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Al 27& Total knee replacement &

2ol M= B wRold Agstux s TKR & el 49 sl
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Al 3% Stereo camera system
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18 3.1 Stereo camera TS 9o FHEF HH

Picture size 1280 x 960 pixel
Digital interface IEEE 1394
Resolution rate 8bit / 10bit(b/w only), 12bit(ADC)
Frame rate Up to 10 Hz, 7 Hz (RGB)
Lens C-mount (8mm)
Dimensions 72mm x 44mm x 29mm (L x W x H)

F 3.1 7heler A GAALR

o1 f8] B Rl (GSe sHde e Axg e Zade A7)
shoith % dlo) Avlekel Image plane®] FAHE Ak B WaAw A%
A9} shole} Ajole] A2l Baseline 24, Wit} o

¢ 4 oQe Ame Abie Zage 9w 329 2o du S A4

Jn
rlr
SN}
L
BN
o,
o
X
o
o
X

o Al Alolel o5& AfFEA ] A B-2AFE olgsHAm
o 7% 242 93l Apiebt 33E ZAde ABEAE 0B S AFEA
24 PsHES stk wd et e we) e Folud T ¥

A
Fuo geson axe =32 sk



(a) Stereo camera frame T4 % (b) A Z+¥ Stereo camera frame

19 3.2 Stereo camera frame
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Ta2E m71x] I 92 o]FwIS wHEH oz S =4 9] Closed form
b B[zt ol Eks & 7 7] wiEoll 7€) ICPY /AT Wi vlal S

432 AHY 2
A AHYLE 42

Bag WuolA 2 Bk EUEY 9AE shte MY Ed @ & ¢

>ol, AU g ARgshd 3akel &3tollA 2AES] HAE Wt 7w ga

FEUee Base wsd 442 A AEULe PASE W 9y

oo 4L ki

rir

A)

—1, fA=—1, A=—1 (4 45)
g=r =i k=7
JI=—k =—2, th——J

_29_



mep] AU o] 7 ten 2.

rq=(roqy — 7.9, — Ty — r.q.) (2] 4.6)
+i(roq, +r.q0 + 7,0, —7.4,)
+ j(roqy —r,q, Trgt rzqz)
+ k(r()Qz + Tody — Tydy + er(J)

oo AEUE FL 4x4 MEGAE TS e go] Uehd 5 gt

7~V =7, =7 . .. N T T T

T\ sy e | 0T = sy s R
7/,1/ 7 70 7% 7/y — 7 70 7
7277 7 7 7 7y 7 7

B. A& WA
F e Auued YHe Qs 2 9zl Fo e ovig,

P rEnantoatsatsg. (A8

bl Aol A7) AFE AU 2Ale] WHolt},

Id%=2¢ ¢ (4 4.9)

B oo npz7A R AEH Y29 Conjugate= WE Ao ConjugateE FH &&=

o,

_30_



< v o® Conjugate?} 7450l A+ 4x4 WMEHAE oy 2

A
o] AEIY29 WAL Identiy WEZ A Foi FTAG Ax 2}
Q=g (A 41D
ek JEYU 3 FEHY 2] Conjugates FHE U9 ¥ oz xde
@ =@+a+agtd)=aq (2 412)
uebr A AEY 29 Inverse= HAEIH29 Conjugates HAE| Y9 =719

AFoR rolE Adz Bde 5 Ak aenE A7]7 19 vl AU Lo

Inverse®= HAEY29] Conjugatedti & 5 r},
=(1/q-9)g* (& 413)
C. 29 A" Y23 A3

3AH FE AsRold] EAEY AAE el WEE sdugtel o) folx
o osteetE WEe] A wskeld St E9 oy Y ZAsEe A4,

EQESY Aol 2 IANBL A W, 1 ETA=F] MEE 9 Fri
Wb gtk aenE suse MeE ge By ig fARna 3 5 9

75]
thowebd] MEEel WA @e §AsE AHelA £FshA serEe s
g AUULE] A% ABd ol AULEe] 94 22 & Yo, v
9 AU Agsle]l HAVHE BA ¢ 5 ATk £@ dolo ALl ©
9 AL Fao sriete 1 Aede el )

CadCon=pr (A 414

_3‘]_



weba ol AEU e w9l AEYLES Foo 5 v

tlo
=3
r 1
i
¥
o,
T

V=g (A AI5)

Eat ol vl AEUes Axete 44 MEYaE F4 5 o

0= (QN = QU@N=(Q7Q » (1 A16)

