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0)9] 7%= g9 72 gEs FHeke #AAREH Al 297tA] AAdste dAE, 71k 999 24 dEs

] H(stream order) 7|HE& o]&3&lo] FE HWEko 7 Z7] &33dlE ©A(S430); =

EQAEEH A1 2u7tx] 7% 99 X ol (S450) 3¢

goe] Bx HES A4 E dA(S460)E £ 4 o).
#

=
1=
b
o
i)
©
o

F o

715 9ol 24 dlE sk 2 AR vwkete]l AAsks WA, 2] €9d A dde FE oE
ol gl 248 #(dE 5o, "1")S /MHEF A= dA(S440); B a5 72 ARE A6k V=

< AAste e, FEOAAFRH HsH d¥(bottom

o] B2 o]l AAH F3F A3 4 digk 7E g9 FA #@A 4 HWwE AFS
3
=

Al 85000l eJste] A= 4wl FA vye 7R g9 duE 24 g9 dis #Ass vawd

A 50000 Jstel AFHE BA AWM £ e % goje] Aad B4 99 L A9h ¥4 9o ol
o WM e ool e dugon FAE MR & ek,

%7 ® owe] O Ao mE et Tx guel /U /% 4 A4 AL mAsE AdEel,

S =1 R =20 FY TlEolMe, dliF-E T2 A skl levelo] Aolallof & F-Eo] FUT level =
AAEE SAZE S ¢ vk B wR sRety g A 3Ad levelo] FojEojof & Fito] MR U

T 78 Fxeid, B o] s hdsk AAds G2 A W] A glE first order level 7HA|& 3F-E
A Gz AR 71eete] levelS 1AAIZIAL, L o]sto A= A& AMES 98] stream order WAS A&
3= Aolth. olu first order level2 dE E90] level 302 AAHE & i},

olw] first order levelS level 302 AAZ = AL 3t dA)dol™ | level 13 level 2¥FS dfj-8hd -
Z ARl 7itsle] ngskE AAdE 1HEd § 9tk

T 78 FFFHE, level "2"7F Fo"E FGE Alojo] EA7F oA nt SFsty Fx AR 7Nkete] A4H
S8 AT FAR FaH= Gl level "2'2 uAd 4 Ut

= 79 AAdE FEEtE Wlo2E, 1) WA root(trachea)olH5-El first order (Z E9] level 2 &

IAE level ¥ & first order?] 3FY levelol stream order =
, A stream order Fo] & 9] trachea’} level 1°0] H X% 499
Fof| &ty Fx AH 7|wate] A leveldl X AW levelo] o & Qoh(&E

1) & 42] AA]do A= Trachea, both main bronchi®} intermediate?] levelS 13 22 A s}, 319 level
o| A]= Strahler stream order® A3+ 4= Qt}.

B

2) = 59| AA]do| A= Strahler stream orderE #& % trachea’} 1 levelo] H %5 level AT T A
o

9l levelollA= s -8t 2 ARl 7|8tate] level S AT + QUtt.

ol Aol A JAE E wtwo]l A AHAlde] wE AHE order/level Fo] VewRogk g rEERT 5T
, A& order/level §-o] Al ¢h¥atx] @2 ANRE HsHy] 9lal] AREAol Al

I£ AT F Y%= 6, A S500).

= 3

3lal level S WASHH 1 level?l o2l branche] level S Aso =2 8
g AA)def wela = e branche] level? WA
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order'¥21& Agsle= AEE AU

3 2= A HHQl stream orderys HAF O FE AF)ERE HIE A7) Aok, Hx9 A
Fole level 1& HoJ3ta, 2 levelo EXE wyd 78 o]F9] level S 3 WA S7HA7]= WHoR
A levels 24T 4 ot

w Ee] e 2okl V= w24 ol HEshd skl Aol iy ulud wf M) S
Solg = Qv 7P skel A (R P 3o WEE WA AAstal, 2E levelol AR v Al o
T8 leveD oAM= level S HAAIZIAL(AGEFA] 7] L DA oW (TE level7le] RhYd) 74

i levels Atz FAZOPE A9 AF Mzs 74) & U

M

e

D)
.ﬂlfo mﬁ

8k stream order® A&35t= WHwtomy © 1 W ¥ 29 JAA order Folrr}l R Lzl R+
= A=7F sk

ouk F2 719 stream order WIS ALt AfdE AA BEE V|9 Fxo wWEbA = level 27} H
ojof 8 o] level 10] ¥7]% s EAHo] AT}, 5, mechanical order? F& 719l = 1 ¥ = 29 F

