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sh o] SIAE Afete wHelth 18 AFHE AR 33d 9 RdS
Fwol e wel FAIT HA} FEHE update AT whA Y dAE A5
ALgE el o 83 o A5 AFs Hstd Fe AY FE T

e}
o
of F=5% 329 gARdY HHE databaseR A Fsto] A dFE post-operation



Pre - operation Intra - operation

Surgical plan

2 =Tl 2w
3} =} 9] intra—operation®l| Al  digital
probe -k T Amate
shape 7| < d& "
7] §k <] e

S 7FA 32 vl Shape 7]Hbe] AL AMEF EIJEE dubyg o= digital

Tt 59 F, 59 A4S XQEE vEoR 33Y JA4RAH A
gkaltl. IGSol A AFgEE  digital probex= OPTOTRAK/3020 position sensor
(Northern Digital Inc., Waterloo, Ontario)9} #< HEHE F=2 A& (21H24).
I} 2= digital probedl ¢+ light emitting diodes (IREDs)Z ¢1238}o] world
coordinate( 2+ 7)) 32+l #HxF A S AdsA "Hvk. webA o] digital

probe?] A&dr= G4 Ao 2 ¥ Fo 24y T F Add E =EdA



digital probe?] 9&& ®AFSHZ] YA 339 G 2duy 9

=<

fol Z47be] A% E 9 E] random noised %o 39t}

18 2.4. Digital probe (OPTOTRAK/3020)
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Al 37 3AL I THEHS AT I A

e

32 At femure]l Wi CT 94 53 334U 94 A
Ag] A s At 9 AAE AL drA o
A}4 ¥ = contrast enhancement, mask filtering, labelings ¢ 248 7]H<S A
St BE CTA% 59 209 d4AE 7IME AMEstodA 72 2ad &
ghol 2 datol that H A3 HE edges e dHE A AA7] wWEo, AR G
o A= & W

Al G A #HAS T edges HEd

3.1 Femurdl W3 CT 9435

Femuroll 3t 234 slice 9HES A7 Y&l Aol 7159 ALA 25 Hfemur

Gl

CT <% M (GE9800, GE Medical Systems, New Berlin, WDZE A}&3}o] 2

e

gtk 2t &gtol~ Alelo] AL Immeol Tt ¥E A4 (G2E-HOKO,

ols

Umax Technologies, Inc, Freemont, CA)E= ZZ}2e] o|n A& bitmap file

(512x512 pixels)Z W &3}7] Y8 AF&= At

3.2 3% HAx NS AT I dA=

Bitmapo 2 W3 ¥ 2x34 slice 935 sl 57129 G4 dAg Ao o] F
oJHAtH(2d 31). 9 HAAHYES 9% ZTzaPe MATLAB(The MathWorks,
Natick, MA)E ©] &3} %t}
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Input Data

-

Format Conversion

-

Contrast Enhancemnet

.

Mask Filtering

.

Binary Conversion

-

Labelling

:
S |
=]
=

ad 31 97 AdAY Al T =M=

CT 974< MATLAB %ollA rgb2gray®] 3+E ol&3ste] RGBI Y-S gray 9

o WMa s RGBO 94

flo

2+ 7y stk Ao red9 green, blued 84
59 A2F o2 Mo AAHBRE 0FE 2559 WHAE VA= grayFFo R WEe)

0
Atk g FAY contourE &3] &7 YA contrast enhancementE &} %1

Of

t}. contrast enhancementZ 3t W= oy A7 YAT B AT A=
A Abs o] &5t dde A el w& A4St FA4e tinvlE FUhske

M A48 t). contrast enhancement® 2H S A gstdEd dHHE JAY
edge detectionS 3] Y= Gato 128 Fole &AL 2 H S Z71A

Z 1, edge detectiond ZAI Al E S 7tsl7] YA 1.28 FHetdu. Als ALt
01

o

ot Al A el o gray el WA 00lA 2554F0] 9 & W
B¢7F o B % clamping functions T & 3to] 2550]7%49] gt& 255 (Oolate F
0

o

L.

ox AgeAr. thF9 AHS matlabl® I THIE 3.2).
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function Edge_coor = kist_ct_coor{ct_image, cont_var, thre)