7.7 0 0 0

— z
7
Q=0 (Atd—d—d) 27.9,~a02.) Agatae) |,
0 Agw.taa) (do— &+ d~d) 27,0.~20a.) K
0 2e.4:~a02)) 2g.4,% 2022 (=7~ 7+

4.17)

Aol 4x4 mEZH AN 03 &9 FAEHULZ w5l 1& Al 3x3 WEHAE

dnkAow 3akel Ftol A Bl d WS yUells 37 69 dedE R A
g 3 F(ox0y,02)S B9 AU R Wgshd o2 2k

7=c0s 9 +sm (sz A a0 ) (A 418)

olsh e wel AL olgshd dawae HH¥ @ #4 TE & o
o kol e s de 24 548 Tes gol maw

F=pip= Koy ;e T =59 K pox (A 419

=, w9l AHde 3¢ Fa4 24 H9e 7 5 Aok oleld w9 Ay

_32_



el ate Hasatr] A ;”/,,,Avm A7} H e Rolol

A
gt A & AT wEbA w9 AEY 2 Zntl A = Z('q'//,;ﬁ).'/m%l

of A7k wt wel AHULS Folop @k wat o AL el ALl A
FAEY. 2P o A9 7} Qi 4x4 WE

7

Hol ue} 207 )7 0%
£

Yo Fddg

-, - |0 _/r’r,z' —J/W-_Z,K;. -

P rnid=\ X, 0 —= ni Vo 7=1Ryq (2 4.20)

J/r,z' Z’r,/ 0 _X,KZ

S i ™V ni X oni 0

0 —x i Vi TR - -
[]P/,z'g

77 ;=\ ¥, 0 2y TV 9T (2 4.21)
, , , = 4.
.J//,z' —< 7/ 0 X F
\< 77 Vs X ;s O

e Aolgtn ¥ 4 Ark

web SR )R, 0% A7k B s

of $4e thg) gol EHAL.

20 TR R, = o I RLR,) = a (V) o= ¢ N (A 422)

7

_33_



NS SymmetricHE& 249 o2 Fd d Ay=z usbd NYA Symmetricst
o 9% JaAY Q8% JuAdA SHE AR T F2 /I/:Z//'/Zf

EAT 4 duk . aga ANl e Ak g AN A% mE

=
La5s XAt MEfAS PG Hadt 2

N

(SutS,+5) S-S5, S.—S.. S S,
Al SemS, (8.8, S8, S AS. "
S.—S.. St S, (S tS,~S)  S.+S., K
S0 S St S, SoAS, (=SS, +S)

4.24)

4

weba] oAl Ak Closed form solutiond Q9FahH 1z 0 220 HX
af
A A aelan o) ghEe 97RO JO G (v, 22 )T ARSI
=i ols #ew 7Ivem 9/l R A IS (5, 5, ..., TEH
A},

webr] N& 2 559 #Zo] FAsH =i 1Ela o] N& Fsl 4719
Eigenvalue®} EigenvectorE st/ "tk 18]al o]F Hu 459 Eigenvalue

Alz~do| A ZAE 2719 Centroid= zZF #HE Alado| Ao Afael ghe

i
4

o] &It Eigenvector= A= olg]E HAigsls Ao gk 49 AEHY
S el A "ok gEla 5.3.2-00 A Aiglol], olF W2 QEE HH AX

_34_



AER oz 9 FAHYL 7|99 Closed form solutions AF-8-3FH,

o
el
bl

o

50 349 44 wd ol ARE AAete TAESR o5 A HAx
defe] B @ olF MBS T & Ark thAl LalA, Nol g 2o 4ol

