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A9 S o §3te] 2AR A=23Y AAde B, F G4ol e Aol 242 H8E 2
3 MCEE 4 (212)% ol A2l gk,

MCE = ECPF|M(ui|Vj) + ECPMU:(VJ"MI‘) (212)

=- Z prv(u;, v;) log pry(uilv;) + Z pur(vj, u)log pur(vilu)|.

uy v,

RS DAY gt B W) G olF G ¥l gel BANAEE ekl Azt Aok
ek o2 JPFYeIA 7Hg Bo] ASHE Mt THGA Fol AEZ N ol 54 Mo| Fof
A, FS) A% AE2E 28 A7 2Th B =FolA AN MCEE 27e) 23R dER
518 AT ARE ASHO2A BS FPAY ATE HolE 5 Ik T Gyl A o] of
SolAg W, 2 2NN BAHE 247 A=EE BT MCEY ¢e 71¢ £ ¢g 27 93,
F 4o A2 224 Wol 5= MCES) ke 2234 Bk MCE 358 344 T 71822 &)
$HOEA 0| A& HUIZ S TAG ) B3 ol 5 e B7A Wae 27 Bit

23, 3|2 MBS 918t RALE ZI}

St AAAY DB AT 0E £33 o9 VEFE Yol Y& A AAE AU Y]

i
2
ol
é
"
ot
|o
it
oft
o,
o
]
o
N
J
o
&
o
v
e
oYt
i_:“
B,
i3
n
o
o
ol
o
2
0,
olft
of
o>
o
bl
o,
of
ox
lo



RS =219} 3R BE HCYT|HS 0185 o2 YAe| HEtml JhAls 281

o
N
‘%
ot
2
)

2 {3 A S XA fA Ao o Aesie) =3 g A Axe

B7re SHAA Ao A7 weA sk A3 A 7Yl ot A W] u

2 AAE AR A7 E s QA2 HEE s A3 W WE S 2 A2 e A (2.13)3 2o}
(T,.T,.T, R,R,,R;) = max(MCE). (2.13)

oty Lz

A% W WL T, T,. 7,9 o5 NE|9} R, R, R, 27 AE 2 o]F 0]

SR

AL I 79 A AT TR o534 SAES
02 FY o] FA7IL ANY F)-F4 e E o5 Gl Hested T
Ak 2oz, 3|4 WE 9} o) W ABN F 1Y Y4e] 4
Gl =

O

=
v b
Iz
i,
i
N
i
N
)

i

oy :r{F

oo

RS omo o
me
)
>

|3} =3k, F7HAS A ste] A& A" @ 2 7|(Hill Climbing) ¢ 8]&9 7187 3174 2 A
3}(gradient descent optimization)2 A-2-3}o] W2 A7} otoj] H A 2] 9|2 4HITE st} FAL
e T, Ty, R R, R, T 0131 AA3S: o)A HHE XA o o] wisrl Qo ghallo] Zedrt. H%

T,
Aoz AN HH3L AP Y2 o) 85te] o FYYL WBAA T A4S 4TS A eeh,

0
o 8- >

ME U AR ES vasty Egstel AE FR7F Yol A Mg w783
B 94 3 AT L QA% 50 ol 85I =S wd] 95

32 a2 oz TR = GA ek AR o ® FAag 5 U G4 727
AT Bok Yk FElE A S, dsHdow o FdH 2
0.2 siAsty 7hA 3L & 4= 9l 71E2 vl o)

dvtd o g 3a4Y 7HASk= &9 #E 8 (surface rendering) ¥} 2§ @0 8 (volume rendering) ©. &
TEAH 29 AP EF A2 HE Do AXe BHES s Aos W FET AT
A7) wholl k2] Fo] Hom A LermeExw wE A7 SN dagAE 833
HES g & dons A il gk BRI glolAe wio] Yok BF drge g 25
AB 25 AR FAH 7 wjEell A AT Qe HEE ARE AdE Y B fAsE A
o] AR TloE] 2] o] whobA| 1 A A 7ho] gho] Al vhdo] Utk (P D . 2003).

