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o] ApzIA 2 o] 3t AxhHE o|ojA ®B7] B3}, At N FollA 1,7028 5 F3t}(Table 1).0]el] Bt3o]r] 2}7]
HE Zhobr| ®B7] st DAle] Qi) w53t Tl TN AFEDGETAR 1,7028¢] 51 o]F= 0000,
A BE 2w deAdweda (A7) EHeA), FFE DS 0005, ..., 8508 HIITE 5 o] Fo] Zow xpr]FE
Azl s §-e3 4 74 1 mm o] &}, Spitzeret al, 1996; Zhang 4} ijEiuL}z;—A}leo] g modAbz} 7o 3led Aol Sojut=
etal, 20042 Feini A3t £xEgol WE ¢ Yx A AAstgch SARA shod A 3P4t e
g| (Toh et al, 1996; Spitzer & Whitlock, 1998; Zhare al, ZAA S W A, BARSE 718 Yol Solgt 3ol

2004b), 2= AFsHe] Alxlez THE d&Ani oA gt A&AdetHete] ouls Ay sd=EE Hejxg

Al 2o o) glon, o] Az E o] &ALt 3, d&Ahded AL Joint Photographic Experts Group
Hod g zhobr B B3y IAE A& 4 v & (JPEG)Td = niirelA It =75 E9d) 8 it

Aol glet. Fojsted el ol AR e dehion o) u

o) AT AL QsADWANE FHRE 2mes] Al Ak ALAHe HAA RS} A3 o Ate
o} A HEm de) Aoy olsejs ST oA A R AR Ae] A} 3,040%2,008 0 A
el ae oSl ) Eg F bt A7 THAAS = =15:1p14 2500x1,425(1.75: Bt EE o ¥eda
AREF2AAE o3l Aol £4& T2 Aok ol 3} TSI SA4=E 2,500x 1,425 (1.75: 1A
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ME Sojur 3“_’403/\01— Fozted Al 2p7) T I A}, AE o] HEE gollitth o] Wz E 3] JepdcH(Table 3).
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Table 1. Features of the anatomical, MR, CT, and segmented images eithersiaefiiltlata or as reduced data

| Full-sized data (TIFF file) Reduced data (TIFF file) (JPEG file)
mage
g Intervals Number  Resolution  Color depth Intervals Number Resolution File size File size

Anatomical 0.2mm 8,510 3,0402,008 24 bits color 1mm 1,702  1,08670 2,774 MBytes 232 MBytes
MR 1.0mm 1,702 51% 512 8 bits gray 1mm 1,702 493281 237 MBytes 86 MBytes
CT 1.0mm 1,702 512512 8 bits gray 1mm 1,702 493281 237 MBytes 46 MBytes
Segmented 0.2mm 8,510 3,042,008 8 hits color 1mm 1,702 1,08%670 2,774 MBytes 97 MBytes
Total 20,424 6,808 6,022 MBytes 461 MBytes

Table 2. Color table (color.txt) including 13 segmented anatomical structures and their information

Anatomical structure Red value Green value Blue value Starting image number Ending image number
Skin 210 210 0 0 8,505
Bone 100 255 255 35 8,480
Gastrointestinal tract 0 250 0 880 4,610
Liver 0 150 150 2,520 3,460
Respiratory tract 0 0 250 1,210 2,550
Lung 0 0 150 1,540 3,160
Kidney 150 150 0 2,985 3,565
Urinary bladder 200 100 50 4,200 4,495
Heart 150 0 0 1,935 2,570
Artery 250 0 0 880 6,805
Cerebrum 255 0 255 95 720
Cerebellum 150 0 150 455 815
Brain stem 100 0 100 570 720

Table 3. Architecture of the browsing software for displaying the tiptool text, image, and name of anatomical structure

Inputting by user Identifying input in software Deciding output in software Outputting on monitor
Putting mouse pointer Identifying location of Deciding tiptool text, . S
on button or scroll bar mouse pointer which will be displayed Displaying tiptool text
Clicking mouse pointer Identifying location of Deciding image, . P
on button or scroll bar mouse pointer which will be displayed Displaying image

