o>,
ozl
>
N
ot
ol
of
o
2,
>
o
N

2
ot
2\
P
ing
o
%
tlo
o
r
LY
>
>
M
et
12
&

o
iy

A Z71-5v g oA HAE ¢ AIA
AN 5% AN 2F FwaF
(Left Ventricle Segmentation Algorithm through Radial
Threshold Determination on Cardiac MRI)

2 &’ ofsi T AeaT ARy

[ — I ™M

(Chang Bae Moon) (Hae-Yeoun Lee) (Byeong Man Kim)  (Yoon Sik Shin)

has

r
K rE gy
1
on A7
e
o o ot
o N
e T

i
=

z
z
2
o
ra
S
(in)
_@
Ry
s
off
ol
>
jix
o=
o
N,
g,
off
o
iy

2L
oft gk
N i,
> 5
M %
Mr ¥
o 5L
O
p
g f
o
o e
tlo —%
2
ro N
9
-
% %:
D% OI’S
)
oflf 19
o, &
2
b
>
=
Y
=
oo
°
riy
4y tlo
olft
o
&
s
ack
l
=
S
o
N
O

AR AAEE oo A4E E¥sln 5% ¢ 4
=3 M A HA" 7R A= AR DAES Hagely
At d3ElFe AFE sty 369WY AF AV|FHEY doleE AHEstY A

E7re 2% SEEEEE ¢ AVEYIgERYA MASS 2ZE 0o AHd HIE FRstact 43
g (Fo R FHe FESSEEY AYxrt fA8, MASS AZEHOET ¥

=

w2

2,

2
oj
M
ek
tio
+4r

&
Qg
38 3B
£ o

A AR AN, A Ar1EE e

Abstract The advance in medical technology has decreased death rates from diseases such as
tubercle, pneumonia, malnutrition, and hepatitis. However, death rates from cardiac diseases are still
increasing. To prevent cardiac diseases and quantify cardiac function, magnetic resonance imaging not
harmful to the body is used for calculating blood volumes and ejection fraction(EF) on routine clinics.
In this paper, automatic left ventricle(LV) segmentation is presented to segment LV and calculate
blood volume and EF, which can replace labor intensive and time consuming manual contouring. Radial
threshold determination is designed to segment LV and blood volume and EF are calculated.
Especially, basal slices which were difficult to segment in previous researches are segmented
automatically almost without user intervention. On short axis cardiac MRI of 36 subjects, the presented
algorithm is compared with manual contouring and General Electronic MASS software. The results
show that the presented algorithm performs in similar to the manual contouring and outperforms the
MASS software m accuracy.

Key words : Automatic Left Ventricle Segmentatoin, Radial Threshold Determination, Cardiac MRI

825

+

- B ATE FEItte shed e odle] d7HNe =ERF 0 20008 38 129
PHHE ¢ FoFARD ARG AR 20099 sE TR
moonyeses @naver.com Copyright©2009 g7 ¥ 78t8] : /i) Exo} o8 EXYU B¢, ©

1 A

oA 9 Fezaddan FEETER g B AA £E gy dif BAE &8 gAE ARy AlEE sk,
haeyeoun.lee@kumoh.ac. kr ol W], AR A3 wrez ALY ¢ flon A FolAd B Fe X
vsshin@se kumoh.ac.kr & WA "ajsjol P o f9] BRog B wiE, &% d4 F RE
it T Fesddidia AFE Y oy T8 AR E Sk A5l tislede AR s1718 D3 ul4-& X B30k

bmkim@kumoh.ac kr iyt
ARAERA: AT EAO] B 34 #3670 A1105.(2009.10)



826 ARAEI=FA : AT E 0]

1.ME2

——

E7)go] WHIEA A, HFP, IFLE AFT
F T9 ¥3 Aoz AT AMFEL Zoj=t vy,
A AP0 F I AGELS ZVREE FAolth 1997
GRE 20073707 A8 93 AlgA =8 R 19)
¢ 4 A3, 19979 AW 9% AldAkEE
1058591 wHA 20079 AAHel 4% AR e
17581 o2 69989, vl&EE oF 70%7 Z7she A
< AT 4 itk

A% A8E 2V Adste] A@sng Gy 9)
3tod A7 71wl oist A7)AA AAT Fe30 WY
A A 719 A9E s A7)FHE9(MRID,
AFEHGZEACT), XHEY B9 WAL e 5
Aot FAFEHIGEFEGoY XMEGLE A P