o
Eigenvalue®} EigenvectorE F¢ozZx wtEx oz 3z 2 o|Fwss 2o

=
20 glol 419l FA%o] ot AT o] FNFS e & Yk AL o

4.4 4979 ICP ¢ &

d5E 4.347HA4 =

1‘
o~

(S

N




o] WOl oA oy Zo

4.49) o] FEnA oA FFne 4

A=

XTI
M P T T W oo g § W e R
- T T % mi\ﬂowjxaﬂimﬂﬁkca
T TR R T R A5 % 7 =
Do = X % e 8E SN L
BB b 9 o X g X — @ ® 3
B ~0 o O B = < (- N
~ T it OH n Fo ,UI o o) m B~ f =
o . w ,m_l @] ~o ‘Mﬂ O = i O ﬂNl > \Iﬂ
W T 5 5 = 7 T Wogm = oy E Bl
L R S BT 3o § o G
rfic piTiziofzircic
90 | o = Nr o & ° T ~ N m
B — [aF . X \mﬂ - Dl O#E ;OL e 0
Mo £ Loop ™ W o RO i | Ew, Coal G ST
805 AU T S ] 3 Mo 9
R CRCA CENENEE G - of N b = % T
oy EER . LT T R I ST
= MLz oy 5 T oS R oW om g R0
0| S = 2T L A oo T g
e m H§ 1T ) oF = of ¥ 2 oln © )
Pk WO o £ M ox o P U NN
k) M BT o= T o ™ o m ol oy Mo B
) e oo X s o T 3 o \U_! o i} jpasel
T T e 3 all & B N = o o X oy
3 W Mo® oy o o & o 9 o
g s B = o I = & %5 3 T T WOBE B
— 00 o O#E ) iE N 2] o =
R T I o gl W) s =3 e o B ofp w X @o
— "o = o R o 2 T i = w O % Mo oz Wu %0
° M i - = w 1o <) Oﬁ XX L —
woE2 Tl TP FET XS <
U= R U EREEE- S o ook T
o W 5w Np = IS b O ~ T o H — 3
o2 T T N = g £ r X _
| B & o oy BT s R or g =
° X A I R ®RX .S
@tﬂﬁﬂgﬁmw@ T2 oM 5N moa o
o S of S o 5 oW 7 RO
mawqmpw%yﬂw%momg@ﬂ%
~ T o W oy O agﬂﬂﬂeﬂm%%a%
~ el - = o — X AARENS) & =
o o] = B o .. 0 - =0 <
= o ST T O = 7 X0 - o G T
2 g = = =) Mo % ML_ o ~ v d#ﬂ )= v % = =
il < o P ) X
i £ LR = = 0w w ) T £ ®m 3 o
H;I o_a =] o #E ~ ) il n o] I
1%%%.mﬂmwﬁfaammqmmdmﬁ@
S T SO s o T e B oM oS
A ® T o B P

- 36 -

Local minima”}

=

R

uw}



Al 54 F471 IGS Al=" A4

o Aoz & oA Adstaal sk 71N IGSol dial Aok A
= &gk AAAQ Al="e dieA AHEE st 2" 5.1s BE¥ IGSY
Pre-operative @719} FY8A tEH= 24 3D 27U E o835l 3D 2
TS v 2H P Jhelet Alago R tEE Reo] Z4zbo) ol PgE
¥RJAEE #53517] 84 Soft markerE F235tal Bygo] # 2®H L 7hdEf
A 2 B9 mAEY 3 AAE SHEUAT. olFA SHH 7 gHe

W
!

WE EQE doleEs e PR 3D md el A4E 2 oo

Intra-operative

3D position of markers

- e
< . =) ‘./

30 modeling of femur phantom

Pre-operative
# Camera and coordinate calibration @ 3D Region-based registration
@ Region-based marker position measurement

a9 51 ¥ IGS Al&d"

v
dlo
lo
fru
rhe

=9 FA7INE IGS Al2®le] tholoj o] ¥ 5.29F ) o

Hael qoolel viASe NS F sblek: BalA FAAALE ol vhA

_37_



X)Y) #FHxEE F=3¥32 74 9d9¥ uvlbAL Corresponding pointE T3+
Disparity W o5 2z} 92t mr59 3a¢d AAE At deom A
2 Fper HuAe] HAS A mAHEY sd B ool siekE A=l
ol A& EEo] sidsl= vAES 3ak YAE FI A dEHE 2dY
Gt A 7 elol] YA st dAHS AA AFE dAHES AE =
°91E9}o] Closed form solution W o g 3z 49 o]y WS Hgto] ¢y =

e g,

Left Camera [ nght Catnera

Image
Pre- pro cessing

Image
Pre- pro cessing

J (

H =8 Matching Corresponding Points

|

DispatityS 0| 28 57L&l 27| H A

-

(
[
[
[
[

Tilt-angle & Scale parameter cahbration

)
]
]
]
J

«< Stereo Camera System >

a9 52 FA7IN IGS

Regional 3D sample points data

T H HIHE B HLY
EI
A 42

TRES 9 H2E B

(Least square ermor)

< 3D Image Registration System >

=M &

29 5.3 IGS experimental system

_38_



Image Guided Surgery Femur 3D Measurement

sl Tirme View | Conrhinate Suilid Ve |

[ =

r

e
A2

[ 1w

)

[

| et RS

Poummber of Wk Pavticte Wasmuesrments (Fiesh 1

E——|

(b) Stereo camera program

Image Guided Surgery |Femur 3D Registration

Fm(zﬂl

Mean error (mm)

Process Cendition | Closed form solution | 30 Visualizatian | Region Marker Position |

Number of sample data(Mrker Num.)
|2

J465 036 Markers
@
Region based 16P
2

Region based sampling
Teration

Time(sec )
0131

Sample ERROR(mM)
252618

903 Residual ERROR(mm)
Time

@ End of ICP teration

STOP.