[8,. €] = aizalet_ikage): contrast @&t  threshold gt

ct_image = double(ct_image);

resultOl_image(R, C) = zeros;
result02_image(R, C) = zeros;
result03_image(R, C) = zeros;
result04_image(R, C) = zeros;

for i=1:R method
for j=1:C
result_image01(i,j) = ct_image(i,j) * cont_var;
result_image01(i,j) = kist_clamping_pixel(result_image01(i,j), 0);

end
end

clamping function call

19 3.2. Threshold& ©]& 3 contrast enhancement

kist_ct_coor®] #TFE FTE3HA g8 WS E ct_images AW A, cont_var
AEAald Qa3 ZEGAE 71 3 threx thresholdgtolal 98 AJA & ZE

g2E S7HAZ gE 99 gray HHYE HEE #2 clamping 3719 A

% clamping_pixel function
function retYal = kist_clamping_pixel(var, method)

if( method == 0)
if( var > 255 ) retVal = 255;
elseif ( var < 0 ) retVal = 0;
else retVal = var;
end

elseif (method == 1)
if( var > 255 ) retVal = rem(var, 256);
elseif ( var < 0 ) retVal = 0;
else retVal = retVal;
end

end

13 3.3. Clamping function 7

clamping &+E 338 method7l 002 o] Foja 265dE= & 255% 0

otef= 002 AT Method 1 gray %4e] 256719 #@@F=R ol v
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HAE s, a2 ®2 2557 A e A returnsiA 0% E 71¢E ¥
e THAA = A

Edge detection® &t WHOZE sobel maskE AF235HHR1]. sobel edge
detection Z+7} vertical W32 horizontal WaFe] g/de] zojkE AAEL
edgeE HAZ=3= Wt} o 7]+ vertical sobel maskye [ -1, -2, -1, 0, 0, 0,
1, 2, 112, horizontal sobel maske [-1, 0, 1, -2, 0, 2, -1, 0, 1]& A&}, o
&0 = threshold® 71 %% binary® ¥W33l ). threshold® 03 E 2559 A4
oA 1255 et 1259 dge] 7]E2 A H Zlo] oiye AT F A
Tt edge detectionS ¥ J Aol A edge’t BRI A ¥omW edgeol FAAUwIt F
S oz 1259 F7F FE threshold® A As vt A 1258 2 FES
2559 spekMlow FAEtal 2 o E 0w H2Mow WG o 7] 7HA]

#A4 2] 3 CT Image® edgewS W&s +&T = AAJH(LH34).

(a) Original Image (b) Edge detection

a9 34. CT 973l dlg edge detection

222 edgeol W3t ¥EQAE FHEE labeling ATt 9249 vertical o =2
0ol A 512 ZE7FA 2~7WE sto] QoA 2552 WIlete HiE9 Hu S widE AF

S, 7 24 delvnt A&} vhA ] AAE AEE AFHAt 10 BE

ol

>‘

2700 FaEW g ZE Ho I CT 94 Wol A= femurd edgedl o

fy
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T ox, ve #ARE & 7 dAd (2™ 3.2).

g4 Array Editor - ans =10] x|

File Edit View Graphics Debug Desktop Window Help ~ | 2 x

K| 4@ S| M - w|seoese ] [O=

1 2 3 4 5

1 39 1 1 159 234 il

2 39 1 1 160 232

3 39 1 1 161 203

4 39 1 1 162 200

5 39 1 1 163 199

6 39 1 1 164 197

7 39 1 1 165 195

8 39 1 1 166 194

9 39 1 1 167 191

10 39 1 1 168 189

1 39 1 1 169 187

12 39 1 1 170 185

13 39 1 1 171 184

14 39 1 1 172 182

15 39 1 1 173 181

16 39 1 1 174 180

17 39 1 1 175 178

18 39 1 5 176 177

19 39 1 1 177 176

20 39 1 1 178 175

21 39 1 1 179 173 -

) < 20Q 1 1 180 171;,_'
4

29 35 Femurtf o] &zfols 7ol hd H% F5

ou gttt 2€d-& 193104 F A

% 35004 18l = dHolH e &dhol2e 2% 3ol
= |
i, 392 g gl

2

NG orlshs ol

HEET IRE I A
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Al 4% CATIAE o]l&3 324U A F+A

44 33l YE 94 AAAE Ba ASE 244 slice IS POz

o
-4
oX
ol
ok
rlr
i)
2

i
it
o,
ols
32
Kuf
w
o
=2
>

femurel ©$ 329 surface rendering
ALbE 329 #AxE v o ® 3ad 94 EE& Labviewol A Al Zstatz] 9 &)
HE #F dolgE ulg o & surface renderingg 783 2dS st 9= W3
st Aol Fosit 3249 94 Rdo e st Y WIS A CATIA
V5(IBM, USA)E AF83t9th CATIAE 39 94 2dS AA7] 9 AL
& 484 CAD/CAM/CAE ZAXES9|ofo]t},

