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B R T TSR E R HOT A, IF BAE A oin 754 R MO ME— B i AL AT
RARG, K5 EIALZS Z A H, 3 AR RIEF (cTinical volume)#fE, XL 1K
TP R 5Ty R EEOK R B BT A RIS  SE T B A R AR SRR o i 2R
PR ARAL 1 B0 A G5 A AR AT HOREL B8 LA T T G i) B A & e 1) 7 2R B )2 1 =
BRI E— L.

[0042] ML N JE IR B SO T R O 78 T AR SE B 22 A S8 A2 pl 1 37 47 3 AR A & 45
o, B2 A FARAE W R PHF (EThage 0,Murphy D,et al,Robotic urology in the United
Kingdom:experience and overview of robotic—assisted cystectomy,Journal of
Robotic Surgery,1(4),pp.235-242,2008;Thaly R,Shah K,Patel VR,Applications of
robots in urology,Journal of Robotic Surgery,1(1),pp3-17,2007 ;Kumar R,Hemal

AK,Menon M,Robotic renal and adrenal surgery:Present and future.BJU
International,96(3),pp.244-249,2005) .08} % (Boggess JF,Robotic surgery in
gynecologic oncology:evolution of a new surgical paradigm;Journal of Robotic
Surgery,1(1),pp.31-37,2007) LA SO EF AR (Rodriguez E,Chitwood WR,Outcomes in
robotic cardiac surgery,Journal of Robotic Surgery,1(1),pp 19-23,2007)FH 4
KA B « B IWIHLAE2000F 78 3% F B 4T a6 Im AR AL HE LK, 1855 A AL AT R R4 CinAl4E Je
N B 4E RTTH B F AR A F) (Intuitive Surgical Inc.)Z&AENHEAINLEE AT AR
SRR R T I, 220 104E 2228 1R 17004 &R 4¢, 20074 Y83 7001
RGAI20065FE T 295000 F T+ o 2L ds AN I ZRR0 I R R A2 1 A IRAE 2 5804 0 B
AR AR A AR LA AN FARIRE (Journal of Robotic Surgery) ) Z%a%, HARH
EHTHSEANTFARBENTFAREECIH R T HTHLES N TR AR R AL i,
2T NG A A S T AR VISR I Pkt 385 sz Yl REE A2 E -

[0043]  ALds N FARRLH] « Bl 0 i Jeds o Al o5 2 e 209 6 55 Ny — Al FiUAE H— AR
HORE S W B A o 37 ) B <R AR S ARV VR B 5 0 2 R IR R o 1 dn a2 R L b
A% RS R Pk A2 I [) G 2 Ak 5 BB IR AR B (R 0L, HL 2 B R AT B B2 R 1 o iR 1
A ZURRDIER AR H WL B A4S Zhts D Re R G A1k 25, B D Re 1 2k 2 Ah , I At HAT
OIERE R NN T ARAMEE M e O 3R Z K52 AE TR T80 51 B 1) B 4F
75 32 B $AT I 7500041 H2 v6 12 1T B BR U1 Bk R (Shuford MD,Robotically assisted
lTaparoscopic radical prostatectomy:a brief review of outcomes,Proc.Baylor
University Medical Center,20(4),pp354-356,2007), A] FilHA & O AE2007 AT T
KL (AEA A G I IE50000) (EWF AR AN A FETPERLRAE 2 W BRI 45, WL
http://www,intuitivesurgical.com,2007412 Hjinl ) 1A% pk H T a5 A B 2 e it 3
THRYT » 20064181 FTIA 35 B AT 19 180004 F AR FILE20044F 1185004 (Shuford ) 7. B
IR R A BRI A F 4 (Badani KK,Kaul S,Menon M,Evolution of robotic
radical prostatectomy:assessment after 2766 procedures,Cancer,l 10(9),pp.195
1-8,2007) B4 SR LA A 7 5 B0 A 2 8R4 19 S0 . Wl ds A1 B UIBR R (Boggess s

Diaz—Arrastia C,Jurnalov C et al.,Laparoscopic hysterectomy using a computer—
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enhanced surgical robot,Surgical Endoscopy,16(9),pp.1271-1273,2002) Fl& Z+H] 1
BEEFARIEAIRIG ) 20452, 9F Bl LA ALERTII IR ISR R R E A T ETFRIES .
[0044]  HIXZF A O & AT 7 BFE DR BNk 5 B A (Rodriguez,et al;Novick RJ,
Fox SA,Kiaii BB,et al.,Analysis of the learning curve in telerobotic beating
heart coronary artery bypass grafting:A 90 patient experience,Annals of
Thoracic Surgery,76,pp.749-753,2003;appert U,Cichon R,Schneider J,et al,
Closed-chest coronary artery surgery on the beating heart with the use of a
robotic system,Journal of Thoracic and Cardiovascular Surgery,120(4),pp.809-
811,2000) . & a] g &4 >< 4] (Reichenspurner H,Boehm DH,Welz A,et al.,3D-video and
robot—assisted minimally invasive ASD closure using the Port-Access
techniques,Heart Surgery Forum,1(2),pp.1 04-106,1998) A A28t Co LI 5 43 (Yuh
DD,Simon BA,Fernandez-Bustamante A,et al,Totally endoscopic robot—assisted
transmyocardial revascularization,Journal of Thoracic and Cardiovascular
Surgery,130(1),pp.120-124,2005) FJ¥F 2 0 IEF A BORE TS0 R3] R 2
AL ST AR ZE B N R34 S 25 R T (v R AE BT AT B0 0 JIRE T2 R o B2 A1 PR B 22 Y
%I, AHE I AR I AR B O E F R (Rodriguez,et al;Chitwood WR,Current
status of endoscopic and robotic mitral valve surgery.Annals of Thoracic
Surgery,79(6),pp.S2248-52253,2005) IE7EARTS BE NRAT o SO RO HOR LA HE TR 2 1
D7 AT H AT A4 HARAIL AR A O JIE T ARAE N >R B i 2

[0045] AEZAHAbANBIE S, 78 JLFF(Sinha C,Haddad M,Robot—-assisted surgery
in children:current status,Journal of Robotic Surgery,1(4),pp.243-246,2008).
ML AN B (Bumm K,Wurm J,Rachinger J,et al,An automated robotic approach with
redundant navigation for minimally invasive extended transsphenoidal skull
base surgery.Minimally Invasive Neurosurgery,48(3),pp.159-164,2005) A K & #41
Bl(Ballantyne GH,Telerobotic gastrointestinal surgery:phase 2-safety and
efficacy,Surgical Endoscopy,21(7),pp.1054-1062,2007)F 2L HATHLEF AN T AR H
FIEFT R H ) HoAth AR & AT, Bl as N TFAIR AT RE4K B2y g HAE SR R 477
[0046]  TEZFA IR AT AR RS A A VAR AN TR RGOS BA X E I S H =]
RGN HPRHE AR G AT — 410 N RIS 105 N T4 42 DA S N2 AR A BB B 15
24 (- 3) B T2 - T LS 22 Pha] 25 5y i 2555 1O TR AR 2B 422 T N A 25 , 3 BT
PAFEANBHE A ) 2 1] 65 b DA T2 B A A0S JLHEAT B o 38 25 5 B e 3T RBCAS ] L ELAT Y A4S A4
i, — A H T LR LA A BEGT AL  A] LA I A8 F AP BHEE A= 5 i & F 1 B B ARORH 5
M ST 3 BRI 45 0 3 B0 TS0 A BRI ER AT R B o AT LA FH AN BHER AR 42 ] 5 AL FC #2 BH R
HE BRI A5 SR Mz Bl W] ) 3 B 0 A 0o AE AL AR S8 0l 1 ] RIS 00 T, LR A
Refiy A 215U HEE, R vFRumab i b AT 30K ) R I 7%

