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sl AlE A SO surface renderingdl A 7t ARFRS 3ADIAE AFHY Dol T 340
AE P4 M Ba FEA & ¢ e AEEYE wHEYH. o] A3 BE sz Edas 29 AT
el S BT 19 RelEA AGE o) 2] He vhelr} BAe] A1 TR YA
£ B53h o £40) B Aol
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A7) e atel A wEFxr} oj@A Mo g 3, B A AeiAd Fogsledas
A7) $aiME wA A7IEE Al A A EHA 2R BE Axedels dEg +93
Z7} )R A Rol=x] & of Fl}) o] & 93} 3 AdAlS BT £F 07 surface renderingsiA] &)
AN 259 4, WA, A AT EEedAbs v Feas) 3AIAS AR Tkl of 319
AT, o] A7ITHAA Bolge Ty A &4 TR B SxEgeE el
& whEso (RS F 2003). 23H o] ARt 7t
T B e AVFEdAE I 2] B4
&3, A7] TGl BoEe TYIAE ¥ =
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oA Holx] AR otk weky o) Ao  1.53E, ma, AlY XAF[SYLHE FHIY
M Bolubes A)FHodasd THEE4E &4 at=7|
A FH P A ATIINS A WY e meld 2B AEENe A9
o] A SHE7ley BRI 001, 20025 A E3 A)FE zhm gly A7 3 dA (194), 7
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HIEH
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Table 1. Features of horizontal, coronal, sagittal MRIs and segmented images

Dataset of images (File names) Intervals Resolution Bit depth One file size Total file size

Horizontal MRIs
(hm001.tif —~hm613.tif)

Horizontal segmented images 5 24 hite ‘ 3
(hs001 tif-hs613.if) 3mm 512x274 24 bits color 412 Kbytes 249 Mbytes

Coronal MRIs
(cmO01.tif—ecm274.tif )

Coronal segmented images : 9 g a5
(cs001.tif ~cs274.1if) 1 mm 512x 1,839 24 bits color 2,759 Kbytes 738 Mbytes

3mm 512274 8 bits gray 145 Kbytes 87 Mbytes

1 mm 512 % 1,839 8 bits gray 928 Kbytes 249 Mbytes

Sagittal MRIs

its etz ; 2 oS

(smO01.tif-sm312.tif) I mm 274 % 1,839 8 bits gray 499 Kbytes 249 Mbytes
Sagittal segmented images 5 e 8

(35001 tif-ss512.4f) I mm 274 % 1,839 24 bits color 1,477 Kbytes 738 Mbytes

Total 2,310 Mbytes

Table 2. Fifty -nine anatomical structures, which are segmented

Systems Anatomical structures

Skeletal Skull (except mandible), Mandible, Rib, Stern-
um*, Vertebra, Clavicle*, Scapula*, Humerus*,
Radius*, Ulna*, Carpal bone, Metacarpal bone,
Phalanx of hand, Hip bone*, Femur*, Patella,
Tibia*, Fibula*, Tarsal bone, Metatarsal bone,
Phalanx of foot

Muscular Muscle

Digestive Oral cavity, Palate, Parotid gland, Submandi-
bular gland, Esophagus, Stomach, Small intes-

tine, Large intestine, Liver, Gallbladder, Pan-
Fig. 1. Segmented image (left) and outline image (right). creas

Respiratory Nasal cavity, Nasopharynx, Oropharynx, Lary-
nx, Thyroid cartilage, Trachea and bronchus,
Lung
] i : 1.7 i = =
W2 8 bits gray, T 42, NEX 2, interleave )& Urinary Kidney, Ureter, Urinary bladder

HE ogel AAeHFE = FAM TIFF s Genital Testis, Prostate

(hm0O1.tif-hm613.tif ) = Z—]%i’]—‘}if]- o] o 2}7] _‘g.ué] Endocrine Thyroid gland

QA olfellA BA sleda, A A7)lgEedd Cardiovascular Heart, Blood vessel

(hmO0O01.tif )& fArALe] § Eoz AAsG Lymphatic Thymus, Spleen

(Table 1). Nervous Cerebrum, Cerebellum, Brain stem, Spinal
z]-}']-l—l:gloglc}-l H}E]-_i 2:]}'.] —‘,Lﬂi}og* & il _% cord, Meninx, Optic nerve

A3, A TFEEIAE viRee FstE 1t

Eqlo A71FH 94 613712 CorelDRAW AEE

¢)e] (10.05%, Corel Corporation™) 2. &7} #}7] %

wed Al 2ef &l B2 597) (Table 2)2] | £ 2 4= t}(Fig. 1, Table 1).

oz a8A PATFHEHAY 613708 RHE o 2E A 7ol Be gotA

o] CDR 3}¢ (001.cdr-613.cdr)2 A&t A AFAL 7] oA (em001.tif-cm274.4if) 3 A+

T god el A T2 HFE ol 2L A 3} A} (cs001.tif—cs274.tif) 274% (A= 512 %

A4 Feisied Ak (4l 24 bits color) 6137118 THE 1,830)& wHEict. ol #AFAAE StellA BA 3}

t}gol] TIFF 3}¢) (hs001.tif-hs613.tif )2 A A8}%] A AA #AFd 4 (cm001.tif, cs001.tif)& = 4=k

Sensory Eye ball, Skin

* Spongy bones of these bones are also segmented.
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9] ¢ oz ARG BE A|FRIANH 79
stedde] A& FeobA AA713E %34 (sm001.tif-
sm512.tiH) 3} A|AFF+ 3] A} (ss001.tif —ss512.tif)
5129 (A= 274 X 1,839)8 THENH: odf A4t
e AxelA A ShlT A A (smOO1.
tif, ss001.tiN) & HAApe] e8x% Loz A A
(Table 1).

