HRIREHELZI LR/ 58 ZF 1 A 2023 4£3 /7 20—40 20

AVARTRL 6N D FEHAEHAR
PR B F
AR AEFTH L
*trchang@stust.edu.tw

# &

AR R RE BB (virtual reality ) 81 3D BIENHYREAT - HO_LAHRBRRR G2 M-E - AT e ErHRRIE
&R - EEHR G0 2D 2 (BB BRI AR R (head mounted display ) DL
BEE I AG R (stereo display ) /5 2K 237 3D B ELAG G HIIEE - AW 5L BRI AR BURES(HTC
Vive) FC &g REERZs (Vive Controller) 3¢ —% 3D SR BN A4 - Z4kk 7 Al DI 42 v] UE R
HIJT R 220 B EET - T DAGREE P& 28 3D HEhHy 7 =R B R BRI AR AR B0 AL AME T 3D A - f
R HE AR L RDE A A G TR A = A A R E i/ D DRI HER S TR -
BEAh > HorT i 3D PR Bl STL AEZAE L - 1848 3D ENZtsln i A S ey B AHE AL - A5E ] DU FIFE
BEERAEE ~ TAURREEG L > Br 1R D ORBG AR R oK th m] LU HE S (S (LR (% -

Migw : FERG - mERE - KIUMR 3D A E

3D Modeling of Medical Images Based on User
Interactions in Virtual Reality
Tsai-Rong Chang, Guan-Yin Chen

Department of Computer Science and Information Engineering, Southern Taiwan University of Science and Technology
Abstract

The recent development of virtual reality and 3D printing technology, along with the ever-lowering costs of
hardware, has popularized related applications. The conventional display of medical images is 2D-based. Yet,
when it is upgraded to 3D-based one with devices of head-mounted-display and stereopsis aided by virtual reality,
these images can be more vividly viewed by human subjects. In this study, we implemented a 3D-interactive
system on medical images built upon the commercially available HTC Vive head-mounted-display, incorporating
a kinesthetic-triggered Vive controller. This system could allow physicians to view more freely the bodily parts
(both in healthy and diseased conditions), and to interactively outline the desired anatomical structures for 3D
modeling. Optimization with simplified computation algorithms (minimizing the number of surface-constituent
triangles) speeded up the 3D modeling procedure without jeopardizing the visual perceived quality of the model
results. Moreover, the resultant 3D models of human anatomical parts had the output format of STL, which could
be readily printed out as 3D objects. The present system we have developed can be applied widely to medical
education and simulated surgery, easing the need for human corpses in the teaching of gross anatomy and
enhancing patients' trust in physicians by facilitating their communication on surgical treatments.
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PR B EEE S (virtual reality, VR ) ~ #EIE 1S (augmented reality, AR ) ~ JE & E 1% (mixed reality,
MR) Ffatype - (8l 823 R 2 BURE Ry £ - AE T (e (AR HE FH Y 2R & - P& 31T Goldman
Sachs ¥f VR k. AR FEZEMEITEETAG[1] - f5E5TE] 2025 447 800 (E3£7T - HFEEREME TV 15 - 554h
fRIEWFEEE /A ] Industry ARC YRR » REBEET SR b B S5 A B s T2 _L AV T 5] 2020 4 Ky 1B
] 25.4 (83570 - £ E AHRANIIE ] T DLES B Qs i 2 B 7 - Hon] DUE R B BRI ~ BEREASR
FTATAE] ~ BEEE S BNl U BIBEE E Fi o R W] DU HY R B 8 5 L b E I Rl
BB LAY FE AR 2 H AT R R AR Ry B AV B R RH I - BRI E B E% VR $EEA 1 HTC Vive
(https://www.vive.com/tw/) ~ Meta QUEST 2 (https://www.meta.com/tw/quest/products/quest-2/) -~ Sony
PlayStation VR (https://www.playstation.com/zh-hant-tw/ps-vt/)Z -

VR WYFFEEAE R R AL D220V AG B - R RS B (R B MERE BRI - A S - VR Be&a THSE
B MEREAESE - RIS T A MR-l EdsE - 785 LAY RIS (pain distractions ) » & 2 0F
saeiF Y E E ARG - VR HEIRGIEN LR » SIMECA T RS - SES 25 RERE - £2
EHEEIG - VR WENRS LA - AR RIZEBES R - BEPEII A EBEE SRR EGlT - ERVE
FEECEEEZ - 2EHVEE LU T - Pl - IREEAVEE R - e DU PR S 55T B 2 TNREATEL
i - It AR 28/ EFIEFEIVRIER ST - R HEE R g s S g B & - 7 BliTH S » R2K AR &
{E4Y % VR =ZF(PUREHIHE - VR ZREZBFTEH —ERFAERTESR - AR RIZZEABEFMH TGS
R EE AV E BN O BhR A - (HEIEEVEIRYEZ /2 MR » (RAESFEE VR Bl AR AYFF
B BEPRE FTEGESE - TEFIAYRGAE R VR 2 AR » (HEAZEE 2 aIZHTRMAK - MR 12 AR f VR - RE
BB EEMHIURSE—IE - (FHBERAAT AR RREEN S AR ENYHEER - DUERERE
FFEIR > HREIME EFE MR #EH © Microsoft HoloLens 2 (https://www.microsoft.com/zh-tw/hololens) ~
Magic Leap 2 (https://www.magicleap.com/magic-leap-2)Z -