[0047] WA N TFARPR il - 555 75 2 17 &5 U ME— HLES AN TR RG B H A R RGT A
(291303 3% 70 ) M40 2 F CRpAE I+ 338 70) 4, — IR R OR TR A At 48 2 n 7
FDNFARET IR T0 AT RO — 4, AR T & 5 7 B 20 5 2] il 2, A I R 24 2
FraE i) 12 5256 = S Bk (Chitwood,,et al:Novic,et al;Yohannes P,Rotariu P,Pinto P,
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et al,Comparison of robotic versus laparoscopic skill:is there a difference
in the Tearning curve?,Urology,60,pp.39-45,2002),

[0048]  ik55A7 B A mAeds 1 (APT) « e AR BRI 4 78, 1A S5 AL s N RGud4e it 1
FIT- 00 & AP 8 T AR T AR YNZR 4 B0 77 I R AR AL ASEER % .APT(DiMaio,
S,and Hasser,C,The da Vinci research interface,Workshop on Systems and
Architectures for Computer Assisted Interventions,MICCAI 2008,Midas Journal,
http://hdl.handle.net/10380/1464,accessed 1 1/2008)F2ML T X AHNL AN ZE DA 2 =48
I 3 N2 Z V5[] o 57Tt PR A FH 10 #84 OF HLRE W 48 /5 FTERZEHT) AP T2 LA K Y
B, K it iz sh R BERE Y U ZiEsh R BRI M - RORA B M E R AT 4
FAJE LA B 50 9 38 RE AN RE LY« 3 b, T LA BTS2 N BB 1 O AR 0 R G 3R B = o &=
RIS 1) ) 2 A o 35 55 35 AP TRt A5 22 4 i R R 2 90 54 i A i o i e o 3 B e
H A 5 AR AR A EAE B TR GRS ST IR EREE R  F BN TAE R ) (BB &
BN B4 ) B B E AR ARG S n] DU AP TG B R LA % Mind 22 Gl B 2
100Hz ) It 2 A 5 dhs , FLEE — FECRR AR HUS 22 50 47 b et (L ek 25 80

(00491  HL&F AT ARG A8 A a1 4 v Biros B 8 2 AR L8 AN T AR IIGRBEAR I U 25
WRSAT LA N T ARE [ N ZRREAA ] FIT Iy AT ARE R @ vl #) 88 A LA AT 45
5[] Ji I 30 5 A AR AT Hod 2R ARSI B TR AESEI B AR B SR
Joi » B ANRHEE A2 I AE LRI TLAS AR T AR R S el 5

[0050] s Ff & Bh AL 5 ¥ O B BE AR NPT 58 vh B E 5 A - FRATTIF A RESRIE T F AR IR
IR B 2R G iR A A E LB BE BT R A AU B AL o IR L5 AR I A Al PR #2258 BT 5 O 43¢
BRI — 843 o M8 I B AU AN F AR Y GRAEid 25 O g 3 S 8010 40 o IX R 1 MIST-VR
W s 4% )| 25 8% (Gal Tagher A.G,Richie K.,McClure M.,McGuigan J.;Objective
Psychomotor Skills Assessment of Experienced,Junior,and Novice Laparoscopists
with Virtual Reality;World Journal of Surgeiy;Vol.25(11),pp.1478-1483,2001)5k
BT ol B BR R A% 00 77 B 22 B TRV E W% (ICSAD) (Darzi A,Mackay S,Skills
assessment of surgeons,Surgery,13 1(2),pp.121-124,2002) 1 55t H-TFARFEZ I I
BECTFARERRHIZRAFHIIE B 20 Mt o IX BERIF 78 1 OB T R 2 2K A RS A2 BE4T 10 P i SAI A
BN LR 183 T 1A 55 A AP T4 (Moorthy K,Munz Y,et al,Objective
assessment of technical skills in surgery.BMJ,327,pp.1032-1037,2003)#A4T T 4
T iz Bh 4 10 B R F 88 10 &0 45 #94K PF 72 (OSATS) (Hernandez JD,Bann SD,et al,
Qualitative and quantitative analysis of the Iearning curve of a simulated
surgical task on the da Vinci system,Surgical Endoscopy,18,pp.372-378,2004),
I ISR T L ZIFME I u R AT A& 1E# (Verner L,0Ieynikov D,et al,
Measurements of the Ievel of expertise using flight path analysis from da
Vinci robotic surgical system,Medicine Meets Virtual Reality,94,2003;Lin HC,
Shafran I,Yuh DD,Hager GD,Vision—-Assisted Automatic Detection and
Segmentation of Robot—-Assisted Surgical Motions,Medicine Meets Virtual
Reality,2006)t CURHESFAFAP TR I T F ARz 3l 8 3l 4 B 73

[0051] AN E MW F R|ZE (Reznick RK;Teaching and testing technical
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skills;Am J Surg,Vol.165,pp.3568-361,1993;Reznick RK,and MacRae H;Teaching
surgical skills—changes in the wind;New England Journal of Medicine;vol.355
(25) ;pp.2664-2669, 2006 ) 1) S Fr 75 2 75 BRI AE R I TAEG A AL 2% 21 311
e M HBAEFREFHFANELF RN L Ericsson(Ericsson,KA,Krampe,RT,and
Tesch—-Romer,C;The role of deliberate practice in the acquisition of expert
performance ;Psychological Review,Vol 100(3),363-406,1993) F 5k KL E SN pHEA I
RIEBNSEFR T E AR, 3 H 75 AR 5 1 S2 B MU B 7 72— R AR 4, B F ok B &
T ) 28, HOR AT H R (G Gallagher A.G,Richie K.,McClure M.,McGuigan J.;
Objective Psychomotor Skills Assessment of Experienced,Junior,and Novice
Laparoscopists with Virtual Reality:;World Journal of Surgery;Vol.25(11),
pp.1478-1483,2001 ;Gallagher AG,Satava RM,Virtual reality as a metric for the
assessment of Taparoscopic psychomotor skills,Surgical Endoscopy,16(2),
pp.1746-1752,2002;Lin HC,Shafran 1,Yuh DD,Hager GD,Vision—Assisted Automatic
Detection and Segmentation of Robot—-Assisted Surgical Motions,Medicine Meets
Virtual Reality,2006;C.E.Reiley,T.Akinbiyi,D.Burschka,A.M.Okamura,C.Hasser,
D.Yuh;Evaluation of Surgical Tasks using Sensory Substitution in Robot-
Assisted Surgical Systems;The Journal of Thoracic and Cardiovascular Surgery:
Vol.135,1ssue 1,pp.196-202,2008) kK H sl xtF AREL B I ZE AL RBEAT 247 A AN
VEIE o 1% LEHIF TR Ui A 22 50 1 ZRHEE AR B 2 B — B AT FARAE S, B A BURE R
2, I HBA F AR T 5 2088 5 o 3x B 2000 K7 & v (1) B Lt DA AE B A A FARSE BT
2 NZEIE OGN BAEANE B I 5 50N IS o 15 RS 2 28 22 10 HeAth 775 i ) 0 & AE v
A IERHT BRI DL N R RAA AT BERY .

