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Three Dimensional Multi-Modality Image Fusion and Other Advanced Image
Techniques in Localizing Epileptic Focus
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& MRI. SPECT, PET, MRS, functional MRI®] 7}
e zhde) Adk 8o B HH S vt} a7
U, Z 989 de A2 O A2 HE Bl Jeh)
3 BEUAE O 231U Ho7] wj ol wiAG Ho] 72
A9l ¥izlE 2= de A7 o & EW SPECTY
PETE 9] 8FFol} T=ZALE YehA| T 33
¥&)2 (spatial resolution)o] BolAAl o] &8l
FZE F 83 #ag 47} ¢l sulci. fissure & Bl
&9l #9902 9% false positive findingE +E3l717}
ot} e, siREHAQl 3 Bt $2 MRIE SPECTY
PETo 443 (image co-registration)& Al71'® PET
43 BN o MRIS] FEE ©]§8 71 itk MRI
F4E 5 g Ao 22 234 Yo sE v
A3 heterotopic gray matters® 272 E 4 ¢lxn, A
gyrus¥® tangential cut’} F® cortical dysplasialtt pa-
chygyrus® BolA| €} ojd ¥ 0= WFOZ re-
constructiondtd B9 thick cortexUA] obdA& & F
AtH(Fig. 20). AR DdAel(digital image process-
ing)e @& 23N e B 4 gle B JRE g E
t} o] E Bl Agte] AY¥xel WATE £Y F QoA

%A (invasive) ! HAE &4 4 ., HFSeu 742
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o4 2] (3 dimensional image processing)& &7/13tx

zh Wb Eo] AA] /dol oG Al AMSEIEAE golt
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1. Y EA(Image registration)

A4 E 7158 A 7ZA 9 (functional neuroimaging)
o] & (structural), % %4 (quantitative) £4< &
Hoz gL FAoE 7]&S Ads god AT
2 dzke] 279 =E85cM e 448N A94E HF
T =EEC] hew A AR E 5T thdg e
A o] R

1) FY XY Wi (Concept of registration)

A e FUH o2 YAVt OE F 44 TTE 4
x| W%k(spatial transformation)& £33 HAA7]= o=
& T} ol 7H P x, y. 2H(EFH ¥ A, T 4,
o}zf)2] B EA (coordinate system)E LX°A|A F+= A
o] 83},

2) YN BN 3B (Basic three steps of registra-

tion)

AN E &) Y& T2 oA 1 YEe] ¢ndFe
o 7RR7F A 7| RH o 2 thgu 22 A @A 7
A ARG

AAZ, A2 O JAelA dAEe 5 QA E 3
gt o & EoA] HEdde X E HAMe TEE 7
221 dx & A shs Aol 1 dojt}.

ERZ, & AXY ¥ 3% 729 /P AFT FA F
b gl gkl g 73}
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AR, Ao 5] 3 FAS ohE G = w9
gk,

olgl & FAH L AX 71594 (base image)d] HEE
9§ A (transformed image)& %7 (overlay)Al7lE€ WY

o2 A (image registration)E ] FoRt}.

3) gYEN 9 &4 (Flexibility)

ax3ld s AFE TEE HAH AT o
olz)19] 279 7 AAL e A7} Seke 712A W
B pzol #go] gle Aol ¥ THS ¥ (intra-mo-
dality) =& & 79| 94 (inter-modality) £l &
27} 7Fsde 1 A &8s £§ phantom, fiducial mark-
er studyst & o /1A wheg HFHUY. 9™
29 eA35E o3 H(nuclear image)°l 7HAIL 3l&
27HA (spatial) #1438 (resolution)! 5 mmP = Wl
A 7hssict.

