA .NNRINN
NT7 3.1 AXY) D TR TYW? wnTa pm (0w nTiza 3.1 aR1) naT anarp? winTn
JDWURN Y7 wnTa Lt
NAIXN JIN2 NI Y191 GBM a1on juno American Brain Tumor Association 'o 7y
:0Mmnn 50% o1 [n'mwa y'ami ,nimn 7w NN IR NYRNYN

http://www.abta.org/brain-tumor-information/types-of-tumors/glioblastoma.html [3]

N2'0N .NINN YXNXRA X¥N1D NN XN Nima GBM aion 010 7w nfanmn naixnn i
J1DYNN NPT NIX7 NN Yy¥nRa NRN1 WK (slice) namn NNl nxr



http://www.abta.org/brain-tumor-information/types-of-tumors/glioblastoma.html?print=t

owyrn 3.4

FCBM noayn 595 bw aswsman npasnet 3.4.1

Doctor

Preprocess

Data Mining

CheckValidity

ViewAllPatients

ViewPatient

FCBM n>ayn"% 7y nn12a D'W'NIN NNIAX'T - 1 X

Preprocess 2 2o2nan npanst 3.4.2
.FCM-% o1 121 namn7 o Tpm T2y :01%w w7 77nnn nd>yna orTpnn TIan

A=

Doctor

Image Preprocess

FCM Preprocess

/

|

@
AI>
/\

Doctor

PrpProcess 7¢ D'¥'NIN NNIAN'T - 2 WX



Image Preprocess @ 2ow nan np a7 3.4.3

:N2N W' D1'Na nTIN? nanan 3D Slicer ndIMa wnnwa e
https://www.slicer.org/slicerWiki/index.php/Main_Page [1]
skull -1,y MINWN ,NIMNAI00'N 7M1 ,N'YIV0 AN YXI) D'PTAIN 70 7w nmnn D
.3D Slicer niyxnxa stripping
MIPAYV - Medical Image Processing, N1>iN NIYx¥NX2A 172pNNY 0'¥170 NX NNO)1 @
:Xan wpnn Analysis, and Visualization

https://mipav.cit.nih.gov/ [21]
JPG ninmn 7w nnT10> MRI-n 7w nnmw yxa1 MIPAV niyxnxa
(M TIE NX 0'7'oN0N 0RO TA N9IXNAIL) 'NAND IXW PreProcessing-7 1ty NIy e
,NINN 722 Miynunn 7NN 7w Crop Nyxani NMinn 721 NN NN20NN DX ANTA WK
LTIk nnmnin 7 7w scaling nwii

General Registration

Histogram Matching

Foreground Masking

Doctor Doctor

\

N

Skull Stripping

Mark Tumor Mask

Image Preprocess 7¥ D'¥'NIN NNIAN'T - 3 1IN


https://www.slicer.org/slicerWiki/index.php/Main_Page
https://mipav.cit.nih.gov/

Doctor

Doctor

FCM Preprocess 22 2o man N asT

Feature -1 ,001mM1 7w nrxr'mnn 0421727 namn 2 np17n 2195 Nt 0T TIAY
7172 757 extraction
.02IN1N 0'012 D'TPNN TIA'WN NXXIN NNV

»

344

Normalize features

FCM Preprocess 7¥ D'W'NIN NNIAN'T - 4 'R

Data Mining @ 2w nan nnaaRsT

AAI7IMo1 'Pn7 071720 airro
7721 72271 namn 27 17apnnw airon NIXXING TAY
.D2IN1N 0'012 NXRXINN N'NY

»

/’/\

Doctor

3.45

Save Block Quality to DB

Data Mining 7¥ D'w'nIN NNIANR'T - § 'R

Doctor



CheckValidity wnan 3.4.6
.01ININ 0'012 DN'AYI,NIZDWRN NID'R N1'NA7 D'TTN AIW'N e

ViewAllPatients wesnan 3.4.7

NXPZITINRLAINS/'PN = A1'0 L7 TAIN NNTNA AXIY D'PTAIN 707 .Nn'wNa DTN D Naxn e
TN YIY DR NP7 nptwn NNy

ViewPatient wran 3.4.8
NYYN NTNY? DXZTIREAINY/|'PN — AI'0 ,7TAIN NNTNA AXI' .'9'¥90 7T2] 1IN NAXN e
.N7'INnY
.nin MRI-p niamn nxrr e
D'P1720 7¥ NIIYAX N'ATN NO0INA DYAI7INS D'RI72 NIV NRIMNN X A7IM9 7TA1 Ay e
.0"17IM9> nalonN



ServerConsole:Program

«IMi _HttpSu}rw!e

Hitp::

Service

FCBM n59y»% nyp5ma anuanet 3.5
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sd StartServerHttp /

:Program

:Service(string, int)
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Server :CommandsManagel

:CommandHandler

>

| :BrainMriHttpServer|

Start()
——>

T
I
O

|
|
—

StartBrainMriServer() :
— P>

Instance() :BrainMriServer

4’D

L

T
|
|
|
|
|
|
|
|
|
|
|
|
bool :
|

|
Start() |
— =

Instance() :CommandsManager

Instance() :CommandHandler

|
HandleCmd(BrainMriCommand) :object
—

alt

command.CommandType/

[st

[St

[G4

[G4

[G4

[G4

[G4

arfDataMining]

; HandleStartDataMining(BrainMriCommand)

ArfPreProcessing]

; HandleStartPreProcessing(BrainMriCommand)

tPreprocessingStatus]

; HandleGetPreprocessingStatus(BrainMriCommand) :String

1

|

|

MiningStatus]

=

; HandleGetMiningStatus(BrainMriCommand) :String

1

tPatientDetails)

; HandleGetPatientDetails(BrainMriCommand) :String

tistOfPatients]

HandleGetListOfPatients(BrainMriCommand) :String

tTotalQuality]

HandleGetT otalQuality(BrainMriCommand) :String
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T
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GetFirstPatient() ‘Patient

Slice

1
|
|
|
|
|
|
|
|
|
ot | ‘Patient :
———————————— o, ———— 1
| |
1 , !
loop while (currentPatient = null) /| : |
| |
| : |
i PreProcessCumrentPatient(Patient) | :
- L}
I : |
| |
I : |
| |
| | 1
loop foreach (Slice slice in currentPatient.images) / : :
I : |
PreProcessSlice(Patient. Slice) i |
[ «—] ' | !
'GctSliotlndox() int 1 |
' 1 m
FillBitmapimage() |
[ z g
: " Block
------------ Sttt sttt Sty
| |
| |
| |

eProcessingStatus()

UpdateSlice({Slice) |
|
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320N nhon .Pre Processing-n 170N T 7y 72y9mn 1*7nN-nn nwyn? XN Nt )'70n :nnon
AwIN'y 01"oNNN .(D1"'oxn a1wn) feature extraction yxa'71 (3.6.2) arn '7nnn 172 7277
' 172 'Y
Mean, variance, horizontal band of wavelet transform, vertical band of wavelet
transform, diagonal band of wavelet transform, contrast.
.DIMONNN DAYINN I'7Y 21720 109

Ty
N | Pixel i Grayscale value
mean = N
_ N (Pixel i Grayscale value — mean)?
Variance =

N-1

horizontal band of wavelet transform, vertical band of wavelet transform, diagonal aw'n
.5.2.1.2 nx1 band of wavelet transform

Grayscale, ., — Grayscaleyin

contrast =
Grayscaley, ., + Grayscaleyin

V' [NV NNRINN2 VOVAIR AUY'NYT NTVIM WK L,[19] Michelson nu'wa nwya contrast-n a1w'N
.0'ND D1''ONN DAl D' D''ONN

-N W KIN Grayscaley,,-1 ,i'122 “mropnin Grayscale n W Xin Grayscaley, , TWUNRD
71722 "mamn Grayscale

.D1ININ 0'0121 2172 727 D'ONNN NNMY (079
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I | | |
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| |
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| Matrix(double |. |
e e - _______x(___'!]l _______ B )

GetMean( )' .double

‘Matrix

Mean(double)

|
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Variance{double)
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) :double

Contrast{double)

PR R § - SN PR
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—————————————————

2 I ——

1 1
GetSubBands(Matrix, int, double, double, double)

‘WaveletSubBands |

‘WaveletTransform

———————————————————————————————— ]

|

|

|

|

| |
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|

|
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1

DiagonalWavelet(double)

Patientid(int)

Sliceindex|int)
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.
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I
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7721 72571 NIMN 70% yT™min N 3*70N 010VOI 71DYWARA |INVTAN TN L7DWRN
sd Mining 5eq

:CommandHandler :Mining DbAccess

f
Starthining{) |
-

T WerkThreadFuncticn{)

GetPatientldList]) :List<int=

I
|
|
|
|
|
- !
11

loop for all slice numbers /

|
|
1
loop for all block numbers / :
|
|

MineBloddList<int=, int, int)
L

|
|
1
|
1
|
GetFirstPatient]) :Patient _!_

:Patient

]
|
: :Slice
o>
il |
| | :
| | I
| | |
| | |
: , i |
leop while {currentPatient != null} / | I |
| ' ' I
loop foreach [5Slice slice in c‘.urrentF"atient.images}/ | : |
AccumulateMiningResults() I o !
I | Lo
. | | T
UpdateSlice(Slice) | |
| ! X
I |
AccumulateMiningResults() |
T »q
UpdatePatient{Patient) I |

, X

I
|
|
:
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
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MineBlock 710

3.6.5

3'7nnn naon .(3.6.4) Mining-n 7'70n T v W90 "7NN-NN NWYNn? XIin Nt )Y70n :nnon
.D'?T210 72 7V N'9'¥90 NAINNA '9'¥90 1727 YT N'd yxay
.MINN 737 0 Tpn TA'Y NAyY 017l L7 T 707 Nnimn L0 T2 1720 7'1nn D1IM 0'01 1LYy

(5.2.1.3) FCM — 1 onn7xa Jwnn2 T IMXo92 WWInn FCM nnnia7x 1y
.D1IMIN 0'0121 PI72 727 7DWARA INVTAN DTN 7DWRN NNMY (079

sd MineBlock

:Mining

:Dbfcoess

loop foreach (int patientld in |:|-a’:i1!ntI|:I5b/fJ

GetBlodk(int, int, int) :Blodk

alt if [block 1= num/J

:ClusterPoint

| e
|
1 T
| |
| |
i f
: : ‘CMeansAlgorithm
——————————————— F——_———— e — = —
| |
| |
| Run{) :int | . !
I I =
| | L:J
| | |
| | bt
| |
1 |
loop foreach [ClusterPoint ¢ in points) /’| |
| |
| | :Blodk
_______________ e o
| |
| i
| Patientld{int) =
| I g
| Slicelndex(int) o |
I [ g
| Blockindex|int) o |
| | "'-ITl
| VerticalWaveletidouble) -
t T I—'LI_|
! HorizontalWavelet{double) - |
| = ")
| DiagonalWavelet{double) - |
| ' =
| Mean{double) > |
! Var{double) ._L."l
T T —'Lrl
| Contrast{double) .
T T =
| FemnClass{int) -._Lrl
I T "'Ll_|
| FerniembershipDegres{double) .
I "'L|_|
\ |
UpdateB|od(Blodk) - | |
|
|
|

