B EERHREM TR S E,

Ty —=FvIUTUF 4 (REBBER) HEfoREcET 5h%

21{1998)

Safety features of the virtual reality technology
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We have been developing the Hyper Hospital, a network based virtual reality (VR) mediated medical care system.
The Hyper Hospital is composed of twa seamlessly inlegrated environments, that is, the virtual and (he real worlds.
Of them, ils virtual environment expands the conventional medical care sysiem using the VR technology as a principal
human interface and collaboration 1ool. First of all, the safety of a VR system was studied {rom physiological and
psychological perspectives within an ergonomic framework. Two series of human studies using healthy young male
subjects were conducted, They were exposed to the VR system with different intensitics of physiological and
psychological stimuli. None of the physiological or psychological parameters such as urinary catecholamine
excretion, heart rate, or blood pressure indicated that significant fatigue occurred, This implies that the use of our VR
system does not induce more fatigue than the control experiments. Based on this result, we extended the Hyper
Hospilal system onlo a variety of computer networks. They were; the internet (the Hyper Hospital on the WWW),
the hospital information system (the Unified Medical Information System), the satellite based communication
network (the Hyper Hospital on the Satellite), and the ISDN communication network (the Hyper Hospital on the
ISDN). Performances of the prototypes of these extended systems were experimentally examined. It was concluded

that they are suilable 1o the various lele-medicine and tele-care functions for the Hyper Hospital network.

L UIEEE Ry

Foald, EERAOYy—Fy - UFUT (K
MIREW-VR) LAFAEEERRBL. D
W, WERy F7— LICVRR K& a—
TR A= A I T A AE LT
HXNABWMUBERSATATHS, (NTN—FK
Z & (EREkE) ) R L TE A, RS,
OO —BE & LT, VRIS AL R DR
ARy, LIEREANY, MFASEMCHEE L, EO%
EHERITAHIEESAOBMELE. TR,
VR, FOHAZFCHL, BEOEa—< -1
PH T = A VEEMORIEEEERAED
T, FOREEEMIT ST SRERREOHREN
HolheTHsb, MoT, FMFETIE, RedE
RIS LEVRVATAERL, RaedihnE
TOMEI Lo CTEICHSI L=, BXO. &6
AW CHR I TR R T o e R ANT,

e e i I8 L OB IR R A I BT S 3R,
BN LA A e et B L

. THEMEFFLT. BAPIBELTER. NT

S—RAEY I (B OIEENCLERfiL D
AFABPLU Ry b7 iR OV T MUY
BEON—BFOTT7REEITOICEELE.

2. WREEE
215y —F )T U T OEEEICET SR
HNFEEEE, Ml RENS LS, STy —
Fy ) FUFLON—ROITORRE, e
ERICAWEESO L oA, GBI IR
EEBHTBCERANTH oM. FIT, ST
W bR L Y r—Fy LU FTU T &
BEREALDD, FOE hAOESETFET S HER
WIEE 2T o Me. Z DOWBERERIE. FH3(3),(6),
G (N ECBWTHE LR, UL, TOUWED
BEICBNWT, Yr—F ¥ U TFUFrON—FD



IV FORRAFIRDILAE, 22— 08
Mifbd & vic, SRICHEMMCEEE L, Eik, %
fili Ao 7= =8, M TR ST IN— K
DI OE B REMET BV S EEN b,
FTIC, Bald, MEOHEREBEEET. BN
WO, Fv F T2 L TORBIEROMNE, &
BIT, FEERR Yy T~ ~0bhhbidn-1
PN—TRAEZ N (W) AT AOIER EE
HERL TSRS &L,
2ENAN—RAEF I (HEIFEE) OB
2211y RO —HRy A J 2w Z 1T iR
M RE S 2T A