i B ATE S Rl R B - E SRR (magnetic resonance, MR ) K % @ ifjE X Hf4i
BESE R (multi-detector-row computed tomography, MDCT ) HfiTAVES RN » (K BAS R4S HE ]
DA iRy | ok 237 - B e T 2 2D 19l H i RE X » BERfifE & A B SRS N SR BT
FIRIREE AR - NI ERESE B ARG 455 3D B G RRIRHY =0 IEamAY e
545 LA 3D LRGSR (stereo display ) » BSEMIEE A LARZE 5 H PHRAVEZSR AHVREA - 1A 3D B &R
HEER - WA DIERANE B B R RO R0 (2] - (H BE RN BRSO R R Py s i
AR BT F-flo A5 05E - 11 15 S AHRH E A AR SR misi Ry BB % - HOT DURE R R B R I 52 ~ B
R~ FilomiRi#E] - BEHE K TIrE RS, - (R HREE Gt 252 DL 4E (two dimension » 2D )
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ATy R Wit - o3 Al By FRIEVE S, (surface rendering) FIT7Z#&EZY (volume rendering ) o FRIAVESY
HEE AR R G RAE N - TR ) » BEER bR - A E LR E E I B aa I A S MY
Fifl - NILFRE S REFEZER - [EEREEEE T - R EERS R AFAIPR S » REAVESEL IR E ARV -
B 5 TR G TN E B - AT AN PR R AVE B A E S, - TLRE ST R B P DL
HH RR LR AH 4% - REVESRLE T EE T e -
B3R a®dD

FE 355 At - RFSEEN HH A LR AR 4% AR R T Ve L TR 5 DB DA (marching cube ) 174 3D
RS NG ARG R SENTE » FrfRMEEEREER » REILAR LRSS (mesh
simplify ) » 7EF 2N B IEBARY RESHIE T B SRR EE - TR D REZER o A SR T
RIS S SENE ~ B2R - TERFEEF AR SR A STL #5757 (% 3D ERisEd - MURBEases -
Flrisist s Ak -

Fomgsi

KigukisE—E L = 3D B2 GEUR - BEBYIH 24t - E 5L HTC Vive & Vive Controller
BEFBRCHRIAE 3D BEZ G E (volume rendering ) BI/REAH BhThEE - 3 DL 3D G EIHY
J7 RS R ERAYAH AR AN AL - [EIRFECEHY (+) BAfER (-) ThEEAEEHUERELERAH kY A&l 7 3D BB -
SR1% 5 3D BETT: ~ BR © (ST EVELERAH 4, 3D @ISR o [FIRS ARG (N R K S R
7% (maximum intensity projection ) H 2 B A » B (s I3 AT DA TE Mt D) &1 HH SRRV 4H 4R 0 i - BEE L &
3D HIETTH ~ AR ~ REMKIGE GG RIS E T 10 A A RS 4H ARin BT A B AR (S - 2R& > A BE
BTEAREHYEHE - e R 4%, (surface rendering ) F 17 A BG4HE 3D Y » i 5 B (8 fe %268 3D
ENRAEN S R ST ARG AHAREAY - (RIMLAWIZE EERBHSE 774K B (1) 3D EEERIUERE ~ (2) 48
FEEFLETDE ~ (3) ZHTZRERE - (4) 3D FIEI STL MEER » &7 MHFUPEREFAAT -

- ~3D R Ew #PFE 2 (Dual Contouring)

BapRmEEURBEDA R THEITBERDE - HEtR AN B (H21F(E 2 (ERE © (a) EEREE
iR o (b) FHEEERRE  [31-[7] - DL 2D E RefBl - b SRk R A1 B THREHES IRV IE I T & A [E Ay
Ji= qiE 1 PR (R EE BRI ES - B ER RN - SR EIHIE - ST AN E
HYIEME (direct) 73&E1 7= EIAIZ A (reverse) 57&] 2 fE 5= -

m1
WEFER e - T IRE LA T AR R T 7

O ® O @

o O © O
Direct Reverse
0E 2 Fos > BN E 1 i ERE T S A B NEE () MAYNREE (BE) BYHEERE - BJaEEE
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53— (B O R + 7 Marching Cubes SEL T » 40158 = Fé i) Y11 TELBS L 2 OB sy 222
HERE X S Y WL - AR EORHEIE s FRBUEOEL + (B Marching Cubes SELAMEHE
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Fs A Marching Cube Dual Contouring