Closest points

.

#o Koo P [soes b L2 P Loin

Jo b Fooe b [om b [ W o  Region_based Output
2 [1322 |2 fi620 B [226 & 2117 262967
K osoz | B¢ Jess2 | X o716 | (% [2a22 el

9.96 1433 3256 | @ [531 /52505 1 faca s

2 Jisas |2 Ji510 B [1ess | B or7s
€-5202 [ 86,06 | X -0560 | -4914
Y Joos 2320 3200 | 046
[E 1542 (#1507 [f2-1a39 [§& 45207
X [o202 | 1€ Jec06  [X J-0560 | {5001
¥ o6 W 2320 | 3200 {231

Sample number per regicn

214512

576.909

426.369

249.447

549281

493628

1
1
1
1

(c) 3D registration program

a9 54 IGS Al 2=H

_39_



A 6% WA IGS Axde FIE B}

4o 422 B 0 T ouAz sdde sk Bal 958s gEz
Aol gele) vhAl 3abgl EQE dolelg 3D 2AUE Ba P48

# wae) Ao e 49 ICPol 3R FESl o A5 BrsHn,

1o
S

N

6.1 ~H AL stvlzl A€ Y AT

o

6.1.1 €@ e sive 34 HF 2

3.4.3014 Argt Fogk 3xkde SAS AsiA s A7) g 7 oY

Zhel et @3 Well sde AAar|E FHE=A et A5S Sklvh A

dd AAHFY #E 425mm, 525mm,

655mm, 885mm, 1030mm= ZlHel dl=e] FAsHA HE olFstHA FAg
dolE SAsA

oz2= 72 MEZF 20mmel At w)

_40_



O Right Camera
M Left Camera

© o} < o
X1dQ |/ww

0

655 885 1030
71 2] (mm)

525

425

N

T

1o°
=0

13

=
=

(a) X

O Right Camera
B Left Camera

o Te} < (o]
[oxido |/ ww

0

655 885 1030
72l (mm)

525

425

a8 61 2Hd e st F

A7)0l @k 77k FE et Aveig X5 YE

_41_



AASAl AolA 2249 Gl A == Corresponding pointell thal] T4

i}

sl Disparity® olgal: tEZe @ ol U@ FUW AVE F3L @&+
ks How B omgda T Avlete] gans gl 349 995 =4

of 97k WASA e & 5 ek

6.1.2 2" L Ftvete Z-depth A HF A, X, Y-Scale factor A%

Ueor ™o JhetE o8 MeAdRE FEskeH oA AEHHL
Zhelel ekl EAlE JheEtRRE AYE SR we SAHEE 27 A9

= 7ML A FAsl e Aol 7 Aol wE X, Y, Z9 Scale

factor®= =A3}9c)

pixel

y=1.0643x - 175.14

koo B30 BED /a0 620 B850
Heal{mmyj

29 6.2 ~2dd9 W& Z-depth =4

a9 6.2¢ 2HEL FHdeEtE ol &ste]l 3k AAFH FERE 510mmeol Al
650mm7tA oS swA A zo] HA gg SARAT 9o AR 0
2 oA TR e ghelert Aglel St whe Ao Zlo] ARE
MgHos Z7rske Ag g2 & 4 ok e 99 HoleE kA Z 7
wE A kel #AQl Scale factorE T3 A3 z=1.067zel/mme TS &

PN
s % 9

Beow 7k Yk X % 3Fs Y & wgoze Az s



Scale factorle F4& 33tk Y I oz 510mmolAl 650mm7FA] ]
stA e Xakath Y ko m e S o] Scale factors Tst3T
355 r
345 r
335 -
[ 32.5 O X-axis
o 315 - W Y-axis
30.5
295 -
28.5
510 530 560 580 610 640
Hel(mm)
a4 6.3 X, Y W] Scale factor =4
510014 650mm7HA AAH-HE o] EstHA 30mm vHAE o]&3skelS W I
Aol WsltE golgk Floju, Zhzte] o zZo AgladAx A7t A 30mm W3}
of dlgt JAWsl: Fde HE& gl 5 Qow 9o AYE nEgo=
z,y= 1.097zel/mmAS & F AATh
6.1.3 2H1d 9 7lva nAANY A3
geos A2 o et AxAe A3t ArAe B»As do I I
vHE o]8ste] Wk Fhvlel HxA 1A digt A5 AES 53l
i et2 mlgd o] Tilt angled 42 A& 3209 B9 72+ Fo AgA
¥Z =W AS 8to] Depth-maps Takolth whebd s} 42 ¢ xlo]7} wHAdslm
g2 outgd = BAIES w9 Aol duets A2 o AR o] "
sHAIRE 3 A BA ] Rotation W33} o] FW¥gS W 72} Fo] 5dg A=
SAol " oldet A& I 645 Fa &AT 5 Ak

