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Automatic Extraction of Left Ventricular Endocardium in Echocardiograms
Using Double Thresholding Method

OHYAMA Wataru, Member, WAKABAYASHI Tetsushi, Non-member, KIMURA Fumitaka,
Non-member, TSURUOKA Shinji, Non-member (Mie University), SEKIOKA Kiyotsugu, Non-member

(Nansei Town Hospital)

Methods for automatic extraction of left ventricular endocardium in echocardiograms have been proposed,

which are required to quantitatively evaluate the functional performance of the left ventricle. In this pa-
per, we propose a new automatic extraction method based on double thresholding for echocardiograms, and
evaluate the effectiveness and the accuracy. B-mode echocardiograms are first binarized with a threshold
determined by the discriminant analysis for the gray level histogram. Then the binary images are contracted
n times to remove small regions and to disconnect the region of cardiac cavity from the other false regions.
Among the obtained regions which corresponds to the cardiac cavity is selected and dilated 2n times to
create a mask which restricts the region of the second thresholding operation. The size and the location
of the cardiac cavity in the preceding frame are utilized to select the corresponding region. The masked
image of each frame is binarized in the restricted area in the same way as in the first thresholding operation.
The evaluation test is carried out using the scatter diagram of radius of contours extracted by two observers
and automatic extraction method. These results showed that the accuracy of the extracted contours was

favorably compared to the accuracy of manually traced contours.
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Table 1. Correlation between radiuses of contours extracted by different observer ( automatic ex-

traction )

correlation coefficient r slope offset

Intra observer

Inter observer

0.982(40.0114)
0.967(1£0.0222)

0.991(£0.0331)  0.499(+1.26)
1.01(+0.0372)  0.344(%1.62)

computer vs observer A

computer vs observer B

0.962(+0.0176)
0.942(40.0283)

0.937(+0.0390)  2.65(£2.02)
0.886(+£0.0454)  4.55(+2.50)
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Fig.13. Examples of linear correlation between
radiuses of contours extracted by different observers
( computer )

(2) AQEIZH~, MEAME L CHEHBPPLaE BHR
X o THRETHALEMF 2, THEEBIE,

(3) HFOMBHEEIREZICL)ERMESNLE
ROFEELIZIZERETDH S,

(4) FEEBIREIZLY, BB BILEEEONE %
HETLEL CHBEAMBTHIENTE D,
37, AFECLVESNLLHERDRIT, BFEC

INBONAHEREHEKLT,
(1) BTEEGOEEFRY AEIIRBL TW5,
(2) LAY AEEEEBOREELZITIZ V.
LEDHHYDH S
AEFEFFIET 2 BAIERIE EMIBE SR BE&P
QITBL LAV L) HEE BEREGOEEFER

WPRC, 121595, FHRISHE

DOHTHY, RENEIAKBEETHLEVT+OVEE
DB (o ERIETEI L b EHEL, RUN—FY 2Tt
PHEHNESTHLEEZ LN,

%O R,

(1) BHEMEOBEFBEMIITSTH L0 FMIC
T A L, AFEIC L B LNER ISR EE
BBREZCL2BHMEREORBE L ZIZFRERET
Y, BEBHIZOTSFIBTELMEREEZRL TY
BEEZONDLY. LN ELOBEKRAE RV
REMBEITH) 2 ENVLETH S,

(2) ®10 ®L 5L EEOECERIZET &L
ORKEBHETAZIE, i, BERERLBE
WY —LFMIZEL TH » THEDRBEBET S
ZETHRRTEDEEZLNS,

(3) LEEOEENFMICHTAZ L, E0EEYH
Wiz RETBEMINERI O EEILFE S ERFEIIL S
HEmE r e s 2 LT, L) SHEERBITEM
NEBOERILDSTRTHIEEILND, 7V —
LRES* BEBELOEBUCREL TITHZ LT,
MBOEEL, /AXOEBOERYI» LI LN
TE, I/, LABKTEFRE S TWIUE, Z
SEFITTIIREETH - 72ZE L T WO
EEBBIITI LN TEREELLND Y,

BEThhb,

(Fri124€12 A 22 8%, 134486 8HFZH)

X ®&

(1) WBE=, WARME  [DP ¥4iEI0 L 2BF R CBRBEZOZER],
{E% 3, J71-D No.4, pp.678-684 (1988.4)

(2) BRMER, BB, WAHE [BHRFTT VL 28FR-LE
RO BB, EFH®, PRUI2-97, pp.63-68 (1992.12)

(3) KB, KRERA, LEGEH, PREA [BEFRLTI-EHED
BRERRNHOZ2—F Nty b T—rzAe&RmLE],
1§%3, J76-D-11 No.2, pp.368-373 (1993.2)

(4) MWEEGH, BEEG, KR, EHEL, =R, BEEX:
[Lxa—WEIIB82BI0MHE 2 RTEBOBE] , E¥FR,
J79-D-1I No.2, pp.286-294 (1996.2)

(5) FWEH, KHXE, Z£KE", BRIEE, KARRE, BRER,
pEFE 7 L — A MESERER T BV & OREIZ B0 R
LR EEERIO E BAL ], BERES, 22, pp.395-398 (1995)

(6) MM, AHXE, BME, KAFZ, BRER [ BERLOIRE
&7 & DFEZ LR TR ABHRLN & 2 0EHEEOKET ], EFR,
J69-D No.1, pp.241-243 (1987.1)

(7) W.Ohyama, T.Wakabayashi, F.Kimura, S.Tsuruoka, and
K.Sekioka : “Automatic Left Ventricular Endocardium De-
tection in Echocardiograms Based on Ternary Thresholding
Method”, Proc. 15th International Conference on Pattern

