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101; 104), 7] EEQ] AT Eo| dA" AHFS Zh= 7]101(83; 103; 143), 3T ZUE &5 A==
A7) 7109 ZFE Y] dAYE HME A% FX(84; 104; 144), 2 A7) HE A% AX o] AdAHE Al 99X
AA (88, 108, 148)% FHHlahs, o8-8 =4 AJxEl,
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S oAbE $Ate] W Sel A ASlE VIFE fASES % BSs W dHE 53 fAsok ek, 1 A
7, 97 9o % %2 (motorial capability)©] 208 %] 308 o HE¥dozy, Fonct "d AHUx
o &4 8 F3o 4ol AVl ol FAA AFS Ut wEpA, Aed 58, F4 9 HHAS
Mdets s BAoR st 23 HEd 5474 dAbe 42 A2 7]sEso] Fdstal sl

2
g ol fR®, R mEA

JFI

7 AARE 90|l 2wk olH R #A ] ek Aow defct. AdHo=m
A 71538 2719 WEAQ 4 2E AA"EoRE Intuitive Surgical Inc(ZRE]3EY o}, Sunnyvale)oll A 7§+
3 ArEW DA VINCI'Y & /\]Z:Eé,l% Computer Motion Inc(ZRE]EYo}l, Goleta)olAd WX 7/Wdd HxH
'ZEUS' 9] g Al 2Elo] 211:} 'DA VINCI' & &#% 4 A== oll S dod nFES A)6,659,939%
9 A6,837,8838 9 AT Frlel thE EFEd] JAE drk.  'ZEUS'ZHE WA e A|AFHE Wang
ol ol m=ES AS, 02,8505_, A5,855,583%., A15,762,458% % A|5,515,4785.2F Computer Motion
Inc(ZZ Yo}, Goleta)oll FFH thE ST d 7145 AT},

olg} e AA A 2R A =H 93] F& Ao AAH FJrulg Algele] A Ay e 9AH0R
A Ales AE F k. o= Aol Yojbe] FEtg AATE A AT
ol EX AzFe] e Fouel fFARFHE HAR Segts, 2R A2Ee Folun §54
A7l Wit oJEsAdA e HaT Fgo] AgHHolrt. FE AlaElE W] o &}
(topological anatomy)”} ¥A&ta, Zd-Fzte] Ztom o ulgl Adkw F7h AT A

Aol aFEE AGYHAE 3 AAFHATG. wEA, olE A&Fe] JAA dAE ZY Fite]l AL 4
SR A3, SRty EZ2A7F (AR FF oS EVbed wE) spagely, Ay A7)

o] ol (AR ¥, ¥lwr|y 2 vt g ¥R U2 e 9 & AMEs)dE AHsA] gt
olglgt 27k 54 Alzwly FetAl, Fe 2R A~Fe] ujuEd o] Bl (manipulator) o] 7]AIA AAE oA 3d]
o] SR el Ax7F Add] dol e, A" §E4do] 1 7ke-d shtoltt.

HU

wlo] At Hg
e, 2 owrgel R, AU AT Gnenatio) P4 e w3 AUEAIRE Tk o 43
g AZae b Ao

olelg B4 %@s} | A, olsfel ANGE st Rol el IR, 56 52 £ TR wx w
om xFH7] 7 =¥ lUEUAClHE e on AX, 53 B34 A4 pAe dng 23 As9
Agdch, 2 ‘%}Uégl St pel Gew, 2 AUEACEL, % of Ayl dd AAHE LA4ew
A9 e} of LA o) AXNHE BAMOR £ £HLE 2 HUEA I (nanipulator) 9
) AIEAAE G 49 ARG AIEA F0ris); X o) AILAN ExA A9 42 7
T8 FARES FHH AE fl(elfector unit) S EFAE. W 2P| ® b Fejo] w2, ujFEeol
g e el £22 94X A4s] 9% 98F PP /1TEH 42 2n zm FAHoR,
AFE PRP /1T T, e g Al A R2AE, F RAY £4 02 BE 91 AREE AT
omH FARE FolT WHAYE Al TelFP (P) RAES, RAH 54 FH2 FHoZ @ A4 AKE
& AgosA FAs 9% 29 A4 AEF WAl Az 99Y (R RAES, BAY £9 F42
HE 9l ARES ATFORA FuNe A (reach)E WA E A3 ZEY (P) 2AEES AR X
It e,

oleig v EeolE re] SWa s|Eed e, B WANN FEa TE oldE FoA S8 e
e olde sl gt

- 32k Yol shuel wiyEolE o] "Hew e ¥ 4
(intervention)el Al Z7hd 7<) 7 vy & ol && o] & 5 AUA g},

- yFEdolg e 75 IAEEYH ou Ax AE T X § Y, 7 AFe Add 2R myE
dolHE oF A (clearance position)ol] WA= AL ©H Lo FHEE WPA] = A
(unobstructive position)® 3| AA 7= AS A= kA Hr.

- AYEY A dig A 2 dE B 7179 wIS S g 7| FFe] g JAEE Lol T
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2 Ha v gYHE Lo oo & Av|stE Aozt HE& oldl® Aotk ¥ &

2 53 9 g& TdoA, 53], the ol FHHATHES] 2.2.8 #Fx2). A, Faraz ¥
Sh. Payandeh, "A Robotic Case Study: Optimal Design For Laparoscopic Positioning Stands," Proceedings
of the 1997 IEEE Int. Conf. on Robotics and Automation; April 1997.

A, Agkshe /1T PAe Azwe] B4 SR Jofdd. thal wal, 23 i EdclE e A
% FaE Axgel 4% g3, 53 Ak A& SEWW okl 4PN = AA A A, A9 Aw
o

=, % A (skin harvesting), I & kA 7ot

Wol, ANk 2R AU, SUARA /1T TRl 2R 5% A2We] 54 Aol 43 A

=

N

X od

gk A = ookl e welal vk SCARA S b miUEHCIHE o] &8k oung =X A2F
HEAQ o= s EW uls 538 #6,102,850%; Al5,855,583%; A|5,762,458% W Al5,515,478¢l] JHAIE
A3

gug 2R A=yl §EAI ddate, Y] gug 2R A" didow 54 FH Ales S8
TAE0] k. oS =W, "DA VINCI" © "ZEUS" A|2Ele B3] A FS 98 FAEol Uk, wEkA,
Mg vpel o] 18k A ~RES 5¥e A J|FE 8 FEe] Aok, me, A AlsdA Al
Fu o <l 79 5 T Adeate] Rl o eldk Ajxwle] E QlEH o] ~(haptic
interface)oll Al FAHTh duwbH oz B FEAHRAY, Hlwrd, dukeln +&S X3, A9 T
e A FEol ARt A, HeE EZZ X (anatomical topology)E W3t ¢ Qlov(AA o] Wz d
=3 4 o), 22 3 7|9 A4 548 ogsith
T A Fgel AA HW, 71T &% WHAF AAAL, 1119 &F 2Ade] dasith. weba, Ayl
B3 oA, ofole] &9 5% AgeA mERF 7] s &5 9% #Ae T deEitk. Al
A AANZRE, QFefrte] &2 22 A9 Fhe| & F& H ol mE L VSRS op|dhe ZoR
FlEdt. Fxe= Iy, 9A 9 Al (yvaw) FAS mEpAE 1000 /Z2o] o251, HF WA= 200 m/s
of o]F &+ gk, 1119 &% =AY 9 Asd oA, e AlLES s, 8% 2 ALEY] S48 B
olth.  olate] B wAAolA Bl A AHes 2R vjuEdeles 283 BEAYS #AAaATa, o
T E AUkl B el 4% Ales fs Adetes 48 ¢ A
T3, B T A2FHES WAAS g wiyEdely o & 7t AAE fEiAE dA 271 mjyE el
HE zha glvk. ol& WMt H349 790 udk Ao w Qs Als AR FUHE gt B39 A=
oA, fHolAb= 5 WA 7] Adeldk ZITHE ol&stH, FF Lelgk 719 A 3] uEs dew gt
2, 71T W QoA HEde] wdd wet 5 WA 10x7F ZAEjn, ojHdk wEd HAFAoRE T AlE
Azl 714 geb(oF 10% WA 20%). W& T 23 AZ®S 3 Ee 49 7T HE XEE JQE ste
B AlEe Aol 44 &k o2 A2"EES BE AZre] FA A zd AlE(ef 2082 AT
ol Qlo], TF 24 A="o H&S AYsletA] Xstal vk, odHomE, 2R FE ALHES REolY
of dtaL, 47} 717 A& EES 19 WAE A& FE Axe BT 59S 2a glojok k. H3E vy
HeolHe Tz B Fo3 Aoe AN AL FEV oA S AEUEuE "old glo], g 7TEo]
Aol st WA AY, s the shkel flol wiAsfor & 4 Slvke AHolth. Alnbrr, mjyEdolE =
E & slo] nighAsitk. H<ed o8