2

°

X

3 PAMIE 23S AE F Qltke 9He AL
U AZIERHESE AR A Fad Zrda
BHole FAFE ARSS] WA P13 AR
A3t

B71H) GAEGAN AAIES EAE A8 ¥
T AgTEREs Adsked, ot #ERHYANY
77 Ao s AN H4de] 48 LEg
224 olFojn. v FEEIALTL At
Hlgo] ¥, 2HHQ 0, XA 48 59 Ao
2 st Y #5AS ¥ ZAw Aelsith 53

$EA} B A% 3 2Rel dBge) BA7 Ao
olsh Be BAYEL NP A3k AV FY YAl

B wEdAE oldd EAEE dAs] dls 95

ANFRGFNN FAAS AT RYHE PnEe
A, A8 e dote] ge AelAgtol

288t FHEFEDOY gl dagFEo) opd W
AV AR ZBANE HEdte AdS 2¥sn, ¥F
F B ANTEES AP 53] 71E BN
A7F HAG 714 Ggel Aol AbgA bl o7 &
& AFgete] FHEE Hrspeh =F 369 Ay
TR AL olgstd ALF BHE ARIE 9
T FEEHET R AVEYIEZ YA MASS AZE
et v AFdh

At

=

228 A %A A 10 5200910)

£ FAL therd 2k AzEAME AE
& Hd AFEDYHE diF #d AT
glatar, A3l e WAL GAR A8l A%
4 2 ¢3gEE At AddMe FEE
£l3
Il

2
x
w

> B of

2 MASS AxEgolgs] vu AF 2nE A
AsdelA B mEe A= B,

2
ok
o
i3
= off
&
2L
L
o
o,
o off
ox
o
©,
o
o
o
£
et
=]
ol
e,

P>
o
do,
24
o,
O
e

N
>
i
i
ek
N,
i
i
L

e

0,

)

g

e

2

of

12

.ﬁ% e
o - —

of My

tt =% b ow

& 9 St wEn, FI A4
o daide & FFskAw v
8 A7 71 e ZE 923l
Ho} Alg}t 7HS dew v} we dn ¢
e A% 728 Asked 471 Stk Codella
et al. ¥uEE FFENN 3 dRE e
v, Al 71A gAdel e ARl Fhdo] B3 eg
LFHEHTL
= ok B daeE2g,
A& olgsled = d
aEze) 2 7hedle 1
o tigh Hg-& AlLts &
A Jes FEste] FHh

4
gtk 2oy ols
_[74.

o

IF [e)
3 s

'Y
oo &

=

o

2

N

i)

=

o

g W48, 4
3z

2

ojt
ot B oW ox
Htl

%
flo
PR >

B2 9o
. s
i
_q() ) E.
fo OE:—‘ Ol:o
M e
ol “g m
> )
m H v oft
o
4
o

U R
L
Bu)

oy S of

.
]

e
=2
o
54
ki
A
N

5 =
oft
2
tet :
2
o
Rl
ich

TEE Ast
szl
& EL10-121%

X

)

ofr

o

et

30

A,

o

iy e
»

Ol

om
o

H

A N
gz -
ol
R 2
S
il
x I
pot M=
_Q.OE
o
u K
& -
L-&:‘Emrﬂd
mggﬁﬂ’
off = 2 X "=
EED ™
N
ﬁorlrﬁEﬁFHcfo% >
JE‘—‘EO\IF—E" —D‘Oﬂd
Ny e
2o
E
W T
oX
o

log
&)
2
iy
H:i{
b
P
)
ot
N
L
it
2
X
o
E=A
fie
_E‘
- rle
I 2

E 1 ASd AR 9% AR S @9 B) (BAB 9

d 1997 1998 1999 2000 2001

2002 2003 2004 2005 2006 2007

At 10583 | 11599 | 12426 | 13,347

12,568

14235 | 13827 | 14506 | 1569 | 16,806 | 17581




327

HMeFel 4%

By E B TN B

3THA:

4

Hhatl Akl Yol 2f 2t of Xt

Hxal o MNE2T|HEE
oYY HE ¥ ¥FRY AL

1A
24
Ak

FATH L.

olM g5 A7t

(s}

= AMgEI ik

E=R

"
=
zﬁ

2.0
o=

[13,14]