[0052]  gbb T A Ay e AR S SN S FRATT S8 AT B9 A A EG A B R 3R R BH B2 FH T K& e
ARG 57 2R a3 FEEOR HAT SEBLF AR (W YIZRAI VP 58 1 SR R ) 5k B
AR FANT 2 R A 1) Gt B ) A 2 U4 ) 35 5 AL T 22 P B 2 dv AR B X, U
WFE R 45 K ] B TALES AN TR, Ho, s A SR AL B npg nl g8 1F 2 IR A AR L
PR FIHUAG RCZE R AT 3R B s B AR BERIE 7 5 i WE 304 B T FRA TR T AR SE R )
SEREZ R o B IR IR A B AR 8% A $R (600 T H Tt S B I B 7 VAR B AT 2
JHERF KRR S I e H 2 LR A TR GO T R & &

[0053] M1

[0054]  FERRHE A A W S A ) LA 7 il o, 3RATT )2 R s 25 L s N 34t T A
KF AL RIBAT BV X B E AR EE A (Leven J,Burschka D,Kumar R,et
al,DaVinci Canvas A Telerobotic Surgical System with Integrated,Robot-
Assisted,Laparoscopic Ultrasound Capability,Medical Image Computing and
Computer Assisted Intervention,Springer Lecture Notes in Computer Science,
4190,pp81 1-818,2005;Burschka D,Corso JJ,et al,Navigating Inner Space:3-
DAssistance for Minimally Invasive Surgery.Robotics and Autonomous System,
2005) HTZEMI I H & (Hanly EJ,Miller BE,Kumar R,et al,Mentoring console

improves collaboration and teaching in surgical robotics,Journal of
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Laparoendoscopic and Advanced Surgical Techniques;16(5),pp445-451,2006)LL f
AN-HAZ I (C.E.Reiley,T.Akinbiyi,D.Burschka,A.M.Okamura,C.Hasser,D.Yuh;
Evaluation of Surgical Tasks using Sensory Substitution in Robot—Assisted
Surgical Systems;The Journal of Thoracic and Cardiovascular Surgery;Vol.l 35,
Issue 1,pp.196-202,2008;Hanley,et al.;Lin HC,Shafran I,Yuh DD,Hager GD,
Vision—-Assisted Automatic Detection and Segmentation of Robot—Assisted
Surgical Motions,Medicine Meets Virtual Reality,2006;Lin HC,Shafran I,et al,
Towards Automatic Skill Evaluation:Detection and Segmentation of Robot-
Assisted Surgical Motions,Computer Aided Surgery,11(5),pp.220-230,2006;Lin
HC,Shafran I,et al,Automatic detection and segmentation of robot—assisted
surgical motions.Medical Image Computing and Computer Assisted Intervention,
Springer Lecture Notes in Computer Science,4190,pp.802-810,2005) FRATEHF T
HI P IE s A0/ B 80E HLAs N 5130 T AT 5 B0 s B2 AT A 18 B2 10 A Rk PA S A3 B R B
FRIESR G EE .S WL &0

[0055] e« Voros,S,and Hager,G;Towards”real-Time” Tool-Tissue Interaction
Detection in Robotically Assisted Laparoscopy;lEEE International Conference
on Biomedical Robotics and Biomechatronics,pp.562-567,2008;

[0056] e« Kitagawa M,Dokko D,Okamura AM,Yuh DD,Effect of sensory substitution
on suture manipulation forces for robotic surgical systems,]Journal of
Thoracic and Cardiovascular Surgery,129,pp.151-158,2005;

[0057] e Kitagawa M,Dokko D,Okamura AM,et al,Effect of sensory substitution
on suture manipulation forces for surgical teleoperation,Medicine Meets
Virtual Reality 12,pp 157-163,2004;

[0058] e Kitagawa M,Okamura AO,Bethea BT,et al,Analysis of suture
manipulation forces for teleoperation with force feedback,Medical Image
Computing and Computer Assisted Intervention,Springer Lecture Notes in
Computer Science,2488,pp.155-162,2002;

[0059] « Bethea BT,Okamura AM,Kitagawa M,et al,Application of haptic
feedback to robotic surgery,Journal of Laparoendoscopic and Advance Surgical
Techniques,14(3),191-195,2004; A %

[0060] e Moorthy K,Munz Y,et al,Objective assessment of technical skills in
surgery.BMJ,327,pp.1032-1037,2003.

[0061]  HIiAZ5 w3 bl s N BEAT BB 0 =%

[0062] AT H K T HE4E AR R B 1 i L8 S Tl 81 T MR 35 35 RGuEAT 1 B 0 sk i)
BT PR Btk 77 58 o B FH R e DA AT TG B ) 32 238 DA TS 55 S AP TR BRI - X 26 i Bl &
& T H IR LB AR I B ) &, A48 5C 5 A 3k B2 ARG A L 5 - AR BRI i L SR 48 A
JEUA K[R8 SEARARSE S (CFARBAE” ) o UScHE i A5 25 R 0 4 AL AU T8 4 A 20 , O HLAE
FERYZ T RE N 1) 8K o AR~ ) 5 EDWF AR LA APLEHAR LA I8 AFAPTR P um B FE 7
I T2 B ) S A AT 7 AL 1 SCA H 53T A
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[0063]  F4h, BATCH K T 2AME SR DAL AE LS i B RIS S A8, HOR Bl E I 49 7R
o BTSSR BT h B2 = AT Z Al BB RN, D& w7 H TS A TS Mgt
(R EIAR - O 2 AE 2957~ 5 4 B (Johns Hopkins) K& ME M F AR (Intuitive Surgical)
F P AL LG = (TE55R) W B BT AR LA I AR F AR LR B E AT E,. O &
FHL T I A0 FARICT: B O AT T8 100 VIR0, B 452 I AL K1 kit
30N H

[0064]  FeAI T3 2k 448 FHFAT IR U £ 2R Ge FTE S5 ROR 3R BT 25 R B » B, FRA1
TR AE L5 T & TS0l o0 A WA B 19 oK B IR s e 7 AR VI ZRAR 7 1 818 3 AL B H8 s
INBIFRATRIRLZE A T #IA T NE BB RUCER , 85238 A (8] 7E AN A7 AE AR 572 18 O
TEZ AR A YR SRR  FRATT ) B e S R B30 SRR A0 A R ik 4 R T A2
B,