Bae] A L A& T B dnelate] AokE HEs AW 2
23R A2Ee 59 1 B ool Zlveta AW opet, W walAelA elstel ZlAlsta 1 A
2 EBFHe Aoz (FHE /8 B 540w Ad, FoudE 53 448 BARS Adss @u, ¥

T el iy EL I E Al AR 5 SUAl Frt.
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87 Ao 2 wad 24 98, A% f9e ddsls, duEeldel & 717E 2 =
W 2 847 AT AFelolEst, 4RY 5% /TE AFAVE 4Y 4F /TR £FAY. 257 )
TE S A2 PN, A KU AF 4Ue %0 ddshs W A4 Zadd, 877 T A%
slolElE Wl Ax mejslel Agah A6 HAF R) XUAES TekaH], A6 R) 2AEE FHE 45 7T
o & AEE WASHES, 847 /1T AFololEd] FHY £% /1T Dol FF i A FHS ©
£ 904 AFEE AFH. o AN, A6 R) UAES] A FH3 A5 (R) £AE] HA FHL 4
wats Aol wdAsth, AW, dE BW Ak A& & olgle] 2 Axwe] ga6lAE Teld FA4el
q% 59 A6 (R) £AES A4 R) A= s AU AT Sol4e BAS] 8l A T 4 9
o R ES A4E 5 ot

s alE, uEdolE ERe Al (R) RAES A FH% AU R) £AE] A FHe] B3 /T
AFololele] Hrj Gl 4743 v BAT AVF LTAHEZ PARG. o] WAlde 24 23
MUEAE L A AN AR FE ARAS FaA AR AEY 5 A B,

smelae g AHAolzdA T NERT 4 JuH, AF 44
A g6 DOF HEEAS FHERE A4 2RAE e, o 294
JEd AT odd AN zPAE 2RA 7
shuer, @zt 717 o4 2
A= P-23 AMel g =
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AFoolB] T2 HEste], A4 (R) 2RAE, A5 R) RJNE, H/EE A6 (R) £IEE FosidAe, BH
Mg a Al Beldels AR mHe, REe ARLEd 9728 4Uus 2t Jlols, dY xdEd] £5&
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uEgolele] #¢) 3 Ww A s HE=sh] e, 2k 23 vy Edole o] 7%= vt 1
o] A #@elA A7 (laser range scanner)S ¥33h},
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E12 Fx UE 1002 FAG dvbd oa 5 AALE g 23 Al2HS Bosd. o AlEE Y
L& 7| o] Bl (robot manipulator, 14)7} wjx] %o
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2 BAP)7F FeEu(12)d 9 A L Edd B 21
ATk, = 19 dellA, g8& ZE A=EH(10)2 FuF 299 Ales Y8 HAEHY. g ST FEE
B Z&(surgical master console, 15)S &&AI7|aL, QFpojAl HEU(A)o] F&Ul(12)dd J4Hstd, 4§
2 877 719+ (laparoscopic instruments, 18) AJEZ}F &2l Edo](16) 7I7lolel] A dtk. =& wjyEdo]
H(1) = oge 79 5474 717 (18) & Adstn &F 7FsatA s fRE AL 2 B =A%
= AAREY. e T, 22 wyEHCIEH(14H)E Aol FR(EA Aol AA% sl o]de] F+8& nfxy
ZE(15)S &3l ¢k W oo H|YAH(S)el o3 9A ZF(tele-operating) AT, JE& ZH A|Z~RI(10)2
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(laser range scanner, 22)& FH|3IT}, o] #o]A FAR A=A (22)E A 9Torl HEY A
< 98 AHgET. E 32 9ug EX A0 Y JAH FHS FAdste 25wy EEelE (14) 9
AR Eolth, 28 vUEH I E(14) = T aige] 23 rhesta BAEA S we oF Jhed 7E
el o, Y #HxEA, =, 71F, T EFWAF: Tool Flange) B HA4E 717+ H(LIT:
Laparoscopic Instrument Tip) FZA T3k % 3o ZEAHETE, % 30 Z=AE Az Zo], 23 ojuEHolg
(14)= wiyEeely H(26)3 wiyEdely E5(wrist, 28)& E3Heet.
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2 oolald 5= e Aol

L 59 rlsterA melel] 7P 2 mAlE A o], h(26) 5 g 2(
ZAE)QD AL JAEU D o 7]5-(24)0] e dAAd. Al 2RJAEUD= 715 FAL0)el o8 714
(24)0] AAE o] EAAow 2 4 H& wel ¥ DOFE AeTdrt. webA Al ZAEJD] o, &
dHom g2 Al 4 FALD) B oold FHE F55hs 2a50] 75 (24) B FAL0)e el =24 9]
=449 g 3. g oy, 2RJIEJDE FAF©2NY xols 243, 3 W (revolute joint)?l Al
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2 ZRAEU2)7F A1 FALDE H(26)9] EAHoz 3l 43 (L))ol ddgt}. 3 2AEU2)9] 3
A5 EAHoR Aot FAE2) 93] BA(12)9 1 %=7] 749X (angular position) Atole] 2
71w A do] AAE = drk. A3 ZEEE E5(P) £JAEU3)7 BA(L2)E BHAHoR £l A3
3 HA3)el dAz}, o] FF(P) £UEUE EAHow 9ol £& wel ¥Z DOFE Aleste]l ¥a
(L2)o st Fa(L3)e] 43 Welel o) <H(26), o AIeAE, F85(29)9 A (reach) = A% HLA7t
AAE 4 A @, ol "HA(L2, L)' FF(P) RJEUI)Y A 2R wyEdolE(14)9] EdHo=
FHA AF 7se A H(jib) EE F(boom) S T3 ).

w50 wAR Hheh 2ol wAE 2he] BE(P) 2AES} e BFR) £ oa, SH26)L BAHow
449l Zo oja) 1 W7 DOFE 23, 270 41 Fo] i@ 2 WA DOF/L QH26)el AAEY. mep, =i

mjUEFdolE(14)9] ¢(26)2 9% FHE = =, WY& lE(14) 9] 7|78y 42 ZEF3-3| -2
2] =3 (PRP: Prlsmatlc Revolute-Prismatic) ﬁEH«] Y8y 22X FTFHA F39o. g AHES], 3742 Al =2
EJL, J2, IE 9F FAE(z, 0 , v 47 dgstt. Aq7)A, 25 4 B Fo]) FHxolx, o A

(= w7 4ﬁo1u4, re WA (R ) el
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ZREJ2, J4, J5, J6)& A (300 F-2He 232
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= RS AA 717 (18) = BAale) ek e, FalLne #3S HA 7190 917 yEkd
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(approximation)d 4 Itk % 6o 7bg 2 =A@ R} o], gh(26)e] 714 5 J2el 7}
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AAA "ol Alsketa Bael HEMe (S Fala AalAm, o Hgue o

Aolt},  ZAA}zZFS

ZHE AA Assted D3 F7Hg oo 3k b X (safety threshold)E uwh 2}
s

o
= =
THslel 2 ZRel el B W So weh gAow AT F, B
= o] &5l Wl gk o%o W7 AA EDP *3(28)° "/‘EL(LZL)«] A o}
% Z

B A ¢ e e L U VR o U

et AAMAE el o A AEE ¢ Aok, w93 At s & of A4dH AAF 7]
(18)9] =®lol A-g¥vt. 29} & degh 7]sketA 22k Felel oal, @l wAel] 7xg FE AAE
g et s g84Q GuEES FEY U Al 9AR, FE A WHE 20 73 FAA SE
F& AT olE 2D Y FelA suEtE vhE 24X miyEdelH(14)9] 3N FEIE Ag-elRk, A
=9 fra 3ol 3AdE Eeto] dddom AFATY. webA 3D A4S 23 wjyEdelH (14) 9 ¥
Fie] wabdd gisiARt a8 davt vk AS & 5 dvk. olEE 3D dAkelA, #HHE FES o7
A2+s 719k ®dl(triangular based model)® =&t 2 A, o =wolA AokE = A e Al
nz AEF dudES golskA AT 4 Ak, Moller, "A Fast Triangle-Triangle Intersection Test,"

Journal of Graphics Tools, 2(2), 1997. AAR, olE ZHAF 7|7 (18)Y ~H Alo|o] & AZS ¥4 7|4
238 YA 7 (endoscope) S HIsl7|o)] E3] A4},

28 myEolE(14) Alole] F& HEY AW ZAdE 9, FEF FZ F XA (common reference
coordinate system)ol et RE ZE wiUE ol (14)2] Ao} Wako] &4 U wyEd ol (14)9 $4
EURYS

%7 o]Fo uwAHdA(calibration procedure)E &3 AR, 754 #HAdAA, F= AT AEF olFl,
Aol Alz=EE A wjyEelH(14)5 BAAZIAL vkaE FE(150) o] Ad3 AR 34 2/Ems FHE v
=S Fal fFeAKS) el A Fatslor k. e el aK(S)= wiyEH Ol E T suE S W
o= 7 xFoto] e B ¢ vk, wE AAdRA, Ao REE AES, Od, H26), &
F(28), s FH5(30) B AHA 715H(18) Fo] Hol® shtel dis) M2 tE &S 2 2 ol +EH
A5 olgste]l B A FE Hd dES 2T F Add. HS 253 WA FE Ade] AHE S
= FHAHO 7 TE WFoE AN FAlA RS G W] FA Ve F48] AAad.