ARg3te] Rdo] of

e
bl E&#ololA], Hze] A7t

9

L

| oleigol
ot

L

o] Wi, thHl7}

=

=

i

ZF Lee et al

A

Azt HAT, BEH Ao g8 24 24c] oy

F4 dole]
g 533

o, A
%8

—

0

A

© oy

ofp
KH

x
317
oy
o
el

g g

o]

=]

[=Sin

A 4]
1

[ o )

H&2 Y &

]

A

a8 1 AE F

3.1 124
A v

)

il

Aol A

A
=

&}

7‘51,

P mde] T

©

L s

2 gol

+71

)
S

ol go] Az Au

=3
t 28
T SATHIS].

<

=
=

i ke =

off AbE-AZE A WH-ol AR Y

e &

IS

RAoE A3

=%

Tz

fob-

Al
H3

_;,q.
a4 el Hroie] gtrigh

o

Al

2 49

THEE Adew AT = glo, A7 849 Al

sk

=
=

A
s, ¥l

2714 (mP)&

o
HAEs17) f3 A" AHAEP)AA 83N, S, E, W,

3 wEHos ¥
% &

dEgo] Lee et
Fol 4

<

7%

AetHem

48

-

<]
ho

1~

O
L4

AH8-=}
s
et 44

=

=

g
2}

L.

A
KU

I

T3, 943 Hough ¥
Ag 2713

A2 o] g

#HAE Wl E7Igte] T & A

AHP)E AA

_‘?L

=

olF HAAA HAA7F HEe] gl

A Ujo M w7)gke] 7}
grol 71 & AF271H(mP)

oF

al[113 Zo] o|97]9h F5 7]

NW, NE, SE, SW)ez 214

2]
=
=

=1}
=4
15

Gl

[«]

14

st} HHs| YA

713

R

9

=
[e]

Bl kel WA
Z

s
Q

=

5

L

[+3

g A7)
‘C;I_;
E

A2

Al
g, (49D

A

T
=3

L
il

Al

=]

ol A
AR A o

st71 €

5

=N

A #HdHo] g

gt A

A A

ol

3|

He s sk

Mo FAROE 4%

L.
=4



828 BHRIA}I=EA

I8 2 ARERF 48 AHEEP) 9 woge] b & A%
271 (mP)

3.2 2BMH: WAKE AAIX HE-O 25 0|XIS}

1AM AEd AF271HmP)Y B0 MAX e
i Bal, AFFEsIHAM AlFsre 1y 3(a)ek 2ol
1683 WAEe = wi7ig wmag i dAHES
HAP AF L EAskes 4 wrg
MAXyan/20 2ot 22 3§ dAFeR Fatn &
A& FAYL olFA 168Fe gAstE AEF 16
Ao JAAL 17 3(bys} 2t

°|

—

a)
2% 3 16%3 WALy

16709 AE¥ AR #oG Loy, Toyy,-, Thg
Qo A7 R} FPEA tieko] oF] WAsH=
AR E1Ee) s HEsly) sl ot os
oAt 22 270 AR BANGE Ty Do AHE
Fekh F 1670 WBelM A2 JAR wog FoIA
7Pg & kel dis) L1visk 1o EE e &0z Alg
gt
, Tyl X 11 (1)
y Tipgy) < 1.2

(a) (b}
I8 4 16 YAA =

rxEdo] ¥ 4 A B

Ak 2 F7F YAIRE o

Al 10 3.(2009.10)

28 Aol A1) dal 167 AN F AR
2 gl o B ZRE Ytk ol % 39 33
o olgald Aoy A BT 4% FA%Y 2%
A Aok e, A (DS Eak] B AR
W Do), Tope)S o1830 B8 49 79 40
2 g s ol HA HA s INe

3
%
=
=3

fijrd
o
i o

ojXstE FsiH ZLE‘J 59Jr Zol 18719} o

HEE = ok QAAE JHAI ojWEE P
E e g9e] AEsed o] Sl
M AFERIIHmP)E T F9vs deled TI¥E

Ty Thgyrees Thpey & AHE-SIY Z0&E 18
S Ry Bz s A4 sEs)
o] 9Je-e o 4 gt o) Fd o
A

dAHe FARHE T
= Abget WA 167) o
s oM g & gtha)d 2L
(lw), y HEE FA 7 2 a3 &L Gly)&
kAL, A (2)F o]&ate B Ar)E ALHITE o
1A wr=|ha —2|/23 hr=lhy—lyl/2%= 242} 742w
A5 AE WERE gt
Cardigesize = wlwr? +hr*)/2 (2)