MineBlock 7"7an 7w Q¥ nnman'T - 11 A
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.[20] Microsoft Sql Server x1n V1N DININ 0'02

.Patient, Slice, Block |n nirmonn ninwn wihy

,Patientld xin Patient nx nnmn nnonn

,Patientld+Slicelndex xin Slice nx nnmn NnNonn
.Patientld+Slicelndex+Blockindex xin Block nx nntnn nnonni

Block

¥ Patientld

¥ Shicelndex

7 BlockIndex
VerticalWavelet
HorizentalWavelet
DizgonzlWavelst
Mezn
Variznce
Contrast
FernClass
FembdembershipDegres
IsMormalized
RealClass
VerticalWaveletUnnormalized

HaorzontslWaveletUnnormalized

DizgonziWaveletUnnormalized

MeznUnnormalized Patient

Slice ] . s oe | @ Patientld
VariznceUnnormalized

7 Psatientld Bl O ——————— ImagesDir
Slicelnd ContrastUnnormalized -

! e ImagesWebDir
FileMame =

PreProcessingStatus

PreProcessingStatus

Fom{lzss
FemClass FcmbdembershipDegree
FemMembershipDegres - Realllass
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nnxi PreProcess 1'7nn? nnx) 7"7nn 737 niw j'tnl NXT n72021 — ProcessStatus
2)'70N 227 010VO 'TN1 oAl 7NN KIN NN9nN .(Mining Y'7nnY

.slice 1@on%1 7172 1D0N7 DIM'OZNN DY NN P'TNI NXRT N7202 — MaxValues

7¢ NIXXIND NID'R DX TITN] 17X NIKT7A0VA total-1 slice-7 ,j7172% Quality nix7a0
yxmn 73+ slice 75 .wxn DWIT A1IFO DY NNIY? NID'RN DX TITN 2172 797 .70wRn
"TTn y¥inn NX 1w TotalQuality n7ava .slice mixa o'p17an 722 9w ndX TN
J1DYN2 NRIMNN 7 7w NiRN

ProcessStatus MaxValues
¥ Process ¥ Identfier
Status Value
TotalQuality SliceQuality BlockQuality
¥ CansficatonMethod ¥ Sicelndex ocor | 9 Sicelndex

Accuracy D00 | § CamsfcasionMethod ¥ Blockindex
rrorfat Accurac
- o * ¥ CansfcationMethod
Serse Erorfate

Accuracy
Spectey Sensonvey =

Errorfate
Percon Specin,

Sensmvey
TemelnNy Percaon

Specifiny
BezgexFemindex BezcekFcmindex

Percsion
™ ™ -
- » BezdekFemindex
® P ™
(<N N ™
> B P

N EN
]
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FCBM n2apn nmupueaR 5

FCBM noap» mase 5.1

nij?7?
Angular Application
Http
nwv
Http Layer

Business Logic Layer

Data Laver

DNl 0'0a

0?'NoN Y
BrainMriDB

FCBM N> yn Nnindw — 12 WX
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FCBM n>9y2» ;7231 5.2

'R 707 DRI NDYNAN 7Y 0M7'YN D2DIN NP7 NNw novn X' FCBM noayn

.FCBM n>ayn am1 - 13

nwv nip?
NS0 NS0 Z19'07 N0 N'"90
Pre vixnY nTn?Y Wavelets-a Data
Processing nawn nixMounal
N0 N0 N0
Server Server. Server
Http Console
..
A
v
D1IN1 0'02 MRI Maxn
0P'NON Y D'2'N NN
BrainMriDB VIVI'RNN
v
A
v
MRI Maxn
|10 DY NN
VIVI'NNN
v

FCBM nd>yn 'an1 — 13
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me 521

D'2'7NNN NIXXIN DX MNIYIEL,YTAN NPD DIXREDTRAN TRWA X YX¥ANY 0T XN Dwn
.011MnN 0'0a7

NP7 NNl NIYRA NiRnn 72 HTTP niyynxa ni7n oy 12T nwn ,q0n
N72p% NYWRa ,0'PTRIN 7D 1M1 N7ARY nYRa NIR70 [N 7900 MYNY NIYRan .NRaIvn
-7 DvTEMN TIA'YN Y'7NN N7NNNY NWza ,NNYion NN 11N17 NYpa 010N 2721 i)
.J1DYN2 070NN 01VVO N7ARY NYRALL,YTNN N 1*'70N N7NNNYT nwpa ,FCM

,ixonal Wavelets-a 719107 n90 ,Preprocessing yix\a? nm1s0 :on Nwn 'ann
Server.Http n'oo0 ,ServerConsole nvo ,Data n'o0 ,naw'n nTNY7 N"190
:NNYN 1A IR 707 .Server nMool

Preprocessing »xoab e 5.2.1.1

7172 75 .0'172%7 'inn namn 75 .0%2 DIMIN Y DTN TIAY NYXAN YWR NN190
qIN2 NN'ION NINN RN 2172 75w 5 0MTIoN I'N' 01720 .N X N 7TIa e

-1 719'07 N'M907 NIXNP WX 172 707 .namMNn 1IN 010N DipMmi ,NNToN
Wavelets

nXsvnaY Wavelets-2 9195w ;0 5.2.1.2
:[18] wavelets xwna v

MIXD YT' IRNT? DYONRN DN .YTN 7w DI 297 'onnn ' on Wavelets
D'0YD TYI D'ANN D'V9N NINT 190N DIRINN TWX D'V NO0INA ,01 [9IXA N'7'D
I'7UW YTNN 137 0'01D W NN XY D700 TWONN wavelets-a win'y .0y

N2IN1 N'XI7ITY NNY YXINN XIN 02 1IX'MA yT'n .wavelet transform-n nx n"7'von
.detail coefficients-n nn NRIYN NMN2 0'O9NI,NIEAN YTNAN Y

.D2IY Th 2D IN% yTn 77nn Wwr "2 X0 Discrete wavelet transform no'w Wi
NN AW VTN 7w 01"9XN N'7a NIX7 Xin Discrete wavelet transform -2 win'wn
AT DY Nn1nwn

n1'Nan NN nmn 7707 C'worn Discrete wavelet transform-a win'win
Fourier ) 2*19 n"¥n1v0110 .scales 7w n'x>1'na nal frequency sub-band
nI7p177 niontnn X771 frequency-n '@ 2y namn 7w n'xva™MoY nann (transform
v Da namn 7w nvxvamMo1 nann Discrete wavelet transform nnniyv? .namnn N2
7w NIxI7IT 190N a7 yTn n'7'on XN P71 scales 7w n1 N nal frequency '
qQTvin 227 Discrete wavelet transform-n nx 1290 178 NEN .NF7RI7 2271 NIMNN
feature extraction Ix7
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2NN TN N'¥NII901N0 7W NN 21191 WNNWI NFTAN 1T N'¥NNI90110 YIX IX7
7Y TP ITIRO9N NX X1 NINKRYE NTAN TN N'¥ANI901N0 NWNNN X7 NNAIT [N
Y 73 7w yxinn awn .[9 7 3 5] X1 NIpnn )wnny Nl NN TN NY¥NIIn010
3"7nn2a .[8 4] :7vnn X 721 Nipnn ynn 7w AN noima aiim 727 7o ooy
coefficient-n .detail coefficients-n NIYxnNxXa WTAYT? [N TWUXK YTN NTANR VIXNN

1 107 1% 9 Ninn yTnn NR 72p7 11 8-7 1 qroin? 1xw niwn 1 A luxIn
-1 q9'oin? 1xw niwn -1 A awn coefficient-n .9 Nipnn y1min X 7277 1 8-n
5 mimn yTmin NR 7277 11 4-n -1 707 1 3 Nipnn yTnn NR 7ap7 11 4-9
2271 AN ndma a7t qon pin'o (N [8 4] 7wnn v '7nnn v antn

Resolution Averages Detail coefficients
4 9 7 3 5]
2 8 4] 1 1]
1 6] 2]

MNX71,1 A7t 19100 yximnn XN Nipnn vnn 7w wavelet transform-n
[6 2 1 -1] qnvnin N 723w 7D nivi2im w71y 110 coefficients-n nnwn

procedure DecompositionStep(C: array [1. . h] of reals)
for i=1 to h/2 do
CO [i] = (C[2i-1] + C[2i])/ V2
CO [h/2 + i] = (C[2i-1] - C[2i])/ V2
end for
C=CO0
end procedure

procedure WaveletTransform1D (C: array [1. . h] of reals)
C = C/ +h (normalize input coefficients)
while h > 1 do
DecompositionStep(C[1. . h])
h =h/2
end while
end procedure
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DNN7RN 7w NY700 nwyn? XN DTN 1T namn 7y wavelet transform nnmiax
ATAn TNN NpPnn a7 'Y aIRIny

,N712 NIMNN 7¥ 012"'9XN DN 079N TWKX N1MN7? coefficients Dy Xixn7 '
D17 W 21W'N yxan naimn 7y wavelet transform 2w pnnia'Rn

.NImMn2 0'705's NIv 73 2y *an TN wavelet transform 7'von nnMn RN n'wx)
.M 757 coefficients 'y1 yxinn 7Y NINNR NRT N71V9

yX¥ani ,NNxy 191 NN |0 17'Xd 1'¥N1I90110 NAYY NNIYY? oN'Nn DNM7RN NIY
coefficients I TAX 1775 y¥imn X'N AXXIMN .10 7D 72V NN TN QYN 0110
.N7D NNy

“TIR ITINOD |70

procedure WaveletTransform (C: array [1. . h, 1. . w] of reals)
for row 1 to h do
WaveletTransform1D (C[row, 1. . w])
end for
for col 1 to w do
WaveletTransform1D (C[1. . h, col])
end for
end procedure
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transform rows

transform
columns

ninn v wavelet transform - 14 W'x
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Wavelet image
representation (2N¥x2V)

Input image (2Nx2V)

| L (Rape-Pa-Pu)

E(hofe-ti-ty)
tail T
coe(gciems (A (Rt~ P- "4)

nmn 7V wavelet transform ¥ n'x10017'X - 15 WI'R

A2 H2
Al H1 H1

V2 D2
Image | ' l

V1 D1 vi D1

sub-bands-7 wavelet transform nxxin 7w api'7n - 16 'R

25



wnw' ©uX Feature extraction X7 y1n awnn Wavelets-a 719'07 n'oon
.FCM nnmnn7x7 v7pnn p7nd qJunna
nwIN'w 02"oxnN .(D1"'9xn 2Iw'N) feature extraction yxa1 namn 721 172 ‘DY
[14] o 7 Y%
Mean, variance, horizontal band of wavelet transform, vertical band of
wavelet transform, diagonal band of wavelet transform, contrast.
16 7I'k2 D1IN'ON '97 D'ORNN AN
Horizontal band of wavelet transform = Average (H2)
Vertical band of wavelet transform = Average (V2)
Diagonal band of wavelet transform = Average (D2)

AW TR e 5.2.1.3

DA N'NN IT NM901 .FCM clustering nmy 7DWX DNMA7X7 winm n7'D>nn nNvo
JINT NDYN] 0'TAIVNAN 0DININ 2V 7DWURY DNMIIRAYRN DR NYXan WWUX np'7nn

11 . n170wR C onxern otaima N jim

C; DI7DYUNR 'O .