_43_



600

580

540

Z-Depth

520

500

480

49 (h)E ¥ ZF %9 Depth-map©]| FH.7} Zhd e} dl=<9}
gk AeElolA] FAEAES weo FHY AGARAS & 5 Ak o= FhdEt

>
oF AFzt AFA7 ERAN 2R Ao od RAHAZE g & F A
6.1.4 28 #d e vzt A= A5

w8 e JhEE ed diEEe vpAE FAska aelA e

Scale factor® o]&3F 2H Qo JvetsE Bk U & AAY A gk A

g =35



HHE EHA BZ{(mm) 1.15 ®Z UFSF 30mm (pix) Y= Wk 30mm{pix)

tdaz Error {mm) 3.00 31.77 39.42
bin Error (mim) XUFSF mm/pixel YHESE m/pixel
Standard Deviation 1.35 1.06 1.31

2 e JhHet dellA Age 9f& g A ARE WEAd w dE =

AR AeZt HAEEY AvbiEe] JHYS AAEA 4FL SA 44 5
1
2] Ao 3mm7kA AR

6.2 G IGS A ~de AT A

W

4
o grolMe] AX gl vig A AL AFAAL AT A

F4& AFe7] AalA 448004 A4 7 Gojnik TKR Féol Fag P&
D

2L o w9 Ak x| Soft markerE F-2rsta Jhdet HETAS

Z[Eow HEE BEEY 2%, yF, 25 olexid W wE JAAT A5
ztzte] Euclidean distance ®'Ho 7gjxlol& g7} sioloh. &=k 7hv|et si A

_45_



6.21 HES 249 X, Y, ZF o]Fo }E IXAYE H7}

R E IR

sto] Z~HH L 7 EtE 8

3lo] Iterationo] &

s wgow Al A

A a9 6.5 ol 2L JhvEr Zeddo =iy thEEo] Jhvek &9

A Al 2% o sde 54 Xl nAE FF
T 32 AASAHF GG ICP daeEE AE
Aol mkAZEe] Euclidean distance 7@ #fol& 54

=

Aol Eolee WY WAl 2F AYxALS yF, :F AAE AL 25 W
Fo & 170mm ©1%F, yF AZXNL 25, :FS AL fHORRE yF W
o 70mm%-E 230mm7HA 160mm °l&, % ZAddxAe %, yF= 13

3tal 2% WEFo® 370mmY-E 650mm7FA 160mme W3l A7)

FEE 4F AU 2%, yF, o5 o FE BE WHF IIAY A5 9

d the Fo 9A:

angle)= 42 |, y& 2%

aAskar Zhrer #xAeE E=ol] o]F = oF A(Tilt

(Pan angle)& 0 & ¥ &S 14849 oh

_46_



@ Region 1
W Region 2
O Region 3
[ Region 4

uw)lolie uoljelisibey

Region

H
ol
rvze)
»AO

s
Bo

lfK!

o
ou)
el
N
o

i

(a) X

E Region 1
M Region 2
O Region 3
O Region 4

< (s} 8\

uw) Jolie uoljelisibey

Region

H
ol
vzel
AO

T
3o

njJ

(b)Y

_47_



€
1S
\5/ T ORegion 1
5 3 B Region 2
.5 l ORegion 3
< L ORegion 4
32t
&

1

0

Region
(0) 7% ol5x4 Wi BE JHAFE
2% 66 X, Y, Z ol FHst B JAATE
99 6,69 Aoz 7 A ool W Jovu ICPe P4 HEnE BE

3o, nhAToR 4W ool Fom EFAA} 2 WAHNE B 1Y 6,69
@, b), ©F B3 FoAg & ek, oleld A% AT Ashebhel P2y
2

helet e Aol Aold] s o)l we Fuel welA 3244 A7

o 2=
Jeve 2e ¢ 5 o

e

_48_



344 % %7t

J X%, Y& S4d0 B o

==l
=

a-

6.22 HEH=

2Hge Jhvel HEAE VIEoR HEHE B

=
e =

] wlA7+9] Euclidean distance?] AElozts 54

R

o

o 915

=
=

£ vhA

29

ol =

Eal

B

H

of

o
o
el
»AO
Bo

—_
fi%e)

o
=

)