H(26)9] TAT FHEE g2 FHL ZJAEUJL, J2, I3 AFE AFoolEH e AHE Ao FHo|th, &
o] mRddd S2E e dd 2509 vud w, o A me, J1, J2, J3 % J47 ®iskeke Y
S WA S WRb obye} J1, J3 B J5e WEehe B S 2hA @7] wiited ols AFololH o Ao
= M. ofol whel, Al FE(AAY, JEXH=E ZE= PID) O] HASE Thea] AaL, wig w2 914
9% F4 2AH(position dynamics tracking error), olZd], ¥ & RY A3y AFE %/‘é@ T AT},
Argg AR oo, ZAEANAME 2JAEUL, J2) T Aol sty g2 d $4E sk A9 A 1l
& Agetes FA(l2, L3)E A% AdsAwt Aol FxAE o g,

22 myE eIy (14)] 7]8tE4 Aol mE v 27F4] el dis] dggtt. A WA, mjyEdely 7]
F20)7 Fed(12)25H 23 A (A2, 600mn o])E Fi wix =i (26)0] (HHolart A= o)
ZREUJ2)E FAHe=2 b7l AR 5 Id"E F AEFT HAAFHER, AT AAEdHolA
(insufflation), 3432 #7] ZA|(anatomic organ removal) @ HZE B3 S99 =39S 93] <= (12)9
AxH AlEeA A2 F vk, B, 3AP)E FEW)R e 22RYH L&A &4 ¢ . 7
HA 2, SCARA 7]3}8te] ojzid] 4783t 3 9o =3 =F fAe Zdolo] 27l ¥H HaE AZds= &
2] 3] A Z2E(elbow rotation joint)S zt= AE™ ZEUSE &# 7 wjUE#HolE o AL&EH = Aol v,
U EHClE(14) 9] 988 748 £5(28)& & X}(P)A AA Y12 X sk Bagh F7Hs 4EE] gAY
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601 =AG AT} Zol, o Aejol weh, B A 9 0§

s
e AASES E53 A% fule] A5k 28 dobd, 57

2 oo E ol e (14)0] FAL o AN A
R0 A e RelE RGOS T USR0S ZPAE, F e 9l

1 ul el "(a2)el elaf o) Fhed Fx= TARG. ZAze H(12)e BE AF m: A
Azl Fa] AF AT Qe ANUDE Bl k. B2l AGH wel, 7]F (20 0(42)9]

.3

T AAA(=A] Aol sl FEide] vyl btEn. d(42)] JAE" Foll, 23 wjyEHolE(14)E
E?ﬁ‘}% IR o olgd & Jduh. vE AACAME 757 olF Thed Ee uAdd A9 dUd
ol FFEAY, 29 71F24)E AAsta vigEdelH(14)0] A 7= FFE 5 . F oAk

=3
(40)% dagh Ag 25 wyEdel" (1) F7te] HFAE Fostr] 93 i)
Aol o3 A" F AEF AA"ET. 22X wyEdely(14) = W 78(45) v EE A9S T3 71F
(24)el  F-Zert. gk (40)ol= 2 o] mAY Hol(46)7F ThEETh. o] HOoJ(46)= "Robot
calibration[R. Bernhardt and S. Albright, Chapman & Hall &3}, 1993]"el] 71A1€l A3} o] 3

17(24)9] A8} Bas AANES AMEE= 3wy YEIHE AR dEE v, 7)E)
AUatA A48t s 23 wiyEdelH(14) o4 2713t A (factory set-up procedure) %
Al frofgiet.  Egh, J|HEE BeA g BEY A FF A 2 AR =] H(servo-drive),
A 28 Ao fFHle digk B4 Ade A 9%

5

s
o
Ay
X
>
>.

43, oF A2 ANEe R A o @ 97 A

E(enclosure, 48)& x3tsit}, X 1o Z=AIE & 8o 7 & TAIgE A3 o], o7 R (A)e] H=2
(L2, L3) 49 oA AA e HAddstes 3Ae #XE = J=F 2D oA AR = (22)7F 715-(24),

o g8 o dE48)e AAdt.

o Am v 27f e 2X mjyEdels(14)7F o8& 22 A|2='10)0] AH8H = Zlel fefgitt.
A FEel 23 miyEdole(14)7F B om Fd3 7|8kt -7] -84 PRP 9] (26)s ZAIRE,
o= FAHCEE Al AFEEE WA WRES Addel Far, 2ol v A2 el 2 A
2 E2o) AlREE thekdt 2R AL BEAA 7F(18)E UREEE FAEY. E4FE AAE g8, Al 3
EH91 25 mjyEd eIy (14)= vt AHgHe] B 1 ARk, A2 dEfe] 23 vigEeeolH (14)= o¥ W7 AL
St 988 23 AEFHA0) A, 270 dEje] 23 mjyEdolE (14) Abele] o Aol &3 2t

- UAIE wiyEdolErt (A HHoR) H XE EHE 3600 FHS 2522 o uidt 2AEJ3) %
5ol o Arh(eF 750mm) .
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- WA s EYelEZE A XE EY® 3600 3dS QstuR T e 2JAEU4) S FEEEo] Fikol
o ol T4 F Aol s FHE AREste] @A FT

- 2AEU6) = WAE miyEdoledl AasA] vt F, WAl 2JAEUS A AF F2E 5 .
=

- WA vy Edele e e FH(30)2 WAE 2 o9 F(extra forces) s A& /E
o= Flo] BHE o,

olglg ApolHES Edte], A2 Fu =ZX vy EHCIE (1) W3l ZAe=dl, ol A2 FE7t gL 97
T

% 9% P, Zzte] iFelolEE Egheh eolE ok(26)9 ZIEUI-II)E] TAG] B ARATS
shefel) 7] A}
AAE Y olFololH A, o $24L 4% (P) ZAEUDE B 23% 48 2(G0)S e, 448 W

dlo] o &+ Parker Hannifin(%=, Germany & Poole, Offenburg)?] Xj7]7]7:ﬂ & (Electro-Mechanical
Division)olA] #A|Z% = ET Alg]=7F ). o] & ~23F A8 %(50)2 =719 Y $% <130 (incremental
motor position encoder) % B #o]=7} FHlE BHAZ A AE RE(GD 3 FEHEY. A =(50)S
7he]l Ad] AFE 9 AA(EA] AEHE Yol F7IE FHstaL, FHE 29X EFH VA SELSF &
¥ (end-of-travel bumper)(ZA] A E F7I= H|gd.  Fo AAAAHY FHEH 7 (torsion stiffness)S

oE -1}1'
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wisty] 9a 2 A9 shel=(52)7F AE F(50)e F& AAAT.  H(26)S 71H-(24)°l FEetr] ffa A

g F(50)0] BZ(53)l F-Het. /di*d_ 2 AR 2UEJD S AW He =4 Aole HE (A A
2H) oA ShllEt.  ofF AWGA)7E = 3o P F mAE 2EEd((P) 2IEUDY] a45S et
ZAEUD ] oFololy Aol weir, ZE Beol=7l Ay ME EHGDA s3] 3354 ¥&
o FER(29)0] HA e FEhe WASES BH/dw AEHI7E AAE = Ao feldt. 3, ofF AW
(54)°l = B]}E}}\] EE 23 2RIEY w233 AAAIM He v AA BE(&A] Aol wiAdd. = 99l
LAIGE Ape} o], wiuEHolE <H(26)9] HEd RAES BAXOR FHQ FAN(271)E %,

= 9°ﬂ‘“ (26)/] 01 A ZRJAEF FA43= (R) ZJAEU2)E IA E=AET. & 1000 7FF & =218 A 2
TS oé‘}ln:_% Harmonic Drivel#5S4XE] I 7]0(62)7} &l oz Fu]E HEA|

g AR DE1(61)«] ZHAE AT, BEAlgs BRE(6DOE 9A] A=Y 9 17 b BHo]A(fail-
safe brake)7} FH|Evh. g, dFdoly ZHA = F7F] I A MA(65)E TFHISHH, o] AA(65)=
7101(62)0] Ed ool Ad® WE(66)o o3 FEE= F7he] Al 3" A AA65), 7IAA FELSF &
Hy 9 PuE QA E(EA B
A g o Y BYoaE
6)3 2E FRE0)S T
o] Az % FY AoJEES
o