BRI WELE T, Try—F ¥ VU TFTUFLICB
WTEREN, EAFIERES NS RENRE., £
DIERLE. BREEIC Lo THECW B E TS
M ERSENENEFRE TS ERBEIRTWE
W, EFEBRCT v —F 2 )7 )T 4 BIERATS
BE, TR, [Beolg « fEgs . EAET
IR E MR BN, HEHMIKRICHETE
T, RIS E s ThA > TEHOLEOEEZD
ETREEHENSE 2. T IC bhubhid, ERH
MY AFZw oo (FRBIC, HRBLE, EEER
DG} T E S RN S 27 AR B
L7z, FOHEBE. ), 8),@),00:csWn
THEL &,
2R22NAN—FALIN - F - T
(Hyper Hospital on the WWW)

ZHZ, A F—Fy b LN RSN
(#BHilks) #BAT A DD —< o157
AAERBHOTHD, WWWITSOW—z12%
TR ETHBHE-EHEAFLANEERD T
b4 TTHD, PARLEIAFLAL. @O
DFEE. EEBE RS &7 —2w b L THERBICITE
JHT&EHTEERLE,  Gize(13).
223 B—{hERGHS o bU—S O

NI R—FRAEF N (BRI HIZOERERR
Fw b= EMETAEMNT, FEESRRAT
LA IEy b EADOBHERRE, CORD
DHERHEN & LT, BB ATRFREETINEL
W 713 RET -2y O RIILT
BHRIERT S AFLEMELE, T ORE
W, s, TBWLWTiRs LA,
22AMEME~DREM NS N—FALEHZ N - F
2o HF 5 s Hyper Hospital on the
Satellite)

5K, EFHISATE R RE{GIRREO RO O
Hiitr & LT, RilE#E~ Lo B —{kEE %
Py M-S EBET BERET o, COBRWT
THNFATF 4 TiESEEREFALERY 77—
ZEWAFELE. ZOEBEREEL. Hizan,as),
(19).(20),20),28) i B W THE L =
2.2.5 [SDN EFEEHHRROT L Ui AT L%
TR L3y b7 — S i DENE S AT LD
N ISR A SN« 2 -+ [SDN Hyper
Hospital on the ISDN)

LU e EBERB DRy N7 —S13, AE R

DF—FEZETHOINEGETH A &R
mht, WEREOW BRI Z SofillRN s, —
BFRED E TR T ZERM L MR 3R
TERW, FIC, COBEERICT =0T,
[SDNEEREIER BT L EREEERLT, mig
&, Troudilgm (OERLE) EREETEVA
FAERRELE, chicoWwTit, 22,
(25),(26) kK BWTEELE,

2269y —F o B AL -RICEEOMED
HEEE 2 52 AT AONTRE-

NS DITEDIREIIRBNT., 2y hIT—2FH
TIVAASEI L bO—=) 35 A5 ADMEN
PEE Lo, BT, CNERRBERT, Yr—
Fr WU TFUSF L ADNy BRI F 4 A7
(HMD) &Z@TVAH ATV ATLAERASHES
ZElZdo T, WMiRIZEEOMT OBREE 52 5
AFAERELE, T, B hTiEeE<HEELE
I EORWIEEIZIENWBEE D DT RE TS
V. FOLIAY, AR SRR EE L AT
IZ&vs,  (Esci2sn.

3. WreEmkE
31Ty —F U FUF o OEeticld 5t
HWFEIZIB T, YHPEE I SN0
FHZDWTI. BBRTREMmHM D RET DI EHNT
Eiz, DER, MT. RPHFAII 0k ss
B2 & U THER S e IRAY/ndE 95 v, VRIEH7
DEDOITLBWEH THAELS, BA ML AEOMER
VRO TR 5 MEE i O By e & 5 4D
BES THD EEZ N, TOEEMS,
s OVRIY AT ATEIE B TREE K A BRI,
o B e s AW 2R ENA. BE&
U, N NR—RZAEH i @) 1B T, VR
DAFAELI-TT S F T AE LTINS
O &ENEE .
32NAN—RAEZ I (B DR
3.2.1 T R85 13 3w Z I W HEr R
AR SEE S R T L

