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.11 91K RpTH 297 235 aRNT2 Mavan NN 200 YW ap0b nakn MRI-1 noavn

500 ms
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257 237508072 MRI-7 wo03 257 hi0%ana77 1.1.1 8

DWW Q2INN7 MIRANT 227 TIPDN DY MW NINARY wawn TR0 92 TWRD W 2002 WYl 277 DX
299 TIRNA WO AT NN L7272 short-axis cine MRI gnna 7pan1 noua vpmoa L1.1.2 9vRa 0%8m

2% NV 297 NRIDN DY DO DAY Wawn AT N O1PNITORAW 1700 2w 00010 2R

Short axis 4 chamber view

Lo

@ Four Chamber

@ Two Chamber
plcr

Apical Cap

Vertical long axis 3 chamber view

ANT = Anterior wall. INF = Inferior wall, LAT = Lateral wall,
LV = Left Ventricle, P = Papillary muscle, RV = Right Ventricie, S = Septum

(b)
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19199217 2977 191 ¥ AWM 17 1NN PR 2227w 7O¥0INA0 72907 .37100°00 25w 2777 W MR
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3190577 DWW DTN DR NIMERR NOMNT wah anaRnm

Fuzzy C Means (FCM ) an» by .2.1

J11-12](fuzzy)amay 1912 MPPDWRY 71707 1Y2 DR 1No% o3 FCM ans b

DOUR R NPIPM PW 3R°WRY NOA™NNY YT NP0 QNN FIPNIY 77V 0197 MPDWRY AR08 1va
MPYNNT 12 20PN INCIW 933 2T V0 AXIAP 92 DUUPTANRY T2 WY APPAT MRNpY 2w
AW 923 9173 9727 SHva v nawn

DN DW APR0INA0Y ARPA N°°Y22 NMINND2 DOTYI FIvAN 710V 2vINa

AR R207RR ANY? 200™Wwn DAL 099120 0 AR X1 FCM-1 anibRa wvaswa pana
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J[11-12]ans1abR3 DR 7IPI17IReD

Step 1:
Randomly select c cluster centers.

Step 2:
Calculate the fuzzy membership grade function uij for every corresponding i and j (the

membership of data xi to cluster c;).

Using the formula:

(Eq.2.1.1) B, =

.i;-l ||x ck"

Step 3:
Compute the fuzzy centers cj for every corresponding center j

Using the formula:

i

Zu{:ﬁ‘ Sx
i
(Eq2.12) e, =L

>y

iml
Step4:
If the coefficients' change between two iterations is no more than < (the given sensitivity

threshold) then stop; otherwise return to step 2

2
x5 =y

W
(Eq2.1.3) =2 > uy

jml =1

SIWRIT 29w 723w 2019772 2290 FCM anmor Hw s7samm mmmmy piTst nns

DN PR 2OV, T2 OX .OPNPNN 2°7077 YW NPOWIN 77012 NWATI QNN NIDOR DX 19WS 070 197
MIRXIN DR IP°ON NP2 DNRNNT PIPW 72 0°27H °NPNRNAT 0127 DR PRNRD MI01? 070 0w

710 FCM on™1ao82 wnnwi 3177 Up192 057077 20 NORAIPR 77°02 21922 ,197 .01 M 71°¥012301

MIRYINT NDWD 2PNPANAT D772 NN2R 09901 72w TN DNINIRA WY
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Ant Colony an by .2.2

M?12°772 NAR .Ya0a 2°9137 DRTINT P M RIwa2 131 (Ant Colony) av%n: mawnin an s
NMWPNN 279137 50 W7 2PAOTDIPIN AND NP2 2IXP 2771902 INRD R 279N HW Nwnon:
q¥P 21205 DR JIARY NWTY 79 MIYEARD ONTOVE 217072 TIIRD N2 D210 NWIDT NWRARD 10102
NPY2 2 2007 7P NNY R 1IND? ORI 2°9117 NINTINT DR MR 2°03 WA YN 0NN .onra
NP nyo12°071 nphnnn naw

[13-16]71m0 5w 73°X01307 N°°Y2 IR 7IND7 ¥7 W AR°1002 Wwanwa 101 19 NN

TIN € APYANY 7I%AN2 S K0P D TUWH NIMA 191195 72 00901 HW 72w NIN0R 270 AT aNINYRA WHANY]

N2T 19IR2 y¥ann [13-16]an"mbxn .0”MNanon %902 ww

Create ant colony and let it search the image for a number of iterations:
e Generate arandom value q from Oto 1.
e If this value g<q0 where g0 is a constant representing the ratio of using history
pheromone trails results over exploration of new solution then
o Cluster is selected according to arg max ( (s, ¢) = (n(s, ©)#).
e Otherwise

o Select cluster using a probabilistic action selection rule,

(s,0)*(n(s,0)"B)
Zzuelabels T(su)*((su)"B)

Pr(s,c) =

B is the weight of the importance of the pheromone trail and the heuristic function.
1(s,c) is the amount of pheromone deposit by an ant when the pixel s is mapped into cluster c.
n(s,c) is heuristic function which set to be the similarity and dissimilarity between grayscale
value of the pixel to the mean grayscale level of the candidate cluster and other clusters.
e Once asolution is built it is evaluated and pheromone is deposit relative to the quality
of the solution.
ants deposit pheromone on the arcs they visited using the formula
7(s,¢) += Ygnts number Az(s, ¢),.
Where At(s,c), is the amount of pheromone ant k will add to the arc mapping pixel s
to cluster c.

if arch (s,c) is in the path of ant k then

o At(s,c), = Ci Where Ckis the total cost of the path solution
k

Otherwise 0.
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MDA YT TRIANT NIRRT ,0°001 D0 72w NIWRARI OX0IA0 ONCINIRI WY HW NIon

tphish

Max-Min Ant System an™uoRT R37 20127 AR BWYH 70 MDY MW DR

.0°772777 790m vynh Ant Colony an™xoKR? 117 S0 anM R (MMAS)

