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DRE IFESELETD D NEOBMTH Y, RVEBLER THRe 2BMESH% - EMSh
T&le. ZOBDWOBREDOPF TREREELBZHLELDE LT, Roentgen iZ& 5 X
BMORER (1896 F) BT OLND. TRLRNIMBZOMB LV o BEEHIBMETE S
BESCEOREICEND REZRIIBE 21To Tz, Zhizx LT, XROFERUBEII
ANEREZZN L TRD ZLMBAMREICR D, AMENBOREEZ 7 4 VAR EL THETE
HE DRI, ZOXI R XBBRERVEBEHSERBZHOKBEY L2 k) (1, 2).

ERZEOBLIZBITAKREZR Py 7 O—21Z, 1970 4EEH® Hounsfield Hi2 L3 X
# CT (Computed Tomography) OREEMBHETLND. FNETO X HBIIALE H
LHMMPORELIC2RTBTH D72, BBOERVICL- TREREMERTS (b
DWViE, BEhd) LWORBHRBAN Do, —F, X#H CT TIXAEOKES (X
TRIAAENES) 2/DENTE, AMFEERICERT S Z L 2 NIBO#EEY 28
BIDHILERTES. ZHICLY, XBETIERZARY, H50NE, RELTRIOL-
TeRE (B, DB OBMICRA LIRE, MRES-CRHREmORE) 2EeE
AEE L7z, LaL, #1#0 X # CT HBIIREMRMNELS, Fh, ZHBREELE»-
7. ZO%, X BECRIENSBOMERER L3 Thh, I5iZ, 1990 FRICAY ~Y LR
X# CTEBPAREINZ. ~)INVEX B CTEBTIE, SEARICAF Y 21T
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7=, LBTE Y bEEIZ, 2o, BHRT— 25BN TEDLOITRoT. ZOH
b, BROBICAEIC X CT EBSE KR LAY, 3KRT X # CT B2RAVICERDS
WS B BEICIThR A X522 5 (3. UL, LEEHE B, WReXBRy) 2mER
B (lmm M FRE) TRETHICRAXT Y VEENEEEL, MEICSTTRETS
VERboT. i, BERIELYD - BLE2TbRTTR 62V, BICERER
IR E R OBEOREIETNPAAL 2o T,

LT 1998 2, vV FRXF5 A A CT (multi-detector row CT & bFHIN D) FKED
BPIZE Y, XK OCT EBOMEIIRBEMICHELZ. #3k0 CT EBIIRHEZ 151
TR, ~NYBVAFX LD EREB TR, 2 AF TR CT EE TIIEES
(ST 45]) OHRHBEBE->TVWADT, KLY BEFICT—F 2B DT L BAHEI
ot [g~[6]. BROMBED, BED L I AR/NT 0.5mm Y5 OB HRBERER
S, BUNREBHBHTEAXSICRot. ZHICKD, BlxiTemEER v IEn
BECRETE [4], #REOBEFOAALERINE. SAFRTAL A CT REBILH
FEAFEICHEROBICERLTRY, £, 16 FI0ORUBLFoLEBELREL, RBOR
Hib - MERELRSHRLEDOND EEDND.

INETCHAFETCHE LTS XM CT 2L LTERN, SRTERAER
2 X # CT o, MRI (Magnetic Resonance Imaging) X PET (Positron Emission
Tomography), BERER LHEAXREL Y T4 OEBRPBH DD, I TREEOBIMGEE
BN RERIT B0 L BB [1)~[12].

112 EHE#ZIEDHEER/ NS — R

pighc, EAES L EEZHOBERIZOVWTSNE. 22T, EREROFREBICL
DLWRE L BB Y — U BBRICOVTRAND.

BAE T, XBMRICL2EARZMTOhTRY, BRMIIKED X R 2FHE - DI
LTW5. ERRZTOREELIL, VWbiE, “REBROEFEOFNRLOBDOREEZRER
+5” LOIFEBERCEADESL LN THS. TIT, EMOAHERLZHOEEILEH
Bz, BHE#E AVWCRERY (FLRTOBREER 2RBRHL, ThEEMICIR
+TBZLIZXVBEHOXERITY, FEBXEDZN (computer aided diagnosis; CAD)



1.1 Eig2u & AR ED

CETOMEDIEE ST, ERLITBRERD Y — L BH#O—D LB ENB.

CAD DEESEIZH <, 1970 FITIXEET 2RINBME SN T3 [13, 15]. ~U B8
X # CTHEDORYS (1990 £R) T, XHRERED 2 RTESEZNERE L THEN
TohTE7z. CAD OELBIL, MEHOBARERM (14, 15] Thot. £/, =0
RPN E R IC BT DRk R BRI E S 2 Shvie. 3RTAENEEK L R o - BEDHE
BABERERDOEIL, TRODOEMR (BDWEEVPOIREMRZ) HETHS.
BIZIE, FRIET7 4 s (—8REH, AT 4T E), 257 4/V% (Sobel, Laplasian
2E), REEER, RENFEToND [16].

ZIT, XBRBONRZ—UBBIZRT 2EERBBERO—21L, HIHERFRO X &
BOSERET X RPEE L-HEDO X RRNEBOFPMEL VW IBTLOAIELAARL,
EVIOIRTHS. 2FY, BIILBIHERICES D, SPEASIERL SFd g ei
5. WXIT, MALIZH X528, HEE/NESREEE (B2 10mm UT) 2BRHTHZ &%
RETH->7. PDAUTRIICRER - BRETAERVERTHIRKATH S0, BRHT
ELEBEOREIITLV/PIIVEREE L.

~Y AN X CT EBEVBAFE SN THOIE, ER Smm Bl OEEE b ABICHIH
ENDE TR0l THhERTT, XBBEORDLYIZI KT X R CT BEHAVZEN
B2 L 3T X #t CT D CAD (ZBET 2L E o 7= [17)~[24]*). EHRLEL Zh
ETO 2 RITALEN L IRTLESERE o7, L, ZOEHD CTRIZZATA AN
BERFA XL 2T AMBBRRLY BIXiE, 0.625mm 2% LT 1.0~10.0mm), F7-,
RNV VR Y 2 — bR (partial volume effect; PVE) 2D B4 EH T RA o 7.
XD, BERED/NERYE, [EXCME R EOMOEEY L ERICHHETSZ &
ITEEL o 7.

EE, v VFRITAACTRBORBICLY, EHBRBEDO CTBE2BILRTE

1L Z o, EFHEHREEERRE DI, BAERAERTFLRIGE L Va— S XEERDHELE
T3 (LLE, E) ®° IEEE Trans. on Medical Imaging, Medical Image Analysis, Radiology
LLE, ¥, RECEKOMERERHD. HLJIIBHRIEELBRENV.

*2 BERO CT i3, H#ERICHET 5 AMEOMIMERICEIT 2 X RRINEOFHEL LTEX LIS,
TDRS, BEFRICHIS L AROBUMEBENIC KRS O X BERIREOEVCHE & OB VB EBRE
LIeHBE, Bond CTHEEARDEI VD LEWVEL 2588, Zhit, CT ROERYA ARKEL
RDFZLEEEICLRD.
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5E5ichY, FERETLY BRCAFEEDO X HRBRRLZRRLI-bD ER2oT.
TR RV ERE, XVERMCARRBEBETES LR k. EOKRME, BE A
H O CBEISND AT A ARBIEERICLOIEY, EMOREABOBRIBEIN
TW5. 207, CAD VAT LD L EZRIENBE LR>TWV5 (25, 26].

1.1.3 HE#IESHOREHS

CAD ¥ RAF ADKENRLEOFNIE, (1) ARBEBORM, (2) A OMERYT,
(3) kBN, (4) REREORH, (5) REBEROREMHER, (6) BROLK TH
25, it 2 KEEBRB L3 KTEBD CAD Ol FIZHETS. £/2, ZhbDd
B, (1)~(5) HEMHICIIERO Y~ BBREDO LD TH B,
(1) HERWBOME LEBHOER, BLV, (4) TREHINZREBEORVTED
MEOF®OICIE, R TIRBLHETILERDD. HlE, HAARBIZEN T
B IR LETH B,
(2) FERBOMBRIT BBIEROWAILR2->TOEY, BHHENRAHRANT
Wh. I TIEML D L BB ST A T L, MHIFNAREIGMT D Z L &2TT
5. HilxiE, WLER (L%, ¥ TE), £M (LE T8 toaddohnsd ¥
KIEAEEEZE LTVADT, KEEEAT L TERICHEIENA B2 XIS T 50ET
H5.
(3) Bl EEICI RONABHELHNT S, JOKRKEIL, EMSZEOR
CHAWTWAERES REORY, NHBBEM/S %, L) 2ECHATL. X,
Boh-EEREOREHEEN 21T R0, TOHOHFUELEHIATS.
(4) REBREORE BOohHERELECRERENL > DEHHITS.
(5) REMEOREMERN (4) THLWERERESBEDLEENZEFT 2.
(6) ERDERL hit, BohRERECMEN S h - Ressis L EMICRry o86E
ThD. HHLEEE BRI~EKHRT) 2EERRRLTV, HDVIE, BEOBIT
LhnER 1, £, 2K KEHRTEZELEL. R a—b Vv F YV TRRR
EBH 5.

T, vAFRTA X CT BITEBCBEOXNSR & T 2WEBEOH TR, REMEAIC



1.2 FHREONMEMIT & HE

FET2HBEOBBHRZERLES, EMIZNO0BBCELTLRICHRETSIZ &
BROLND L IIZR>TETND. ZHIZMAEY, CAD Y XFAIZBNT Y, BEDE
B, HRBEHEETFOREL TWRVEETY, HETREBEL~—7 LTEMOREL
WaiET HHEESLE L 2D (LA CAD &FESR [27]~[29]). =0 Z & IXBRIC — Rk i
A b b BRI ST 5 [30, 31).

Fle, RERHIIKAITD L, BEELRFOREL LSICETARECESWTRET
VS T77u—F&, EERLOERMIBN T o THRZLDOERE LTS, L)
2RO T7 Fu—F (b5, Z0FRbH D) BEXDOND. THNETO CAD VR
TLADRERERIIZ, MIFEOT Fu—FIElo7. HMZFLFRALTOEEEL LT,
CT BOMBENEIZ+H TR o722 8, BLY, HEBOMENMEN-7=Z L 2R3E
Abhd. Lal, X# CT EEB LU EROMENREBNICH E LS B TIX, ##F
DT 7a—=FIZOVWTHERTILERDDLEZXD. £, EMOBKI ot eEX
TemE, EERBESEZERLZET, ThRESOTEAEREOBREMTOATNS
7% [32], CAD ICBVTHERTOSH LD BEN 2 RBT 52 EBUBETHS 5.

1.2 FEROMERITEBR

A EOBKME 2 BRI, SEBBORBKICESWAA CAD P AF LA0RETH
5. ZOREDOE—AT vy 7L LT, AHETIE, §ifi (1) O SBEOMBIC ER% 5
<. MBBBOMBIEE IZLUEOLE (2)~(5) OREEICLEBRH DD, L0 IERKIC,
0, BRELUTHIET 2 FEORBIINLATHS. KR TE, LA CAD ZATEIZHB
T, FgEE X #f CT &4 b OFRIMSEFIRMAHEOHRIC OV TR S, FaEomH T
X, TARONLE BT 2 MR F 722 il & RO R L= 2R R 5.

IHE TORSBREMH BT, WMERFELZEE, HRBIEOBREMOSHIRE
BEACT B728, HEICKE LERAMHIN T, MHEERCKEBARELEZ LBbo
. Ele, MO & DM XY IBROBER P ARREALFEICIE, tHORERERZ B i
HIDLWORBERS 7. BBOBRE LOSEBEOMNBEFRIZTIZERNLTH L0,
LREOMBICHLT 512k, BEOBRBEREMLAAFMHBESEYTHSH. Zh
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¥ T BTN R ERCHBEO—MOBRET LV EA L ZFHEIRBIATVEAR
(18],[33)~([37], BBLEDOTRET NV EFA LI RIID o7, £ THRARETH,
TS L ERIE LEETAR—AOERMBEORRE LTS .

9, 82 ECHBETN L ERMHOEBTIED—2Th 2 FIRILRIEII OV TR
5. 2LT, BAMRHHRE LT, BRI 2EERBBTHIME (F3H), X
Bk (B4E), BLY, KFX (5% OmMHEBECOVTHRATS.
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I!'I!'2.1h:

HLR

B2 £ T I & fEE LR &

ARTCHE, AR AT 5710, THRORIE &\ o 7 IR ORFEI A0
FREOICFIAT 5. 22T, REOAPECEHBEOTT U ¥ 7 HIC oV TREICE,
b THERAIH O BATFIED T b B FRILHRIEIC OV TBARS.

2.1 H/RETIV

BT E N E NSO R (BE) 2L Tw3. fiXE, MTRROBSETHY,
KERIIAEBEEZ LTS, Zhb0oBRIE, BAZEDZHO0, BERLETHS.
2T, BERREELEBRESAZAEL, TREEENZBSBRREZ2LT, '
B Z1T ) FE (BEFA< v FL 7R ELIETIND) BESAVSATVS [1]~[11].
EFN2F U BNV TEERIED—2IZ, DX ) REBRRBFETHERET VEE
BT BNL VS Zeibs. RENZBREBIEL LT, XYt (#iE), B-spline
gt (i), NURBS #i# (#E), RV Iv Ay ia, REXHS [12]. WL T
LEMERATRERRRENE L TBY, EE, BT 423EnBAETSHD.