4.1 329 F4AT4

2 Ao = CATIAZS o] &3}9 surface rendering & 339 G4 2dS A+
AsleE AL dAEE AWs At CATIAOA = 339 XQE HolgHEL vt
A TH15].

3219 surface renderingg 9 H X 3#FHolA AW T2 WS F3 femurdl

f

go® 344 helat WE YA/ AF BHE@ 1w AT

et LA E dolE(igs FY)E CATIAGA import AHTHZHE 4.1). 19 4.19)

MGl x2 BAE 2ol Hxel ti 3A4d HAE A 4EE FEoln,
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| [ <[ — =[x =[5 = o =]t 8

AED) UB!

BREOS $IDSNAL D 20280 4N,

Select an abject or a command [ ]

a9 4.1. 3x¢ dlo]E import

oz F ) o4 XAEE dAAdsE Aol HAdltl o] spline curved
A A8t spline definition 7152 AF&3ttlh. 22 layerd ¥JEE BT AAs
o femur? ©W contour® AA AT o1& HAL 7} sliceo e 3
o] Xl ot

K CATIA VS -~ iomur.CATPar] )%
B s Bl Edt Vow Inser Tools Window  Holp

L[ <] _=I[— [ —<[x <][3 fffore =ast S

Spline Definition

@ s Poin ater O Add Point Before O Fsplace Paint
[ Geometry on support
[ Clese Spline.
Hemove Polot ooy Tai ] Fieveree Tard Homove o
Show parameters 2>
3 Cancel | _Proview

S

BREOS $PDSNAL D 20230 VN Blar w
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N
3
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X

AED) UE!
_BREL VPPN LD ORI N, Bl

NeREs. a9 ® e BEeY wHensqAA 2 B@EE '3 /2388 oLs 2,
Select an object or a command | - ]| 77 ]

2% 4.3. femurd line o]

Sog ddHyFHE A4 surfaces WA AT ©o] = multi-sections surface

definition 7% & A}&38 %

K CATIA VS = [amur.CATPar] =8
Elsen Bl g sert Tools  Window lelp

o L2 s 9 0

R‘W\v\

N6 Secton [ Tangrt Closing Pl
E hete Forsoti T
15 Amereaer 1 Terag v
< - e

Guides | Spine | Coupling |Felimit < [»]

N Guide Tangeni]
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1 éngular Correction
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AE D) UE!
BREOH WIDSNL D 20BN NSE
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= clasing point [ |
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IRY=3=F]

Select a new curve, a tangent surfac

_18_



mxEro g A E FdE Labviewol A Al$7l53 25 stl 3 Fe=E A5
% export Al # Th.

K CATIA VS = [famur.CATPar] B )
EISet Bl Edi Vew et Tosls Window Help

| [ =1 — ~][— =/ _=I[5 =][ore =1 8

Blare
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BPRBOA2 WIBINL D 20 280 0 N\,
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_19_



Q
a
=

L

ofp
wo9o T W

" %o Mo T of
~o Bo
NS ; oy N X4 N
o o Np ow ey 1
~ 1o I = o
F X W WX i I T
MBEMW% R °
o o — o8 s B =
wa S T hw oA SR = R
AN FoR T MO ¥ R 9 o~ g
= 2 2 il " = oo X R OX <
G A = < _» g T x % b
A e - — _ﬁo ol = == " e
o ) = ~ - = = = 7
) = = N A T X T N
s ' = AT 2 = W o X =
I Wa T T 5 mﬂ N R o | ) il %o
s X o o= © ol —_ = o T
NI ™ = ~ Nr o K o — o -
= ® B B AN w B E z
= T A w,_ < oF _qﬂ o 23] £y .m_. 2o B ol o T
7 ot o O o % < = o=
XE X ™ . ~ Ef o ﬂﬂ ox _ ﬂ__lm O#E M_W.l = o
R e n R E e TR ok o om
° =T Y nox TOY o= T T T s
iy < T ow i M_Au m = Mo oF | W=
o m B : - o o T I R o
dors "B W < TR
== — hd
+ = F B B g & w2 TR W 5o oy
K TR % s e owm ® T i
T w g © e TR oM ® & Mo e i
—_ o vl ] —~ =
H Vom ofp el - ol X ) A o £} ‘E ‘_um Hu ) o m m |
— ~X Z_D KR iz - “_:_.AII fv_All o n3 m o .l N _ .m
s B 7 X oy <O oy o < g o | = X o
= Mo § T Bo N = m_ N ) =~ m W
I ol %%@ub%qwfa%@
o o 4 m O —_ | ~ o MUTN o Ho 3 iy X nl o
°F AN a7 a %o L T 3
By = - ~ i 4 5 E e ¢ oo N2
Ao s CHEE I o] e w2 K o 4 R
B o S Q o ™ E T g AF o o o
HLL :: M ,I__A X L o an
= b T v o ™ o A e e £ _ 5 - I =
T 2 o < " %0 O s G 2 - 3
wt = ~ T 2 W B = o g F o = = o ° S 3
5 BT Oy E @ < i ) w7 o5 8
s T 2l =~ =t T
B w R R = — - . OSCCICCI F T w o
A 0 ® xE R OR T TR §
5 ¥ I L EZ WO R 8
< o) T = o# 0 ﬁl N M.O m.
.A,_ = Be w0

