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= Abstract=

A Study on the Detection of Pulmonary Blood Vessel Using
Pyramid Images and Fuzzy Theory

Jun H. Hwang, Kwang S. Park, Byoung G. Min

For the automatic detection of pulmonary blood vessels, a new algorithm is proposed using the
fact that human recognizes a pattern orderly according to their size.

This method simulates the human recognition process by the pyramid images.

For the detection of vesse;ls using multilevel image, large and wide ones are detected from the
most compressed level, followed by the detection of small and narrow ones from the less compressed
images with FCM(fuzzy ¢ means) clustering algorithm which classifies similar data into a group.

As the proposed algorithm detects blood vessels orderly according to their size, there is no need to
consider the variation of parameters and the branch points which should be considered in other de-
tection algirithms.

In the detection of patterns whose size changes successively like pulmonary blood vessels, this pro-

posed algorithm can be properly applied

1. M 29 oz kFol opd ¥¥E xFE 1A
s a3t sl oo W At 47 H=
Ao & WelA gn AfHer F¥ XA o}

Gl =EE QAT B AT Ay oleldt A4 2A& A& o|F AATAY
Skt 29 ol d HASo] ST HHB T A 54 ANE o] F¥ste] Fobd Ayl Folvt
A% AAE B 2FEY Ao B =22 S F

(44119913 69 2690) T A& Aelth
Agdista o)z dg ogstma 4 22T 5EL vnA TR Bt o
(£ A7E 19145 Agdista Y SAd7y] Bz Hefo] A AR g HRE o] &dto

9J3ho] o] Foiz ) 23 & Qo



—BTRa £124%, 2%, 19914~

ey B4 e Alele %01 o $- wchrt
FolAn E)AH6N M= s W3le, ¥
E d5Ae R Wil °]E* Ztzke) &3
o] A2 ¢¥HA EE(tree) +EEF o]F I o]
231717} =% O%ESJ- ob# Al A=
ol dae]Fe] gl ‘a”“lﬂw
b 2 =Fo e FY did o] st
Moz witsiA g 2rjz &
A °l% Azsle dndFE Adsido

3
ofr
2L
lo
hﬂ
m
N{N

e I e °é*&°ﬂ"1-"i—51 AL A%
FJ-‘*J 545 2F3e 3i}/L(pler) < #o}

A

bl eldlell A oln] d@oz oM FHif
A oA Sas FoA B EAL uE
e FaEE oAl A o] FollA A4 Hl ol
A AR e AR ojxste] sle vt dHe
2 c4dta o dde dAdegi ol 27
S b ge 2 g Hob vzt

wq A ol & Mol 9w WAL Ao}
W2l A Fe] A ddel4 JaEadS

B2 7] T4 dAaEzz 3 F3H(ocal histo-

gram equalization) 7] ¥ -& o] &3} 4t}
F4¥ o4l dne Fn 2 WY
F2% 7ok AA obd de
#

B2
EA § A (feature vector) 5§ F£3

W

A

fr _JLI

—100—

978 o3 A 54 X4 28
o

2.2 TE0jS YA

defus of 4L 9 @™o 3x33haE BT
o] o A9 e 13t4o et Mz A
AL g gS$AA AAl dFelzh 4010 HEE T

_?L

a7x 3x33tao]| B2H e A E Fo
A

9 el dle =E AE A9 il HE 7

AFE 55 277t el dlolelge]
ZA sl3 gFZe] 3t 2 &(averiging) & 3hE2
B xo|zrt Fojirh ®a B33 dele) izt

E &S 2t dedA T4 FeHE e

2 3ol oJ- o2 AFPAS 1A ok

Aol AWz el A4E2 Az s e &
e ARz kolzvt vimH g FAY o
g HA o FAlo] e F FAd $4
AL AT & 57 e, Ao A w S f
Al & 5 glg Aeleh”

2.3 A MU

>

e

dele)e dae] AAE HE37] Y3 X, Y
wako 2 7Zt7b FpEAE 7hRlE 4 (sobel) 2.9
#lo] ¢ #EL3tgch

IG, P& 8 FAol=tsla o] & 4402 e}
e o3 2ok
E. (i, ) =10+], j—1)+I1G+], ) +10+1, j+D

—I1G-1, j—1)=I1G-), ) —-1G—1, j+D
E, (i, )=IG—1, j+ 1) +I10, j+D +16G+1, j+D--(2)
—IG-), j—-1)—IG, j— 1) —I1¢+1, ;=D

(1)

o
E ly3 489 A
AAS) WFe Bhest Yol T 4 ok
O=atan2(Ex, By) - reeoreeremrmmirireiieiiiensieeene (3)



3=

AAL 27Ee g o] F& + Stk
E'=y (EZ+E}?)

o|@A e FTREY AAHANA W 2k A
Ago] vehted, 2 FelA s F AARE
bR e A"y g F9 AAGRt 2
m Azstz Aew odoksle A4 #AedE st
.