4) ST 9 Wi (Method of image registration)

Qg9 whdele vl B 288 E4 (marker)
£ BAA G0 Ve 7 B4 S ANE S AT AR
2 2& ¥ (fiducial marker) THE E4jo] ¥ g glo
N AAe] AAGATHE 7 3 she el ok B &
o2 B Fao] &30 @3 2 fXd Avke 7HE
so] EAS 71F0 2 e ol o Agstckn Baso]
9lort? zt ZAL Alolg) Akl Aol B¢ EAo] ¥4
2 9x)d) Bo] givkn @7 olH7] W] Aoz
BE 7o) ALE3l7] o). 53] ¢AH o] EAHE
Zg & o AP=E ictal SPECTS 2 Al Ea:kels
brain MRIZ A8 stede $AAsc). v 94
o] Wio) gl B2EY T2E AMse W Hol ¥
o] @7zt Yolrbs Yo| =83 PO FHE EF F

58 HPM
828 FFog o A g3 AFEHAY Q& o
uhQl Aol Wgos el AMEE I 3iH

WEH W ozE 71FE A (fiducial marker)S 2
& w3 Statistical Parametric Mapping(SPM. Ins-
titute of Neurology. University College of London,
UK)# Automated Image Registration(AIR, Depart-
ment of Neurology. Division of Brain Mapping. UC-
LA School of Medicine, USA) ¥4, Chamfer Surfa-
ce Matching(ANALYZE, Biomedical Imaging Reso-
urce. Mayo Foudation, USA) % ol 3itt. SPM=}
AIRE 97802 7hutg F7h¥ A (shareware)°]™ AN-
ALYZEE 4§ Z2a3fojt}.

(1) 71&E44% (Fiducial marker)

2] #43 Fuiv 2FE § AR 5~TH B
Ag 2ol % zizte] 4AE e, oY 7153HY 3%
(functional image)®] 7% E2lo] G4l vehd U=
2 £9949 2 B HA ] Fdtoiol Fr} I
Ao Vehd EA (markers)E & (segmentation)dtod]
g% e} 71EHER et 59 #EH(segmented
markers) & 71202 7} FAEA Ll Fl o W@
212 78 & oA 94€ FAIHFig. 1).

(2) Statistical parametric mapping(SPM)

SPM& thel A ©Ale) 348 AR 948N E do

@ AeA

gxgold = 25 G dsld 22 FH ¥AY
% (template images)e] Y83t 2 F/e AL
7 gAle) GAHS AP ol F Gz A Aol
o] 47} HE& It} ohS Rigid-body V& ol 28l
= gake} A7} 7HsEiAT. $je] W sl & FAY

Fiducial Marker Method

by}

ig. 1. B7HA0| RYUEt e 28E
T2 5-7712 mAg 20 & 229
A2 Her). ojn 715X Fakfunc-
tional image)e| Z4Q EA0] Fatol LIE!

o

0232

o 4 Q2 Soldla So| U8ES ¥
M FUBICH HAO LIEKt HA(markers)

‘ 2 Z&(segmentation)5t0] BAEXI2] 7]
m FrEe AleCh 388 Yl(segmented
AW 4 images)2 7|EQ 2 Zt MR LT2|E

of s HeAle T8 B Oy HAE B

XIBICE.
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A3 [184 8txl

4453 Fugd(template images)el FAFEA (affin- 8 FXE} HAsh= Aol FHsum of squares di-
ed registration)7} 7Fs- sl A tH(Fig. 2). fference)9] & 238Hminimizing) Wl & Algdr}.

@ FHA A

2z} A& 32 (gray matter), B3 (white matter), =
3= FIHCSF) L2 Weth(partitioning).

