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gk FAAE A28,
379 8

A3 19 delA,

AEATE B o F, Hlatste] EAShE ©Al Aol

AN Qe F5E tagdeld ZAstE dAE EFES St dRINE AHEste FAAE Ttel=
.

379 1

F EFANT Al EFAMe] QAN GRETIL AYHES e mdPe AgtE FANE ol
H
H

] A

2 AN Disclosure)s AAHOR ARGFL AR FANE Jlol= Wi, % oF AT FANE A2ue
43 AoR, 53 AEAHe me miere) 91X 44, 2 dmwTe 4 249 Hel(confim) e ST
2 lolmahs R g AR FANE HOIE B, D oF A% FANE ALH] B Al

A71M =, 2 Al B3 uAE7]Ee] AlEEY, ool WEA A 7ES vlshs 212 ok tH(This section

provides background information related to the present disclosure which is not necessarily prior art).

=12 s eE53EH AI8,386,019% 0 AAE AaH FAAES Addts ALH] A dE YEde A
ojtt. ool ZhAlE Al&E2 CT imaging system, L gHlo] 3 == =23X3 @249 F49E& A A
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3l
2 2 sirl. 23(106)& 249F(107)9 Eo vl=(punture needle)S 93k

AR Er. gk Alzgo] A, 93 A0S AT £ UEE 7] Hs)
E (Respiratoty Belt, 110)Z &3t} C-arm X-ray AlZ2E1(101), 23(106)9 HEZ(109), 23l &
(110)= Z=2A4 F40D of gdrt. o] ZEAY FRE Aled 4xkd olHA ] 1E1AﬂE(image
dataset) A& A 44 AEHA | 2=(112), 42k ow]A] HOHAIES} C-armell o) 7155H™, 54 55 ¢
Ao el 3zt olu A HOHAMES AEFst7] 93 BFEE(113), F=E79 dE(target path)ve— AyAdskar,

[y =

3 AR AABiopsy) = 99 AgzAe
sk 93 E Haststa, i WElA Xde] Hagh Folle SAA==EA, 4, A%, 924 59
T But ¥ 34, HF, AXFE 5o Foo FHdeA geHr).

AR =F S0 2AR Q& Anbse] AddRe AR A (A=

2HOH(107)E X ol AEESF Y] Yol AEZ(109) Alo] TR 1 HARE FASESE 3o},
5 2v TAANEA] AlsA7E HARA Y] HEE = A CdE AWEhr] 9% mro R, AAHAN TE ukEs A
Y FAXEAA ARG AlEo] HE 438 Tt Ak, o]y s FAAES AR G skl AlEol
Ty = Aol dutdoltt, o]y gt FAA =S AleEx BY EXTT i, AleEX R o] WA T Fo] &
RN=
AAvF=(d: biopsy needle), #|=(d: Deep Brain Stimulation® ©]=(lead)), XZEH(probe), 7}HE
(catheter) &9 98 Yulo]2(medical device)E #, ¥, 1 & A UFEZ AY3AY o] 4 (implant) st
ZA A% (interventional procedure)S o} &fRrstx oz %3-5} TFxREC] E4YA gAY HA G5l
HEE AE = Aol Fasith. FAAEe] shUEA oR5dd 7Rk
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v 3] s o] &35t 5 2t
Yo X]‘lﬂ.ﬁ}(locallzatlon) 0}51 zZ2 el 213 Anl=(Biopsy Needle)S & JoiA zhe F 7)o H
W Ao &olatth. Aol HAUE F-He tfalAes CT 71 BAAAE 253 B8 XA FAR Ass
= W vlE] ¥W gAsEe] ¥ $Sekth. E3k, CT 718 AAAAE 79 243 A& 2
A Qo7 Wi o gl A E(trajectory) & AA3s7I7F £, e A AACAA Aled F e FAH

W9 E AAEA 3
o
SA

Y oF

o [o

CT 719F AAZFALN A 22 el gk Bxntso] 7] WS A4=rt T8, T 9 522 A 14 7—}*
L7 ALYk CT 719k AAHAL AsA] Azt Adanss i?—iﬁ}@, A7} AwrE /‘F(lo}oq =iE

2 Axvbge 4xgs #dste Al g =
(fluoroscopy) @7del o3 Aintso] A4 =27 7hol= =3

AELTL FolA At WAl =EE AE Azl ‘rﬁﬂﬂﬂ] 51“4, a9 Ao wet =E AR D
4 4 A HArh.

ﬂ ol
I

o= I8l AEA % BAF YA wEFHE A7l ol EA Aol Fuw Fo| BAT A
A FANE 2R AL BeAol Esa Yk, ol FANE ZES ASHE A ALY UHOE @
Aol WA WE gas, $HE gh D A FURE 0T 5 Ak =9, A YA A2 2
& mE AARD A5 A28e BF AE4 o L olF & dvh

T 32 1= FNEFFE A2010-02500005 0 AAlE FAAE 2Eo A oF JYEyE THoRAM, AEY
da Vinci2 E8E FAANE 280] AAH Jdtt. TAAE 28-S B0 259(201,202,203,204) S 4] 3
t}. Zhzhe] 91(201,202,203,204)-8 <d=o]HE](211,212,213,214) S FH|3ht}. <l=o]=HE](211,213,214)= F2
A7 Fes 9 JA FFoR Hol own, <=oHE(212) WAIZIt. HxE YEY] % HaE
o] (220) %= FH]= o] YT},

e oldR FANE ZRS AEE FAEEE FANE HPO ABssh, AAuET 2 RETE
AEF FANES A3, A, R ALYL TR BAE @A Bk Ax"e] U A1, of
F3b ARk BAste] ARNE PEAY)E Ae] MR s, AsAsh Bl WA wEel B e}
W], o5 WA P wEFHA T S dE BAH 42 5 Atk
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[0012] olel diste] '] HAAE A FAARL WL o] Feke 7]Edi

HA 9] djd T

[0013] A7IM =, & JHAY AAA] Q% (Sumary)o] AFTEW, o]zl & IJHAIY] AL AgEtE HAOE o]FF o]
X+ oY ¥t (This section provides a general summary of the disclosure and is not a comprehensive
disclosure of its full scope or all of its features).