Dual Contouring J8 5077811 Marching Cube &[0/ A FmAEEDE - {HEE Marching Cube #HEL » H(HH
CEEBLE A B AR A > A DA e AT Y 5L SRR BT RGN ERES o Dual Contouring JEHEASL(HE
Marching Cube JEHBUAETH HH#EEH 17 7 #im L LAV SCEEBL A M & » SRR BLA R B A ZIEAZE N
EQ)HEIGIME » 3% B RATERIIACEE » Wt B4R -V TER SR - AT

B = ) (- G = po)? M
ek, i, 53 B F 17 R T (S B A - 1 T LIRS - B
KRz B R =

E(x) = (Ax—b)T(Ax —b) =xTATAx —2xTATh +b"h ®)
H P dEFHAM Y [ & R B A R En, 0 [BE b IEHETTE Bn - p o ATAR3 x 33EfE > AThE—{E AN
By 3YTTIRE - bThAIEFEL o BE)EBIERF R LI R > Hpx A AT OUE ¢

ATAz =ATb (3)
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BERMANEEZITEGEREARE - NItASERDER QR MRS EME - B/ QR AEfH
riESTRHIESOERE Q (15 Q B[A bR A =AMl - Fordl Tk

(653 N th .

x
0 0 [x]
fin

Hrp A" F53 x 30y E=Fa%Ek » b' BAR/NE 3HITTIHIE » v Ry B - SRR B AT AL
(Ax —b)T(Ax — b) = (Ax — D)TQTQ(Ax — b)
= (QAx — Qb)" (QAx — Qb) (5)
=Ux-b)A'x-b)+71?

O KRR

o o

QR 73 [8]= 15y
. Tz T3
A=QR=[*x1 X2 X3]=[q1 QG2 Q3] l 0 7 7’23]
0 0 7133
qix qix; qixs ©)

=% %2 @I 0 ¢lx, @Gxs
0 0 qix;

FIAG 92 GIAVIESCHEEE - S ammn; B R Sy MR > ny = qf x> G180 ¢ afxs = qf (riaqy +
T'23q2 + 7‘33q3) = T23q£q2 = T23 ° %Ei@ Gram-SChmldt {%%%%Eﬁ%xl%iﬂj%ﬁ%}é&@%yl ’ xlEJ‘%?‘i‘?J
Voo VTS 0T

X1 =M1

X =leny +y
2 iy ! 2 . (7)
yix; V3 X yiix;
Xi=—F—nt—F—YVot F—Viu1 T Y
B4t Y2 Y2 Yi-1Yi-1
g AN ET R IEA by f -
yl T y2 T yi—l T
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ST R E G 22 BRI T BS iR EE_L Ay S Rp, BUA R En, -
HE 1082 2, Vg Zn 13 - T 4 X 4 (B REREHJEG L -
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(mesh) BEGIEFERIRAMENLE - KENEEEEETE - i FiE - JERERRNE > NIRRT
RS EITAREVRSL - B REVRE{LJ77A7T Hoppe Al QEM ( quadric error metric ) Fife © 4f& 4 FR > —
BT 7RG FIEAE (a) ZA[EM 32 [H=781F - 96 (L ( =AiPItA 3 (HE: > BigEiE) - &R LR (b)
HFIT 2 B =787 - 6 (8% > i HAMUCREFAE - 48R {LIEREAR H AU 2R D 488 ryRsE = A iay
R > OB LIRS NET G T AR RIS NE -

W 4
HE LT

=

(a) (b)
(-)A#@ 2
ﬁéﬁ’“ﬁ’jﬁ%{ [3737/2 77 B THBERE 3 (vertex removal )~ 325848 (edge collapse )~ 3547182 ( half edge collapse )
=TE[9]-12] - fEHian |
1. TEEEREE (Vertex Removal )
WE 5 For o MERE—TES: - RV E R EE RS K =M o BER MR TERRE

Fo ko MHBRIGAVTEREEEE R k-1 © sZAFR LRIV =10 6 (% 4 (&80 1 2 (8 > THELH 7 (5526 6
(R T 1A - ZITEG R | {8 TERG S AR E R A Bl THRG T s B = A -

Veﬁex Removal -REE

2. &78% (Edge Collapse)

WIE 6 Fir - FHLEARRCHVE AR 2 (B RGO R ¥ TG - 70 B AR THRG Y = T Rb
FREHT Ry ERG - 24 LIRAV =P 10 (EEEA 8 (B T 2 i - TERGH 10 {EEERL 9 (EFk/) T 1
{18 > 5% 7758 TG THRE R = AP AT -

Edge Collapse > & /&

3. ¥iB4EE (Half Edge Collapse )

WlE 7 Fros o BB AR RS p ~ q 0 K p BENE] q 30 q BENE] p > AlRRZE S R—TH
BE o JFAREHERE p ~ q THESHI=AIPILE GHERVTRERU « s248r& LR = AP H 10 {2 8 (R
DT 2 THBGH 10 B85 9 [/IFD T 1 - EI7ENN S AR R HI TEES -
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VAYANNANY
AOA BANAY