J OUN? X; 1Im1 2w nptwn nT XD U naw U DDty nynon - e

NIXXIN 7¢ NIMMyN DTN DX YA YWUX 1-n0 2172 'wnn 1901 M NNy 0V1ISOPN
nN'wp n17n yxany K-Means nnniia7x n¥nox' DNk m=1 ox .nx1nn
SDWURN NIRYIN 7V M 200190 NYSWN a7 T2 NN [7] 1nRna NI7DUX?
M 0NI9N INN WRIN VIAR? NWR D7IX NIRXINN 7V nySwn ¢! D ANt NMponn
NI0NN NYX119] NINMYN .0I1Y DN 1IAY NRNWAYT 210! XN D1L"MM09IRN
.m 7 2y nyap 7951 onnngRal 7Y

£ MYV |I7'09X e

[6] ,[13] FcM = 1 pnax

1. Randomly select C cluster centers (; out of the given data.

2. Initialize membership matrix U = [U; ;], for iteration k=0: U®
1

2
¢ (Ixi—gGl\™*
Zie=1 (uxi — Gl

3. Atk iteration: calculate the cluster centers € = [¢;] with U®

Ui,j =

C. = Iiv=1 Uln]l X
T LU
4. Update U&+D
5 If
(k+1) (k)
maxi,j{lUi,j — U }< €

then STOP, otherwise return to step 3 at iteration k+1.
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VTN N7 NN TR AIYIN D2 YXANN NAIYN ATNY?7 nnooa
INIDNA "TTA NTAN

:[23] aron NI3'X N1'NA7 D'MIYORN DFTTAN 120N IX7 D2IN'0] WNNA

JINIX NIMYNY NNR'YN NR7NNAN XN DN7Y NR7NnnY NiNivan 1o0n :Positive (P)
171N X'N DN7Y NR7NNNY NMIYAN 1901 XIn P 0T 0'noa

NZ7NnnNn NIV 'Y Npnn XN DN7Y nR7NnnY nimiwan 1oon :Negative (N)
27001 XD DY AR7NNNY NiMivan 190n Xin N AT VRP'N91 .NNP'YN

.P nj'7nnd onix airo 7Tmni P 0n7w np'?nnnw nimiwan 1oon :True Positive (TP)
N n'7nnd> DNIX Ao 71mni N DN np'7nnnw nimiwan 1o0n :True Negative (TN)
(2w DIX2) DNIR a1ro 7TMnI N DN7Y NP7NNNY NINWAN 190n :False Positive (FP)
P np'nnd

(2w [91X2) DNIX 'O 7TIMNI P DN7W NP7nnnw NiniwNn 190N : False Negative (FN)
.N n'7nnd

21'0N 2'V N1'NAY7 DTN

accuracy - pI'Tn T1n

NINIYIN 3"N0 NN (121 R1H0Y NINIYAN TINK XIN 77N ¥ 21T

A (TP + TN)
ccuracy = —————
ARNCERY)
nnonn XN (P, N) NIZ7nnn 'Myu7 nmivan NIA7ONN TWKRD NI 007 IFTn TN

.NT'NX LYND
error rate — NIX'AYN 2XP TTN

AW 7220 AN 'MIDR AONN 71" TN T 7w 1-7 0'7wnin TTn KIN NIRAWN X7
MYY? NINIYIN NIR79NN AWK NI "0 NIRAWD 2X7 TTA NI N DIRAYN
.NT'NR VYND NIA7ONN XN (P, N) Nip7nnn

(FP + FN)

Errorrate = 1 - accuracy = (P-l-—N)
sensitivity - NIY'a1n TN

X ,NNNXN NIP7NNAN 701 D202 DT NNIK NIMYNAY NNZ'YN NR7NNN YUK
NMIYY NIR DX 'IAY [DIRA 21107 717V N12IW 7TINN 071X ,210 21T TR 7277 DTIwy
TInX1L,(N) X2 X (P) N7IN 7721 ORD DPTIA IR QWX NNAITY? .[1D1 [NIX 21107 2IWNY
TIV Y¥27 DN7 DMNA7 "IN D'RN2N NIX AY [9IX] 21107 09 TyN 11X )11 071NN

"TD NINT YTIY 2IWN N7IN DTR DXY DIYN ,07IN DTR X2 A1H071 NIYLYT YWRN (NI T
7w N710'N MR AWUNN DT TN .NIYAY TTAQ WNNWI 17X 0'a¥Na .719'0 727 RInw
N'T2 NI 210 0N TR NI NI NI TTY 720 .P np7nnn DX 122 21107 71mn

.0"71n

(TP) TP
(P) (TP +FN)

Sensitivity =
specifity — (N1'9'¥90) NI'71200 TN
AN NIX [y D72IK AT'NR DR (P, N) DIR7nnn My nmiwan NIRoONN TWUNKD
JI'9'Y50N TN wnnwa N np'7nnn DX 121 21107 7Tmn 7w N710'0 NX TI?
(TN) TN
(N) (TN +FP)

Specifiity =
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precision-n TN
I'N NNd P airo 7Tmnw 0'myosn 73 INn .P ap'7nnn 7w airron pI'T DX pTIAY TN

P nnxa
TP

Precision = m

Datan»po 5.2.14

0'017 NIVAN 72 DA IWNIM' NXT N'1902 .NDYN2A VTN NIy 72 NX N'7'>nn N0
.01Iman

ServerConsole n»™pp 5.2.1.5

Y (EXE) NIXP'7OXN NX N7'VONN X'N ..NMYUN INNK? TIPn NIX N7'NN N'M90on It
| |
Jvn

Server.Http n»s2 5.2.1.6
NI Hitp mon nu'7j7a n7sunin N0

Server n»po  5.2.1.7
N'RNNN DM R190 N7Y9N1 NITIRD 71N N790Nnn NN190
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A

2
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ninn
MRI

noon yy - 17 WX

wanwn pwnn 6
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VTN N 9 2 DwURT J1'wn X 'vn FCM Predict nion
SDWUN? v Invan % nx ryn FCM Certainty % 11on
.OTIZ YT 97 2179 IX 'PN DT 7721 DXRN ¥ Actual hion
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JNiwn 901 0.00% ntnt FCM Certainty-1 Unknown nre
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List Patients  Manage Processes

FCM Predict
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N77 axI' 77210 YT DD WX KT MTYY on 17w MRI-n ninmn nxi pTamn
MI7d ,0m171Imon slices-7 N7NIT RPN K771 ,207IM9 IR 'PN7 17w aron
I'n* MRI-n niimni ,0.00% n'n' FCM Certainty-1 ,Unknown n'n* FCM Class
.N127 NNaon oy

List Patients Manage Processes
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{7721 '019 J0N NN YT'A N*d yixa 297 MRI namn 7w V195N DN Yon
naxin Nt Jona .MRI mamn 7w 01191 Jon'? NNIX VN 17V nx'n7i slice narna
DMITX 0172 I'N* X7 YT N QXA X7 1Ty [ion, nT1a MR nimn
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101 100 9
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yIane N1 yTa Nt yiNa 9% 0t Tpn TIaY yixaa 1o oo'%an 72int jon 4
.MI'2vn v9Nn NMIwa "Manage Processes" 7y nx'n'? 1 7y Nt JonY
Not N’ 070NN W 0IVVO YTM N NYXIA K71 DTN TIA'Y YXIA X7 TWUND
i i (Data Mining Results) yTnan no nikxini Started

List Patients Manage Processes

Processing

Pre Processing

START PRE PROCESSING Pre processing status:NotStarted

Data Mining

START DATA MINING Data mining status:  NotStarted

Data Mining Results

Accuracy:

Error Rate:
Sensitivity:
Specifity:
Percision:

Time:

Bezdek FCM Index:

E - S-S -
o

YT'R NTID YINA 1991 DTN T YA 19% ooY0an 71n jon - 21

.0 T7NN TV 1'70N N7NNN 7 0Nan Nt jona “START PRE PROCESSING” 7y nx'nY
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VIX'2 TNKY7 YT NI YIN 119971 DFTEN TIAY VINA nX 0%an 2inna jon 5
n'n' Pre processing-n 010LO yT™MN N*MD yi¥2 1971 D TPRn TA'YN
Data ) yv1nn n*d nixxini Not Started n*n* ynn n'd olvvo ,Complete
Jipn it (Mining Results

List Patients Manage Processes

Processing

Pre Processing

START PRE PROCESSING Pre processing status:Complete

Data Mining

START DATA MINING Data mining status:  NotStarted

Data Mining Results

Accuracy:

Error Rate:
Sensitivity:
Specifity:
Percision:

Time:

Bezdek FCM Index:

FPEREER

YT NMD YIXRA 1971 DTN TIAW VIR NX 09700 71 jon - 22 Wk

UTMn N'd 70N N7NNNn 7 0Nan 0t jona “START DATA MINING” 7y nx'nY
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VI INXT YT N YINKD INXEDSTENA TIAY VIN NX 0Y%0n 72101 jon

,Complete n'n' yTnn n'Md olvvol Pre processing-n 010VO VTN N'Md
NID'NN 'TTNA NI9Y? N1 NIk 1 (Data Mining Results) yTnn ntid niNYINI
5.2.1.3 o1 ¥y N'™MD 27U NID'RD TN AW [9IX VTN NP NINYIN 7Y

List Patients ~ Manage Processes

Processing

Pre Processing

START PRE PROCESSING Pre processing status:Complete

Data Mining

START DATA MINING Data mining status: Complete

Data Mining Results

Accuracy:

Error Rate:
sensitivity:
Specifity:
Percision:

Time:

Bezdek FCM Index:

88.13%
11.87%
39.92%
97.75%
77.96%
3.599 sec
90.72%

YT' N'D YIND INXIE DTN TIAY VIND AINX 0DY0N 710 jon - 23 Wk
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NT0N7 Y1an? N1 yTMin NI YIXA INK7 (YT NTD VINA NN D'PTa) Jon L7
FCM Predict, nixxin .miyn vonn niwa "List Patients” 7y nx'nY 1" 7y
TN N YN INKRY otnivnawn 01 niva i FCM Certainty

