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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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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
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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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#J 30Mbps, &l T#HJ 150Mbps T®H - 7z,

o 200Mbp FHIERGE BIFLH W 72 R FINERE T ld. ENEREE L Y $ 27msec DEILRE
MIDFEE L 72,

o ALEERE T VTN F 2 @@ FM ILEE ORENRE L HO R BT L ATE
7z,

Ot TR
o TFSEHAR : 2021 4F 8 H 21 H~8 H 27 H
o WFFEMERR © SART R E A ER e — L DR AR
o fHAMIER : NTTHHAF v 7 v 7 4 —HIEHR CRIRERALEE 200Mbps)
o HEIRTAEM : A7 4 hu A4 FE#e Ry b hinotori™ (v a—& - Fa—XNE)
o IRIENGR ¢ JEAEME
o MEH 1 10 L DIRIE
o IRENE ¢ NLIEZRE T V% v 7Bzl o R v+ Fir(HER L. BERE)

@t DE R L HY

g e Ry b FIGEG L & WSS BT & 72 0 — A ICEELE R 23 100msec
DL ECIBEHICEE L FIiARECcH 2 & I TWwd LY, BT 2 @EERE off
ME2vkRy MCXYVRLR2720, HRFMzZERT 272010134 RBERE L oKy
F DA G DY CTHEES 2 M H 5, AWTFED HAYIL R R & EEFN g e K v b
hinotori™ % W CEfEERE T L lHE OB NERE T CoOBERE L v K v F OBEEZ R
Akl EE T oER ARk E eI T2 2 Th B,

45



@5l ik L AR O M
1) E@Ee Ry b FAEREOREE
NTT HHAF ¥ 7 v 7 4 — Bl (RIEREEEE 200Mbps) & X7 4 1m 4 Fiko
Fii<E e & v F hinotori™ % F\»THJ 150km [ T 72 LRI K F E AR ERPE & &2
AR CRETM A Y P72 2ELE (K1),
2) BRI & S EE
10 B OHAFHEIC X 2 @RS T ICik 2 B8 S ¢ 2 iflikn Ry P 227 %f7o /-
&3 (K2), WBEEIERITHIZE O 17z SINET BREE C o 246 B8 A3 16 FH [EHR 1S
BOTHHEMEL S o CTHER S N7z, EIRRHROB@EELE (X YE 4 [2-12]msec TH
D, EEREICELWTZ Yy a—& - Fa—ZHIc L BNBRESIC 27msec DIELAERRY
B - 72,
2) HEFRFIMEREE & BN FINEREL D Hig
NLN#gs € 7 0 % v - HEER M (K3), BEREN (K4) vdnd=EiEeR
Bi Lol o ENERE L O CIEfEME, = 7 — R EEEICEEEIRS bk o
776

@tk L UER

P A [l % FH W 72 hinotori™IC X 2 @@ T AENFM & FED X7 + —~< VvV ZE R L
722l b, SROYRT LAPRBTFMOEESFEICHELREREFM 2B L WS %
T~ L7z,

[ JPES
(K1 : > 27 LKERK)

EREER)

46



(X 2:¥thkoBs) %2 7]
SESm_— l—:"

=53k

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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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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@ =5 ik

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
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.
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- 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.
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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:
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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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