EFAT v F IR, ADERAx OEBLHEBIABRINIET VR EBL, B
BELHBIETHD. ZOBREL, »HIHMEEE (XX —WRERETH I LABD
DT RILF—LIEThB) 2B/ME (BB WL, BRI THXCETLVEERSE
3¢ TITbR5. FHMEBEKIIEL, AR ALX—LIHET RV F —DOEAA ST H
WHNA. BEMICOWTH, R [1~[11], BEW, ThALOBEXMEBBINLL.
(1) ABIRLF— BREEOBRCETHNEELETVORROBRTEES.



2.2 TURILRIE

11

BEERIBE AR & OMEBEBRSCHELLICLIVERIND. BOITIE, MHHT—5 (BB
S, ENHRE) BHBRAALELOLRRENTVS [9, 10, 11).

(2) MBI RLFE— EBETIRBLAEOZNLUAOESEDBERTELLRELTE
#2IND. HlzE, BROT Y VrLOERERST Yy POMETERX S, RE. £z, *
T & RIS B VIR S B DO RV -2 ERT I b b 5B,
3) ETAIYFUI/DORE MoSERMEE WERHRE) LEBLT, £F1vy
FrTOEFRE LTROBRBETONL ).

o XRBIBOWEO —MHBHBD CREARFETH, EXSNEEFABRICELY
ZOWMBEMET DI LT, FERRMMORWIRFZHETE 2.

o ETFVICIBCET AMERREMMT D LICLY, B ITHBOEERT
T25%5. Plzid, REXETNVOERICREIEOMAZHLH L BTS2 L
T, FEEAHE, HDWVIE, HHAE L T L TREXOAREERTNITX 5.

ELITHIER, EERHHICET Ay F U IIBESL AVONTWAERTHA 5.
%, B LTUTOEI R &8d 5.

o FRNZETAHREERTDLERDD. £ OHE, TOELEIEHETHS.
o MRBEBOK (HE) CEAZERDZHE, HHBEMETTZL08H5.
T, BEOETAERAETAIVLERDS.
o BROETNERMATIHE, TOK, BLY, ETVOBRFER LIZONT
+ARRAEETS. £, QESEHCRD.

BTN F U S EERMBICR AT 25813, LROREZERTILERDS.

2.2 TRBHLRIE

VYNAFAFTARCT BTIIEFBBERERIN, CT HIZAKEED O X BRI
RKELVBEIBBRLTWS. WEARRAVE X BERRELR2Z72D, AL LO %
CT AR OBERZIERENTWITIE, BENCISBBERZME TESZ Lichk5.
IDXI, bHEMEELMI-TERE, @Y 2REA (seed LIRIEND) » OIEKRILIE
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F2E BRETNLFRILERE

LTWoTRBLTIMEERET 5 5ES “EIRILRIE (region growing)” &5
[8, 13, 14, 15, 16]*'. FIKHLIRIETIL, ILRORM LIROEN (HEERLIES) &3t
SMEIE L TRETDILENRDS.

BEERICIT, EREOLOZAVELO([15] L, HHFEK (ALKRE) 2HV5b
D [16] £ B#H 5. Figure 2.1 D X 512, HRBEOMEE (KS) TS CMEEREER
FTHZLICLY, BIEELHLBEMNHTHI LN TES. HHROEKMHE LT, BEER
N CT ERSBICES ZRER LIS AVDLRE. &b, Ty VOBREZRATLIZL
bhD (17, o, HEERL LTEIHRLOEAVD I LIZLY, HERGME =2 b
a—ATBZ L LHETHS (Fig 2.2). ARX TR, KEBARESRMHO—E (54 %)
LRE R (5 &) 12, 3R [15, 16] OFEERILEREEZ AV TV 5.

EBC, FERIEREZEC L THERLAEFIETATF AT A4 X CT &) bk L U
WICEIT B TERSE (KEX [15], WEE L OB AR [18, 19], FiEh - #AK [20], AT
B, BEBE, BB [21]) ZHAH L-BIER 23100, BEROMERE, 2T 2K 489
¥, ATA4 ANEHRYA X :0.625 X 0.625mm, AT A A[EHK: 1.0mm, 274 XE:
2.0mm, TH3. EEL, B BIRBHO—FHIIBRED L ZAFANETET 5. OB
BRHEIIASTHS. 20X, RRIBERICL ) REMLFREMHTE, BETR
HHEOEBFEO—HDELTAHATHS.

*1 S7Hk [8] 13 “level-set method” & FHZN 2 5 23— #&EITH 5 2% (3 BV, front propagation method),
HBHHEO CT EERAILET S L VO EXFIIHEL THHDOT, KR TREBIERIEOHERIZANR
%. %7, level-set method IXREFNOERICBFIHEND
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Seed
N

e 2

Y
6-neighborhood region growing

Seed
@ P ¥ Leakage
- '
region growing result

front propagation method

(a)

region growing result

region growing by
circular element

)

Figure 2.1: Illustration of region growing. (a) the 6-neighborhood region grow-
ing and the front propagation method. (b) the region growing by the circular
element. Occurrence of the leakage can be controlled by adjusting the shape

and the size of the element.

center

/7

o

Figure 2.2: Asymmetric element can control the direction of the growing. In

this case it will grow only rightward.
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Figure 2.3: Examples of extraction results of main organs in chest and ab-
domen from a CT image. (Red and pale orange) aorta in chest and abdomen,
(orange) pulmonary artery, (blue) pumonary vein, (brown) liver, (green)
spleen, (yellow) kidney. (a) the front view, (b) the back view.
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1

kgl head
. z Z J JZ 72 2

i 4 anterior

right foot left

posterior

1: coronal direction
j * sagittal direction
k: axial direction

Figure 3.1: Coordinate system for a 3D CT image based upon the human body.
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CT #ix, AEicEEL2WE LOSMINMEER (BRICHEYTE) BT X BK
%k (CTE) 2FE& L7 2 RGBKER (X774 R) OMTHERENEZ 3 KTEKET
%%. CTflizA% 0 H.U. (Hounsfield Unit), ZE&%-1000 HU. & L7 12 E'» kD%
BETEZOND. Fig. 3.1 DX AKEFKIZLZF % right (BF), left (EF),
anterior (i), posterior (%), head (8H), BLV, foot (B) &L, CTHBOBEITA
MO, RINOHA, EhS TFTONEIZ DTS, right 225 left FE% 1 5, anterior 7> 5
posterior % j %Id], head 7% foot & k i &3 5.
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aortic arch

breast bone (stemum)

ascending aorta pulmonary artery
right lung left lung /_’ I 7,,
esophagus descending aorta l , = )
mediastinum ;
back bone (spine) descending aorta

(a) (b)

Figure 3.2: Illustration of organs in chest. (a) A cross section (slice). (b) Aorta.

W CT ®ILF = {fijx} TRENSD. T, fijx RER (i,5,k) 2B 5 CT &
Thh. £, KBADATA A% Fp={fP} &L, ~BFOATAR%F, L5,
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Wi CT ik 2 MBS, SMUZINE, HRBIVWEICEShTIY, MR
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Figure 3.3: Examples of diseases of the lung that exist over adjacent three
slices. The lesion A contacts with the chest wall and the lesion B contacts

with both the chest wall and the mediastinum.

B e~~~ Y Original CT image
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Y

Unification of lung regins

Final lung region

Figure 3.4: Flow chart of the proposed method.
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© Control points

Figure 3.5: Illustration of the model of the lung.

331 NEOHME

REFHEOLEOFHN % Fig. 3.4 7T, LWEAFIILUTO 5 2»6M5 ; (1) BikE
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bifurcation of
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<
aorta
\__:____./
mediastinum

Figure 3.6: Illustration of the relationship among organs in chest. The bifur-
cation point of the trachea is used for the origin of the model.

3.3.2 [W®BEETIL

(1) REINRYFIZLDIHBRER EFVOMBHERBRESS =Ry FIZEoTR
T. L, WE2ETR2MEARN LMBREZBRVEHBsZHRET 5. HER
P;;(0<i,j <3) 2R Fig. 370X EXbNER, FRICLVELRIRVZAYF

S(u,v)(0 <u,v <1) i
3

3
S(u,v) =) > B (w)B3(v)P;; (3.1)

i=0 j=0
THREND. ZIT, B(u) & B¥(v) I3 Bernstein BB

B.?(’U;) = 301','111:(1 - 'U.)3_i (32)

ThHd.
(2) BRETILOER FEOBE CT @25 RBRET VEIERT 5. 1FRTFIR
XL FOEY Ths (Fig. 3.8 BH).



F3E 3T X # CT B b OfEF s H

o Anchor point
O Bézier handle

b ]

Figure 3.7: Bézier patches and their control points. A Bézier patch has sixteen

control points.
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Affine transformation
@ @ Mean shape model

Inverse affine transformation

Figure 3.8: Illustration of construction of the shape model of the lung.
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Figure 3.9: Placement of Bézier handles. One pair of Bézier handles, V;(0)
and Vpi(1), is placed on a CT slice. Another pair, Vg:(2) and Vpi(3), is
arranged on the vertical direction to the slice.
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Figure 3.10: Estimation of the size and the orientation of the lung on the k-th slice.

Branching point by,

Figure 3.11: Crop of the model according to positions of brifucation of the trachea.
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Figure 3.12: Illustration of neighboring control points and the internal energy.
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KE1TH. EFIZ, TUoI—RA L FOBBICLZETNREOERE, RV Y RV
OBBIC LB RFTHRERD 2 BE, L2, WThORA b, SHESOBEBIZ= RV
¥—F/MEicES< REFHRIC L - Tiibh 5.

1) FVh—RAY OB tEEOREICEIT BT H—RA v b VY OxFY
%— B0 g, TFAOBRIC & HWHTRAF— BNt L Eilgi bR SR
¥— E5=t DEAFEF

EY = B+ wy EE (3.15)
CE#HTS. 2L, DBEIZE OMOWA L D EAESKE VD, DR HE A
Xt LT, ZOMBAOSE (BAZ) 2EELEABTILE—5RETS. V)
DEHIL, BRERE Q4(0x, 0y, 02), BREHANDH DA (¢,y,2) TOTIALF—%
EO) (2! of 2) £ BE,

VI — (2., 2) € Qa(bz, by, 62)
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| min BT (2 o 2N (Egm“')(x',y',z) < Eg"':“)) } o (3.16)

> TITh 3. BEITHRBNEL R bREEZRTT 5.

a) REBIRILF— ANEHZRALF— BN 3HHBERHLOTHIZL B =X VE—Th
5. DSOS RICK LTE, SBEEARER (3.17) 225, ZOMOFBEAIZH LT
it X (3.19) O RN F—%HET S, Fig. 3.121FT L IIZ, Vg 225 OREEH
WA N;(7)(0 < j < 3) ~DRZ b dy(f), THIBRICET BEN0%E bfD,(j), Va P
LB O DEME u;, Va; ORI bV (BFBMHRODEERS & T 57 bA)
V& D/ VbE o ETRE,

1 3
Ei™ = f(02) {K1 > lldi(5) — Di(j)”2} + Ky Y [1di(5) — Da(5)1%, (3.17)
=0 =2

i 0 .
f(o2) = {K3——”“ ”g""’ + l|m||2szn9} , (3.18)
B =K1Y [di() — Di(G)II? + K2 Y [lds(5) = Da(h)II2, (3.19)
j=0 Jj=2

Thd. R (3.17) 1, HER7 MLOFARBEROFT, ThEELT 5 HMIEET 5
FHOICRELT.

b) ABMIRNLF— B RXALF— B ZIBEDT V H—RA » FOMBMHBAS
ER OB EMEFERH» OHE SN D MEE E CORMCERT 5. EBICIE, XIR[12] @
FHETH LN MEFERD DT OFEIRE 1 B L-FR E OB NZ LY, 20
BEOF R LT2—2 )y FIEEREEH L= B (EMEE®LE <) 2ERTS. =
DEMEERD V 4, \ICBITBERME (ZZTika—2 U FIEEEHE) (V) 222To
BT RNF—LT 5. Thbb,

Ef™ = I(V ). (3.20)

(2) RCINVFELDBE 7o H—FRA U PV i d400RTTANY RAERF->TH
%5 (Fig. 3.9). 42°D5b, Vyu LRLAFARALED 2, Vpi(0) & Vpi(1), OB %
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3% 3KRITHE XK CT 85 O FfEF g H

L, BYD22, Vi(2) & Vei(3) BEINERV. Fl, XYz Ay FHOBELH
R A RO DIL, R AV FVOBENIEE L IEK - fi/MNCEVITH. tEIHOK
BEBNT, _UzAY FAVE()(0 < 5 < 1) B LT B i o BRI E
BicB i B ERE EE 0ad B0 3G) % V() o=xr¥—L¥ 5. Fig 3.13
DE I, Va & Ni(j) OEORV oy 7Y v 7B A 201 £ LTIRE
3. —O¥L 7Y 7 EE Psi(R)(1 < h < 9) &L, Psy;(h) DEMEER KT DHE
BEE R T (h) LT 5L, _UTAY A V() oxFrd— EF(5) 1

9
EF () = 3 Lj(h)? (3.21)
h=1
rans. VUD(G) ofBiz, kxR g, EEEf%E 0 L LT,

Becosfg —Bsinfp 0

. sinfd cosf 0 .
VG = | Aenle Beostz D vl (3.22)
0 0 0

X VEESRD. REOM (8,05) 13, REGEE Q(06,00p) & LT, REMEHENO
b BIEKOM (§,0) THET BV AL FAOMEE Vi, (j), £PTXVF¥—%
Eibzr(t') (j,IB/,OIB) &,a_é é:,

(8,05) = {(,0}) € Q5B,508)
| min B2 (,8,0%) N B (,8,05) < E ()} (3.29)

TROOND. BETERIIAY FARRL BT OREERT 5.