A % 6.73 Pol e Jhvzte] =

~16 7MA AL

~52 7}A Y& WEko =z

16

f
R

42

e

B Region 1
B Region 2
ORegion 3
ORegion 4

uw) Jole uolelsiBey

52

50

48

46

44

42

Angle

(a) X-rotation

_49_



ERegion 1
W Region 2
ORegion 3
ORegion 4

uw) Jous uolelsibey

16

12

Angle

(b) Y-rotation

M
ol
vzel
Nro
\Mu_- te]

)

17F S == vE

X

) 39 9]

9]

=
=

Ao 19 6.89 A= 2HE Jhvet

o579 FHo]
Ix

=
=

R C T

]

Aol (@ (b

ar
EO

—~

;OE
o)
o
ofy

A

o 3mm<Y A zbo]E LAEY

3

RYE

A= A7}

2 Gt 4 el = 3.5mm2

B

el

¢

—

o
°

o
o

)

ol

o Bk

ﬁo

al

A

o
o

Aol Aol M 4

o}

o Aeleatel ol FhHgketel Aert 7 Er] wio]r]

A}, g9 Azpol A=

)

Aol

Ao

ol g9 woldl u
o ]

= 4 7a ICP ¢are

o+

AN AR

v}

-
fu

gl

o -7

ar
=

Aol A=

Al
=

o] 4]

_50_



Lo
']
ﬁ
il
ofN
E[>“
HU

712, A2 30mme] YolE MAsta 97wt ICP &uds
H Ado = o] At Aol A closest pointE 4% s}
2|

DAL Fe G Wolustl we PG AR AdoAs 54

o
l
o2
ol
ol
32
)
o

=
m

ol
o
32
o

4.5

a4
23.5
£ I —
- 3 —-—_ _ ma40mm
g ~—— m35mm
@ 25 - + = O30mm
£ B — O2Emm
E 2 L m20mm
B o15mm
31.5 W 10mm
=

1

0.5

Region

a9 69 A HWolel e IdATE

Ao 4¥ Adel 1Y 69% wd FFAT J9e] WolE 40mmiE
10mm7H] AAsHE R Ee) 449 diuols FastuA v Aol &
W Ae B 5 Ak 99 A% 4 999 Aol FRFE tehd Ao
2 40mme] WolA: B# 3mmel AelAtol wolWA 10mme] %y ol
& 2.1mme] BRGE vehls A AT 5 Aok 919 AvlAE g9

e shed glolA AAHE 999 Wt Fo9 4aE 4w

e
ol

>

g

T
lo
o2
N
%,
o,

_5‘]_



B mRoAE 1Ee nhslwe] 1GSAIM A Bl A5AL g, v
FHY e, g 99, ISl wol= WS T 5 Aok AL AA
71 AslA dEEe] Aseel T2 os) SR dolHER JYHUL &

= GANE IGS tlEA] ATE A =59

IGS A|="ls A5 Halx

_>¢
[>
=
O
NG
=
kD
>
N
)
(¢
1
>
O]
ol
2
o
%

oX,
e
>
=
=
N
=
i
=2
2
o
Of
ol
X
2
oo
ol
ol
32
lo
i)
o
i)
e
[
=
o
fo
N
Y
=2
_Y}L
n@

Q3RS Al YElA dEEe] ICP ¢agsS d&sision 1 g, o
TS 93] Closed form solutioned ©] 83}t AW B =FoA AL35}

o

aAp s TKR e digzZe] ZlsbsbA el 724 ICPoA dad & 2=
Local minima®] 2A& 97] &4 & =ZolA= TKR & FAdA Tagh

Gt AAPANA oAt B S Qe dEBe d94E Jnon s ICP

r

Azde AFEE Wos] GeM Agow e e Axdel v
wAge AnE AZaAA. dolA AFT wA 3G o) vjE=e) wiAe v
349 Bl A ool WE AAY 40 oAE B A3} Fad A%
£ wolor HuEAY HAE 349 FHE o4& AWDepth map) T3kl

2

_52_



%
ar
,.A,.Uﬂo

B

—_
o

A Aol 2 oAk A5

2 77e] o

o

distance ¥

—_
o

el
,zrl
il
~

o8

B

A1 Qdodglo] 7o Walo] up

9]

7] )

ol A thEZol|l Soft

g& 3D 2AYE o]

517]

A

=
=

ol

97 ojeE ol

A9

=9 3

gojuje] vio

zt

NE H5HE

tof Zhvil 2t

S

A}
Z
Al

O
—a

Fo] AglAfo]
oA TKR <l

N

N e

X
.