[0014] B Aol wE A effol] 95l H (According to one aspect of the present disclosure), &G AS AFE3I=
?ﬂﬂ i Ea éﬂ AoJA, S5 5] Jhed ond AX, AYUERZE ALY, gRIFS WolEd
]3}% Zxo y3

¥, :aﬂ, Al RO el AR E B A U A 2ke 29
73 & TEIE A 12md emgel dF BAY AW H F
2de AR FANE Aol AT,

wyo 3}

[0015]  olo] thste] “age] AAE A FAN W) Fue] &t
=9 2ed 49

0016] ¥ 1& W% SEEHITu A8,386,01950 ANE FANE A29 A A EiE w2,
5 2% FANEA LA PARG A FAE Qg 45E) A =,

n| FESFTH A2010-025000035 0 AAH Z=AA
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62 B Aol wWE mRere] A g Hyes) A =W

k1

7e W% dsolE 9 dg 4ys] A =

k1

% 8 RGP AETE FANEE Azl AetE Agse A% as] A% ww,
= ot sagEde 5 AYs] A% =9,

£ 10 AsolNeo] FaE YAubsS vhaE e o8 Alofshs H4) A g dHa] 98 =,
£ 11 R el e RG4S AR FANE Jtols Puel A g dhe] 98 ww,
R 12 WA R s A4S A4 PEe o 8 29s] 9% 2uE,

% 15E FAAE A9 B4 O dg dus] A% =,

£ 168 FAAE Jtols wpgel o o] AAH A4S dRe] 98 ww,

% 17 2% mEe) fagdel suel o dF tehls =4,

% 185 FA 2ue) faEdel suel o odF tehls wu,

%19 %9 % 208 % Roo) fagdels swel o odF tehls =uE,

£ 21 A% wyel A o2 AW A9 =9,

27 3= 282 A Rz HaEdo] st o dF Adetr] fd =uE.
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olgl, X MAE HEHEH =S FHauz Fto] AAEA A3t} (The present disclosure will now be

described in detail with reference to the accompanying drawing(s)).

T 49 & 5 E A B2 RddS AR FAAE AR AT FAANHY] A dF YERE
AERA, gunddS AHgete TAxE Az"(olst, TAAE Al2')S, skt olde S 7=
(400), Al=d G4 7Ivrom AlEAgS u, AAFe R ZRH400)S AlojsteE Aol -(500; o
), A &9 AWt guneTe o|nAE g5ske o|nA| FEAA(600), B A=A $HAH5)S] 9

Ao AAE ZYUE S 38l thg-ske X (700; dl: Optical Tracker; NDI)E X

2EAU00) AR HES APslal, Ale AR S A% A 2 ASFO0RA, %ﬂ— FH SolA
Iem 5 WA A4 B A58o2 AMEE F vk, Z5H(400) A
omn  A=o]AE(460; end-effector)”} E%OL(ALOO)OH Fad 4 9l 5= ?(470)7} 01501 HE (460) )
Ze, Ale2bsstE 9 d=olHE(460)v= R ET(470)0 AR TEE& Wt gEETFUI0)S TE5E
T oRon, EET(470) AAFY F ow, o7 I gREEFMUINE T W A& VM ES & FxE
7 v JEETFUINE 24 AAME FHE F glon, AojRd HArdde] st FAS U F

o]
AN

JEETMU70)E AAYE(d: biopsy needle), Z=(9: Deep Brain Stimulation® @]=(lead)), E=2H
(probe), Z}dlE](catheter) =9 98 tr]ulo]~(medical device)¥d & Ut}t. EF, ZHH(400)o] A& EE= 9
SET(470)7F old g@AEE= AL ofytt. ofsl, & deA= F2 AANEMUT0)S d=E AWett. AARs
(470)& A AAFHE vls(d: o]Y2EldE; Inner stylet; & 1 #Fx), @ ZAARHE vfES 7tol=stE 7to)
= bz (ellr Al Sheath: T 1 )2 PG Y, 7hol= wigvte s 74E 4 v

olulx] ES5AX(600)= CT &X], C-arm 22233 (fluoroscopy) X o] AFEE 4= ). dE E9, =
5a0l] AAlE wke} o], CT AX(600) L= EHolE(620)0] FxH(5)E o] AT, 254 (400)2 H °]E(620)
QoA 2 wjo] e FatE o] FAoly, X7 CT 4(600) W= So(7FAv Y& 4= Ut). = 5boll Al
upe} o], Ao F(500)= CT FX](600), ¥ ZE(400) AdFH Ja, AAY GAATS s, =%
(400) Alofell ARE-EE mEAEF4(310), GAFo] AIEE t2=EH(350)E EFSTE. Ao F(500)= Azt
#E (haptic)o] &= AFvE(470)0] HE(100) o] A=l FlES »uAY, &

del= AEE F OV A= AS, FelEc] ARvE70)e] VA= ¥ £ 5

= bl
As whgE PAHIEGLI0N & 5 Adu. 7, o] o8] TANE FHEoRR

>i

ki

62 ¥ A mE Sdoln 2ol U oF AYs] A¥ SWORA, Ldloln 2R ZRH400)3 )
O|A(410)% TART. ZEH400)S A (500)ZHE A7k AelAe] e AR5 *

(109 s AA7F ARG 200 ThEd AU A AUE w2 F 92, ey WA
Fol £AlSh FEE AL Aol MEAsh, ZRU400) DA Xray T AR QFRE, €7 o] A
Sl ksl Gl ABE FA BEF S (S 5o, A=l ALUEONS] WA T AP Yray T
3y ALY 5 9