~—

S X 2QAEW2, I3, J4, J5, J6)9] Ztztel mHe FEo] I
F e 7] 2A A AR 7E AR(6)] AlsEn.  ol=HAl shd, ghe2

2 oA & vk dF 2JEJ3-16) R AE {5(30) o2 T E
(64) W¥-5 F3she 7hed Aols HE(EA AFHE Fd J3=FH JI1=

kit ol 2], Sl AclEEL dxid A Voot BE YA FFH AZEE S huE F
ATt

T3 E 9% FEE(29)9 WAPE A% WY, =, gAE A g (P) 2AEUDE EFsHE 9H26)9
FHR(29)9 AAE HoFEr, RUAE(E A3E AY AFoolHRA oA B 23F Ay F9 HF
AR %7008 Egsth. oA, BE 91X A3y 9 uF ki BelaE FH|d Byl AME EE
(7Dl 93 FE5== ° AbgEn, Ay AdEy F(70)9 2EE

]_

AAE AN B A Wr)g oA, o T we 4 AL 7
247 4 ek A8 298 FQ0)els Frbe] Aol 48 92 447 v o AFHL, e 2904
S35} A3 Eend of run) 71AA WHE(EA Ahol o AFAG. AE B AAE] FHoE wAH 7

2 A el shjEth AWMl A2 2AUDE FHSE PEsd 14 (P) EAEUI
2%, 53, 4% AFololE(70)9h MY Fel=(73)E Belath, welA ch2e)dE Wie] Folx 5
2(20)7h ABH] BAP) A% d4Y FUUS Aew i Ak w@, U 45 dug AdHoz
HAGES AW (74)9] F4Ne] WxEo] ATHY Fr,

511 YR & 138 Zxde, £2023)7 ¢ FAFoRE ZAE(J4, J5)E M8 T<sit},
2 A

o]

=1 A = 180 EAIR (R) 2JAEJ S 7IAA s A war, B es MR RE(81)7F 730
2 AARB0) O FHEY. AR EEED] RE ARZEC 93] A (82)9F & AMTE AlTEY. MR B
H(81)ZA] o Zit] MAXON MOTOR AG(Z=912=, Sachseln)olA §i<= 7badh EC BH Algj=o] -3t o] ALg-¥
g R HIEJHE 7191@3)E S8 AR ZE@D Ay, A4 ia14%](87)01] 2949 stg & =4
(86)5 H& WMER4) B ZY(85)] WE-FY A=HS T Teste dE WAUSES o 238G, 94
s MEB) o8 TEHs E2(89) dZ2" Frhe Adl 9L 3 AlA(88)7F ]Z]J&(SO)Q] upeH o]

O
BAEG. AolBEE %9
Z

S)ENE RUEUJHRE FolsiAl hlstr] s, ks = E2(86)9k 42 =

ANEU
A@NE Eedsks 2HA= A2 ZAAQ®T) Bl TP AFZES 59 s z2t= A A (80) = 2719 &
Zr(90) el ofa W (72)0] AaLstAl F-REvh. = 140 =AIFE A ghol, ﬂﬂi(92 = 2IEU(DH O FEES
BoaA Aok, A e, Ae FR60)H £RIEUS, JHRFH U2 AclEsdds AYEHZ AlgHo] #

AN 8 ERQHE BAT S A, TAEGHS ANl W 4A WES] ABEL. 1 ok
2ol 2k Hak ZE (8D Al A T G 23 249 AR Lk A F e S e
(0D& F2A77] A8, REE 345 % Fe(86) 2 AAGR)] F3 49 5= A, o] A%, AAB
(80 85 % F2)(86) B T A HXw ),

(R) ZRJIEUH Y 7AA &5 AAe T3 £ 11 A & 1390 o FAs] EAldnt. E2dAHo= A48 A
FA(100)E ZNEUDE ZRJEUD ddsted], FHF7 ZRJIEJD) O d4HT FHR7F ZRJIEULE
Ag 1A Z#glelth. ool NAXON MOTOR AGe] g EC RSl HEjA|alx AE EE(101) = 1A A=y

= AAN7F BE ARZE X ETh. = 13 E=AIE A Zo], AR EE(101)= AA F-A(100) el
SWgorw e, = 129 & 139 =Ag A Zo], (R) RJAEUDS)E 7]01(103)F 3 EEJ(10D)e] 4
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e AE WAAYS, 293 sk F E9(106)8 TEEE e WE(104) ¥ E2(105)9 HE-F7] A|2=H

< o xEgheth. E=3 HdE BEQ04) o3 FEEE E(109)e] dAE Frre] Aol o 3] A4 (108)
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T 162 FAH(P) AA 9Fo] T3 (200)7 1 F] FFH202)S MEFAHoR HAFET & 160 HTIEE
HAxA(x, v, z)°] 2% FRF(Fulcrum Reference Frame: A% #FZ )= A =A==, 2 5 538 3
kol A= HaPsk Agkolt), FFH(200)2 204= XA FAH(P)e] Hio e AEE F3) Q
A Aol mEolth, T (200) ARl A E 13 & 20 2AE An g2 HT EE

gl FES gl & ] BE F9o Egsty] 93, 2! 2 EAIS F3(200)9] do|wdd %S FRFY
94, &, JHAH206)S FAHLE A F3H202) WolA HAHAIZIY, ©A] Z3A, o] dHd _1,5_

At A-(fulerum)S P, ¥ FH32000S A= A48S 017 98 Sx(P)e HHT 35 A}
olefl A, wl2] 7]&o]d A3 $A(mirror tilting resistance location)el A% o] }%‘ZIOPD}.

oo Ao A Ex A9V WEE 547 7159 dEel wix " 6D0F 3/EA AA oA HdFHoE V|EH
Ak, FEEF: J. Rosen %, "Surgeon-Tool Force/Torque Signatures — Evaluation of Surgical Skills in

Minimally Invasive Surgery," Proceedings of Medicine Meets Virtual REality, MMVR-7, IOS Press, San
Francisco, CA, 1999 14.

3] Fx, Fy = +10N; Fz = 30N

EHE: Mx, My = +1Nm; Mz = £0.1Nm

o714, Fit il F = x, vy B 2)& U & Yehda, Mis = 169 FRFY] &9 F(i = x, v T 2)
Edo RAEES JeRdTE. FTAS(122) o] I-ET AA 9] 52 W= o5 ¥ 7 LIA120)9] &%, &

T 9% 3ls(motion dynamics load), B F#3(200)°] 7FeiAl= AW 4 T AgES agsiof svt. AHA
2 FTAS(122) W9 3/Ezm AAE HgAHS)d &l #Alojx+= #El AEH o]l ~(haptic interface)=e] 3/
E3 wek(reflection), &, 3/EF =S 98] AF&FETE. 3 FTAS(122)9] /=3 MA{:= FTAS(122)
& Folxgo g AE3te AF FH(30)& FEoE FES] fdl, 28 AF FHRE0) AFE HAF 71T
(18)¢} 435 #Agats F/EA, 90d, A 7177(18)9] | Ee & 49 9 (206)¢] J/EAE HAIE] 9
d AFEETE. FTAS(122) W9 A3 9 Wi ZMEmAle -BEa AA FRe T8 9 7ME JgS dalstr]
Az AFEETE. FTAS(122) W9 7FEEA 9 F-EF A &4 FE52 7I8std o= A= g gt

S o, FRHHE0)S B B4 J1TUE ABT. dEe £& AR, @HAKS)E & 169
FRRS] sl okzle] FHu) Welel 7w A}) Fka Lel gel A AL A1 T(18)E 2E AT
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A A (fulcrum) = Ay gELE A0 &=
He 9yl +/-70° 100° /s
% Fdl [+10° -80° | 60° /s
T4 [0 200mm] 200mm/s
T-E(roll) [-360°  +360° ] 300° /s

AN FA7Ise] 23 wjuEdelE e AASE A oA, FHF(200)9] A uHH EdE 9Hlse
&5 FxA e JAH FAAd o &5 A oo 1 FEHE FAEM, L o 24 "Remote center of
motion robot"[Taylor et al., ®"TESF #|56673233%, 19954 5¥€1& Haust), o EFgr|ey AAE 534
Rl A= 7S Aesly] 8 A 25 wel 7| AA HZeo]Ad 2 (mechanical compliance)E 7FahH
71 o 22 "Medical robotic system"[Wang et al., ®|=E3S 61028503, 2000 8¥]1L Frardich, o]o i
g, & HAAdA AtE =R ujyEFelE= VA AEGe|ALY % Tl §lo] AAEAT, 5AT
Axapo] old] AAFE AHH(206)S TAHLE 3 AU BAE F, AHAH(206)9 AAE FHAss7] 2
25 B0 Thel A 3 Bl AAIRE Alofol] oEgtk. TSo], o] PEl= HF-(intra-abdominal)
2 FxHg s 8, RAHS)7E sk AS, FBAE(206)S #WRlsteE 7teAdS AlFet. tE
FHoRE i HE b &4 mE I8 (206) 8] Ho fX o] WEo] HEae 5o
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n