[Tmin, Tmax] 22 702 NP2 2°917012 N°1°97 N2IDINT NN DY 79287 RIT PRI 27200

Tmax DP9R2°0P7 N2 D210 TV 22217022 2°NR%A 90 IR NPANRKA NOIWARY X1 21w 27300

N I3 NN TN 20210 NIIND DY N2XTNAY A% NPT PRI 27w NTYa

Principal Components Analysis (PCA ) ans by .2.3

TR NI NRIENY Nvo o avwd ( PCA) Principle Components Analysis an»mora v wi
DIRINNTIR NPIRDY TRND0INY AWAN DNIVIRT YT NORNPON T30 TN MR TR PTIRD TNl

.(Po P ) principal components D°X1P7 07N RY DIWRI VDY NMART VD NINTY NPHRVOR

DWW "20W RN 120

(' covariance ) nanwin M AXSIWR DR DWNN WK

N N
1 : _1 2 '

(Eq2.31) Cov(X)= N E (xi—wWx;—p) (E232)U =715 7 X
=i i=1

L
(M-kaamaIn=x)
DMWAT NI NEMYA DWW 2MRIYT 2INVPIT DR 2wnn .2
JONNT MW NXM0A PW ONEY MRy $% 2IORNNT 2BRRYT 2500 DR Dawnn
.77 970207% DMRINT DPNEYT DIV 23TV °D Y OVNRYN 2IMUPIT AR AIVRR T

NP2 DM DAYV D2V VOV DPNRYT DRI OV IR w0 TR NN

2WND 1HY XY MR VTR HW AR08 P17 nwh 2102

(Eq.2.33) PCA reconstruction = PCA _score[i] * Eigenvector[i] + M
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Run-Based Two Pass Connected Components Labeling ansubs .2.4

71N DO 2OUPAR 79I RINAT? 001N FIVAN VYRD D°92pKn DOWR 092007 NROXND DMANINYN
07121172 5w 77X 07 BRR INIRG WINY 222977 90 N WP 29va 2°2°37% MDY NPNN 109

NIN0N %2R W DY 2wn 2°1072 P0P0 X WARSW MDYMART NWIT DR YA anINoR 9
:NDW\IWP NR¥N? NPD°02M NPTIONT NPYPD? MRNNT 12717

V 702p 7MY 22»w onhw vaxn m 7w ork 4-adjacency on -1 p o*bopon - 4-adjacency -

2.4.1 9vRa naxmn N4 nioonoa oR¥1 2220900 (0NN

Figure 2.4.1: N4(p)={(x-1,y), (x+1,y), (%, y-1), (x, y+1)}

7Y oxk 4-nbr adjacency o1 -1 p 2°20p057 4 neighbor forward raster scan adjacency -

971K N3X1 N4-nbr 112702 2°RXN1 D"bOP’Dﬂ Ao V axap TNIRG OPW oW YaNg 1

2.4.2

Figure 2.4.2: N4-nbr(p) = {(x-1, y-1), (x-1,y), (x-1, y+1), (x, y-1)}

V 702p 7MY 22»w onhw vaxn m 7w ok 8-adjacency on -1 p o*bopon : 8-adjacency -

.2.4.3 77Ra nawn Na niovnoa ooX¥nl 022007 501N

(@ (b)
Figure 2.4.3: (a) ND(p) = {(x-1, y-1), (x+1, y-1), (x-1, y+1), (x+1, y+1)} (b) N8(p) = N4(p) or ND(p)

V 3012p TNIRY 0»w 0abw yaxn 1 7y ar 4-adjacency o -1 p 222007 ;- m-adjacency -
TIR2T NDMDA RN 2°H0P DT HONN
(g € N4(p)) or (g € Ns(p) and not exists tvalue from V and t € N4(p) N N4(q))
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NPIPOY NIPRMA N0 AWHWY AN0Y N1 IR T1MN2 07WR 0°2°07 NRCYAY MW 1900 |

Raster-scan and label equivalence resolving algorithm:

7031 NOMIVIRT TR NN Y T RY AWK H0RD R¥A1IWRDITTOI 97 K0P IR Y0P NP0 71N
D9W 2°9%A0 2290 R¥A X2 ON°IM9RT OR .00 WO O 2910 2°90p°0 W9 070 DY 1N 2 Twh
D0P OW RXM ONIMIRT OX A0 LI R INKR AWTIA NMN? 20R°07 DR W QN°IMIRT TR DN W
NYINT DR .DAR X129 TARNTY MY MIXIPIW YW TR DN YW AR 7%12pn I0YY TNwn 07100

DPVIT TV MW ANCIRIRT TARNTY NIDIXW NIXART v

Searching and label propagation:

TOWR NN TR NN 1D W RD WK H0RD R¥AI IWRI 170 %02 K0P MR Y0RD NP0 71NN
TWINT NMN? 2°00% 2270P0 TUWYD 101N DNMINIRT 191 INARY XY RYT INNR AWIN 1N5 HY0p0T DX

JWINT NN aY 20900 DWW N0 NP0 T DY 7IXuw

Contour tracing and label propagation:

JIWIN DPNN NN QNN 2°2°0777 HW MIPIRAY LNIR N20W 29237 DWW NI MR WM aNMININRT

IR nnk %001 2hop  TUYR 7010 2T ANTINIRY 1T

.(Two pass) DID2 [2wn 070 HY 71NN NPWR RXINT QNN WHNWI T LR N2

DRI 737N2 MNWR 2007 NRYXA? WAawm [18]7K7R2 720N IRIN AN IRIRT

025w "1w32 931 [18]an™Mmorn

TP 1MN2 27020 737 OPIWRD OP1M0 PPIVRY MDDV 72V YN anMahRT PIRRNT 2bwa

X277 I9IR NPMIAT DXL

Scan image by moving along a row for each pixel p(i)
i form 0 to NXM, where N is the image rows M is image columns and p(y X N + Xx)
represents the pixel value at (x,y) location.
o If pixel value is V = Vo (Vo means object pixel contrary to V=Vs which represent
background pixel) then
o Anew run r(s, e) is found the run data is recorded.
o Arrunis ablock of continuous object pixels in a row when r(s,c) mean a block
of continuous object pixels starts from pixel p(s) and ends in pixel p(e)).
o Detect adjacency area with the current run in the above row.
17




For example let r(s, €) be the current run so by saying eight connected adjacency
connectivity we mean all runs in the row above the scan row such that one of their pixels
occurs between p(s — N—1) and p(e — N + 1) are connected to current run.