List Patients Manage Processes

Patients
Id FCM Predict FCM Cerainty % Actual
1 Magrmal a7.05% Momal
2 MNaormal 96.17% Normal
4 Marmal 95 86% Normal
5 MNormal a7 16% Mormal
] Mgrmal 7. 80% Momal
10 MNaormal 85.16% Normal
11 Mormal 896.19% Mormal
12 MNormal a7 19% Mormal
13 Marmal 06.42% Mommal
17 MNaormal 96.50°% Normal
18 MNormal 596.28% Mormal
19 Normal 96.T2% Mormal
23 Marmal a7.54% Mommal
100 Abnormal 85.12% Abnormal
101 Abnormal B9.42% Abnarmal
102 Abnormal 95.69% Abnormal
103 Abnarmal T4.39% Abnormal
104 Abnarmal B5.20% Abnormal
105 Abnormal B5.78% Abnormal
106 Abnormal 95.98% Abnormal
107 Abnormal T2.58% Abnarmal
108 Abnormal B4.23% Abnormal
109 Abnarmal B4 29% Abnormal
110 Abnormal a2 2% Abnormal
111 Abnormal ar.05% Abnormal
112 Abnarrmal B3.64% Abnormal
114 Abnormal 90.18% Abnarmal
115 Abnormal B2.43% Abnormal
116 Abnarmal B3.10% Abnormal

yT'm N YIX' NX 0Tl \on - 24X
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1IN1Y7 (N1 ,0'7721 NN'YW 0N NN (YT'N NN YINKA NN P11 'vao YJon .8
'1019 NX NIXTYT N DT 0N .7T21 '019 JoNn? YWY id 7y nx'N% T Y P11
NX 1773' 7T210 '019 VTN N'MD VINA INKRY 17w MRI-0 ninmn nxipTn
.0"M17IM9n slices-7 NINITI NXPTIR 17721 ,207IM9 IR 'PNY7 17w aron
N120N DY Y'9IN N'7N111 NN .NNAoN K77 Y'9In nyIT X7 np'7nn N7y nimn
.NNITR NNA0N DY Y'9IN NAIZIND NIMnN .npnt

M0 nnmn L, ninmnn 73 cFilter na'na? nnwox oy combo box v 'm
YIaX2 707w q0nn DI7'¥2 Y'oIn .AYIT NI [NZ7NNY NRIMN IR NIRIZIND NNINN
"Show All" A7rnan oy n'HOn

List Patients  Manage Processes

Patient - 101
n FCM Class FCM Cerainty % Real Class
101 Abnormal 89.42% Abnormal Show All ¥

YT'™M NI YINA MINK 7722 '019 0n - 25 N
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{7721 '019 0N NN YT'A N*d yixa Ay MRInamn 7w va19n naIma Jon
naxin Nt Jona .MRI mimn 7w 01191 Jon'? NNIX VN 17V nx'n7i slice narna
1727 DETIRD .0"AI7IM9N 0RI727 NYRITT DX TR Naxmi NTTIA2 MR namn

NNIMNNA 77 DMITR D'P172 I'0' .NAIMNA IRINNAD DITRA 21720 NY'AYX X' AN
NX 'NONY7 IX A'¥N7 NNWOK ' Toggle-n NIy¥xnx2a .0"7MINax 0172 [N NIy
ININ 7U NNINNN |2 0'¥'NN DY 11AY7 [N 90112 .0"AI7IM9 DIt D0'7I72an
.MRI niamn 190n 17 &1 0N PT2)

Patient Id: 101 (slice #: 100)

101 100 ;.

YT N'™MD Yi¥a Nk MRI namn ¢ 01150 DRIima Jon - 26 R
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mne Y 7

Server
.5.2.1-2 nivn1on NN ¥ TIEn NIMSo
D'2'7NNN NIRXIN DX MNIYIELYTNN N NREDTENN TIA'WA DR YXINY DT XD DYN
NIYPA Niz7nn 7apn1 HTTP niyynxa nig?n oy 72t nwn ,90112 .01N2N 0'017
,0'7T21N 72 1M1 N7AR7 nwpa NIP70 N2 790N NMYNY NIYRAN NIRIYN NIR7? Y Tnni
TIA'WN )'7NN N7NNNT7 nwpa ,Nntion Nimn 1IM17 nwpa ,0'on 27121 1IN 17277 nwia
D'2'7NNN 010VO N7AP7 NYRALL,YTNN N 170N N7NNNY nwpa ,FCM-% o Timn
0N

,INY70 T191 NOwA IX NYWN AWNN1 70'T2 NNONIXA NI'FNY NRINNY TWOKY7 11,901
NYYI D NIX7 HTTP 2121009 niyx¥nx2a niaximn NRmnNn DX D77 1ayvn? i v
NNIMN NN2AYN7 DT VRPN wnwn WK http-server X1j7an 'Ma'Ni VIYS MY UIN'Y

D'N9012 Nix¥N http-server nx1n1 mpnn? nirman .HTTP niv¥nxa nig77? nawnn
115,114

e Editor and Debugger: Microsoft Visual Studio 2015 [30]

o C#

e HTTP server (Node.js)
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Client
NIYR79X YW NN T NIN'OY open source N'nwn X0 AngularJS nnaiosu79
.0'NN9n 7¥ NanY N7 T i1 7 T Y npTnimnal 721 nan T %y nnnisw ,\Web
nnyvn .MVC (Model View Controller) 7w design pattern '©% n'na nn11v079n
WIXPNAN VTNl D1I'0'IN DINNY 071VN 701 0'NIdNN '9%X NIXNT NNWOXN NINS TIj?
DA NIYNYN [0 271 ,NNIA0 NIDYNY ARIYNQ NI'AR NIAYN1 N7 NIDN .0N7Y
,HTML-n 9T nx1p *1 2y nTaly AngularJS n*vo0 .01101'X INX N2 NAIVY
1770 nnpNN NX waon Angular nn11su79 .N1501n NIIDN 19011 1AW NIFANN 7X TWUXD
JavaScript anwn T 2y a¥Imw 77m% 9T 0790 IX V7PN NITR IR YR NININD
nwA7 N1, TR T Y 1wl 0N 17Rn JavaScript-n anwn 7w 0Dvn .0roivoe
Ti7a win'y .(Qwnna nan1n) JSON Natya NN T NNIXA IX L, N'UXVO NIX] DN'7X
NYNTIY DYD 721 NANKN KIN X DTURVO VINVI'X '9T DY NTIAYY? |'Ixn XIin HTML
Tz 7w 0'7'0 XX DX 2'NIN7 Nworn Angularjs nniswueo .0'e TN DNINA NIMA'T
NIYXNXI NNINN NTIAYN [NRY .0NIRENYTNNA NTIAY D20 XN ARXINDI HTML-n
NNIY 195002 10" T XA 12T ,NIdNNAN 1Y NIv7nn N nn'p'? Xin AngularJS
NNRNN 2PY NN NDW N7 1910 Angularjs— wim'y .waTIn xpn Tin
J2 wm'wn nipl Y ninTpnnn
nX nn'7unin  Twitter Bootstrap x'n Angularjs ny n'¥j7R101'K2 NRXNIN NN90
7¥ qoIx N7'onn N'Ma'n NM190 XN Bootstrap .09 1'wy Ul natya nniiou7on
NXI91 NI'NY Nd9N1 00 T 7Y NNNIS Bootstrap .web nir¥jz*7ox nin'o% templates
T'ARI NTINY NN 7W NIKNIN IR DD9IN bootstrap-a n'7omn stylesheets-n . TIkn
.NNONN T¥N ynxn 77
78100170 LN KIN (JavaScript Object Notation 7w nian 'wx1) JISON vnII9
-1 p'wnnun AngularJS niy¥nka ANX N2 NPT MY P2 VT NNavn? vimn
.HTML-n 912 JavaScript 1nwn 7w m1T DTV N1X7 JSON
WK ,(cross-browser) naiw 019T9T T 7¥ Nonnan JavaScript N0 X' jQuery
-1 NIXI9 NI71Y9 1Ay NI'Ary19 npoont DOM-n ny nTIAY D'OWONN D7D NPOON
JavaScript n*190 "It .NIP7N X7 D'09170 NAND 72V N7 dai ,JavaScript
YIXT NIX7 ' KD jQuUery-1 win'wn .o Yin'yl NXXNIY NI NN719190
ANX7 WMo 7w yax 7w maT DTV 7wn? ,HTML-n 912 DOM-n 'a1 7 nirX7101n
17 1xn7vY

e Editor: Sublime text
e HTML
e CSS3
e Bootstrap (CSS + Javascript)
o Paper theme
e AngularJS - SPA (Single Page Application)
e JQuery
e JSON
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noapnT mpPTa 8

armap7a 8.1
75 nx1n nRxIN .Nunit NIY¥nxa 1¥1NENIM9N N2'202 12N AT'N'N NPT D
(7' 20) N2y ARXIN AN NN

2INY 17Dw pi7a 7y Wavelet transform np'1a

.N'PN ARXIN NN VIT 2172 7v wavelet transform D XTH% :nprTan naon

AINY 17DYW 2172 R'NY D'YNNI90110 NRXINYT NOXINY 170W 2172 102 (' Tan 1%
NPTAN TIR

[TestMethod]
public void TestWaveletTransform()
{
DINY 17D 2172 X" NIIWRIN NR7172
double[,] dataBlock = new double[BLOCKSIZE, BLOCKSIZE];
for (int i = @; i < dataBlock.GetLength(0); i++)

{
for (int j = @; j < dataBlock.GetLength(1); j++)
{
dataBlock[i, j] = ©.0;// black
}
}

.wavelet transform n'x¥n1190110 7'vo)

Matrix dataMatrix = new Matrix(dataBlock);

int levels = 2;

var transform = new WaveletTransform(new HaarLift(), levels);
//Console.WriteLine("Wavelet transform...");

dataMatrix = transform.DoForward(dataMatrix);

DINY 17DW 2172 X' DRXINNY XTI NIYN X717

for (int i = @; i < dataBlock.GetLength(@); i++)

{
for (int j = 0; j < dataBlock.GetLength(1); j++)
{
Assert.AreEqual(dataBlock[i, j], ©.9);
}
}

ANI7N2 N 2172 ¥ 0NN
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AN 170w pi7a v feature extraction np'1a
-N 72 7w Nad1 RxIN N YT 2172 7y feature extraction D XTH? :nTAN NYLVN
features
:0'xan features-n 751 0 NRXINYT NOXAINY 17DW 2172 1021 (NP Tan 27w
Horizontal band of wavelet transform, vertical band of wavelet transform,
diagonal band of wavelet transform.