2. 2t SR xo| ALY 2hET|

BAITFY S AdNA A7 3RS A2 SR
Fzo| HFg F2A HFe94 613745
2] Al (Adobe Illustrator) 3} (001.ai-613.ai) 5
A AFsled o} (Fig. 1).

3ds max 23 Eg]e] (5.0%, Discreet™)o]| A €]+
2134 613708 =54 (grid) 613719 Feo} =723
A AE THEie 2 Aleld] 7HE & A9
A vEele). o] & $l3le] A § Z7]9) A7)

— create

FgodAke] 714 3mm)E mEjsA BEA Alele)
A& ARSI, o) 7+ 937 (customize)2)
B3A3%+7] 34 8)7] (grid and snap settings)2] %
234 (home grid)®] ®=47H7 (grid spacing)ell ¢
3l (Fig. 2). HIF2 94k 613718 =¥A 6137
o Y Uk olF $lEled AA el FE A
(001.2i)& A Ad Ao Fsidl, o o
ok 7] (front view) &ol|lA 3A =HFejgiE A
2Ae Al o A HF YA} A%
o2 A 2pAldd EolRsich vlavlA whgew
vz "4 612708 shiy EeA zbzhe)
2ol ¥oiet HFEGFE EF ol uE
g F2)3x1819d A& MAX 512 A3 slgdc)

s 7= 47709 HF23AGgA4HE e &)
BRIz 5970 FelA dA2 FEiskr] @ st
F 127] (&5, 28, Uk 43 A, AL &
A, 357 3 dy, 4, Sdw)E A oA S

— customize — grid and snap settings — home grid —  grid spacing
— pop-upmenu —  convert to — convert to editable mesh
——modify interpolation steps

I editable mesh polygon — edit geometry extrude

[ o
vertex == edit geometry —  weld —  selected

—— select and move

— name and color

Fig. 2. Menus of the polygon method for manual surface rendering on the 3ds max software.

Fig. 3. 3D image of the skin outlines (left), 3D image of the skin before coloring, which is reconstructed by the polygon method for
manual surface rendering (center), and 3D image of the skin after coloring (right).
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T& 47709 eRe3asdadE eVl sEY
(Table 3). €l Fe]3x}dod Aol M 2 22| w7

Table 3. Forty —seven anatomical structures, 3D images of which
are reconstructed

Anatomical structures

Systems (File size of 3D images, Mbytes)

Skeletal Skull (3.3), Mandible (3.2), Rib (3.0), Sternum
(2.7), Vertebra (4.0), Clavicle (6.0), Scapula
(6.0), Humerus {6.3), Radius (5.0), Ulna (5.0},
Metacarpal bone (4.9), Phalanx of hand (5.0),
Hip bone (2.8), Femur (5.2), Patella (4.7), Tibia
(5.2), Fibula (5.6), Tarsal bone (4.8), Metatarsal
bone (4.8), Phalanx of foot (4.7)

Digestive Parotid gland (3.1}, Submandibular gland (3.0),
Stomach (2.7), Small intestine (2.6}, Liver (3.9),
Pancreas (2.6)

Respiratory Nasal cavity (3.1), Nasopharynx (3.2), Orophar-
ynx (3.2}, Thyroid cartilage (3.0}, Trachea and
bronchus (3.1), Lung (5.6)

Urinary Kidney (3.3), Ureter (2.4), Urinary bladder (2.6)

Genital Testis (2.4), Prostate (2.4)

Endocrine Thyroid gland (3.6)

Cardiovascular Heart (3.9)

Lymphatic Thymus (2.7), Spleen (2.9)

Nervous Brain stem (3.3), Spinal cord (3.2), Meninx
(3.4), Optic nerve (3.1)

Sensory Eye ball (6.1), Skin (4.4)

Total (181.0)

fE oA 2 s RTR HFIARAGALE
£ ool A MAX 3ldz Azhslg]c) 17)
o] 3o B F2E FeiM F§-2] ¢ F3api]
A& SHEA (Fig, 3). o] W 7 siRFze €T
3R AR A =y Bk

HF3aed A A B8l B YAFHE
G AT 3ds max 2= E oA 7 S HP
22 g3 Ag =0 Reld HlFE3A
ogAe] glepl= =jIgtx] Ayl (Fig. 3). ©F2]3
AHdedate] Sjelelz wiEslAl ghsted, & AT
gled o] SR oR, YAITFYEYAANA T2
o dFelE s502 nch FId4s 65
AR E ) GE el dFeAute
whA] A,

3ds max SZEE el 2z} F|RFxo] HF=3
243 A& polygon ¥l ¢ 2 surface rendering ] ]
7} s pFxe] A pEReR ATFAIUT
(Fig. 3). o] & #I8te] o 3 ¥7=9 H 723314
ddelA A elFelsl B4 e Alelel] AL
4} A2 vheAY AR