BTN CEO O L E EEEE
(s | | 1<] I T T TTTT T T
(a) (b)
|
S e 3
(c) (d)

l:] pixel in the current run l:l pixel in the runs connected to the current run

background pixel . pixel in the runs not connected to the current run

Figure 2.4.4: Eight-connected connectivity for the current run (a) Eight-connected pixel region for the current run;
(b), (c) samples of runs eight-connected with the current run; (d) sample of no run eight-connected with the current run
o If there is no adjacency with the current run in the row above the scan row

then it means the current run belongs to a new connected component that was
not found so far

= Assign all pixels in the current run with a new label.
o Else if there are some adjacency with the current run in the row above the scan
row then
= Assign all pixels in the current run with the same provisional label as
the upper left-most run.

= Record all the connected labels to the same class in the equivalence
matrix.

A0 110 22 2°9°HNN NPVITT NXIVA ¥ TANDI 2PIWRIT 221107 DY N2yn 2OYNan "Iw abwa

VI NXMLNA TR R 2 AX2R0 5w o0

|1| 2| 2 a 1 2| 2 a

1 1 3 |4 1 1 3 4|
s | 1| ERIEN 5 1| a| s

(I I I | [s]s]s[s]s]s]s

[ R | Rz | A | R4 | RS | [ Rl [ Rz | A | R | Ris |
[+ ]« T =1 = [ s | IET BEET DT T

S(1)={1, 2}. S(3)=(3, 4}, S(5)={5} S(1)={1. 2, 3, 4, 5}
(a) (b)
I:l pixel in the current run I:I pixel in the runs connected to the current run

Figure 2.4.5: Operations for label equivalence resolving; (a) before processing the current run; (b) after processing the current run
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JIDR INA2 NN RN D QNIRIRY N7 YN [17] nKna

q0RID PY 17 2°2°977 MW OV 11 N0DaNKR MYPWR 22377 177977 [17] 1K102 RN anMnoRa
QNPIMYRN N2YA2 7727 MW NARR .NNWRIT 227072 DWW 2070000 DWW NBIRT TV DR PRI

LR CINA NIIMN DY DYDY ONvIRORY NPIRI NEMN OV YXannw

NRXN Y¥27 2OTVNN NI WY 77712 ,0002 .NIvAN PW N A A 2°RNMY AN P00 NIRRT
V9P 9aPY UM 79723 NPIRD 71NN NWR 02937 NIROYA LOXVIND TIAVY 730 DY NWR 02000
79077 PXVIAND YEIY XNIW ORINA O3 779°MN X1 NRT QY L7272 MPYRN SNW? 1°80INA0 772V 73N
112 WORA TIOX 2IM2 NN DY NMWR 92030 IRV YXAW DMK T 7212 .07Iwn 2173 Nponn
P9NN 256 TV R0INA NAWW NN N 7207 720

19



NSYRT N7 NITAT L3

nPoIPERIE Nt W3.1

:(OR = Operational Requirements) n»1ysn w97

N9 OUMIMIR DIRD 277 HW HRAW T W OXVIAN0 YXANW NIIVA TN 107 U0 NI0n
712 N3N oY 277 YW MRI N1vmn 10w 09p0 122 INRD NP0 K91 1IN NPUAIIR 757N NIV
WnNWwAT YW NHDI MAIYNT KDY 71702 297 DW HRAW 770 DW 7X0IN0 19197 MW NIRXINT DR

:(DR = Data Requirements) p7o»_nw>a7

.short axis cine 7110 9nn2 Y2apnaw MR mannn 5011 7°°p°n 2299197 201303 ¥ep 93pn NOvnn
DW HRRW T N1RN DR AZMT WIS INIY DDA OV OXVIAN0T QNINOR DX 2N TV INRY
NRG A998 NOYRAY 993 290

5w (2) ,2°WYIn TP 1IN0 MY 225w (1) 20w 2°2°Wn SW MIRYIN MY 7NN N37vna

J11MN2 0PI 0220077 70 DY ORPY 70 IR 200 (4) ,7°803n3017 25w (3) ,70%pneT

NPHIPIPID KRY Nt 3.2

+(PR = Performance Requirements) asyixsa niwsay

29107 APT PV a9V RPW 7520 172 9910 709 NIMND PUoaY NovHan Yy — ann -
0PN AT PARWNA 0N TN VPO DANIMIRT QWD — APV -
:(QOA = Quality Attributes) nis N S19s8»

DPMIR NIRYIN POO7 NOYna oY — NPTy -
D0N0M DARYTY WY 2170 MINCI NIREING AR 1A NIRYINT
TMIRD WNDY 2MTPNN DVATIN D7ANINIR P17 122pNIw MIRXINT DY IR Y21 A01N3
alala)

D997 P2 ONW °102 MTRY TIW D NPUA NPRDT MWD — MTRY -
N9 NN DY ANWRIT QYDA 12 N7PNI NOIYRAW LR W ST D PN P72 91 own 9o
7 N2IYAI DR 23 DO 0PN 1IYRT NP0 MW DWW .0 O°pn 2192 1700y
DWW 2% i av o°hown YW nwpa 1Y PPN 2235 Tipan Shya oohowna

JAT TIRD NPpn RYY web noavan by — (reliability) mnak -

A% MW nn? Ny By — (availability) mrnar -

N°I5N2 Y0P 93 .20 2TA TP YUPY 0 N2IYAN DR 7121 (maintainability) nenpiar -
SIXT77 09D, WATIT 70 ,00RT .70 273N YR 992 n170 1MUY 2nnt Tan