TN TR
[TestMethod]
public void TestFeatureExtraction()
{
AINY 17DW 2172 X" NIIWRIN NR7172
double[,] dataBlock = new double[BLOCKSIZE, BLOCKSIZE];
for (int i = @; i < dataBlock.GetLength(@); i++)

{
for (int j = 0; j < dataBlock.GetLength(1); j++)
{
dataBlock[i, j] = 0.0;// black
}
}

.wavelet transform n"¥nI190110 7'vo)
Matrix dataMatrix = new Matrix(dataBlock);
int levels = 2;
var transform = new WaveletTransform(new HaarLift(), levels);
//Console.WriteLine("Wavelet transform...");
dataMatrix = transform.DoForward(dataMatrix);

double V = 0.0;
double H = 90.0;
double D = 0.0;

features-n nx awm
WaveletSubBands.GetSubBands(dataMatrix, levels, ref V, ref H, ref D);

.0 nxyin features-n 751 n7apw XTI
Assert.AreEqual(V, 0.9);
Assert.AreEqual(H, 0.9);
Assert.AreEqual(D, 0.9);

.0 1w 172 features-n 75 :nxN
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NIYY7 YA DXN D' TAI DMWY NIR70n 1on nn'vy
Http mon 727 70 mwnw X117 :npr1an nnun

70N 17 N7wal (DTN NPT 7Y TIEn JINN) NMWN DX YN DINT NPT 07 Tan 1Y

0NN NX 7270 MUNY XTI (|9 T9TN VAN NT INd) Http
NPTAN TIp

[TestMethod]
public void TestServerReceiveMessage()

try

nmyn NKX yMl
HttpServer httpService = new BrainMriHttpServer("127.0.0.1", 8080);
httpService.Start();

N7 startpreprocessing NYTIN N7W)
RequestManager request = new RequestManager();
HttpWebResponse response =
request.SendGETRequest("http://localhost:8080/startpreprocessing”,
null, null, true);

N2IAN N'TANENYY AYIAaN AYTINNY XTI
Assert.IsTrue(response.StatusCode == HttpStatusCode.OK);
// Releases the resources of the response.
response.Close();
httpService.Stop();

catch (SocketException ex)

{
{
}
{
¥
¥

Assert.Fail();

Y7 nyan nyTIinn :Dxm
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NIZ77 V1N OXD n@'TA NIg?? nawnn Yon nn'v

NAIWN 1'TNNI getpreprocessingstatus 1ona (121 7o0n Nwnw XTI :np'Tan non

NIRP77 N

70N 17 N7wal (DTN NPT 7Y TIEn JINN) NMWN NIR YN DINT NPT 0 Tan %Y
0NN .07 12'9'Y TWKR NAIANN DX 7270 NIR7AY XTI 'R DAIRNN NN YIT YUK Http

TIA'VN 70N 197 NN NIRTTA DR YD1 getpreprocessingstatus Xin 111nav
"NotStarted" x'n Nt 20107 N19¥N NAANN D7 ,0 7NN
NPT TR

[TestMethod]
public void TestClientReceiveResponse()

{

try

{

}

NYN NX YNl
new BrainMriHttpServer("127.0.0.1", 80890);

HttpServer httpService
httpService.Start();

RequestManager request = new RequestManager();
nwY7? getpreprocessingstatus nyTin n'7wn
HttpWebResponse response =
request.SendGETRequest("http://localhost:8080/getpreprocessingstatus™,
null, null, true);
NYTINN NNYY7 N1'PN N2IN N'TRN NYTINNY XTI
Assert.IsTrue(response.StatusCode == HttpStatusCode.OK);

string responseString = GetResponseString(response);

// Releases the resources of the response.
response.Close();
7'nNn X7 TV DFTEAN T )Y7NNY AYIT NARN DY NYNY RTIN
Assert.IsTrue(responseString.Contains("NotStarted"));
httpService.Stop();

catch (SocketException ex)

{
¥

Assert.Fail();

catch (Exception ex)

{
}

Assert.Fail();

.N1ID1 NMlan I]'71'|7I MW7 nyan nyTInN :0NXIm
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DIV 7DWUKR 70N W 9 AT 1A 71DWUR
VY1 UNONNnY N1 70WUKR v 70N 'NNn% Aworn X7 Muny XTI DpTan non
.0"NoN X7 "Y1 NNINY 7DWUR 170N

00N 7DWK YX¥A7 WWONR' X7 NWN "7 12 7DWUR yx27 NOIN NT'N'N NP'TA (NP Tan A7

MDYUK Y70 y¥anny nmn
NPTAN TIR

[TestMethod]
public void TestDoubleDataMiningActions()

NnYn NX YNl
IBrainMriServer server;
server = BrainMriServer.Server.BrainMriServer.Instance;
server.StartBrainMriServer();

2DWURN 7'70N DX ¥ DYDYy
string returnStringl = server.StartDataMining();
string returnString2 = server.StartDataMining();
server.StopBrainMriServer();

Debug.WriteLine(returnStringl);
Debug.WriteLine(returnString2);
DON1 WNI 7'NNN 7DWURN D'70NNN TR W XTI
// only one of the two commands was accepted (according to whichever command
// started first).
// This Assert will only work if the mining process is long enough.
// If we have almost no records it may be that this first process
// has finished when the second one request to start.
Assert.IsTrue(
(returnStringl.Equals("started") && returnString2.Equals("notallowed")) ||
(returnString2.Equals("started") && returnStringl.Equals("notallowed"))

)5

.00oN1 W 17'K1 7'NNN T'N* 7DWR '70N 0NN
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ZDWUNR INIKA 01720 75 DAY NIMNA 7DWURN NIRXIN 7 217WN D1 np'1a
.NINN2 01720 72 7w 2DWRN DX (121 777wn nwnw XTH? DptTan non

751 DXY XTIAI,NAYW D'1720 721 MINN 7¢ D' QIR D7) TINT NPT D' Tan 27w
737 |n1 qona 7DWKR NRYIN NNIX 727N 271D NAIMNN 02 7DWUNR NRXIN ANIR 071720
.1 X' DA D70 DIMNA Y nptwn DTN D RTIET DDYY DTN 0e1I7an

NPTAN TIR

[TestMethod]
public void TestAccumulateMiningResults_AllBlocksNormal()
{
A novw nni 0 np'2nn? 20wx 01720 757 nt1, 02172 1900 Dy slice 1xM

Slice s = new Slice();
s.PatientId = 1;
s.Slicelndex = 1;

Block bl = new Block();
bl.BlockIndex = 1;
bl.FcmClass = 0;
bl.FcmMembershipDegree
bl.PatientId = 1;
bl.SliceIndex = 1;
s.Blocks.Add(bl);

]
=
..

Block b2 = new Block();
b2.BlockIndex = 1;
b2.FcmClass = 0;
b2.FcmMembershipDegree
b2.PatientId = 1;
b2.SliceIndex = 1;
s.Blocks.Add(b2);

]
=
..

Block b3 = new Block();
b3.BlockIndex = 1;
b3.FcmClass = 0;
b3.FcmMembershipDegree
b3.PatientId = 1;
b3.SliceIndex = 1;
s.Blocks.Add(b3);

I
JEny
e

NINNY7 2DWUKRN NIRXIN IR N777WNN N'¥2190 DX Y1)
s.AccumulateMiningResults();
A R nptwn N 0 X' 070 NIMNn YW nY7pIvnn 2DURN NRXIN D XTIN
Assert.IsTrue(s.FcmClass == © && s.FcmMembershipDegree == 1);

A R nprwn N 0 X' N7 NIMNN W N77R1vnn 7DWUXRN NRYIN (0NN
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ZDYUR ININA DRINNND 72 AWK 7T217 7DUKRN NIRXIN 7 7177wW0 N1 np'1a
7T217 NRIMNN 9D 7w 72DWURN DX (121 77700 MUnw XTHT D'Tan Don

701 DXY XTI I7W NRMNN 701 2721 7Y D'0PMAIR 07 INT NPT 0 Tan Y
S7DWUR NIRXIN NNIR 727" 77210 DA NRMY NT'A DNIRE 7DWUNR DIRXIN ANIK DRMNN
JIDMY NT'N NNINAL

NPTAN TIR

[TestMethod]
public void TestAccumulateMiningResults_AllSlicesNormal()
{
A nouw nni 0 np'7nn%? 7Dk slices-n 737 N1 ,slices 190N Dy patient 1x'™
Patient p = new Patient();
p.PatientId = 1;

Slice s1 = new Slice();
sl.PatientId = 1;
sl.SliceIndex = 1;
sl.FcmClass = 0;
sl.FcmMembershipDegree
p.Images.Add(sl);

I
[y
e

Slice s2 = new Slice();
s2.Patientld = 1;
s2.SliceIndex = 1;
s2.FcmClass = 0;
s2.FcmMembershipDegree
p.Images.Add(s2);

]
=
..

Slice s3 = new Slice();
s3.PatientId = 1;
s3.SliceIndex = 1;
s3.FcmClass = 0;
s3.FcmMembershipDegree
p.Images.Add(s3);

1;
77217 7DWURN NIRXIN DX N777WUNY D'¥22190 DX YyN)

p.AccumulateMiningResults();

AR nprwn nTnwi 0 X' PT2I0 70 NY7RIvNnn 2DURN NIRYIN D XTIN
Assert.IsTrue(p.FcmClass == © & p.FcmMembershipDegree == 1);

J xnnprwn nmni 0 X0 P10 7w N7771wnn 70WURN NRXIN DX
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7721 7V serialization-n VNI NP'TA

7121 7w 121 serialization ¥ NMWNW RTI? 7' Tan Nun
NIIX D Im 17w serialization yx111 '2'0R'S 7721 ¥ NXT NPT NP Tan Y

[TestMethod]
public void TestPatientSerializeToJson()

{

1220 VNI K'N serialization-n yixa
NPT TR

D'?172 190N DNY1 slices 190N DYI NNIdN 190N DY patient 1x™M

Patient p = new Patient();

p.PatientId = 102;

p.ImagesDir = @"c:\Anat";
p.PreProcessingStatus = PreprocessingStatus.Complete;
p.FcmClass = 1;
p.FcmMembershipDegree = 5.2;
p.RealClass = 0;

Slice s1 = new Slice();
sl.PatientId = 102;
sl.SliceIndex = 3;
sl.FileName = "sl.bmp";
sl.PreProcessingStatus = PreprocessingStatus.InProgress;
sl.FcmClass = 0;
sl.FcmMembershipDegree = 0.98;
p.Images.Add(sl);

Block bl = new Block();
bl.PatientId = 102;
bl.SliceIndex = 3;
bl.BlockIndex =1;
bl.VerticalWavelet = 52;
bl.HorizontalWavelet = 86;
bl.DiagonalWavelet = 88;
bl.Mean = 55;
bl.Variance = 5;
bl.Contrast = 78.6;
bl.FcmClass =1;
bl.FcmMembershipDegree = 99.9;
bl.IsNormalized = false;

sl.Blocks.Add(bl);