ZH0F(400)L Wo] A(410), H|o]2(410)d] TlE] &EloldE i &alo|w i (420), &EFolw R (420)] AAF Al
oF(430), A1 ¢H(430)°] AAE A2 9(440), L A2 ol(440) of dA% A3 ¢(450)S Eg3l. A3 9H(450)
o= <l=ol:E(460) 7} arE 4 Qar, FAAIES] TRl wEh dE=olFE(460)9] FHIE Gt 5 011:}
Aol FE (460)7F ZE(400)0 E3HE = Aoz 2 #E ATH. dl=o]FE (460) = ZﬂS SF(450)°l sl &

o] 7hssith. wlo]2(410), ZeFoldH-(420), A1 ¢H(430), A2 ¢H(440), 2 A3 ¢H(450)& A=o]=) 1(46
0)9] SIAAAFZA 7)5atn, d=o|AE (460)= AAvHE(470)2] AHAE AA s AAAATE 5 F ).
LEfolg 5 (420), A1 (43002, A2 4(440)& AME 1 o] 3|drbssA AdAs o Aol AE(460)9] o]
E AAs, A3 o] Al 43 A2 gro] AAL Y o]FE HHd FH g WgFo R A2 9t IF IHsEHA

4>

= e} T
AHEG, oln, A3 e ALolHE (460)7h o]ul x| HASHR(600)e] HEEY] £ WO W Aolu,
CHAL, Al 3etell =0l e (460) 7} 313 7hs a7 Z*%Ftﬁ‘r M=ol e} (460)= Eeko]FH-(420)° 28l ofw] ]

]
HE4R(600) FFoZ FT & Ak B, 9NAATE oux] A5G (600)9) wRel AXT 5 9,
AARARE olulA 5600 Wl EHel el AACES, Ael Bre Fe.

= 5holl AAE Hhel o], 2HHU00)L AR (500 AFH om, Ao}R(500)E ARHFE(470)e] &

o HxE 7|74 RP(Kinematic model)S ©]&3te] AAbe 4= v}, wlo]=(410)}F, ®Hlo]E(620)2] $1x
A, Eeto]ldE (42009 A1 <H(430)9] ZF=, Al <H(430)F A2 ¢H(440)¢] ZFE=, A2 <H(440)F A3 <H(450) 9
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7= A3 9H(450) 3 dl=o] e (460) ] ZHe, 9FE(430,440,450)8] Ao, AANE(470)8] do] 55 AHgE
AR (470) 9] 29 I HEE AT g v 4% JRE HE(430,440,450)S Aol A7+
ol ate <z Z2 WeE YEld § s AAE o] &ate] doldll 4 gtk o]dl HARELS AR
T AGEY], ARt ZHEU(400)2] 7]FsHe mES Aklete], AHRE(470)9] £ AAE At A
AA et

% 6(c)E W0l (410)9] FE2E Holx EHo|th, Wo]A(410)F ZRA(400)S Aol HAS =S dv, %
7bsalth, 239H(400)2 o]~ (410)2] Wl X FE S Fo|th. Hlo]|~(410)F °lF 7%6}71] 3171
A8, shel v 1D 7 @9 o, 5F XA Aol A] KAl 1Agsty] fg wlels A A (412)
5 7HA A k. AlEAed A g W A7t L XA SH o)A =W, AeH-(500)7F
Axrets BET(470)9] &3+ #FHF7E B0 ATk, wEkA, ol A ] (412)=

4 > L

H]o] 2 (410)7F Z55H(400) 9] 4 Foll = Hg A agd 5 E% Hlo] 2 (410) s d5ol st o] ¥
4 d 7 glen, AlofR(500) =2 ]01’\(410) A o] Al Aol ofsl At HFske] Wlo]~(410)E
aAsES & ¢ Qv ol AR (412)= EdolB 2o s H e 9de @ = Jdu. =9, w

KR
Foll Beola AlAagle AEste] Ho]A~(410)E %X—]?Joﬂ el v AastAl agdd - =S @ 5 3l

AlEgell A wlo]2(410)= Hol=(620)9] Aol fAIstH, Aol HAlE 2X(400)2 A=) E (460)E S}
AlM CT W ggFom BuiA dvk. o] 4f-, &dlolr 239 FAZFA A7k wlo]2(410)9] A lA
HojuAl wo] 2R4(400)0 w2 el tHES Walld = Ak, webA, wo]=(410) 9] WF-ol= 2R (40
0)4 A el wE SHloln 23 FA TS WA

Zol B (460) 9] H1A7F EelolB 2R Tl A @
%EP. A Aafde] wEE, o]F FAF(413)

g = dE ol% FAF(413, Movable weight)7} AT},

= 15 FAF13)E B SHO R o] F3HA
)= FA7E FHE HolE(620) W F A 1 FEko
FAIF(413) obgfel f1Asto], Z=3re(400) 9] w2 el wh

Eo

2= £49 Ak olF FAF FEY(UMT} o
I AFOR $HL RE 5 YT $49U FE UL Rt

&= 6(d)e= <I=olHE(460)5 sty A mrolrh. d=olHE (460)= W4 whs AflEzte] e ek vha
MUY A=olHAE (460) =AM, AHHbE(470)0] =3 ’&‘Q 7@ EE Al whee o] ThestEE g
M=ol A E (460)= AR (470)& sty AR ARAA(462), agsty] 1 g (461), 2ejar A3

H ]

E;}é}E% TR, AANFE470)9 Qe Fad FS-

DA (461 A= (470)S 5| of nprt FFor Holx wAS Ak, AYFA(462)

v AARNEMA70)S F3 e Vo Z2 FURAXE IHIEF ko] APuE70)0] o)lFHES st AH

HEE(470)9] 93t AYS 9Iske] wbEe 3lde] Fadt Ao, eI AR (463)7F FEste] AAnkE

(470)& 3 AATH, AFFA(462) ¢} vh=3] A2 (463)F Al “sd % AUt
=(

Sis
HH=(470)& 312A1717] 919+ vb= 3] A 32 (463) &
zF 7

0:

= AANEU70) AYEE & FolE AENEA70)S F(release) 7158 7HAE Aol nf
113]—5}. Ad=o]HAE (460)+= ©]9lol= Dilation, RF Ablation &2 Al&® RE=T(470)7F 2o #HSH
R )

A
20 3 >~
== ?—;} nn }}]\E% ‘6]'1;}'-

>

A1 9H(430), A2 H(440), B A3 §H450) FE= NFEE LA ANAEE wet adE 318k AAnks
(470)& W=5 k=t fe 25 7RT. AFEES A01R(500)7F AAA 2 A4 A, F2 Ao
(500)¢] Ml WES AlaA7 8 A5, o]l 232 WA A=oldE (470)7F AHrkE(470)s F=5
shar, Sehe]d i (420)7F Fhgste] 2R H(400)S G ez ofEstA k. o= AloF(500)l ol Abs
og olfo] A Sk Qi AsArt AR ke AR ZRAU0)E &4 7 AET STolgi(420)9] &
Bl Bejolart ZheshA] s & s vk S e EA%L(ALOO)O] Zol=(CT A 5)3 HAFA] 7ol
BAE = 7S M = Sl

£ 7 (a) (b= 3 Wl go] S & 5 =S s s d=olHE U80S Bt trls ol
E1(480)= o] AAu=U0)Ss 88 & v she-d481), s U8 S AT e AER(33),
ol&FAH(35), ZEa Brle A=olHE(480)2] AAE AR AAH-(482)F EFsle] TAEG. AAH-(482)=
A= (470)¢] W91E A S Jlol=de HE = v A U8l vl AukE(470)S &
SHEs 7hol= S(EAIEA @5)e] FA4F vk sk (481) 9] shitol A= (470)e] E77F FAE e 3
U AARbE470)2 A2E 7HE ol ARE470)2 Al diFel A ol Thest RS 7ixIn. ieja
- (481) ] 7hol= Eoll= AN (470)S BPAZMA] Jhol= sk vhel= whgo] FrkE ujdE = gk o]

_C,>_
3T, Aol AlAtE Thel= mhzol TR WA AfQlE AL, vhE AF vbEEe] o] TholE whEs SdlAM B

)
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TE AEH33)E FY B Vo7 FlEe] sA A8 E ATIAY AAnE(470)E& 3 A
. ol A3l AbE(470)S ol FA7I7] % EH7E R E o] o] s AH(E5) e HEH = KE 9 @
Avbz (470) 0 dgsto], AAu=(470)S otz 5 A2 F AT (= 7 Fx).

o 4>
oz %

Ao HE (460) = AAH-(482)0 AFH = HAF(483)E o TS 4 Qlvk. HATH(483)= = A 9H(400)
of AgHH, olE 5of, = 60 AAE A3 (450)0] = B FHE = vk, F el GETH(463)= A
EHE xshs 7|7U8H)E THE = lem, oledk 7] (484)0

AR462)F WAL Gl B Yasi) wHE
ofal A8 E FASAL LR, F9AUSDY FHE AANEWINS 7 () AND v}
2ol WelE MASAY, WA FolE ARSI S FHEAL & ATk BE, ol Aduks

(470)9] AAIAClE ZReH400)e) AT ASe]AE (460)9] BAke] xol ela ool AE e,
Q=0] #E] (460) 7} ZHEHU00)] AT, ZEHU00)) AT AR} H dw Fsaie,

A=l AL (460)E = 6 (olMsh Zol A 3%(U500) AR E ANA wn H7 A% F & Ak, o]
W, Al 39k i QEo] B (460)0] ASol A U0 MY 98 FE REI FRE o RET(470)
W AAitch) BHE 10 )02 £FY 5 AuF Bk,

pal

8L RG-S AEsE FAANEY Ttolm Aladlel Rrbu]E e oF dWsy] fe EHo s A,

T ZE400)0l FHHIEF480) (F8t FhHlEt S A, AHeojd FidlEh et wol A EJE Fu|7p X E o
ATt xﬂOH(5oo)iTE1 A Al wE} LEbolgH(420), Al ¢H(430), A2 2H(440), Z A3 (450)°] o=
Hlo]E(620) Y99 FHAH5) A= o]Fdi, &Elo]di(420)7F Wo]2=(410) AolA Loy o] CT X (600)
Uz d=o1=E(460)7} HolEe = gk, CT AX(600) WE A=o]=E (460) T Eol7b7 1, A3 ¢H(450)<]
A 2 Ql=o]HE(460)7F CT 4= (600) W2 o4 4= At o]F, d=o]HE(460)7F AAl Aloj=m, A7
HHE(470)0] AYUARA75; & 160 FX)E wel FHdE. APuE70)0] #F2H(5) I Fof #Holx EQIH
(L1,L2)Z FAY A94U71) o A8 AL o s BolF(E 15f ). o3 7hdgh480) 94-&
Ao} F-(500) ] T)A=ZH 0](350) 0] FAHETH9I7; & 24 F=).