[0065]  IAZFAF F AR B RS EEAER) 7B

[0066]  FATIIFAKNIENL AN F AR b B 8 R I EAT R G Hr , A& A T
VAHEFH LA 32 1) B A ) 180 ) 2 040 DR 2R o 020 AR 90 S s A L% ) e B AT A FH A2, T
PR VEFER A R SR VR R] o R GH/E 200 4 AT FHAP TA7 R4 34T )5 AL ¥R A IR 13 H
T RIAE LR G A AR L B B Gt DA R AE A AL s A ) Bl (5 R ) &k 3 =
ANIEZ5 A3 A FI R IR AR 22 1A Y 208 Y2 7R R] BB 25 5 K T4 AR () 1495 %6 o b4, 41
A A A B, B B LR & AEIX ARG SR AE AL IS 1] 2 BT B2 Ja 4 =
WUIEAT 2537 5 A7 (¥ B 5 AR 1]

[0067] K1 : HIAZF A FAMLAR N AT BT ARE 7 JH R N B AEV LI 3))

E A2 5 #1 42 #2 #2543
SMFHE A 23K K 2% K %5 5
%0 18) 62 4 354 74 4 24 120 & 35%
B FARALIE &) & 8 1] 4 5 38#% 4 5 35% 7 4 14%
[0068] ARAAE S F 4 A 560 542 558
B 4P AL ) 8.949 7.321 4.628
B NBAaE (F) 0.238 0.218 0.194
% Kk Eihutia) (#) 2.883 2.375 7.393
T3y EAatE (4) 0.497 0.507 0.778
FALBHETI (4)) 0.421 0.464 0.677

[0069] 5 % HIBE 2 IO U R A I I 8 R TR /R R HRAEAT 558 2 M e R B Vi B A
H AR R AH 24— 35 AFAE 2 A AN RGHRARATSS (B0, AL E L7 DA S B2
) 5 FLIRIAE I Y S 0 i 5 VRIS 1) A i Dk o DR G B AL T AR P B R G A A B RE Y
TR L o (il A ST AL NI a2 & 1 Gt v A

[0070]  FATE A& T FITHFE TARAES H#RAE Ria sl et 2 O 1 ik Tia U4F
55K He B o B, FRANAIEE 1 2% T 1 = H HTIA 5535 RGUHAT 45 5 4155 T 0
AT P S B s BRATTRE T P I REACT PPIOA “L 57 L h 7 A F7 A - AT 415
AT, Herbr, BN I0 FR DY 25 Ze Lk, BAT AN AR 8 555

[0071]
zz)) ik
1 LFR CREFEIT)
2 SELLEF (fRFFED)
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TN/ R HEBEA L
Mt shad i (EF)
M= ChHT)
A ThisE &2k
MG Thist &4k

8 IR T A
[0072] b S E Bk 36: , UACHE A 5 0 B DA LOHZ K 3R 28 IR 25 ZF AP TR BN 784N i sh B 24
J¥o EAEH] G K 2T A FERNSIZINEEDE 25N AR TR IRES, 1 /2T A4 FHLAE A S
FEA LA AL S ERER o bR R DA 2 A, B slB6 AL & 206001 bRz sh A2 & .
[0073] K #3855 A7 £ T RGBT R /RALE , BE W25 5y Ml ol 1 X L P A8 5 1155
PAT P IR G 5 25 2o (KIS ANIEL6) , S L B TTVE AT RERE TS LA I I X HE BA 5 7% 1 LB AT 55
[0074]  FRAIVCTH T BEASAH FHIA 55 AR APTSE IR S P AIIEAE BAT I FAES5 I H 3Gttt R4
gt it KRGl AR B2 O 1 I 2R G, BATRE R I B K1) 20 BRI 2 A 00t
20, Hor, ff FHAILE 27 S BOARAE IR D sl s B & ) U HE B R [F{E (assimiTate)
WZRiz a8 N T BGE S5 R Ge v i 25 P8, FRATARG HE U 20 I 4L F) 08 e 5 49 151k
(B, 150528 IR ) I I &7 v L
[0075] W BLRFERATIR AES5 IR i 28 48 (K T) Rl 2 sl P 30 = &b 38 A AR 19— 4> B S A
IXBURF AR 7 2R 2 10 T —
[0076]  ANFIZZNZEC(BI , A7 B 3 P L e % LA S TG 5 ) 1) ) A5 B I AN [R] « AL 227
> SCHRARFIT J SR ) A 3% 2 22 S RE M0 S0 T 3 R MR Bl R o 8 7 U I — i, IR BRS04
SR T IS 22 AN, R F ISR AP AP T T84 iz shiz il AT AR AR A 5 7T
A% AT LAEI g5 5 3 73 SR A5 X R I o 3% R A A 4E 2 g DAL ] s OF HAE 72 28I B 5T, 2tk
229973 BT (LDA) S (15 R RO Mg ok 7 2%
(00771 XA 55 3 FUHEAT S AR 2 RIME Y, DR A vl 6 e A B S0 L B A5 1 55 1 2 4R b 3
TN TR BEME B ER BRI AT S5 A2 , T EEHEAT BELe ST BN o X BB B R Fo VAR B DU T 22
KR AR B o SR T 5 0 T K 2 B st R Rl R i 5 5 AR AT 45 A ) 00 0L 5 7 T 3l 52 81
T AR o ST I e P — A i B 07 G2 FHoR 1 L SRR (Frame ) B I0AE AT 45 52 I 1]
IR 5E 1) o AETX B, RATTIE 1 AR 1 HL 47 B A I8 LE B T MR AR 1) R S8 X — i
20 RR PR R RFAE SR 5 A AN BT AN TF (¥ B S SR 2 BEBAR o 8 o FATIAE A faf 214 Dl
Wiy Je g%, SLA FH 22 22 8 vm i A1 (I8) SR ST M AE A AN I Z R iUFEAT A o HLok, AT AE A
FIMMR 52 5 i LB R B IR &S e B 5 (1 EE SR P AT A
[0078] &5 RN 8 : AV BLBAIN R G 1032 3015 535 % 2 2 LA fo v DL 7 7 2R A0
VM A ) A 7 1l T A o e o, AT A B 24 AT TG T T HL R W da 30 (R e #EAT A7 T8
S A IE Bl A R B R IR ) IS TIAR R R HE B A A 2 1) o I HLIRINAR 2200 73 M s iR 2 2
FEFAL S5 L IR A RL I A AR AR SRR b, 3Kt AT DAV AT AR B /NI A — 30k s 24
AL VM b e A B X LK B0 B 8 AR S5 SR HL T — SRR I [R] o Fe ¥R/ -0 280 1) 28
%2, A VERAFHEIL 92 96 11 HE 1 5 588 2 o BRATTIE A AT SZ 5 1) B AL (SVVD R 2 5 i S, He 2
FEVF 2 BT P 3R AL RE ) R I SVMRE 8 75 55 i HI TT AR5 2SR I B KR 48 J52 7% 1) o PRT 3R
AVETHRE A R 305 B2 5 B R I SVMFRATT R B SVMER (£ 2490 . 5 %% (14 4 1f 2 77 0 ¥ B
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[0079]  HZENfLFAREREVEE

[0080] 4 LTIk, 58 LI FARES I FAES o Bl 7 T R £ B 4 5 LAME
i A A F AR REVEAG RAMIHLH] AL, AV A GRS vH 50T T B4R , B
AR R WSS VPAl R G0 1 [ SR AIE S8 F AN AL TS AS R BL Be KSE (9 FH USSR ) £ s
PATH « B “H 4 F P AT I 120058 AR Ao 57 H P 3EAT 9 15736  HMMAE 3 Ak B %
F P BRI 25, I ELRE Jo 4k R A H 42 FH P 3R B 18 B0 8088 73 B o R RE L, IE7E 167Kk
WG P R — N B R R P PAT AT 55 58 2 B IR B0 P SR 43 B 1) S 36 DA 1
RAE I ZRATIAE S A AR B X, BT A T ARE SR I0 4 B 2hth 5 Bl AN 5
4G 5 .5 0 G % AN I i S SN 117 = M= S e N B e e R BT AN 2
ff ) .