PYT? WAT INN TN MPUNIIN XA YLD NOPTIY woRN nawan - (usability) nwwmw -

.2Wan Mnm near
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Q%117 %82 4

2117 %82 31=n 4.1

.[19] Sunnybrook health science center *71p 11'77°21 AORIW Y77 TARN WA AW VPO
OPRTPR ww? mnoy MICCAI'09 ankn P22 001507 221101 0°02
DNPIPOY NI2°0 50N PN 221INIT 0302 WHNWAL NINA
OMATPR O°07%7 WIWH MIND 2N RN -
NP22% DY YW ann P o 21w 299907 SWw 27 1901 YW 0222 MRI navan on aRnn -
DO1W 2AND 02pn DY NHW aNCIMIRT MR DR 21727 90,7000
P17 PXVIAN0 NIRIIN 23 22T 2°90n 2w 297 5w MRI-7 manan? qoua on uRna - -
NIRXIN 21 DR W2W aNMORT DR 1722 991 192 .29 D PRAW TR0 2N 070 DY WA
(7% aR¥NT) ground truth-> NI WA 2RO 70 HY WY NPANTAT NPNIDK TPR0IR0
29 971 YW OX0IA30 YIX0AY DMANTINOR DN MTPR DOAKN AT WINWA RINIARDT -
LNRNA DIRINAY Q3N 0°02 OV D02 IARD 932 DMNMINIRT OV NIRXINT ORAY
OOIIR DANINOR 21 WOW QN ORI YW NRMWE MIN% v3A? 1001 o
DOWHNWA 12w 1217 v 1°7 DICOM vn1n .DICOM v»n1v2 1wl 2°1N17 ©°022 NN

JPRI1DIT NoYn 271 wona MRI namn mayer e

DORT DOVIDT DOIMN 99N DI IWRD 299N YW NI 45 9000 RN
MD19pWwn P 9% A0 DN PW OBWOR DN1 e
:DDWNY? WXIAW NMN e
. short axis cine *oni 230 10-2 w1 %90 939 o
IR0 NN WRAw 297 W nmnn 20 on v o
DR 0°0UNRIDT QY 210 299NN IR PN0Y wanwn 12 MRI-awon o
- Slice thickness of 8 mm, FOV =320 mm, Acquisition matrix 256 x 256, 1.5T MR
scanner (GE Healthcare).
IV YRANT TORVINAOT DTN DNV VT 0¥ AYXANT IRNPWT VT DR DIRDAT TOR0IN0 - e
7910°0 W 2°25Ww2 2777 IR QMM AP0 932 D101 D% A2 RDMAW VRO MNnnan phnd pa
text Y212 1w 7U80INA0T IRNN NIRYIN .I2WOR T
29707 92 5W OORITIPI 128D OV PRI\ TINAR e

0mpn 9- ppn awn N (Normal)

o

ompn 12— momuen HYP (hypertrophic  cardiomyopathy)

O

.0mpn 12— HF-1 (Heart failure due to ischemia)
.ompn 12— HF-NI (Heart failure without ischemia)

O

o
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D71 2001 ©°022 aNTAWY DOINIT OV IR TIY YD VTN TARND RIPIINORIY YT 12
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O9ROID W IR short axis g2 MRI navann SRR 270 7771977 7°%I030 77700
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J1912 77°V27 N9Y X9 09277700 210 DRI
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Data

- processing &
- dleaning &

- organizing

-

Display
Results
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Preprocessing

LV isolation
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QOTPR TIVY WD NRNARST 5.3

SIWRT 2PV 17 YY? TR VATID? DI YT IRNI NORIY TN DX M NN DTRRT TV 200

IR TR NOTYNA NN MWD

— A PaoaT AW

DN 22N DR T WIN 0O 70 DY -

. PNG im0 15w a0 vn1w? DICOM vnaen CMRI-7 namn 5w aann -

00PY Y22 1w CMRI-1 nmn% 91777 IRINW YRAW 70 50 IRDA YW AT -
1292 107 2277 Pom 1nwa 23w ¥pan 72 PNG vna192 73m0% v8ann 7anan

PIPT 2NN YXA1 199,297 DW OORAW V70T N2V MK OX0IAN0 YXIY RO UpMIoI NNvn -
3702 DYDY DN 2P0 PRAY V77 IR D

TT0 MRD VYW AT DOTW D DONDPTIT WVIVY IRAW VTN O IRNNT MDA DNRNT -
DY PXVINNT NIMN DR W27 21w 72 OXIPITI) 2T 2°7 10 NIvAn 290 D ORnw

1NN 1077 TR DR MRt MRI -7 ninn

Add new patient case to

Convert MRI images
from DICOM to PNG format

Convert MRI LV contours

rom text to PNG \
_._.—'-'—"'"-rﬂ-

ROI Detection

Align contour image
to ROl image

1)

2770 TV MY 2w D UNST 5.3.1 N
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.0°25W 19027 TN IR P9I 2NIIDR 190M2 YN0 720V NINIDNR PRDIAN0 YIXNY

PCA decompostion \

e

PCA reconstruction

TXVIPI0 NIV DV IDUNT 5.4.1 N

Y995 — FIOXVINA0 WOMAN nnaNcT .5.4.1

WM T MY IR TR AT X1X1Y 0702 PCA anymiabR narya pasn nnn 20-2 90n0 9nn 9
noMWN MW NEMLA YW D°VIAITI ONXYT 0%V “HY3a 0PREY 001 1907 77 HY 01D AW
V792 OURPON 733D TN MTAWY 72 DTN AWORI 92 VI 0PI

NYMVAY DNEYT DMV NITYR NS 07 2Y 002 13m0 20 2w 1001 PCA anyiabR nbyem ankb

EMwnn MIwa

--H-'_F'_F-—FF

PIPOT 350 TI0IMI0 NI DTN NUNT 5.4.1.1 N
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SORVINAD — FTIRVINAD WONIN NRARST 5.4.2

WP NP2 DOANT DPARYA D7V ¥ DONXYT D0PTY YR OX0IAN0T W o
X030 WY WY IWORN 72pw ARG .PCA an™M1uOR DX 0K W0PW vRINAT
.77912 77330 92 HY NIRT MWY? WATIW 721 TNnT N 9o oy
- FCM onmR nxnm 19?2 00107 IR¥n o
DPIWRIT 2702 20 FCM onmuoR v a3 namI prianny .
Min 2n ™MBOR2 TV 2*NPANAT 2T DR 1IM2AY 072 PR ANMINOR 1XYW
.Max Ant System algorithm (MMAS)
FCM onmwoRn¥in o
NXIn U22PWw 2°1o i av FCM anm1oR N¥7 97 %Y Wyn oXuInae. .
.MMAS an»™1ox