VTKE AAAZE 7oz 789 339 2809 glojnejelg 227t 3705 ZejglololH, 4
FA2] 23ES 7S e A AYE gle A0E 22T 5 Qe o874 EAolth VTKY
oFd SAozE T Ao oA 2244, 3aH, WE, A, A%, v E XYy ST
o & (implicit modeling), ¥4 3§ &3} (mesh smoothing), 2 Hcutting), £ 3 34 (contouring), T}z}+3
4 (polygon reduction) & 7+ M 2|8 4= e}y 7|5 Wl MNE g3 v, 4, B4, AT 9 AHS
Ak Aele] HE AT 5 ok SR AR Azekel W, A g, A8 A adle] 2% e,
HA3 T 52 AQeTh FRE AT AA A FE T2E SHA DL Q) wlEol 1o whE o] F 3}
7 35 Aol = sestths §30] . 25 dloleE 230 JAHe ¢lojA 7 Etola 1AL

F'/o]
]

ol O>'

F["

o>

to Mo

HZF 3o EFHolHE e & 2& voJE] ARE F7ste] VIKIY-S BA8Ig 1, 2§
w0 7 #o] B (ray casting) S A SFAL) @lo] AAvlol ulell= A AL AASLT JA
‘d(image plane)9] 7 3}aof] F M (ray) 2 SAAAA dAS 1Ao7 34 g X E Y=Y S,



282 M, =215

CTe] G4 (xZ2o 258 o] g xF 0255 3 AH I4)

Zr k9] Fado] A Fols BA £ Bl BERYE (opacity) & FASNA 48 AUl
daFFoltt (R4, 2003). o] H2EE B3 7= M= vhE FH] AES E3 ) AAY
& oS agdolA Ft

CTS MR 2§ to|8 o §3e] T 424 Al skl Age] $A14 AEE Booie
}. MR} E-F oo+ 256 x 256 x 26, CTE 512 x 512 x 29(¢I A2 Vanderbilit university) ©| TF.
3% 29} 32 MR} CT £89 747} o FR 9] &gto|2gt A X MCES] 452 37187 9
3ho] @ FAdell @Qs—z% BdE HEn T3 A% F71E Y8lke] AR EA 7 AlE A el A
ER2 ASHE AT ARG & ]tﬂﬂ MI&} 7| &8 275 dE=Z 3] ECPe} v|X 48 ‘]—ﬁr,]- =Rl
= 73> MCEY] HA4ghs 2= SR 4E 22024 £33, MR B4 13940
EAEELCT BG4S 0|54 OEE AREE it

29 4+ A5 HZBEILE A5t 43S nAGA R, HAGAHES o5 JACE 3l FA}
HEE Jg=2 vebd Aotk A% vlae 23S B, MR} MR ?.l FAFA AN A= o5
ol Wgho] gl 0" RIolAY Hugts) 1 o)) e] Wt M9 grE o] A3} ]7‘}°]7P%
P ok MR¥ CTY] thg JAFA M G4t BE A3 A% MR‘O— ARG ger, B
517 QA CTE o] 5 JHo R Fol AP o9 Aax Wo] glE 008 oA -JEH%I
Fouh vigh ol AUSE FAY Ao 224 oAt A2 & 4 4Tk MI% MCEE ust

N
ﬂll
04.4

o>'

10 19 38 flo rE flo of oXx
w e

= m, MCE9] Z4 =& 27}«1 =7 MIvEECPY] ARt AR owﬂd AL & 4 gk
&, g ge MRJJr CTe] ohg 9G4 olA MCER] ‘0" ol A Holghe ztem MIst ECPe}
Bl ef A 7Ighe Koot

‘6‘
a9 5¢ F EFGY) tistd MCE A4 A= & o] 83t APS AAS 27 & AaL=
Aoz vehd Aojt}h. FAtellA Hele 5‘1‘8 Zrel= CT 94k -,-7}110 uremm g wo el



ZP% A=2T0} 3A1S BE MRS 0|5t 20| HEtnl 71Als 283

o} SHE (MR, MR) SHHUS (MR, MR)

y T MCE— — Mi— . -ECP s ——MCE — ~— Ml — - ~ECP

-10 -8 -6 -4 -2 0 2 4 B 8 10 mm -10 -8 -6 -4 -2 0 2 1 3 8 10

O SHE (MR, CT) HHUE (MR, CT)

——MCE — — Ml — - ~ECP ——MCE — == M{ =~ - ~ECP

R
/
\\_‘

§ j

e
/

02| 4 Y U(MR MR), THE(MR, CT) 9 49k4] W8 4ol 3t $AHY 55 450

& 5 MR CT &

ox
i

o) FAZRES Yehlie e dole) 52

Hee dud 2ake nelzth 13 79 AF Aol BHS Setols Aol gohpe 1YL B
MR3} CT7} ol BAA S 28 & 5 ek A% T AF A7 1494 MR 250 of
A9 CT 280l HARE 2L L% ek 19 82 o] ALPL 01§88 AFA FFEL A
27E HolErh old MWA BE ALY /WL 0| AA AR YR he FUE 2 HBY 5