FEREIZ BT, UNK LTS 51 57
V& —FEmTHSTcl &, FEIHREHET ST
T T AVAFADA I T oA APHETHZ
Lok, A1 F2wiicasF2A ETETE
BIREPEF IR A F LADRRICRIIL 1,
322NAN—FAES N - F o Ty T
(Hyper Hospital on the WWW)
FRevAFLEESIZ, HTMLEL, FOCGI
EZRNT, REBERER S AFAZBNTS 2 &0
AfigEizofe, RS> T, ¥ELDDH-
WWWII 5ot a R TREERICT7E2A0. £
D% (Look and Feel) % BIfErR I 8T8 9 5 i R08
Wi,
3.2.3 H—{LEFiR A v T — I ORR
RNOIESFHERF Y b7 — 7 E {9 55
ELT, RBMBATLRFEEMSEL, BRIURER
EQTIuyT—4 L, BESURMOME RS FEE
ICHIFWWW O R S TIEHFRT D AF L%



WL L=, oo &ickl, 128 —Fw b
RS NHRAA > 32y FERW

B FiE-HREOOz a1
EELSZENTREERD EEL SN,
3.2 4B BIME~DER INTN—FRAES
NoeF 4551 | Hyper Hospital
on the Satellite)

B, NTT &HElkSEEMNE/IL T
oo MEWRBHT, T8y Tk
ONEFAWTEEENETNTFAT L TRy
FI-HZEMBL, ChETICRESNE,
Ba DN N—RKAEHY ) (FBiFR) A5
LEBE LR, COYAT LR, BN, 2
BLIEBRELDEDERS AT AE, BRES
T 3 BB LAY S YRR R
EETHHETEELTHRMINL. AL
T S 2 2 F AV, fEROFAIER R
ThHEWIHENH D, MERHREE O
haEZglo A, SE0BEEPLOER
EEE TR L CHARI AT AR E
HEEILNE,

3.2.5 ISDN i E#ER a0 F 1 - B2 A
FAEFMLIzRy PO — 2N OERF A
FLAANOEH NANR—RALZ N -
ISDN Hyper Hospital on the ISDN)

T, ISDNERR LS TIET 3TV
WEERBW L AT LOT T ) r—3ia kfFilEe & 5l
RUT, B - BAEFNZBLTIE—EREDS
WA <, AERAIREE OLIBEL. B E) EiEE
TS —L., IhEo—HNHB W3 - T
REIF—& ELTHEMTBVAFADT OIS
BHEMETAH I IWNTER, FO—HA I T A
2O EFig. 10w,
3.2y —F % )1 A LA MBI EDOIRED
WG A 5 2 B A 5 A OB

AT LT, B ERFBLE L E 0L
FER TN EYIT7EE0AFLMEEfTS
o TOVAFL., RevABEE Y —%ER
LT, MROERTBEEOFRERNL, IhE
BIELTHEENZ BTV A SIS OW{E% Mk
W a IR 2 AFATH S, ikl Wik,
E e, BAMHDIVIL, AL ORI RN
WxaELEZSBDTHY. MAZEIISZENOBRED
HEEHESM b hOFEHT I RR RS LI ES T
ENTES, ThICELTHR, YAFTAERELE
Bpsca D, SHEOBALLEEFER R EE - T,
ENERETATFETHSD,

4, SHEOWEE AR
PP, ASHIFFE A AR L A2 1990FEC Cadiz

e Tr—FeN)TFUF4 b, Ay DT T ER
B, FTEEROETE LAY, HhoRkicER
LB % 5 NT W, BRI EICE
LTEE REBaEmRL T 19984EIC
WTH, Y7—F %)) TYTFLICEHLTFEEN
b OO ORI L, LhL, Badt

L&

Fig.l 7L @R AF AN L AEERERET Dy —>
AFLEDA »F T x4 R, LEK, BEFEEBL R -
EgiR B Ly b Frikin, LERRET RS