PCA mean vector and dominan
eigenvalues selection \

NIMAS initial clustering ey
centers selection

FCM Segmentation

I

TTPXDII0T 200 TR0 NIV DL NHUNT 5.4.2.1 N

a9 - TINVINND WAAN nntaNet .5.4.3

DUITIWN 12W 1DIRY M7 TNNA 73%AN 9 DW 3°¥0INA0T NIMA DR 22P7 9oN 12w PRI o
MIMN2 WANWI WMIR 727377 7227771 207277 29 .PCA n2377 narya nn2 7amn
JTPXDINAD VW INRT YRIMAT W0PN PWRIT 0220077

990M7 AN 7277 DITAMPHAR 1901 Y 72PN TNNA 73NN 92 YW 3P¥01R30 NN ©
TN MPYANT D907 DR DXAXY WAT1 72°07 .YXIMAT 0PN OPWRIT 0% MPRnan

SJwnna ¥ 7X° 0N N

AV 200 TRYIN0 NIV DTN NDVNT 5.4.3.1 N

PCA reconstruction with ]
segmented images

Cluster centers reduction
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connected components ey
identification
LV selection

ONDW 77T NTIOT NIV DWW NP VNT 5.5.1 N

TORVINADT NINIIN NANTY TN WOTIN NRARST 5.6

SRAW VTN W NP7 7OX0INA0T 9% DR WY ARMWET ORAW 270 P02 NI 70w MK DX 02
DX 71711 NNO02 N1AR NIV 2117 7°¥0IAA0T NIRTIN DX MW (O .0°ON0M D217 WXaw 272
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View results

Compare results —
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SIMWNRT TR .6.1

1772V 72000 RN WATI 2 VTR IR 2091 IRD 1707 TV DT MY

NI3IRA 772 201N 7072 MW N SVITIVD VATID? ONIR 1711 WOOKIW 2°1NIT IR RIPI 777 27w2

MY IWRIT T2V W on

NS 791 N AT X1 PNG un1n .PNG unmie? DICOM umaion mavan nans
TI2°Y MWEAWPython Nowa M7 77790 NPEPIBW X7 NRT NWYR NP Y 72007 L3N

.DICOM 17197 572737 37 027192 NORIN 7370

f = dicon.read_file(full_path)
img = f.pixel array.astype (np.int)

DICOM nxwn nxs37% pn»s 72 6.1.1 8

370 7737 DR TR 2RI IWYY 7OX0IAN0T IR IRNAT VORI YW NN

1292 1107 HRAWT 290 HHm 1w 1100 YR 11mna

ctrs = np.loadtxt(contour.ctr_path, delimiter=" ").astype(np.int32)
label = np.zeros_like(img, dtype="uintg")
cv2.fi1llPoly(label, [ctrs], 1)

AT IDINIDIHN T 5P YR SONIWIT TTT D0 NN INIDT DORY VIR AN 0D T2 6.1.2 N

VPO NILAY NPT NRTY NIRRT 71N WONIW 2INK 2P0197 PR 177 IR 1707
0’50 DR DOYPOYA NN L2277 DW UHRAWT VTN 2V OX0IA0T NP1 DX 127 A0
NP2 720 77182 2w 70X70 D72 MRY 7370 93 TINT 1A 72907 259 0907w DIRY
DR DY QYT YT 9V N0 1m0 TN 'Y XA PRI ORAWS 297 170 annn DR
JII%ANT 1272 VDY HRAW VTN T VX NI NN ORAW 270 IR

NIMN DR MONT T2 TID LVRRIW TINOAY TAKRNNT QRO 0T OV AYRIAW D17 OX0IAN00
a0 NXAINA 1NN W2P T 19N ANRNMAT 1N NYXAW TN 0D O¥ DA77 1OX0INA0

19 TRORNMN TPXVIAI0T DRI IRAW 70 TR IR NIRNAT
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find center(pil_image):

4110 L€ Celilel Ol Xl lallQ da

pil image.mode == 'RGBA':
r,g,b,a = pil image.split()
rgb image = Image.merge('RGEB', (r,g,b))
inverted image = PIL.ImageOps.invert(rgb image)
r2,g2,b2 = inverted image.split()
inal transparent image = Image.merge('RGBA', (r2,g2,b2,a))

inverted image = PIL.ImageOps.invert(pil image)

im = inverted image
immat = im.load()
(X, ¥Y) = im.size
m = np.zeros((X, Y))

m = np.sum(np.asarray(im), -1)

mm==0] = 1.0

m[m==765] = 0.0

m / * 1.0)

(R ) = (25S, 255, 258)

dx = np.sum(m, O0) # there is a 0 here instead of the 1

dy = np.sum(m, 1) # as np.asarray switches the axes, because
# in matrices the vertical axis is the main
# one, while in images the horizontal one is
2 the first

* np.arange (X))
; * np.arange(Y))
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ONDUNT ITIT 1MW DNEDS o TR 6.1.3 N

02TPR P01 TIY IR NN 2900 PTOR ARRI MINRAT APRY -

QDPW VTN (‘1§x7:‘7 TP MY btizb )'["mn RS NIANT mé ‘)7’37:.': YT RN N w’(éw)va -
a C

_ LOPOMD2 NWANY 7PXVINNDT TPAN DR na? 9o oy MICCAI'09-2
Figure 6.1.4: (a) Original image (b) Expert hand labeled contour (c) ROI image (d) ROl image contour
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img=, imgs outfile = [], L]
x Ttrain wvec, x traim = []., L]
(dirpatch, dirnames=s, filenames) o=.walk(=licedir) :
filenames filenames:
(— "= filename.find(("overlay™)) :
imgs.append (os.path.join(dirpath, filenams))
imgs_ ouctfile.append( os.path.join( ocoutpuctdir, filename ) )
img_ path imgs =
img = owvld.imread( i1mg path, cwa2 . IMREAD GRAYSCALE )

x_train.append (img)

x_train_ wvec.append(img.rawvel())

nh, W = img.shape
x_ _train vec = numpy-array( x train wvec )
img=_ in slice cnt = x train vec.shape[0]
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B
# step2 : Compute a PCA (eigenvalues) on the slice dataset

n_components = 3

print ("Extracting the top %d eigenvectors from 3¥d slices" % (n_components, imgs in slice cnt))
pca = PCA(n_components=n_components) .fit (x_train vec)

eigenvectors = pca.components .reshape((n_components, h, w))