@ AR gA

3|43 WA B (partition)E2 rigid body Wl 9

(3) Automated image registration(AIR)

@ Image Smoothing(optional)

G Ael HEAHE &017] H8lH PETY F-&(no-
ise) Ut

MR Template PET Template

X3 2= M4 Xo + M Yot My sZo+ 1My
Yi=MuXe+Mayet+ My3Za+ My
1= MyaXo+ Moot MysZet Mg

rigid-body transformation

Fig. 2. BIXISI0{E Zizio] & B
Translations Pitch Rolt Yaw o oJAtoff CHEHH Qg 20| =
T00Xansy (1 0 0 0y (cos® O sin® 0y ,cosd)sindd 0 0] | QWAIO| WOBIC) 22 T 2
010 Voans | |0 cos@ sin@ O | 0 1 0 0 |sn®cos®0 0} | HAR HXf2 YA BIRISICE 0]
001 Zians | | O in®) costd) O | sin) O costh) O 0 0 10 |m Ztziel & Hatof Cy3y % el
600 1 60 0 1 0 00 1 0 0 0 17|29 X0je] §0| AAEIE K B

Rigid-body g1& B150f —‘ﬂ ()

Elements of rigid-body transformation

Affined registrations S Yo} A7t ZtssHAICE

Reference Reslice
study

R I -
, Gaussian ¢ ¢ Gaussian !
y smoothing !  smoothing Il
- - - it Parameters of spatial
e - transformation model
i hlntf‘n?gy 1 Interpolation < and derivatives of the
1 thresholding 1 model spatial transformation
il S with respect to these
parameters
' 3
Intensity Current interpolated
thresholding voxel values and their

E— derivatives
-------- - +

1 Apply editing mask §

Evaluate cost function
and its derivatives
with respect to the

spatial transformation

parameters

* Minimization
Evaluate to compute new
termination spatial transformation
criteria parameters
- h 4 Save -optimal Fig. 3. AIR2| EIX|9H (registration
Current Increase sampling transforrt)atton strategy)2| 7H2FS (schematic over-
sampling density matrix . g .
density view), BAEEES AMEHK(option)
o{C}.
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@ Interpolation of Reference Study to Cubic Vox-
els(optional)

YA FYRE oIVl A8 718%F 3 (reference
study)e] @198l (voxel) T48€ 3 (cubic voxel)
2 whEY o] B Ao gxle] FEFE A

® Interpolation model

A" AL vimalr] Asle] § Gde IR
(spatial transformation model) #4*(parameters)ell =
g A7Aslolol gth. §X) (registration)7t ¢2€ ¥
3 AH(transformed image)& A3 o} g},

@ Thresholding. optional editing, and bias elimi-
nation

1 dido] opd vizjel T4 (scalp. skull, dura)
o] B2 g8 gigdMe B¢ (intensity) S 24
(thresholding) e Wi o2 AAR.

#x14] 71%¥] % (cost function)& Zol71 & VI
RoA A7) HEES PE(mask) WHoZ F2F3(re-
ference study) S A€R oz BIY & Yok =T AR

7} & ZS(bias)E AAA FXA] 71% Hl-E(cost fu-
nction) & €Y 4 Aot

® Minimization procedure and spatial transfor-
mation model

A3 A A9 AU F ol (rigid body re-
gistration) & A7) 181 631(6 degree)®] W+ FH(par-
ameter space)< Fe=th

® Optimal transformation matrix®] A%

A2 3td W84 (transformation matrix) S AZAch
A4 Wgos HHstE JAYANE WEE & A0
(Fig. 3).

(4) Chamfer surface matching

27 £ 1 olie] JARAE Ast] Hdd I8 T
oA 258 FZ(corresponding structure)& 2t} WA
Tein de 94L 71894 (base image) 22 H 83
Uoix 8 §x8 943 (match image) 22 F &t

28 94 (match image) 71%2% 3 (base image)°l
ut2o] A (alignment)? A (resection)oll 2ldie] ¥

Chamfer Surface Matching

Base image Match image

-Scale

Transformed
match image

transformation

256256
pixel image

128*128
pixel image

Fig. 4. Bt &iXje| C}g 37|, CIE
Z2, CIE 2ix|e| HAE Chamf-
er surface matching ¥ T2|E0 2
B tHESt off, WY match im-
agele| 27|, ARl BB HEE=
Jlggae] w4 37|, 9IA 80|
HEREICEH ‘

