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In thおpaper， a. new diぉtancelem官ingsystem which is based on virtual reauty techn勾ueand agent 

architecture is inT・'Oduced. The existing systems only provide a lec，伽reusing bi-diか'ectionalTV conference 

so that s仰dent匂awarenessforsharing lec，加respace and co・ex，助 19togetherおnotsa倫ified.These systems 

also do not consider the psych%gical influence 01 individual background and pr，φ'rence lor educa助 'nal

env.か'onment.While our suggested system provides more user-o.成 ntedflexible education support system 

using. agent oriented architecture and mor:e realistic common education担pacewhere the students and 

teachers can share and interruptωIgether using Extended Vu郎alReali妙高pace(EVRS)techn勾恥 Our

system can also consider the individual perception or prl宅ferenceto. organize hおowneducation space 

su陶 blefor each student using perceptional初iformationprocessing and knowledge base. The system 

architec，加reand implemen伽tionolour suggested system are described.明告 builta proto，砂pedsystem by 

which the lecture and practice of huma，即時ansystem for nursing students ware examined and evahωted. 

1. Introduction 
Distanωl個 n加gsys旬mis very effective and useful 

to realize joint lecture environment in which低acher

and students 1∞a記dremotely can join the same lecture 

and exchange their ideas and opinions旬 eachother. 

百lereare many distance learning sys胞mswhich are 

used泊 ac加aleducational environment However，由e

existing sys胞msare not necessarily sufficient合om血e

education points of view. 

First of all， since由eexisting distance learning 

sys包.msusually u舘 theconventional bi・directionalTV 

conference system via sa低血低orwired networks， more 

sophistica胞d and tlexible user interruptions or 

operations are not supported. Generally， various 1民 ture

W戸sincluding broadcasting lec加re，man-tcトman

lec加re，panel discussion type and回lflearning types 

must be provided and dynar凶cswitching仕omone 

lecture typeωanother must be realized depending on 

由eprogress of血electure. At the same timιmultiple 

lectures in different locations have to merge or split 

depending on由et悶 .cher'sdemands. S配 00伽ry，sio偲

current dis凶 ce1回rningsys胞mson different campus 

may not use the sarne compu出gresources suchぉ

computing power and network bandwidth， and the 

materia1s used in the 1創出-esare various including 

audio， video， irnages， graphics and臥t，their Quality of 

Servic邸(OoS)must be guaran防 deven由ough血e

resource environrnent on di宜田entcampus are different. 

官lirdly， since 由e current dis刷 ce 1儲 m泊g

sys缶四[1)[2]are w回kinab出tyofstuden也，awareness 

for sharing lec回respace and coe:氾stingωge由er，reaIity

of lecture environment should be 凶:proved.
F山thermore，since 血e educational effects are 

psychologically influenced by each 蜘 dentperceptioo 

in educational environment such邸 l民加rerooms and 

neighborhoods，低achings旬宜Sor educationωols， more 

careful lecturing space for回.chstudent must be 

d邸 igned.

So far， we have investigated Flexible Mul也nedia

System which can provide stable mu1timedia 

泊fonn説.onωusers∞isside血19dynamic changes of 

users' demands， computing and network loads based on 

血.econ印:ptof“日exibleSys胞:m"[3].官邸 sys胞mc釦
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隠a1izedynar叫cconnection configurations functions[4] 

among users・stations8!∞ofd回g加出epurpose and 

co蹴 附 of恥岡田s，加dde胞m曲lesQlS for media 

da也 used白 血electure by泊kingac∞untof由e

different users' demands. on the other hand， we have 
also develo戸dPerceptional Design lmage Retrieval 

System[5] which reflects u記ば perc沼ptionfor the 

m凶evalof design images. Using由issystem， userωn 

m凶everequired design imagl回 b鎚edon user's 

perc句tionby issuing the words which. describes血e

f回国防相dan impression of the design耐国ges.