AR ofx A ETRY FALIAE B2
Sgol Gl AA dFeE dages wy
feonl, o) Aoz BAel A HFA) wie

o

‘{I.'
=
=

=

Fig. 4. Polygon method for manual surface rendering between the first and second outlines. The first original outline is converted into a
polygon {top left to top center). The first outline is extruded to the level of the second outline to make vertical rectangles (top
center to top right). Lower vertices of the vertical rectangles are moved to the second outline to make quadrangles between the
first and second outlines (top right to bottom left). A triangle is made for fitting the long and complex second outline (bottom left
to bottom center). The second original outline is deleted (bottom center to bottom right).
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s HgichFig. 4). <] & 438l AA HEHE 2
F &l E%AS1E (pop-up menu)g] W
(convert to)%] 3 7-E=2H}37] (convert to editable
mesh)E vt (Fig. 2). o] RA =jFele 29
258 A9 7rElste WA oEe] gAAHE
Hxg A7 el (Fig 4). o|& 13t A =
Fe & oo g wpErle] @A 313]7] (modify)
2] Bz} (interpolation)2] A 7k (steps, 1-100)0] 3
W & J¥so (Fig 2). B4 dFe] oA
Ax T2} olelxA o HFEAt gl A
o= o] B EHIFesE wkEslx] woz w7y
o2 ubEgich

Az 34 dTeE 4 2z delA
ofe] Aapdgog oo ALY E T
2ich(Fig. 4). o $13le] AA elFels wE o
of =4 Alol9] ZHAE TA|7[e] TALE (edi-
table mesh)®] ©}28 (polygon)?] 28 11:3)7] (edit
geometry)2] 7| (extrudey] Fhell $4HT gl
U7 =3 Fig. 2).

ARz Az 2ol ol HAFE A T
g2 GolA A4 dFelet B = At At
218 Aok A A 2] ok XS E
HlRe s Bglon, o] Az pAAALYHE o F
= AAAdF e Absleg v, o] AMEE
2AE7F ZAelglm o] el (Fig. 4). ol-F
$lsle] 2A)7]e) wA2ES] BAA (verte) & =
A, a2 o} 7] (select and move) S -2 o}l
Fzoz AL ol FAHE A BT
2 Fgr}Fig. 2). o] o ol HA4H& SHspd
x&, y&, g&o) VEhded, k&9 yEE £ By
Aell ¥ Z0)9lT, & FA meAld 479
Zo|girt. wlelr ol FAHE x&F yFoesnt
oAl ol Aol BA FEiAedlA HlelubA]
%A Bl

Az A dRed 24 H5ert gl g2
W AA wE2) e} B4 wlFe Apele] 4w A
St 24 dlFe7t A AR 94 o A
1} Babsidd B9 dlFE]el o g TAFE gt
A At uheglon, o] Az ThEe)al Akt
32 wAjEr} AAde]gla wWe] =W e[g]c} (Fig. 4).
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Fig. 5. Part of the polygon method for manual surface rendering.
A triangle is made for fitting the short and simple second
outline (left to right).

ol & $lsle] 1279 nAEL] b 2
2712 A2 cu)F 2 ohgel AR ol
224 Atolg] mAElE E28AM A FAAHE T
=91, A 9 ZXEE FEEA A FRF
#F 4 g dx A 2M=ZE e A F
AL EA elFz Tolvh(Fig. 2). B4 H
7} A HFERe 8 o FAY dEestd B
HFae] o A BxX388 pold A4HE TE
sick (Fig. 5). o1& $13te] AMAae] ol Hx4 2
Ag e ohgod TA)E] mALEY] HAHe
28 a1x]7]12] §X)7) (weld)®] Zehg (selected)-&
A A4 278 V2 I o) BAREE §
A H¥e 2 F(Fig 2).

gz FEFAe B4 HFEE 2o, o
Aatz Apaa) Ak e el xAE]lz o] Fofal
vlztglol B HlFE x=%g el =t (Fie.
4). 012 f8te] @FEFH 24 dFEE z2x
Agke] 2] $7] (delete) HF-E RS-

A HFer)t lem, B4 dlFelz) 27) (4
=2t s 2eFa)el Al AEE GEAE
APk AA 2 A wFelE deFe e BT
# 2 g} (Fig. 6). o8 $te] ax7]9] 13
I8 o) 3R] Aar)E 8 oy
o AA elF2e ERFH Abele] 2AEE FEH
A A BRAAGE HELAL, ThE JAA Alele] ®A
g FHsM A FAHE = shgder, o A
2 A A4 208 A mMEE A=, 3 €
=27} fHF8 2 2d Tz JHE AR (Fig. 2).
A= As QHFEE B4 LAz delAl
P422 2121 wEgich (Fig. 6). AARZ 45
#2128 e) ol FAHE A AdelFez FolA
AR Qe Felg X QT Abelel] AEE
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Fig, 6. Part of the polygon method for manual surface rendering between the first outline and second two outlines. The first outline is
divided into the first left and first right cutlines (top left to top center). The first left outline is extruded to make left vertical
rectangles (top center to top right). Lower vertices of the left vertical rectangles are moved while the first right outline is extruded
(top right to bottom left). Lower vertices of the right vertical rectangles are moved (bottom left to bottom right).

At ok AA e2H TR B4 ZEAAA
el o Bp2|Atta)S S} (Fig. 6). LA
2 RS o AL EH o2H
FElz FoA AR egHYele T o2H T
Atelell ALzl & A o} (Fig. 6).