256*256
pixel image

MRI-SPECT Fusion

Original Segmented Binary
MRI Brain MRI Brain MR {8
Transform
. ’ / Matrix
Original Segmented Binary
SPECT Brain SPECT Brain SPECT

‘-:’*?-:@%.f“
» S Fig. 5. 5 QAlo| YRlsls SES
Original Fused =& MEHEL & MRIQL SPECTS]
MRI mage wgole SE6ICL 285 22

2 binary image® XS 20
MRIZ 7j2gato 2, SPECTE &
Xjgaoz 504 chamfer sur-
face matching algorithm0ff 2|
SiEAE PEICEH 0] tHEA0 9
3 SPECT@EIX|GANE alignment,
resection HEE HA MRIVIRE
Ahol| BERIEICH

Registered
SPECT
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W25 8H(semi-automated) % (segment) ¥¢ElE
o &, 7} (object)S] &1 & (contours)e] FojA. o]
o) 7]84%3 (base image)® TX¥ 94 (match image)
o] 3A1AQL 9 Fo] PojAT}, AF/A Azl A8 el
ojs) Wge o] FoiZt}. 714 &(cost function) HT
el A (voxel) 9] Al Fe 23l dojAc)(Fig. 4).

5) MRI-SPECT S4&AN

5 939 dA5He FE2 A (whole brain)® 3¢ ¥
MRI®} SPECTS] ¥ {-#9+& 32 (segmentation) ¥t}
%29 2H £ 1 bit(binary) imageE H&A% 3o MRIZ
71Egde SPECTE A 9422 sl Cham-
fer surface matching algorithmol &8} ¥&4 (trans-
form matrix)$ 73t} o] W@ e oJs SPECT(#A]
g g4+ alignment$t resection #4382 AH MRI(7]

Fig. 6. '/} LH—‘?—O{I Q= Y (lesion)t ABtSH X=(subdural elec-
trodes)8 SA|0] Bl 2&, 01 0|&5}0{ HHDt M=, «{nte| BA|
2 XEs & 4 o;q

2978) gdHFig. 5).

6) MRI-PET 34 8A

F G439 A= FE-2 AN (whole brain)2 3 s
% MRIS} PETS] ] ¥E-9t& 3% (segmentation)§ch.
#2249 Y82 1 bit(binary) imageZ %% Fo] MRI
& 7189422, SPECTE X% 94422 F8i, Ch-
amfer surface matching algorithmoll 9J&] W& (-
ansform matrix)& T3t} o] ¥g2lel o3 PET(§A]
g 94 = alignment. resection I3 S A MRI(Z1 2
Q4 A Eo

2. Subdural grid electrodes with 3 dimensional MRI

o] AR E Y oz H7EHAE Al
&17] e} ZA9ksl A3 (subdural grid electrodes) & F7H
7ol ARjlehe=d, Aol a3l ARIEAIY Ao
2 ¥ ¢ sla, A2 kgt Alzshe Ko &)
Kot KA BEshA golok brain stimulationell &}t
o 249 ARz 5473 e KR Ane #
A% F o, HFEY HATE (resective surgery) € 2
AYE & gich. 53] HFYolut lesional epilepsye] 2
Zesl A3e] A7t oA TN Hokel Aot B
ol 9)xjo} sl AR ANE Fx oM FEA] EA
£ o8 % Atk old AL ] Ased oA
o #xt9] whole brain thin SPGR MRIE Al&sta F
7WZde] A4 F non-contrast brain CTE A3t
o MRI$ CT ¥ 9742 A (fusion)Al71 2 AL A <
23233 (three dimensional image processing)& %
sto] Aetst WS ARIF Exte] S AT AA ¢
A& A & YA} 0

st 2 d¥e AL B9l RE A5 HET 4

Normalized
ictal SPECT

Fig. 7. Z8Hnormalized)El & QA4S XZA|
(subtraction)0l] Z7Hpositive, increased)z! £