Zhl2H(480) &= AR FAF G (615)° Eo7tA] = % st AW (470) 9 AR (205 = 161 Fx)S #
BHolE: £ JdE Hiloﬂ A= Aol niEAsity, & 8(b)ell AAE wpel o], dl=o]#HE (460) % (T A
(600)2] AR ZALG A (615) Well E012 i AW, d=o] e (460) ZH-E AAvHE(470) F2H-(455)%F
=2E5 0] AzolHE (460)7F WA ZAFGA(615)0] Eo7be HES HAdee AR udd 4 . e
=0 HAE (460) T WA FAF G(615)dl] Eo7h= RS A AFE FA4EE 3AE 18T 5
ool A, FhEH(480) = M=o HE (460) 0l WAl WA gF= Fitel] A et Fhleh(480) 9k Al WAL
A AME AREE, FHER480) 7 AR ZAF G 9el BVt AS 4ES LAY BASke] FiHle
(480)7} WARA A 49E IS ke 2% a8 4 gl

T 9% v2HELEB10)S ddgshy] 93 =doltl. AlojH(500) = EEN(400)S A gk wiAHES
(310)& Egstt}h. & 9adll AAE oA mAEE2E(310)2 EEHEIS A= £ Eixl(sw) A8k (47
09 AL Aojsle AUWE(31D), L AANE470)9 AL XME}% 3 AW E(312)

oh. g, vAEEE(310)2 AR FAE FHFE 5 glen, BRE 2 AAE FHE

MFAEEEGLI0)S AASE e v 2E610)0] oJa AAWE(470) 9
(Pltchmg) e XY  de TE2E R U = 9b)elA = 6719 dEHE
o UEWES dAsto], vpiE ZE9
9(c)= k=g E&
= As Wg & ¢

F(Rolling) ¥ I3
T35 3 AME G
29 ARE NE W st FFo| e AHoltk. tE AANdE

o)
=
SPAE Aol AAT RS F 5ol darlE Bl el FY Y A

A% FRIEA)E o5 BY-37 7|70 sl

Aol LEolH 2ES 2H(400)S 2F o)A 3= AXAA GA}, A=o|HE(460)E =2 oA = A
HAHFE(470) AAAlO] GAR vro] FEsHA & 4 k. 3ol wEtA e, = 9a0l AAIE wie} o], AlE
A7F AR old GAE vrolA e = gk, XA Xé Ao Al Apalo] Yot Weko 2 wAHEE(310)S

F3Fst] A= U70)E A 2 FH9E VLol AY, HE oY WEgog V&9, dite HXE F el
ZpMA 0] @Al A, wEAEEZE(B10)S A 2 FR 7|0l AY, & oy WYgoR JEoA, Afns
(470)9) &% (rolling), @ A (pitching) EZE AT F YrHE 10 F*x).
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ol@A AHUE(470)0] AYAR(475; T 15f Fx)d uiet FE=E 2 A, A2t AW E(RIDS B8 bt
Mol meZ A|AES M3 A7tk A]A"lo] HEEANY] EER HSETH Ao] R (500)E dl=o]=:E (460) ¢ AF
AMEGID A 3JAMERI)H o3 W& ol9d th& A A= %0} Sol7 ¥EE gt 3]HWE(3L
< 594 Avks (470)4 3] 7 ( otatlng) 52 Aol 4 %E} 0 FAx). o]F, FHA(31)NE F=

| % =

4 E;ovm ARV (470) 4H9) Aol
4 HAMEGIE B2 BYE A S, ARG B4 Aol A AR AL o
F qlnh,

o), AEw Hhel o, AN AxwE wHa, LAt AAE sllmR G 24e AAT
F ootk 0B s, ERAU00)E AAE YT Fol CT R (60002 WAL, EE, 23H400)°]

H

NAg A% mAE A AHAA A% 3 AAE Aol sto] 24 A7 o)FAd & stk ols)
G2, A=l HE (460)e] FHE A= (470)0] olUsErd P Alag W EFetar, 2HReH400)l 2]
249 AANA FARE A% s,

=108 A=l HAE(460)ol FEE A= (470)S vRAEFEBL0)0 o8 Alofshs AAe] o dE At
AT Eo A, 240009 fAAAA] H olF, BwE470)9] AAEA wAlelA BHHE(470)2 <l
Zol B (460) 9k A3 H(450)l ofsf ApAl Alofd 4= At dlE 5o, = 10ac] AAE vl o], vpAEFE
(310)= AF B H¢2 VEoAY, e o W V&AM, A= (470)2 XFol ts st £

(rolling)E AW, = 10bol] AAIE ule} o], YHo sl Fxste] I A (pitching)d 4 Aok, &= 79014 A&
B ouke} o], d=o]HE (460)= A3 L(450) 0] Wl EHIHAY FHE 4 da, oldd wE} AAuE(470)0]
29 2 gHE & Yrh. ES, SAHERLR)S 584 =olHE (460)0] o8| AAuE(470)0] st &

d (Yawing) 2 5 U

B GdE AFES TAAE Thol= W (olat, FAAE srol= wh)el oA, WA, Aled el 549
Uh(S210). A=A 9L ojmx] FE54X(600)5 AH&ste] F5HTH, onx 354X (600) 2= CT % i1(600),
Cone-beam CT(CBCT) =], MRI =9} e o8& 3244 oln|x] &5 (600)7} o]&=2 5= rk. CTgA ] ¢
& 59 H, 7 Sl uF A& () 811,812,813 & 17 FX)S 2Zd0](350)9 ED‘%E}. o] 7] A4

OgaZgo](350) = FAAE Al2Ee] gaZgo)(350)o] Ak, e Al&EASS A% faZeel(3500d
A7 F 9 HEHW, Algd o] + (segmentatlon)ﬂ@
«1 éﬁr Oﬂ—* o], Y&, w3 ANEHE FV], BIEE 7], T8 7TF2E, 9 i (target; H3E,
TE HA)o] B&Eo] 7o) dolHz AHojdu. BaH Alsd gL FTAAE AlxE] AFE ALY

Aol FAAE Azge] SRRy AFWS 5 9

> ok MT
_\1
a
[
1l
&
&
i,
l
ﬂH>
)
o2
o
=2
2
&
Dy
—1r: el

i fEm

o

. B2 22 YBLET(470)Y AAAR(d: 475; = 17 FHF)7F AAAATH(S220). O
, 32H(5)e] WEke] AAE I, AYEUTD, A, ¢ “017%317} AR, AHuE(470)9] T/ 2
o] HE](460) 7} AT, AAA Z(path)7}F FAE L A ZAHo] o]FoHA AAARE E33 A&7 F o]
. AYARE APuEU70) o Mo HAIHEE AuHE o] viEAsit. NYUARE AME
A H o] 25 Tl AleAZEH 4 719 A Y AA “L, AeS wom A7 AlsAlE ol
3 AFAdETL FAGA A Al Z4slEo] FAEE WAe] Jhssitl. AlsAlEe] TCP/IP e