171 9

°

wA

=

=

A

- 20 -



EW TS FE AEGIT 4FolA PR 2
=AM E 3xY 2dYS g3 FHS FAtE FEH triangle meshE AFE 3}
o 45 xdstATt TKR FsdAe 94 A4S H7tshrl 938ho, femure 3

A9 94 2Re FANL Y BE TAEST femurd FAAE TAES F

5.1.2 339 94 Ao thd Ay AL & o=

AF7HA B Asoe] 24 g AT EA dal B =A A4, 9
g g At e dgel g 23 G Adel oI A ZAso] EiH
ATH16]. 53] vt F[17], x-ray °lW A|[18][19]& o]&3te] 8 Fofel A
g Ade A, 23l gAY vlsketA Zdel da F2 A8l gk
aEa 33 B AR vleR nstEe] 3xd o8t A delHol taiA g
AT W&ol TEHAC201211[22]. sHAI R ofdE] 23, 33 7]Eke wdo
e AL computer vision EoFellA FHAQ A Fokgk & 5 9tk
[23][24][25][26].
SEAoR 324 7ets md o] 4 AT F oMY HxE AzdoR
g59 2719 dojg Aol oA s ike] dA = ERQIE AS of= A oA

e

o>

A gl o] Fojzinh. o]y AP EAE sAsty] AT wHoere A
T HAR FES & e, stvde FE Y& (quaternion) 7] §ke] WA o] 11 [27][28],
o2 sy Arund  Haralick[29][30]¢] =&olA Alet®  Singular value
decomposition (SVD) 7|dte] BFH ot} o] & F 71#] "W Qo] Ao
3 ¥ 7}E least-squares minimization (LSM)O. & F =2 o] Fojxith E =T o A
= AU 7] 3d wss Afstol FASAY. HEYR 7Nk 3d ®

312 34 WH3lo] o]Fo] A w WAF = orthonormality constrainte A2

3 AE AzgelA 93 4TS FARI) AT AW Y =AE7

-

Basth 37 o4 AEF TAEEL Asse] 349 BAE AR

%

74 ol A]



Kl

=

=3

7FA] 2

=

A threshold

=

(e}

p

R

&l A

FoH311032].

8 3

=4

A o] t}. Residual noise
9

dl o] Ef o] th

1
47}

o
A

R

pad

A

=

=

=

z o
==

1% 2 o4
Xﬂ,i

}

1=
°

hud

digital probe

o] ]

3} residual noiseoll i

S

[e]

O]V ey
A

=

I
=13

b gl

©

AR ATHE 37

EEE
3} o] A
tg,

ojn
0|

N

Ny

T

~
.AO
i

OO

=

=

(6.1)
t

1

L

°]

2 2 8} 3}

[e]

=

=

del g

1

o] o] x| 7] ol

digital probe

L
L

3 D

[¢]

A M LD)]

/
o vl
bk,

°

min
UeldHTh Besl ¥ Mckay
3

S|
=

=

=3

Zke] Ag
Iterative Closest Points(ICP)

p
L

o} 7}

1

A
=~

ol

2]

0|
NIl

Toll A o] Fol

o} s

EERCEICEE

o)
=<

m

_22_

14

[¢)

minima”Z} A



Nl

g

o)
=

5.2 Iterative Closest Points

B

o

X
oF

~
]
w|
P
)

Mel &

=y
-

19 5000 drERH AT

=

=3

Al

R

=

}

0
pad

o

|

23]