2 « 4 Fuzzy C Means S2{AHZ Y12[E

FCM %ngg (5)¢] <dubstd WGSS
(within group sum of squared) 2 x}-5-4 349 =
HoFH4glee goozsy & HEEF F|A¥
e Aol

A)
Al

J.(U, V) =é“=“2‘1(uk)m I Xe—Vill 4% 1 < m{co--(5
A714 X1 < k < me dide] 27 9ol

SX={X, XpXa}& dabd A5 Aol £3pe

B2 wE s FAH S8 dolel Ao}

I wele] WAL FAdtm, | Q A8

£ QAQalH, o714 d3 Ax positive definitedt

v
L

I

dxdazlzd B He 4¥ @ Helsh Az
4 @ AFAE Tk

Vil <1< o)t BE SR o]olal o
2o~ Z A Fehad FARS ez V=
Vi, Voo Vi3 = e/l Sl 29 T4 HE 52 o] F
o]z Agolrh = me [1, ]9 oz 38 F
% 7}% R 4(membership weighting exponent) o]

oh, Al F4 9y Ve i F29 4F
(prototype) © 2 7}F5v] A](5)o] 9] #Z H¥
% 2l 34 48 A9 AR S 5 Uk
#Hx] §-A}4 (fuzzy similarity) & Febich

139 =23 XexVida A(6)7 A7)l
ojate Jno FH HAFEE T AF HEHE
282603 + A LA Aok

moj

V= i‘ (Uik)ZXk/i' (UiR)?, VI ceverremenmennann, (6)
k=1 k=1

Vik= = 1 SV, Vo ereeermeeensceennn . )
% (di/d)?
i=1

di?= (XeV)'A(KeV;) e (8)

4 9 yeele migs} SAEHE AL WE

)

—-101—

2

iie] M) W MR-
3. &4 2

g4 AAZ 73—1 WSS o] &3ed, EH =94
A5 FAE ¥ A Hedd H 2 YES F
2 ENG Dlxlﬁkoléivlﬂ oFALS rjAlo . FA
#BL RE34A-
3.1 €& S5

AA A #E dzelZg agod e
o2 o

AZ dane 2o 7z BEE W A A4
& o5 e
3.2 meioj= gatel 1A

o]l 2A A WAz EAdctz AU =

sha AR ez 2o W) P& A powd

4 ek 2 Gdelw $4 BAL 57 AHY ¥
A4 71e¢ BHez Fu Evoss 3 wA
o Feo)s o 4e FHHA

128x128 AL 39 #HAZ Hx 64 x 64 9}
s2x32¢) % 4L FH

A% ae wol @ 32x32 47 o|Re A
AR 4 23 19 (@5 o) 49
4oz geh oHAAE 64x64 34 1 7
AAAS e @) 449 A dgoz W
3 128x128 Atz o A AAAAG AL (2”) 9}

2o Hal GAoz Hok

AA 19 A G AR 29) MM o4,
Aol 23 19 (a)sh e A8 AW o4
s o,
23e 23 19 ()% 2 73 49 ol
A2e g a9 AW A28 stk

o) 5

o)

=
T

&

Fx24 42 FZ(anti-
A9e AR AN AT
of AAls AAS $pe]
xald W) AFL 8
ajebn 714 e

0

lol

o] 4l



—BTReH

Hag 2% FCM X
{a) (b) (c) (d)
(o) | Mg e
o) ¥ ol ¢ ] -_‘—1 | FCM l/ R
Pl e g ¥ S A -*[%_‘1*—3_?4]
(a") (b) (c" (d)
()22
kel uv e ¢ By 3 FCM i o an
£ o34 84 2% oded3} L
(a") (b™) c" (d")
a8 1 €8 A daes

Fig. 1 Pulmonary vessel detection algorithm
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Photo. 2 Pulmonary Blood vessel images after

edge thinning
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Photo.3 Detection of main blood vessel
(a)(b) High level image

(¢) Pixels for clustering

(d) Image of class 1

(e) Image of class 2

(f) Image of class 3(main blood vessel)
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Photo, 4 Detection of secondary blood vessels
(a) Image of main blood vessel

(b) Image of candidate secondary blood vessels

(¢) Detectesd secondary blood vessels
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Photo 5 Detection of fine blood vessels

(a) Detected blood vessel images

(b) 'Images of candidata blood vessels

(c) 1Detected pulmanary blood vessels
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Fig. 2 Pyramid images of pulmonary blood vessels
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