[% 2]

ZE Hd G A &= Hd 7+

-4 700mm 600mm/s dn/s”

J2 - &84 +/-90° 60° /s 400° /SZ

I3 - WA 600mm 600mm/s dn/s”

J4 - He [-360° +360° ] 260° /s 1900° /SZ

J5 - T %] [-60° +180° ] 75° /s 500° /SZ

6 - & 3l 250" /s 2400° /s’
Z7ke] ZRIEE 93 £93 71E solek HolA BH, % 1o Folxl gEL vwd F7] wie e A
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A5 AbESte] 2R wjuEelH(14)E Alojsks Aot X wjyEelH
+ e "FAARJA" mdo] wA WA Fo AAREHE o] 4
del o=, 2UEUIJ6)S ', FALI-LT)] B, HFooly wWeja] Bl
2 A9 exsd e denHES 23T, Aed "FALA" wyEdoly RdlE 37kx] HHoz A}
S, A, HA ZRE QIAEY YA HolES ZH(a 9 71HEE ALE degshE &% Alo)r] W
of o]22l BelS Alg3ste] 24 wiyEdolH(14)9] AEEE FA7IaL; &4, 6-DOF FTAS(122) 2 F-2he
S F9 9 S sk A He3hs ¥= X Eo|M(forward
DA Aibeie; A, L= ETEHCIAS B HAAOR 7 e
Ad) A 7194(18) 9] F9i 1ol Z8s g EES d9st=d AMS-HT.
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T 14 % % 150 A A o], LIA(120)E 2E FH(30)9 dF-5 FAd%rt. LIA(120)+ 232 vy &Y
olE (14) =2 A, 7} 2 &d/FF(suction/irrigation) & 153 L F+ &
HEA Sl s IE o] ~E AlFsrh.  webA], LIAC120)= wiuvEeolE(14)] Ik ffé*oo}j USRS
)=
o]

i, o]& LIA(120)7} €jZejrte] &5z Adsty] wdeltt.  LIA(120
3 olEIHo]A ZWA(156)2 AT Mol R wluEdolE(14)
3 He & FAsE A, LIAE 2JEU)E E8Hst 4= ok, AR o] AL sy o
A %_] =

o

) T

AUSE B sHAgEA e} 7 IH WAUSES EFste oS S 71AF AAe] 719 o
iol ol

ek, Fat dY9(sterile field)o] 3A wAYUFINE X = ojok s},

o149 156 9 = 18 Wl 220 E=AIE LIA(I20)= 959 AEH BF ~¥o® 384 F & RE AT
5347 71T ARgerldl Ageitt. B wHAA A, 28-S gl o7dl A/ = JINEE, SY/#F
T, A3 e J|E FF e A7) 227 (cautery)/AE7E zkE vaA g dAE Bor IFAFHTH
g ubgjHe] gdie 2HS Quoals e WEY dAINEF dAE 2AS s

X 7170 e 2R olyEolE(14)2] 3L LIAC120)2] AAY Sl 7)1+ 2=H olHHE (o]3) [SAR <F
&3h o] AAd o8] gAY, o dErf = 170 FE duEs =AHE

T 178 717 2E(302)0] 9429 4 e ISAUZ) T 28 ol¥iE, 30002 HolFEth. ISA(300)E & 1590 =
gk AJE(130)0l g o =2 LIA(120)0 42 4 Utk ol& 93, [SAB00)+= Ed4o= AFFEA 94
Zbz= Ao]~(303)5 EFTE. & 179 EAgE AR o], ISAB0)E T (F474) A 7199 714
(302)3 LIA(120) Alole] AZH Q4=A AAHAT. olE $3, ISA300)= =8 AYE(304)E 2 Xt
Hlgtch, 28 AGE(304) 5 AA 7Tl & 2H(302)2 5% FHle] A71(306)0 AAF =S HAA
o A, &2AB06)S 54 71T AE(EA Ao AZAHES dA"ET. & 174 BAS A Zo], ~
g9 AdE G E LHAE dES AVYHE A, £28(302) o] oA WES lad HAAEA.
[SA(300)&= AER FHozX AEH FA(308)E xd3te] LIA120)0] HistA AZdET. AZE FA(30
8)E A1 2(303) Aol Swow wjx¥a IERE WMo R EETo N LIA(120)°ﬂ 2= 1SA(300) <]
IS Bsitl. LIAC120)9] 53 &4 22 (inductive presence switch)[F%3dlE EHERS 4049 &4
FxlE A% 55 AFHES ATs] A3 AEH FAG08) 2 54 EF(309)0] xFHTE. HAF 5
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/xé e o]: /H x&eﬂ 7‘<j_/f_oﬂ g]g =

%179 E=AIE ISA(300) 9] A Q1 AAldE 7]
Hee g3k 71TE S AAE

glo] o]Fold & olsgt}.  Thget
oJHE = LIA(120)e] dZ2d" EA
whebA] | ISAE 7)ol 7ol whet
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fo ofy

HHE EF & gAM A 23, 4

=, 543 e 2®l(d 302)° A Fsi}.
o] AES 9% 3 NE Zgloly W (314), AW ©
o]k shte] A7l AYE(318), i dAY BAF EE FTY TE

) Fol sh ol ERET. HF 17 Y] AYHEIY) R EAHY
T(18)E HdlAe=, A7 AYEHR)E Fdsh= ISA300)e] HFEE(% 170 gk A
2F gl ogtt. BE FH9 ISAY 74 AsE oY T SEFHo|nE
ggjof sttt A=, LIAC120)9] AA g, [SAE (88 7|7 2% Al¢sta)
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frst Adsts FRelt. % Fol, LIAG20)9] -3 2 £330
FAR FAARIT. EAISHAE AARE, 7] vls Eis uelmel gho] YA e
=719 A9, ISAs &bl #(314) ¥ dud 7AA AE AAE 7H

Hu
A

§2

£

offt rfu

50 A

59 el (camnula)sh & 7179 A%, 1S4 2% Alo] Alzuel ola A7 A%
97 AN e 27e] e Tuld.

T 18o =AIE LIA(120)E ¢F 90mm HE wFHAsHAIE 75me AAS 7;{— Hlud 2k Y5y oz~
(envelope)dl] EOIHREE A (] 800g Wwke] A T&F)o=z AAIHo], AR L EE(20)9]

A 27 &Y olg e FAd S SV (5 dolA oF 130mm¢l) LIAC(12009) AFS F=
ISA(300)2] ZAolel o)) AAETE. LIA(120)9] Aol FE(J5)9 3] d=3} FRFS] WA (206) Atole] Az
= AFsly] 98 H42E(E 7 FxR). AAR, 9xZAHo Ay ZE wjUFEdely %QE(JI-J5) gE

o 1

Aogd fuolo 1o o i
2
)

fr ko

o 2N o [y

o W= g
&g o

N
miﬁmﬁ

Iz

- A8 2 £9/7ME sl AR Aotk AW, LIA(120)9] Hole % REA £o= [, FIAS(12)
of AAH - (154)& "Folxgom ARgstol] LIA(120)0E 2 =T 6em o o] dHT.

= 180l =AIRE A o], sk (154) 9] ofW2 HEF A S Zhev. SolsAl AlFE 4 A, A
ol , HAEAY Az E vhEolxltk. ©So], LIA(120)% ISA(300)E ol &3l ate 282 At 7]197(18)¢] =
H(302)0l dia] FEAQ 37 i AAE zE=th. ISA300)7F LIAC120)e] A &3] A48 wiol], ~5(302)¢]

& ZAEU6)S 75 F(roll axis) ® FTAS(122)9] 42 &3 IXHT}.

w3 = 180 E=AIE A} o], LIA(120)9] 8F9-4(154) ISA300) el ol F=g 717-(18)2 #5A17]17] 9

= 2e) AE A WAYF400)S 23T AJE(130)F ISA(300)9] A F5& &ols)
A = LIAC12009] H 34010 2531 ?i%}% WS FoEA FAET.  ISAG00)E FE&3H7]
A3 AE(130)= 2JEU6) SdFxy} dA=z 3o, dE5S mEl A, LIA(120)
of dhgk ISA(300)e] 4z 2 #e Wk iolE(Je‘))Ol 3| HFe dis] PAREIS & 5 vk, LIA(I20) & Al
E(130)7F A< 2HMA0D) 99 HA whdwo 2Ry daE 5 A AT, E 18 EAIgH AT o], A
E(130)0ll+= o]k 278 (402)7F FAE o] LIA(120)2] A o7 WAt or Soj7hA ", o] F7}9
IFH(402)F 1SA(300)2] AZH FA(308)E FE3t=s FAET. AJE(130)d AzdE 27 wAHYF(406)
o e IFH(402) Wl wiAFo] AZH FA(308) FEIr.  AIE(130)E ISA(300)2] #Alo]2(30
Y 95 4% FEHo FAEE T GEE zie ey Fo2A FgET. FE EA 29X Fe EA
HAE71404)7F 5% EF@B09)(= 17 #F2)& #ASE ISA00)°] EAlE AZ=3H7] 8 AE(130)°l
i E ek, Bl=w 9% W E(dead-man switch button, 408)c] ZX wjuUEHo)E(14)9] Alo] A AHS +=%
RER ASE 4 A dEth. % BEolA, LIAG20)[ 2 dA" F$ 7]5(18)]1& LIA(120)9] &3
(154)& 25 Bxdd o) A= FTAS(122)7F #53 JHE AMgsts 222 vy EHIE(14)°] o3 ¢

e FE B3 719E A AY FE71 53] f&sitt.