30 1 of rH



284

02l 6: MR} CT B-§GAF9] 7JA) 3}

27§38 A Fo MRT CT B5 9 42] 71413}

azls: do] Aag 7

3, MR CT B9 A o A9siA B2E 4 vk, A% A4 A% $o CT9) ARl g
2 Mol 2L MR % CT| B54 %7 245317 wjFolch

L
My

=

e RANE 2 )0 F4R 0] A A58 A2 g0 Aol dste) 2fska Frpstele
MR} TS| ¥ 5949 ZARTL Astel 2 Gpe] 2% A=z v)el AL FAY HEL o
g3to] Hrizk B AXAM G442} 3RS AAsgich. MCES] 2eze) Felzt Aol 2 o) Aol
P 2R BEE RE 2AT AWIUYE FAY S Qe SAINE B oolelel 5
g olal3ta $-837] 90 ThFg SHAN GG HolHE AT B0 e & 5



ZHP AZZ2DIQL SRIH BE HC{-IIYS o858 22 4o) MED} JhA| S} 285

Q

At FF drAA2E 2R ope} 8] FAH G S-8o] Baste, AR A
Aol whe} 7pA 3} Al sl vherdt Batol Bat At A% A Foloh

30 20

A7, oS, WS 2005). A0F TEAA J4ATE AT FA 4R S, <dA
Fr5| =8 R)>, 42, 415-426.

ATA (2003). VTKS o83 3349 429408 A2, A1) w2, Bauisa ojehy,

A9 2003). 2399 3349 PSS MRS o618 0188 FF| 52, AN = E, A4
ohataL o a4,

olZ, T, A9 2 (2005). 7FAIS M5 A ARAEE o] 48 PET-CT ¥ A4S, <22 e
9 S8> 32, 612-624.
255, AU, ASS, DAY, 259, ZE7 (2003). vbA 7]k SR 7] 7128 H 9449

=
§= 3K}

32 AR v ud, <R Ed AT =EA)>, 3, 85-97.

S8 (2005). o mRopol MY AFAY AT, <H B8 =FA]>, 23, 61-67.

Cho, W. H., Kim, S. W., Lee, M. E., Kim, S. H,, Park, S. Y. and Jeong, C. B. (2009). Multimodality im-
age registration using spatial procrustes analysis and modified conditional entropy, Journal of Sigmal
Processing Systems, 54, 101114,

Kalender, W. A, Seissler, W., Klotz, E. and Vock, P. (1990). Spiral volumetric CT with single-breath-hold
technique, continuous transport, and continuous scanner rotation, Radiology, 176, 181-183.

Lester, H. and Arridge S. R. (1999). A survey of Hierarchical non-linear medical image registration, Pat-
tern Recognition, 32, 129-149.

West, J., Fitzpatrick, J. M., Wang, M. Y., Dawant, B. M., Maurer, C. R., Kessler, R. M. and Maciunas, R.
J.(1999). Retrospective intermodality registration techniques for images of the head: Surface-based
versus volume-based, JEEE Transactions on Medical Imaging, 18, 144-150.

Zaho, W. and Rowlands, J. A. (1995). X-ray imaging using amorphous selenium: Feasibility of a flat panel
self-scanned detector for digital radiology, Medical Physics, 22, 1595-1604.

Zitova, B. and Flusser, J. (2003). Image registration methods: A survey, Image and Vision Computing, 21,
977-1000.

20084 129 T4 20004 12 AYE



286

Registration and Visualization of Medical Image Using
Conditional Entropy and 3D Volume Rendering

Sunworl Kim#, Wanhyun Cho'-4

“Dept. of Statistics, Chonnam National Univ.

Abstract

Image registration is a process to establish the spatial correspondence between images of the same scene,
which are acquired at different view points, at different times, or by different sensors. In this paper, we introduce
a robust brain registration technique for correcting the difference between two temporal images by the different
coordinate systems in MR and CT image obtained from the same patient. Two images are registered where
this measure is minimized using a modified conditional entropy(MCE: Modified Conditional Entropy) computed
from the joint histograms for the intensities of two given images, we conduct the rendering for visualization of
3D volume image.

Keywords: Image registration, modified conditional entropy, rendering.
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