3.3.6 MEFHREOHKE

EFMTIIHRE L EREE RS ENTVARVOT, BE~y Fr /7 THLNDMEFH
i L R NIRRT & V- [3] TEONAMBEEE RO LS ICHRE L, RERIR
FHEMEIR & 4 5. BB~y F U/ TELNDMEFERO 3 Kkt 2 BEHR (MEFFERARIT
1, SMEIT 0 OFER) % F,, WERREKEZAVEFEBICL2EhE Fy b5,

M RUT Iy FRETHRD. RFAABEETHOER (3.1) Cu=0FBu=1ThY, uB—E
BROTRYHPIZRD.
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N;®
N, (j) : neighboring points

Figure 3.13: Illustration of sampling points Ps;;(h)(0 < 7 < 1,1 < h < 9) of Bézier curves.

Table 3.1: Acquisition parameters of CT images used in the experiment.

Pixels Number Number Reconst. Pixel Slice thickness
of cases  of slices pitch (mm)  size (mm) (mm)
512 x'512 8 62-183 1 0.625
512 x 512 7 50-82 2 0.625 5.0
512 x 512 23 21-29 10 0.684 10.0

A& i 72 I BF R D 3 Yot 2 fEER F. 12
F.=F,UF, (3.24)

+2bb, F, & Fy, OEFREOHKEMTRD NS,

3.4 EE&
3.4.1 HHEE

ERIZAWEREBEBRIZNVAINVECTIZLVBRESHT-FH B AOKH CTBTH
%. EfOHEES Table 3.1 1277, AT A AED 2~5mm @ Thin-section CT #7315
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Table 3.2: Values of parameters.

Thin-section CT

Thick-section CT

to = 0.595

o; = 1.0, w9 =10.0

W = 1.0, W9 = 20.0

K1 = 1.0, Kz =3.0
K3 =0.001

K; =10, Ky=3.0
K3 =0.001

-10 < 8x, dy < 10

(interval:1)

-10< 8%, 9y < 10

(interval:1)

0.8<d0p<1.2
(interval:0.05)

0.8<op<12
(interval:0.05)

-10°< 80 < 10°
(interval:0.05)

'10°_S 893 < 10°
(interval:0.05)

#l, 25 A AEH 10mm @ Thick-section CT #2% 23 #l& 5. Thick-section CT BIixE
CEFRZ THRESRAWHB CTHRTHS. ZhbDH L, RERISMEEMICERL TV
BHIAS 8 B, MERRERICHEEAR LTV B 5125 4 41, MIRER & MERER O M T ICEAR L TV 5418
5615 5.

342 EE#HR

(1) Thin-section CT @ICA T 2RBER AL TR~/ FIE% Thin-section CT &
15 BB L. FIEFOH AT A—F OREMITLEHIEE T Table 3.2 DEY TH
% (E¥ALE 3.3 DENEXIELTVS). BIRET VT Thin-section CT % 8 Filn> L 1F
L, VERRERRITHE 8 BefiTdh 7. Thin-section CT BRIz 7 2 HitHFEROF % Fig.
3.14 ~ 3.17 12, EWNRIAKEZ BV FE [3) L ORBEOLER I CERFIZ T
N Zh Table 3.3 35 XX Table 3.4 I275F. Table 3.4 OHERRIRD X O 3EHIF, €TV
DYERRIZE SO 1 BT, B0 0 2 #liZAVT72. Fig. 3.14 BEUN3.15 D 2 4
I HIBEE & HERRER O F H IR AN EE A L7261 T, W B IENRIEMEE 2 AV e Fik
3] CRABEEBETE TWRVA, AFETIRFLRERAFLA TV, Fig. 3.16 O
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Table 3.3: Comparison of
the number of defect re-
gions between the previous
method [3] and the pro-
posed one for thin-section
CT images. The symbol

Table 3.4: Evaluation of
extraction results for thin-
section CT images by the
proposed method.

“*" means CT images used Case | chest wall | mediastinum
for the model construction. 1 O O
Case Previous Proposed 2 O O
method [3] | method 3 '®) o)
1* 0 0 4 O @)
2% 0 0 5 O O
3* 1 0 6 O @)
4* 0 0 7 O @)
5 0 0 8 O O
6 0 0 9 O @)
7* 2 0 10 O X
8* 2 0 11 O @)
9 1 0 12 O X
10 1 0 13 O O
11* 0 0 14 X O
12* 0 0 15 O X
13 0 0 O : good
14 1 0 X : poor (extract too much region)
15 1 0

L) CEAMOKRE SNRRBZESNCH LT, FREZMFERE L THHLTWE LD
D, REIMFEBETII2VESETHHEL TS, £/, Fig. 3.17 © 3 4lix, K&
RS M CTHEFFEROBHMBA R ON 6 TH D, LEREREIL 1EFHZY, LEVEL
HEIZ L D MBERAMEICK 5 2, WENREREZ AW 2R [3] 12 X 5 SRR IE
RSy, KR~y Fr7Ob0BERERMBICK 10 2, EREEE®OERICKH 7 4,
KRy Fr TBIORBE~yF 73500y, TR0 Tho7- GIHEK

SGI OCTANE MXE. CPU R10000 250MHz ).
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(2) Thick-section CT IR 2RBHER KIZ, AL TR FIE L IZERKD
FJ[§% Thick-section CT # 23 FliC#EA L7=. B2 2H43E, WERUNAKEZ AN
Fi: B OFHEEAVAIESE, LVEERBOFHRICBEERILIL, BXY, T
KEWREROMHB LB HDEETo TVRNI L THD. FITREFIZOWVTHE,
Thick-section CT #iX2 5 A ZEA 10mm & EL, ERPEHTIZRVADIZTITRE
AREEIR A O < HHTERVWEDTHS. £/, ACM OZIXLF—F wy 1320.012L
7= (Table 3.2). Thick-section CT #Bizxi4 B HHEROHI% Fig. 3.18~3.204, L&
VMBI X BRI R L OXBERO LR SO HAFZ £ € Table 3.5 8 LT
Table 3.6 IZ77F. Thick-section CT iz L Tb, Fig. 3.18 BL U 3.19 DX 5 iZHH
WENELET A EEMRE L. L L, Thin-section CT # & FERIZ, KBRS HES THi
BERO B R b (Fig. 3.20). AEEERIL LEMSHLY, LEWELEFIZL
SIS K 3 4, KR~ vy Fr 7 On ORFEERMEICK 5 4y, BBEE®RO
ERICK 34y, KRy F U 7BLURE~y FL7IZ 1 5000, G TRHI125T
7= (3EH# SGI OCTANE MXE. CPU R10000 250MHz) .

35 EE

Fig. 3.14, 3.15 8 X1 3.19 D X H IC K& RRENFET HEBNTH LT, AFiEE
BRALEEZA, XKERAELDZ LR MBERAMMH TE L. Thin-section CT £,
Thick-section CT # & b2, HERFHETIIRBRAET S L5 RIEER X URERICEAL L
TIRENEET BEFICH LT, AFETEXRBRL MRPELMHTETRY (Fig.
3.14, 3.15, 3.18, 3.19), FHEFGERATICIHV THEMRICET 248, BIV, BRET
NERIRATB LOEDERRER L. 72, AFEIIR T A RAEITEKRF LRV HIHEES
B oTWEZ L bR&N. Table 3.3 BXU35 1bahd LBy, SEAVCER
OEFETIIRBE A U BERIZRL, ABIZEO BHO—D>Th D REDRVIHEFFEHH
IFERIN TN D.

—%, Fig. 3.16 DL Y ICEAMOKE S RFEFICRRBEFICH LT, ARHADHE
PRI TE TOADR, AMOBENLBHHLTLES> TS, ZThid, MEFOKE ST
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B 2REEOHIIBNT, EEAMOREEIBALTHL LERELTEY EHARE
HEZAWEFE 3] TROLNDIEADHBEBINET IRFELLMBOKRE S 2H#
ELTWD), TOREELZ ACM CL2ERET>THRIRTE RV =D THS EEbh
5. EROMHFEREZRDE, EAME bIZIERICARE S THHENTWS. ¥, Fig
31T RBEV 320 DX 51T, REMRSH THEBENMET T 2680 ohdbolk. 20
KO REFICH LT, EFICX 2 BRFMTIEX (BHHASHB) LFRfi L7~ (Table 3.4,
3.6). Zhux, M CTHB CAD VAT ALD—2>DREL L TAFEREXBE, WHH
FER OB REREEMREROBRHEICORNY, VAT LAORERHENDIET %
HABNDBH 72D THS. LY EHERER CAD VA7 ADOBEICIE, Z0k > @kl
B2 <MFTDIEREE LY. WEFFRROBMHELIMZ2FEL LT, WEOAT
2, HERBIUMEHFIA LT OMIOREIE 2 #ET 5 H ke, KEIRER%:
P L CREBRIOM I E A2 HET D F ik EBnEX RS,

36 LIUY

AETIE, 3R X # CT £> & 0F L\ HEHESHIH TRz S\ Tk~ 7 [14].
AFHETHE, FOHZAMOMBRRICET 5 0MEBREF L LV S HTHL, Tht
% OREFEEICA DR TEH S BTV 2 LIC L » TRENZMFEREZB5 L0 TH
5. EBROMKR, AFEEEAONE, MERBTFRHEENE DR I BRI R
TERER LTS X ) REFICH LTHBREOVERABONS 2 & AREID b
7. ORI, 3K CT BBWZEL AT LORBORE L 1N LcFET 5 b
DEEZD. SHOBEL LTI, WMEEREHHOMBIEORSE, EfMc k5 £
FEBICORE, ABOBmBILR L BETENS.

ASHOBEE LT, SEER LETF AR L EBESSE TR THOARVOT,
ETNLEEATELHMOMRET VLR L, WEEREHHMT 52 8% T o5, =
NICE Y, KRERSHOH% BT 5 2\ 5 MELAATE 5 L Bbh s, Sk [13]
OFHEC LY BB SN KBIRES 2 RIA L= EF A~ v FL ZEOBR L LETH
5. Ei, MHEROEMIC LM, SROEHCOFME, LBOBEHELL L bEHBO
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Case 7

Figure 3.14: Examples of the extraction result for Case 7. Upper row: previous
method (3], lower row: proposed method.

Case 8

Figure 3.15: Examples of the extraction result for Case 8. Upper row: previous
method (3], lower row: proposed method.
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Slice No. 46

Case 14

Figure 3.16: Examples of the extraction result for Case 14. Upper row: pre-
vious method [3], lower row: proposed method.

o

Case 10 Case 12 Case 15

Figure 3.17: Examples of deterioration in the aorta (Thin-section CT).
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Table 3.5: Comparison of

the number of defect re-

gions between the previ-

ous method and the pro-

posed one for thick-section

Table 3.6: Evaluation of
extraction results for thick-
section CT images by the
proposed method.

CT images. Case | chest wall | mediastinum
Case Thre_s- Proposed 16 O O
holdings method 17 O O
16 0 0 18 O O
17 0 0 19 O O
18 0 0 20 O O
19 0 0 21 O O
20 1 0 22 O O
21 0 0 23 O O
29 1 0 24 O O
23 0 0 25 @) X
24 0 0 26 O O
25 0 0 27 O @)
26 0 0 28 O O
97 0 0 29 O O
28 1 0 30 O O
29 0 0 31 O X
30 0 0 32 o o
31 0 0 33 O O
32 0 0 34 O O
33 0 0 35 O O
34 2 0 36 O O
35 0 0 37 O O
36 0 0 38 Q Q
37 0 0 O : good
38 1 0 X : poor (extract too much region)
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Case 34

Figure 3.18: Examples of the extraction results for Case 34. Upper row:
previous method, lower row: proposed method.

Ce :
Figure 3.19: Examples of the extraction results for Case 38. Upper row:
previous method, lower row: proposed method.