{EREMZITERE G BEIE 8 K8 9 MR - ETER: p A SR q G6F > S=AE
SRR - (HETHR q (R HEE p &GS E =AY RS - RSN & 6 -
w8
TR IR B

W9
TR S PR EIE

a
Pl —

P =T ERN R LR RE R o B LA B
(1) BCgRIfEEHRE L H B = P Y&k -
(2) FERLPRE (HUERE - A& - FEARINMNERF) -
(3) bR e TERG NG O A KT TR B B = i & -
(4) FrEerBE 3 HE=MPHEsEE LB -

(= )Quadric Error Metrics (QEM) #-3] fj it % & 2

QEM AU (L AR Michael Garland FifgH - A EHRE PREL ] DAOR B R A B R A 1B
B HAl I ARF 2 E A AEE (EEEDA12]-[17] - ZEA LA T:
1. SHEHEZTRREEERFE TR - RiiEcska b e~ d
ax+by+cz+d=0Ha*+b*+c*=1
SRR, (X1, V1, 21) ~ D2(%2, V2, 22) Beps (X3, V3, 23) » “PIEDESRBLE Ep1p; ~ Dz H » HUEAFE n fy:

) i ik

N=p1P; XP1p3 = (X2 = X1 V2= V1 22— 24

X3—X1 Y3—V1 Z3— 2
=ai+ bj+ck = (ab,c) (10)

a= 0, —y1)X(2z3—2)— (V3 —y1)(22 — 71)
b=(z; —2z) X (x3 —x1) — (23 — 21) (X — %)
c=(x—x) X3 —y1) — (s —x) 2 — ¥1)
b=—ax; —by; —cz;

2. SPRESEFYENEAZXJERZE (fundamental error quadric) » H[IK,,:



TR T PR TR 58 5451 ] 2023 473 /7 20—40 27

a’? ab ac ad
_..7_|ab b* bc bd (11)

Kp =pp ac bc c* cod

ad bd cd d?
pT — [a' b, c, d]T (12)

3. B IRREEFNFTAFERN R
plane(v) = (planey, plane,, ..., plane,) (13)

4. RZIARIFTRNEA ZRITHREK, KA » IRERZRNER —RITREZMENES Q

0= > (K)= ) @ (14)

plane(v) plane(v)
5. FH{LR AR METERY, ~ v, &0t Rv S RS HFERNER —RITREZEMNES Q » RlQx:
U=0+0= ) (K)+ > (K2) (15)
plane(v1) plane(vy)

11 912 G13 G147t [0
v [Chz 422 Q23 C124‘ lol (16)
kK7 1q13  qas Q33 434 0

AT A vk;_EEF‘EI’JqU?ETQkEI’J%WUB’J%JfITE%E W vy A7 T A AE R ] BRI

v, = (1 —k)v; + kv, > where k € [0,1] (a7

Ak BIZEL O 2 1 Z A CCost(vy) » M HUE/ MEETHAT -
6. TR QLHIEAKE Cost(v):

Cost(vy) = vF Quvy (18)
&r_EFTHL - QEM BE{EETRUAIELT
1. AR EATARIAVEAR “ RO = 2 Hnde &
2. FHEFTAEFIREEOIVES - WEtE v ~ Qp - SOV R RV ETERIEAEME (A0E 10) SCREHRERH
PEEE/NPYREIE ¢ (A0 11) -
W 10
B OERT B W 6] [ R A 28 2

N7ae &

Before After

B 1
B PR EIE: A IR 2

”K
vy
Before After

3. FHE Ll iy Cost (v ) WHUR/IMEBRAERIES

4. ﬁFF?‘ILHj*mEP Cost (v ) F/NYE vy > FIERZ v T ERAv vy DA R v I SR S
NER o

5. T#@*ﬁ%’?‘? AT =mPREIEREELE -
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= ~ 38%7 % & e3¢ (Hausdorff distance )

Hausdorff distance X f# Hausdorff metric =N HIERI{E 3D fHE 2 =R E - SR WHES
A EHEEEER LSS — SR S AU BEAHAT > AR o] 3R 2 WEHEE 51 Hausdorff distance JEAHATAV[18]-[19] - s E A
FoatEHWIE 3D FHARE S —(EFAREE S X PAE— RS (RS S Y FAAESR > &&H
B o P SR E » AT

_ . . |
dy (X,Y) = max{max min d(x,y), max min d(x,y)} (19)

REETRT R = EER 7
Fet B x 72 Y S YR NEERE - 20T

d(x,Y) = mln d(x,y) (20)
FREH BT - #td O V)RR AR A X, Y):

dX,y) = maxd(x,Y) (21
gt s AW SN

dy(X,Y) = max{d(X,Y),d(Y,X)} (22)

BOER » dy (X, VE—EE X HER{LT) > H—EE Y HER3.6) » AGTHEdy X, V)RR AL
= 19 1541 d(1,{3,61)=2 » d(7,{3,6})=1 » FHHAZX 20 ~ 21 » FH] d(X,Y)=max{2,1}=2 FH[E—J77EEH
tH d(Y.X)=max {2,1}=2 » FfR AT 22 1580dy (X, V) Fy 2
z ~ 3D 5 STL #% % # 5%

