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41



Scale-12 (PFS-12), VC1 icBWTo%7 v b r R E 3-T%RD bi=7, VC2 3 X U VC
3T, Ty P r AR NP o, WBEEE RTT) &2y 213, FHGTHEE
CBWTHEFEDONADL 72 (M3), £72. VC1IZHWTVC2H XU VC3 L0
AR OFEHMENERICH > T (K4),

.f‘* BLUEE
HMEFMA =R v b hinotori™ IC 351F 2 @5 ELE 13 30 msec TH Y | MIFHIH 145 Mbps
CHEWTHBEOHL 5D bz, BfEHE 145 Mbps I 5\ T, RO H{LICKER L 72
E%K b 2 FRTTERR A DAL R f’F%Z 3F/1/®1£5—F %ﬂl:@fhﬁ}#@i‘*‘?m# 9 BTz,
— T HREMEZZE S 5 Z & XY BRI dGE» R b, EE I 145 Mbps
ICHBWTHERBEESFRETH o720 5 E@Tﬁ# BT, HEFMAH =AY b hinotori™
@Jé;cl_faﬁiji I 150Mbps TH 5 T & 23GEH & X’Lﬁ_o ¥ 7z, BEEI L ELEE T ILA T
THHELHEICIT, BREREZELE T2 21k ), ERFELSTRETH L LEX LI,

[ JR(ES

[X 1 :8E5E 500 Mbps, 300 Mbps, 200 Mbps, 150 Mbps, 145 Mbps ic X 5% v b &
2 ey &]

ST 145 Mbps ICBWT 3-7 %D 37 v P B ARED b7z, £ TOWRBITHE T,
¥ £13 0-0.35 msec TH - 7z,

< 500 Mbps >< 300 Mbps >< 200 Mbps >< 150 Mbps ><145 Mbps>

= Jitter == Packet loss

0.3

0.2

msec

01 l

(X2 :@ISHHK 145 Mbps 1< 31 2 Bl 0 %1k ]
SEEHIR 145 Mbps 125\ T, BHEDHLAZED & hr-,

42



(X3 : MRIEARE(VO RIC X 2 BEELERTT), X7 v bex, ¥y X0Oix]

VC1 (120 Mbps) T, »¥7 v ba R 3-7T%TH >7-, VC2 (40 Mbps) X U VC3
(20 Mbps) Tix, »¥7 v b v R BRI NG D> o 72, HEEEE RTT) ¥y 2iFe£To
VC cZ{tiziZd s d - 7= (RTT: 30-31.5 msec, ¥ &:0-1.0 msec),

RIT RIT RIT

315 31.0 31.6
o 310 31.0
o]
E 30.5

30.5 { 30.5

30.0 30.0 30.0

== Jitter =~ == Packet loss == Jitter == Packet loss = Jitter == Packet loss

0.6 0.5 1.0 50%
[&]
]
2 0.25 05 25%

O’H i UH'\IHIC|"|||'iO%

VC 1 (120 Mbps) VC 2 (40 Mbps) VC 3 (20 Mbps)

(X4 : ZWGTEHME (VC) BICH 1T 2 FETERKEN, /F3EFET o L]
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1) Sterbis JR, Hanly EJ, Herman BC, et al.: Transcontinental telesurgical nephrectomy
using the da Vinci robot in a porcine model. Urology, 71: 971-973, 2008.

2) Nguan C, Miller B, Patel R, et al.: Pre-clinical remote telesurgery trial of a da Vinci
telesurgery prototype. Int ] Med Robot, 4: 304-309, 2008.
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1) Xu S, Perez M, Yang K, et al.: Determination of the latency effects on surgical

performance and the acceptable latency levels in telesurgery using the dV-Trainer”
simulator. Surg Endosc, 28: 2569-2576, 2014.

2) Kim T, Zimmerman PM, Wade M], et al.: The effect of delayed visual feedback on
telerobotic surgery. Surg Endosc, 19: 683-686, 2005.
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- Takahashi Y, Hakamada K, Morohashi H, et al: Reappraisal of telesurgery in the era of
high-speed, high-bandwidth, secure communications: Evaluation of surgical performance

in local and remote environments. Ann Gastroenterol Surg, 7: 167-174, 2023.
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1) Zheng J, Wang Y, Zhang J, et al.: 5G ultra-remote robot-assisted laparoscopic surgery in

China. Surg Endosc, 34: 5172-5180, 2020.
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« EbiharaY, Hirano S, Takano H, et al.: Technical evaluation of robotic tele-

cholecystectomy: a randomized single-blind controlled pilot study. ] Robot Surg, 17:

1105-1111, 2023.
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1) Morohashi H, Hakamada K, Kanno T, et al.: Social implementation of a remote surgery
system in Japan: a field experiment using a newly developed surgical robot via a

commercial network. Surg Today, 52: 705-714, 2022.
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average 4.5 average 4.5 average 12.5 average 12.5
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IPsec: IP Security Architecture, Mbps: Megabit per second
@ (/T 72 P 7 48 S

- Ota M, Oki E, Nakanoko T, et al.: Field experiment of a telesurgery system using a surgical
robot with haptic feedback. Surg Today, 54: 375-381, 2024.

- Oki E, Ota M, Nakanoko T, et al.: Telesurgery and telesurgical support using a double-

surgeon cockpit system allowing manipulation from two locations. Surg Endosc, 37: 6071-

6078, 2023.
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1) Oki E, Ota M, Nakanoko T, et al.: Telesurgery and telesurgical support using a double-surgeon
cockpit system allowing manipulation from two locations. Surg Endosc, 37: 6071-6078, 2023.

@78 N A Fe R
- Takahashi Y, Hakamada K, Morohashi H, et al.: Effects of communication delay in the

dual cockpit remote robotic surgery system. Surg Today, 54: 496-501: 2024.