Case 25 Case 31

Figure 3.20: Examples of deterioration in the aorta (Thick-section CT).
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a5

3 RthaER X #8 CT &5 o D KENR
TRIE

4.1 [FLHIC

CAD O%i7- 2 TH HHA CAD[L, 2, 3] T, ERFOH >0 5 MBERMT 5 =
ENEE LV, BEICEVTE, M, MBEANLE, [EX, MRNOKRNEREDOREE
BBTHOLERDD. ZhbDdH, E, HEANLERS I CREXRROBRIIINE
TR RFESBRFIN TS [4]~[7]. BBAOME TIE, REARESMHICETS
HESITHOR TS [8]~[14]. CHR [8]~[11] DFIEIX, EEME CT B 5 mE DK
BRI L, BontREBCKBRERLHT 2 FETHY, REFICKEARSIRZ
HLTW5. &E¥ MR E® T, KREREREAHEE [12] LE#IRRHIE [13] 28BRSN
TW5. —7F, XK ([14] 133ER ERFzAVWTICRESNT) 85 CT #5005, K%
BEER L L ERIRIEIC L ) RBREREZMH L TW5. LALZOFETE, nE
& LBITIZIER U CT T H 5 720 REMREUSMZ DB I BI#R AR b 2 A TEHE 2 6 bt
THIHT 5 2L, KBIREORE SHPREM TR DLDIHERROKRE SXFRIE
BROBMEREANERIEICFANTRET IVESHDTE, LV oMEREHD.
2T, H&OHEBIT, WA CAD OBEHEE THDZ EAEE LUV, SR [14] ZERV
T, FEERME CT B85 5 OB KBIARCHBIFIROBHICET SHRIL N E TITH
HEENTVR. E72, HERPLFRINTVHEY X CT B#E 12 E¥ MR BROD
BEIE, MEFDOa TR MREEROFE LHERTELEICHS, BEOHEI£L

47
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F4E 3R XA CT Bh OO REIRGEEHH

RB25. 20D, BEEEINTEROTZDDOFIFITII Z TIHEZ RV,

ZZTARETIE, HERIE X K CT B2 5 OREBAREIIRS X OMBIARD B B
D—FEERET D, FEXMIT X R CT RICBIT HRBHICE LT, KEMROMHEINR
7o Y OMAEFIRD CT EixW-Fh b8 20~70H.U., £ OMOEED CT EiZ#-100~
40HU. THY, FMENEELTHEELTVWAOEEED Y M T X MIEN. 207k
¥, R [14] O &£ 5 ICEBOBREEODERA LTk GREBEER & Lo HRILER
%) T, KBARE ZIIMBIARO L E M T2 Z LiIdEE L. RFHETIE, BERSBIC
%, MEDOHRMIET 2 —TRTH D &\ BRFEE AV, TROBRET NV, Bk
BEfOTy VANV —F2 A, BRY, EHEERL FEMELELESGDED I L TKE)
ARE & OBHEIARGEIR # BB 5. R EFICBEFIRE #3555 30 [8, 9] &
BUILET 7u—FThHoHH, FFERIELICT vy PEREELAL Z L THLEOHEN
FREAZEER CT BRI LTHEATREE LT3, 2B, AFiEL FERICERER,
WHEMAERTEAEDEDI L VITAT T, ML 2KRITEBR TIZIH S, XM [15] ICR
bhs.

KEIRE L OBIAROMH & T ORERIE, WA CAD 0EELRMOMEL LT, MEFHE
MO [4] I AMBRIRERME [17] 2 E~OIABHRFEND. 2B, #E
NIEARIT DB E D2 F 5 R FpERICELS, BRICEBWTH MiggikOWmI 2 EIET D
T L ITREE R D, SENTHIHXR S L.

LT, 4.2 THREOHELZHHAL, 4.3 TREMNLEFIFEIZOWVTRRD. 44 TEKFE
FEBEOME CT BRICEA LRERERL, BREMRS.

42 3 JITHIE X # CT BIZH 1T KERFEEIZDULNT

—RICHEEE CT RiCH T 2 HBAMLFREL, CT EF B X% 20~70H.U. TH
D, FOEPEFELTHFELTVEHa L M X RRMEV. 20720, BEROBREH
DHERANVTHERBEEZMHL LD 358, KBRS, MEIFIRE —DORRE L
THHELTLEWY (Fig. 4.1(a)) [14], KBIRE WEIARZ B4 ICHH T 2 2 LidigL AL
AARETH D, THIHLT B HEL LT, BREEET TIIRL, WERF 2 — 7Kl
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aorta

pulmonary artery

heart

(@) (0)

Figure 4.1: Extraction result of the aorta area by the method of [14] (left) and
the result of thinning (right).

B (MEOERITHELERTHHE TR & ZITITEAM) THD L REBEZFA
THZENREZLND., FOL I REREEEFATHE, WEOLHREETHHT D
VERDD. THEHT 5 HEE L THREATE 18] 85X b, MBLLE TiX
ARGFELRVE (BK) BERINDZENRHY (Fig. 4.1(b)), BEORERIEST
=€/ JAN

AFETIE, FTOLEREOT y PICHUTIMNBILH L LARINDIR/RHETS.
RiZZhbDOAEENPLD2—2 Y v FEEMEREZFIH L T&0LE O LROGEHVEZH
ET 5. ZOEREMIEICTFORRLIEEROBRET AL ZHTIEHSZ LICLY ME
DEBRERD D, ZOEE TITMRILEL AV Thienizy, BEoAERITEZ 57,
AEMEOLBER L ICHHTEZENTES. BONETRICYEMEREZET ZL T
£ MAEFRAE T L, BEAZKEIRE X OCMBIIREIREZRSS.

AFIEOEY Fig. 4.2 127T. OEMBIIUTO420RT v 7 : (1) BBRET LD
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F4E 3WRTKE X # CT Bh b OXEARGFEEMH

3D chest CT image
3D chest CT images

(2)Construction of distance image

(1)Construction of medial line models l
AML model (3)Model matching
—

AML model matching

¥

PAML model matching

PAML model>

(49)Recovery
4

AML:Aorta Medial Line
PAML: Pulmonary Artery(PA) Medial Line

Figure 4.2: Qutline of the proposed method.

1ERR, (2) EEEEEEROIER, (3) TRETALHTIID, (4) BRETL, »OHKRD.
2P, FFETIIRBRS, JEDEMES L UOMBIRS#BE STV 28 CT B2 %t
RLT5.

4.3 MIEBF|E
431 BEETFTILOER

BROER 2 EIZKREIARE L OMBIAROERET NVEERT S, SERIOERTIE 3 41
(IZELRBFIBMEINTVEIAVFRATA X CT &2 4], KBRS, K[EDLE, ME
RBBE SN TNDEINY IV CT & 140 ZEITIER L. EBETAEROBM % Fig.
4.3 12T, BRFBIZIT B-spline Bi#R & AV, #HERUIFASTS. WBIREHET L
IEIARE & EEMEBIARE CEETMMET D, DEFIIMBIRBOEHRET NVOKRALE
ARBAROERET NV OERELXBICTHZETREEND. 22T, RBAREHRET IV
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Trachea
a

Aorta medial line model
Pulmonary
Artery(PA)

PA medial line model

Left PA

Moiﬁtox %/

medial lines Right PA

Pulmonary trunk

Figure 4.3: Outline of the construction of medial line models.

TR I & BT, FBIAREARE T LB ARER 0 53 I H & ZL eI — RERH R T LR
*EET 5. 3FOKMET HHEAOEHNMNEEZZLEZARY, KBREHRET LELDT
FEARERET LV ET D,

LUF, KBIREHRET L (Model of aorta) & M, = {v,(i)|0 <i < N,} (=&#o
BEASAOEENEEY), MEIRERET L (Model of pulmonary artery) % My, =
{(Vpa(D)|0KE< Npo} TRY. 2L, v(i)=(v(4), vy(i), v(2)) 1T i 5 B ORI R DR
FEL, EHEAIKESBERDOOMMEETRT. £z, M, BLAUO M, TEHS
5 B-spline #i#i % ZhEh, L, 8LOL), (I3tES. MBiAReE:, ZMWEINR, 4 ihE
k& ZhENO0, 1, 2T 5) TRL, Lo BLULI, EORE L(t), Li,(t) 0<t<1)
THT.

432 PEEH{EEROER

EMEEEREROFIEL Fig. 44 1277, 7, ANNCTRIZAT 4T 74V
FEEUCA—F=v VRAEER L CERET 5. 3 KelkE®RE F = {f(z,y,2)}
(f(z,y, z) = B (z,y,z) DWEHE), HEEK G = {g(v,v,w)} ITEXDF—T=THK
B F i LI EOHAELRE Fopen ={fopen(€:9,2)} ETBE, fopen(,y,2) ZUTF
oRUc kv EHK SIS [20].

fopen(z,y,2) = [(F 6 G°) & G (z,y, 2), (4.1)
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Bird's eye view of

b th i
Original image e output image of

the opening operation

i

the edge image

Bird's eye view of
the original image Bird's eye view of
the distance image

Figure 4.4: Outline of the construction of the distance image.

e L,

[FoG](z,y,z2) = min (f(:c+u, y+u z+w)—g(u,v,w)), (4.2)

(+uy+rvz4+u)EF
(wyuw)e g

FoG](z,y,2) = (f(:c-{—u, y+, z+w)+g(u,'u,w)). (4.3)

max
F+wyt+vz+u)eF
() G

IIT GG LEAICHELTHBERERERT. i, FRIXVBGRENENF &
G OEHEBEFT. AXTILEG 2 EEr OFRERE L, g(u,v,w) =0 (> T, G*=G)
TR, AT AT 7 ANFIIHERDBRE, A—7=07EEIZ CTEDIEL-Z DM
HAEHTHS.

RIZ, Fopen DERTTTT 4T bDOKEE ||V fopen(a,y,2)|| B LEVE t; LLED
EFRErTy VERERE LTHETS. 2B, /77 1= FORRIRIKROXZAWE.

Vi(z,y,2) = (4.4)
(f(x—kl,y,z)——f(m,y,z),f(x,y—+1,z)——f(m,y,z),f(m,y,z%—l)——f(z,y,z))
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F—MmEAND CTEOIELOEI/NINWIEEFBLT, &y VEMERICALT,
FOUEEFRER (FHAZHPLE LR 4 ERORER) NOREECEERELHE
L, EERENt, LT THHIEREHRL TR BEEERET y VER LT 5.

B#IZ, Ty VEREE 0, Ty PUSNOERE 1 LBV 2EERIC2—7 Y v FEE#
EH[19) 2H9. BoON-EEEEMERER LTS, Fua TRT. Fgue OFBERITIE
EHEEROME BLEVT Yy VEENOOEMEY AR LE BAS. ThIOHED
BRIGEWVIEEEWERZRD, TOBRTEERSMDEOTHRD LEZRTEHBETHD.
D Fhigs % 4.3.3 TRRBEFAHTIIHOHEBEEL LTHAHETS.

IITHETREZ L, NETRRAVEEY BIAIREXRE) OFLMEICbLE
BEHE OB A SAITEN S, HERAEED TILUEERITIE, LESRLREIR2BEDTD
B2, MEGBRICHEY T 2 EMEOEBRAIIMMOBRA LY bRERXMEITRDILTH
5. WwxiZ, SRETFTNVERLEMEOBIMARELRDIR/FI~HTRIODL I LITL-
T, MESHREMETLZEBTED.

433 BEHETILOHTIED

(1) BE KBRS L CHBARESRME ORI % Fig. 4.5 R d . HBRMERES %25 A
L TANES D KBRS L OCMBIARD SHBRIC, FOHOER L KBRS L OB T
FAEHTIIOTELRERD. EREOET VS TIIDIIKBET LHTiED (Global
matching) EHHBETT NV H Tik® (Precise matching) D 2 BN LR 5.

[ KBETLAHTIESD | ETMIT 7 4 VEHEZH L THELBEORE SOMBEOEAZE
EFRENIEBEL, ETNVOMPBRERET .

[ MEBETLHTESO | ETNLVOEHBRIECRFNREREZT, BEREHETE
T5.

v v F 7L, KBRERET IV M, MBIIREHRET IV My, OIEIZITS. 2L,
M,, O~ v F v 7 DRNC 4.3.4 TE~ D REBAREIROE T - BIELEZITV, My, O~v >
F o FRICIT KBRS S R 2R T 5.

(2) XABETFLHTIESH AHEBOIEDTEH b 2B M, 33XV My, ZEET .
SENUEEOME b X, FERIEEE 6] I ViHEN R XERICH L TR T A RHE
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Volume rendered distance image

A

|~Mode1 matching —

O Global matching
O Precise matching

Medial line of arteries Aorta and PA area

Medial line models

Figure 4.5: Outline of the extraction of the aorta and the pulmonary artery.

AL 2 WoTHER LB EET Z L THLND. LT, M, KT KBEHTIEDITOW
T3,

KRHEF LB TIEDIE, R (4.5)~(4.8) TEHT HFEE B, ZRANT ST
T4 VEBONRT A—F @ = (0*,¢*, a*,s*) (zy FEOEESA 0, yz FEOBEEA
¥V, BIEEBSTFEOERE a = (g, ay, ;) BEOCFTBER s = (s;,5,5:) 2K,
P LEVETNET 74V ERTHZLTITbRD. * BENTA—FEMIRE(L
ERENRLREHE (Ny=E 21 o7 FY XAFRA) X W BRERICRD S, LT
DXFO k FREEKEZERT.

EE) p = wa B + wa B + wasEy", (4.5)
1 2

B =—3 {V¥@-b| - [V b} (4.6)
@ i=1

2 2 2
B =(1-a) +(1-0{) +(1-al)", (4.7)
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W =130 Lg)(ﬁ)), (4.8)
: m2;d< ng

==L,

Wal; Wa2s Wa3 = E%‘fff‘sﬁ,
v () = @Rz XV EF N ET 7 4 L ER L EREOEIESONE,
L® = {v(¥)(3)} TEH S5 B—spline #ik,
ne = M DR,
ny = B—spline HIfR D> 7Y v 7 5K,
fa(x) = B x 1Z81) 2 ERREEER F g5, D1E.

ThH5. B HEEDEE b 1 O0OMAIBOEREYERT. B i1EF BB/ S
< (EBREQ) 2BOEBIDBOLOTHS. ES),  OEFELLEL RokbR
HERTL, 20L&0 @® ¢ &* L35 ERIEL , ORLBBTFORELE -
SINEVEL D IEL ol L EREETHYS. Bbhiz"TA—F @ ILLYEFN
BT 74 VEBRLTARMETIA S TIIDERTTS.

My, XL TH M, & RBOBEEIT). L, K (45) TRT EL, ), ICROK
(4.9) OFEE 2 ME L 7% LEOFEE L 5.

£ _ 1 2 npa () i ® !

