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A remote surgery experiment between Japan-Thailand
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Abstract—1In this paper, a remote surgery experiment, which was conducted between Japan and Thailand
by using the developed minimally surgical system is described. In the experiment, a laparoscopic cholecystec-
tomy was successfully performed on a pig. Various network measurments were conducted for the evaluation

of the remote surgery.
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Fig.3 Link driven multiple d.o.f. forceps
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Table 1 Data transfer bandwidth

Image Bandwidth
From surgery site to operation site:
Communication 4Mbps
Laparoscope 4Mbps
Robot control 5 kbps
Visual Phone 128 kbps
From operation site to surgery site:
Communication 4Mbps
Visual Phone 128 kbps
Total 10.3 Mbps
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Fig.6 Surgery site (Kyushu Univ.)
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ping IZ & % Round-trip time OEX D, 124.7msec
OfkREND Ry b EEERC/ Ty A XT
FEL T LA MERRE NI BRI Ry MEfES
[EEELIz7 0 b 2)Uid UDP/IP THBH, ICMP
TONMEMREREELTHE, YAX - AL—TRIC
B BAEIEHIEH 62.4msec THELTWZEEZS
N%. INFETOERTMRBEFR L Oz RITR
g (Table2).
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Table 2 Network time delay by ping (Round-trip)

Network Used bandwidth | Op. site - Surg. site | Distance | Hop | Time-delay

ISDN(2B+D) 256 kbps Tokyo - Shizuoka 150 km - 99.8 msec

ISDN(23B+D) 1472 kbps Tokyo - Shizuoka 150 km - 35.6 msec

R & D Internet (APII) 50 Mbps Seoul - Fukuoka 540 km 14 13.0 msec

R & D Internet (JGNII) 10.3 Mbps Bangkok - Fukuoka | 3700 km | 15 124.7 msec
TCP/IP vs UDP/IP MHERE NIz, L LAEMNS/ry MEKIE Figs ©
TCP/IP 2 & BiERTTo 158, WHoFEcy:  SICTHINCRELTEY, RIFADOREZLEE

DHEDEEE N, HOREEMEIME S NEWEEN
HEY 5. AFERK THEXC TCP/IPICK D Ry
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RELUTHRIEERITS CLHRETH 7. Ko TAE
BTk, TORE—LIERRENZRIRS B 79,
UDP/IP I & ZiE{g%Z 1> 2. AL—T7 O@hfEfaH/ <
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TRUL7#Y 5 7% TCP/IP, UDP/IP ZHhEFhIZDW»
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100msec BPRTITHON S T ENEFE L. EEEER X
D, TCP/IP &V v FEIERHIRERICKERIESD
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TOZENTRETH >z, WEASRSP, /37w FEIFG
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HRZ[IEEZLNS., LM LEDNS, UDP/IP &
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Fig.9 Comoparison of image quality (left: Japan-
Thailand (Normal), Right: Japan-Korea)
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Fig.8 Time difference of packet arrival by UDP/IP

Table 3 Comparison of image time-delay (Round-trip)

Network Op.site - Surg. site | Distance CODEC Bandwidth | Time-delay
ISDN(2B+D) x 2 | Tokyo - Shizuoka 150 km SONY PCS-P500 256 kbps 676.0 msec
ISDN(23B+D) Tokyo - Shizuoka 150 km | NEC TC5000EX100 | 1472 kbps | 785.0 msec
R & D Internet Seoul - Fukuoka 540 km DVTS 10 Mbps 871.0 msec
R & D Internet Bangkok - Fukuoka | 3700 km | MP2000/RR1000D 4 Mbps 1000.0 msec
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Abw T e ry FWUREIN—T Ny 7 ERB T E
Ic &b, MYRZEAFFEDENZRIE Lz, HEERLD,
Normal OHF1E TORIERIE T40msec THh-7z. £
7z, Low Latency Tld 640msec TH Y, 100msec Diff
HERFEGED MRS Nz, £z, LAN BIBS R TOE%
FFEENUE Normal, Low Latency DZFNZFHIHEICD
T, 590 msee, 312msec THBIT LB, AHEEIC
KA WEHUEEIC & O 4 Uil 353 & 7 250msec 14
ETH-TC EWMEERE N, SRE{#H L7 CODEC
ETNETOIERE DR LU/ &K%Z/”9 (Table 3). T
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BLT, XML zolcehhb s T,
ZX A G OBRIEREHB T K b @i amg 2 {569 % T
EWNRETH - 1.
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BIEEDARRET ZHFRENE, I AZ - AL—TH
OEGE, MEHREEREREEN, AL—7 -3 =
¥ 2 L— 2 OBRNILE SR, <AX - AL—THo
MU EE RN OBIc k> THEBN A, AHBRT
&, 582.4 msec OEFEENZBEHIXBECTWECT E
MR E Nz (Table 4). ThEX TOEEBREDLHL T,
AR ORF BN EZ M EF KTV &hb
oz,

Table 4 Sensible time delay of operator

Network Time delay

ISDN(2B+D) X 2 | Tokyo-Shizuoka | 540.0 msec

ISDN(23B+-D) Tokyo-Shizuoka | 592.5 msec

APII Seoul-Fukuoka 592.5 msec

JGNII Bangkok-Fukuoka | 712.4 msec
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