7l wile] @] yehus EAlxd o]l A1
B3 stream order A& WA Altte] folste] A6 #MS A= At IS a9 A

webd ¥ e e
order/AA9] Fgele oA Tx guol Awste] B4 o

5}
stream order £ A &8l EX9] e A48

r

2
-
BN
o
f
2
~N
2
rt
~N
ki
1o
M
N
vl

g,
iy

HFHS Aok H A root ZHE] first
irst order ©]ste] @A =
A A=A At 4 Q).

Eou F wwe] o AAdel wE vk A AA VI T el wE vk A dA Vel AaE

|13t7] $l8te] wAlskE wHolt),

Jud

X 99 Mechanical orderv X 13 X 29 FE 7|&9 A2 ZAA ZA3E AT}, 5y 32 4 A9 9
W2 AAuojol & RFo] dRT} 59 dEE AN FAHe] AT
% 99] Strahler stream orderv T UE Fd 7|9 ¥ 274 A3E A}, F-E4 Fx A3 9 g
® AR olof & RREo ARy} 4] glle AAEE FAHdoe] EAHTH
= 99] Anatomical structure and stream ordert ¥ o] A AAlde] wE 7|k #E 24 AIE LA
o, A Fxof T & Ftske A AW AUt B E
E 3 UA] T 9o TAlE 2 Wge] AAjde] mEW tSo] o] xgE & Q).
() F71(71=, HY) £, skeletonization, Z stream orderE E3to] A2 EA| level ¥4 o] 7}&3lth
oluf 7%= Bk oy}t @ T thet X9 level E4]0] 7hE3lH.

1M, 7 71384 dAE g4 (virtual

Airway tree w42 ¥ 7= Zgo] AR TH& f& dgHo
bronchoscope navigation) ¥ A% <HH(biopsy guiding) So% &&=
o 7| #Hd AA S AEstoRH ol 9 9 E d (S gHHeR Bxd 4 Q.

(2) a5-8H4 ol7k M QA BA 2] FAE BAlevel & 1A ] BAF HAo] sheait),

7% #3 => skeletonization =. stream orderE &3 S1A] A levelS EAET Hal oly} 3532 ol
off g 4 A3E A7) A3 A A FAFE A level S 1AT F U,

Aeld oz Ags 5= 9r},

ﬂi]v‘:}ﬂﬂ A A4 level
=
—=

B odto] og g4 AHz/EAN WUHe ¥ o8 JHoRRH Y|k(airway)E 5L, 2 JEE B¢}
By alele] Frro s Basi= A8 AAZ o], 7F 1% Frbel level EE order® Hojdhs WS et
F et

AR .

Trachea &< 49e & o, 49 levelol &dle B9 F3tole -4 Fxo e level S FoIsta, 3
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9 levelol] &3l= o] 7t stream order 7S H-&31e] level S F-oldt= WhHo] Aot TH
AQtd el 93te] levelo] ZAHE 7|xeo F HE2 SAHE AZF R TAE AEE # Uy, F,
level B2 &/ ARE &5t d4 oS REse b 483 ARE AT 5 ).