A dFelzt 2 (delFeg L8H Rl
A CHFErl R Al AEE oA
Ak A2 A Qe Fele) 2 FeE E4
T oM A4A]F ALz} 0 B A AL
3¢ BEdT (Fig 7). 42 953121285
LA 9] ol BAPE A HFER
Tglom, o] o] ApAz|al}E ] ol =Aje] 17
ot 2R el =AM 1747) A2 A
A 3t (Fig. 7). A= 78] AR ol 2A
20e galen, of Atz U4y 147 B4 HF
9 =24 A He (Fig. 7). o8 st A2
AR 7AA 208 28 Lo, 22719 2R IE
9 FARe) 2y 078 FAr)e FeAE w9
M FEAA 2708 12 g3lon, of A& 3t o
=& o] 8}31} (Fig. 2).

A elreiel A B Atolo] Alzpdz) 4
AEE A9 e A ZE bR Aleld

A HEolslo, & %02 surface rendering3d}ed,
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o] #F-T-22] 30D 4E A4 (Fig. 3). 3
2kdede) RE Ay Abdee] SR Waks
A1 (Fig. 3), 3x1044H-& MAX stz xgelq
vl o]8 f5le] 3aAGYE B o2 oL
T-57] (create)] o] E#472 (name and colorn) & &
#A 2433 a8 Al ow (Fig. 2), o] 34 =)
Feloh apAl BlFele] L= R Wizke] Al
Ak Apste] F3 32 rod dag 3Ag 334
Ak & At Al o] RejA] b 33l
of viehgar, ohA] Abie] F3 ©3-g paw Wzkg
A G 3AAGAY, B AR Ay o] Bl
£ 3aded el el (Fig. 3). o[43] Wzg A
g 3apdd4-2 MAX wd= Aok 22 gt
HE HEoFA SR 4749 3ade A A
T-A1 8kl o} (skull-3d.max, mandible-3d.max, ...)
(Table 3). oJdf 3x-4od4ke] H# AAE =319
Lo, o] A3tz o7 3xUGAE I Ry i
T2 2A FAE & 5 sl Fig. 8).

3. ApZ[SHGN, gy, 3AAHAS
247 BHE AZES o nHE7|

A7| 2 o3 Ak, T-oisted Al 3ad A 247 B
t AzEge]ld wEYr} Visval Ctt == aen)
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Fig. 7. Part of the polygon method for manual surface rendering
between the first two outlines and second outlines. Both
the first left and right outlines are extruded to make left
and right vertical rectangles (top left to top right). Lower
vertices of the left and right vertical rectangles are moved
(top right to bottom left). Neighboring lower vertices of
the left and right quadrangles are united (bottom left to
bottom right).

Fig. 8. 3D image of the skin (left) and that of all anatomical
structures except the skin (right).
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e (6.0, Microsoft™)2 7] Q1 4-FFE A & 5
AE AxZEYo]E TEIM AZ|FHEIA T3
oJAh 3a1ded e H2AF BA e A B
(4%, 34 2129 A7) gEdd FoM T F59
A7|FH e 318 oL #A AE A1FEA
A 1718 2= 1A ssieh A7l e e S
A 51 $AM 1A siglen, Ay 2713
Jatell Bojgte T3NS A BA I
sz 47709 320G FolA FAUE 32
JAre ZAAAM TE ohgel 3AGLE R
A wm wiEgsi] ghEels 2A s, s
A Bu AN BA sga 29 2A s+
o] wj 3a}1odAHS U (perspective) 22 A2
A 1A st 3xRAG A IFAE Yol B
A shdet. FstedAtm 3G AdA epd )
Bpzo] o]8g B sgidh 2E 94E &4%
AF2-A}A}o| & (user interface)2 M A BA gk

- T

S BETF= 47709 3G vl ATF
ool A A= S BT 477]2] 3F
oAk uldslgedl, o 3L A4 el
MAX s}elo|¢la, Al #Y=7]7} 181 Mbytess =}
(Table 3).

3zpdedAte] WA 2 gulghel 3ds max AL ES)
ojell A 7} sz 3xRAGAE STA & 23
3apgiedAke] AZA 7L s EE A A EojRsitt
(Fig. 9). 7+ 337229 3144 WET I¥,
w o] 3xdedAa A ERiA B A 3N
2] $1A)7} gulsie). o] %3 s|RFxe] 3AUFA
< 7 E9A £ A, 30940 94 #A7)
Lulsi} (Fig. 8). 9] 89 391948 SoiAM £ 2
3}, 3ap910d 4] AAZE ddRe] Abled] Eeigt
ok (Fig. 10), A A Zgke] vl Sofsisith

A7) 34k, Fo3ted A 3RS £44 2
£ axegold vl o] £z el 7l
LAFE NN £ 5 UK o] AZES e 32
34te] glel= €& 4 dded, A7|FHIH T
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Fig. 9. Rotated 3D image of the femur.

Fig. 10. 3D image of the skin (left) and photograph of the volun-

teer (right).

q3stedide] glod & 4 sk dely o] AxE
glo] (3} =7] 41 Mbytes)Z 7] $)8|AlE= A7)T
H3ds F93e44 (3d =] 2,310 Mbytes)& §
7 7§ AL FE ] Sh= w26l EAls) o Fo

A713 98, FA30%E €494 e 4ze
e8] 7% 983 2

27) FgdelM 1-6131 $£9eAte] 714y
306 4G & 4 qdslen, o] $Hg4te)
W3 G0 7 & 4 AT £494e] 1
£ 4930 o8 $H94E T B S 2lgidh
‘iz P =E Y HEs P B3RE =
A o]xdt £YFAE YAM B 4 Qe ¢
Wse oldel 7P| i ‘§ Wz= olgde} 7o)
DFE 52A $394E olFel YAA B 5 9
UL el YAA Bl BFeir & 4 glgi)
eHFAE FEAM 13 YAM E deld M=
oty AZ|FHANT FY3dAe ¥ B
A%k (Fig. 11).