Subtraction

Subtraction & Image Processing

Normalized ‘
interictal SPECT

Positive value image

X /' &i
\ "

Negative value image

n} ZtAinagative, decreased)E! HLE0| LEHS
c}.
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A2 ¥e] EHTZ(surface anatomy) A Ak &
gl o] ugos FuY T HREES T ¥
9)gich =& W (lesion)el AXE A YAM3H(multi-
object rendering)dte] A7 81# A7t & Ae] s
s2A8S ¢ + A sgHFig 6). 4 2AE HE<E
7lesahd e 2ot

1) MRI-CT 84|

= it YA slE BEE A (whole brain) 2 AT
# MRIS CTe] & #E& 22 (segmentation) 3t} B
o Ase 22 98l ¥4 (ventricle) F7HHe2 %
(segmentation)$c}. #X8 B3] ol ERE 728 7t
D42 22 31 ARE 4A ok 28 FEE 1 bit
(binary) image& A% ¥l MRIZ 71894 (base im-
age)2 2. CTE ¥AE 4’3 (match image) &2 st
Chamfer surface matching algorithmol ojate] ¥g4
(transform matrix)& &t} o] ¥ o8 CTe
alignments} resection #74 & A3 MRI°l FAjddt.

2) Visual correction and registration of registered image

Subdural grid electrodes® AU¥ A $ CTE9 ar-
tifactZ 913t brain anatomy7} 8| gotdA A
A 22 d7)4] ge 23t AE 4 Y2 B2 braing]
AAS me gX el A ARE £o= Yo} Bk

g AEA 7t Bgeittn 891 A5 A¥E CT(transfor-
med CT)E vixele] g2 Agct. A% trans-
formed CTe] 2E $1X FHE MRIS X exe] &
A(H 5 mm)WelA EA"Ft.

3) Image editing with translated CT

olg)s Yo CTe WP o] EXE electrodesE
2% (segmentation)3ted Uch. Agslo] A€ CT <
A9) electrodes 3292 manual tracing Y22 BE
B R A 2230 359 electrodest THE °1F22
w 22jol] ARt

4) Go-rendering of grid electrodes and brain

229 electrodes® MRIIA 2l $ix|¢} FUF=E ¢
A#E brain® multi-object rendering® A A A e}
Aol £A& 9]0l electrodes® ¥ & A Bt

3. SPECT subtraction

1) Ictal-interictal SPECT &

ANFHE A8l 2 SPECTS brain¥¥-& F+234
2z} 16 bits} 1 bitel Fgeg A%gct old 1 bit. bi-
nary imaget ¥X& A% AXFE2 2tk b e
2817] 94 ictal, interictal SPECT 9/3& #X¥0h. ¥
gxlo] o]s) MY interictal SPECTE A33t. ol

Three Dimensional Image Reprocessing

Cubic sliding view

Displaying on brain

Fig. 8. SPECT QA XjZielol ofsh UIEKT BRE7I29I8 MR
o% olXEE A g%l T IS Ho| UM /XIS S|
SRsi, 22%0| £ e 5 el SIXIE e KBt

J Korean Epilep Soc/ Volume 2/ December, 1998

Fig. 9. AFRAIZE T12li= Qojo| M8 ujat +20 Hels & + U=
71%. Coronal, axial, sagittale] Z HHOIA Mg I8 4 AN o}
£X0| gyrus] EEH(pattern)S T}I3H=E| RESICH
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AUH 1S4 Sxl

o

2] e e & DU A (voxel)9] A7) B} Folo} gt} ®

2) SPECT normalization

Ictal®} interictal SPECT AAM o] FUse HAMS
LAY &, BA] 2o Hekn ¥ [T, AA FA
A Zele Azt So] & ol & Us #xle] Heo| EAst
= M FH94e F go] td2r] g2 raw datag
OE ARRSld A S ZHehE BT waEkA,| o]
3 BAE #4sl7] st ictal?} interictal SPECT
A &2 o Fda FFE A TWEV] A

