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2) Av 7 =232l —X—CHEDBELZUTICHKEL -,

H{REEIE % & D5 5 miEEE O BEIE (delay): 0, 70, 100, 150, 200, 300 (msec)
3) RENT2EED LT, UTD420kD bR A7 ZITWv, 58T ¥ TORR,

BEhiEE, 7 -k & 2R L 7.
O NE#EE Y ot rHE) (FFEF)
@ 4D Y EHFE (HFEE)

® BoBE(F FEF)

@ Vv r7os (WFEiE)

34

Eii




- REROME
1) $RTOEXARZICEWT, BIEREN R 72 212 ETER BB R 70| T 28T
BEAE D KE L R A B -2 (K 1),
2) TxARN—1FTiE, HTEEIEEEICN 3 2 EEREIE DT D I b o 72 (X 2),

@itk L E%E

ETDERAY CHIGEBIEDHIME & b IC X A7 THRBOERERA S, 2 OffEA 3
fEEIE 100ms DA L CRHE & 7r o 7o, S Ehphit, — 7 —[EUCB L < b Rk DA
RThHoteo L2LAEDBL, WTFNDOIHE b TGS WEHRE (= F 25—+ v —7)
TIHEBIE DG E % Z T I 22 o 7z, FHIARRERE 7V — 7 COMGELE 0 msec & T F 23
— b N — T COMEEL 100msec D X A 7 58 T K], $TFRBEIEEREIXIZITE %0 7
Mote, DF D, T XA oN— b NEEEL 100ms F2E % 4 U 2 RILTIT ) m@haFilr & . &%
BRD D 70 N E DAEEIE O msec, 7 b B CHEE @ Y 1T 5 Tl FEOHE & 7 5 AlgeE:
DBRBI NI, LTzt o T, @ERFMICE T 285 IE 100msec AT 2 LFFARTE 5 7]
RERFEVWEEZLNS,

OLIK

(1 : EZESEFERERIC N4 2 3858 1T D 52
A TIEREERE T, B-D TIESHERE DR ERNIC, BE L 7@ (5 BN A 2 & o fE%E
ETHRMZEOTRTRLTWS, §XNTDO 7N — 7 CRrERRILEEEES K E WIE
VIERLTWw3,

A AuGroup B wos  FIRZERE
2 p < 0.01 ] ] p<0.01 e
. . . o
8 [ N & | : :
g LT g l
o 1 | ° o 1
S ==y = - ey
| i T | :
N i
EEEEET = .
«| =5 = ‘ « BT |
- : — 1 —— |
= T 4 T L T 1 T T
V0 Delay70 Delay150 Delay200 Delay300 Delayd Delay70 Dem‘IOO Det;ay!.m Delay200 Delay300
* Detay(ms) * * * Delay(ms) * *
P < 0.01 * P < 0.01 *
C e EfifiEERE D swowe  TEZ/S—h
) p =0.023 2 p < 0.01 "
! —_ 1
g 1 8 1 -
1 0 H ;
P SN £e . . *
-~ T g Ed | - =
9 e — 2 T - !
2 3 . I | i L
= o e EE
of mmEeaET— L s — | == — —
: = i ‘I = ; —
8 — . ) - !
. T . : — T .
Delayd Delay70 Delay100 ' Delay50 Delay200 Delay300 Delay0 Delay70 Delay100 Delay150 Delay200 Delay300
—_ — —_ [ TR )L y
Delay(ms) * Delay(ms) * *®
P =0.018 * P-0.014 *

(B2 : S RERREE o3 2 8EEE 0 E]
BHERE v — TR, EBEEEEOM B O TR TORLTw5, BOF

35



MIRFEFRE IR, D Oz ¥ 28— b Tl B BRI 3 2 8 EELE D

Wy,

-4

I
I
[
I

A All Group
2
3 p<0.01 I
g | i
8 i
o
- g N o
£ 8 o
E & i
£ § i
§ 8 i
¢ = i

T T T T
Delay0 Delay70 Deiay100 Delay150 Delay200  Delay300
Delay(ms)
C EXT TS
Group B 1’1-']-’ =3 Eﬁ%
g
& p=0.013
o 1
81 ! T
| i
£ 8 ! ;
£ &7 |
£ g ! T
2 81 ° -
E E 1
g I T
°] EE ' 5
=== e -
g J — | ==
. Il

Delayﬂ Delaym De \awlou “F‘QV‘. 50

T
Delay200
3L

T
Delay300
H

Delay(ms)

@=L 3k

o)

Movement(mm)

O

Movement(mm)

1000 1500 2000 2500 3000 3500

7 A

=y

FHRZHE

Group A
g
g
“ p < 0.0 —_
8 | |
g8
8 1 .
B I o
B | Qe B ;
[ |
g 8 - 0 |
I =y
o L mmeeEm
g1 m— i 1 i
— i i 1 —_
g 4 ; |
- 1
T T T T T T
Delay0 Delay70 Delay100 Delay150 Delay200 Delay300
L 3L P )
Delay(ms)
°
Group C I#X/ \ f‘
p=0.020

T T T T T T
Delay0 Delay70 Delay100 Delay150 Delay200 Delay300
Delay(ms)

1) Marescaux J, Leroy J, Gagner M, et al.: Transatlantic robot-assisted telesurgery. Nature,

413: 379-380, 2001.
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- Nankaku A, Tokunaga M, Yonezawa H, et al.: Maximum acceptable communication delay
for the realization of telesurgery. PLoS One 17: 0274328, 2022.
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1)Hung A J, Chen J, Shah A, et al.: Telementoring and Telesurgery for Minimally Invasive

Procedures. ] Urol, 199: 355-369, 2018.

2)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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+ 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.

- Akasaka H, Hakamada K, Morohashi H, et al.: Impact of the suboptimal communication

network environment on telerobotic surgery performance and surgeon fatigue. PLoS One,

17: 0270039, 2022.
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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.

@ T T WA e R
- 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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Operative Assessment of Laparoscopic Skills (GOALS)., System and Piper Fatigue Scale-

12 (PFS-12)IC W CEIFRED b h o7z,

M= GEARS GOALS PFS
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1200 30 25 70
800 25 21 40
400 20 - 17 10
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1400 — 1400 1400
800 Q 800 - é g 800
200 — 200 200 — E
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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.

@ {72 P 7 48 G

« 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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+ Morohashi H, Hakamada K, Kanno T, et al.: Construction of redundant communications

to enhance safety against communication interruptions during robotic remote surgery. Sci

Rep, 13: 10831, 2023.
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1) 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.

2) 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.

3) Kim T, Zimmerman PM, Wade M]J, 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.:: Verification of delay time and image
compression thresholds for telesurgery. Asian | Endosc Surg, 16: 255-261, 2023.
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[Psec j#ifg 7c L ¢ IP-VPN [Hl# CIEZEH o fE i & 1% 22.5~25.5Mbps TH b, @
EIBIE DY 4 msec FEE T, HKIZ 27msec TH - 72, [Psec H Y D54 0B 5k H

&1 33.0~37.5Mbps TH b, 5

BEIE D345 12.5msec THA 37msec 22 U T w7z,

Ipsec 7z L [Psec & Y
Fukuoka to Beppu Beppu to Fukuoka Fukuoka to Beppu Beppu to Fukuoka
(msec) (msec) (msec) (msec)
JEIE minimum 4 minimum 4 minimum 4 minimum 4
(msec) maximum 27 maximum 23 maximum 37c maximum 36
average 4.5 average 4.5 average 12.5 average 12.5
TR 22.5-25.5 33.0-37.5
(Mbps)
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
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- 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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