187h9] <173 @A AER A7 HAE dis)
AE z HEE FAAM 7 A he) A 3le),
y FAE FoA 7HE 2 R &L By s st
Adbete] =¥
g FYPT

3, 2 (2F o8y B A7E
AAol =1 7)( Cardiacsize )9} B al




AR ANTFGINN PR 9AA 298e BF A4 1Y udF 829

o5 1870 ARt Bjo]E

1Y 6la)s 1670 GAACNAM AR =718 F33)
© e =25 Aeln a9 6b)e ol AE I
Aol 83t Asfolty zElu a9 6lo)E o)XFdE o
FelA B9 AVE FAE WHE =8 Aol
H 9 6(d)= 1Y 6(b) el AL Aoty

1874 01733} Gl M AN B 2715 FellA

Chrdiacsize) BT} 2Fod A 714 §A}
H79) 442 Pz deac,
Tl A"E ojds dNH AN 2007 249

(a) (h)

MAXvalue/ZO “%7] L 7)ZEo® AA o] o|FojFH =
of gel F-2 &g 0'1‘7]“ EAst7] o -

e B A oui ZOEI% EFoWUE AT B HE
d ojE d% Al

R @%51\_ Olﬂﬁ} %"2}%0 Atol=7F AAE F
2 Q1 ARE A7t "ok 53] A% YA RBE
Aol A —5-21]7} Eathiass

E‘E’
>
Y
O{N
_?_.
N
>
o T
e
juie
2
A,
iﬁa
ri
it
ol

I

)
Y
&
L
£
i
o
_o'h
2
Y
et
i,
to =
Sul
B

771 vag FE 9

A=H|, olst 2

=PV A A L
Hr
)

off Jo ot m fr e



830 ARSI =R AT EY o]

L
4
L

<
4

it

L o
L o

<
L

<
L

L a
L
&
«*
*
<«

~—

(a
a8 7 ¥ LH57 2Aske 9 4

Bd ¥ A8t 1dAA AHga 48Ry =
AP)E FHo=2 oA 169 A4S g9, 18
F Zo] HAE N HAEE o) E3o 160 Fo W
Aol dAY F FAFE o183l 87 Aol ALk
Ak ANE 8 A gE F) 7}’4 7 A(2¥ 89
A% 89, 18 8(h)9 A% 4¥)S Mesie Fao
g =33 @éﬂﬂﬂ Wgos Ao FHAdo)
El 243 A28 ALE BY gt Eulg w9
g9t A% Jr“%‘g 7o 2 #HE EX) g

S oo o B

U A gom FAY s A9 9EE 947
WAR 4 AT, o AIE Yndd ¢34 s
of sz nAS S%W Bk F4do) g 22

QA8 B AN AS AT WPl & E} Y
ABEE 27 ob)st Lo] ARG ek

BHE oldst AN gAY JARD BAGP)
g J1EoR H4del xol8 AN Ystal Fold
VARE & HEFE R ARTH o)) B
9 BE)NH FAWY $37A ¢ AERS 27}

(a)
a9 8 16MEF WAL

vilv]-
Ve e v |0

HEGY

S8 A 3B A A 10 5200010

*

() (d)

29 9 (a) A Ao A4 (b) 455 ﬁl
(c) FHA9] Eo] Axk &
1:4. }_;ﬂ

AHET Y G,
) BaE BT
He R HEE »Jr Aol 333

A7 EolE Aldbslel A & g AL o =
Jozvy Y7l 0F goz Fath @A AN
@ e AN o 2HoERE 257 #% WA
gog Agstel FyAs A9S Ade Al

2 s 9g AAs
=H3 Bel @,

3.4 AT FAIN ZE W R AN

F443 B 247 A49A e AP 28A60A

K=l
(78 9d)e Zo] FHAa7 e



Pgd S ST I, 27 119 G 2
o] AFdE ¢ 39AE FIAM Alror HYH3 g
Z3& Bgste] A48 A 18 100= 294
£ 53 F4do] A9 A5 =AFsEy, 13 119
= 3YAE Bt FHidadel zEH dE ZASIET
A E8E fAHe] F9L shde] HAEH] 98t
B9 AASE B J FHe Haoeg w4
5} &gk
% #(Blood volume)& Aske dngjEe %)