STL (STereoLithography ) J&F 3D Systems #XFG /AN SIAITL ~ A A B ST s s Ry
HEZEM20] - HATAZ ZHES SR EEE RS BHEZ AR REA - 3D FIEIRIERSE RS
(CAM) - STL EZA&E 4L 3D VIREHIRE SR - (@ ABAE - MEMEEHEE R 3D HEH)E
M o STL FEAEVEZ IFEL > )2 B REE B e DAE S5 & AL -

STL FEZE &= UA S A0 — A il e S A8 =Y STL AR 2 DI I U7 s s =AY iRh By A ey
BEEER RN - HANEE RIS STL FEZEEE - XM= STL FEZERTALL solid A& BH -
% EHY name BfEZE4FE - —(H =LA facet normal n, ~ n, ~ n,5BAE » DL endfaect 455 - Hdn, ~
ny ~ ny ek = AP IEFUEERAVARE (EHATFER]) > outer 100p SUEERZ = AP = (8 [E%Gv, ~ v, ~ vs
(9 3D FERE (v, vly,vl,) ~ (v2,,v2,,v2,) K (v3,,v3,,v3,) » BL endloop 45 » 4@ 12 fis @ H
facet...endfacet @ EF] DAEEAE n RUAGCEHMERINIATA = APERH - M _#HE= STL fEZRREEZ Hﬁé???

EWUNAEEE & 2 STL #8# A B2 AN T4 (Bytes) 2REFR = APAVAMRERE > H=
ﬁéﬂ@iiﬁ%i?&%ﬁ%iiﬁﬂ o

W 12
NFIEE STL F5F S

solid name

facet normal n, n, n,
outer loop
vertex vl, vl, v1,
vertex v2, v2,, v2,
vertex v3, v3,, v3,
endloop
endfacet
endsolid name
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I ~IHEHER

AHH5E(E F HTC Vive+Vive Controller & T BhiC 5348 3D B 224 (VRS 4& % volume rendering )
BUREL A BITIRE - BufZ Rk DICOM g IAgtg Bl & Bt E R R 2 BBV 2K - BB E L
3D G EHY AR EE R L BR A AH AR DAL - FIRFEC &Y (+) BAER (-) DhREsREERUREIERAH kAT A HR 77
3D EBfiz » #7718 Marching Cube JEEUEAREH, 3D 18U - [ERFZEL(E 41T 3D BUAVMR(E » £ {%KF 3D
BRI AGE PERS 22 A/ N7 3D ENRMAFIRY STL AR - [ 13 F—{E G BhiE R iZ &) -

® 13
B ER S

BT~ HEERIE

() BEHUENSHLBRA S (h) TR 3D fEFE

$ ARER
-~ i M

REFFEA B 3D BEEG BB LR F T B EE Sy - 2 R A B8 ke T B A gR s
EAPEH - W@ 14 s o (FHE B EE Sy T2 H Y EE A E5EH DICOM 1L, 3D 178885
% 0 FiE# HTC Vive DUEBIEREURH AR » A INEE B AKEE) - HRFEIEET DICOM #250]
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B 14
R
FHEDICOM# 1% —bl  Marching Cube S B
L ]
Efﬂ g'ﬂ:l ‘ﬁ-%ﬁ.i&i@- A 4 A 4
AL AT R IE D& dm7E R
L] ¥
3D #e(Volume Redering) B 4
* T
TR H L W A LB P —
Ul {303 (A F3H0 B) A s
¥ ¥
ERAKRERGE FREHE) FE i 45 A STLA%
A Bl B 4 f5 L 3

EﬂumeﬁQSQﬁ@T%&@@? Fir DUR S s 15 B 7 [ 5Bl e i R e (4R E) Iy
SRR BRI A R - (Lkerhﬁeﬂhce UD) JpH#REE T SEEHEEPR n] LIER%E 3D 52
@mmﬁﬁﬁﬁﬁﬁ (S AR S BHEAR B R 2 > D7 (5 ] R a2 SR HURR S Ry 4H 48 o mT i E
GEREM - PR G R RN EE - ] DECE U RIEE I - @%%ﬁ%ﬂﬁ@Tu“
Vive FYFEHIER(H A 3D 2R ANIFENAVENE » DUEEEEAURELER AT @R - BALRE PR YA 73 7] DA
Marching Cube 5 5RLZRHE I3 FH 3 587 [EIAT 2R EU AV 4H 4% S SR &R T2 Y 3D 1A EEEEY 3D f5 2 - ﬁ
BUGRAE AT LUR: 3D A — DA LECE AL - (B = AP E s D MBS EIIH - &K 3D f5
AU s STL AZZEAR K » NI = AP E G BUEZE R/ INKIERE » BT AR LR AURE Y RE AR 288/
BHEE R -
:\ﬁﬂuﬁ?ﬁﬁa
JR4AHT DICOM §245:FH 12 fir JLERGEE 8 iz THER » PRI Al 3B M Pl RRRR 72 » RS a B R pE i - 5]
WHEITEFL - B RAGRE. . FEH - 3 3D SRR AR B TR N - BEE(LEAK
HESAGEELERY (GG RS « I7ERE AN E SRR SR e s CREE I Fill - X
Nets » EEE A U ERNER ABIEREY - EABEELAEEARAT:
L—-1
M x N — (k(min))

h(v) = ( Z k(i) — k(min)) x (23)