T3 S I ) R

=z,
Npa(j) = BINRERRTE 71 Mo, © j % B OB OHIH R,
2
Npa = Mpawﬁiﬁﬂlﬁo)%ﬁ = ana(j),
j=0

fulx) = A x 2B ADOHEME  (x 2SBERH O KREIARPER D)
e 0 (ZFDfoEE).

ZHE, My O—#5RR o TABIRDOEMCH TIZED ZL 2D THS.
(3) MEEXTTILHTIED &uafﬂmﬁgﬁgw%§¢K¢5%;”@%ﬁwﬁ&§%
REHBICLOVRDDZ LIZEY, Ly BEICL], 25 MEOEHRIERICHTHEDD.
HEREICBT DHEL[OBE) FTREHHIT, EROFEAN L5 EEBL TS, LT, M2
X9 HEREEERND.
g

precise

= 'waSEék) + waﬁE((jk) + wa7E’§k); (410)
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E§,’°)=‘ni{||c1§,k>(z‘—1,z‘)—dﬁf’)(i—l,i)H2 d&"’(i+1,i)—dff’)(i+1,i)‘|2}’(4-11)
=1

E(® = nltg {Cuv (Lg’“) (nit)) — Cuv <Lg°> (7—2)) }2, (4.12)

1 & l
B - Ly (L<’°) ( )) , 413
7 n L fd a " ( )
d{® (5,1) = vi (§) = v (3). (4.14)

ZIT, kZIXEEEETTES, Wi, Was, Wae IFEARE, Cuv(x) TR xITBITD
ETNONMR L, DML RTERTHD. Es IHHBRNODOE(EEZRT. Eo ixth
FOBMEICHTHFMBEETH Y, MHBREOMBILVIEEFMIIFH 5. KEE
TNHTIED LRI, TXTORMBEROMEIEL L2250, X, REBEEH
FTORELMEEZBI-LEREEZRTT 5.

M, it L THRBROEHEZTT S 4, K (4.10) ITKROK (4.15) DFHEEZMZ 5 R T
B,

B - Zz()f (4 (Gm) (419

3=0 I=1

ZRIRKBET VH TIROFAE, KBIRERE R THET 5 2 L 2B <CHTHS.

434 WRKERT

4.3.3(3) THLNEZEROBEROEAICX LT, &HEROEREE 2 IO IR [22]
EfTo CHRBEREETTS. 272L, 432 THH LTy VERIIOLENBIHT Y ¥
EELHANDHD. EOHREITEROEOBEMEMET L, Hxsh eI EZROLE
FRL Y bM< EN D720, TROKESR p I LTUTITRIBREELZ M.
BERAIZIE, R—FEREBRENZNE I DO EELE (BEMOERERZEN t,, LLT)
Bl TRAOKRERYD, TORNOLAEHMHBERE T 5.

(R R EFIE]
[stepl] #I¥EE ro=+/falp) £ T 5.
[step2] ¥4& rp, DERNDOBEMOEEREDR tyo LT THNIL stepd ~, 5 ThiTh
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Table 4.1: The acquisition parameters of 3D chest X-ray CT images used
in the experiment. The symbol “*” means CT images used for the model

construction.
The number of | Pixel size | The number of | Slice thickness|Reconst. pitch
Case No.| . . . )
pixels in a slice (mm) slices (mm) (mm)
1* 537 1.0 0.5
2% 0.625 x 0.625 489
2.0 1.0
3* 101
4 512 x 512 0.664 x 0.664 99 3.0 1.5
5 251 1.0 0.5
6 0.546 x 0.546 252 2.0 1.0
7 209 2.5 1.25
¥ step4 ~.

[step3] rp « rp +1 & LT step2 ~.
[stepd] %% rp OERNO2REHHBIRET5. KROESR p ~.
B ONERE TN TN REIREIRS X MEIRSIRE §5.

4.4 HER

AFEE EBEO 3 RTHE X % CT B GEER) 7HICEM Lc. FERICEM LCE®B
DHAEERF 4.1 1377, KEBRSHET T A OHI 85 15 E, MEARERET VL 15 @
(FiBhARE: < 4 18, AMHEIAR : 508, ZMEAR:6M8) & L. 431K DHRENRT A4
(% 4.2) IDEFILBETHY, EBROICHE L7z, BEEIIT, EZREE 461 GEF 1~
4) BRI, FRTA—FEEHIHEHETELTLEL, UBMRGRERVPBONIE
OHEDOTHEDMEE Lz, 1272 L, A== JEEOEEL, HRAMBIRIIHETT
2R Tmm BETHIDT, dmm & L7z, RTIA—FEO—EER 4.2 17T, RFOD
Mo ZHIE, BARERMAEONZEEERL TS, ZOBFRRVAT A —Z 3G

BRCTEELLZLDTHD.
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Table 4.2: Parameter values. Values inside () show changes of parameter values
so as to give almost the same extraction results. Parameter values without ()
were fixed for all cases.

Rt Hie 3x3x 3 (ixels

di f

g?erg;sn% function 4.0 (mm)

ty 110.0 (£5.0)| t,|15.0 (£5.0) | t+2/8.0 (£3.0)
Wai 1.0 wa | 10.0 (£5.0) | Wa3 1.0 (£1.0)

Was 1.0 Wag 1.0 Wa7 (4.0 (£1.0)
Woar| 1.0 |Wpa2|50.0 (£10.0)|wp;3(1.0 (£1.0)
Wpas 1.0 Wpas 1.0 Wpa6 1.0

Wpa? 1.0 (i05) Wpas 1.0

BB, AFECTERATASE T + L F LB, FHEREEROZD, LEWELESET
HhH U7 SRR 0 SV EE S ARPIZIRE L TEA L.
RO, EEOFANC LA KBIRE X OMEROER (BIR A) L EXFiE

R AHHER (R B) 0—%E KRN zHVWE.

— _ (ANB OER%)
BE = Guponk®

RBEANL, BREOY 4 FY7L-UL% O0HU. TEEL, V4 v FVIEE 150
721 400 LIV B ARB DR TA A BITITo T, KBIMR, MBIAROAEDOERBIIEIC Y «
¥ FIE 150 TITV, FAFEEICY 4 > FUIE 400 T/To/k. £, FANSRIER
REMAERICEVIHMEL, BokBREHH L TWRNI L 21D,

KREARE L OB ARG R R OB % Fig. 4.6-4.9 1, FHERREEZR 4.3 1277,
Fig. 4.6,4.7 ® LBI3FE/R & HHAER (B8), TBIX BTG LI HEMEE®R TH
%. Fig. 4.8 ([CHiiERD 3 RTRMIZRT. Fig. 4.9 LERIZFER L MmHRHERE, T
BIIIE LI FEANRERERT. EH 1~3 X T AMERICA W CT & T, EF 4~T7 12
EFMERICAW o7 CT B THH. KEIRGESMHERITES 1 2RV T—2E
90 %Ll ETH Y, MENARGERIE —BKEER 90 %728 3 5, %80 % 4B THoT. K42
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Table 4.3: Evaluation results by the coincidence index.

Coincidence index
Case No. Aorta PA

1 0.88 0.82
2 0.91 0.84
3 0.92 0.92
4 0.92 0.90
5 0.94 0.81
6 0.96 0.80
7 0.95 0.92

DX, NI A—FEOREICHTIAFEOREIZZNIZEBR TII 1ok, =
L, Wpey (BEEEEEROEIRME, WOWLIMFTRAX—DEAR) 1L T LR
Thol.

FHERRIIR T 4 2% 101 M OERTH 20 20 (EREEE®RERICIH 102, =545
TIEDHIZHI 10 53) Th o7 (CPU:Pentium III, 866MHzx2).

45 ER

Fig. 4.6, 4.7, 48, BXUE 43 DX 512, KREMRERIIRFICHHE XA - L %5
WLl Zhid, WBFLETIHSICBVWTIRFIC y VEHIHTESZ &, BIU, K
BIRDSERITIR > E TR L X ICRIEABOF 2 —TRTH B Z L BATER L Ebh
5. MIBXETAHTEIDICLZERBEEOREICES L, SFIIWEMERIC X 58
W T & > THITKERER 2 T 2 ERBHTH B, £, EFAERICAVE
CTHEZEI TRV CT B~OHEABRICHFICEIBO I L bR TE 2., bk
Y, MEOEAEEZFIA LARFIEC X 2 KEARERBHOFHEIR SN 7.

REAREIRIZIR T 5 —BEDETOERREL, T NVHTLD THE SN ERONM
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F4E 3wk X8 CT &4 5 D KEIRE

Sl1ce No. 100 Sllce No. 110 Sllce No 120 Slice No.130 Slice No.140 Slice No. 150

Figure 4.6: Examples of the extraction result of the case No.2. (Upper row)

Original images and extraction results of the aorta and the pulmonary artery.
(Lower row) Distance images corresponding to upper images.

Slice No. 80 Slice No. 90

"“sTice No.50

Sl1ce No 40 Slice No. 60 Shce No. 70

Figure 4.7: Examples of the extraction result of the case No.7. (Upper row)

Original images and extraction results of the aorta and the pulmonary artery.
(Lower row) Distance images corresponding to upper images.

BEFhThsd (Fig 4.9). ZHhCHLT I, MEFERECEREET AV HTITDHLHA -
AT A4 =Ry 7T 5REDETNH IO FIEONRE, HHWVIE, WEEET VEFH
LI-RIEEEDOHRE, REOFRBELOLNDE., TNLLOAT, AHEOKEZ®ED
TWiTE, KERERE [16] 2 EH2BOREORH~DOIEA LM TE 5.

—%, WERESRIZ3FIT—HEN IO % THo8, &Y 4FITH 8 %THY, HiHd
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RBEIIRBIREIR L 0 OREr o, HBIIROKXZ»2RMESCHREORBRE L XL -HS,
—HE 80 NEWOIRRTH I THDLEBELND, AR R O S B RS
HA~DISFCIBIARD RE DO EAHIWT 5 72D, —BE 90 %L LD BB %
BETHDHLBDOND., —BEDEPSTEFIZBNT, PANCLIIBREREL BR-
AT BRES TH 72 (Fig. 4.9). Zhid, BREERTAMHME TR & ICAK
TRV, THRPODOBRELXOBEMET T LIcLd*. £/, LEMITKE
MRE D bHIHBENMENEBL LT, EFAHTHEDICBVWTHEOLRE ) E<H#HET
ETVRVWILRRETOND. T, F#ReLREIRE OBMESHEL, ZOEY
DOEEMAFA TRV DILHBRO = v DEMHE D THHTERVWEDTH S, ok
&, MOPICLEREF LS OLVOREIOTy VOREIBEL, KKDOT vy PThHBE
CHBRRE REBREREL OND. —BEN 80 %BRE TH-o 4FITIRHED L S 2@
FdoTc. ZOMBECH LTS ERO L HIZ, TEFTAHTIIDFESCHREEELZUR
THOILERDA .

7B, FANZ1IACEREALZETHD, EBRICLDAN, BIT, KEOEBIZHK
THRAEOANIBERFATITHREICE L. 2072), SERFANOKEES EMICEE
THMELTHHW, BYDBRNWI LEER L. FiCb) VI WIBSIRERMICEREL
RTbHHW, BAEREZH L. KYVEBERHMEOZDOIIIFAKOEMOARTRL, &5
iZ, N=UX AR 2—bPRDREFEBREOLODORBELZRTHAILENDS. Zhbd
TESEBRHTREEERBETH 5.

46 LIV

FETIERERE T o UERE A L 3 KIS X B CT &2 5 o MR 8 4
50 BEIREHIEIC SOV Tl [23]. BARBICIE, KEIIRS & OMBIIROD S E 71 %
COTHAMEOLREREL, BOhetRy RS BRERY ST 5 LT, KBRS
LOMBIRGEIR £ i L7, EROME, KBIRESRICHE L Cn B ot T 5 -

L REBRAEOBRKGHMEYND, £, HROEEY B TLELRMER 100 41X E (10mm 25 A X,
EABELEZEL) 2RIRY, KBRS S OCELAMBRITES CHUEINEMTEHBTHSL LV IR
EEARETHDIEEZD. EL, BELIREERTHS.
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F4E 3 WK X MR CT B2 b O KBRS H

LEBERLE. LAaL, WBREROSHEIIHEEESODE. FEER 3 Kkl X
B CT b ORBALERORBBIZNETIIHREINTHE LT, EOREDORMAF]
BENIRME TH o728, ARFRICLY —ODFRBEINRENZEEILNS.
LOBREL LT, ¥7, SMOERIIXT IERE ZOBROEMEIDLVFELY
MG, FRICHS L THRERKE L FEOBROELVRNZEXZTONS. S, T
FLHTIEDFERS LOBREEEOKER Y B EEND. S5, HRE L THEBIRE
HHHIEORELEEND.
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Case No. 1 Case No. 2 Case No. 3 Case No. 4

Figure 4.8: Examples of 3D display of extraction results. Light and dark gray
colors show the aorta and the pulmonary artery areas, respectively.

Slice No. 184
-

Figure 4.9: Examples of insufficient extraction results of the case No.1. (Up-
per row) Original images and extraction results, (Lower row) Original images
and results manually traced. White arrows and a black arrow show parts of
insufficient extraction of the aorta and the pulmonary trunk, respectively.
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5.1 [FL®IZ

AEITHR~ RIREBORERI OV, FBABIZOMBISE U THAOEE LTV 5.
BIZIE, MPEHIRROEREBERELTEY, NECERPREWERMTE s#8EICk-
TW5. RETHRLTHIZEXIL, MOMLETEREERDIILENTEDLLIIC, A
BERELTWD., ABEIRENLETY, EAOEREX B THERB~EATS.
FREFIZA > e RE KNI 2 AR 0 R L7203 b FFEIg~ L IR o T <. BB IT il
CERISY, T THRREAMTDNS [1].