‘sl 58 8 duig $HGLE 294
FojsiA & 4 2l 16u71x] sy 2 4
Asl=. FFolE] 2t (scroll bar)E A &gk 5
334 744 & £ Uk AR Sasp)
DEE YA £EGAE 2 (R F4
A B 5 ek PHIAE s v A
A B3 E4A # deld M2 B a7|F

i

o o

1

M

=
=

A~

=

Fig. 11. Corresponding horizontal MRI (hm306.tif) and segmented image (hs306.tif) on the initial feature of the software (left) and other
corresponding horizontal MRI (hm326.tif) and segmented image (hs326.tif) (right).
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Fig. 12. Zoomed-in horizontal images (left) and moved horizontal images (right) on the software.

wejatal Fosieigg @74 & 4 U (Fig. 12).

Fo3odate] sRT= vheA ZUAEE Fo
o o] TR o]F& FA=LULNM & 4 9l
9]} (Fig. 13).

$YdAE G eR vl 11-274%
Fayodare] 7hgdlel 1374 FAIAS B 4 314l
3, $HAAE Aoz wzelA 1H-5129
AAredAbe] 7hgdlel 256w Al & AFA
& ¥ 4 ok £9949 slriAe e
I NS FEM B £ dsla 9AN E 4
AN FosiM B F AN SAMN E 5 U
3 HRFE o|FE ¥ F s FA Y
3 A B dujt M2 Selg: A7FH
Jatat FEsld A ¥ & 4 U (Fig. 14).

3apRledAte 47 B AX el 72
232 7okt

27)3pdel A T Re] 3ARIGAAE elM &
slgict. 3xkdedAbell 2 ALE Wl7] wiiel 4A
e =74 4 9lslH (Fig. 15).

HRTE =M o7 FRT=e] IAUILE
AAA Fet B 4 dda § ASel 3% =ZE
RBFzx0] 3x1edakE A FEA B 5 s
o} w3 Ay 30 GAE RS e £
4 Qldch 81§ Bo] 339 3RS W
a7 e, o BT 3N E5E
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Fig. 13. Name of an anatomical structure displayed beside the
mouse pointer on the software.

A wHEelA B 4= glglo) (Fig. 16).

upe 2o uiFlE WA 3319 Egle| (end-
lessly) Eeis)A] & 4 igich vl A3}
ce3s P WA G UG4S $AA
£ 4 9Jeloh(Fig. 17). ARZ 3a43& £
&2 284 £ 4 U

nle-2o] Ak WA sEFxe] 3A1GAtE
glegzon m= $olgl2 #3¢le] (continuou-
sly) 5814 & 4 qlgdc) 3aded Ak e
2 A7) el 7k RTEE A B
3,9 sl 2T xe 2 2 4 9lgldh(Fig 18).

Rz 3Gl vHeS EUAHE o
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|

Fig. 14. Corresponding coronal MRI and segmented image (left) and corresponding sagittal MRI and segmented image (right) on the
software.

Fig, 15. 3D image of the skin on the initial feature of the soft-
ware.

of ApFe olFE FHELWIN ¥ & U3
o EE S 3 o Gl: HEUD 3%
fgadol A3 ol vhex EElE Foml BE
B 3AIRe ARTE ogE ¥ 5 A
(Fig. 19).

n &
Fig. 16. 3D image of the selected bones (left) and that of the
semitransparent skin accompanied by the opaque liver,
A71FH e Are] SRS gy =L H lungs, and meninges (right) on the software.
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Fig. 17. Zoomed—in 3D image (left) and moved 3D image (right)
on the software.

Fig. 18. Rotated 3D image at free angles on the software.

7] $lsiM e et 2 ATt T
A& mldsof 3

Az 53, B4, A A71FEFE F9359
Ae) ekt wsg AUA A Ao ¥ 4
oAk, A, Agedare] Wk st A4
AA ko G4¢ vaM 23 E A7) o 7
gA o dFelME e Wk WEE o8
A Z2AsA $9994E AR ool 2A
s AA £ AR 4 Bz 2F
staedl, o)A e YAlA 2y £ W
Waol 29k} (Fig. 11). 23 FAF34E dollAd B
7l S AR Wt ddAe] & ge2 A
Asjglon, Aldede AZeM BA 3 AR
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Fig. 19. Name of an anatomical structure displayed beside the
mouse pointer on the software.

AAreiAre dAAte 28% oz ZAAINNH
(Fig. 14). o] A}z $39Ae] 71 9] o] AA
Ao atolgla, 7HE A% o] AA AAedAtelsl
o} viatzix 2 #AedAre] 7 o el A 3
oJAbelglar, 71 9% do] A A Adelslen,
AAyedare] 74 9] o] AA eHFAelsl, 7}
4 Q% do| A JAFd eI} (Figs. 11, 14).
22 F9sigdite]l gvt2xn Ar)FH A
Sojgtolof 3. FHslojate] utaA] gyt A
71FHed Aol EolgtA] gowd z7|FHIAe] &
PIzE Aded H2 =8 HA o4 wet
A o] dAFeME gulE FH3igdAle nlE)
$)3te] st EA} SRTx2O] HFEE £52
2 aeiA YAFE3eAE el #ATE3)
oAk, AlAFF sted A, B FE3AMIGAS A o
o] B9 dAFEAAE TH G (A4 F 2003).
E3 A7|FEIA N Bl FHEdAE vid
317 918k A7lFEAA Slol SRz H 5
g a2AM Fosld e BHENIL(Fig. 1), 7931
o] A=}t g Ar|Fgdatat 2 st
[ TR AT AR TGS Bee o
Aol 2 AT TS e
o} (Table 1) (A4 5 2003). o] AFol|AME S5
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2 FYFegded, ¢ozs AEes T3
A FAsEle AR x8E Folx, ¥ ARA
FHFIA-e e "o}t vk =3 o) FFelA
r Az 28 frrx 5908 Fossieled
(Table 2), o2 YT RLTFEE v Eido
F43¢ Ferl vk 3718 Eol o @4l 4l
o 33 A4, MgE, HA Fo= vl 7
335 9 art ok