[0081]  JEHiRIHE 4L O & B AT AL 55 BT A6 2 RIS 1) &2 TR HL BB [ R 148 4% - BLAR1E B8
g MERANE 558 B Bht vh 5. 540, nT LATHE S8 R, IS 45 2 R 5 WSS £
TG B R Ak TR AR B T BE K A 22 47 o B R AN FAE 55 BLaX T ANERAE B8 J 1 5
P17 BB K AT VR o A0 SP 3 AIBR 1 AR 22 7 T » TR AN AR I AN [ 40 A 75 42 b V2 738 3 L9
fERE DS FHR X A1 (B 9) TR RE AP

[0082] % H] P idEe

[0083] G T FAZLH AN 7~ B8 K B 1 AL H Z37E TAE & DAY EPATFA
BT -EA SR E 135S (R 2) AENLEF N3 B R4 b Bk %5 A A RHEE A A
HIBHE A ok 58 A SEBG o FRATT R A48 iy VR A 15528 | 325 K 2 /R ] AR A DA K% G 7B AT
T W B A K ALLAR 2 14 (5] U (MLLR ) 1 8% A e v 5 V2 1 TR A 43 B s AR D 2 0 FH 2 1z
SRR A AR I R B BhhR e B 0 HE A R S T A A e B A B Bk ' X
FICEN o 3 5 HE A FH AL T MLLR ¥ 4 5 5 2R R fiff e e R B 1y et

[0084] 2.2 A e b B H U

%% LDA(%) GMM (%) 2R A& HMM BH MLLR Y H MLLR

(%) (%) (%)

0 68.91 679 66.8 70.4 69.8

1 64.00 63.2 64.6 68.6 66.5

2 59.95 60.4 59.4 61.2 62.3

[0085] 3 67.52 70.6 72.8 75.6 75.4
4 63.94 67.5 66.7 69.3 69.1

5 76.82 72.7 71.2 75.8 73.1

6 69.27 70.2 71.9 75.7 76.2
75 67.21 67.49 67.6 70.94 70.34

[0086]  IX &6 T 4E & T AL 50 37T AR 18] (1) A RHE S AR T 09 € 78 I TAE
& TR AR Y 2 2] (R 1] S AR B 0 B3 T A B 1) = 56 AT DU 1 38 8 ke BoA &
XTEEA 920 % VEF AT TR 21 %6 DA ST XTHT 45 5917 % RARAS 2 (R0 26

[0087] T HHALUAZ TR B : RATC IR L H AN T RIS AT ST
AR 8] By 10 57 B AP TR H 1 TR 2H 2358 B [l FRATTR IR ATT B 5 LA 76 %6 1 S AR 1E 7
SR o T H 5% (tie) s HHIIE ML (85 % E A 31 % B FH 1 (Voros,S,and Hager,

G;Towards” real-Time” Tool-Tissue Interaction Detection in Robotically Assisted
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Laparoscopy; lEEE International Conference on Biomedical Robotics and
Biomechatronics,pp.562-567,2008)) . 7E & AR Al TAEH , FATC AT L 40 548
W IX e a3 B I N 2k I 90 %6 o 3 L LA 45 AL AR HLA PR MR I B FR E rh A R R B8R A
e

[0088]  fA%AFARA R 48 5 1 40 B - AT B A 7 AER A BRI R 0 T 3R AP SR H 20
RIB S5 A a8 5 A M ALAE R (2 W3R 3) % 7 A 1 LA 18- IRAS B HMMAE Y, R AR
FORTFARL BT LHy AR50 45 8 I MM AR 25 I 1 e i i 1 81K A A T-204K
B R B B F R A X R T AR PR B Hoh B AR AR A MM IR A SR S ]
AT AL {5 4 R 0 0 (N IR DA S E i 2 B ) e /MR IR A FAREE AR B AR %2
S 51 RS2 A I AR o 2 S 16 S 1) T A0S 3 T B Fe VR XS T ARATS5  FR B A
THHBH L AR

[0089] &3 AR ML ELRE AT F P B P S 4R ER 1

TE 9K #
% 0.38 051 0.61
(00901 o 4 051 042 0.62
#F 061 062 0.65

[0091]  Z BRI SE

[0092]  AJ DAZESR A X ENEL B BIALE AN TFARSZ U138 (1935 B 15 1] (9 1 2 o O3 B e AR 5
ST R AR R B I Sl S ) 4 B B 1 3R RGP AR TR R AR SE ) vk RI)
M —H 0, B FARAEE R FFI SN F ARG R L 55 5 & 10T
2%, XA H e BRI —FB 5

[0093]  /Rfhij2

[0094] ﬁ\%

[0095]  HIHTFARHLE AFARC LM T AL BIMEFFEAR . BIRBN 20109459 A 1L AE 4
TS LU e AR A A A7 758 1 T00 D FARYLEE A RS0 , LA A B RESMEFFE AR B A
FEARKARIE b bl T 70 B A B R RAR 22 A IR A A B AR A ZE R FARLAS AN T 42,3]
FF R AERAE BGR PRI I 2 >0 il 2 i v R B b At B R =R Bk b, 76 DU PR 8 A PAT
K A1) LA 2% 1 50 AR v i HH R B AR B AN 5 L8 4 B0 U T2 AR AR DR BRI B K A b
TERAR AN EBNKBE B R [2, 3,41 A WihG T AL AL RS RHA R () ]2 #2652 LS
N T ARFA I e R FH AN PR R AR I ZR 7320 2 v () 25

[0096]  Af1FH “F B — A 5we— A BT — A A R B F AR IR K £ Silals tedian
J B IS A B A] B TR ARYLE N NZR AT FF R e R, Bk I DAE AN RHE 4=
AZEFHINLEE NBOR A B NI 2RI S B SRS [ 2, 3] AR 1T, 4 a0 IALES A VIZRT7 s
TP MR ERH AR AR R e (0 G — brift - 87 3 BUH T LA N FARBVE BN ZRFE AL
WETHRIFBRAE « B bR EA A B B ACEL RE T B EE K « (1) BB 7512 58 1) SR 1 10 1A) 43 20 15 s (451
w1, —4F) BRER I AN R 1 i 2 ) — BRI R L N AR RHER AR, (2) — bR AL FARESS
(3) 3R EUFN 4 B K & 0E B0 HU 8 (K B8 77, LA J2 (4) B & RICER 16 B 0 1 — 3500 “Hb T =2 4
(ground truth)”¥F5E.