SEXERO BB LT, ThE Tickks RIFRBTbR TV 5 [2]~[6]. X
FETZ LA ERBERIREZE L LTS, L LARRL, SERIEERIZ A—2 v R
Y z2—Ab%%R (partial volume effect; PVE) OB Z T -RE I, 2, A4 3R
CHETIREMET 52 LiIxTEd o, PVE OFBLZ I -EOEBIZMOK &
T, [EXARED CTEA®EL 2V, £/, [REXED CT HIHEL 2 5BEMAH
H. TOIZWD, WEROBBILRE TIIREIUAOEIR (FHHEEFER) 28R o THtd
5, HDIVIE, TOLI RESHEERRY, LV o-RBEARH 7. LRREEA LR
RIL1DITIT, REXKILICHEBER LEWEEZBRRL, TOMETERLR D LichhbuE
BITH2 &, 72, [REXBOBRRALENILETHA).

% ZTAETIE, BETA20BEEK, VOI (volume of interest) &\ 5 #&%2EA
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2nd and 3rd bronchi

5th and 6th bronchi

Figure 5.1: An example of CT images. The left-side image shows a slice of the
CT image; the mid-upper and mid-lower images are magnified images of the
left-side image. Bronchial walls near the center side are strong (as indicated
by white circles in the mid-upper image). While, walls in the peripheral area
(as shown by circles in the mid-lower image) are very weak. The intensity
profiles from A to B and C to D are also shown.

T5. VOl 3ZOAFICKEIKZE —220 L) CREsh, JEXLEEMHIZED
VOI 2O FEITHEICMIZ L2 BTV, VOI AOREIICHE L7c L & VWETRE X
EHA TS, KREIENSETHERIZIE, VOI bERIZEDbETHEIL, AiEE
BEF L AR SREXEREMHETS. £, TV T 74N FIES S BHRILLEE
VOI NOERIZH L TITH Z il L o TRBEXBOMR L EHRT 5.

LT, KREXEEHHICRTAMBEA L ZONEBERY 28T, AFEOREKHLEL 3
fiTR~5. 4 ETHE CT Bz 52EREITV, EREMZS.

5.2 REXMEEMHEICETAIBMERICONT

Lo~ k9T, [EESHHOEREITEBILREEZBICAR SR TEL 2]~
[6]. [REXAEIERTHZEINTHASH CTERMELS, £/, £OFAY 2 &R CT
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EOBVWKEXERB > TS, ZRER (K CT EFEE) ZIERMH T 2 HIRikE
B R EXERMHICRAT I Z L RBIIHR-oTVS. HOICL-oTHRBIREZLEY
BRI EEIRILIRE [4) (ULF, ROOERIBRIELES.) X, SAVFRAFTAL X CTHTIK
SRORBIHEDIZL AL ZHBTEZERTES. LAL, REXEINEEZEYET
LR xR D 1], 20 CTEIZEL 25 (Fig. 5.1). #R& LT, PVE®
EEBILY CTHLETREXBIIANENLLICARZE. ZORIT4KRUBOREX
BT ROND. FiZ, CT ATA RLHBETIHREIMILI PVE ORBELEIRITD
72, BBIRETIIZTOR#Eo TREXNEOSMI~IERESh, ELHHTE 2D
GRIER). Zhicx LT, MtEEZM EESEIODON OPROFEIRBI TS
[4, 6]. HEOLOFHETIE, KEXOKEEZIERENTSZLICLoT, IELEVVEICK
DVREXEHEZHHE LTS [4. L L, PVE OREBRERZIKEIRIMETE
72\>. Schlathoelter & i front propagation ¥ [7] ZEA L T\W5 [6]. £Z Ti, #hH
ENEREXAERRORZAS Z LI X VRBRIEZRHL TW5. BRIGESREIh
b, ZOXRHE (W) OILEZLED, BIREL-EREIEXEENOHIRTS. Z0F
HBINEPEREICES BHHTET), #EBE 0.68mm IHTOIAFRATA4 A CTH1
Blext LT, 5 ROREIRLOKN 60%ZfitHAIREL WO REFRFEREZ/BTVDS. LrLR
Ao, EERICEROBRTRESND CT ROMBEIILE, SHREE TRV, Thb
L, z 8 (ki) FROEBEIx BEIOy#oOMRBEL Y bHV. 207, EdBROR
BENRRAET DA RN S 5.

FROMEREE X, [EXEBRMEBEL R L5201, REXNEOREIC
BLEAELEVWVECREXEREMHETI2 L, BIY, [EXBEOHHE, ©2R%5K
ETBHILENEBEZIOND. KEOFIETIE, AELEVEIC X MBI, [EXKE
BLX O VOIZREL, VOIRNMTEZORKICE L LEVVELZRET S 2 L TEBT
5. [EXERMBIIRED» GIERICAEELWY 246475 (Fig. 5.2). BARIII,
VOI 2 RE XD EIT HFFICIERMBIE L RS bR EIEBER LB L, SBANENAT
VOl HZNITELT 22 (BB WL, 32) KB, REXEREELHHETS. %
72, KREXEBEORAIT 7727 N ESRBELAEIC L ) EHT 5.

AFETIE, UTFIORT I SRR ZHRBOA 2RI 5.
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[] vor

Figure 5.2: Illustration of segmentation of bronchi by using VOIs. Bronchi
are segmented sequentially from the trachea by the VOI, which divides a CT
image into a subimage that contains one branch in it. Final bronchus region
is obtained by unifying them.

(i) EREIXMKIL 22, HDVIE, 3 ODOFEEFD,

(i) BOKREIIBERY BT LICHIC 725,
FRED SR F AN BT 2R FRAEIE, SENXEA LRV, ZhiE, EAZICLY I
NE—BEBFET DD THSD.

5.3 AIEFIF

AFHEOMBOWNE Fig, 5.3 (oRF. AFIHILT 0 Step, Thbb, (1) SEZH
OB, (2) REICHT5 VOLORE, (3)VOL NORELHFERIME, (4) S5
Hi, (5)VOI OfE, (6)VOIl DFHOEE, BI, (7) F VOL ORE, »bhs. &
Kt SB A VOI THith Shie RELHEREHAT 52 L TS, UT,
VOI & VOI o & > CE# S L3 HAER (VOI i), VOI Een#hil, HLv, Bk
TR SV RIS,
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3D chest X-ray CT image

(1) Rough segmentation of a bronchus

Y

(2) Placement of the VOI for trachea

Y

['P (3) Segmentation of a bronchus region in a VOI [«

Y

(5) Extension of a VOI| |(4) Detection of bifurcation
[V

Decrement of >
the threshold value

(6) Modification of
the direction of a VOI

(7) Placement of child VOIs

-

) Ye
No new children
No
Final bronchus region

Figure 5.3: The flow chart of the proposed method.

5.3.1 VOI & VOI Ef&

VOI RRE XD ETH IR > T RFFLEFRZ ERTH5bDTHS. VOIIL, 3
DDEERT b (e, e BL VW es), VOIDFRA (eg), BLY, FEIE~Z hMiZino
FES (VOIOKXS L, hBLUE) KEoTERSND (Fig 5.4(a)). HE~Z b
Ve HREIEOETHFRAICEDLETHRETS. UT, es DFE%EZ “VOIDFHM”, I3
DEE%R “VOIDOEEX” LS. e, €3, BEW, e;3 DFHEFIEIZIIEHTHERS. e,
ey, BLU, e3 #ZNZh VOIE@RO# (x, v, 5Lz 8) L35 (Fig. 5.4(b)). VOI
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X

e .
€, 1 AVOI AVOI image
! < V T y

3| ( (
®
e
k) LS
g
QV \ A L, \uz{ 3 /
\A Nyt
o & o
! Bottom plane T
(a) (b)

Figure 5.4: Explanation of a VOI and a VOI image. (a) A local coordinate
system of a VOI. It consists of the origin ep and three basis vectors e; ~
e3. (b) A VOI image defined by a VOI of (a). Each voxel of a VOI image is
calculated by interpolating a given CT image with isotropic resolution.

TEZSNEMOES (VO EELFER) 13, V7 FA FEED TEDIck 3 3 R
Lo TRERNOHESNS. VOIEBROMBE (ux,uy,u,) ZEFMEEL TS, 72
Db, Uy = Uy = Upe Uy, Uy, BEY, U, ZUATOLIHET S, Upip (milli-meter)
¥ AN CT BOR/IMEGE, o 2HRFREET DL, VOIEROMEEIT

(s Uy, Uz) = (Umin /0t Umin/ @ Umin /@), (5.1)

o= [mUmin] , (5.2)

.
CHEZLRB. ZIT, [|HAYARS, r TREXHOEE (Bh) 2RT. ZORE
B, DES I, 8072 LH 0 ERTHD I LR ERT 5. Wiz, VOIEROKE

5 (il W
(Th]. o [k], o[k
(ol 1) = (H 1, [uy] +1, M + 1) (5.3)
ELTHEEINS.

T, AR5 A ARREEILR T A ANRBEL D bREV. ZOD, CT A5 A
L BTG Fig. 5.5(2) KRT L 91 PVE OB THM I I LibD. %
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A voxel whose value is larger than
threshold value ¢

e

’r— :> T }“‘—

Interpolation with o ] et

[

T 1 L 1
(a) (b)

Figure 5.5: Illustration of the effect of the interpolation with isotropic res-
olution. (a) An original cross section of bronchi. A branch is split by the
PVE. (b) Cross section after interpolation with isotropic resolution. The split
branch can be connected.

DL 5 RbERY —o O LEER L T 572010, AFiETIIE ARG E THES % HHEK
+% (Fig. 5.5(b)).

5.3.2 VOI Efg DA

STV T v Hov Ty (LoG) 7 ANFITESEFLBIZE>TPVEIZLY
BEESED NS ZELHRATS. £, VOIESR (F = {fijx}) &3 KTHKs
n— Ty AR (REEER R 1 EHRORK) 2T [8]. MESULER Fharpen 33X (5.4)
ickviEohs.

Fsharpen = F — 8 LoG(F) (B > 0), (5.4)
LoG(F) AN FiZ%$ 5% LoG 74 VZ O AEERL, B I3#SULAEZERT. ER
MosxH, F-G, BEERRALOIEHE {fijk —gijrc} 2T, K (4,5,k) ICBFLF
NI T T4 NEHAELF) e £T5E, L(F)|ijx RUTOXTHESRS.
L(F)|ijk = —26fijk + > foar (5.5)
(,9,7) ENa (i,5,k)

Nal(iyj, k) = {(i + ap, j + g, k + ar); max{|p|, |ql, |7} =1}, (5.6)

Na(iy g, k) 12A (3,5, k) D o-EEERT. EHEROREMENEEROBREEL Y HEWS
B, FTTFVTTANTOHNTIADHEE RS, HIC, EFELAOBREMENERKORE
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BELVLEWVBARIEDEEZHATS. W22, REXNBOBERILITZ STV T 740
FHRBBIIEOEL 2V, REXEOERIIANMHEL 22 ZEATHRIND. HIULOR
2, XG4 CIVREXAEOBREMILVIELS, REXEOREEIIV&EI Y,
KREXENPBRASNDEZ LIRS, LiL, BHoxy PORE, FRIKJEINEOR
EEIVLEVERNT IV T U7 A AFICLBMBICE > T, BTy IHREDHH
N5 ENHB. Fig. 5.6(b) IL2RTTOTI TS 707 4 MFIZE BREGALOBIER
ERLTVWA. ZOMBEZBT 5201, KRR (5.7) TEBShIHMIULLEEZ VD,

Fisharpen = F — B (7 LoG(F) + (1 - v) L'oG(F) ), (5.7)

T, VIRBES TSIV T V7 40F%, yiXLoG & L'oG DEAEZRT. L' D<A
IRIZEARICL LRALTHS. 2L, LU THEBROBEELV bEVREMES
FORFEER LM AN T DRTRRD. T2bb,

{ foar  ( fpar < fijk )

0 ( otherwise)

L,(F)lijk = —Nlowerfijk + Z , (5.8)

(P,q;r) EN & (4,5,k)
Niower 1& fogr < fije ZWTEFEROKERT. L 74 AVFOHAREIZATHY, L'
L ARSI B OBMEMIZTTR S Z Lz (Fig. 5.6(c)), [REXANEOHERE LA
ENDFEMERDE. RTA—F y IREEARARAOCESVERE TS, ZOT74NVFL
BICEXVREXED CTHEIXEREL, KREXNED CTHEIZTETS.

533 SEXREMHOFE

Step (1) [EXMEEHEME

ICHR [2] OFEIC LV KREXERERENCHHTS. ZoRRESW-HMHL & VWE
Tin: ZUBROKEIBRHMHO D OER L XWMEL T 5.