23|
s

rvze]

N

A SgHow

[e}}
PR

2 Az d4dHo

o

E %

2]
)

o

G ZE ol Ades ol

5
Rl

o

3

—~

M/O
|

—_—

el

B

A IGS Al =g el A

ot

o] = 7AYo
o] A digital probe$}t

oF
ol
o

1Ho

&= 2

S
il ]
|

—_—

el

P

i]in

=
==

)=y
-

P

23]

Al (image coordinate) ol ¢

A%

A}

)

94

]

D

K
TR
o))
=

Al (world coordinate)©ll A

o 2 o]

Ay
W E 7

"X’]‘_u_

2}

28 ¥ o] 3 of

°]

A
A=
Ot
il
i
Ko
Ay
A
7o)
2

stol mAaN]

Ll

ol

) 12 o]

AsHoz 97}

el

¢
ol
g

ofp
sl
i)

Ty

_23_



B S ®oO® RTor o NSRS R

o L o ' oA N I o
o I R & o
N o EE A_I & T
i Moo Sy O oy

a ,w/ro o mma O ) EE
i ﬂﬂ o _l .— ,wArO
= oy S R S N
2 e Moo= 3 F
8 o mw W or —
A B S w
& w| .o I i —~
2 T CIETR NG
5 o Moo M TS T g
B = B w X4 o Tow Toa
w %0 OC <R Cle ﬂyl 1: ] ‘_ﬂ‘_ ‘_ﬂﬁ

o T

o o Wm P WM ﬂr W ,_Lﬁ x 27
) - S8 = 2= W e B w

)] E =
p = R, m_m Yoo
70 Sl > o i
Ire = ~ HT _w__e ° _.\,T_ CIC I %Ma
o G oW T B o= BT
. ﬁa N o o7 B o= B F ogp oo
S o AL wo U o=
el _mo = e X X | tho
5 Ex o om0 o0 ¥
3 o ol et N - EK & il e
= N O N T
= - ‘_lﬁ_Al D — o) HT

S o W ow I
= oy e
) 8 B & m % DS

ko) ol = ~

P = M wm % ~ = M i
y =T v Xq zon
2 AR B S Y
T - wo R ey T

< ,D! . X
N o Tx T w N ® o
5z ¥ o . W oy Y
~ A RS R ol SR A 8

e

T

5

of ofAfel o]

3744
— 24 —

p

e

A vk, wekA o171 Mi

o]

T



sl dojdl 3xd #Hx AlaE el HAIVE FvH(d 52).

FAE A

712 digital probeZ

ofo
N
rot

A71A d&sts £JAES Migk Di Abolel A== A5

32
o

Oe, ot T RE $439 Aol At HE ARAA Mol o] Fol

i E_ Marker
i : extraction

Patient femur

Registration

-
=
-
H
H
H
H
H
H
H
H
H
s
=
-
-
=

3D model

(a) Fiducial marker based registration

: Shape
.- extraction

Patient femur

Registration

Medical images

I Search for

30D model ” Corresponding point

(b) Shape based registration

a9 52 3749 94 Ade

_25_



522 ICP ¢xgs 78

e
BN

o
=
)
N
=)
o,
S
e}
u2
kl
Ach
aly
Lo,
o
o
e
o
rr

K
[40
(m
0¥
Lo
do

17} 7z A

I3 shape 7]9He] ICP €1

iu)
m[x
Lo
o
o
e
o
rir

4
[40
[
oX
o,
do
iy
e
N
e

3t7] wEel oy WMo wRAQ WHE Falo UAIFE EIE S Folrte
HA o] BEAolth, UAdE EIE HS BZE shape 7|§He] ICP &g &9

FRe oy pri(ady. 5.3)

3D Model Repeated iteration Registration result

19 5.3. Shape 71%te] ICP 418 &

© 33 ool wg WM FgE =75 A7
shak

@ Digital probeE T3] 5% DiY FE ddlA 329 G4 ZduUe B

-
I
e
riet
-
B
o
o
o
il
P
N

ZAELE FoA 71F 7H7tE TAE MiE euclidean distance® AlM-g 3o

_26_



B
%

il
=

R} o] 5¥E T

0d @2 Eol7hA

}

0
o

pa
o~

o
-
jont

ofp

rviel

X

ﬂy!