& B3 normalization)*3A €t}

3) SPECT subtraction and thresholding
2818l (normalized) ictal SPECTS} &€ (transfor-
med) interictal SPECTE #& 4k $A]olA H4 (pi-

xel)3 HAe g wle WHo R F 4749 Rlolg T
A}, 27384 (subtracted SPECT image)2 +3 & -
;e ) +gk2 ictal SPECTV) interictal SPECTe]
Hlgl ¥ {7 UM RS veRin, -3 UgE o
R A4S FES ofn|g ofurt gle 949 7R
#ARAE AAS] A8 4 Hdo] FFHAY 24(2 st-
andard deviation)& AA %} Bdske ictal?t transfor-
med interictal SPECT #&9 35€ ¥ ¥
cerebral area)%HS tiido 2 AAFP(Fig. 7).

B (common

4) Subtracted SPECT to MRI co-registration

AR FATozE HEAA JAE A £ vl o
Fol| $Y8219] brain MRI®} gajstiof ek Fx A<
¥ ictal SPECTS binary image$t MRI®] brain bin-
ary imageZ ©| &3l §XE 1A Hol, olq Aol ®

‘\rg‘", s 2"

R-L Tilting
correction

R-L. Rotation
correction

Trans-hippocampal
reslicing

-1 mm

Fig. 10. £2| H3Y0|FEtranslation)} F|M(rotation}g 018510 7|8
OfA QT Etxfe] Hato|lA 21%3] hippocampusoi] H5 HAE A
£ £ Q0 HoiX shoie] BHIEA 0 BHstH SASE DlMISHA|
SX0IEM MAKOI 30je] PRLOLS & 4 200, SEAOI o}
o] ZXEIS 0| 0|8 E + ULH.

Fig. 11. Surface projection renderingOiiA} 213 =|o| BHFL 220l
A -rléol(atrophy) WUAHS|OAC PETS gyrus pattern0f LIS & HA!
Helsial BiXIg A0 22 5209 =chAt BHM USE UHE 5
AAUCY.

B

Vessel rendering Brain rendering

Voxel gradient rendering

&

1y

k=

Surface projection rendering

Vessel & brain
Co-rendering

Fig. 12. Eain} | & ”HI °'x«!la} corendermg)é oz |
Al B, e 9 =7 Alole| IX|AHE HEs)
%* %= QlCt
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24 (transform matrix)2 ©1€3l] 334433 MRIE
gt FxAe et 39U (cubic voxe)E
2] ggolok A o 2 olu]7} glr}?

5) Three dimensional image processing

SPECT 9% a17bgel o8l vehd ¥737H9E 4
FYH o2 YAB GAolt. Ko FATES AUL A
ol Hag WHEV} B Fohd 4= 3o, o Wi
YEZ7H X E Fgohled AEF FLE FHFig. 8).

4. fMR! motor mapping with subdural grid

Functional MRIGMRI)*1419] motor function area
9} lesion. electrodes® Z& At HelA g4 EEG
P4S BAZETY 48 AAT 99 750l e F¢
o] #AE HEs] setd 4 it} Functional MRIE ©]
£8 7% AR7 shssAe bl 938 ol8d
vl A AAE S8 B qhad 3 ¥xle] I A
27} 7FssiA Blet AztEn.