Block b2 = new Block();
b2.PatientId = 102;
b2.SliceIndex = 3;
b2.BlockIndex = 2;
b2.VerticalWavelet = 66;
b2.HorizontalWavelet = 98.4;
b2.DiagonalWavelet = 85.2;
b2.Mean = 45.2;

b2.Variance = 89;
b2.Contrast = 54.1;
b2.FcmClass = 9;

b2.FcmMembershipDegree = 75.8;
b2.IsNormalized = true;
sl.Blocks.Add(b2);

serialization yx1a

string json = JsonConvert.SerializeObject(p, Formatting.Indented);
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.'I9XN NRXINND DX X' serialization-n NRXIMY XTI

string expected = @"{
preProcessingStatus"": @,
Images"": [

{

PreProcessingStatus"": 1,
""Blocks"": [

{

""PatientId"": 102,
SliceIndex"": 3,
""BlockIndex"": 1,
VerticalWavelet""
HorizontalWavelet
DiagonalWavelet""
Mean"": 55.0,
Variance"": 5.0,

Contrast"": 78.6,
""FcmClass"": 1,
""FcmMembershipDegree"": 99.9,
IsNormalized"": false

: 52.0,
"t 86.0,
: 88.0,

nn

wn

""PatientId"":
""SliceIndex"":
""BlockIndex"":
""VerticalWavelet"": 66.0,
""HorizontalWavelet"": 98.4,
DiagonalWavelet"": 85.2,
Mean"": 45.2,

""Variance"": 89.0,
""Contrast"": 54.1,
""FcmClass"": 0,
""FcmMembershipDegree"": 75.8,
IsNormalized"": true

102,
3,
2,

nn

wn

¥

1,

""Height"": @,
Illlwidthllll: e)
""PatientId"":

102,
3,
sl.bmp"",

SliceIndex"":

FileName"":
""FcmClass"": 0,

}

1s
""PatientId"":

FcmMembershipDegree"": 0.98

102,
ImagesDir"": ""c:\\Anat"",
PreProcessingStatus"": 3,
""FcmClass"": 1,
""FcmMembershipDegree"": 5.2,

""RealClass"": ©

",
)

StringAssert.Equals(expected,

json);

.N'OXN NRXINN X'D serialization-n NRXIN :0NXIn
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TIRYIN NPT 8.2
qinn Database n111 .n710 Nd>ynn NIANINN DX 21727 XN NN0NN N'YIA0I'RN NPT
JIRXINN NN DX 21T YTNAN DD 70N DREDTRAN TN 1'70N DR YN ,0770

171 NP Nin MRINRTA "2 0'RTA) 79 NRINMN AR (097

D'?PT2IN 721,0'XM2D 0A701N D'RMAN D'PTAIN 7D NP TAN VI INKRYT NIFIDY NIRXIN
AITRN NIX A'¥N D710 7721 7W NIMN N7 T2 901N .0"7n111axd 0A701m 071NN
71" 712 80% NIN9Y7 7w 71T .DITRA NWATNA NINA *7N11NARN

NIRXIN
DN YIN'YA I'NY NIZDWRND NI N1'NAY7 DTN

Accuracy, Error Rate, Sensitivity, Specifity, Precision [13], Time, Bezdek FCM Index [31],
(23], [26], [33], [17], (4], [24].

Num total Accuracy | Error | Sensitivity | Specifity | Precision | Time | Bezdek

Abnormal | num (%) Rate | (%) (%) (%) (sec) | FCM

Patients | patients (%) Index
(%)

10 23 78 22 77 78 14 2.96 |69

36 49 88.13 11.87 | 39.92 97.75 77.96 3.59 |90.72
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TR apn 9

77210 pn NK71,NINM 23 Dy NOwnn DR YNON7 [1'01 0 N?'NN2 N nnypnd
757 database n1a11 nimn yxnxn nNX NmMn n1N21 .ninm 49-7 jnian npn
.NNN2IY NINNN DY D'PTAIN

9005 207207 T2 han nya 9.1
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USE [BrainMri]

GO

/** Object: Table [dbo].[Patient] Script Date: 04/10/2015 14:45:24 ***/

SET ANSI NULLS ON

GO

SET QUOTED IDENTIFIER ON

GO

CREATE TABLE [dbo]. [Patient] (
[PatientId] [numeric] (18, 0) NOT NULL,
[ImagesDir] [nchar] (200) NOT NULL,
[PreProcessingStatus] [numeric] (18, 0) NULL,
[FcmClass] [numeric] (18, 0) NULL,
[FcmMembershipDegree] [real] NULL,

CONSTRAINT [PK_Patient] PRIMARY KEY CLUSTERED

(
[PatientId] ASC

JWITH (PAD INDEX = OFF, STATISTICS NORECOMPUTE = OFF, IGNORE DUP KEY
= OFF, ALLOW ROW LOCKS = ON, ALLOW PAGE LOCKS = ON) ON [PRIMARY]

) ON [PRIMARY]

GO

/*** Object: Table [dbo].[Slice] Script Date: 04/10/2015 14:45:24 ***/
SET ANSI NULLS ON
GO
SET QUOTED IDENTIFIER ON
GO
CREATE TABLE [dbo].[Slice] (
[PatientId] [numeric] (18, 0) NOT NULL,
[SliceIndex] [numeric] (18, 0) NOT NULL,
[FileName] [nchar] (200) NOT NULL,
[PreProcessingStatus] [numeric] (18, 0) NOT NULL,
[FcmClass] [numeric] (18, 0) NULL,
[FcmMembershipDegree] [real] NULL,
CONSTRAINT [PK_Slice] PRIMARY KEY CLUSTERED
(
[PatientId] ASC,
[SliceIndex] ASC
JWITH (PAD INDEX = OFF, STATISTICS NORECOMPUTE = OFF, IGNORE DUP KEY
= OFF, ALLOW ROW LOCKS = ON, ALLOW PAGE LOCKS = ON) ON [PRIMARY]
) ON [PRIMARY]
GO
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/*** Object: Table [dbo].[Block] Script Date: 04/10/2015 14:45:24 ***/
SET ANSI NULLS ON
GO
SET QUOTED IDENTIFIER ON
GO
CREATE TABLE [dbo]. [Block] (
[PatientId] [numeric] (18, 0) NOT NULL,
[SliceIndex] [numeric] (18, 0) NOT NULL,
[BlockIndex] [numeric] (18, 0) NOT NULL,
[VerticalWavelet] [real] NOT NULL,
[HorizontalWavelet] [real] NOT NULL,
[DiagonalWavelet] [real] NOT NULL,
[Mean] [real] NOT NULL,
[Variance] [real] NOT NULL,
[Contrast] [real] NOT NULL,
[FcmClass] [numeric] (18, 0) NULL,
[FcmMembershipDegree] [real] NULL,
[IsNormalized] ([bit] NOT NULL,
CONSTRAINT [PK_Block] PRIMARY KEY CLUSTERED
(
[PatientId] ASC,
[SliceIndex] ASC,
[BlockIndex] ASC
JWITH (PAD_INDEX = OFF, STATISTICS NORECOMPUTE = OFF, IGNORE DUP KEY
= OFF, ALLOW ROW LOCKS = ON, ALLOW PAGE LOCKS = ON) ON [PRIMARY]
) ON [PRIMARY]
GO
/* Object: ForeignKey [FK Slice Patient] Script Date: 04/10/2015
14:45:24 */
ALTER TABLE [dbo].[Slice] WITH CHECK ADD CONSTRAINT
[FK_Slice Patient] FOREIGN KEY ([PatientId])
REFERENCES [dbo]. [Patient] ([PatientId])
GO
ALTER TABLE [dbo].[Slice] CHECK CONSTRAINT [FK_Slice_Patient]
GO

/* Object: ForeignKey [FK Block Patient] Script Date: 04/10/2015
14:45:24 */

ALTER TABLE [dbo]. [Block] WITH CHECK ADD CONSTRAINT

[FK Block Patient] FOREIGN KEY ([PatientId])

REFERENCES [dbo].[Patient] ([PatientId])

GO

ALTER TABLE [dbo].[Block] CHECK CONSTRAINT [FK_BlOCk_Patient]

GO

/* Object: ForeignKey [FK Block Slice] Script Date: 04/10/2015 14:45:24

*/

ALTER TABLE [dbo]. [Block] WITH CHECK ADD CONSTRAINT [FK_BlOCk_Slice]
FOREIGN KEY ([PatientId], [SliceIndex])

REFERENCES [dbo].[Slice] ([PatientId], [SliceIndex])

GO

ALTER TABLE [dbo].[Block] CHECK CONSTRAINT [FK Block Slice]
GO
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-- Dropping stored procedure PatientSelectAll

IF EXISTS (SELECT * FROM dbo.sysobjects WHERE id =
OBJECT_ID(N'[PatientSelectAll]') AND OBJECTPROPERTY (id, N'IsProcedure')
= 1)

DROP PROCEDURE [dbo].[PatientSelectAll]
GO

-- Entity Name: PatientSelectAll
-- Create date: 4/11/2015 12:48:31 PM
-- Description: Select all rows form Patient

Create Procedure PatientSelectAll
AS

BEGIN

SELECT * FROM Patient

END

GO

-- Dropping stored procedure PatientSelectRow

IF EXISTS (SELECT * FROM dbo.sysobjects WHERE id =
OBJECT ID(N'[PatientSelectRow]') AND OBJECTPROPERTY (id, N'IsProcedure')
= 1)

DROP PROCEDURE [dbo] . [PatientSelectRow]

-- Entity Name: PatientSelectRow
-— Create date: 4/11/2015 12:48:31 PM
-- Description: This SP select a specify row from Patient

Create Procedure PatientSelectRow

@PatientId numeric

AS

BEGIN

SELECT * FROM Patient WHERE [PatientId]=@PatientId
END

GO
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-- Dropping stored procedure PatientInsertRow
IF EXISTS (SELECT * FROM dbo.sysobjects WHERE id =
OBJECT ID(N'[PatientInsertRow]') AND OBJECTPROPERTY (id, N'IsProcedure')
= 1)
DROP PROCEDURE [dbo].[PatientInsertRow]

-- Entity Name: PatientInsertRow
-- Create date: 4/11/2015 12:48:31 PM
-—- Description: This SP Inserts value to Patient table

Create Procedure PatientInsertRow
@PatientId numeric(18,0),
@ImagesDir nchar (200),
@PreProcessingStatus numeric(18,0),
@FcmClass numeric(18,0),
@FcmMembershipDegree real,
@RealClass numeric (18,0)
AS
BEGIN
INSERT INTO Patient
([PatientId], [ImagesDir], [PreProcessingStatus],
[FcmClass], [FcmMembershipDegree], [RealClass])
VALUES
(@PatientId, @ImagesDir, @PreProcessingStatus,
@FcmClass, @FcmMembershipDegree, @RealClass)
END
GO
-- Dropping stored procedure PatientUpdateRow
IF EXISTS (SELECT * FROM dbo.sysobjects WHERE id =
OBJECT ID(N'[PatientUpdateRow]') AND OBJECTPROPERTY (id, N'IsProcedure')
= 1)
DROP PROCEDURE [dbo].[PatientUpdateRow]

-- Entity Name: PatientUpdateRow
-- Create date: 4/11/2015 12:48:31 PM
-- Description: This SP updates Patient table rows.