FII

2R B9 G99 alget NaAsE ek, Z
Qe Al ZASE AU Hu) AFHE Fob
of Agst Haw 3le A% BEAe] BARAE
AE AGAoZ, 47138 AR OE e A

19 11 39 0] SJalN A% e

Gl HALE dAA AHE T A BE daEE 831

4. &3 2t

AUdIddERZ Y2 Sigma 15T 2UE AMHE3HY
Z 369w oidAel thskel SSFP 2% dlolEE 4
H dolHE ARSI HTE A AR 14494
TIAAA Y BEE 7RI U, et vhol= 434)0]
o} #odagte)g= TR 3.3-45ms, TE 1.1-2.0ms, flip
angle 55-60, SAF=17] 256x256, receiver bandwidth
125kHz, FOV 290-400%240-360, slice thickness 6-8
mm, % slice gap 2-4mme|tt. 2z} tjFAte} F4HEe
20-28 417 93¢ el 6-10F o2 9% Aotk &
2EE MEd AES 5HOE 74 gdAmth 0|97
o &7 sldste e AR F 59089 9
Ae 59 olF 107719 FE AREEle] gad]
£ /igstaen, daelgEe Avs E43%H7] {8k
48375 Fletel F 500 FAE o83t HFE
A

Ajtet daejEe] s AdHe=
E&(Gold standard) 2B 7FFE = #E419]
3 dlolE, AUEYIERH -
o] % Lee et all2]3 W@ HZEg
FHEE CMR 8dat 2 3dak A&7t o)
I, T 9 ’STOrz]-’f* o5 T2 TgIA &
E

Aol XA} 3

ru[o m

fo

3

o

el R LT 2
ok o i Hm

E1Ee o =) 01%7]9} -rwﬂ"ﬂ EHO]'O% @%‘ (Dbigoe,
Spoo) e ZFZY SAET, ©olE Tt A& EEjec
tion fraction={(Dy,,; ~ Syooi)/ Dhpoq <100)-E A2}
& 2 AEstArh At daeEE, MASS AZEY)
o] 4 Iee et all2lE F5&ZEY dojey vjud
ZAdbe a9 12904 =A8k

Ak °L—733£94 F )97 R, 57 @/
¥ ATeEe ”"‘;?‘ ’f:itﬂ_._z}t 242+ 6.00mL,
587mL, 3.13%9&#, 23 W% 2+ 0.39~30.01mL,
033~1709mL 0.35~8.69%% ‘%E}"L‘:]' MASS A
Edole] AR olgy] ¥/, #5571 EFE AW
9 gt @"—Hix}% 2z 19.56mlL, 10.31mL, 3.23%
A1, 23 ¥Yx 747 0.18~37.26mL, 0.87~34.65ml,
011~7.36%% YEelETh Lee et al.®] 7S Hy A
L= ZZF 495ml, 4.07ml, 242%°]3l 23 HAAE
Z}z} 0.17~12.46mL, 0.13~13.83mL, 0.14~6.08% % 4}
BTl MASS AZEdee] At Fo 7B & oA
= Case 3199 o|¢b7} E/FF 37.26mlL, Lee et al.y
-9 Case 359 ol¢r] /% 13.8mlolx, Ak
dagEy Ay Fol 7 2 2A= Case 36 9]



832 CEEL TR

&2 FFFS

AEZEdo] 2 28 A 36 AH A 10 (200910

8, AL daelE, MASS 22 Edo] U Lee et al[2]8] 8F% @ A& E

(&9 7% mL, AWFEE %)

MASS AZESS Lee et al.[2]