Step (2) fEICHT S VOI DEE

Step (1) THLNZKBEXEE 1S, CT BO—FBHMORZ A Rz 5K EFHKE
B2, JEEROED, Crop, & FDERE, Tiop = \/Stop/m BFHETSH. 72721, Seop 1
CT B0 —FHMO AT A AZBITARERABOERE LR T. KB ICHT 5818 VOI
TBORED ryop D 5BDOIF KL LTRESND. VOI LEOHFLALEIL chop TH
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bronchial lumen area

\ 5 [20[25[30[25]20

20[25[30[25(20
10[10[25[10[10
8 [10[1510 8
10{10[25[10[10
20[25(30(25(20
20[25[30[25(20] 5 \

parenchyma area

(a)

Case of =2 and = 0.2

GO |3 |C | Ot | T

OO =a| 0| O

38| 7 13]41[13
12|17{12

7 [38] 7 13]|41[13

~J

0]
oo
(0]

(b) (c)

Figure 5.6: An example of outputs of the sharpening operation by L and L' in
the two dimensional case. We assume that pixels whose values are less than
10 are air regions, and that parameters a and 3 in Secs. 5.3.1 and 5.3.2 are
2 and 0.2, respectively. (a) A gray-level picture. Ridge-type wall is formed.
(b) Outputs of the sharpening by L. The center pixel, which has relatively
high intensity than lumen pixels, is weakened down to 8 (lumen intensity). (c)
Outputs of the sharpening by L’. The ridge-type wall is enhanced. This may
also happen in three dimensional case.

5. VOl DF#MOF L CT BOENEZTNTNTFTET D, TRbbH, e XM
Zm <.
Step (3) VOI RO S & 3 fRigih

VOI NS X SElkiT SOk (2] OSEBIRIEZ @A L Clili 3 5. K& ICH¥ 2955k
b AU Step (2) THALN-KERBOER L T5. JELUBEOKE BN LTI, BIE
DVOIILEENABEOEROLERLZMBEAL TS, 22T, [REBIVELADER
BRI, HEMBEHEORLD, BELEVE L, + 100X V5. Zhid, £hb
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5 #E 3 RIME X CT &b b 0 R

DEEFEI MK, BV CTEEZET D THD. EATREXLUBEORKIZ
LT, ROFEEHETRERLEVELZ 2 0BBT7 VT LKV RETS. L
HVMERRD LB tupper & TR tiower 1 tins + 100 3 £ T8 tip; — 1200 H.U. (Hounsfield
Unit) &9 5.
PRABALER R IZ B BB~ DILR 2B < 7o i, Fig. 5.7 T X 5122 2DB5E
Tl Ly BEW Ly 3RETH. ¢ 28 VOI &2V, L95E, FE L i
N1z % + N1y + N1,z + 01 -p = 0, (5.9)

TEZBND. TIZT, n1 = (Rig, N1y, N1z) EX7 bl ey — ¢y DEIRT PATHS.
¢ BL Ve, 138 VOl EBOREICRIT A0 LEKREXFEROELERT. 5 —

DY Ly 1
€3:X + €3,y +€e3,2+e3-C1 = 0, (5.10)

TEEINS. ThHOFEEZBL THRIEILRIT LAV,
Step (4) 7R

s3I VOI B REOERER SR EMIT T LItk o TRIHTS. £7, 3 KT
DFNY U TRBIZL > T VOl BEREREO[REXEHBERE ) 7L, T~V
S;(1<i<N,) OEEHETE. Z0O8, L S; 2 Snaz/Sratio £ Y b/hE 0T b,
Fodk ) A R HRLTHIBRL, N, 2857, ZIZT, Smaz ¥ S OBEKRTOERK %
Y. Eh, Sratio TIEIBREDOLEVEZRT.

IR (REXELZBX TREXSoBREMET 5 2 L) 13 VOI ERAOmHE
HEFxy 7 TBILICEoTRIENT . BEODEDRE, [KEXIL VOIDFH ez D
REHANZ B 23> TRIET 5 Z L3RV, wxid, bL N, B 1ehilbkolE (32b
b, REOTREENS DL L E), ROZBHEEF =y 7 L, BIHME S 2K 5 (Fig.
5.8).

() N, X 3LUTTh3 (FEHIZHE (1)),

(II) VOI B O K& EOBERBRSBITE L TH N, TH 5.
M D) BIC AD OWMEMMEINBZNE ETRILRET5. BIRPEZ o7& &
XL VMED IR typper & At HU. 5 L, Step(3) PALEZEFTS. LRFMHEOWS &
WL, o, N, BN 2FEHIF3DLE, IEIBNDE LI LHETSD. £L T, Step
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L,

bronchus region

¥

h\

parent VOI

/ /
v, @ G2

Figure 5.7: Illustration of levees. Plane L; prevents extraction of sibling
branches and the plane L2 prohibits growing toward the parent branch.

(7) CREBEEDD. LN 00L& ITHHLEEZERTL, UBROKRERREL T
by5. ELSND L &L (N, = 1), VOI Z{BiE3 a7z VOI O F RN E LD EIT
HEZE>TWAnF =y 735, VOIERRAOHHBEBROBLLHEL, bLEOD
HiLE VOIEROHLDOEHN e LT2RD, VOIDFMEREXIEZDOSHE—HEIED
72z Step (6) 2FE1TT 5. £D%, Step (5) %17H.
Step (5) VOI OfaE

VOI DR S I3 # 1 E#EMEITL, VOIEGEHFEHETS. VOI ZMiXL7=%iX Step (3)
IR Y 38 d £ T VOI 2 iEd.

Step (6) VOI D 5RDEE
VOI 5 & [EXKDFRIZENAE LG, HOETHAIICE D £ 512 VOI 0k
MEZUTOFIETEETS. S, C BLUr 2204 VOl EEIZKIT 5 S
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e e, bronchus region
2 1 . /
e; .
| \
v 1
. (S - \
e &~/ [l-o---- — A Number of label : 1
. (L Z &
P4 v % \ Z i
A =
; Number of label : 2

|
Number of component on the VOI surface : 1

Figure 5.8: An example of leakage detection. Leakage is detected in this case
since there are two components on cross sections of the VOI image, despite
the number of component on the surface of the VOI, N, is one.

K[EXER, S PEL, BLY, [IEIHOERLET S (Fig. 5.9). & r IHKOFES
ERELTKRATEALNS. T2bb,

o Sbronchus
r = 1/la—ﬂ. (5.11)

\: :. ‘Ca, SbTOTLChUS f'i VOI W“@mﬂj éﬂf:ﬁ%iﬁﬁﬁwﬁﬁﬁ%ﬁ—g-- {gﬂz L/f—: VOI 0)
RS, (e}, e),eh), HUTOL > IcaET3.

C; —-Cy
R S 5.12
=G~ G .
e] = e} X e, (5.13)
e, = ej X e}, (5.14)

7L, Cq i Fig. 5.9 1077 &£ 912 VOI @i D% (I3 — 3r;) BiE LOKEXRBROE
DTHBHY. BE “X” 37 POAREEERTS. BELE VOIO LEOFLE C,
LL, VOILOKkE & (Iy,ly,l3) & (571,571, ]|C1 — C2||) &35, VOI Dl HZEELE
%, Step (5) ZEITLELARIREXAMMEEIT

L L3r Mz L0 HKREWRS, 3r ObYIZI3 #ANWT Ce 2HET 5.
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Step (7) ¥ VOI DEE

Step (4) ICBWTHEPBRHINTL, ROLEIZ X > T/IMRIZHT 5+ VOI B
B9 5 (Fig. 5.10). i EN=REIKLOFEE¥E r & Step (6) (TBITDH r; OFHE
CRUCHETHETS. A bt Fig. 510 DE S ICREXER S, 0ELLTS. F
7z, Step (4) THRH L7z VOl HBRERE ICET 2&EMKS S; PEL ¢; 2HETS. £L
T, FROZEFMEZ ¢c; —b L35, F VOI DEEZR (ei1,€i2,€3) ELATORIZKY

RDB.
C;—-b

€i3 = T =T (515)
ICi - bl

€1 = €;3 X €3, (5.16)

€i2 = €;3 X €;1. (5.17)

FVOIDEEDOHLED &L, FVOIDOKES (i, lin, lis) % (5,5, |C; — b|) &3
B. 2L, bL5r> 0L 205 ORDYIZL 2D RSIFEHAM (). BED
VOI W THIt & 7= U8 Z I % BAM 2 S8 ZHERICIBM L, Step (3) ~ (6) Z#&Y
B L AT LT DR E SRR T 5.

5.4 =EE&

AFiEE 3 RITHE XM CT & 3 FICEA L7z, EROHLAKL Table 5.1 177, EH
BOWE L RSILOPRERID B0, AT, HOOESIERE 2], W% CT
Bizxtd 28/ 5 OEIRILIREE, RPULE O CT BiTxT 2H D OF|RILEE, BIV, #
Bl St M L7 CT I T 2% 0 0REBIBRETHH SN REXHER L L&KL
7o, BHLRE LB % 0.05 25 0.3 T TERILIETREXHEEMHEREZITo=. 1,
NG A =B v, Sratior At, BIY, elZTNEN, 0.5, 15, 4, BEW, [;/6 KRE L.

Fig. 5.11~5.13 icHittER OH %273, Fig. 5.11 ITHH SN =REXBERD 3 kTH
7Hl%, Fig. 5.12 3FEHF 1 2% L THIlH S AEEE =T, BREFETIE, MRk
EDRIUBEZHTZ L2, HIHINEQEREZRS I LTIV ABELHIHTDZ L
MTE%. Fig. 5.13 FORHNIAFEICL > THFHLICHHEINZIEIEERLTW5.
CTAIARLPETHREILEE L<HETETWEZ LB D. AFEBLIUED
DOFEILEEIZ L » THIH SN 2R E IO DO L& % Table 5.2 127”7, BALICAF
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HECIEERD OERIEEE L Y bEL OREXKEMHTETWD. £, mikEHK UK,
5, BLU6 KD AT IREEMEEE Y BHIC L VFHE L7 (Table 5.3).
IIT, MHREEYR

Number of extracted branches

, 18
Number of branches that can be observed on a CT image (5.18)

Accuracy =

L4 n. 3FIOFHRMEEITR X% 4 RO T 37%, 5K T 33%, BEU, 6 KT 17%K
EX . BPEREIIES 1o LTH LB, SER 2 T304, ERI3 T202TH-
7z (CPU: AMD Athlon 1900+).

55 BE

Table 5.2, 5.3, Fig. 5.11, 5.13 1R L7z & 51T, RFHERIHRL OFRILRIEIT LT
IS OMNKEXREMHT 22 L8 TE 5. EROMHE, #dilk, X, VOI %
AWTHESAR LEVEIC LY BREIE BT 2 RKFHEOADEPEARR THL I
Rl

B OB LORSHLICBE LT, #0OFRIEE (2] 2 BT 2ANCHE & il
PEERICHETICON THEBINAREXHOK LI TV (Table 5.2). Zid, #
Bz kv BT EOEROEBENKBENTZ L, Tz, MHLIC X o TREXEENH
Nz lizkreEXOND. BELOMREDH % Fig. 5.14 1ZRT. [EXENH
FWEh, SEXNELBEOBEEV MR MPHRBBINTVEIIEAINS. b
D EhD, BROBELHSLIREIMHOMAEL LTEERLETH L LED
ns.

S Bz, AFHEOMMBE, #IC 5 RO OSE BB E 235 O OBIRILIRIE
WHRTE L KBENEACELT, [REIHE VOI TRY-> TEHEK T Lic@ED 2 L
\WMERBERLCHETS, LWIERFROT I u—FRRBCRESLERLELLEEX
%. MVERR PVE OB %258< ZTEOKREXINEE CT IRV LY bm sl
», BREHITHE—DOLEVEICEAHDORBIRETIZZO L S Rk E T 52 LIk
TExRhol. TR LTAFEER, VOI Z AV TEKE»LIEICREXOAHEL B
BRLZ2DS B BALCHE Lz LEWVETREXER AT 2700, =Yy AR a—5bF)
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RICEBENIT . EF 1ITHLT, 4ROKEXEOK 98%, 5 KD 718%, 6 KD
46%Z T D LB TERL., A ROTEIBD 1 EXELTHB00L, LEOHENIC X
LEF—Vay - T—=FT77 7 bORBLERDND. SEIEIREIKLOMEHFIICET D8
FIZREMBER R P01, SORMHBEOR EICIZ, ZhEHEAAALTEEE (£
TNy F o 772L) ORBR—DOOMRETHSH. LIEL, N F—r DBEHEI
BEBEZTRVIIRTIRPLETHS.

—7%, BESULERE B ik Table 5.2 & Fig. 5.15 1T L2k 51z, BAIHOIAE L BEIC
BELTWS. $bb, BAREREE B, §=03), KKIEXETIIRVE
R MELZEATER) CHLTHREBE®RESSN, BRELTOERSLRMHZSH
BT D, HZ, BBRISVEE BT, §=10.05), REXBEEZHSICHRATEZ LM
T&ERV. ZOHE, BEHOEIES D, MHISh2REIEOKOBA+ 5. BibH
ZHIFRT 5 720iE, Mo DOBRLERLETHAH. £, [EIFRMH RS
HREDHTHLZ ENTRENED, CTROBEREICIy PHRBAINS L5 REER
TANEZRWHE L OEBIZOWTHRNZTILELD 5.

56 LI U

FETIE, IEXOEEREEFE L 3Rl X 8 CT #h 6 0K E X s
BERRE L. #EFETIVOIZAVWTREXOAREZBH LN LERE XKL
It L7, HHLETIE, AN CT BRICHSIHEAE 2R L TREXELMAL, PVE D
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Figure 5.9: Modification of the VOI. The direction of the VOI is modified so
as to coincide with that of the bronchial branch. The modified VOI size is
calculated based on ri, which is the mean radius of the branch.
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Figure 5.10: Ilustration of the initialization process for child VOIs. VOIs ¥
and V: are arranged according to bifurcation point b and the centers of gravity
of components ¢; and cs.
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Table 5.1: Acquisition parameters of CT images.

c Number of Pixel size Number of |Slice thickness| Slice interval
ase . . . .
pixels in a slice (mm) slices (mm) (mm)
1 0.625 x 0.625 350 2.0 1.0
2 512 x 512 0.546 x 0.546 252 2.0 1.0
3 0.586 x 0.586 156 2.0 2.0

Table 5.2: Comparison of the number of bronchi and leakages extracted by

the proposed method and Mori’s region growing method [2]. Terms “I” and

“S” mean interpolation and sharpening, respectively.