Az A7) g FGetedlel siide] 7
otol g} A7) TG Ftd el wde] =
v e Hem)r] o} g, Amedeldr] A7 TH
AAst Fogsied e Rid Azre] 2= F-h
ajeba] o] QoA AT EIAY £ @
2 oju]e Aehfo]A] SAFE (512xS512)3 512X
2742 9o} 283 43, W, A A7FE A
s} FHEtIA S A= Yol 3 TIFF Uz
AAeglet o] Aas »E APy T8
o3 Ak} mhel=7) 7} 2,310 Mbytesl o (Table 1) (1
£ F 2003). o] dAFelalE FHIIAFE 24 bits
color2 A3l =4, 7+ edAlE& 8 bits color2
2|25} 24 bits color2 A AER= Zel] BlslA] T}
=77} 1/3 =Lt} 8§ bits colore] W2 M= (256
e FEHE AR ALGoA)ES B2 4
Fell 8 bits color2. AAepd FAgst s yyed
vteh) o) A7) glet, 3 STz A
ol gl A7)FHAAtE e g AL
ek mekA] o] delale Fo3jed S 24 bits
colorz #Asledv}. Teju} T2kt S ¥-F£2] AL
o]5 7.& Wzts vepE Ao TAsdE
8 bits colorz. A #ah= 7] whgA]s)cl.

A7) g e S RnTEE q3ed =g H
71 EAM e g 22 3R wHhelof @
o}

R g A7) FH A el Solgte 3x1UdAE A
FA s ok gtk 3Rl Abe] A7) FE e Abel Eelut
A gkowmi AZFHRAA] ARFEE AL
¥ mgo] HA vt vhebA o] AFelAlE A
F1gedatg viske g AT gFE HELIL,
o YAl FzlI g viekez 7} sjRrze] 33}
Hedare st o) Wi 3xpedAke] A #
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2 7hAE A ofm 3ARIGAE A BE AR
2] 9% #AE & 5 A sl (Figs. 8, 16-
18).

=5 = surface rendering A 313 A& AFA
& o} o} Volume renderingsl A] 33419 AME A7
sl 3arAte mledlE Aeis Hdws B
2= ¢]t}. 2} volume renderingdle 3xpsdedAbe)
wdo] #¢ AHM 3FAAGAE 98] Hzelr| oY
3, 33 A A7 T wHEREA BE
I g3l &)z B8 B 4 §ioh webA] o)
Qo A= surface renderings) A 3z g ARS A
Azl e (Fig. 3), o] Az 25 3x0d42] 5
2l =17]7} 181 Mbytes®-e] %It} (Table 3). o] QFi)
Me =25 Ao 3AYGAAE vt o] 3
At o2 A3 3algaes Wy I
o] 7} ok H71E o] =AM AAdFE
Aug viekes FEI MY 3AHAdem B
H& gkei=7L gleh o AFellA] ohAgE 39
£ 44 "18Y 4 ¢, |72 surface rendering
A A 329 Ao 7] wlRolet vt ¢
22 3o e shevlE Ak 1] 9t
A7 EG G4 e FYstedAs H2 gl volu-
me rendering@|A] 3xte3A& ATFAAE dax 3l
=3

A" $50 7 surface rendering3|A] 3z)}-49d 4t
& A-Adehs Aol Wk AFgeg sarface
renderingshd 3x11 g A4Sk Alzke] A
A A AR o) Sl AHFE AR =g
& qhojA] hzEegle]d dhEelel gt wlEhA o]
o Fo A 3ds max AEEY oA o2 sur-
face renderingst: vHH-& S\ubsldv} (Figs, 4-7).
o] W& 2y o dEAs AR AEY =
¢o wubz] oy surface rendering®|A] 3zpdedAbS
AT 5 v} 2y ol e HES)
9] =8-& oy ukAbE-0.® surface rendering &l
o] vlFalst. B7)E Fo AFoR surface
rendering3}¥, sl {t27F AepA At FAHAE £
A= F o= surface renderingsh= 7l o]} o] 4
g wR= o2 surface rendering & 3 A7 =
g Folbd =go| H, FHslddE nAEA
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3akddAbe ATAE S 9lr] Al LuHE 33
L& niglshe Hol= =] "t

YR = polygon W o2 surface renderingsi A 3
A are AFASRE Aol whebeleh 3ds max
AxEL oA $Fo 3 surface renderingsl= v}
el nurbs WY, patch W4, polygon HP e $ict.
Nurbs 814 mi= paich WP 8- # A surface render-
ingsld R=Eld IHE HEeA ST =
o A e 4 b darelFel HatelA 3
Ao s AT o Azbel 2 ZeEar, 33
e ake] shelo] Wl wH ZA (A E F 2000, AlF
S 2001). wpeka] o] @l ME polygon WRo =
surface rendering 3¢ v} (Figs. 4-7).