Eatth(v) BFALIRAYIRFEE - k() RIKFEE R | (R (EBEISEHE > min Ky E T E H HERAVE NKPEE - M
BN RS - L R AT IKPS AR - 128 RAss gt 8 firych2® = 2560 -

B  A—TRETE K5 X 5 R R RE A2 = 8 - GRENSRNE | Frr o FiGR
EVRE S = l:fﬁf%?ﬁﬁé{ l:’>'i[l%E 2FUR -

h(3) = (2"@ ) 5x5-3

=3B+7- 3)xl—2 (24)
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%1
v
BEE HIFARE BEE HIARE

0 0 4 5
1 0 5 10
2 3 6
3 7 7

%2

BEEF LR

S EEENIEN ELRGEERE R EE ELREEE

0 0 4 3.8=4
1 0 5 7
2 0 6 7
3 2 7 7

AR ZGEHEF Unity (hutps:/Junity.com)15 T8 » J§HIMEEL{T 3D RG] colorl,,15 AS) (4 3D
Texture #3ff:ch » {31 Unity oYy shader #J#EG3% 3D Texture S&f{e—[EHE 748 | « (FIE/ 1T (UD) f2
BES YT 15 BT A ATRREIE I T A A AL SETE » TR UL (RIS
R L FIRL SRR - (GO TR (SRR B RE) (& IS4 R R
3D Texture o » {ELEFR 74 R Akt LR IBAHS AR P » WS EFRHRIEARIBRE - ek iiREey
Iy R SRR B ) shader FER - (£FH GPU HE(T shading s FIN SE I TRERE I LL R REHL
S EIEHERT Ray Casting $H5L » EFIROTAREHIITRAATCIBRE - AR ISR (BT S WO T
LRI -

® 15
(2N ET UL FB S AT
>t G —

Mode/ Setting

B
* 4

-

WGE 16 ~ & 17 Fs > AZEEATEUER UL MR R et - e B tE AR

11%x(C+1)

PixelValue = ( Ix(=0

) x (PixelValue — 0.5) + 0.5 + B (25)

HrrPixelValue FyaZ BHEZR{E > /15 0 B 1 2] - DA RAVEME 256 e - ZRHE R (ERR 255 (E{ES
B O 1 2 « 1 C Ro¥IELRE » /riR-1 B 1 2 » B RysefEfd > /p-1 2 1 Zf -
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w 16
ST (HATE T T AT

HARLT MR
AAREZEAEMA

WE 18 Fivs > (a) RyddBEfI{E (Threshold) #uE Ky 0.4 HyBAITE A (AIFHEEEE L 0 3 1 Z/H)
SRR ERE T USTE ERUR KR E - BRI ER/NBHEA TEUREZK - 5550 (b) (c) (d) R
XY~ Z VBN HREIAVR T - W LAEE X Y ~ Z iRV BT RS E U E SR YR o (£
B 0 F 1 2 -
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w18
Elkiey (GEEES

(a) BRI EE] 0.4 > &E (b) 2 X SEEI/ 7 0.5 5 175 » Y ~ Z fies
0] 1 [

(©) B Y BEEESHL 0 F] 0.6 ] > X~ Z @l (d) A& Z WHEE Y 0.5 1R > X~ Y fifiE
K5 0 F1 0.5 fi Fo O F 1 -

33

WNER{E FHEHCE AU RS 57 - w] DUREAS THERIZs A 3D oG B R B F a5 ekt - 12
DIASHIBE N B2 il B s Ry EE AR I A > BRI 3D (G PN HUAR SRR ARTE > 8 bR EEATE o] RIFT 28 HUAE
3D LS colorl,, | FHYGR RN E - Bz G FRHET 3D GFREEERL > HEFGREEERFAHEIL
—EEL R G ERHE AN 3D (551 - 2SR R A - SR AR AR L BB R A%

SHHADRAVEER - A 19 - 8 20 for - ZEEUAHEBRABAT

(- ) I —fE CheckNeighbor J7 A2 & R AR ks i FE FERE 2 S A Fec i R N R I BRI A=
R N EEEIA SR ENERES T - MRICH B G e & A S ER A

BRAVER (0 —BEEAHAT - WATRRCZ PR AEBLR IS N MR A E I A e BV BRI ES -
(=) BE—(EEENERE RIS - BRI SHeErEREG RS -
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® 19

Color[,,] Orgimage;// |5 #G5(5:

Bool[,,] Markdata;//#3

Color][,,] resultimage;//45 515

Color targetColor;//ZEHe AR st BRHVEH (L B
Color MarkColor;//fECBEH T

List<Vector3> list;/ /R FE R}

Void CheckNeighbor(Vector3 pos)