A 2Hs wAYUZF(400)9] AAlE = 200 7B & =AEC. 2HE dAYEF(400)> HE(418) s A
71018k~ (412) 2 EE] (414, 416)E Ea B ~23F420)0] 929 423 BEAds REHUAIDE £33, =
190 TZAIE A o], B A3F(420) Aol UE(422)7F #iXHo] 3HE MY LEor HIeEE
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[0141]

[0142]
[0143]

[0144]

[0145]

[0146]

[0147]

[0148]

SES46 10-1306215

ek UEMU2)E B 235F420) Fo SUF 489S A7) A8 A Trel=2h)el s <k
Hoho f= 2WE 290426, 428)7F UEU22)9] S € Ao wjAFo] s wAYF(400)] G5
TEE AR A7 Ao fuldl Ad€.

L= 190 =AIRE A gFe], Abs mAYF(400)2 FEshs whek o] LIA120) 8] &ekolt] 7H2] #](430)l
+ES AAdT. AR Al A, Zs wWFAYF(400) sl offe] stepnlEEe] HEE A

- zatold AUA A0 Aol AAH FHEE: Tn(EES] Yol BWE smy FRAAT, A Fejo] o
o 29e a7k $EEE o] WHE A glo] WA

- G &9 W9 29 lm WA 20mm

2
ofk

LIA(120) 9= 2=©El3¥ XE|(stepper motor)E 7133 AFESA] &= Ao =24, o= 2HY¥ EE7F FTAS(12
2)oll Uigk e 25l d TS WAAT]7] wolt). wEkA], AFZE 91X AFYIE FulE AF B
Algla ZE A1) 7 AFEdT. a9k 28 REELS Faulhaber GmbH(E <, Schoenaich)olXd 44+ 7FHsdlo).
AR, AlolE FEE Ao AA et 22 2 vHE AF &5 WAHYUSTO WiAEE AL ofYrt.

T 202 LIA(120)9] 354 (154)0 WS oAt 24Ve] DC AEo] FFHE ZHUIDE 93 53 2 A9

H(440)& HAFEr. s (154)9 AAE o Zol7] fEl, ¥ 9 Ale] f§L(440) FWA(156) 2%
FTAS(122) Abelub FTAS(122) ¢} ZRIEJ6) d4d ZAA(EA *8%“) Abololl X E AL, 2QIE(J6)S AW
(124) uiF-ell, ozid], RE (141000 g &9 & 5371(80) Tl wixd 4 Advk. w5 9 Ao F4
(440)2 1 FoAlAE F2ls x Aol whah Fo) & Jféﬂr%li Zeolt] A A(430)E 2HEAI7]aL, Al
|21 a0l weEl BE AFE Ao, 2uE 29X (426, 428)2F-E Q] A& 7] X3l & HElsta,
YU E 2925 Agete] REU1DS a9 HEYE s, 94 (154) o EA A=71(400)F A ¢l
AAREG. ¥ AA 7l 2 g2 bl VTES B AAA fE fAE W el BEALDY] AR
Qabe} RE(411)9] HEREE Abgate] At LIAI20)d] ZLd 37+ Zol7] 93, A8 2% wAY
Z(400)2 Ad 9F AAE FH)skA] Fevh. aEAY, HUuE 29X (426, 428)E E A4 (home sensor)E
AHgste] AbEskE o AElE RAgsA ¥ A At e FE o] o] AJx®le A& HE 98, &
= Toll &dhely AN A(430)2] A Hxla' A 2R Alagle] Adgh vngd T71X4°i 7158 9
. ISA(300)9 EAl, &, LIA(120)°] B3] F2H A= oARE AE130)e wjxl® FE EA 293
(404) (= 18 F2)E BFd PAEY. F% &4 29X404)e] 82 Ao F51(440)2] o] & 7153 gdgo=z
THE.

T 17 = 19°ﬂ Vg & TAE bkeh o), zHs wlAHUEF (40009 kol AEA](430) & 1SA(300)9] &&fo]
o A4S St Hof Qlrt. EE(41D)7F 2Hsstd, &Ekely AEA(430) = ThAl 91X 2 H 3 A
a4 ISA(SOO)4 Qa}o]ﬂ AGBM)E FE3AAY. vgel Egfoly A1) HA2EB10)E FsAAH 2H
(302, =4 AEHel gol] QA3 2 24 T T, oAAd = AH wWAYE(jaw open/close mechanism)<
ZFohg. g wsbd, Ay FE dAHAYEF(400)T} 1SA(300)e] =FAZE A2EN(302) 2 5E EElE
[SA(300) 2 tiAlE ;e F&S st} AAR 7lol= ®WH(434)0] &Ekoly] #(314)& &&kold AEA
(430) = A9jsh= A& &olatA gt

F

¢
[

T 213 E 228 & 18wk BREZ oz wA|Eo] 9l LIAC120)9] =7 WAYUZE(406)0 TALS UL ARFHo
2 mASta ik o] 7 WAUZFU06)S WA (latch) 24 FAF O] 13, AE(130)9] TFH(402, = 18
Fx) Soll widE 52 AAU50)E 2FdFTE. o] JA(450)= TFH(402) el U= Ae Frdel] o3
dfjEttE s o d Aotk IR H(402)E &2 AA(450)9F A & 174 E=AIE [SA(300)°] AEE
TzH(SOS)E' REHAORE RS FAE] drh. o] AAUE0)E AEF FA08, & 17 FF)el U=

Fol o FAH F N EE55(316)9% SwETHE 7 Mo ==2452)E e AEH FAI(308)9] 7
X}El:j:~ T/ BHEEAYEY 1F2(402)Fo2 /2R AY 2 28E golskA ).

A=A (450) 2] F2E= T 220] 71 & LA k. A
Wk AE Qb w=H.(456)F ISA(300)7F £Eld wf AZ

1

Bt

2 (454)2 71x](450)= FTAS(122) Zo = EHH A o
o HA(B08) ZHH A 450)E FEoR wEY

o

AAZ171 8 A ol 71X (450) 0] A o] = IE458)S AL 4 k. AMA(450)9] ==(452)=
AALA dolA w1 Urlek = ISA300)E AAAZ 4 k. w=452)9F EEH(316)9 WEYH FEELS
Ay 4% 29U (conjugated profile)ol W} F2A SFPdAEF o] LIA(1200E H& d AMSHe 7 &



[0149]
[0150]
[0151]

[0152]

[0153]

[0154]

[0155]

[0156]

[0157]

[0158]

ghag A ES] E44S AFET. ol 4= Q= mbs} o], TEe] #ed AW T 54 WAUSERE
Al AREE S gl oY A AAYUSES diAs] 8 55 SHelEEd A 7t €
Gl A LIA ol Axg F7-aAe] Apgd 5= vk, ofdd) 54 wAYUF406) 2 715" wAYF(308) 3
e 4 w7AYEel 1SA(300)7F LIAC120)o &=+ S o LIAC120) 258 &2]¥#] edar ofefe] 33 mHlE
o A& 4 Advk= AS BAS=S A E= Aol whEA st

- 100N9] 7l 8 $5+¥

- ) golA 1N W7 U ol dlgehe HEY wAE

- SNm7HA| 2] 3 mHE

LIAC(120)3 Z7be] A% ISA[<lA™ 1SA(300) 1= <AL EZS’JOﬂ ola] ISALelA ISA(300)]1¢ =89 A%
2 B 719(18), & éEé! 174\‘41 2851(302) 15 AEHAAE GolatA FEoR AA 49 REIEE ¥ of
AthE s & Folth. Ak viel o] AFy 9Fo] %—i?@fﬂ ISA(300), o]o] AZHE FAI(308), ANE
(130), ZFB(402) % =7 Uﬂﬂw%(zxoes)% LIAC120)° o3t ISA(300)<] <hl A 2 wedh A4 AAs
Agget.  ol#d oAl ISA7F A E W e AT o] Mo % X#(manual moves)el oJ% F&
e BAggitt, olglg Tl Yo, Bxddo] fIoAtE fla Tl 7|FE ¢ 6-9% Jlol diAEE ¢