5. X %4 N4 (Three dimensional reconstruction)

1) Cubic display

szle] AL X, Y. Z&o 2 77 8- (rotation)E &
9len 2t Zo] utgko 2 A (resection)d W& & + 3
oA i ulRel gl Wwloly 7153 A4H(SPECT. PET)
o] 334 9IX & 3dH o FEA & + 3t

2) Gyral scanning

AgA7t Fe(trace) Y99 Ag wet £33 &
2 4 9]& 7)%olc}. Coronal. axial, sagittal®l 2 B4
oA trace’} 7Fsel E4AQY gyrusel el (pattern)
£ pletst=d] 88381tk Cortex7} tangentialdtAl Zeld
thick gyrus® BY 4 Az, ‘U A% gyrus7t A5HE
o)A #2d heterotopic gray® 2% #EE & Ut
E3 gyral white matter &9 £13le vlA& hetero-
topic gray matters WZ3l7] i@t ol ¥ EAPE
gyral scanning o2 2 + U (Fig. 9).

3) Oblique reconstruction

Right anterior hippocampal atrophy7} Sl 7%l
dolt}. &e] B3 o] (translation)® 3] (rotation) &
olgsld 7]golA | #Ae] Gl &3] hippo-
campus®l BH & 3L A& = Urh Lol &vte] H

J Korean Epilep Soc,/Volume 2,/ December; 1998

gs5 HPA
W Jatg s} £ 02 M ol Esd AN
sdrle FEsfeke ¥ & om FEAQ vk A%E
sked o188 & AckFig. 10).

4) Radial surface rendering

4% AA3Hrendering)she Wdle o2 7HA7t 8l
A5t 71 2 Surface Projection Rendering ®'d-& o] &
9 (brain surface) 2 JYehled #-8&3tt}. Surface pro-
jection rendering®] W& X B4, AR 2Et A9
27| g2 @xe] o BE RES £& Ao vig] E 5
9lem™ vlM& gyral atrophytt malformationg A&
& 4 9)t}. B3| radial surface renderingolA & &l
A brain anatomyZ sHetd F glo} A9 FEAHA
o]4& setstedl Fot

olst e A E He f&ol Wy a¥d 29
o] Ak {48 Aoz Hlnt.

Surface projection renderingold €% o} FH7
Belol vA9%(atrophy)el 2AE Flolch(Fig. 11).
PETE gyrus patternc] Yo E& - 4xelsir & 23
Ze 399 24 TEFUAD oA S-S 2AT &
At $19 e wgog MRIS PETS 44xsd
rozE X7 ¢ ¥ 724, 71574 oS Fod
& Act.®

6. Vessel and MRI co-rendering

Vessel# braing 2] 94 8Hco-rendering) & 873°]
HFig. 12).

glo} e whio 9 o] AXNAAE WHE ¢
2 glo}, $edo] Wzt g8 AAE stetste] subdu-
ral grid electrode® 4118 Ax1& A shed =& #
o} 3 #w oL} epileptic focusE AEA AAE AYA
&&Ad B2stn AYE £71 Aok, arde g8t
AN FL2AE F F Aol 7k 99 T
9l 9jX & &7] ¢i8ld MRIE X 4 3ot

7. 94M3|(image processing)2 T E 88

g Atel siaset G el sl el vlokAQl dHes
Axel Ael BE ¥ Ax 2ddyo] sHsEA olE H
gog HA&4AQ HAS AR g3 gugdttes HA
71 4% gAE & el 7=y A4 P A3
(Virtual Endoscope) Alz#lo] 5433 31t}
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ATt [

®
0
o
&

& g

Ao A} 2 8o Qo)A ¥/FA e (image process—
ing)el T & W A& sk ol 22
N2E AT E o] §31A 1 Bt o] oy
o2 71 o Agkel ko] shEsiElet Azt a8y,
8% AL ALY AAS 95l 8] HAEAE ¥
& Bud A4S e s & Hik(normal study)7t
2 ggasd,

PETS $#%3 @7 32 functional MRIS] =122
FARQ w5 A=t rFesizen | #d g o

& gFade € Zolgn 44En

o242 (medical image processing)e 2894
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