{
if(Markdata[pos.x,pos.y,pos.z])/ /A5 Markdata[pos.x,pos.y,pos.z] ;4 A= i
{
if(Orglmage[pos.x,pos.y,pos.z] ==targetColor)
/405 0rgimage[pos.x,pos.y,pos.z] i BE 25 A targetColor
{
resultimage[pos.x,pos.y,pos.z]= MarkColor;
Markdata[pos.x,pos.y,pos.z]=true;//FE=0
JARHEN- R R AT Al list
//ex. list.add(new Vector3(pos.x+1,pos.y+1,p0s.z+1));
}
1
}
While(list>0)//—E s » EHlist) 2%
{
CheckNeighbor(list[0]);
list. RemoveAt(0);
}

" 20
B FBREZ B A T IO IS T I

A Rl J 4 55 4%

=~ #3# 2 3D 5|& STL ﬁ’,ﬁ]:".
1E Unity LA 3D SEVEWfE L - 7Rl (a) & LETFTEEENTE kA # Dual Marching Cube 5t
BEE=APER 802 (b) KA SHE L E = A EREZE A Unity b - EEZEEENZ
Unity 1 EEFE = AIEAVAER (mesh) YICERTEEEEEII = AIPELE FIRE 65,534 WIRBH FIRFEEES
SMEETLZ A mesh HifETF o 5590 > WIRBRASE AR R » EDFBARBAIRE =APIvVERE - £
Unity B2 DUZEFARIR AR ERFR = AV IER > H STL AZZEREUAF AR FEIEERFFI RS
R BN EEA -
£ Unity bBURBIRIEE 40 SR a2 SR = A RS S E 8 65,534 (> Unity 2580 55 E Fy 25 {E Mesh
Y o AR Z G e %8 Mesh #1148 QEM f§{k - A& 21 AR » FEASEE LAV IHAE Ry e BUS 5 BT 1 B
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BB > RS BB e - s T

Yico Vi

Vnew = (26)
n+1
H v, BB RHVTEREAR - n BEETHERVATE B E » v RAEREHY BT -
W 21
FRET B

7 Uy V1 V2

Ve

PR (8 F 38 eI Ry il EHURRR (R » AT DURFZ S ALY = A TP FE AR (7R STL 4% > F2EHS 3D
E[IFRAKEN 3D 154! - DUERER S ~ %22 FH® -

B.Anes

-~ ARAREFRBRARE

R IR A S B S5 BR

CPU : Intel Core(TM) i7-6700

RAM : 16GB

FE~F(GPU) : NVIDIA GEFORCE GTX 1070

{EZ£ 247 - Windows 10 64 {i77T

FHEEERE ¢ Unity 5.6 ~ Visual Studio 2017

FAdeES * CH
S st REIFHE R

HATEE ~ FE - B SA B AR GIEE - RAU B G EBHELLE ¢ Visible Human
Project (VHP) HYUIR #245: R5T By 2048x1216 - Bl (CT) #AG R Ky 512x512 » ZREER (MRI)

4% R~ By 256%256 - Chinese Visible Human (CVH) BYVJ R §2{% K <1 Fy 3072x2048 » EfSETE7 5 R~

72;, 512x512 » W EIREAG R ~f By 512x512 ¢ Visible Korean Human ( VKH ) FYE]F §45 K<) B 3040%2008 »
BRSBTS By 505x276 IR HARse 5 RN By 505x276 - AE BRI TEFHALE Visible Korean Human[21]
Pty B G &k - N EAE 22 Frno BUR ek - ElkEEe G - e - DUER
A EIBE AR A s EEi G - ANERBETHIUMERE - Rl ¢ RS Lk~ BRED - BEEDETT 3D E
R AL - AR ALARFAE T T (E R

HIRRAAFAG RTHOR - EfEHIZRAY 3D A = AP E OB RER - I B BRI o R aa s B Lh 4
/N 256%256 -+ [FIIF R AGRC BB TEING Ry S HUEE » BT DART DAGEGH RS Ry Dt - BEZRYOLL - (B R T AR
=P BENPMEA > K T INEE 3D BUREE - fFREHEANETRI(L - BT EFRERAEEE =P
BEERE—E PR REEN - AR ENEETE R ENEILER - B TR ZES /I b?ﬁﬁ
BHVRETERHE - RENE R B R B LAY - P By AR R R AEIE A X - 30 H 3
B =P EEERRD - HEDERR S
1. HUEAIRY 10 EEEAEA (R 0% ~ 10% ~ ... ~ 90% ) » sHER{L1E = AP EE BRI~ Hausdorff
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distance °
2. %4 Spline NI HEHBEMIETRGEELRL 0% ~ 1% ~ 2% ~ ... ~ 100%{&H) = &P # s Bl R
Hausdorff distance > % H i LR 1 RPRE b KBV E B Ry RV R (DAY B 43 L -