B Sl o)A A VT8, F 29 2 IS0V BAHeR NSS4 2 F29 5 Aok

l

ISALSI T [SA(300) ISk 2Rl Zt) 28H(302) ]2 UG A4 /1TU)e] 49 @ el /177 B2(P)e]
AR ] EASE A mE 1T BAP) WA Wl AU 43 mE A 248 5 dvks A
2 solol Bk, mF Lololr WEB)O] TEHHE BIE JTE RS A% s,

282 7195 LIA120)9 &etr] dell, w2 o] 2150] FFsojok gk, 3 WA, 7|97 Fa W
o FEHog AUH= AS(FHHEY dolE 2HelA &ar), LIA(120)= s 43l (effector unit, 30)[Z<]
EU6)]9 ddFs FHHI AL S AR vigEelH(14)0] ofsl] vE] 2] == Il wjdkE ofok
Blas . Eotoly AMEA(430) 0] =5 Alo] A=l ofal] "A} ZlIE A", ddd ]IE el &
A(156)°] 7HE 7Pk AR 2 R Eofof gt} ISA[eld ISA(300) 17F w22 o, &dteld M A (430)+=
23 o] Alzawlel] ofs] "} VI AR Agom olFHojok gtk HEeh miep o], ISAS] A, F-A
(fE) = HAAR] siale =4 A&7l os) A== 5 . Al WA, ISA7F EAeke A9
[SA[elZAd) TSA(300) 18] &etolt] A [ddd] &tolt] A(314)]0] Shold HA(430)2] "} 71 914"l
&k " 7 AR tZHSHOIE k. Eefoln W(314)9] #A= 7197 "R S VRS,
2 QA7 7190 27F ole g A A A FEEHA 2 =% Aol = Zlo] niEA st

T 4ol 7P Z ZAEY e ukel o), ISA[lAW ISA300) ]9 <l [dA ~¥1(302)]S £33 452
5747 71 (18) 9 4 dAe

[SA[Zie] [SA(300)1E 2 AE(130) “dol SIXAI7IE A AEY FAB8)E 574 WAUS(406) 2&2
S5 Td3 Wdo R [SA AoA o7t vE AL EFele] AR (460)E whEl 9o 3 W gdeEdt v 2%
of o3 A = vy, EA HAEVI(40)E AEFL FAB08)7F 1FE(402) ol &utEA AXHAL o
44 E9E& ATt ol A HA S, &Ehold A0 = HAeEd 2B T5H A9l
F7te] A9 digk a7 glo] &kely W (314)eF wEAUL.

B
] A(S)7E AR e whaE FE(15)S T 71T MAS eAse A, BT 439 F&o] =X Alo] Al
ol os) Arsom AAdn. A "MA, 23X Aol Alxgo] 7]H(18)F Alofdte] o= £A(tissue)S wlo]dl
o oA, 23R A Al&Ee] Yl FA BEE wEh FHR £E(port) AR VITE ol EAIRIY. Al
A, F |, dAo 719 27 FEedA "o Z™(hooking) S e AR Hrk. Ul WA, 23 A
Alz=glo] eztejal Bz (A)o] LIA(120)S AHra7 3dA 7 LIA(120) o258 7|79 22 &olat 8t
5378 7170(18)9] Lol 239 ded x4t

lo l—r\i

5 2E(U6)e] RHE AN, oled x4 Fol 454
2 293 dAgE e A vk
A WA 2E 24 wnUE6)E Lol 27 dAUZU06)S B AN E Aem oFojA. T WA
%% 4o ISA[GAT) 1SA300)]9} ~R[6lAn] 281(302)] € 28 FA0] ta] £4%) FHE FHoz oF
oA sldel oo xge] We FHoE HAAA o PR RFEE AE(BORYH PR, T
43 Adsel Y Agols AP AAZTE AeloAY £W(302)]2 FESE Ao ofFoldr)
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HAed 4] 2@ By dxzRE & 4 9E ve) Zo], LIA120)9 ISA[elAT 1SA(300)1¢) t]zpele Alx|o]
2 717 (18) Y] gl oz 251(302)]o] 73]

&2 7] FaAom #xH(P)o] AA e F#3(200)S T3 A
Hol e A= (E 16 =) 717 AY v FE5S 7HseA g, o = e uke) Zo], F=d "ad
252 AE(130)9] dolisk Sl tis) 2l A3 243 T&43= F5F 2202 o]|FolA A ufid 3
ZHP)ell e T W3F(penetration direction)&E o] Fojx| A =t} 71]147P Folx M3 waFo g o] Zz}
o] BAE TAA T 5 AE A5, o] HFE ZJAEU6)E B LIAS, =22 LIA1200S 3)A ]%Ei’% Ll
29 ¢ k. =3 A (power failure)e] 25, ISA[]AT ISA(SOO) © Aol "o d 2=¥1(302) 13

tEo] sjAHe] e 24 5 Qv

ek vkel 22 LIAC120)9F #ste], w9 kst 7|9 2% 5474 7197 9 71 28 ojJE
(ISA) [l ISA(300) ]l ofa] =& A= (10)914 AMEE 4 Atk AS & Aolth. LIA(120) & o]-&3=
[SAe} =38l Abs EE 99 Fu TEHY &4 glo] T BAAE U9 dE SRS gAML
LIA(120) & 2ZA o2 AAHed, & 25 sjuEdelg(14)dl Astd 5 &= 7179 Fedd 584z A
Ak, weba, =] ISALdZAd) [SAG300)]5ke] 7190 870 v FAH = AAE Hdart vt HA&ES
vkl o] LIA(120)E A RUE ofge 7|55S AFd & Q).

- A AE WMAUFU00S o) el I T-FT WE, AU AT 25 /AN 4BAE A
£ ool )Tl el wagd A/ 4
2 Bl (09 45 B A3t e WAE TE GFE A

H<o] LIA(120)E= o8] 714 AAE 3%011 2R 5737 ?%oﬂ A FrEe g &9 e, 3 wA, 7
T-¢} o]o] Fd qFoolE v} T 9 FHORA ZHET] wjite] ZHzhe] wjuE g olE e
sl = e HFololEE e = 3 °1é«‘é—f+«t— w2, @x o) LIAC120)7) Z2h9)
UEH e (14)E 93] 27", oA F HFofo]E] Hlgo] M-S JhsshAl k. 7 WA,
XE B4 7199 2"[dAad 28(302)]1 ©ed S R digshE 71T 28 o PE [dXg oY
(300) 15 AH&sFo=a 719 Blgo] Fradrh. whebA LIA(120)3 A AH&3t7] 91 ﬁ%*‘ 719-(18) 9] Hl&
°of ¥ FE BAA V(S dE 23 v& Ao Fdsitt. Al WA, 7§ BS vgo] ISA[«A
ol ISA(300)] tlzQle] Akt Aol o tfs] Z=alr] witel % 5474 7159 A4 B 31%4 gadxo=z
A3t

T 255 Fx= ko] LIA(1120)0] gk b2 Ax 47t *éﬂé%‘ 7l o]
I gL v R LIA(1120) 0 = A 85 7] wiel 58 543

~

E

fu

lﬁﬂu
Hoo
_U‘i

9. o BANGA AET LIS B =
Aol nt ol ol A AAlekA]l AE Aol)

= 259 =AlE LILAC1120)2 WH%d 34 (1154) 8 FH|tH, o] whlEd 3942 ISAE LIA(1120)e] of
a F= @ Byse AL &olstA st A AAI AE dE EW(access surface)S FH|ET. EF9-A
(1154)°] ¥hlZ%: HEW(1155)2 J69] 3| dHFH %S o]FE 453 AdMzzel FUsiA ridedolrt. W
T EW(1155)9] AAL 53] 2 wjiyEHCIH(14)E A= meg A7 Y oAAd 50mm WX
135mme] ] welA, waomrt— oF 90mmell Al H 3 4 AEF AlEAH(human operator)ell <jsl] A7+ i
o7 AedAd, w5y k9ol LIAC1120)7F FTAS(122)0] H-2E == &= e Holx Z U] (156) Bt}
e w7k g B (1157)E 9 Xggstg. o]

OH

AHom v 22 v A ] wiel, o] k- (1154)2 et

= B gBe A 29 (40D Fste] A Hols FAA(156)9] &5 AXA &g G, = MA

3l S7ehe 84S 7RIY. ol B SB(1157) ¢ whlEd ®W(1155)9] 5y iR zet s F7t

= oRbmEn. B 2H(1157)= A 2U40D S JEel s A (156)o] Ak, ofo 23 %

(1150)& <IE#ol~ A (156)ol F-Hehs Ads B 2 S7PIIe. ofdl fsl, B2 2B(1157)= J4
&

E3E [SAZRH LIA(1120)S 7 f3te] FTAS(122)7HA] oL A &3
2B 7} = 149 LIAC(120) Wl AlgE 4 dthe A= & 5