28 olgalel FANE A28 AFEAY AEHG. B FAANE Azl LAY ] 4

ox [ Q Hob

oo 2o

H
8
i)
X

T 14E AsAE A4 R A dF AWelr] g E=Holtt. WA, Aled 9ol FE9
zshe SR FERE(d: g3, W F)ol HA(voxel)S 33
A El G4 (volumetric chest CT images; ©]&} ¥ A34H)S 53
"k, dE E0], # el xR AFEA FERE(: I, ZHp, o ﬂo](alrwaY)
, B3 7IW (o oJHEl B 241 E = (adaptive threshold))ol] ¢Jal E8H(segmentation) ¥ T}.
do] Ay, 3 59 FFA FxEo] A 3akd FJFoR FEHEU. & 12& H 9 dFEH ?Li%
|9 f-(axia)E HAFr. 9 GAo=2Hy FdE 3, Zuw(rib), dlolde]
(airway) 59 3|8t F+xEo] ¥ wiA3(lung mask), 3 vk~ (vessel mask), ¥ PF~3(Rib mask), ol
o] 9flo] mFA~F(airway mask) o2 AAE ).

‘
o2 Eilﬂ: 2
> i o2
Sy OZ'; o
<
My 2
=
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& 9 wtAF(lung mask), 3 wpAF(vessel mask), H WA= (Rib mask), olo]¢lo] ml~A= (airway mask)
55 AMgsle] 9 AA f28" 2~ W(distance map of lung boundary), ¥ TJZ=®lZ2 Wi(distance map of rib),
3 t]~el2x %W (distance map of pulmonary vessel), ollo]¢lo] t]~ElxA W (distance map of airway) 5°]

Ay dads o) A4 AL ¥ G mE FAE5d o 73741?1%'—1 RE HASTA AL AR}
Folde e 2R 5 vk 9 A dads o, 8§ faEs o 8l dojglo] vaus e 44 3
= vRUIAR, Zb 9 FARSE A, ghw ZARRE A 2 1°1°ﬂ °of ZARNEH A Jrrt HAS
of FolEE HAES EFF = Ak olgk & tads WES AMEst AAAR AR e A4YF R
S-S R Abele] ATE Adkd = v wEb AREbE(470) 0] AR} wAEE S T EE
S 2o I oh;]_

= A= T T

Aed dads P A5y 9 AsidRe] AgE Addshs e AkeE 5 Adn. 5% 2 AR 7
& Axtshs | oM, HaEs fe ARgshs W ol9lel, Hdat Ef(tree)E AR W] medE
F ol HAPH EYE ARdte], A Eel v dake) Jig 9 dake] MFEe Arrt Ak $ gl
Az vt g 5o iR FREAAC APe 3D HelA~" (ray casting)ol ols) HAEA
& AHEEAY, A8 EdE ALESe] At 360% AAE #HolAavEd AdARE S FE dAR,
=A 8T AkE ] el AREAH(el; A2 7F A A (entry point) o] MR (200E Aels & 4 A=
12 3x). ool Aidel M91(20)= Aduk=(470)9] Aol ond oA =8l F9E& ALt HA
A 5 ol Al Me2007F AsiA HFE7E A Wel20) Wl Ao AudE AE W
A 7hiA A eRRE A ANAERsE A, 7 gl Wel d3t Foll did WEE Al
Arel Azt Axkd 5 A dE 5ol A 7e “0‘742(300, =12 FR)e AYHUE Ve eR o
A4 Wt A4 HquA Adze] HEgd At

FolAaL, o Wl A Aidel WA S
d o] oaEo] AT, AYPA R FEL 3APOR FHdE F Slvk. o)A
T oAk Bl wue s 2 A o

de] A AdFesRy Hx100)7HA4 Ageltt. AA AP RE o F A WA T 1 Aol A
A, dF 5o, HFwel 384 o8kl AdBEI FEHA, 2 FolA AAF =] ATt HAaQl A
=7t A 7

T 13 o Afel 93 FhE FYAEE UEdeE THOEA, o3 BFo FYAEE 3AEY Add Y
(230)e.2 FAE F vk, A9d9(230)2 AYE(271) CEEE HF(100)744] ©H A o] zFadk= Z(cone)
FAE olE F Avh. EE, AYdYe] dF S M ¢ dnk. BE lloi gk o]EAoR AFuE(47
0)9] Adaddgde] obd o f(safty margin)7F AafAE. kA of= 3 (140) o1y virtual wall(120; <: ¥
o] ]9l th& Zoﬂ(organ) )9 AFHE TREENE 44 A" A9l # k. wEbA Ao (230) F
oA Qb off U] AUFRE AAEE Aol vigAslt), o9} o] ¢k of ueo] AUYAEI AAR A

S 990 288 + 20,
%

T 4E T 13004 Ay g% 27k AA FAE S YehlE =we s, Zulmel Zum Alo]2 Cone
Pl AP 235)7, AEE AYABZUTE)7F 3ad e R AIZbstE BGo] YERdT. Y] 3akd AlZtskE
2§l ed &1 (235) 7, ’1\}‘?&73&(475)% o sHAskA el (confirm)dl?] 18, MPR(multiplanar reconstruction;
dl: axial view, coronal view, sagittal view) Aol AdAH(235)3, HZA AL A= 2 MElzmE HNAAFA=E
(475)7F ew#elso] FAIE G Qlvk. ol¢} o], FHFT, AUAB R AgdA HASHL, SF7HA aeH
o, MPR el A E1E AIARE wEk A (470)0] Zhel=x o] AR (biopsy) & HBLF Alwe] FdE F
AUTH. wEeF o] & 93k AJxFlo] Ao]F-(500) HMI=E 4 ¥ o] o”jr‘jq HE 78¥ YA E7F ICP/IP B W&
Tl ZREZS o] &3t FAIANE ALFOR AFE AlEd =Fo] HA & 4 At