Create Procedure PatientUpdateRow
@PatientId numeric(18,0),
@ImagesDir nchar (200),
@PreProcessingStatus numeric(18,0),
@FcmClass numeric(18,0),
@FcmMembershipDegree real,
@RealClass numeric(18,0)

AS

BEGIN

UPDATE Patient

SET [PatientId] = @PatientId, [ImagesDir] = @ImagesDir,
[PreProcessingStatus] = @PreProcessingStatus,
[FcmClass] = @FcmClass,
[FcmMembershipDegree] = @FcmMembershipDegree,
[RealClass] = @RealClass

WHERE [PatientId] = @PatientId

END

GO
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-- Dropping stored procedure PatientDeleteRow

IF EXISTS (SELECT * FROM dbo.sysobjects WHERE id =
OBJECT ID(N'[PatientDeleteRow]') AND OBJECTPROPERTY (id, N'IsProcedure')
= 1)

DROP PROCEDURE [dbo] . [PatientDeleteRow]

-- Entity Name: PatientDeleteRow
-— Create date: 4/11/2015 12:48:31 PM
-—- Description: This SP delete specify row from Patient table

Create Procedure PatientDeleteRow

@PatientId numeric (18,0)

AS

BEGIN

DELETE Patient WHERE [PatientId] = @PatientId
END

GO

-- Dropping stored procedure SliceSelectAll

IF EXISTS (SELECT * FROM dbo.sysobjects WHERE id =
OBJECT ID(N'[SliceSelectAll]') AND OBJECTPROPERTY (id, N'IsProcedure') =
1)
DROP PROCEDURE [dbo].[SliceSelectAll]
GO

-- Entity Name: SliceSelectAll
-— Create date: 4/11/2015 12:23:51 PM
-- Description: Select all rows form Slice

Create Procedure SliceSelectAll
AS

BEGIN

SELECT * FROM Slice

END

GO
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-- Dropping stored procedure SliceSelectRow

IF EXISTS (SELECT * FROM dbo.sysobjects WHERE id =

OBJECT ID(N'[SliceSelectRow]') AND OBJECTPROPERTY (id, N'IsProcedure')

1)
DROP PROCEDURE [dbo].[SliceSelectRow]
GO

-- Entity Name: SliceSelectRow
-- Create date: 4/11/2015 12:23:51 PM

-—- Description: This SP select a specify row from Slice

Create Procedure SliceSelectRow

@PatientId numeric,

@SliceIndex numeric

AS

BEGIN

SELECT * FROM Slice WHERE [PatientId]=@PatientId and
[SliceIndex]=@SliceIndex

END

GO

-- Dropping stored procedure SliceInsertRow

IF EXISTS (SELECT * FROM dbo.sysobjects WHERE id =

OBJECT ID(N'[SlicelInsertRow]') AND OBJECTPROPERTY (id, N'IsProcedure')

1)
DROP PROCEDURE [dbo].[SliceInsertRow]
GO

-- Entity Name: SliceInsertRow
-- Create date: 4/11/2015 12:23:51 PM
-- Description: This SP Inserts value to Slice table

Create Procedure SlicelInsertRow
@PatientId numeric(18,0),
@SliceIndex numeric(18,0),
@FileName nchar (200),
@PreProcessingStatus numeric(18,0),
@FcmClass numeric(18,0),
@FcmMembershipDegree real

AS
BEGIN
INSERT INTO Slice
([PatientId], [SliceIndex], [FileName], [PreProcessingStatus],
[FcmClass], [FcmMembershipDegreel])
VALUES
(@PatientId, @SliceIndex, @FileName, @PreProcessingStatus,
@FcmClass, @FcmMembershipDegree)
END
GO
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-- Dropping stored procedure SliceUpdateRow

IF EXISTS (SELECT * FROM dbo.sysobjects WHERE id =
OBJECT ID(N'[SliceUpdateRow]') AND OBJECTPROPERTY (id, N'IsProcedure') =
1)

DROP PROCEDURE [dbo].[SliceUpdateRow]

-- Entity Name: SliceUpdateRow
-- Create date: 4/11/2015 12:23:51 PM
-—- Description: This SP updates Slice table rows.

Create Procedure SliceUpdateRow
@PatientId numeric (18,0),
@SliceIndex numeric (18,0),
@FileName nchar (200),
@PreProcessingStatus numeric (18,0),
@FcmClass numeric(18,0),
@FcmMembershipDegree real

AS

BEGIN

UPDATE Slice SET [PatientId] = @PatientId,
SliceIndex] = @Slicelndex,

[

[FileName] = @Q@FileName,

[PreProcessingStatus] = @PreProcessingStatus,

[FcmClass] = @FcmClass,

[FcmMembershipDegree] = @FcmMembershipDegree
WHERE [PatientId] = @PatientId and [SlicelIndex] = @SlicelIndex
END
GO

-- Dropping stored procedure SliceDeleteRow

IF EXISTS (SELECT * FROM dbo.sysobjects WHERE id =
OBJECT ID(N'[SliceDeleteRow]') AND OBJECTPROPERTY (id, N'IsProcedure') =
1)

DROP PROCEDURE [dbo].[SliceDeleteRow]

-- Entity Name: SliceDeleteRow
-— Create date: 4/11/2015 12:23:51 PM
-—- Description: This SP delete specify row from Slice table

Create Procedure SliceDeleteRow

@QPatientId numeric (18,0),

@SliceIndex numeric(18,0)

AS

BEGIN

DELETE Slice WHERE [PatientId] = @QPatientId and [SlicelIndex] =
@SliceIndex

END

GO
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-- Entity Name: SliceSelectByPatient
-—- Create date: 4/11/2015 12:23:51 PM
-- Description: This SP select a specify row from Slice

Create Procedure [dbo].[SliceSelectByPatient]
@PatientId numeric

AS

BEGIN

SELECT * FROM Slice WHERE [PatientId]=@PatientId
END

GO

-- Dropping stored procedure BlockSelectAll

IF EXISTS (SELECT * FROM dbo.sysobjects WHERE id =
OBJECT ID(N'[BlockSelectAll]') AND OBJECTPROPERTY (id, N'IsProcedure') =
1)
DROP PROCEDURE [dbo]. [BlockSelectAll]
GO

-- Entity Name: BlockSelectAll
-— Create date: 4/10/2015 2:48:48 PM
-- Description: Select all rows form Block

Create Procedure BlockSelectAll
AS

BEGIN

SELECT * FROM Block

END

GO

-- Dropping stored procedure BlockSelectRow

IF EXISTS (SELECT * FROM dbo.sysobjects WHERE id =
OBJECT ID(N'[BlockSelectRow]') AND OBJECTPROPERTY (id, N'IsProcedure') =
1)
DROP PROCEDURE [dbo] . [BlockSelectRow]
GO

-- Entity Name: BlockSelectRow
-— Create date: 4/10/2015 2:48:48 PM
-- Description: This SP select a specify row from Block

Create Procedure BlockSelectRow

@PatientId numeric,

@SliceIndex numeric,

@BlockIndex numeric

AS

BEGIN

SELECT * FROM Block WHERE [PatientId]=@PatientId and
[SliceIndex]=@SliceIndex and [BlockIndex]=@BlockIndex
END

GO

65



-- Dropping stored procedure BlockInsertRow

IF EXISTS (SELECT * FROM dbo.sysobjects WHERE id =
OBJECT_ID(N'[BlockInsertRow]') AND OBJECTPROPERTY (id, N'IsProcedure')
1)

DROP PROCEDURE [dbo]. [BlockInsertRow]

-- Entity Name: BlockInsertRow
-— Create date: 4/10/2015 2:48:48 PM
-—- Description: This SP Inserts value to Block table

Create Procedure BlockInsertRow
@PatientId numeric(18,0),
@SliceIndex numeric (18,0),
@BlockIndex numeric(18,0),
@VerticalWavelet real,
@HorizontalWavelet real,
@DiagonalWavelet real,
@Mean real,

@Variance real,

@Contrast real,

@FcmClass numeric(18,0),
@FcmMembershipDegree real,
@IsNormalized bit

AS
BEGIN
INSERT INTO Block
([PatientId], [SlicelIndex], [BlockIndex], [VerticalWavelet],
[HorizontalWavelet], [DiagonalWavelet], [Mean], [Variance], [Contrast]
[FcmClass], [FcmMembershipDegree], [IsNormalized])
VALUES

(@PatientId, @SliceIndex, @BlockIndex, @VerticalWavelet,
@HorizontalWavelet, @DiagonalWavelet, @Mean, @Variance, @Contrast,
@FcmClass, @FcmMembershipDegree, @IsNormalized)

END
GO
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-- Dropping stored procedure BlockUpdateRow

IF EXISTS (SELECT * FROM dbo.sysobjects WHERE id =

OBJECT ID(N'[BlockUpdateRow]') AND OBJECTPROPERTY (id, N'IsProcedure')

1)
DROP PROCEDURE [dbo].[BlockUpdateRow]

-- Entity Name: BlockUpdateRow
-- Create date: 4/10/2015 2:48:48 PM
-—- Description: This SP updates Block table rows.

Create Procedure BlockUpdateRow
@PatientId numeric (18,0),
@SliceIndex numeric (18,0),
@BlockIndex numeric(18,0),
@VerticalWavelet real,
@HorizontalWavelet real,
@DiagonalWavelet real,
@Mean real,

@Variance real,

@Contrast real,

@FcmClass numeric(18,0),
@FcmMembershipDegree real,
@IsNormalized bit

AS

BEGIN

UPDATE Block
SET [PatientId] = @PatientId,

[SliceIndex] = @SlicelIndex,
BlockIndex] = @BlockIndex,
VerticalWavelet] = @VerticalWavelet,
HorizontalWavelet] = @HorizontalWavelet,
DiagonalWavelet] = @DiagonalWavelet,
Mean] = @Mean,
Variance] = (@Variance,
Contrast] @Contrast,
FcmClass] = @FcmClass,
FcmMembershipDegree] = @FcmMembershipDegree,
IsNormalized] = @IsNormalized

[
[
[
[
[
[
[
[
[
[

WHERE [PatientId] = @PatientId and [SliceIndex] = @SlicelIndex

[BlockIndex] = @BlockIndex
END

GO
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-- Dropping stored procedure BlockDeleteRow

IF EXISTS (SELECT * FROM dbo.sysobjects WHERE id =
OBJECT ID(N'[BlockDeleteRow]') AND OBJECTPROPERTY (id, N'IsProcedure') =
1)
DROP PROCEDURE [dbo]. [BlockDeleteRow]
GO

-- Entity Name: BlockDeleteRow
-- Create date: 4/10/2015 2:48:48 PM
-—- Description: This SP delete specify row from Block table

Create Procedure BlockDeleteRow
@PatientId numeric (18,0),
@SliceIndex numeric (18,0),
@BlockIndex numeric (18,0)

AS

BEGIN

DELETE Block

WHERE [PatientId] = @PatientId and
[SliceIndex] = @SliceIndex and
[BlockIndex] = @BlockIndex

