2
tol
i
MO
>
i
=
o

N
o
S
~
S

M213 St=288XMess EHSI=EE

{ tak0315*0t1n30226* } @hanmall.net,
{gslee*,shkim#* hsh#**}@chonnam.ac.kr

Bronchus image segmentation by
Threshold transform

Jeong—nam Tak0, Hye-suk Kim, Guee-sang Lee,
Soo-hyung Kim, Sung—hoon Hong
* Dept. of Computer Science , Chonnam National University
xxDept. of Electronics Computer & Information Engineering,
Chonnam National University

Q ok

e =
H Z1#AAE 959 7E AA AgdFe 9 S st 9&5} ol W4, iAo w F
2% Ages stal dom, fatEddAlE 7IHA FHE AAAHoR g d5S & F dvkd Ho
Al A= 7] 3R A (bronehitis), 7] #A] §Lﬂz(bronchlecta51s) % 7] & (pulmonary emphysema), 2 4

(tuberculosis), 7]&(pneumothorax)s <1&] 7FX] WH & A #=o| 7b53ith. Aw7kA # 7]#A o
g A7 Z]iﬂoi e HRom, 2D CT °ﬂ“°ﬂ/‘14 FHol A7t FAE A dol Ao #H 7

#A 2 F=3 We AL o822 Gray-scale Reconstruction¥} YAIX S o] &3lo] FE39 T} o]+ 3D
T8 f% A %ﬁli QA WH-o A7E Y e HAC e AR TS 29
=3

AL om @ om QA Bepld GA Bue F
=

M E
A4 olm7lee] wa HEo] A g
3}

A= 2 A A (threshold) &

od 4} E3k(Image segmentation) 7% ¥} o]w|x] #-4 olyE]|= S o] gt wAo] Abe" 2 9t}
L Ao E A9 7ss oS o 9571 3 AAAE o] &g WA A5, Z 7]#9 ojnA
o A kg ez slarae Adste] z2t 7

H7|HA = A Tad FV|EA, 7= T2 H AAAE SAS 74 JHEE 4" dAA
© 39 fder 5o 2 ¥ve Ad WA H FEnks g 5ste] ouAlE Zdske WA ot
(trachea)s &3t o5 &, & F713HA( 53] # o9 7#AAE FEFs+= de CT
bronchus)E T3] HZ Eo7HA At} o3 X (Computed Tomography) FH7F $-3 A& 5
= U Jd7A = = 179A1e] B A (bifurcation) S A3 glo] Huho] Be AFTS Godsla Q)
2 Yeyd, 71#A= gl 1-2 em AEE A< CT 944 XA Frg &2 71718 AA F+
U2t b o 9o, 7|#AAE 1-5 mme AES A= 360 SAAA 7tHA ol HAHS o8 4=
Zh=th AbAe] HFT wEA AL 7] E(alveolar ANA GG dHolHE HFHE ol &t EFoH
ducts)E& A} 7]d(alveolar sacs)ollA] o] Fo] Xt} old whHel zZF %A (34! picture elements)ol A<
[1-2] XA FFAFE A& & Ak CT Wse 7 3

G Eolw s ], A, i, 2A Aol A M7k A4 (relative linear attenuation
Y 54 #;HE ol&std FANG dH9om e coefficient) 2 4], &3 Ed=Z o CT WIEE 0o

785



H213| st=2F82Xelsts] EHSI=HHUS =28

i

=
rH
>
fol
~
(@)
(@)
b
S

2 stal JAAleA 7HE XA FEge]l =2 Yk
Z(compact bone)g +10002.2, 7} XA &48&0)
w2 F71E -100002 A F oW Ede] Hdzkof
ArgE AL sk Blolvk Fauw AHe -100, 874
gl 12 S dde 40-602 CT HEE 2=t
g7t 2z = HriE 99e -800 T -1000
HUG=CT W3) AEe] dAXAA 7+ sid 7]#9]
G Fdste A FH= et [3]

#4 d (emphysema)s &7]2 3FFsta Qtba
B 5 glon ol & Hr|xete] AAA kol

Abetttar B ¢ Stk 29 EE HAdEY Fr) e
o] FAELE IAANE ol&ste] EEHL Fht
greyscale reconstruction 7]WH ¥ UAXZ o] &3t
AFARZ F7|EE E&ste] d on| |9} vl 4
st 1 Adgre] Aed gelg [4]
2. &= B

71E9] At A= CT 974 2U2 J4ES
S stdoy, B =dAe #H J4S WA AAS
i, HUIHAE FESe HHES AcstH, 94 &
e gdarglFol is) e =of shar wAE A
< YEdTH

2.1 Greyscale morphological reconstruction

Heferd A 7-4 (Morphological reconstruction)&
A (geodesic) el 2Fsl=, oA <A} (operator)
= % ofttelnt. o X olm A A, A7/ (recon-

struction)> o] P A I(w} 2~ )ol] EFHE

JEel el 54 AGAE o o m AI(wpr)

o]71 olm %]

g o
I f(x, 7F A
Aeste] TH

v)
rlt

of
o
=
»
N
IA
o
%,

786

Threshold ¥
Aol HAdf,

g

[l )T
if flxy)<T

4L BYA @ 54 Ed

f=(x, y): 9 9%
g=(x, y): Threshold @ 94
T= 8l 43 EAAFo] o] =3k

2.3 U4
Pl -0l A& ¢o] B0l

CT #9ozhy 53 Z49dts 8o 34
o2 W3 T oA E ¢lo] EQlr) W3 1Y
o] FLE FFdnrs FE317] flshe, LG dolA
a% 219 (h)eF 2L H A oA E FEI F
of A@delA 27 [3]1¢] (o 22 wA FHel
&b olm A RES FE8