Aok el Slstel levelol A4 A3 $shA e 5 gomm, B o] Akt JABR A
A Pl 9ste] levelol AHE %ol HaAA S AR ASA} level & WA F Y UI
g AT 4 Aok

10&

T 108 s, 2 dwe] o Ao mE AFY A|&E(1000)2, ZEAA(1100), wWXE2(1200), F41
SIE H 0] 2(1300), A AX](1400), ¢4& A H o]~ (1500), =2 Qg H o] 2(1600) Z B A (bus)(1700)E =
gate] 4= 4 Q.

a9 Ao w2 AFE A|2EI(1000), FHolx 3hte]l I ZA A (processor)(1100) = A7) Ao
shte] ZEAA (1100)7F Aole hvte] dAlE FP3tEes A Alste WHolE(instructions) S A43sk= H
 (memory) (1200) & E3H3 & v, & o] o HAldeo] mE el Aok {9 dAE 47| Hoje 3}
o] EZZAA(1100)7}F 7] w22 (1200) 23 HHAES E2uste] Adgo=zyn Fad + Urt.

Hﬂ t

2 A4 (1100)
unit, GPU), &

A
L
A
.

=9} g A=A (central processing unit, CPU), Z#§= =8 =] (graphics processing
2 Wgo] AAd g wE WHEe] FdHE AL T2 AME T = Q).
WREE(1200) ¥ g A (1400) 272 3 A viA 2 w3 A wfA FA] Hojx SR G4
2 4tk dE 5o, w2 (12000 ¢17] 8 vRE(read only memory, ROM) H g dAx wEz
(random access memory, RAM) oA Hojx vtz A= 4 o).

, HSE AI2AEN(1000)E, A HESAE B8 Fals sdshke B4l /IEH1A(1300)F TS

30 A
Rufgyes)

w3, HAFE AI2E(1000)2, A AF](1400), 4= AHHA ] ~(1500), &5 AEHHA|~(1600) 5 ¢ X
s 4 Q.
wdt AFY A 2E(1000)0] F3E ZzFe] A QAL B2 (bus)(1700)0] o8] AAH ] AR BAS 3
iR

2 o] AFE A2H(1000)9] dF EW, 4 7bse dl&=a" 7A5FH (desktop computer), HE FAFFH
(laptop computer), >E&-(notebook), UFEF(smart phone), EJEZ PC(tablet PC), HB}YFE(mobile
phone), =FFE ¢ X|(smart watch), PFE =2 (smart glass), e-book B 7], PMP(portable multimedia
player), Fdi& AL71, HdRAld(navigation) x|, TAE Jtd2t(digital camera), DMB(digital
multimedia broadcasting) AA7], Yxd &4 =57](digital audio recorder), YXE &4 AA7]|(digital
audio player), UXE &9 =3}7](digital video recorder), YXAY &I AA7|(digital video
player), PDA(Personal Digital Assistant) 5% < t}.

ool o AAde wE 7= g9 Bx s AAG e FXE, ok st oo HHe AFE:=
v %2 (memory) (1200); % #ol = &b} olabe] WS Aash= ZRAA (processor) (1100)E EFET, Z2A
A(1100) = Aol 3t oo HEHS Agdozm: ou g o EFHE 7= doge &
(branching level)< a3t =% AR 7|9Hdle] FENARE Al QUu7FA] AASFa(S410, S440, S450),
71 e BX dS k9 @ (bottom level)ol A FE A1l 2u7bA] ZAAHCE(S420, S$430, S460).
TZAA (11000 Folk sk o] WHS Adgozy, 7k g9 24 #Hs 53
Hhsto] AATho o)A (S410, $440, $450), 71% A9l uld 43 o] FEARE A H
TE ARE A5t oY d9] #A4 dEs A-E S oot

4 gz Ar 7]
=X H) & y-ekA

Z2AM(1100)= Aol sht ool WEs diydomm, 7m g9 24 s FHske ded5g Al
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WA FR

2Y7A] ARG 9loI A (8420, S430, S460), V1= 949 T I HES 71| el
v B} =& s

S A9 ARANNTE FER Fshs WFCFS o
Rol@ 5 gk,
Ae Aske del e Al

= B4 gerle wA g
o gods Az be dus F 1

R AddgoemA, Ve 9o A Ui FHeke oA RE Al
A7MA] ARl dolA, 7= 9] A dEE Hoke] elBelMREH AEY v (stream order) 7|WH&
= 2 o] FEAFE Al 2H7t