25% 717 2=® oY HE LIA(1120)9] &3t UA s FHE0) Fastr] 9 e ASH wWAYSF
o ®HojErh, LIA(1120) 9141 LIA(120) 91 419F 2ol AJE(1130)7F J62] 3 F ol APHE A5 T4 =
9

tlo i

A7) 98 A2 ER40D Zol eEawEA 71 WUEY Fomd gAUd. A AZY dAUS
gel A () Tlol~(1423) 8 THIE, o5 tiuels FolA F sl Zelelr el (1430) Fol ¢
Aska, @ s AE1130)e] TE Hol fiAaist, AEe] tE Kol fAg ulolat AT RW(140D)E
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Mol §71%(1425)0] WAL, §71%(1425)% BN ojEel HH weem Frlo) E% %
\geiXe)

opl

|
J
X,
(Y
Fkl
)
=
)
Z
B
o
fu
lo,
o,
>
o
o
S
s
&
v
- Lo
oo,

(additional retaining constraint)< A|&3Fi Y
2 27 244 95 24E& 583 ]ﬁﬂo}‘“ upe} o], AR o FAA EE o)E /] Z&Oi T
T e A fube]2(1423) & A=l o8] o-gskAl AAIE 1SAY] AAS BHA ]
o] Hztg mgtoan vjyEHE(14) EE Hox AF FHE0)E 347 3 AMesEE ¥4 &2
Aol gt &8 A A S

[ oZ ox
a0 o |

FP

S 25¢ ISA ol AFHE FEAoz A /b5 A s’ g3 2 FH(30)d e 7ITE AESEH
3 v f=A &4 MA(inductive presence sensor, 1431)E HolF=th. 4719 =4 &4 AA(143
D7F 4d=2 wjdE o] da, o5 FEA A AA(1431)9F ntRE [SA Ao dE2 3 g2 Aol AxA
2Ale] EAl e FAE V2R 3t ox Z= (4 HE "o)E AREsh= Aol 167149 7 FeE 7

g2 28E 4= Qlvk. Agr, olgd HAom FA el YFd tgsts AH ZE (4 HIE wo]) 7t AREH
= A4S, S U AR 24 ox f=A EA4 AA43D Y vuERA] e A9 A EA4 AA
(143D & A A=l v},

T 250 BHEY FAI(1433)7F HER Z=AIEO vt sHEY FA(1433)F &toly A (1430) & %L | gk
e WAYS dFola, 1SA9 &Ehely #(134) 3} RE A d17] §18 3oz hlEE A 23 wd
(1434)8 F33th. o5 AN X3 W (1434)8 1SA9] &gtolr W (134)9] 49S oA s}, <& 5
A wke} o], wEY FA(1433) = &Ekoly A A (1430) 258 E2] 7Mesha, v 2384 A= RHEo

2
Ak, ol g sted AT e gl LIACLI200E Har v Folwk 2] (1430) ol x4 5 3l
M A (1430) 9] 2 W9I7F A= 7] wivel, Fat fol Wk ojufdh Egw WA W=

T 262 & 259 LIA(1120)¢] “&2ts ISA(1300)°] vt AAldE HojFErh.  [SA(1300)%F LIA(1120)9] th& ¢
el F8kE 4= AAEE AAE L, o]l A dAMstA AwE Ao|tk.  ISA(1300)= L wlo]27F A ®W
(140Dl 7MHAES X4 iﬂﬂﬁ}. [SA(1300) 9] 71%5& = 179 ZAlE ISA(300)9] 7153 Fday, &
T Al 8% l do] &4 glo] 23 wiyEolE(14) el EF F% 5474 7199 28(302)S A

& AJA e dEFo|~E AlFstE otk S E 262 A2HE FF RERE A3ehr] 98] LIA(112
0ol AFTHE 292 HEM08)S KolFEth,  ISA(1300)dE &o]3k % EaZ s, = ISA1300)S
LIA(1120) 255 ®lst7] &) dW(1301)7F AAlEcy. T3 1SA(1300)E LIA(11200E B33t A4 glo
2 71 Ad S e Ad 7] E AEde] Ay d4dsh] g W] AVE(1308)F gk

T 259 & 26024E wWulgk wpe} o] olzlgh ARl 39 (1154), EAA(156), R4 H(1157),
FTAS(122) AlA Z=gA, 183 AW (1301)E 23er 42 1SA(1300)9] BE F¥%FS 23ste] LIA(1120)9] X
T 7LV veEE mW(1155)d oF FAE 9Ed dMEE g YXEEs dFEth. o3l
LIAC1120)7F J6ell ol 3jxd uf S=& 3 &40 AdS g2 5 3l

T 272 & 199 wAYSZHE YRl Wo A Aolgh, &ty AA(1430) = AF 5 A8ty f¢ o
2 A% WAUS(1400)S HoFErr. o] FE WAYUSS 7|outa(1412)¢F B ~3F e 9 7]19(14200 &
st HE FA1(1422)0] AA4%¥ A% BeAgs ZEH(MIDE 233t A (14300 3 AlA (1427) 2
= WES ARete] UE FAI(1422)0] A EH. o] 3§ *1M1(1427)b N2 A (1430) 0] 98 &&ely A
Bl)ell J7bEE 3 1 deo® Ve S SAY 5 k. =g Sl AR (1430)E Aol J
AE(1130) Zofl Fagtoza RE(1411) 9 A4 7]o]Eo] 1SA(1300)¢] Holwd FM7 ~51(302)] s}
A wiEE = Qe &43 & Aolth. o] LIA(1120)9] A ZHol& HaAlZ 4 A shar, ofd 93 o
H ZAE[AY ZRJAEUD]E $I8F ool F=ste gk a7ieo] AT, t$o] ogfg 25 wAY
(1400) & =& ZJ% Ao sl HAstEol vk e & Zelth. A HAUF(1400) ] e Ve &
AR AHNEL o] HAMA A& WAYEFU00)] TAET FASE

T 282 LIA(1120) o2 RE S W &= 269 [SA(1300)9] 315& HolEth., o] ISA(1300)+ L *JDM
28 AYE(1304) & zkE 21 Ao]~(1303)5 EFSTH(=E 30 #x). o] 28 AYEH(1304)+= " Feje 2
%_l-/gl ?ié‘ﬂ ]qu]% §} X Z[:E liﬂﬁ 7]:{-0] /\Eﬂ(goz %11-?_:: }\] ] zqgv_ .__7@61- 635]]4 /R?}\
(306)°] w2 7FsalA 42" & k. E8, AVEHe &AL 7] 2"F [SAd AAE 4 k. Aol
(303)¢} FrAkskAl, A0 22(1303) & AIE(1130)¢F A5 93] 35l RieEd WS 7ty = 289 =A)H
ulel o], EWk GIH(1305)7F Alo]2(1303)2] *dFHoRRE EEFIT. olE W 2/)(1305)+= LIA(1120) A
o A EH40D) [ §715-(1425) 1o digk A AFH = dHg stHS 7. =8 F7H(1307)2

mlo

l>
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[0182]
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ISA(1300) 7} LIA(1120)e] A3t= Al 2 A2E AFsty] f8, dxd Ekeld AB)S FEoR o
SA1717] 918l &gkely W (314) 5ol Ade shbe] Eal(1305) Fell AlFdTh. =S = 282 Al0]2(1303) 9]
Sl Zhzre] I N(1305) Lol wix®E |Feh ZAAgd 8 A(1311)F RolFa 0114 ol A7 84131+
T 259 Z=AIE ARe} o] LIA(1120) Aol ti&she A tnfo]~(1423)9F Z47t Asele A% s F4¢
th A1313)eA= R A d"e] & 254 =AE fEA AIA(143D)E %aﬂ ARE 7S A7) 9
3l ISA(1300) 7ol Alddrh. = 250 =AE AAdeA, A a4 ZHJEVF 4 HE dof(o 7], 1111 ®
£ 0000)°] th&sle e, & olE e FE(void)S AW FEA MM (14318 viERE AXE Fo
s ool TS EojA AES 9% U2 HE WolE ATgozA utdd 4 .

T 29 & 289 [SA(1300)& H¥ ¥z RoFEu. = 299 ZAlE mRe} o], ISA(1300)E oW %

27 7199 H2EG10)S 9 45 Tl =(1312) 24 9SSk Ul

2 92E(310) 7T WEZFEH 28(302) ol ehlE = AFZEZA] 2 s 7

ARgET 5 7179 7E gAES Jlo]=(312) WollAd mmHAEE wixE = due AL & Ao
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