2 nmwnb PCA 2110 200 - 0w 250 1%0030 %025 in»s 72 6.2.2 8

W TIN DPHIRMINITT OTNEY WP 220079 1XIN0 ¥1ea? FCM anmnhr nhyon

.FCM anmubx 5w o»noanns o°1o0a0 0y awn? MMAS aniaora

#

# step3 : Calculate segmentation pictures for eigenvectors and means

7 using Ant Colony algorithm

tmp_component_file = os.path.join(settings.PROCESS_DB BASE DIR, 'comp.png')
tmp_component file2 = os.path.join(settings.PROCESS_DB BASE DIR, 'compZ.png')
#C =

pca components segmented = numpy.copy(pca.components )
for i in range(len(pca_components segmented)):
eigenvector = pca.components_[i, :]
eigenvector = eigenvector.reshape (h,w)
eigenvector = cv2.normalize (eigenvector,alpha=0,beta=255,norm type=cv2.NORM MINMAX)
eigenvector = eigenvector.astype (numpyv.uintsg)
cv2.imwrite (tmp component file, eigenvector)
cent = get_centroids using MMAS( tmp component file, K )

cluster = sifcm.FCM(tmp component file, len(cent), cent, tmp component file2, 0.05, -1)
cluster.form clusters()

PCA 1702 nawinw o>»xv7 2°1wpn1 2w FCM + MMAS 72301030 - w2ow 25w 730330 »1x2%2 nn»o 77 6.2.3 8

Mo MMAS anm™MuoRa Wi TN y8nnT 0P 1780 yieas FCM anmuos nxan

.FCM anm1ox 5w o»nnnam oo 200y

step4 : Calculate segmentation pictures for means
using Ant Colony algorithm

SR U

cv2.imwrite (tmp_component file, pca.mean_.reshape(h, w))

c_mean = get_centroids_ using MMAS( tmp_component file, K )

C_mean = numpy.asarray(c_mean)

cluster = sifcm.FCM(tmp component file, len(c_mean), ¢ mean, tmp component file2, 0.05, 10)
cluster.form clusters()

PCA 102 2wmw yximna 2> 1wan1 2w FCM + MMAS 7303030 - 29227 250 7°303010 213222 o 72 6.2.4 8
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PCA_Segmented_reconstruction =

PCA score[i] * Segmented Eigenvector[i] + Segmented M

pca_probability list = pca.transform( x train vec )
img num = 0
for prob in pca probability list:

im = numpy.zeros(pca mean segmented.shape, dtype=numpy.floaté4d)
i

=0
for ¢ in prob:
im = im + ( ¢ * pca components segmented[i] )
i+=1
im += pca mean segmented

im = (cv2.normalize (im,alpha=0,beta=255,norm type=cv2.NORM MINMRX)) .flatten()
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No9YRa 2%wepe vxap 7.4

MICCAI Database - DICOM images

StepOimage preprocessing -
Convert images to PNG format.
Create contour images from expert hand labeled text contour description.

A 4

MICCAI Database - PNG images

step1 ROI detection -
Crop each image to 70x70 region of interest image,
Crop ground truth segmented contour as well.

A 4

ROI Database

stepZ segmentation -
For each short axis view that contains about 30 images compute principle components decomposition. Use
FCM segmentation with MMAS initial center enhancer to segment the principle components and mean

vector. Reconstruct all images in the short axisvk’wented images.

Segmented Database

step3 construt Left Ventricle overlays -
Isolate Left Ventricle from the segmented image using run-based two pass connected components labeling

A 4

algorrithm.

Left Ventricle Overlays Prediction Databse

step4 evalute results -
Evalute and compare the performance and accuracy of the proposed approach to other segmentation
algorithms. Use the expert hand label contour as the ground truth segmentation.
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Interactive Ul System |

Wait User Signal Loader Manager Segmentation Visualize
Process Results

Loader{):HandleNewPatientData I

) |
|
|
|

Segmentation:Run{patientData)

View(patientiD)
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Loader J

Wait for load request

Program

ConvertMRIDicom2Z2Png()

CowvertLVContourText2Png()

ROIDetection(])

AlignContours()

SavePatientDataToDB()

OO0 000

APYY TOIN MY 93100 ST 9.2.1 N

44



Seﬁmentation Proces;l

Wait for segmentation

request

TIRVINAD TIVN M2V O NRIART .9.3

Program

PCA
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PCA:decomposition ’

“CA:GetDominanlEigenvalueslnumh;]

Jues)

MMAS

.‘ MMAS:SelectinitialSepmentationCenters(Eigenva

FM

‘ FCM:Segmentation(InitialCenters, Eigenvalues)

PCA:GetMeanVectar()
‘ Cluster centers reduction ’

‘EﬂMAS:Selectlnitia\SegmenlationCenterslMean‘Jec

I‘FCM:Segmentation InitialCenters, MeanVector)
‘ PCA:reconstruction >

)

¥DIN0 TOIN NI 931 UNT 9.3.1 N




wanwn pwnan .10

SW NPT AR UPND2 DNCIWIRT PW 9VDT IWORIW WANWAY S0R0IR D73 WANWwR pwian 1%
NIMN DR 729257 77PN WO Wanwan DY °80IN300 72N 200?270 L7021 30 7782 NIRXING
NN QWP NITT IIRY TN 19071 9OWAN NV ST AT WP WAT WANWRT 4002 .00
9707 DI NIRXINT DX MWD NIIWAT . WOIW TNAT 2V 7°80IN307 7200 DR 9°won niyoea onnn