ARz Sarde] 9l 3RS A TAd s of
el 17l Bl ok sz HE 3R
Mz FFele] dHsd Fade] gy 33
A& mlgl @ 4 glem, o] 3R ALY =
o LR L ELA PECTE S R
Vehah, el o) FlAE BRI e
ulel ¢ 2 surface rendering@)gl7] wl2el %27}
wrob Qi 2 el gl 3 shisi
o} (Fig. 3). Bastm o] A7l 9 3aUed4-&
314l 0] ¢l 3xlg ez vhE 4= Qo

oMz dwe) Apolo] AR A e A8
3apod e A Adsl o gk el el AboJel ARz}
Hot A$w 2 E el X At 34
e vz apgv a9y A B3E el
= Aa 4 dReE FAe lGr B
b ez wpiche AL Béoln. wekA
o] AFoME diFe] Abele] ARZHE AR ohgel
v Rzl 2A ched wRe Akl A7yE A
A B BAAE A 290 Figs. 4, 5)

QFAL AAY} AR Aot de 37
3 3e ATAN ek ek At g2 e) v
Row ajirad wo Tk MAsA fee
FA7} olm, v g 39S APk
A Azbe] e Helar 3xRdeAke] ol
ARE #A7F sloh wgeia] o] dFelMe EEF
e RAA HFeElE ohsen wiwd el
2 mre Ad AR BN G =

a|mE =

4,

=]
Ziey
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AHE e A DS Fg 4. £ €52
Apolol AR A e ALl HEe B
9 g 719 DS B Adgs A
B Hes A WES Figs. 4-7). o A=
Wege) sRAl whedt aRrads A4y
s Akzee] s WEelAz, AvAY HEAY
Bt Agads A4S ARl Bel BhE
o3} (Fig. 3).

AgAl e Fws S 3L Aok
g 3l Albg AT Ao 4R geor

g0 dh= AHel7] Wil Algke] 2 HEoh
ajgba] o] el A 44 3x19A
& ATAsdnh 2ed Abels] 7HEE g7l
uhzeich dFaodab-g mede] Al powl
AFon BipAld EolwA sl Azt A4
Holl W& s gL A= F A4 44
o) g Fs THER FAHI B Ho|
A & Az, dsgv) | R o 2eadska |
g 2l Abe)9) 7HE & d¥sglvk S Ak
o] ol BAYE @Y Z F o x&3 yHFozTt
ZolA el TR EAelA wleubx] ¢A
&gl (Figs. 4, 6, 7). & ) 3-7-22] 321810742 o)
2 wE Ak Azpge] BA% W 97
wle] A 3]} (Fig. 3).

ob-FA = A 7A g 3xNIAE MAX stde A
Asflok gt 3xdA-E MAX =z #4487
gdom wul A de] & 4 ¢loh wleka o]
Foll My 3AeAS MAX stz A Abshe o
MAX s} 2 A8t 3apdodAhS de] el
Fub GA 3ds max AT EgeoljA] de] & 4 4l
X 7FEE 4 g} ez uiRE o8 surface
rendering® 7ol = 3x}9ledARS MAX Tld= F
4% 98t dlek

drla 3AdAE Aoz Ase Al
ulstzlslct. o] elFellAl= 3ARIIAAE dTEe
= AL A sRTERE A el |
g AA vepdoen, o] Azta 3z
9 W Albdo (Fig. 18). Z2)vt 32-ded 4
Ayl en AEEtA g Al F2 A=
St} B7)8 Bo] 3Rl 8 s A3

o o
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G4E B Aol Ji7he 3R e
Az1FRedake] 3719 | 38t Al Fejele
A7) EE Ak =717 22 Aol 9 (Fig. 20).

A3 2 3ARN G IRAE Fojof gt 3%}
Al ahAE 94 ked Aol §l7) o
ol 3RUAe AT B 4 ik Wb o
Aol M Bglo] Yk FoljM WE wFE A
oz Asha 3R 294 L3in (Figs.
8, 10, 15-19).

A7 Eged A, T3 AL 3 AE EA B

Az e ]S vl of g} £z el E vl
312 ¢howl Al7|FEG 4t T3S ACDSee
A3 e o]l o] (5.03, ACD Systems™) ¢} 7he of Al &
Fegloloa] Helek 31, 32184 3ds max &
ZEo]slla] Rojol Fh 13H ACDSee ATE
dlofolA] A7) g ed st Foasted e @4 szw
W7z gdslm A4 B A (Figs. 11, 12, 14)¢]
ol-¢ B shiL, 3ds max AZEejelfr] 334134}
& wa7 vedsd GEn 53 7T E
#A B 7 (Figs. 16-18)%= =& E9slc) w3
ACDSee A= E 909} 3ds max SEE ]l A] A
2 7% 28 B TR olFE ¥ 7
% (Figs. 13, 19y 84 & ¢lch gl o] 9+
oA odalg £47] B axEg s uladsly]
o}

A7l EdedAte) slRT2E g3ed =g
7] $eAMe dest 22 asEdelg ulEldo}
gl

Az A7 ERRAAE 47 Sk g A7
TG 247 A 2w WYL AN
Hed g B Azte] e Aol ulakA o] 4
FAME e syt axEgels] xrisd
A 7H ghe] 2 Fodabe] YJehlA Egi,
e 18- BAredal wi= Altedate s wbEA 3
ek o] W 7 <dake] shEEel 306 oA,
13790 bl Ak, 2560 AlAbedAbe] vlehdA sleder
(Figs. 11, 14). 8}4}e] A58 &M dg 3=
A sl ohg o]%8t dior Ir|wAl oAt
& = A shgch(Fig 1), Fo.21 $5932ke] of

L g Tl v ZANE ¥R wEA B

1.