FEEYEY
FE7
d5%

o] ¢t7]
5%

o]gt7]
5

e

it

R

8718 52718
% | w9

B
TE5E

F&7]

i

olg17]
oA

==
e

146.5 65.2 148.9

54.1

1734 83.1 52.0 147.2 67.2 54.3

116.3 425 111.7

66.0

1254 50.5 53.7 110.0 456 585

190.4 76.4 194.1

56.1

218.3 102.2 53.1 202.3 86.4 57.3

2152 93.2 214.8

50.8

2419 119.7 50.4 2189 96.4 55.9

93.3 31.8 97.2

65.5

106.1 388 63.3 95.8 359 62.5

162.8 976 158.9

42.6

1784 108.8 39.0 157.7 97.4 38.2

1272 494 61.2 1279 55.4

56.6

147.4 62.0 57.9 1277 56.4 55.8

277.4 215.7 22.2 289.5 2295

20.7

3146 250.3 204 2791 2228 20.1

130.3 54.3 583 128.4 555

56.7

151.6 726 521 1337 56.6 576

231.4 170.5 26.3 213.1 153.4

28.0

230.6 1852 26.0 231.0 1731 25.0

72.2 247 65.8 68.8 21.9

68.2

84.05 20.5 69.5 79.0 29.8 62.2

130.7 83.3 36.3 1274 86.0

325

150.8 100.4 33.4 138.1 97.1 30.1

177.0 88.0 50.3 146.9 7.9

48.3

189.5 92.8 51.0 175.0 88.9 482

7] FF -30.01mLE vETh
Ao of7|9} F7]d glojH MASS £ZE
ol @ah AA Jehged, ol MASS
o7} %‘:&’ 9 AfAT 25E 18ty 2gg £
Ae 71 MEolth A58 2 HA5AF 2%S
ok ARtk Wb R F
AnpEgo] glojA A
MASS &ZEfoBT} $E5aaRd
FARH?] W &Eolth Lee et ald] w9
A A WHRG FAHoE F& 4
ARG AT AZe) AAV B
AS AR 7HA o E?Hﬂﬁk =AY

AR ZHEE & AEE ZHoA A At gk
Aetst dagEd MASS AZEY T Rl
227 B A HA AAFe] A9e Ao A}
28 e 5 EVMEst & B8ol A2y AS
AEA7Y FEOoR BEE FYPsN HAE sFolor
Pk AREA TR EY) oig A2 Helsd ¥ 39 2
o EolM B ule} o] MASS AT E S]] Al4
A FEC] e A4S F Ak MASS 2T E 0]
Y= Codella et al[7] B Lee et al[l] § 7]& 4F
=5 FHALH B 27 Abole] AA7 e 71A
o WajAE tRR ALEARY] 7He] o) F ool
Ak Atet FagEol e 39 HALS €

A2ZES

noig

Ji=
OQ

3

%o
oo

BN
2

2oty a8 Azt A%
45E B9

367 2]
g Aups

sl AHEA 2
AlZ T
Al o

E%%i
Eiky

E=3

i‘;‘-@-

03'_, 0>, tlo

oj¢t7] ¥
ol E"Tf‘“:} 716 A
I o] At Z&Fo] MASS fl:}Elé-‘%ﬂOiiﬁ} 5

Sint Ry Eﬂo]ﬁﬂ‘ o AR 22 JEhfal
AL old & Utk 2F 128 2 2E Cased
R4 MASS AZE oY) HFo] o $2 Aog 1}
e, ol MASS A Ego0ls g ox18 213}
of A2 M-S B3 A Fgdo] olF oA HE
o 27t o FAEUY) WEelth. weh "R 4
W2 E 9 AR HES a1 o A gaE
Zo] MASS AZEoET 582 & 5 Utk

4.2 TESREE HOIH 2o

2 =% 4¥dAe #5At 5T
HE XFoE 13l Agg sk 2y
ZET dHolHE #4301 B d3 95 Cased
o] d#AHo] HolA= delErzt EAjsed)
BA 2 g FEAE, ARz 3 9
Z3te] ZA Aol wE M3 A(intra-operator
variation), #&A2] AP @& ¥ 3 A(inter-operator
variation)oll €J3te] BAE: A2 Azt olHT #
E72] W Agdo 71908 B3 exes 19 138 HY
e & Ut

o))

s
12

ol
=

glo]

.