1455



2 E L & WEKIC & W E

Recognition, Vol.4, pp. 339-344 (2000.9)

Byron F. Vandenberg, Linda S. Rath, Patricia Stuhlmuller,

Hewlett E. Melton Jr., David J. Skorton: “Estimation of Left
Ventricular Cavity Area With an On-line, Semiautomated
Echocardiographic Edge Detection System.”, Circulation,Vol

86 No.1,pp.159-166(1992.7)

Joseph W. Kilingler, Jr., Clifton L. Vaughan, Theodore D.
Fraker, Jr: “Segmentation of Echocardiographic Images Us-
ing Mathematical Morphology.”, IEEE Trans. Biomedical En-
gineering,Vol.35 No.11,pp.925-034 (1988.11)

N.Otsu  “A Threshold Selection Method from Gray Level
Histograms”, IEEE Trans. Syst., Man. and Cybern.,Vol
SMC-9 No 1:pp.62-66(1979.1)

(11) Bernd Jahne : “Digital Image Processing.”, Springer—Verlag
(1997)
(12) John C. Russ : “The Image Processing Handbook Second

Edition.”, CRC Press (1995)
J.Kittler, J.Illingworth: “Minimum Error Thresholding”,
Pattern Recognition, Vol 19 no. 1, pp.41-47 (1986)

T.Nakano: “High-Resolution Analysis of Cardiac Endocardial
Motion by Ultrasonic High-Frame Rate Image Subtraction
Combined with New Boarder Detection Algorithm”, Proc.
10th International Conference on Biomedical Engineering, pp.
383-384 (2000.12)

ft

1. ELT7+ATEEOER

{(1-1) Minkowski #1& Minkowski 7% (FEER
TD) 2= v FEMCBI 5 2 EOES X, HiztH 5
Minkowski f1& Minkowski ZZLLTFD L ) IZEHZEEN S
HETH D,

>3

Minkowski #1:  X[+]H = (J (X)» -+ (ff1)
heH
Minkowski % :  X[-]H = (| (X)» -~ (ft2)
heH
ZZT,
(X)h = {x+ hlz (= X} ................... (f?j 3)

ThY, X% h72 T T8 7-£867TdH 5, Minkowski
MX[+)HIE, XOBRs% he HZFTBHL-EL60%E
EHTHY, X2IMNIGEL 248124 5, LEOL b
7213 HIZ X o T#% %, Minkowski 23 Minkowski F1i2
BII2ESMEEGRIIBEMILODTH B, FORKE,
XHBAENINHEL 7RIk b,

(1-2) HREUME X HIZ & 53E3EIX Minkowski
MEFMLEIICARICE o TERENS,

XoH=X[+H= J X
heH
2EERAETIE XA 2 ERFE (1-BE0ES), HI
EILEF (structuring element) & HHINZEENELST,
HEOF 2 ROLEETH 5,
X0 HIZEBYHEIRNT Lo TER SN D,

XoH=X[-1H= [ (X)x
heH

ZIT, Hi%E6 HOREH = {-hlhe H} #Fb T,

K.Sekioka, W.Ohyama, F.Kimura, T.Wakabayashi, S.Tsuruoka,

1456

IED EFIX H% 8T 5 2H° Minkowski ZDE#HL

EoTwna,

X

1]

E M B %

X X B

BE¥S,

i (ER)

1998 FZEBRFTHFMERTFEHEE,
2000 F=BERFRFRETHPREST ., AE
SERFTHHBF. L& L TEAEERLE, &
HESUBIIET AMEIEE. BEFHREES
BAxrs [-%%, ZB2EK,

A
E=3}

(JERE) 1985 F=BRFTE#HEFILFHE
¥, 1987 E=ZBRFERFERELREE T 1991
EZBRFTHMBIF, 1998 F£& ) ZBAZT
FEBIR. TOM, 1998-99 £XKEL > L7
IHKFERMER., F8HEXTFTRH, CBEH,
B, 2o ¥a—4975749 7 AMWT2
EICEE, T, EFERBIEES, HHRLE

sans
#5288,

(ERB) 1973 FEEBAFTFRERLFHE
¥ 1978 FEHBAFRERELRERET. A
FEEHBRRFTIFHBF. 1983 E=FERFTE
BRBh BT 1989-91 FKE I ¥ 7 > REEBHK
o 1998 £ & ) ZBRFTEHMHIE, XF - /S
-V RE, BELE, 3 ¥a—-¥T5T7 14y
7 ADMRIZNEE. T, BFERBEFS, #
BAEESR, BRI L - £ —%&, \THESS,

(GE2B) 1979 £2HBAFAFKE LR
BIET . AEZBERFETEMBF, 1991-92 Fk
B 2% KEZFBB#HI%. 2000 F=BEAZT
FHEIE. AEEIEER, ERERRE, RS
7 =5 OREHBNOMESICHEE, TiE, EF
HHRBEFS, HHRLEXS, HAEHHNES,
BARIL [1—%£, A\THESS, BEERA
TATHESR, §28,

(ERR) 1975 EEBRFEFMAE, 1087 £
B Fo 1990 £ R, £ DM, 1988-89 4k
EYar XRTF Y RARNAF AT AANTIY Y
=TV EBWER. 2000 E=BEELHE
SH LR R, LD EBIE, BRME
RO, BEREGENI Y ¥ 12— ¥ BIFIHET
LREICEE, B, BEFHEREEES, wRE
F&, WHES, BEAIA - -4, BEEBE

IEEE, &&E&,

T.IEE Japan, Vol. 121-C, No. 9, 2001