END

GO

-- Entity Name: BlockSelectByPatientAndSlice
-— Create date: 4/11/2015 12:23:51 PM
-- Description: This SP select a specify row from Slice

Create Procedure [dbo].[BlockSelectByPatientAndSlice]
@QPatientId numeric,
@SliceIndex numeric
AS
BEGIN
SELECT * FROM Block
WHERE [PatientId]=QPatientId and [SlicelIndex]=0@SlicelIndex
END
GO

7w mo0r 11.3
.0{7'N9 1907 QIXN VRP'NSN 7Y PN TIR QY 20T

68



TN MNGT T o0 11.4

nip? Nipnn

Node.js mipnn .1

http://nodejs.org :Nodes.js 7w "Nxknn Windows installer NN .a
75 NX 7277 W Mpnnn NN Rt .0TIEN 27w TN installer-n nxan b
license agreement-7 n'>0n71 TN ninMa
.awnNnY restart yxa  .c
I'PN 91X |[7nin Node.js-w np'Ta
NINAN NITIPON NXR YNl command line prompt NNS
run node —v
run npm —v
run node hello.js
.Node.js mMnn 277 2ITh NNdIM X7 NITIRON DR
.web N'"MD0N NN DO TN NN NIP7N TY 7Y TIzn DX 7Nyn
N2 17N VE'NOSNY NIMD0 NIPNN
:NNAN NTIRON DX YNl command line prompt NN9  .a
run npm install

2
3

NY Nij/nn

.NTN 27UN NX NYX 11D TR AWNN INIXA NIRYIE DY 0N 0K (Node.js Nipnn
YXIQY '9) 71'TA NMYN 2WNN2 DT 17w Y¥17 ' DIV D'AYNN] 0'¥N OX
NP7 2wnna
‘http-server mipnn

:NNAN NTIRON DX YNl command line prompt NN9  .a

npm install http-server —g

01NN TON NIZNN

Ms Sql Server [7nn .a

JWN awnn? MriServer.mdf, MriServer.ldf nxaiman Ton nxX pnyn b

.0121M1 7'>n 0IMan Tonw 21Tl SQL Server Management Studio NN .c
N'M90N NN 070" TN NN NMYN TX 7¢ TI7n DX 7Nyn
.Software\BrainMriServer

69

A



397 N7 702 11.5

nip? n¥n

NINAN NITIPON NX YNl command line prompt NN .1
NI'70 N'M90 7w path-n NX 2M>Y7 W |XD) cd "c:\Anat\Project\web" .a
.(NIP7n Mmapnn 7w 2 2%wa npnyinw '9 Nign Aawnna
npm start .b
chrome menu->new incognito window :chrome |I7n NN9 .2
‘NIR7N 7w namdn NX 2md location bar niwa .3
http://localhost:8000 .a

NIV Nx¥IN
:NXAN NTIRON DX YNl command line prompt NNo .1

http-server -p 8081
DX YN .2
C:\Anat\Project\ Software\BrainMriServer\BrainMriServerConsole\
bin\release\BrainMriServerConsole.exe
4 17w NPNYINY '9) NMYN AWNN2 NIYN N'MI90 W path-n X 2IMd7 W' [XD)
.(Mwn mpnn v

70



nmpn 12
[1] 3D Slicer Wiki pages. [Online]. https://www.slicer.org/slicerWiki/index.php/Main Page

[2] Jose Alan, S Ravi, and M Sambath, "Brain Tumor Segmentation Using K-Means Clustering
And Fuzzy C-Means Algorithms And Its Area Calculations," International Journal of
Innovative Research in Computer and Communication Engineering, vol. 2, no. 3, pp. 3496-
3501, 2014.

[3] American Brain Tumor Association. [Online]. http://www.abta.org/brain-tumor-

information/types-of-tumors/glioblastoma.html

[4] K M Bataineh, M Naji, and M Saqer, "A Comparison Study between Various Fuzzy Clustering
Algorithms," JJIMIE, vol. 5, pp. 335-343, 2011.

[5] S Zulaikha Beevi, M Mohammed Sathik, and K Senthamaraikannan, "A Robust Fuzzy
Clustering Technique with Spatial Neighborhood Information for Effective Medical Image
Segmentation," International Journal of Computer Science and Information Security, vol. 7,
no. 3, pp. 132-138, 2010.

[6] James C Bezdek, Pattern Recognition with Fuzzy Objective Function Algorithms. New York:
Plenum, 1981.

[7] Dibya Jyoti Bora and Anil Kumar Gupta, "Impact of Exponent Parameter Value for the
Partition Matrix on the Performance of Fuzzy C Means Algorithm," International Journal of
Scientific Research in Computer Science Applications and Management Studies, vol. 3, no. 3,
May 2014.

[8] Cancer Imaging Archive. [Online]. https://public.cancerimagingarchive.net

[9] Cancer Imaging Archive - About. [Online]. http://www.cancerimagingarchive.net/about-

the-cancer-imaging-archive-tcia/

[10] Keh-Shih Chuang, Hong-Long Tzeng, Sharon Chen, Jay Wu, and Tzong-Jer Chen, "Fuzzy c-
means clustering with spatial information for image segmentation," Computerized Medical
Imaging and Graphics, vol. 30, pp. 9-15, January 2006.

[11] Designed Database of MR Brain Images of Healthy Volunteers. [Online].
http://www.insight-journal.org/midas/community/view/21

[12] Moumen T EI-Melegy and Mokhtar M Hashim, "Tumor segmentation in brain MRI using a
fuzzy approach with class center priors," EURASIP Journal on Image and Video Processing,
pp. 1-14, 2014.

71


https://www.slicer.org/slicerWiki/index.php/Main_Page
http://www.abta.org/brain-tumor-information/types-of-tumors/glioblastoma.html
http://www.abta.org/brain-tumor-information/types-of-tumors/glioblastoma.html
https://public.cancerimagingarchive.net/
http://www.cancerimagingarchive.net/about-the-cancer-imaging-archive-tcia/
http://www.cancerimagingarchive.net/about-the-cancer-imaging-archive-tcia/
http://www.insight-journal.org/midas/community/view/21

[13] J Han, M Kamber, and J Pei, Data Mining Concepts and Techniques, 3rd ed.: Morgan
Kaufmann, 2011.

[14] S Javeed Hussain, T Satya Savithri, and P.V Sree Devi, "Segmentation of Tissues in Brain MRI
Images using Dynamic Neuro-Fuzzy Technique," International Journal of Soft Computing
and Engineering (IJSCE), pp. 416-423, January 2012.

[15] Imaging Methods Assessment and Reporting. [Online]. http://www.insight-

journal.org/midas/community/view/15

[16] S R Kannan, S Ramathilagam, R Pandiyarajan, and A Sathya, "Fuzzy clustering Approach in
segmentation of T1-T2 brain MRI," ACEEE International Journal on Signal and Image
Processing, vol. 1, no. 2, pp. 43-47, 2010.

[17] Dae-Won Kim, Kwang H Lee, and Doheon Lee, "On cluster validity index for estimation of
the optimal number of fuzzy clusters," Elsevier, vol. 37, pp. 2009-2025, 2004.

[18] Tao Li, Sheng Ma, and Mitsunori Ogihara, "Wavelet Methods in Data Mining," in Data
Mining and Knowledge Discovery Handbook, 2nd ed., Oded Maimon and Lior Rokach, Eds.:
Springer, 2010, ch. 27.

[19] Albert A Michelson, Studies in optics. New York: Dover Publications, 1995.

[20] Microsoft SQL Server 2005 Express Edition. [Online]. http://www.microsoft.com/en-
us/download/details.aspx?id=21844

[21] MIPAV - Medical Image Processing, Analysis, and Visualization. [Online].
https://mipav.cit.nih.gov/

[22] Nevin A Mohamed, M N Ahmed, and A Farag, "Modified fuzzy c-mean in medical image
segmentation," Acoustics, Speech, and Signal Processing, vol. 6, pp. 3429-3432, 1999.

[23] Malay K Pakhiraa, Sanghamitra Bandyopadhyay, and Ujjwal Maulik, "Validity index for crisp
and fuzzy clusters," Elsevier, vol. 37, pp. 487-501, 2004.

[24] Mohammad Rawashdeh and Anca Ralescu, "Fuzzy Cluster Validity with Generalized
Silhouettes".

[25] Shan Shen, William Sandham, Malcolm Granat, and Annette Sterr, "MRI Fuzzy
Segmentation of Brain Tissue Using Neighborhood Attraction With Neural-Network
Optimization," IEEE TRANSACTIONS ON INFORMATION TECHNOLOGY IN BIOMEDICINE, vol.
9, no. 3, pp. 459-467, 2005.

72


http://www.insight-journal.org/midas/community/view/15
http://www.insight-journal.org/midas/community/view/15
http://www.microsoft.com/en-us/download/details.aspx?id=21844
http://www.microsoft.com/en-us/download/details.aspx?id=21844
https://mipav.cit.nih.gov/

[26] Horng-Lin Shieh, "A Hybrid Fuzzy Clustering Method with a Robust Validity Index,"
International Journal of Fuzzy Systems, vol. 16, pp. 39-45, 2014.

[27] MY Siyal and Lin Yu, "An intelligent modified fuzzy c-means based algorithm for bias
estimation and segmentation of brain MRI," Pattern Recognition Letters, vol. 26, no. 13, pp.
2052-2062, 2005.

[28] The Cancer Genome Atlas Glioblastoma Multiforme. [Online].
https://wiki.cancerimagingarchive.net/display/Public/TCGA-GBM

[29] P Vasuda and S Satheesh, "Improved Fuzzy C-Means Algorithm for MR Brain Image
Segmentation," International Journal on Computer Science and Engineering, vol. 2, no. 5,
pp. 1713-1715, 2010.

[30] Visual Studio 2008. [Online]. http://www.microsoft.com/en-
us/download/details.aspx?id=7873

[31] Weina Wang and Yunjie Zhang, "On fuzzy cluster validity indices," Elsevier, pp. 2095-2117,
2007.

[32] Cai Weiling, Chen Songcan, and Zhang Daogiang, "Fast and Robust Fuzzy C-Means
Clustering Algorithms Incorporating Local Information for Image Segmentation," Pattern
Recognition, vol. 40, no. 3, pp. 825-838, 2007.

[33] Kuo-Lung Wu and Miin-Shen Yang, "A cluster validity index for fuzzy clustering," Elsevier,
vol. 26, pp. 1275-1291, 2004.

[34] Y Yong, Z Chongxun, and L Pan, "A Novel Fuzzy C-Means Clustering Algorithm for Image
Thresholding," MEASUREMENT SCIENCE REVIEW, vol. 4, pp. 11-19, 2004.

73


https://wiki.cancerimagingarchive.net/display/Public/TCGA-GBM
http://www.microsoft.com/en-us/download/details.aspx?id=7873
http://www.microsoft.com/en-us/download/details.aspx?id=7873