o Agl#ke] 3mm

3

RYE

/Kg o]

F71ake] IGS A

A
O O

gk

=13
=

she

stol A= Ak 3mmo] #E] a7t Ay

B

0
o
i

bole w ot

S

of pFAZINE AJ2E 3} vlaE

=
-

Aok =& 7

o]
PR

<
T

ol
o
o
el
G

Nd
W

0
24
el

ol

ol

wolol et

o ol7} o)

W ojejel

g

g59

oletm Azt & glov] AA FadA ool o

]

Q9

Eis

=8

o
F

AO
e)

o

o

gl

AT % U

o Ahgol

14 A

9]

2 9

AAZF FH(Real time tracking)

4]

e

St

g

s

bl oA

44

2 A7 IGS Al ~ES

Ea
=

F7Iab 1GS 9] A st o} A2

HollAl & o /AE Aoz daso] g v Etoz

| o = =

9]

Surgical toolol w}#

she

o A1

=
=

=
9]

o =

Ak A FaEoll A=

il
2" g e 7 ek

af

A

Soft marker&

she

Wl -2}

hyA
ar

=
T

BaA Qe

=
=

= o
==

= Hol¥

=

_53_



F o ge

@_

o]

2 gzte ol

)

ox

AgS sobd Ao vl s uke] 1GS

Mol ol IGS AlzElo] 7153 Blo|t), uebA]

A

o
=

I

2 o)

TKR %9

2~ El O
Ean

}= IGS A

A g5

=
=

ICP

_54_



}‘.1_1’
R
2
el

[1] Y. S. Kwoh, J. Hou, E. A. Jonckheere, and Sydiia A robot with

[2]

improved absolute positioning accuracy for ct gdidstereotactic
brain surgery. IEEE Transactions on Biomedical Engineering,
Feburary 1998, 35(2), pp. 153-160.

R. H. Taylor, B. D. Mittelstadt, H. A. Paul, WHanson, P.
Kazanzides, J. F. Zuhars, B. Williamson, B. L. Mssi E.
Glassman, and W. L. Bargar. An image-directed rigbeystem for
precise orthopaedic surgeryEEE Transactions on Robotics and
Automation, June 1994, 10(3), pp. 261-275.

[3] R. L. Galloway and R. J. Maciunas. StereotadMeurosurgeryCritical

Reviews in Biomedical Engineering, 1990, 18(3), pp. 181-205.

[4] S. Lavallee, P. Sautot, J. Troccas, P. Cinqaml P. Merloz. Computer

assisted spine surgery: a technique for accuratesgedicular screw
fixation using ct data and a 3-d optical localizker.Proceedings of the
Firg International Symposum on Medical Robotics and Computer
Asssted Surgery, September 1994, Pittsburgh, PA, pp. 315-322.

[5] L. P. Nolte, L. J. Zamorano, J. Zhaowei, Q. \War. Langlotz, E.

[6]

Arm, and H. Visarius. A novel approach to compusasisted spine
surgery. In Proceedings of the First International Symposium on
Medical Robotics and Computer Assisted Surgery, September 1994,
Pittsburgh, PA, pp. 323-328.

K. Radermacher, H. W. Staudte, and G. Rau. QGdserp assisted
orthopedic surgery by means of individual templatesspects and
analysis of potential applications. IfProceedings of the First
International Symposium on Medical Robotics and Computer
Assisted Surgery, September 1994, Pittsburgh, PA, pp. 42-48.

[7] W. E. L. Grimson, T. Lozano-Perez, W. M. Well§. J. Ettinger,

S. J. White, and R. Kikinis. Automated registratibor enhanced
reality visualization in surgery. InProceedings of the First
International Symposium on Medical Robotics and Computer

_55_



[8]

[9]

[10]

[11]

[12]

[13]
[14]
[15]
[16]
[17]

[18]

[19]

Assisted Surgery, September 1994, Pittsburgh, PA, pp. 82-89.
A. Schweikard, R. Tombropoulos, J. R. Adler,dad. Latombe.
Planning for image-guided radiosurgery. Applications of Computer
Vision in Medical Image Processing, March 1994, pp. 96-101.

G. Eggers, J. Muhling, R. Marmulla, Image-tdipat registration
techniques in head surgery, International. Jourwdl Oral &
Maxillofacial Surgery, 2006, 35, 1081-1095.