M S1PORN TN 9 DY AWYN 2 770X NMIRXING AWA .NIIVAY MYLIW NI 2I1DRND 207 YT 1ARN2

o TNy
] Browse For Folder b
Patients ic Please choose a directory, then select OK.
=1}
~ data_preprocessed_roi_images ~
~ SC-HF-1-01
~ study
TS
sax_0
Please enter patient id SC-HF-1-02
SC-HF-1-D1 _saxD 5C-HF-I-04 -
== | - cmiir 1 Ae -
=1
Folder: sax_0
o = |
Upload | wake NewFoder | [ ok ][ cancel

@) (b)

D73 W oWwn Sw 0N nryw’s weney prpy (b) (@) 10.1 WK

10.2 91K 33MW 995 ViEW Wk DY 7Nk w0 MIRXINT DX P2 0702

T
Patiemnts id

S —HF 11071 _sacal I

Upload

SONDRAT 77T DWTIRDINI0N NINXIN XY 13V 99w nmab wnnwy Py 10.2 M8
NAR 92 772V 7°¥01230:7 DRI T2 MDA 22 DR xR web pwnn o wpni DY axonoa Ko
A0 1T TIIRD NMINTPNNT TNAT NN DV MART Y1 10I0D 32010 73877 . 10.3 PR RANT DIvanan

.O77°1°2 v P90 1nm

IM-0001-0059.png

46

ONDIT VT PWTRYINI0N NINXIN 79DX7 WIWIN puny 10.3 N



N29YRT NMPST7a

7om nypera L10.1

Run-base two pass PCA ,MMAS ,FCM, 2’8277 20> 12K8I1 X 92 N1°na 7920 77900 NPTl
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In [5]: cluster.get centroids()
Out[5]:
array([[ 48.76559333],
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[ 83.01176868]])
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PatientID Gender | Age | PSNR ACC(%) | BDP (%)
SC-N-2 Male 63 | 4.64 64.03 95.70
SC-N-3 Female | 53 | 14.11 95.45 73.63
SC-N-5 Female | 77 | 11.80 87.60 80.61
SC-N-6 Male 70 | 13.28 94.91 72.90
SC-N-7 Male 23 | 5.89 70.93 78.54
SC-N-9 Male 51 | 10.54 88.89 74.11
SC-N-10 Male 61 13.08 94.52 65.92
SC-N-11 Male 60 |6.49 76.56 90.19
SC-N-40 Female | 88 12.19 93.34 63.02

NIRYIN

NTPONMIANPW NOIYA V107 DWW 002270 IR 2DWH NAYXT %D MIRXINTA NIRI? 100

PR MIRYIN PO (0N VTNT IARNA NI MINNAN DY NOYID NPT %D 32 TUXIAIRT NPUTan

53



> DATA(D:) > ChenA > MRI_DB2 > data_preprocessed_roi_images > SC-HF-I-11 > study > sax_0
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> DATA (D) > ChenA > MRIDB2 > data_segmented_images_pca_aco_fcm
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TP
121, BDP =
(Fg1211) TP+FEN
(EG1212)  ACC = o
TP+ TN+ FP+FN
*""".’_' e, iy —12di )l 1.0
(Eq1213) MSE = — (Eq.1214) PSNR =20 * log.. =—
m*n WMSE

TP: True Positive, number if correct matches.

FN: False Negative, matches that were not correctly detected.

FP: False Positive, proposed matches that are incorrect.

TN: True Negative, non-matches that were correctly rejected.

BDP: Building Detection Percentage, fraction of the correctly classified pixels.

ACC: Accuracy, the percentage of true clustered elements from all elements.

MSE: Mean Squared Error, the average of the squared errors between ground truth to
segmented image

PSNR: Peak Signal to Noise Ratio, ratio between the maximum possible power of a signal
and the power of distorting noise that affects the quality of its representation.

Execution Time: the time period required to reach a resul.
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def compare_segmented images(ground truth img dir, segmented img dir, show=False):
ground truth_img = cv2.imread( ground truth_img dir, cv2.IMREAD GRAYSCALE )
segmented img = cv2.imread( segmented img_dir, cv2.IMREAD GRAYSCALE )
#segmented_img = cv2.absdiff (255, segmented_img)

ground truth img binary = ground truth img / 255
segmented img binary = segmented_img / 255

ground truth vec = (numpy.asarray(ground truth img binary, dtype=numpy.uintf)).flatten()
segmented_vec = (numpy.asarray(segmented_img binary, dtype=numpy.uint8)).flacten()

P = len(ground truth img binary[ground truth_img binary == 1])

N = len(ground_truth img_binary[ground truth img binary == 0])

TP = numpy.sum( ground_truth_vec & segmented vec )

TN = numpy.sum( binary_nparray not(ground_truth_vec) & binary nparray_not (segmented vec) )
FP = numpy.sum( (ground truth vec " segmented vec ) & segmented vec )

FN = numpy.sum( (ground truth vec " segmented vec ) & binary nparray not (segmented vec) )

pixels _cnt = float (ground_truth img binary.shape[0] * ground truth img binary.shape[l1])
MSE = (1.0 * numpy.sum((ground truth img binary.astype("flcat") - segmented img binary.astype("float")) ** 2) ) / pixels cnt
if (show):

show_overlay (ground_truth_img)

show_overlay (segmented img)

roc_curve_2(ground truth_vec, segmented vec)

return (P, N, TP, TN, FP, FN, MSE)
d = [('TPR', numpy.float), ('FPR', numpy.float), ('ACC', numpy.float), ('PEV', numpy.float),\
('BDF', numpy.float), ('BF', numpy.float), ('PSNR', numpy.float)]
results = numpy.asarray([], dtype=d)
pids = glob.glob(base prediction dir + "\\*")
for pid dir in pids:
$results = numpy.asarray([], dtype=d)
*print Mimwrrmpnn o St!(pid dl!) 4 Muwwamwrnnh
for (dirpath, dirnames, filenames) in os.walk(pid dir):
for filename in filenames:
img dir = os.path.join(dirpath, filename)
overlay img dir = os.path.join( settings.BASE_PREPROCESSED_ROI_IHAGES_DIR,\
dirpath[len(prefix)-1:],\
filename[:filename.rfind(".")] + " _overlay" + filename[filename.rfind("."):])
P, N, TP, TN, FP, FN, MSE = compare segmented images(overlay img dir, img dir, False)
item result = numpy.asarray([ (( 1.0 * TP LB B\
(1.0*FP/N),\
((1.0 *TP + IN) / (TP + IN + FP + FN)),\
(1.0*TP/ (TP + FP) ),\
(1.0 * TP/ (TP + EN) ),\
(1.0*FP/ (TP +1)),\
( 20.0 * math.log((1.0/math.sqrt (MSE)) ,10) )) ], dtype=d)
results = numpy.append (results, item result)
print numpy.mean(results('ACC'])
print numpy.mean(results('BDF'])