[0097]  WLEE N FARUNZETT A FFR T PR Tk 15 AH A R 350 2 T8 i Sk 2k (5,6 ]
[KIFL B FE B B Ak A0 A LB BE K T 32 13 (B, WF R AR R 4E) 5“7 A RHE A=
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FHEL B B TR T 2 M AT BR B E /932 )35 07, 8 1 B Bt i B = AL I S AT 5% 77, I L
FF LIS S T G AIE I A2 AN F R RFERE 2 AN T, 3 Bz AR
RN PRAT 55+ 5o 5 WLAR A E A AR X I H

[0098]  FRATIH L FF % B8 05 2 A Hh [X 1| # /B FIE R LA N T RELRE I AEH 58 1 2 HA TR L
(] b BR R A2 VI KB 2 E Bz 3l 5 2R G i PR BUHT 7 v BRATH S F TR )48
BRI 2 A2 ) i 22 s SR bR e R LL B o A s IR R AT S DA A R R i B R A 2 1Y
T35 BATEE FBRATAT S5 1B R AEVEAS , A RAE N INGAT S X WA IHLEAFR
W — A 2 h O, IF AR E 5 ik s RS2 I AEE .

[0099] 5y

[0100]  FARUNZH MBI /M= (BT, FIE BRI 20R) Joar 2R IEA T 20 H .
T FAREAR R A 36 v] B 75 2 M8 il 2 T AR a0 L9 T A R AL L
U & AERHT B 7 & e, AT AR 7 LML AT AR IIZRU £ 32 3 AL A A
1) Bl A e, A BESRATAT R PR A R AL HL AR AN SR B AR A2 37 I B I I 2R 3R 555
[ S0

[0101]  H4REiic e

[0102] AT iz sh B PR W 6 & 4 IS 25 A AR B VLR N &R 40 o H R H g2 42 101 (AP
[10 D) #2445 T A 5334407 BANIZ sh 2 B Fafd (1) 32 sh 3038 4 . AP1 B shith i ik DA K W 32 322
¥ 12 2 1) & U 2R 22 NSRS R AR, 1Z 8 B B RE T AR R ORAL BRI T | e FF
AL T 2860 G BRAS  SLARABNLAICES 1 5 7 3 RN R A0 58 o AP ik X et 2
DN RGHM AFEACRN AR S B A (clutching)” DL S AL BF % AP ] LABR AL A
PRATIE 3% 3R 43 19 00 6 25 5 3R HUd 26 (3l 18 3 30Hz ) B8 P (1) 32 3 20 48 3R BUH 2 (14 3
100Hz ) o 571, AT LA ST ARAAN 22 0 35 5 7 Jo 5 e (7] [ 20 A0 o a7 FH P e SR M 22 (I 1, A2
M1)334, FE50Hz T A 3344 R G0 A8 & AT KA FFAE 30Hz N USCER STAR R o ML 72 I AL 2
BE A4 5 4 20 TCME — 5238 B R IRAT , IF R AL v (6 I RB B SCAE Bt B i A7 RS o N T AT
RSB — 0 5 BO AT 35 B R G E 7 51 o B R /N A2 1 20-25GB I B4 - AS 225K
REIR ISR DLEEAE A 22 AR, LT DA it B TR Bk A A F R B AR I 2 E A
[0103]  SZIGAT S5« 45 Fr A I ZRR B A USC B I R B8 - R AT U 2 b i e R 40 e AS TRD 1) 1
SR

[0104]  #EHe] . R HL A1 45 68 « b I SRS B 2 B A 52 )1 35 AR R AR R FF AR B, 4
FiEH e S A LG NG R EG EA VHAE N TFEN Y
(transaction) LA K o 52 )02 O 78 410 1 I 2tk Rrb s X Se e ACE B, 9F H &S & T
FUEE A (benchmarking) « B H L, BRATMNE MNE M F AHLE AT RN L IR B [11]13%
HRPAT DY AN B TF5 AR BB 1 JET A 1 e v 8] 2 PAAT S SRR o X AT 55 (1110, A5 40 ) A2

[0105] o #h : AT S5 M52 32 (1) RS AR RE o LR I AR AT S5 BEAR I 0 58
D7 BIAH RL AN 2 A7 E (1 £ 38 5 J5 T AR SRR IR B N 8 7 BT (98 o AT 55 RIS B
55 5€ B () FIAT 25 e (A, B9 B BF /o8 A AN SR B2 3h B A ) o

[0106] o 884 : WAL S5 e 3-0Viery | 88 A 26 B A =N 10em K I 2R PEBRIR 11257
AAT 55 R I G B FEAT 55 58 B TB) FIAT 54 1% (0 4, 4098 B0 B T BT 1 8% A 28 AN HE R 1)
L)
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[0107] o B OAT 5540 S AE 8 = R A T Ak (Pod ) & (1) [R] A A3 FH 25 B 7E R T B4 I
TIE)“S” BRI B £ o JE AT 55 RILIE B A F5 T 55 58 B 8] AT 45 5 i (19, 76 B 2 A1
TIED .

[0108] o fiff 51 « fifE SHAT 55 2 SR A4 1) 28 J2 D A 351 LA 3R AT B 1P I 45 11 2 B, 5 T A2 S 1)
fif LA 58 45 31 (mobi Lize ) MLE o I 5 AT 55 5 I TR) AR 5% (481 G, o) I8 (1) 1388 W AN 58 4
FasCA St FE )

[0109] 3 6 5 ] S0 B 38 075 7 AR — /N ) IR 2504 o 7 B Dyt 3R BRI 6 FEANEG BRI, 52
Y Bk 2 R G 55 AR I AR g 5 — IR 23

[0110]  AEH1T . AT ARELRE : AT B 52 Y11 38 AR AR B F AR (MLS) H2 58 , A4
Uiy 11 JBCE AR AL B B AR DL A ZR M 9E (col lision) (4 #E o

(01111 2 [A) (1) 43 e B T 32 VI IS B b Re K P B E T A3 H e i BAN B 7
Ok a2 BR R FR AT 32 1 3 LA TV AT I oA PR M ASCE 15 1] AL 38 A R G L BHAT B R Ui 4R
(1) 52 B I R AR 1S Ak

[0112]  FHZERVIRAS

[0113] B &HZH T kA =AM FAR N R (L -E % &8 (Johns Hopkins),
Boston Children’s,U.Penn and Stanford)) (48N B A ) 3028 A TF AR H ok
Z 5EAVELEIAT A o BT M IRBER BIHLAE , IEAEEINB Il Ze b O f1 323803, 9F B
NGNS AN RGBT AR D) (1 18 7 B0s DL T 2RI e FR AT 323
BRI N B2 2 B T I PR R B R T2 INER E AR ERT
RS EHLE N RGN SRl 2536 - 91522 IFAUHA A IR dry-1ab%e 38, 3 HA B AR 1L
A RGMGIRE R . 902 138 A FIHALE AN RAR A RNIGRER . EXH A
Al AR ML AN TR S B A 2 52 ARHEE A 2 R BT IR, BAAREAS H R Ta) B U £ Sk
TSR B R INEHE - & R OMRHE A FR 5 T AT 55 I PR IR BAT AR L R & o AE 1K
B BAV AT PREE B S R AR RISAN HoA