Quan Shi, Ning Xi, Yifan Chen, Weihua Shengegitration of
Point Clouds for 3D Shape Inspection, InternatioGainference on
Intelligent Robots and System, October 9-15, 2(Béijing, China
B. Ma, R.E Ellis, Robust registration for couater-integrated
orthopedic surgery: Laboratory validation and cali experience,
Medical Image Analysis, 7 2003 237-250

Timothee Jost and Heinz Hugli, A Multi-Resatut Scheme ICP
Algorithm for Fast Registration, International Sysspum on 3D
Data Processing Visualization and Transmission,2200

Lee Engfer, Your Guide to Total Knee ReplacameFairvier
Health Services, Minneapolis, Minnesota, Januar@720

David A. Forsyth and Jean Ponce, Computer oviisiA Modern
Approach, Peason Education, 2003

J. Michael Brady, Daniel G. Bobrow, Randall vV Three-Dimen
sional Computer Vision, The MIT Press, 1993

Richard Hartley, Andrew Zisserman, Multiple ei Geometry in
Computer Vision, Cambridge University Press, 2003

FFE, avEe WAL o4 o)5EAe FH B A
77, AAdietal, 2000

Emilio J. Gonzalez-Galvan, Felipe Pazos-Flpr&even B. Skaar,
Antonio Cargenas-Galindo, Camera pan/tit to elsen the
workspace-size/pixel-resolution tradeOff with camspace
manipulation, Robotics and Computer Integrated Mgacturing 18,
2002 95-104

Hongshan YU and Yaonan Wang, An Improved $alibration
Method for Active Stereo Camera, Proceedings of @tle World
Congress on Intelligent Control and Automation, eJui-23, 2006,

_56_



[20]

[21]

[22]
[23]

[24]

[25]

China

Huahua Chen, Zezhong Xu, Local 3D Map Buildimgpd Error
Analysis Bsed on Stereo Vision, 2005 IEEE

Li Mei Song, Ming Ping Wang, Lu Lu, Huang Jinguan, High
precision camera calibration in vision measurem@ntfics & Laser
Technology 39, 2007 1413-1420

David A. Simon, Fast and Accurate Shape-Badeegistration,
Carnegie Mellon University Pittsburgh, Pennsylvari@96

Russell H. Taylor, Stephane Lavallee, Grig@e Burdea and Ralph
Mosges, Computer-Integrated Surgery, The MIT Press

Quan Shi, Ning Xi, Yifan Chen, Weihua Shengegitration of
Point Clouds for 3D Shape Inspection, Proceedinfisthe 2006
IEEE/RSJ, oCTOBER 9-15 2006, Beijing, China

Berthold K. P. Horn, Closed-form solution obsmlute orientation
using unit quaternions, Journal of the Optical 8gciof America
A, Vol. 4, 629, April 1987

_57_



ABSTRACT

Study of shape—-based Image Guided Surgery for

Total Knee Replacement operation

Seo, Duckchan

Dept. of Graduate program
in biomedical engineering
The Graduate School

Yonsei University

Recently, many medical instruments have been used to diagnose and
treat a disease of human. These devices make it possible that provide
doctors could make accurate decision and method. Also, invention of image
modalities such as CT, MRI, PET offer various 3D images information to
understand anatomical structures of patient.

Formerly most doctor conduct surgeries based their surgical experience
and knowledge. This method is nonobjective. Therefore, development of
Image Guided Surgery system 1is important. IGS system which has
variously tried in medical engineering fields is able to give a surgeon
objective information of operation process like a decision making and
surgical planning. This information is displayed 3D images which are
acquired from medical image modalities like CT and MRI for pre—operative.

The technic of 3D position measurement and 3D image registration is
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necessary to IGS system. The existing system have to use fiducial
markers for common reference frame to do precise process.

However, these markers have caused various problems, additional
surgical protocol for inserting markers into the bone and invasive process
to patients. The inserting markers could make noise of image for acquiring
3D, motion artifact and limited surgical operation because of exposed
reference markers For inserting and removing marker, it could make
patients secondary infection and trauma.

Therefore, this paper develop shape—based IGS on technic of fiducial
marker—based IGS. Our research focus on stereo camera system for 3D
position measurement of femur and region-based The shape—based
registration use relative sample points on anatomical landmark of femur.

This paper propose region—based Iterative Closest Points(ICP) algorithms
for shape-based 3D image registration. We focus on precise 3D position
measurement with stereo camera system and region—based ICP algorithm.
For this development, this paper also research a calibration of stereo
camera and validation of region—-based ICP algorithm by simulation
experiments.

We validate error of 3D image registration in various conditions, such as
translation and rotation conditions. We assume that our IGS system is

useful technic for Total Knee Replacement(TKR) operation.

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

TKR
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