h 出ispaper， we propo田 aFl邸ibleMul曲部dia

Lecωre Supporting Sys也m(FMLS) baぉd on 

Ex蜘dedVIrtual R鎚 litySpace(EVRS)面白rfacewhich 

enables users to attend lec佃re，釦dshare the common 

eduωtional spaceωall of participants朗話ly加 d

construct hislher own educational space 世田:ly

aαordingωindividual perception and demands using 

V凶ualReality(VR) and agent technologies. 

h 蹴 tion2，出econcept of F阻..sis defined.百le

sys包m∞nfigur叫onand archi旬ctureof F阻..8are

precisely dωαibed in鈎ction3.百leEVRS using VR 

包chnologyis introduα!d in田ction4. Implen田口組曲on

andproto守pingofFMLS are d凶 αibedin路 ction5. 

2. The concept of F首位S
官官proposed FMLS pro吋d邸血.efollowings: 

1) multimedia infonnation accordingωu舘ばdemands

釦 d∞mpu也路加dnetwo此sresou陀es

2) education and multimedia information by 

∞nside巾 g由ebackground of回 chu舘 rsuch飴

educationallevel， sp民 ialfield， native language and 

the level of understanding 

3)如nctionsto陀alizevarious 1印刷rety戸S

. Knowledge Sh田加gザ戸(1:N)， C∞perative 

Work副gザ戸側:問・D戸1ar凶cgroupllec加胞 configurationsuch as 

merging and dividing 

4) reality of educational environment over the netwotK 

• Sharing I民国respace among p紅ticipants

• Awareness of the exis胞nceofp紅白ip卸値

So far， we develo戸da flexible multimedia support 

sys低m[4]which provides血eabove白nctions1)釦 d2).

In orderωrealize more realistic and more user orien凶

eduω.tional environment beyond 血.e previous 

sys低m[4]，we introduceEVRS bぉωonVR andAgent 

附 加ology.VR侃chnologyenabl，白 USωconstruct

more realistic lec加出igspace. Agent 旬chnology

enables usωrealize鎚 i砂面白lligenteducational u蹴

泊側負偲 usingknowledge 錨 a proxy of凶 er.

Fu曲目more，血.einfl問問ofhuman visual'perception 

ωeduω.tional space is aISO considered.百leedu伺 tional

environment is rea1ized on血.ecompu包:rsys包:ffiand 

U鈎.rcan construct his own 1印 刷respace， aIld can 

participa胞 by sharing lecture space using 3 

Dimensional Compu町 Graphiωのα3)隊 加ology.

For偲 ample，a lecture space wi白i包恒也rior，desk and 
chair layout，∞lors ~d 卵胞:ms on the cho舘nobj即包

is cons位uc低dby儲 chuser by refl民 tinghis visual 

perception. 

3. System Configuration and A民 hih認知m

VROR 

d!l泊 S旬帥'0

Adm A:. Adminis回 .tion勾ent
VKoa ~ :]!'即時Agent

UA :U鍵 rAKent
MDB : Multiniedia Database 
VROR:Vir加aJR飽 1邑yOゆctRepωiωry

F切uel:SystemωInfiguration

百lepropo田dFMLS is shown in Figure 1. 

Ins加 cω'rsand students are able ωjoin泊ωmultiple

l印刷res仕om由edis旬ntlocations. In order to share 

吋rtuallecturespace among participants，凶ersωn阻ke

由e1民知reusing H伺dMoun凶 Display仔B岨D)釦 d

Data GlobeρG) where恥吋rtualt氏側respace is 

construc也don Computer Graphics Sys白血古田

抑制paI1也 can share血rougheach u邸内 HMD.