T 16% FAIAE Alagle] 2] A o Adely] A EHoRA, Aled gate] E5H I, ke (47
09 A= AAEE Aol E & 152 BAE 23 #Zo], 2R9H400)°] di7] FEl2 AYHc. o,
AARFE(470)& ZE<H(400) el F&E o] k. AlEAgoe]l A& G4 (Pre-Ch) ¥ 7 2HH o] tiaF ol
(3505 &= 17 Fx)oll BAIEH, x(5)e] A7 24" 5 Ak, ZR(400) o] HYe] Eojow, FrpHo=
Aga ol (Calibration)o] & 4 gtk #A(5)9 T, @ FAUYS FUHP T Fvrt =, 22
(400)3} CT “4X1(600) kol Agro] o]Fojxit},

o

m

ANz AR A& G4 Ref-CDo] F5HAT. = 15boll ZAIE A o], Alede gHol5(620)e Fx}

R
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(5)7F 91AskaL, Blol2(620)0] ol #AH(5)7F CT AA(600) 2 AAH D, CT AA(600)7F FEH o}, §)
(5)9) A% Aol HEATHS20).

¢§2ﬂ<>1(350)0ﬂ AR F du(d: = 19 ZF). o]lE, A=A
99 = 20 ). dE B9, HolE(620) FHXAE o]&3td A&
Z gak ~AYd (scale)i AR s o)

d AsEadAdn 7 7 A (Mutual information based rigid registration)o] 2l A&7

b Aled Gato]l AdE. FERadn JiNE AAATA A= ¢ olu A v e §9S THA= HlR

2 9] Hl=d SPoE o]Fofzl g9 u-gE Folgta M EY. e, OLE%X o=

A3te] ol /\}%%‘ T 9@. @994 7%11 ’#‘Q%’iﬂ A gl wiEEo] BAEM (o = 20 %),
q

gatol Agtd F . ZREGH(400)0] AF(500)ZFE AojA sl wel &AM 27 YHE Fa, AH(5)9]
5 Aol Al A (entry point) HFR %7hA] AU (470)0] 0] FTH(S250). = 15co] =AE AR} gol, A

F(B00) 258 AgdH Aozl mel, ZEU(400)0] FH2H(5) 12 o]F sttt o]F, = 15dd =AlE A
o], ZEH(400)ol 28] M=o =E](460)7F CT FX(600) HE P37},

o], 15e ¥ = 15fo AAIE wle} o] l=o]HAE(460)° 93l AAMIE(470)0] HUEZ475)E Wt 44
Hoh, X 1004 A ukel o], AHuE(470)0] ZR(400) 2 cl=o]lHE(460)q] o =¥, IH, ¥
S84 AYPAEA75) 0] wet AHHETt, $x(5)] 7H-9] AYH(entry point) & ZFE lem AL Advks
(470)2] #o] YA IEE AHHT}, AFgAIY AleAls o] JAS AlA¥oz By FE JeE &2 (confirm)
g Jdrh. EBE, Ao ZR9H400) 9] dl=ol#HoE (460)° FHHIE *374‘3} (470)7 A ZAE A=F 4
A e AYAR475) Y AAE A F-(500)7F EREEE st AX 7HEsi).
o] xfo]7} HASH, AlEx GddA] Agd APFZUB)7 RS
o, QxAle] S & drk. webA], AoJF(500)+ ol d LZAES HiE AA|
L =2 &9 g AL = Ak, olegh e AS ®wAET] | H o]
T ARE, B oo Aloj ¥ (500)7F A7) e EZAS Aibeta =i
37 LEAS AAESF AZste 2S5 ).

oo g AL ol

EF, AgE ol AYE AlEF Y delA AFABRUDB)7E FAEE HFo]l FUHE & dv. dE 59,
AoE Aed el bt AAARUTE)E AREA JAE Aol () vhe-A 5)E o]&ste] AT 5 v
19, 39 AAd=UnB)d o3 Asd 2 AAE=WU) At Abs ALkE el taEel(350)0 FEA
T 3t dE =01, HAaEUCl350) = AleArt AUARUB)E 248 B AT 9 AJARUS)E

2 Eae T Al dd A7 Jie) 7 2A1E ¢ dnh o] %, 2RA(400) B M=ol A E (46
of o) AAuFE470)0] AAARUB)E wel 3] AAEL 5 At

ofF-, & ool AHnbE470)2] FEe] gl AAnE(470)9] A A B Abelo] EEel wWE &
A Aol F7kd = UTh(S260). <lE =01, CT AA(600)7F YAl g so] AAZE g7 &

B7F g2ageol(350)0] AIEH. Aled Fdo]l SAT UM A5H= 45, A

ol wigE AleAlglo] A7) M, HolE(620) Aol A fAH(5)e] DA T

o] AMled I% QE."H ifﬂﬂﬂ“oﬂ “‘ZOV]% ol whgkAsith. Eis, Aled 9ol 54 s

] kL e Feldo] gt oA = Ak Thwetth. Aled ZaERed Azt

dA e w, &xH(5)7h "é"]@ii %% i, AnbE(470)0] 2(5) 9] AAd AdE o] 3ol

U 3, o] @A e vETA ks, T5S e o3he] AARE G A= U75)7F visgE

& 4% 2ol we] Apoluk= -, A10fH-(500)7F o] @ AbelE Alatstal, o] gk ApolE A|ASHES =

: A=olAE o] s2 S)= A & vt

™

‘
-

T

A
-

o

fole Jo¢ pZ o foir

©

)
ot
fol
e
o,
e
NI
SE,
>,
jines
on
S
B~
Q9
22
L B
O::
o
o
-.~
’42
i)
8
id
o
e
1):
é&
1F =
ol
m 2

o] 3 ?EEM = 2 01741% T Ao ofs) EAbE o] JH-ef YA

& HiL 507} el Edslel ﬂ% ARASAY, Bx FAZA Tt =g AN ABTHS270). FA
= d%@ﬂngﬂyWH& AEﬁ}%%@Wgﬂﬂtﬂﬂp]gﬂg

of GERHA =™, A Al ddels AxvbsE470)0] oAl

o,>L Y
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oA R Aled 98 A mAEY. AR (470)9] Adlzlols Buk AstetAl AlAskstr] fske], A9l
o] Alo]A] uk(560) 5 H=Ewel(350) e FAE o Ut