TE
R
o]

(o)

o
e

ENS
o

Py Hml‘i
et

=)

X 3 AHRA HHE £
At darelE MASS AZE 0] Lee et al[l] ¢xe]&
714 A 7297% e 094 (0%) 7294 Foll 3194 (43.1%) 72994 Fol 3194 (43.1%)
718t 9% 518974 Fo 094 (0%) 51894 49 6394 (12.1%) 51894 Fo 094 (0%)




333

(e)

(b}

(a)

"
L
=]
I¥s)

~ ~ -

(TS} BRUNIOA ROTIG

100

35

30

25

20

i
15

10

Case

(a) Diastolic volume

63]
|

(e)
2]

(@
3

(AU} suiBA POSIE

Case

(b) Systolic volume

54 &
A2

B
o =
U

3}

Ay
=4
=3

ks
!

o] Wz Ao g
&
3k

u7le
B
e

1
L

Gl
< o
B T
o Mwa
J
m =
0| R
X0 o7
<R OB
il
Lo
04 =n
W
o T
0
"
" o
= o
BB
& 2
ofn ‘W
g
T R
oo
N

{ase
{c) Ejection fraction(EF)

(%) ueksEy UDR2EI

-+~ Lesatal ¥22/E |

Mgt IR E —e— MASS 2ZEYLY --

SEEE

uw
<k

e

I 12 (a) o)) EH

Hr

& AA, AFH g

)

R
|

ok 0]

e
ArstATh

olplAlEe] Al

I o) BAZ) WEgEA g

T
TE

S

el A

A7b HALE 71A

o @A7Eely %

g5 A
Aok 2

A
Eis

o

=

28

g 7o

o Al 36789] iRl thalx FojEte] 4% ArlF

2

AFe] AP 23
13

el

22
=

=
]

=l
g 139 =

A7F AR

A=
7} AR 2

al

=}
)

Sl EFEOZ

AR

=
=
A O FEEHEY,

ta, o

==,
=

Eis

29 13(b)st

)

A7A7} g% gem

EESER

o}

2

g AYELEIEZY A MASS 6.0 AZEY 0] 9

(

3 13

2 139 2

a

HEE 49Hom

= SR 3
o a
=

1 7

hd

435,

a

|

H

o

a

¥

Uk 2@ 13(h), 298 13(c)

d 13(H) 470
]

il
HERY o n MASS AZE o]
Bk =3 29kl A&}

=
=
=

3
3,

B 2
BUB FAE
nr} g

A HE
o Bggs}hr]

9 %
= 5

), 1
o d

13(e
3]

™omr

=E

4%

&

te &

Hade] g B8

1
Lo

gl A

& Axel Aoz FAH

EA4SA dr. mebA oo} e

T

5]

L



834

PRI =EA

AMe H4lAe Y o] Exde Al g
A% (Myocardial mass)® 43 715 2 AL 243
= 853 vk wepr F3 AFERe AL
At gaelFel tigh A7 AW "ev) ok

[11

[2]

(31

4]

[51]

(61

(7]

(8]

[9]

H.-Y. Lee, N. Codella, M. Cham, J. Weinsaft, and
Y. Wang, "Automatic Left Ventricle Segmentation
using [Iterative Thresholding and Active Contour
Model with Adaptation on Short~-Axis Cardiac
MRL,” IEEE Trans. on Biomedical Engineering,
2009. (in press)

H.-Y. Lee, N. Codella, M. Cham, M. Prince, J.
Weinsaft, and Y. Wang, "Left ventricle segmen-—
tation using Graph searching on Intensity and
Gradient and A priori knowledge (IvGIGA) for
short axis cardiac MRIL" Journal of Magnetic
Resonance Imaging, vol.28, 2008, pp.1393-1401.
J.S. Suri, "Computer vision pattern recognition and
image processing in left ventricle segmentation:
the last 50 vears,” Pattern Analysis and Appli-
cations, vol.3, 2000, pp.209-242.

AS, Pednekar, R. Muthupillai, V.V. Lenge, LA.
Kakadiaris, and S.D. Flamm, “Automatic identifi-
cation of the left ventricle in cardiac cine-MR
images: dual-contrast cluster analysis and scout-
geometry approaches,” Journal of Magnetic Reso—
nance Imaging, vol.23(5), 2006, pp.641-651.

M. Lynch, O. Ghita, and P.F. Whelan, "Left-
ventricle myocardium segmentation using a coupled
level-set with a priorl knowledge,” Computerized
Medical Imaging and Graphics, vol.30, 2006, pp.
255-262.

Z. Zhou, ]J. You, P.A. Heng, and D. Xia, “Cardiac
MR image segmentation and left ventricle surface
reconstruction based on level set method,” Studies
in health technology and informatics, vol.111, 2005,
pp.629-632.