Number of extracted bronchi Number of leaks
Case Proposed method Mori’s method Proposed method | Mori’s method
8:0.05 015 03 | (Moo w1 WMo |8:005 015 03
1 222 244 246 92 101 134 9 15 22 0
2 101 123 131 46 54 64 0 6 10 0
3 656 83 90 32 38 38 2 5 12 0

Table 5.3: Comparison of the extraction accuracies for each order of branches

by the proposed method and Mori’s region growing one with interpolation and

sharpening.
Number of extracted bronchi
Case -
Proposed method | Mori’s method
B:0.15 w/land S
4th 40/41 (98%) 30/41 (73%)
1 | 5th 64/82 (78%) 35/82 (43%)
6th 75/164 (46%) 12/164 ( %)
4th 34/42 (81%) 20/42 (45%)
2 | 5th 39/84 (46%) 4/84 ( 5%)
6th 18/168 (11%) 1/168 ( 1%)
4th 28/42 (67%) 8/42 (19%)
3 | 5th 20/84 (24%) 0/84 ( 0%)
6th 2/168 ( 2%) 0/168 ( 0%)
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Figure 5.11: Three dimensional views of the extracted bronchus region by the
proposed method (upper row) and Mori’s region growing method[2] (lower

row).
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Figure 5.12: Examples of the extracted tree structure of the bronchus for Case
1 (8 = 0.15). The left-side, right-upper, and right-lower images are the images
when seeing from the front, the right, and the top of human body.

(b)

Figure 5.13: Examples of the improvement of extraction results. This image is
same slice in Fig. 5.1. Branches that accompany the CT slice can be segmented
by the proposed method (white arrows).
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Figure 5.14: An example of the sharpened image. (a) Original image (same
part in Fig. 5.1). (b) Intensity profile from C to D in (a). (¢) Sharpened image
of (a). (d) Intensity profile from E to F in (c).

(a) (b) (e

Figure 5.15: Examples of deterioration of extraction results. Small leakages
occurred (white arrows). (a) Extracted bronchus regions (yellow) overlaid on
a CT slice. (b) Magnified image of (a). (c) Original CT slice of (b).



& 3wk

[1]

[2]

[6]

[7]

8]

F. H. Netter : “Atlas of human anatomy -second edition-”, NOVARTIS, PLATE
190-193 (1997)

K. Mori, J. Hasegawa, J. Toriwaki et. al. : “Automated extraction and visualiza-
tion of bronchus from 3D CT images of lung”, Proc. 1st International Conference
on Computer Vision, Virtual Reality and Robotics in Medicine (CVRMed ’95),
pp. 542-548 (1995)

M, Sonka, W. Park, and E. A. Hoffman : “Rule-based detection of intrathoracic
airway trees”, IEEE Trans. on Medical Imaging, 15, 3, pp. 314-326 (1996)

F. Iseki, H. Kobatake, H. Omatsu et. al. : “A new method to extract three dimen-
sional tree structures of bronchus from chest CT images”, IEICE D-II, Vol.J80-
D-II, 10, pp. 2841-2847 (1997)

Y. L. Tsui and P. A. Heng : “Automated extraction of bronchus from 3D CT
images of lung based on generic algorithm and 3D region growing”, Proc. of
SPIE on Medical Imaging 2000, 3979, pp. 906-916 (2000)

T. Schlathoelter, C. Lorenz, I. C. Carlsen et. al. : “Simultaneous segmentation
and tree reconstruction of the airways for virtual bronchoscopy”, Proc. of SPIE
on Medical Imaging 2002, 4684, pp. 103-113 (2002)

R. Malladi, J. Sethian and B. Vemuri: “Shape modeling with front propagation:a
level set approach” , IEEE, Trans. on PAMI, 17, 2, pp. 158-175 (1995)

R. M. Haralick, S. R. Sternberg and X. Zhuang “Image analysis using mathe-
matical morphology”, IEEE Trans. on PAMI, 9, 4 pp. 532-550 (1987)

87



88

6.1 #iE

AT, ABOMEZAMEEFIA L 3 RITHE X # CT &0 6 OB HIK,
RERER, BILU, [REIBEEMHEC OO TR,

CAD VA7 AICELTRINETIHL LHERRINATEY, REBEORHSE
RF—<Thole. LML, HEBRBINZLVFRATAL X CT EBICX Y BREBEOE
BEEBIZLENTEXBEICR-IEEZITT, CAD VAT AIZHH 2B
EHELTW3. Thbb, IhE TIIxREs - RAOKEEIADbRTWER, <
AF A5 A4 X CT BICEZEDMOBBOBBARZFERLEEINL TV, BRFOH
B DI - BEEExHRE L CAD v 25 4 (A CAD) OMBEMNAELTE . &
7, BEMOREXEL VI NENOEXLFE, EMOBEH I 0t LRFEOME, T2
bb, FEBEORBICESCEFREBEDLETHS. ZhoDZLZRETIHL,
ERIZEEN2H 0PI BBLHBERIRBMIEDI I EBRAKRLELXS. FAMETI,
FROEFHFRE X, HEE ERAEACTICREINT) 3R X # CT #2250
DEERERBICETIFEOREELIToz. FFEICHBEL T, BEIROMTFHMMR,
BIO, ERMHOERFHEO > THABERIBRELRAA L. BSROMTFRMHER L
LT, BBIIFNFNEAEOHREFE-TRY, FEATIZER CE LW ) Mz BT
WEF LD G TRERAEICERIICEA L, BRETAVZFA LICBEREMmEZ

To7-.
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2 ETIE, BBET NV EERIERECOVWTHEIZR~NZ., BBEFLEHE LK
BEBHE T, ETVOBRKRBRELEFAVOERFENEETHY, KR TIEN
Yz i & B-spline #i#E AV T, FMEEEK (=xAr¥—) o/MUIC L v FESHH %
fTo7=.

3ETIE, BREFAVEFA L FHFEEMBEC O W TER 7. MEFREmE IR
5—2oOMBERIL, HRECHEBETICRESER L TV AEE, REDBEBEIIEhL L
IEER L TH B0, REICHE LSS S, MEERICKENETS L0
L Thole. EOREZMRT DD, MBEBRETAEZROCTEARD D REFRE
WETD LW FEEAVE. 3RTHE XM CTHRICEA LILER, EEDL > KA
BAELDZ L REFICMEFRES M TE 2 L 2MB LT,

4 BT, FHEE CT &0 0 ORBA KBRS L CMBIARERO MM 21T o7, ER
CT BITH T B REROHFITI Z N FE TIZITbN TV, SR CT e xg e LIHE
RINETIER» o, FER TIHOE &L ZOMOBER, BLY, MEFRLOBERE=
b7 R FPMEL, BIBRILRIEO A TIIEME LR« ICHitEd5 Z LI T&aholz. 22
T, MERF2—TRBETHDZ LIZEBL, ERETAERNA LSBT & B
B - WEMERICESSBIRERT, S5, ERIRECLABREEL VS FIEEZH
FL7-. 3WITME X # CT BICEA L KR, KPR TIIBEEAERLE O—-KEREY
900%5R & RIFRFERBBONLD, MBIIRTIE 80% & KBIRICHNTEL 2o, L
LABIRIZ LY, PERBA L Tnigh o 723kiER CT b b ORERM &g o 7
BEtE TR S R,

5 BT, [REXBERBHEOKFBIC OV TR, KREXFSEHMHICRIT 5 HEROM
BiE, R—v ¥R 2 — AP ROBBIZLVREXELNFD b, KEOKEXE TH
HTERWEWS Z L Thole, AFETHE, MBLLABICIAREREOHRELEZIT L
CUEEZXGDZEICL > THESH L EWEIC L2 HHEER L. EROBR, 4 kO
KB XD 80%, 5 W THI50%, 6 K TH 20% &R 5 Z &N TE, EROBEIRILE
HBLHNT, #hEh, 3%, 33%, 17% & BGREEN RSN,

LIEDRERE D, EFNA—ZXDBSERMEEOFENRENT.
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FEOE LIV

6.2 SHROFEERE

3 E TR RISV T, FIALEBRET VAR L MERSE N
TELT, FOWMIIERFEOMPBEEIKEFETI LWV OBRENRDD. L, A7
ZE 10mm ® CT BERW\T, BB E Sh CT BRZOYREREICD P S
CkB. BETIRIAFRATA X CT EEBETRESNZEMNBE > TV SRR L IZE
BMENTETRY, 2WOFEHHRETNVEERT D LBRFAREL RoT. &%, 2MF
REF M & 5 HFERMHEOREZIT O LENS D, i, KRBRSHO —H2iEM
HY 3 20O MBELEMBRETAVEFIATEZLICL VR TE DS EEDND.

4 EORBIREISMH TIX, BRETVICMZ, MEORBEET VERATLZ LI
kv, EoRPHHEEORENRAEINS. T, =y UHH L RRER, IO
LRI L ARRETICELT, IFOTy PO N SWVAHHTENTE DR
ERREETTED00, IOV TERR, EMNRRFETOLERDHSD.

5 EOREXERMH TIX, MEOBRMHEZHIBRT D DORLBORELILETDH
3. £, SERBEEIEOSRCETHHBITANTORNE, FEETFTLVEEALT
XLRAMHEEOKRELTI ZLbEEhE. 2L, KREIKOSKIZIIEHDNY
T a UHBFEET DD, FEEFTAOEBACBNTIEIANY == 8 YRETAVOLR
FEICET A HoRRNE2ETS. £, [EXERMBICESULLARRASTHDHZ L
WRENED, CTHROBERMICT y VRRAIND LI BRBERT A VI ERVEE
&L DHBIZOVWTRNOKMNH D, =y VBROLDOOEMERT 1 V¥ BAEORED
HETHAD.

LEEZBULEEL LTL, XYVEHO CT RICXT HHER, HERBOERIR
HoND. iz, BREFAVZAALCBSERMEICE LT, 7 BRIV THIE
AIEFAACIVEBLTWSY, BB WIF BB CRET 2 HEOHRENLEEN
3. HlIZiE, SESLEEL & TRAIE LZEIRO X0 ol REFIAT S 2 EOKFIE
NEZLNG. &5, FRXTHRE LEBRUSNOREBEEMHEORELLEEN
5. BEEITFOLO (WENOMBIEIR, BHABNR, IHR MR e 05 o
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AT, WEWAOHEIR, B, 72 OMBEOBREELITTOLERDD. Tof, BREREY
RBICBET DR, RE LEEERERESCHALZBEEOPROLZZTRIEDORSE, 2L
LEROBRETHD. BRI, BEFVROBBICESAM CAD VA7 ADOBRFENEE
ns.
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EFEEED DY, B OREF LMEROLRE, BIURENLE DI
EXTEVVE. ARXOREE, BERIHEICLDLIANKRE V. UT, ZOHZMEY
T, ZThbDHFL2~DOBILOETELZBRRS.

FPRUDI, EEORMTHY, BIRO X >0 25 2 TIRWIEAZ R — R EER
CESBHM LET. BRALAICE, FHEEZEYD, BREL L TLERE X GOMRICH
THRBCELT, KR RVWIHE - THEZRE I LE.

AH/CBEBEEN, THEWEEWEARRKECER, 200N, AFERHER
BICEHNTZLET.

EH OB TH 2 PRIEER) ML, AHRICET I OIHE, THE
FEEELE. £, EEOMTCHCTECEEZMA TV EEEE L. WIEHL
E3

Mo BBB AT, AR THEARIBHERHEEE L. A8 T&0E
L.

A EAEEABSE, HEEDHERICIE, BEIOKLRTHEEZHEIE L. &S
R#tLET. L0 b, REEDERICE, AHRCETIEOTYHELEE, I,
EXOMITICHEICTEIL, FRER-> TIHE, MEVWLEEELE.

A THEBFICIL, EENBRMERICEB SN TUR, BEIOHR 2 IHFEZIE
&, RSEBWMLET.

HRE T REEAKBEBEEIZIY, REBERCHES, i, FREITEIOIY
EXEEELL. BIBHLET.

AR L THWE CT 8% SREV L L L bic, BENARIHELTRE LBk
AR AR, RER AL BRIEEL, REERRIESEL, B —FR
e B EREL, EYAitr Y —RRGEFEREL, 2o, FESKBERRRTS
EELICRBHLET.

AREEITIBRICBVT, 2ROBNEABRELBREEE L LEAZRBFAE,
K2R AFRE, LN, FTRAEERIFREOERKIEHH N LET.
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ARIXORO—WIAHEZECHESET 7Y r— a2 Y7 b 27 NewVES©
BLU Miruzo ZFIH L7z, FERELASIOCHAIKREEICES# L ET.

R®IZ, EERZIIETIONEDS, RERFROZDORAREES, HBWVIL, #%
EOBMELICEDEZANREN. LK, EEVAMEZEICEHB SN TLUR—HIZFEA
ERINEHEER (RT YK, RKIMNEEE @Y =—#%Xe&t), KFEERE
(R NTIT 7—##%Aat), THEE GNTT 77— BXE&4), FHREEE @75
P-TEKRREH), FEEZLE GBEEATA - v— - 2 2f5kREH), BEBEE G
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