MUERUB)= 2 AAG W B AP RU5) T AuEY, Alsde] ) Aol A E
(475)7F WAdd & Aok, A9dEE 458 Mg S AAAPRU) T d= **E“ﬂﬂur CR
o] 7Festtt. AAnkE(470)9] AYde o] APARAB)E wet 2 “013}7%1% #(100)9] HxEFHC
258 dA Aol 23 49 vkaEEE(810)9] i (Haptic) FA7F AEsAL (100)4 Sazlel =
9ok A9 AAnEU70)0] Aser HEES FAE £ du. 9, oA el T‘DT, Z39H(400)0] A

HP%(MO)% T FEeH, 2HeH(400)°] CT A(600) =5FH Aso =z w4 .

AAv= (470) 0 o7k 228 AfF = d=olHE(460) ] ol wel 5 3] FPH = A% T, A A
/s Foll AnbE(470)s dshs FAE x3E g o, AbEA70)s EAH5) 9] AAZNE ¢
WA o9 e sk WRE bssith. Aol R EY, A2 ¢H(440) HEi= =0l E (460)°0 23l
AAuE(470) 0] whue AL, A2 ¢H(440)° o] sl X‘Oi Ao, A2 ¢ (440) B EEholgH-(420)0 oS

2IE9H400) o] CT X (600) 25 & & ATH(S280). o]2fgh =39H(400), B A=o]HE (460)°l ol & A4
HHE(470) 2] Alo)E 98l vhAEEE(310)0] AR o Tt

T 162 AN E ol e AAA Z2AAE Adste T2 JdF 9% E¥olt. AAlE ZEAAE
2~ I3 L=t

=
= FAE T

2Z#0](350) 9] Aol Al&x7t ol Al Jd=A & 5 3
Al2=ee A8 A (Planning Stage)9b dlo]Alo] A whA|(Navigation Stage)® &3] Z Ao W= ne=
Alggstel, A, AE A dell, Aled A9 IS E 553 S (obtaining images and segmentation)<
sty =2 S Eel S Aol X Ui i A GAE wEa, 7 AVIES oluH] AolA

B =
LS

g
o
2

Ot
o
£ o ob :

AAF-(500)7F HxF 918 AVE AT F JAEF srh. o]F A dAA, Aste Aled 9
sl oZ =5 Aol HAFA 4] 9 AUAZRE At (plan). AlEFA #xle] Ale
Z53lal(pre-scan), Al&Ed G4 Al 9G4S Ao (registration). Aol 93] 3xle] A

s
o,

g

oh= 3219 GALS HEe & wad A9 A AYAnZ FAs I, HE Sl (Confirm) S I
L O|FEREE AolRrt BRe(d: E 4 WA T 109 400)& 7lol=stE dH| Aol w AR dojzith, Uy
old WA= YAXAA EZ(positioning mode), TEwW wwEel m= = ulE4Y) R E(insertion mod

= o o ox
ol
oz

e)s X g du. AXNZEAY Rl 2RU400)o] TEH] dEolHAHE AYAAR oleATaL, d=
o] 1(460 o AAlAle) 7 A Eo] AAuE(470)0] AUFEE Wt AdEn. o] %, Aub=(470)9] AU
Eol M AARE G A5ste], AR Aled EFeEEe] s dA7F SlEw, AHnkE(470)0]

shes ek, AARE G2 A= 470)9] A AAE AT 5 9l

o

WA, = 178 Alade o)A (segmentation) RE9] tjaZgo] 31 U oEF YEyE mHoRA, t2Ey
01(350)4 ek wlruk(e51) el A AladE el REZE MdElE AEjdA, taEFdel(350)de= Aled 9
(811,812,813)0] 2H ™, A& 9AH(811,812,813)0] ¥ (segmentation)F o] FEA|HTE, Este] A3, A&
A @l EZ3hd H32(100), B AFEH FRE(CU: @, W, F7] $)o] Hd(voxel)d 3xHd FJPow
A2 = . ofElH 2 #4E=(adaptive threshold) & Th3E #&7]Ho] Algd 5 v}, faZdol
(350)0ll = A& BE Zrmo Aol Aled 94H811,812,813)5, oE Eo], AANDR(811; axial view), AAH
H-(812; sagittal view), % F:Z2ZH(813; coronal Vlew)i EAE 9)\3}. walk 3xY 9AH(814)¢] thE

il

ol AT, 3 G(814)2 o7 AR IAH mAlE 5 Y. FAAE Alado] ek T &
21(600)ell oJa Al 97(811,812,813)0] AS5HAY, TAXE AlaTI= 7H4 oju x| 5] o]

Aead 97 (811,812,813)0] B5H TAAE AL yaEeel(350)d =EE & vt

BeoR, ¥ 188 HW RE(Plan Node)o] Hl2Edo] shele] A ofF ekl mWozA, 2Bl (350)
of g WAVHGEDAA F mEsh delE GHeld HUARUT5)E BASAY, BHE AU RUT)E
2

FAT £ Qrt. B o= BT RE(segmentation mode)oll Ao Aled 9A4H(811,812,813)%, 3xY A
(814)0] Z¥W R=9 yAZgol(350)9] e vt AUAARMU)E FAANE A2yt dE A E

FANE Azwle] HaZael(350)0] A& FASIL812,81) 3 1 2PEAY, A% Q811,812,581
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