[0114] 5kt

(01151 Sy 7 WA FRAT I HE BRI AL 3 , FRAT TN B AT 55 PRAT BL AL B (1 % W45 F AL V7
5E (OSATS)[12,13].OSATSABRVF AR B HH /E o s Likert—1ikebr 5 (R1, 125) EYPRMF
ARFE T H 8 7S A 4 B8 AH 5C A% S 2H B o H ) RH AR PR o5 48 B At 7 SC o S AN PP S« (1) %
A BT (R), (2) I &I (T) A2 (H) S AR (K) VPR (F) AR FR
KPR (KP) o “B T B3 ™ PSS AE 58— YIRSt b — AN L, I FLIR IR B0 h  SRA T
AR A R EUS I B (BN B =0, B K33 =30) e RT LA 7EVE
N0 PE (inter—rater variability )55 ARG R FHSCPETT T #8IA T OSATSTY:
13, 14], 3 H O AEVPA B A LSS AR F AR & B A 15],

[0116]  HENMLEE

(01171 AF4E AT DAARHE FRATT 2 3R B A 1) H 8 v 55 1) &2 D PR AR R B Bh L & 50
—MNEEABENG T TSR SR Ve (B, 52 ST 28) 885 — AN HE A H G it 4>
Brvh S RS2 I3 I AR B8 5 L R AMRHE AR I AHEL B &

[0118] EFRIT AR L E R2. U T HT & XM FARIELSPATIH R A &
X R S v [ R — AN B AR AE DN A S SR B Ve Rl N 3 DG B ST it 28
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[0119] k2. AR LG T R R R G LR XS — BRI ZRAE 55 VR T2 53R
AT BREME S5 PR AR AL Al AR PE- AR S5 18] (R, TR TRz shea & Ok, v iE))
LA S AE LB BE AR 21 K0 B U580 )

+K A 348 322
E- 2N 238 238
e 37 133 149
2 188 260
N %o 454 588 255 289 279
B 867 577 311 282 442
#in 107 196 76 103 126
B 363 291 191 492 200
EH (m) FF o JAKR WER AR IER NER
P A 13.0 10.3
e 149 142
) 1.8 1.2
0120] #2 32 66 ~
Y| Eii 20 12.9 15.0 6.1 6.1 6.8
2SN 27.8 17.8 15.1 16.5 21.1
b5 37/ 1.7 1.6 0.5 1.1 1.1
%3 8.1 5.0 4.0 9.3 3.4
COEHGHR 24 YR ki WER O YR VLR
T e I 2 3 4 5
R ki 2o 8 2
£ S 7N 43 40
A0 3 2
% 0 2
Z b e 0 0 2 6 4
B 98 61 61 50 89
# 1 1 1 5 3
&) 5 7 4 7 5

[0121]  HARE BRI G T 2 25 - BATH R A A MEE [ 1641718, 19S5 R O &M IR 25 AP
B R R T F AR REM 8 S0P A FRIZ3N A b B i gvt 7
. LingE AL16 M8 4 ME 22 il 43 i (LDA) Sk 1z 3 2 /b 2= = s DY 48 %, I8 A DLt
B4y R AG M AR F RIZFIFFRGH DB BN “F B ReileyDE AL 19 1F ARa A B /R K
R (HMM) 77 75 DA 0 T 35 R AT AR X U i 0 48 A 22 30 1K AP BHER AR AT FARAE 55 2 3
TR T B O R A BRI Z A2 19,20 1 FRATTE R I SRR 1A AL (SVM) SR A 4
FED D B R SR AR L B AR TR KT () B8 T i BERE L2 N RSB+ BE R VE 2 - SYMITE A%
BR B N B AR e R R e A 3 1) I EL s LA A0 BROR 5 At v DA s oK 7] B 1 254 43 B 1)
R T

[0122] 4

[0123]  ZMhiPsE - R2. URH T 3T 32 )13 1) R B HL s Al IR 1 51 32 I35 2 1)
(17 B I B, 245 T TR AT B 20tk i DA “H st il

[0124] T {E=S (A 2 « (R FF SRR 00 B E TAEZS W) 2 EZ LA N R EH g . T XL
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A NIMRHE AELRFE T 45 8 BB S s B B BRI 2R FRAEM I N (B 1L, £7F)
1M 52 Y35 ] T T8OK 22 5E 037, HoARAT S5 AT AR Rpk 2 (B 11, 5 R .
[0125]  E11( ) BLETE T RE R B PAT DTS 2158 5 % FHLE NS EHE 4 2 |F)
(1) T AE 25 ) 43 B 5 T 1 22 5« B8 3R 2 B 12 30 , I H A B AR AR R 7R BT 38 FH 1 s A A
DA AT 32 B8 A 25 1 B 25 S 7 2 B AR 11 o B B0 el 10 A AR o T A 2 ) i P vt R B 5 22 |
T o) B R A R L T AR AR (A AR T T ) AR R e AR AT IR FE
R TR B AEATL S & S A DA IR FFAE A o
[0126] 578 SRk i A B S o iz s AHEL , AT Pz sh T X BRHE,
T R R AL T AR (R B 75 1 AT A 01 0s 3R B8 it I = A R R, HR A
AR SN FRA T & EALEE S BL K F PR H R SRR - BAREIX BRI S
HIATLIE M E I M TAER BB G vt DA S HAR BB AR A8 A8 B DA e HoAth F e AR (1)
T
[0127] 2 222 : Kl 12a-12hos 1 1 AN SERGE SR FARAT 55 i /5 (041 55 32 B A [R] 4 HY
(1) 252 > 1t 2 AL T AH R £ ZROSATS S AL VP 5 1) AH S22 ) 1l 82 . ANOVA (7Ea=0. 05 7£1
M5 HF=71.88>2.23,F=51.02>2.37, F HF=71.4>2.57) 45 BAE5% B E MK FE T

S ) Fa 7 T 8] LOSATS . EALIE B LA S ENUARFR B HAE A B B AN A o 32 )11 5 R TEE
P 1) 17 50, G /M 55 58 BN 1) S B8 AN AR L 84 02 ) DL R FEOSATS 4355 1) AH 9% i B
FR/NE I FE B, B K EAEPIIRAT H HA R /N AR .
[0128]  DA1.3F05A4~ HIE & vHE I & (] a0 A 45 i a] L i8] EALIE ) A K ENLAE R
T MM (p<0.05)FOSATS - BUAHR X T 48 51 5 , /1 H , “FIJO0SATS (M=77.58,
V=527.35.N=12) fl1&& &} [A] (M=466.29 .V=39392.63 N=12) B K FZ,t(11)=-
6.27, W JBp="6.07E-5, &AL [T 55 5¢ B 1] 15 i 1h0 S8 450 VP 78 AH DR [ IEHE R 2. 27638 T 4t
Xfa=0.05p—1t .
[0129]  3R2.2:1.3MI5A H I [H] 1] B B 020t t— IR A A2 (a=0.05) £t XTOSATS 73 A
GEATT IR (G545 ) ol R) (TR ) ERZA PR (manip) < e S50 B9 (RE ) A3 o ) 3= B AR
AR (dissec) P S FEEHAREF CEFO FKSUEPE (B AT AHE FRE T a2 &
(T)Eﬁilé&ﬁ%ﬁa‘*ﬁ(f\mm)ﬁﬁpﬁ