¥ 22
FRENI 7 BIRIGER ~ CT ~ MRI ~ (072 (R TRE

MRI BRI

(=) =%
RIS G » 3% ER A AT R MBS 5 i Bl & L By pericardial cavity » Pulmonary ~ Superior pulmonary ~
Inferior pulmonary * JEAGEZ A/ NE442 X 338 X 282 » 45/ NERIEAAG K /INR256 X 196 X 163 © 13 10 {EfH
(BRI B AR Y = F P 8 & B Hausdorff distance %548 Splines NfdET 5 HEAHY = A L3RAE
0~100%FY ML » Wi — Ko st B HRIZRE LR R E - oL E ot A s E RS
(BHEEDEE R R A BAAY - 206 23 Fr o SeE(LAVBEAYE B Ry 76% » = AAYE Ry 97,868 i -
Hausdorff distance £ 0.028438 » #[&E 24 AT °
& 23
= F7HE T Hausdorff distance [HT4RE
0.5 @) 0.038 ®)
0.036
\ 0.034
0.032

0.05} \

o
[¥]

0.028

Hausdorff distance
Hausdorff distance

4 0.026 AN
I'\.I ~ ‘,
\ 0.024 ——

\u --————u-
—— -
e

0 o D.022 - !
0 20 40 60 80 100 20 2 24 26 28
IR RE(%) IR (%)
(a) £BAEM Spline NSRRI =AF  (ORRB(LRARNIEL=AIPEER 24%
B 0~100%FH745 & (FEE2 T6%) L E

=
=
7
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W 24
BREILH VLRI - B35 76% » = mZigE %5 97,868 » Hausdorff distance 7% 0.028438

(a)JFtafERY (b)F BRI (o) EE1RHIEER]
(=) »¥¢uA

B IERC RS » % BRI RGP B S HYENAL Fy Lung » JFAGSEA/NFy613 X 388 X 650 » 4i/[M&
HISAR AR/ NFs241 X 153 X 256 < jKF 10 {lE LR AR BUELZ AT = TP B8 Bl Hausdorff distance 77
i Splines PGS FE A Y = AT EE(LRAE 0~100% 0 » A8 = XSy s e H AR S LR AL
B iR ERCES L B EEEES CE R A B E N R ARG (LEE - 218 25 o - SRR
BRI L2 B 56% » = FERIEE By 175,584 [ » Hausdorff distance 2 0.017027 » #1[&] 26 i ©

® 25
= A 7HE 4 Hausdorff distance HHT4R/E
0 (a) (b)
14 0.02125

012 0.0212
g 01} g 002115
s & 00211
g 0.08 - g
P £ 0.02105
S0.06- £
9 2 0021
Lo0s £

’ 0.02095
0.02 - 0.0200
0 - 0.02085 —— -
0 20 40 60 80 100 40 42 44 46 48
C SAmR) = %)
(a) BEAZEH Spline NfEETHEMN=AF O)RREE(LE RN BEL =AIPEE K 44%
& 0~100% 743 & (FEE 56%)HI(irE
® 26

BRHESEAEET Y - B L2574 56% » = 78 7% 175,584 » Hausdorff distance /% 0.017027

(b EABAYERY (o) PR TRATIER

()4
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(2) Z#v#a)

RIS G %A AT R AR G P B & Y EL {17 B Frontal lobe ~ Parietal lobe » JF G545 A/ N E318 X
330 x 214 > 4E/NMEINFEEAR/INFS247 X 256 X 166 - 1 10 {f (LA OB AYELZ B AN = i # et il
Hausdorff distance %38 Splines AT EHEATY = A ERIE 0~100%AVIFN > WiEE KT eTE
HRPRE(LR KIS SRR EBEE 2L HE R EEEE UEEAE (F R RS e > 4@
27 Fiw o SR EAERIE(ER B 73% - = FAAMEE A 159,640 { - Hausdorff distance £ 0.027063 » 41[E
28 Fi ©

w27
=7 E Hausdorft distance HIHT4R/E]
02 . @ : 0.031 : L
0.0305
015 0.03
g & 0.0295
2 Z oo
01
g E‘ 0.0285
;’: é 0.028
0.05 0.0275
0.027
0 0.0265
0 20 40 60 80 100 2 4 26 28 30 32
- f@ﬁx%{i{%) - &!F/&:L(%
(a) A B Sphne AHETEH=AE OREE(LRANUBEE=ATPEER 27%
e 0~100%MfT4% & (BB T3%)LE

® 28
BRHEEHTIS EE R » B L2575 73% » = FZigiia 1% 159,640 » Hausdorff distance /% 0.027063

(b) A E(LAIIERY (o) PR AR

~%%

AZEY 2 H BT A R R{E RS 73 73 A R 3D B& s G O B A A L FE R Y LR R L -
TR A 3D B G IR BRSO R B D B E T E B DU A B A RS4ERE4H
GREVEEAL - AEAARI RIS BLRE (LTI - HY Marching Cube AT HIZIHY 3D BHAEHY = AAIBEREA - &
ISP A2 o AT IR A Hausdorff distance B Spline 75 f2 2058 /8 T RHMEAYHY = FA Y EY
BIRER D DR BURET ERCR o AR AT DL T ey 77 1 i - B 0] DA H AT B B2
B BBE R E IR R AL EEA R -
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