)
K
ofp
—

M/O
|

23]

523 ICP &g &9

3

ol

-

B
Nlo

rviel

X

ﬂy!

o}
ol

rviel

X

s
-
To

)

of W7

1l

Bl
il

Ny

ol

|
—_

K
ol
X0
|

0

P
o))

rviel
o
ol

rvze]

X

N

1

=

3, ICP7} o] 0] %]
(53)

FA4ol Ao Pe 1Fe e

1.
H

o
1,..,N

u, kHA A

-

{py) for I

[e]

A&

keha A 9
P

58
o] Ao & gt

b

H
pul

p
R

i)

=0

o

5

)

Aol A 374

1

0l
H

xé S

1E7F kA

R

[¢]

X

o & 3t

ol
il

o)
il ]
|

0

B
A

o

~
)

(5.4)

1,.,N

-

{y,} for i

Y

W]

B
2l

EEEER
3 ol ®

o, kA A

KN
=

g% 2ol Ao uR

5.5)

_27_

[e]

i=]

o}

f
L

2% 79 mean square error



a8 dAFES] AR AE IUE OFS A % o]FHE I T mean
square errors di 2 A9 AL uf, o Fo] AT F Yt}
1 N - - 2
d,= WZ | yiu— Rpiw— Tp (5.6)
i=1

ojw e o d £ FF de < e 7F HTh TR di > e 9F o] ®UHE, I A
ol W gho] WA &= T W (identity transformation)¥ #, ¥ 2

Ha wao

gl

u

Hr

mean square error(en) S 7FA Al @ ol o] AL
oz Hx AZ IAE 59 A Pt kA G4 AdAAS AXH AF
A HAEAS W, sid EAEEL HAE Praolet shAk whef ojuf 33
A 2dde] HAAZY] ¥QAEE e 2Fo] oA ARHAAY U HAE
AT P w, 2 HAAYY IFAEEY] IFLS Y 2 Aotk ol
mean square errort 93 W3] di 7} 3, o5 2ol A,
1 & - - 2
d,= WZ H Yie— Pik+1 H (5.7)
i=1
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ABSTRACT

Study of region—-based 3D image registration technique

in TKR operation

Key, Jaehong

Dept. of Graduate program
in biomedical engineering
The Graduate School

Yonsei Yuniversity

Development of 3D image technique from medical 2D images made it
possible that a doctor could be offered various information for surgical
operation. It was difficult that the 3D spatial analysis of disease when
medical 2D images were acquired from X-ray.

Recent invention of image modalities such as CT, MRI, PET, and
Ultrasound enables image modalities to offer a doctor information of 3D
image. However, these image modalities can not provide a surgeon with
the information of surgical process for intra—operation.

Therefore, Image Guided Surgery (IGS) system have variously tried in
medical fields. IGS system is able to give a surgeon objective information
of operation process like decision making and surgical planning. This
information is displayed through 3D images which are acquired from image
modalities like CT and MRI for pre—operation.

The technique of image registration is necessary to construct IGS system.

Image registration means that 3D model reconstructed from 2D slice
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images of patient and the object operated by a surgeon are matched on
the common frame.

Major techniques of registration in IGS system have been used by
recognizing fiducial markers placed on the object. Techniques of image
registration using fiducial markers are easy to make a system because this
algorithm matches the position of fiducial marker on the object and the
corresponding marker's position on 3D model.

However, this method has been criticized due to its invasive protocol
inserting fiducial markers in patient's bone. In addition, marker can
generate noise data when 2D slice images are acquired by image modality
because many markers are made of metal. Besides, additional trauma can
happen due to projected markers on the object.

Therefore, shape-based registration technique using geometric
characteristics of the object has been invested to improve the limitation of
fiducial marker based IGS system. However, shape—based registration
technique needs more complex algorithm because sample data acquired
from the object must be found the corresponding position on the 3D model
by algorithm.

Generally, Iterative Closest Points (ICP) algorithm has been used to match
two objects. The ICP algorithm can make accurate matching when
corresponding points are exact. In this study, we made the region-based
3D image registration algorithm to find exact corresponding point on the
3D image model. In addition, quaternion based rotation and translation
transformation using closed form solution are applied to find the optimized
cost function of transformation.

We assumed that this algorithm were used in Total Knee Replacement
(TKR) operation. Accordingly, we have developed region-based 3D

registration technique based on anatomical landmarks on the object and
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this registration algorithm was evaluated in a femur model. It was found
that region—based algorithm can improve the accuracy in 3D registration.
We expect that this technique can efficiently improve the IGS system in

the TKR operation.

Key words : image registration, 3D, medical image, ICP
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