F—HFDERTA X FTERT,

U THEEELTER 1Yy —F I F U
BN TH oSS EWDER. T
WENALEETHS., Tyr—Fy )T UT 4,
P DB BWIERE - O ES SR L, HiE
OTVDELAE D U B W TR R TR
A, JERFIRY S B VLIRS O KL TO
BAEEDS TENTWS EEHEDEERN,

5 2 1HSicB T, BAERESSIA S8
W blcat LT A SEA#E O ikad R—
ORI ED CHEETH S, iuCHL., T2/
OP—-OREic BT HIERO TG L 38R
ARV EANGEE TS, TOHK
. BEMBOEDE ST o mbhivhh Ok
7T BT FE AT L BSR4 T A ORI B
PELHEETELT EEMHL. £, RYEHSO
SO BNTH, CNEEREEILT. KDE
& . WAHEE T T o TR e R e L TR
s Leliiln,

Ehnichizb, KPFEERIGEE LI =ERIZh
7= % B ER SR UM E OB B 0 D RS 5.

5. FTWAFEERN

(1) I EEREE, AN 7SR A 2 VGBI OWFE,
INA F A F AN —, 12(2)5-14, 1995

(2) PREHE T, BEEW, (WOMESE, NN RAY
&) (B koo, TP BE) 8
Hipk % Bl T 5 RABI RS A7 LD
A L gt ial Human Interface Newsand Report,
10(2)233~-240, 1995

(3) FRE, e, R T, O HRHE, FE
Fo, MRS, MG —, B BT, RIEEK, AU
a8, WAHEN, M, SRS, i, (L
2ol OEEsE, ATTESEEATS 2 5T R BN 5 O



MR- > s 00— LIS — HumanlInterface
News and Report, 10(2)241-248, 1995
(4) epimis =, RIREW, (IO, NA N—RAE
N (BFER) @lzoo, Ll Fo—W(EErER
A H SIS T E B (EAH M S 25 LOMS
& FR A, BTN E SR R IR
95(83)23~30, 1995
(&) vl th, s, 420 s, SRR, BES
I, ANHRE, G —, B TS, B, H4is
i, UAREE A, iR FEE, BIRE W, iR, LIRS
2, O, ATHERA B 0T EIMESOT
WIS — 3 2 M T )L —, TR E S
AR, 95(83)31-38, 1995
(6) Huelis, A2 BT, T HRHE, BT, /R
W R, BFE, A, SRR, HiES
o, e e, L FREYE, BERE A, naiE , (i as
2L LS, (RARRIE L 2T LT BT A EREHO
AR ER003 TR L S BT B B i Journal
of Advanced Science, 7(2)71-78, 1995
(7)Y.Sugiola, S. Tadatsu, T .Nakayama,
Y. Yamamoto, T.Kobayashi, Y. Takahashi,
N.¥Yamaoka,Y.Nakanishi, T.Hayasaka, G.Goto,
M.Sudoe,Y.Kusaka, N.Furuta, K.3hindo,
K. ¥Yamazakiand T.Yamaguchi, Evaluation of the
Safety Features of a Virtual Reality System,
Symbiosis of Human and Artifact, (Eds.)
Y.Anzal, K.Ogawa, and H.Mori, Elsevier Science
B.V., Amsterdam, pp. 447-452, 1995
(8)T. Yamaguchi and K.Yamazaki, Virtual Reality
Technology as Human Interface to Networked
Medical System - Its general construction, user
reconfligurabledesign, newcyberneticinterface,
feasibility, and safety features, Symbiosis of
HumanandArtifact, (Eds.) Y. Anzai, K.Ogawa,
andg H.Mori, Elsevier Science B.V., Amsterdam,
pp. B05-610, 1995
(9) T.Hayvasaka, Y.Nakanishiand T.Yamaguchi,
An Interactively Configurable Virtual World
System, IEICE Transactions on Communications,
E78-B(7)963-969, 1995
QLo (LM EsE, iET, BIREH, Ok, /18
BB E R WEER Y AT LN =R AL I
(@b -2 7k &BRERR e d
ENTED R OMNEE, DA EREESE4 B
NAAE DT A F R 20 Ak,
[ Behk st 2, HE, 95-26:201-202, 1995
(L1) LD WE2E, NA MR A& ) GEIFHE
Tr—F vl UT VT4 I1I2L HERSORHG, #E
FE, 2201003740, 1995
(12) L CIWESE, N /S—RA L F I GBI
BME (F#&ME &850, 9112935, 1995
(13)T.Yamaguchi and K.Yamazaki, The Hyper
Hospital Virtual Reality-Mediated Networked
Medical Care System, Technology ancdl
Informatics, Health Carein the Information Age,
Future Teols for Transforming Medicine, (Eds.)