Deciding name of
anatomical structure,

Putting mouse pointer

on anatomical structure Identifying RGB value

below mouse pointer

Displaying name of
anatomical structure

in image which will be displayed

o vk ZQEIE Faelelddel ol Twoleiu 2ol BolRt slRTRES) oEE WA TN o}
2] o]z Fololl A ol Thgol o Folol Tel Witk WS Wz 253k, Wk (22 0014 255717))
t dsaiode] Weg otk nheag s o zgoz vehled, 7 o) eab} £1084 e

L
o] M3zo] d&AdchHo S st vehdict (Table 3).4} 22 Wlzkz 2o (Table 2).0] S| RF2E82] oS 34
4271 AEE ATBE =2 A odAF W3 (Image number) o] YAk (Table 3).
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3, o] Fell e T3] WS gt o] 2t o] 2z ES oS KT Ele]E Dl HobA] H=e|A
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Toggle of tiptool text —-El

Scroll bar

Continuously upward

Upward

Downward

Continuously downward

MR CT
image

EdolE Melg HFE 9=9= AN f4A AA
5 ek

AZEJ]E AAFH fFo] WA AY T, WA
2 9 55 T2 A Foje d&AdHNE FE 3
9l Eoirt AT AA Eeels Al Fhd (viewer of
VKH.exe)#} W7ztz s} (color.txt) o] =7 )lic) Wzt
= el 7Yt s RT2E 131 Wz, =53,
SEgh, 183 ST Ee] AHeo® vehe A s
o} mpreto g Jehds o34 Wart 24 9lich(Table
2). AHA Zvje] 5} =7]= 0.2 MBytesio|%lch.

319 Ede o dem, ZF Evjel 3o, A7
A, AFEGEAAL, T 3hedake] shde] 1,70204 A
Atk 28 dsAgHede JPEGH Y olgl e, 7y
=17)7} 461 MBytestA] TIFF s}el (6,022 MBytesy] 8%
o o] Fol|A sjRedA> It =7] (232 MBytesyl TIFF

Ykt 2z o]

Fig. 1. Anatomical image saved as
the TIFF file (left) and the JPEG file

(right).

Fig. 2. Initial feature of the browsing
software demonstrating the center
image (number 4250) from the wh-
ole.

Segmented
image

I} (2,774 MBytesp] 8%%1 1L, AH7]F 32 o =]
(86 MBytesy} TIFF 5}<] (237 MBytesp] 36%] 1, Z35-E]
DZ2Apx1e wte =7] (46 MBytesyl TIFF 519 (237
MBytes)e] 19%1 77, 3 3ted k2> gtd =7] (97 MBytes)
7} TIFF 5} (2,774 MBytesy] 4%3]t}. = TIFF st o A
JPEGTIY 2 npgls o F3tedate] ghde] AtdjH o
2 7F Aebxla, 1 vhg-2 e, AFEDEARL, A
7)ZwedAke] 2} ek (Table 1). TIFFst oA JPEG}!
, Itde] ztolHw s ed e vRT &
ALdchm ol kel 3o who] vpuhx]#] okoke(Fig. 1).
A Fde APsr] AZEY S AW AT EY 0]
Sl ol D39} FRute ] o] vebga, 28 Tl o
SAdshdedidel vehgtt & el ‘=57 %= (Toggle of
tiptool text)” =3, ‘FFue]atdy, ‘o3 Af W, Foler] 9
2 (Continuously upward) &3, ‘2] 2 (Upward)' w3, ‘o}
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Fig. 3. By clicking ‘Upward’ button
(left), a next upward image is dis-
played (right).

Fig. 4. By clicking ‘Continuously upward’ button (left), serial upward images are displayed (center and right).

Fig. 5. By clicking the ‘Scroll bar’
(left), exact corresponding image
(right) is appeared.