N.C. Codella, ]W. Weinsaft, M.D. Cham, M.
Janick, M. Prince, and Y. Wang, "Left Ventricle:
Automated Segmentation by Using Myocardial
Effusion Threshold Reduction and Intravoxel Com-
putation at MR Imaging,” Radiology, vol.248(3),
2008, pp.1004-1012.

R.J. van Geuns, T. Baks, E.H. Gronenschild, ].P.
Aben, P.A. Wielopolski, F. Cademartiri, and P.J.
de Feyter, "Automatic quantitative left ventricular
analysis of cine MR images by using three-
dimensional information for contour detection,”
Radioclogy, vol.240(1), 2006, pp.215-221.

A. Pednekar, U. Kurkure, K. Muthupillari, S.
Flamm, and L A. Kakadiaris, “Automated Left
Ventricle Segmentation in Cardiac MRI” IEEE
Trans. Biomedical Engineering, vol53(7), 2006,

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(171

2TEdo] & 24 A 36 F A 10 T8I0

pp.1425-1428.

M.F. Santarelli, V. Positano, C. Michelassi, M.
Lombardi, and L. Landini, “Automated cardiac MR
image segmentation: theory and measurement eva-
luation,” Medical Engineering & Physics, vol.25
(2), 2003, pp.149-159.

MR. Kaus, J. von Berg, J. Weese, W. Niessen,
and V. Pekar, "Automated segmentation of the
left ventricle in cardiac MRL" Medical Image
Analysis, vol.8(3), 2004, pp.245-254.

M.-P. Jolly, "Automatic Segmentation of the Left
Ventricle in Cardiac MR and CT Images,” Inter-
national Journal of Computer Vision, vol.70(2),
2006, pp.151-163.

R.J. van der Geest, B.P. Lelieveldt, E. Angelie, M.
Danilouchkine, C. Swingen, M. Sonka, and J.H.
Reiber, "Evaluation of a new method for auto-
mated detection of left ventricular boundaries in
time series of magnetic resonance images using
an Active Appearance Motion Model,” Journal of
Cardiovascular Magnetic Resonance, vol.6(3),
2004, pp.609-617.

Q. Chen, ZM. Zhou, M. Tang, P.A. Heng, and
D.S. Xia, "Shape Statistics Variational Approach
for the Outer Contour Segmentation of Left
Ventricle MR Images,” IEEE Trans. Information
Technology in Biomedicine, vol.10(3), 2006, pp.
588-597.

N. Paragios, "A level set approach for shape-
driven segmentation and tracking of the left ven-
tricle,” IEEE Trans. Medical Imaging, vol.22(6),
2003, pp.773-776.

C. Corsi, C. Lamberti, R. Battani, A, Maggioni, G.
Discenza, P. MacEneaney, V. Mor-Avi, R.M. Lang
and E.G. Caiani, "Computerized quantification of
left ventricular volumes on cardiac magnetic reso-
nance images by level set method,” Computer
Assisted Radiology and Surgery, vol.1268, 2004,
pp.1114-1119,

M. Lynch, O. Ghita, and P.F. Whelan, "Automatic
segmentation of the left ventricle cavity and myo-
cardium in MRI data,” Computers in Biology and
Medicine, vol.36(4), 2006, pp.389-407.

5 &
20079 FeFAUEE AFRHITIE &
e g (g, 2007d~8A F
L3I gn HFEHFTIE AZES ]
Fo AAHY, BAEore WE4,
FEAE



A% ANFHGFAN HAE AR AgHe 5 APL BE GuS 835

of &
1997¢ Aaddigta ARFIHAER
1999 F=astrled AR (FEY
AN, 2006 Sratelried AR
A (FEAD. 2001 ~2006
W (F)REHolo] MAATH. 20061~
4 20073 Fdoistw wrAREATY. 2008
~&dx FEFLTANUS T HFEHTAY e alFot
BEv|te] dakAE], Zulznok T EYEwa, v
Fay 5

20

EA B,

19873 Mguistn  HAFEFE(EA}
1939 SH=AElr|ed  Aabsta(A A}
1992 #4871l A
1992 ~8A4 IEFFAU SR HF
B)38HE w4 19989 ~1999 ©l= UC,
Irvine ™3t WEm4 20059 ~2006+d
w23 FHUs e dYEelE dFATE, A
2R, FRug

A E 4

1982 AR gtw (a8}, 19854 S

e Aasta(Hah), 1988~ A

B THEoFgdtm AFHIITE I
| AARols AXEYo|FE