7 N OSATS/ OSATS/ OSATS/ OSA’I S/ OSATS/ OSATS

lggh,ﬁvjnk, B ?"15;“%-{3\;3, ﬁ,}}\ ggg ﬁ{f_nrj ol
1 12 6E-—5 2 SE 5 9 9E-4 (N~8) 0. 0014 1.SE-7 1.5E-7
3 6 0.0016 1.4E-4 0.0067 0.9303 8.4E-5 8.5E-5
[0130] S 3 0. 0227 2 3}“-4 0. 0052 0.0043 8.4E-4 8.4E-4
1 12 8.4E-24 47 7 2.22
3 6 7.8E-20  90.5 2.37
5 3 2.5E-15 4721 2.85

[0131]  FEREVESE « 1 W BAR AN — 4 LK AN EL 2, BAVRE B NEHRE, 5 %
8 32 153 B (PCA) SR80/ F T8 R /R ACES S P A 5 I B0 4 2 FRATI AR s A 50 (1) —
5> BN — Jo SRR 1A EHL(SVM) 733685, IFAT A VI ZR I 2 88 R AT T X0 o A
A X PPV DA R AE S AT 55 11183 L 33 Y6 MR B AT BT 55 176 . 25 Y6 MR AR
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5 H % B AR AT IEFAHUEFRATI 32 135 43 J2 o 0 T I B SR A R i AR I VR 4l B 3))
73 B IEAE A SR AR 5

[0132] i

[0133] Iy PR T BE JZ BN e AN AR PG A8 L) 2 & o RARASE A | B A\ b ) A R AR
HOE 7 A8z 3, R AE A ia sh s v I RSl T H 535 (91 s A B ) DL A
B NEE G A B0 T H 58 BARCR o 5 Horb & 32 200 FERa s 7R “Im IR B R B 4R A
R AUEARLE , RAVGET AT HE AT AR RAE R “BAE” B fe NN F AR HE =AML
200, IF L4 O (0 52 2= P AE T BTN T 280 I s B I 2R SRR A1 5t 7 AR K 2 )
it 2%

[0134]  FRATHEAR T HLEE N T ARSZUNE I B A, AFE 45 1 0 L 507 € (OSATS) [ 128
T LA B B it SR Ge vt MRS & o AT DU T AT MAL28 N R Ge 3R A5 1 18 I AR R e 4
PR R RE AR  IF H FHIE 10 A 55 A1 &, BR A% 1R i) SR b ) 2 ) il 4 o o b, FRATD
T BT HOSATS AT S5 R S5 Mg 5 B30 S AL AR 8 5 & (BEE AR AH
I IE) ) 2 TR) T R s B — BV o v SRAEAE X B AR B B I 2 2 ARG AE N LE sh 808 R LT
SRR AR IE ) T 5 T R 27 o il 2 DA B T S AT O e i S5 A 1) s 2 1)
= iiigo

[0135]  FRATIBHAT IR 43 BT LA FF 2 > il 28 o 3 A2 B 1) VI iR RE DA R IX A e B s 1) &
PR LT AR, B T EA RN RN B BR T 53 5 A1)
KA ZE 5 LA e fitiE I 2kt e i sl i) 4 500 4 B8 o Ferh B AR T BE AN 2R 40 72 1) e o 2 ) AR
EINASGE NS N F ARG S — 2 o DI B IR A 55 — A8 52 i i i 11
LYo AR DA SR AT IR AT 55

[0136]  fEiX BRI Y b o A AU FHIR AR B 48 1) — BB 0, I BAGH R P ik S B & Y
LG b J S ORE AR RN By VR B N R SEOR AL 5 B BT IEAEREAT P o AR IEAEBEAT PR
AR, FRANT I WU B0 R R W L[] DA B AR g B I B B S O A il 2k o i, AEIX R
PR T80 %6 H AR B2 i 35 A0S foT B G v 0 28, AN O 1 R H AT S i) i o AE B AE
BEAT TP ) AR rp  FRATTI R A B A B A e B 22 28 0 R P 3 A T BB R A LR
Eo5HRE.

[0137]  HIT- 6200278 STk

[0138] 1.Intuitive Surgical lnc,http://www.intuitivesurgical.com/products/

faq/index.aspx,2010.
[0139]  2.Novick RJ,Fox SA,Kiaii BB,Stitt LW,Rayman R,Kodera K,et al.Analysis

of the learning curve in telerobotic,beating heart coronary artery bypass

grafting:a 90 patient experience.The Annals of thoracic surgery 2003;76(3):
749-753

[0140] 3.Rodriguez E and Chitwood Jr WR.Outcomes in robotic cardiac surgery,
Journal of Robotic Surgery,2007;1:19-23

[0141] 4.Chitwood Jr,WR.Current status of endoscopic and robotic mitral
valve surgery.The Annals of thoracic surgery 2005;79(6):52248-S2253

[0142] 5.Ro CY,Toumpoulis 1K,Jr RCA,lmielinska C,Jebara T,Shin SH,et al.A
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novel drill set for the enhancement and assessment of robotic surgical
performance.Studies in Health Technology and Informatics,Proc.Medicine
Meeting Virtual Reality(MMVR).2005;111:418-421

[0143] 6. Judkins TN,Oleynikov D,Stergiou N.Objective evaluation of expert
and novice performance during robotic surgical training tasks.Surgical
Endoscopy 2009;23(3):590-597

[0144] 7.Sarle R,Tewari A,Shrivastava A,Peabody J and Menon M.Surgical
robotics and laparoscopic training drills. Journal of Endourology.2004;18(1):
6367

[0145] 8.Narazaki K,Oleynikov D,and Stergiou N.Objective assessment of
proficiency with bimanual inanimate tasks in robotic laparoscopy.Journal of
Laparoendoscopic&Advanced Surgical Techniques.2007;17(1):47——52

[0146] 9.Datta V,Mackay S,Mandalia M,and Darzi A.The use of electromagnetic
motion tracking analysis to objectively measure open surgical skill in the
laboratory—-based model.Journal of the American College of Surgeons.2001;193
(5):479-485

[0147] 10.DiMaio S,and Hasser C.The da Vinci Research Interface,Systems and
Architectures for Computer Assisted lnterventions workshop(M1CCAl 2008),
http://www.midasiournal.orR/browse/publication/622,2008.

[0148] 11.Mohr C,and Curet M,The Intuitive Surgical System Skill
Practicum. Intuitive Surgical,lnc,2008

[0149] 12.Martin JA,Regehr G,Reznick R,MacRae H,Murnaghan J,Hutchison C,et
al.Objective structured assessment of technical skill(OSATS)for surgical
residents.British Journal of Surgery.1997:84(2):273-278

[0150] 13.Faulkner H,Regehr G,Martin J,Reznick R.Validation of an objective
structured assessment of technical skill for surgical residents.Academic
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