= (Downward)’ =3 ‘e]e}A] e}ef 2 (Continuously €] ol % A%akwleye] Maxt Asw Hglow, o
downward) st37}1 2 A = el w3l T2t 2 9HA e upy Zo)A]
d Fol &5t A g e ek, 74 @32 *37’*117} 2 el A AL M 2 5 sl

Aol Solmshy] Wl AxEgels 4 W £ 9l A= Dol vhSs EAAEE o vhes ElEe)
Goh. 28 20 91 3ol ARG el A e ol EH =8 Upward ) heskest, of o) w4 B
Byl AITHAA AFEFEAA, Tosld el 2ol & IS A4ATA 42500 42452 uhASIE 5

kgl ameglels] 27] She] d4vAvel 1702 ‘912 WRE rawl A4S g o] 2% Adatiuela
1 (0000, 0005, ..., 8508) gt7h-&-dQl A&ActHIA o] velydtt. ojg} A AA- = 'eif w7} 42452 ni

42500] Vel (Fig. 2). R, TRt o] Wk Me] 912 A3 (Fig. 3). 7
sz eo]olA it 27 FH A, AFEGEAM, T2 tolg ©EE wawl Al ol o] A%

¢

F-93led Alo] Ay M2 Sojulglt) (Fig. 2). AHA B Aoimodale] et 2z EY0]Y thEE a2 gl
T A ASARWALE 7] e ALARWA o] FE AR (1) WFE r2AY ol
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(1) 938 9= o33 dAsaumgyel Ve

g
AFE 2] ‘Page Up' ©¥= =7} ‘Page Down’

SFE a2 dA 919 dedddAde] el o
A ofefe] dgAdniHedAte] el

ololA flz! wEE rEW ALATHGA 4245
4240, 4235502 o]ojA npR|§Ith. 5 oloiA $l2 T
5 rad A9 Sl o]xd d&dddmedide] ofelA
vebge). felelA] fl2! S oA r=w ojefA] e}
v 7ol HEAT (Fig. 4). 772 ‘olojA] ofdjz’ o3
5 r=w AlRle] ool o] %-d dddnimodAte] ofolA]
vebga, feleA] olefjz ©FE o] FEE ofejr] i
Ehts Aol W

Fuled o] o oo whet EIHE Fow o
¥olol e d&dsded el We (1025 vk 24

Ble] FA =g vehtor] o] o nhexg Feshu

QA4dvhded 10257} Vehgel (Fig. 5). F-7mtel ol
ke ZVE S

ool el

¥ 2Y Az T Asdnd el

Fig. 7. By dragging MR image to anatomical image (left), enlarged MR image is replaced with the anatomical image (center); subsequently,

enlarged CT image is replaced with MR image (right).

Hsl st AZE 0
AL nhH Ak 76600
elste). o] 23t fz]— ] 7658, 6 9= 7661, 766ZE- E}
o3 Ak 76600] vrebidet (Fig. 6).

b vhes i°1E11 ZolA] ool ¥

Aol =7 vhebsta siaed el A7 vhek
Wt ool AFE A %:01/‘1 A7) 2 e Abel] =

? il 7t Asic,
& slgieh
(Fig. 7).

EECRCIEEEES R

5722 olgo] olps HelEle 4 =auel ek
S e es A7 ER L BFAREAA, 2ol
o] B2 Fgel vhe EUEE om o) HTEE
9 o]l »}Ew:}(ﬁg 8). 337280 oFE ehd
S oole Ae Tt el Sk ARTEEY) WA 3

z319l7] wEolet. wety T S RT2ER olFR

vebd 4= Slgie(Table 2).

SxEgolel A Aol HFel 7P7hE T AR A%

e FEE S AU HE o5 ARTRE
olE& Aoz & & i+ (Figs. 3,4,8).

Sz Egolelx] QAdnimed el Wzt Wl el

T B, AR A e 377t 1
mm oJ}sl7] wEel] el 9le HRTEE T 1

mmeEs 2 e 2F F2E 5 sl (Figs. 38).