(a) & 4%

(b) = wA
a9 [2] H vA =&

P24l -Low-pass filtering

153 dHH S oln AR CT 4=
AAS7] $13Fe] 4-connected neighborhood aver
-age AF3 AHHS A

wo]=

Ll



M213 st=282Xss EHS=LHEUHs =28 M11A M1S (2004. 5)

3= A% wr&Estel J.ok J, seEAE WA
AAHS wEE ST

21 (3)e] AAks g Foll ¥ [4]8) o], 53
ojlm| ] A P A FA HAa JontE 3
o] Ha valleyd 9 vA olvA9 valley 9
o & aWE A ek 2 (el o3 doj 1
d [4]e] ¥4 J= A @ 2ol 19 [3]9 (b))
%74 Differences FHatel 19 [5]9F 22 A4

(a) 53 dH (b) 53 IE l Airway @S g53HA €t

a9 (8] 2HY 9

P34l - greyscale reconstruction

a9 [3]9] (b) o]w] Ao 4-connected binary SE(
structure element) BE o] &34 wtA o|n A J&
A BT o] 7o A Ji= 4-connected binary SE
Be] size® 14 F7HA71WA & 10709 J1 - J109]
nA olm A& F 53t
2 (2)2F %] closing ¢ < valley <
o] A & FHAFFS A HH

J=1+ B= (IDB)SR

212, closing ¢34k

2% [4] v}A Image

Jpy1 = max (Jy © B, 1)

213, Grayscale reconstruction

A @A A5F ] el A
8] (el FRMF w7

binary SE B,E

(3)3 #o] 19

g% J.ol 4-connected

] 5 5} of

—_=

erosiondt FAS

maximum ¢ IAzkS

787

1% [5] Difference ImageZS st 34

D=J,—1

214, Difference ¢4}

P47 - Thresholding

Thresholdinge 2] (4)2] Difference 94+ D9 3]
TFete], 1 dl~E1de Min #3
AL & Max#t#e] MinAkel9] 30%E
5t ro =z st} 19 [6]2 ©] Difference
G s|~EHS YEbd Aot

0 50 100 150 200 250

19 [6] Difference®] Histogram @t

3. AlE

oo

Zit

HEH o7 old] ZH[8]S 2] (2)° 4-connected

binary SE B9 sizex= ©¢|% A& rlojolZ= &

rlo



tol
rr
Ho
it}
>
w
>
fol
~
(@)
(@)
b
S

o= 14 F7HA71WA % 10709 J1 - J109] w7
oM A& 5T T 7 ojuAo] i3] et #H
dug]lES wrEsle] & 10719 Airway °|H| A=
g5, 1 Ao ouAE HomM F53
Atk 29 [7]19 (A= S

=Ey)s A A5

+ SE10& FHste] g =53t

(a) SE 1(diamond)

(b) SE 10(diamond)
19 [7] SE(diamond) Size &7} kol w& 23}

a9 [8] HF Airway ¥

By

= gray-scale

(e}
™
reconstruction®} FAIA 9] HAEH FHEAE 30%=E 4

Fjelr] st Axe AAANES BAsn AAA
o fo wel, fAE AVNERE AFeE PR
of ek ATF AW 3 Avk [6-7] 1 A A
o7 B =dolAe 7 Sliced #H7|=e] el g

3 F% &+ Atk aUFoRA AFAA 34
Hom olgstm gt JluA WAL 2 984
3 nEL FUHE PAE EHA gm, RE W
gom 1 /WAl Jeist FeE 4A BET 5
slow, wlel el gl Aol Wel 5 %4 7t
A shel Aeg el 9FL X Bk [8-9]

[1] M. G. Levitzky, Pulmonary Physiology. New
York: McGraw-Hill, 1998

[2] JB. West,
Essentials, 4th. Baltimore, MD: Williams and
Wilkins, 1990

[3] hwb 2 Ak st 27} publishing, 2003.
ppl5-85

[4] E.A. Hoffman and G. McLennan, "Assessment

of the pulmonary structure-Function relationship

Respiratory  Physiology—-The

and clinical outcomes measures: Quantitative
volumetric CT of the lung,” Acad. Radiol., vol. 4,
no. 11, pp.758-776, 1997.

[5] Rafael C. Gonzalez, Richard E. Woods "Digital
Image Processing” 2nd edition, 2002

[6] G.McLennan,S. Shamsolkottabi, and E. A.
Hoffman, "Assessment of Major airway obstructi
-on using image analysis of digital CT informati
-on, "Proc.SPIE,vol.2709, pp.197-208,1996.

[7] Horst K. Hahn and Heinz-Otto Peitgen, "IWT
—Interactive Watershed Transform : A hierarchical
method for efficient interactive and automated
segmentation of multidimensional grayscale image
-s” Proceedings of SPIE Vol. 5032 , pp. 643-653,
2003

[8] Deniz Aykac, Eric A. Hoffman, "Segmentation
and Analysis of the Human Airway Tree From
Three-Dimensional X-Ray CT Images”, Medical
Imaging Vol.22, No.8 , IEEE. 2003

[9] Atilla P. Kiraly,Three-dimensional Human
Airway Segmentation Methods for clinical Virtual
Brochoscopy AUR, 2002