A % Gel A @] AR olF(S450) Aok AMWAMTE AL QEAAL % G A AR
24T 5 ATH(S460)

ZEAMN100E Folx sht ol e AFosM, 7] /% G99 B4 AN ) Argd T
Auol Jlwetel Agel gloid, 27 FPE B4 @0 2= Aol vg A48 %(dE B, "1 7
AES 2PT 5 QI(SH0), AFTH T2 PRE At JE G9e BA d0e AT+ Arh($450).
ZRAN0E Jol% sht oldel BHe AgForM, 1% Gol tstel A A M2 d3H AU

A% oA Tx ABH B ARE 4T F 9

ZZAA(1100) = HoE 3h} o]/de] BHHS Hdsto
= dyrel gt AREAF J™Hol SHEle] V= g9 A A o] gas AT $= Qo).

Z2AA(1100)= Aol st o] de]

w ool Aaldel mE P FAe AFEHD 92 & b AsuAel AR 9L 5 Qb Zad =
= mEEd FEse gol Jbsat. AFEL 9 F At ASuHAE AR Asgd o8 98 F A
Ak AHE RE FRY /12448 L@t £9 AR} 92 F e S YEYaR ddd
AFE Azgle] Babe] BA PHoE AFHE e F Ab Zeod = =Sk 492 299 5 9
oh.

715w A= F(rom), #W(ram), ZA] WX (flash memory) T3 #o] 21
EX3 FAE st=fe] AAE XY 4 . 2ol gHe HAudy
(compiler)el 93l wHEolA= A Z2 71Alo] IR olyg} AEHZH (interpreter) 5o A&l AF

Elo] s ddd o 9= aw o Z=E xFE 5 U,

(3

2 e gi SHES A EWeA AHEHNSY, 2R FEste Wy wE AW gk vEd ¢ 9l
I, g7 BEE e FX e Wy oA B 9y wAle] 5A 0 st fAH, WY Tl AWE
SHES T3 A&ste B85 L5 ofo]¥ e A&ste AX e SAHoR yud F vt Wy dAEe 2Y
e ARE oE 5o, vlelaz=Za2AA, T2 Jhed AFH e AR 2o 22 studo] FAd e
(e o]&ste]) FddE Ak, BH] HAA] oA, 7 Fad WY dAEY HoE st o] ol
2o Aol & AE F Uk

HAA QoA , T2 7hse 22 AX(dE 5], 2 Z2aYHE AlolE ofgo])7l o7]A AHE W
£9 759 dF e ARE FPs7] A AFEE stk AAd A, 2= TR E Alo]E ofy o]
(field-programmable gate array)t <714 e W 2 A

5 % g FPH] AW volaRx
(microprocessor)sh 7 AFE 5 Qek. AwHom, WHEL oW smse] FAo| s FYsE Aol wh

ol g B owwel MFAF AA F Fxstel MAAAW, AY /)% Rope] SUH FAAE A7) 59
T Wl /MY B owde) g R geomn Molud 2 Wel WelA B wwe g £ o
WANY & 9eS olHF F 9e Aol
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k1
N2
(VA

S100
Acquire medical images —
+ S200
Organ segmentation e
+ S300
Skeletonization ™
: : S400
Airway branch region
level determination
S500
Provide menu to edit
airway branching levels

k1
N2
N

5400

Determine airway branching /5410

levels based on anatomical
structure from root to first order

Airway branch counting by /.5420

stream order from bottom level
toward first order
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k1

k1

)

)

S400

Airway branch counting by
stream order from bottom level
toward root

h 4

Adjust airway branching levels to [ —

make root level as "1"

¥

Determine airway branching /

levels based on anatomical
structure from root to first order

3

Adjust airway branching levels /

below first order

Menu 1: Edit branching level of
selected region/branch

Menu 2: Edit branching levels
including branches below
selected region/branch
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Airway level by
anatomical structure

Root(Trachea)
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1200
1100
8 e —— l'nput user | 1500
Memory interface
ROM | | RAM Processor
[} «—»| Output user | 4600
1700 I interface
v ¢
‘ I
Storage |~ 1400 Communication | . o
interface
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