°§
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lo

5 Apo] AAIZbel) ek,
RS Al s 2 27 el
(Table 1).4-gstaiciste] v we] vehbd & 4 19
o, o] Py Thes Agheh AR 2 vhes EAEE o

3ol Aeilont 2 oz ool el 21 A 2
5 w3 AfbAA @ 4 g Ted 9 %
2ol gl ASADRGYE A T 5 gsie (Fig.
9). vk EAENE Aebdl AsAshacige) Ao F
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Fig. 8. Name of the anatomical structure displayed on anatomical image (left), CT image (center), and segmented image (right) by harboring
mouse pointer.

Fig. 9. From the original form (left), anatomical image is vanished (center) and lonely CT image remains with the other images igdrt)shed (r

S ———— == Fig. 10. Original segmented image
(left) and segmented image in which
anatomical structures are segmented
in detail (right).

S5 dsAnm e tha Uehdeh AL 28T o whEelA Al Rast A7 BHeIAk AREREAA

s o3E r2H (Fig. 2), @2 o]F =& T2 S o3 ¥ &L Z Aot o] AT HIE Az
9] o]go] Yehtx] itk ARz Lxedoeo] AL 2k Edole ASATRIE AP, 9Tl qHE AZEY o]
Al T Ao 7)ol ghgelx dgAgmdAte] FFE 9 9 u§ A8RY ¥ Z =S F Hoz Yy
spdel 2 el ™, 2 7bg o3 2o

o] AFolA RHE AZEG o] FYo] 27| wfj o

(Table 1), 2z}l o = (Xt] ete]lE UN) A I &

i & ghel e 2 (anatomy.co.krid Al A& 4= gk A} Az E
ezt FHpela, AZE YIS wpl FALE 4 9l7] W)

o) 97e) BAL A4ADRALE Felnt axed Bl o 47 2¢ 4 9ok
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Az el spde] 22 7lgE dF e 73
e A& 0.2mnellA 1mmz £33, 34 F7]E 0.2
mmel A 0.5mmz. E317] wEo]=}(Table 1).

s oddat st 43 A AU EHE &
ZEgofellA Aedsfate o3 H H AV Al &
ZedelelA mE A&yl ite] 7H4 o] 1mme], 8
Bodafe] g4 =7](0.5mmy} 1mmuct 23, x}7] 3o

A3} AFEREAAS] H4 =7)7F 1 mmelc} (Table 1),

meh AT EgefdA 1mmEg 2 HrT7EEL BT
& 4 Aok (Figs. 38). 53] s #d 4 ImmzbAos
ol BRl s Rr2Ee] UA AZANE wpAA &Rt
& 55ohs d =8l @ 2l (Fig. 4).

Sz e el o] A2 b2 g2 ALY
& TIFF s}l A JPEGTRI 2 whRiA s} F7]7} 8%
2 E57] WEelth TIFF shlolA JPEGIY 2 nh
TAstedte] shdo] AviH e FpE Ao, I g
a3, AFEHTTAA, A7ed el A 74
Fhed gt s e kel shdel AFE SR A5
AdE o zobxl Al 7skedad (472 8 bits colory} 3
g2 (372 24 bits colorll= ¥t Wzte] §li1, 75
AR 271532 (W2 8 bits grayyl= 34 Wz
sk 917] wolet. o el TheFat wte] glow TIFF 3tel
olA JPEGIl2 vl W wpefdt e A Wae
=Pl HEHA B 2718 o 29 5 ok 79
o] spglo] sjRoddnet o zobal AL At tel 2
2 Be] w7] s gelnt. el 2

]

A9 shedo] A71 e net | Hopd Aw AHE
FARAle 22 ¥lzbe] w7] wFo|w, HIE EH wrl =
3 zz vehty, 3717 2 A2 wdE Yehs
7115} (Fig. 9) (Table 1).