—
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& A Ae naA & d.rt gon, wEA
2 el o g A AE =24 8
ar, Alded Al euiedabat #Aled g w24 @
9o} vk =3 Tz S5A A a2
A & dart 9, 2718 B st 54
A g may e B 12891729
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Ed 2 A7) od A olgkel WA ek gt A7
FddE sdFel @r)Al B AT e Al
A GASRTFEzA} QA RoleA] ME7] Rt
WA o] QoM A7) EgdaE oldel ¥A
A odstAsl mA S, glgel Wl Ad 1
AL o2 =3y st (Fig. 1),

AR 2 A7) T3 Fliser 3t A7)
A& FskA Eapd HA Sl drzE 2

2ol B 5 dok wf Ryl Tgads A
Z1gd s SdstA Z3hd AdHE 4 gs

¥, oA A TEA N, AEAT T
A AR (1,839)7F BE 2uEle] A= dfds
(768)1vt W4 =7) dfFe]c}(Table 1). whehA] o
ATl My A7l g4 16u71x] s )
far, FEeigdE A S Al FEads
$714 skl (Fig. 12). o g2t gt #7137
dAakE uls meElR gol T $]A & F
871 slvt

Az Sl A7l Tt
§HA Hof shel Fo3fdale ¥4 BA EEw A
71gdake ARt ag oY) A¥(HEY F
2000, Chung=} Kim 2000). u}e2br] ] Aol A= =}
Z1FHeddE a2 iy Fstn $AM B o
vk Eolulis A FA BA sedek(Figs.
11,12, 14). 22)8 S A 33348 20 Sdst
W T E Agoew 2u FHEgict o] A
oM Arlggd s FaEeddE s el
F BA Y, oy ZYES Yol of
717] $18k] AT FdATt BA scds) o o
35 raEd A|FHEAdE FYdeidez vty
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a2z st el siRtast 7
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FHeddg e W 7 Rz w5 44 53
T S ART, 2ZEY I B W T
A9 s RT e vhes EQEHE ol o Y-
Fze) olfel b slglth (Fig. 13). ez
A7 TR s EQEE ol ARTE
9 o)Fo] vehiA & Rast glck w3 e
AZ)3B et shtg Bl o] Al w3
2E ARTFERI) SEFE FS JehdA e,
A7 FHAAE T AXTE G5 AFoes
v A & 2ert it

JslAZ 3L AAA Fete it o
a2 3AUGYE AAM 1A Repd &
A e e 942 FAE AgE £ 9
ok o AFelME ARz EFeA o8 §
Fe) AR AN A A (Fig
16). 2718 Eof wish 9] ARG FE HHA
TEd T AT 9A AEE 4 gl =%
T AS 4% wE A pTas] 3AAdE W7
Hell a2 A stgith ¥ E Bol st £l
A WA S e g, o8, e 3
o] ghARel viebytet

AFA = 32 dE BT HEe]oF ek
31wl e Rk el 9lA
o Fell flE v 3ARE E 4 371 Rl
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Qellde @ 3addde sl e
et W18 Eof TR 3Rl IEs
7l e, #The) AR BRIl e
- st fAe 4A ALE S Aok (Figs. 16-
18).

JuAR 32 st Eof T 34}
o3 gdeA el /A e ART=E
o] B 4 grh webs o] Aol 3341
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Fig. 20. Combined three-dimensional and two-dimensional
images on the VOXEL-MAN software.

(vector) %3 A4Fel 32148 A €4 = 7]eol
3 9 )} (Fig. 20) (Pommert % 2001, Schiemann %
2002).
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Abstract

Three-Dimensional Images and Software for Studying
Anatomical Structures in MR1s

Yong Sook Lee, Min Suk Chung, Sung Bae Hwang,
Gi-Nam Wang', Seung-Hyun Yoo®

Department of Anatomy, Ajou University School of Medicine, Suwon, Korea
\Department of Industrial & Information System Engineering, Ajou University, Suwon, Korea
Department of Mecharical Engineering, Ajou University, Suwon, Korea

Medical students and doctors should study the appearance of normal anatomical structures in the magnetic resonance
images (MRIs). For this purpose, horizontal, coronal, sagittal MRIs of a healthy entire body and corresponding
segmented images were prepared. However, it is inconvenient to select interesting MRIs and segmented images; and it
is difficult to understand how stereoscopic anatomical structures appear in the MRIs. Therefore, in this research, a
software, on which interesting MRIs can be cenveniently displayed among the horizontal, coronal, sagittal MRIs and
corresponding segmented images can be displayed together, was composed. And after stacking the segmented images,
three—dimensional (3D) image of each anatomical structure was manually reconstructed by surface rendering. Then
another software, on which interesting 3D images of anatomical structures can be displayed and rotated, was composed
too. These softwares are expected to help medical students and doctors understand normal anatomical structures in the

MRIs and read pathological findings in the MRIs of patients.

Key words : MRIs, Anatomical structures, Segmented images, Surface rendering, 3D images, Software
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