print numpy.mean(results('PSNR'])
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Number of clusters to FCM and MMAS = 4; Number of ants = 5;
Number of iteration = 3; Cost function values A=5000 and B=10;
Update function weight = 0.6; Reduced Cluster Number = 2;
k=2 wxo vws k-means 7oXv1ni anMmeR - o
SORPWT TR 22797 [20-24] 271RRNP2 WRIIW DT TOR0IAN0 MANMIR O
DPUMIIR QPO NINR PRIMVINI TN 7OXVINA0 NP°IOV2 WANWA DMNINRIN TR 9
WANWR 2w nwh NI2IYNT DOWIIT 0170 DOUNIIN-10 apnI uonm 19INa
w1 MICCAI'09 2010377 9°02 Y 2N MM9RA YW 7°¥0IR30T IR NIRNAT NINNT
TR 9239 [26]78n2 MW 00 M4-M8 ovamon .[25,26]712°%7 naw? o°nino
[20-24] M w1 RN 00 2MANMORAD
ORI 7T DR WA QNINORTA TR 937 e

OO ARNwT VX2 MIWT DIRXINT NN 81 e

DWW DNMMIRT N2 NIRINT 2w NMIDORT 772 NN

- P.Time (min) | PSNR(dB) ACC (%) BDP (%)
50 10.43 87.84 73.00

proposed

approach

K-Means 18 11.13 90.35 64.57

M4 - 12.17 87.47 56.65

M5 - 9.34 85.02 53.19

M6 - 9.53 85.14 56.29

M7 - 10.83 86.62 60.43

M8 - 11.96 86.85 47.70

! M4 - Semiautomated cardiac segmentation on cine magnetic resonance images using GVF-Snake deformable models.

M5 - A dynamic elastic model for segmentation and tracking of the heart in MR image sequences.

M6 - Segmentation of 4D cardiac MRI: Automated method based on spatio-temporal watershed cuts.

M7 - LV ejectionfraction calculation from automatically selected and processed diastolic and systolic frames in short axis cine-MRI.
M8 - Fully automated segmentation ofthe left ventricle applied to cine mrimages: description and results on a database of 45 subjects.
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PatientID Gender | Age | PSNR ACC(%) | BDP (%)
SC-HF-I-1 Male 53 |[12.35 93.17 79.71
SC-HF-I-2 Male 48 |8.31 84.02 88.06
SC-HF-1-4 Male 79 10.24 89.27 72.78
SC-HF-1-5 Male 45 | 10.90 90.88 76.06
SC-HF-1-6 Male 60 | 11.16 91.77 84.30
SC-HF-I-7 Male 74 | 10.25 89.34 55.71
SC-HF-1-8 Male 46 | 7.97 82.55 75.97
SC-HF-1-9 Male 57 9.29 86.02 75.99
SC-HF-1-10 Male 69 |[9.23 87.26 76.78
SC-HF-1-11 Male 55 11.27 91.56 83.40
SC-HF-1-12 Female | 71 | 13.11 94.76 70.33
SC-HF-1-40 Male 77 11.09 89.81 67.96
SC-HF-NI-3 | Female | 81 |8.70 85.52 69.87
SC-HF-NI-4 | Male 77 |9.56 86.42 72.62
SC-HF-NI-7 | Male 81 | 10.26 90.12 67.80
SC-HF-NI-11 | Male 71 |9.17 86.15 67.64
SC-HF-NI-12 | Female | 63 | 8.01 81.86 79.01
SC-HF-NI-13 | Female | 68 | 11.43 91.68 72.99
SC-HF-NI-14 | Male 82 11.43 92.10 62.37
SC-HF-NI-15 | Male 27 | 845 81.68 74.97
SC-HF-NI-31 | Male 52 |8.07 81.94 70.66
SC-HF-NI-33 | Male 47 |9.22 85.59 68.22

SC-HF-NI-34 | Male 52 11.87 91.52 82.16

SC-HF-NI-36 | Female | 77 | 10.69 90.78 81.46

SC-HYP-1 Male 83 12.98 92.23 72.29

SC-HYP-3 Male 42 | 12.62 93.99 54.49

SC-HYP-6 Female | 46 13.47 95.04 79.44
SC-HYP-7 Male 61 12.00 93.26 57.72
SC-HYP-8 Male 62 |9.57 86.48 64.39
SC-HYP-9 Female | 48 10.00 82.32 78.45
SC-HYP-10 Male 47 | 9.67 85.37 79.48

SC-HYP-11 Female | 53 | 13.50 95.17 64.85

SC-HYP-12 Female | 76 | 12.03 91.14 52.53

SC-HYP-37 Female | 68 14.87 95.74 63.91

SC-HYP-38 Male 38 | 10.26 81.86 70.95

SC-HYP-40 Male 68 12.44 92.43 51.39

SC-N-2 Male 63 | 4.64 64.03 95.70
SC-N-3 Female | 53 14.11 95.45 73.63
SC-N-5 Female | 77 11.80 87.60 80.61
SC-N-6 Male 70 13.28 94.91 72.90
SC-N-7 Male 23 5.89 70.93 78.54
SC-N-9 Male 51 10.54 88.89 74.11
SC-N-10 Male 61 | 13.08 94.52 65.92
SC-N-11 Male 60 6.49 76.56 90.19
SC-N-40 Female | 88 12.19 93.34 63.02

67