62



HIFFE 10 ZMERF v PV — 2 24 L EERFE R oS ERECH T 7,
3D 7/ 57— avOFHIcEET 3 LR

@7t HIY

o FAHEIFZ V3D 7/ F—v a vic k 2ElgFEiMioa At icBd 3t
OfFRICX VAL IC o722 &

e 3D 7/ T —vaviEHEHLZiEE T OEERR o R

e IDT/T—vavi{HHLEEECcor Ry BRI O dGE

O FRIRE

o WFZEHAR : 2023 43 H 11 H~2023 43 A 12 H

WFZefiak © UM KFZFEIRERE A ) ~— 3 a3 v v & —— JUNKBIE B R

B : Y 7 b Ny 72 ¥y v 7 4 —RlEHR (IP-VPN, HHSIRFLEE 100Mbp)

o JE[ETMIEA : RIVERFIELD #:#lm K » b Saroa™, YV b vit#leva—4% - 5o

o MENS : TH/NGICX BHEGET L

o EE ¢ B4 HALERIVEHERT

o PEENE ERRHbIC V2 (L ERIEHE 2 & B 0 22 E ~FE AR T, 7 2 /MBI R L
Ty PLRAfEEEITo T, vy PLAEDTIEICOWTIED b2 L ORI %l
LCRAL 72, #8875 FFRTRAO & (EREt2 5 0iFE R L), HF 0L, 2D 7
)F—vav . 3DT ) TF—vavD42ihFTiTe,. TREFhoOEED D LiThbh
722w b L RBESICE L 2% GEARS (Global Evaluative Assessment of Robotic
Skills) ZFvs7-v K v + EREFEM 21T - 72,

@SB R L HIY

PR EZMERICEZIAD I ERTE I FHNT /7= 3 vid, &2 Lo FiiE
EICHMBEICY AT LATH S, L L, #E% 3D OfmIcHiH 2 2 & i3 iiiic L <.
INETOT /) FT—vavy AT AIF, BRy P30 3D BE{RIC X 2 Filis 27 4121
WG L Cwindr o 7z, %A, RIVERFIELD #23BH%6R @ 3D iz fi5 i nlgE 7 7 / 7 —
va vy AT LN, HEWEIODFMHEEICHEHTH Z D E I PICOWTIERERITTRIC
MER L 72,

@E Tk L R O
- BT
o Ry MEERERO 2 20 NDEFA %, HBIEE, HHfEE, 2D 7/ 7—vavig
B 3DT7/7—vavifEo A FICHHEL 7o, BERER AN, EiEtic v 23 kst
BE»SOiFEDS &, vRy MCXEEEYY ML AREERIT o, (ML
R kg & 0 5EE . A th#E. GEARS (Global Evaluative Assessment of Robotic Skills)

63



72 TR ICAT o 72,

S

) 3D7/7—>aviEfHLEEcl, FERMEAERT 2EmsA L (K
1),

2)3D7 /7 —vaviHHLZEETlk, BEOCHVELLHOE TP 7%5
fHRICH -7 (K2) ,

3) 3D7 /7 —3 a v EHHLZIEETIE, GEARS 2wz a Ry b IERIERAE A A3
bobdbEnwRaTehoaz (K3),

@iliinb Lk
3D 7/ 7T—vaviERAwER 2> O O FMiiEE X, HHoERNICFRICEET 2 E N7
MENZ37-60, MiEhery FVMEErERT I LB TX -,

@ X%

(K1 :~v bLREEEICEL 2R
3D 7/ 7—vavickafEEClt, 882 {Tbhr o256 L KL THAICES
2 R 23 dE 3 A EMNIC B 5 72 (25.6 £63.2 vs. -36.7 = 65.4 4y, P =0.06),

(&) -
60 | P=0.08
g | O ] |
20
I ‘ -19.4+19.7 -36.7+65.4
el 0
256+63.2 20.6+63.7 ‘
-20
_— | W
= |
-60
R L 1l 2D aD

BERE

(K2 : Ao HEL EEEET LzREK]
3D 7/ 7—vavIicX2fETIk, 88 2TbhrozGA L L TPV ET
B i HEICH - 72(1.3+1.7vs.— 1.1£0.7 [8], P=0.006), ¥ 7-$t 0% FEI%ED >
R WER A B 5 72(0.4 £ 0.7 vs. -0.5 = 0.9, P = 0.06),

64



=B L7z ftage LB
P=0.006

PZU 004 P=0.06
25 08 |

#mn 08

#in -
§E2 04
0.2 01+t04
0.6 V—H 43513 41207 01202 ,_’_‘ 0509
= £, 01— [ f
05| 1.3+17 05309 J LJ .02 |04=07 0105
04

ﬁ’j’\ 1.5 ﬁfJ/‘ 0.6

2.5 -0.8

Mg L EF 2D 3D HYL L TE 2D 3D
BB HE REH*E

[3 : GEARS i X % vk v FEfER o 2]
AID7/TF—vaviREALZEE T, GEARS ZHw/-u Ry FEREEHTis D - &
HEWARTT ol

P=0.04
e P=0.03
P=0.03 |
30 228+24
25
16.8+2.0 162516
20 13.4%1.2 [
15
10
5
0 r
fEEA L =5 2D 3D
IEERE

@ =% ik
1) Oki E, Ota M, Nakanoko T, et al.: Telesurgery and telesurgical support using a double-

surgeon cockpit system allowing manipulation from two locations. Surg Endosc, 37:

6071-6078, 2023.
@/t J A 18

- Nakanoko T, Oki E, Ota M, et al.: Real-time telementoring with 3D drawing annotation
in robotic surgery. Surg Endosc, 37: 9676-9683, 2023.
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