A&AbH G AE TIFF 9ol A JPEGHU 2 vhto =
szeglelel ] Autsiate ofsle d 8 AL gk
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i_1
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AEE ARk A (WA 253 AR vl
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8715 BolA TIFF salo]] o] 28 5 S| (W7dgh 2
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%(1,2,3),(10, 20,30} e} (73 zk, 254k, SH=gh)e) ol
Fo] RolH7] el T Fasl A4t Awrh ol
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7 Wl T hae) WEi wAA sk Aloleh o) A%
TIFF s}eloll A JPEGl2. wlped shanhe) obe 44}
AETL RolARA B 2718 FelA, Sawhe e
HEr wA g oY wE JPEGTIAS] shae

MO8 A= EQ0]
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o] At Aol RIZFEHA] ghot, 3hae] HxelE Bl
73l7] W&ot} AAZ TIFF s}def|r] JPEGIU = bt
A o FRedaks v g8 AgAdwodate] bl o]

wro] vmkx|A] ¢Fsket (Fig. 1).
sxedeldr Mz Segtye s|RedA, A7)
AFEESA, 7933 3E 7 2898 5 9l
Aol A Mz Seltd, o2l ® A7) g <Al
ohe A&AdHYe] wlng EFEAM EolulA]
(Fig. 8). o]A-Z AlAlE de7]ell A A7 FH 34
3, AlAlE G okl AFEHDSTARE w2
A& d-e e WEeln (A g A
2004).¢] #AIE E7] AT AFEANM A3
& WA 92 dsddlgd el EojgtA o g
AFEL TS 3
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oX

TYL
z X
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FolA B AlE AL 2 ww B gl %
A o8 % ole(Fig. 7).

axegolod QsAnudYE Helsh Hop &
S oloh B A QAEARRRAE DFE Dol 1]
 elolA ¥ S QL3 (Figs. 3,4)F-Fotelwe) 2 FopA)
% 5= 9 (Fig. 5), 94 Ws2 Fohd ¥ $E 9n
B Agom by ¥ F= gk oMY
e gebd B ol¥ Wby FolA A7)
2 % 4 Qo el w g} Faeken
A2 vehdm, 2k shae) ARk 2
Fol g (Fig. 2), oh2s E2IE)
o1 %] vhehbar (Figs. 3,4) 52 ElE]
som o4 Wsr} vehi] (Fig. 5)
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Serially Sectioned Images of the Whole Body

(Sixth Report: Browsing Software of the Serially Sectioned Images
for Learning Sectional Anatomy)

Jin Seo Park, Min Suk Chung*, Hubert Chdgo Young Byuh,
Jay Hwang, ByeongSeok ShiR Hyung Seon Park

Department of Anatomy, Ajou University School of Medicine, Suwon, Korea,
Humintec Co., Ltd., Suwon, Korea
2Department of Computer Science & Engineering, Inha University, Inchon, Korea
Korean Institute of Science Technology Information, Daejeon, Korea

ABSTRACT Sectional anatomy is the course to learn anatomical structures on the sectional planes of cadaver. The
purpose of this research is to make browsing software of the serially sectioned images, which is useful not only to
learn sectional anatomy but also to learn magnetic resonance (MR) images and computed tomography (CT) images.

Onethousand sevehundred two sets of corresponding anatomical, MR, CT, and segmented images (intervals 1
mm) were selected from the serially sectioned images (horizontal direction) of a Korean male cadaver’'s whole body.
We composed browsing software (file size 377 MBytes) of the images, which involved the following functions: The
anatomical, MR, CT, and segmented images, which were always corresponding, were displayed; one of four images
could be enlarged; images of interesting levels could be displayed in a real time conveniently either using software
buttons, scroll bar, image number or using computer keyboard; names of the 13 anatomical structures, which were
already segmented, could be displayed.

By using this software, medical students and doctors can figure out stereoscopic anatomical structures from the
anatomical images to review anatomy; they can compare MR and CT images with corresponding anatomical images to
easily recognize anatomical structures in the MR and CT images.

Key words : Whole body, Serially sectioned images, Sectional anatomy, Software, Anatomical images, Magnetic
resonance images, Computed tomography images