3.J. Weghorst, H.B.Sieburg, K.5.Morgan,i0S
Press, Amsterdam, pp. 220-238, 1996

(14) BAFA, BEUEE, EEER, TR, A
e, (LR, RIRE, ISR, L, (o
Bedi, N /SR A LS ) (8RR —{RRei &8
BIERITHE BEF AT LD QO —{LEE
R % v 77—, Human Interface Newsand
Report, 11{2)261~266, 1996

(1) i Opgss, N I— R A I (HEFER) %1
#T B, WASD,183:74-77, 1996

(16) T.Yamaguchi, Y.Nakanishi and K. Yamazali,
The Hyper Hospital: Virtual Reality Mediated
Network Based Meclical Care, 1996 Advances in
Bioengineering, S.Rastegar, ASME, NewYork,
BED-Vol. 33:443- 444, 1996

(17) BB, ik BE A, st s, BIF
PR, IO MESE, REW SRR O ¥ —2y b
LT OIRIRBEFED f= 8D OILMERIIET— N A — R A
BN - - T T N ERGT & A
TE, 35(1)100-106, 1997

(18) L5, ILAREA, ARG, BIRRR, il
o, ATTET, INSED, e, BAafA, W
H—pp, FEIET, DO, HERMSHOT >
F—Zwy N ETON /- AES N (EBE) O
iR, Human Inter{ace News and Report,
12(2)207-210, 1997

oo pEdE, LB OB, Ak BEA, MM
b, #iE LK, PP B, BT BT OE X

m, ag W Es A, LE B—E, W
[eF, HERMEERO T F—3y L TONT
PR-R A S N G OREE-IRE & Fignis
B, BEE T (S S A R UTE iRs, 97(85)89-92,
1997
(20) T.¥Yamaguchi, Performance testsof a
satellite-basedasymmetriccommunication
network for the 'Hyper Hospital', Journal of
Telemedicine and Telecare, 3(1)78-82, 1997
(21) BRI, e, WOk, ¥ —%y b
;TR ERAET B ATRER-NT/S—{ rFa
R—& GAREE (ERETEEFETE
35(3)325~ 328, 1997
@2y 1lapEXE, NTI—FAEY I -THFA
F o TEEE Ry b —ZREBRINDIHLWVE
PR 2T ADIRR-, W{R TR, 9(2)13-16, 1998
(23) B A, DR, N—F v b A LA
-WIRIC{EEOMI OS5 2 5 A7 L0H
-, mifa =R, 9(3)10-12, 1998
(24) D MEE, s #Z, SIF AT« TR
HRERy =SB LWESERS AT AER
M5, FEEENE, 5(1)41-45, 1998
(25) | CIMe2E, (RABBIgER T ¥ 71 ALL T,
TNFAF 4 TiEMC BRSNS EIRERS A7
A, EREE VY 2—4,9(7)7-11, 1998
(26} LF % a0 0K, ISDNES & 7 L B4t
HFERWELEERELE-S ) > 5 L5 LOIE,
BT & S5, 36(3) EnRifeh, 1998