Each u鉛:f'S eduωtional environmentωn be 

individually construc胞d depending on his best 

perception.百le鈎Hl¥⑪ andDG are卸putlou申ut

de'叫α湾出atintβractwith sys也msando血erparticip.釦包

byus泊gmultin凶 iainfonnatIon such錨 avi也o，audio，

imageand旬xt， and group-ware suchぉsharedwindow 

and whi'飽board.
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EVRS : E胸 nded羽刷alReality Spa伺

VROS : Virt凶 JR倒 lityObject Server 

VROR : VirtuaJ R鈍 lityObject Repωitory 

MDS : Multimedia Database Server 
MDB : Multimedia DatabaBe 

F抱町2:System ArCI誼御ture

F山曲目more，由issys胞mprovides QoS negotiation 

function[4] for multimedia inforrnation路 rna回ials

in the lecture considering users' QOS demands and 
resOUIむ回 of∞mputersand networks depending on血e

pu中oseand contents of伺 .chlecture. For儲 ample，

media streams from a instructor to s加den也rnayreq凶m

higher priority on血.egeneric 1印刷retype， while rnedia 

streams among students may隠qu加出emodera低

qu剖ity.

System Arcbi肱旬開 F阻 .sis mainly consis凶 of

User Agents(UA)， Lec加reAgent(LA)， Adt叫nis回 tive

Agent(AdmA)， Vutual RI伺 lity Object 

Reposiωry(VROR) and Multimedia Datめaseゆ⑪B)

出 shownin Figure 1. UA provid郎 graphicaluser 

h飽rfacefunctions and also receives mul白ned泊

infonnation as rna胞rialsby回kinga∞ountof computer 

power and network resources. Fl町せlennore，UA 

provides user in包rfacefunction using EVRS which 

tak田 account of u舘内 perception， m叫.timedia

回 nsmissionfunctIon to offer the various ma也Tials

organized by multimedia infonnation. lA manages 

connections and configurations of.lec加re，and provide 
QoS negotiation加 ddy問 団creconstruction釦nctions.

AdmA manages domains such価出.ec創npus，白culty

and department in由:eU凶ve.路ity.Furthennore， AdmA 

provides血.eadminis回liveinfonnation such as tirne 

scheduling， syllabus， regis回 .tioniぱorrnation，lec加m

gui伽 ce.VRORs P問問sp;紺.al0町田脂 such邸血e

elemen也 ofdesks and ch副路 toconsb.1lct sh紅白g

l回ロ由19space. ldDB main阻担smul出nedia也旬お

educational ma回 ialsused on血:et切 削res.百lede阻ils

of由.esys也mmむ:hi伽 tureof our FMLS shown in 

Figure 2 are explainedin the following. 

UA mainly consists of five p紅白錨 shownin Figure 

2， including U田rIn健tfaceP.机MediaCon凶 1part， 

QoS Con町ulPart， EVRS Con位。1Part and Session 

Control両氏τbeUs町 h也rfacePart controls h制.ware

devices such鎚凪⑪ andDG. EVRS Control 両院

恒也:rac臼 wi白血.euser， and proviおsfunctions which 

阻k鎚 accountof u田内 perceptionand demands， and 
constructs a shared lec知respace by retrieving血e

suitable obj配 tsfrom VRORs and ~Bs. Session 

Con回，1part controls詑ssionconnectio郎防 other

entities ac∞rdingωmes鈍.gesfrom LA. QoS白ntrol

Part manages the amount of computing and network 

resourcesω思laran蹴出.eQoSof由ema也:rialsu凶泊

血e1民 ture.Media Control part回1Smits加ω:IVi岱

multimedia da国 fromlAwi由mediasynchronization， 
media 回 nsfonn and t10w control function. 

Fu凶lennore，EVRS Control Part consists of User 
h胞:tface Ag印刷IA)，Ex蜘ded VlrtUal &伺lity

Agent但VRA)， Personal Space Management 

Agent(pSMA)， and Avatar Control Age凶(ACA).UIA 

provi白s.EVRSand ma胞riallistused in血.elec加reto 

u記:rand receives requ白白色Uffi 由euser. EVRA 
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也記:gra包so同ec臼 whichconsis'也 EVRSmentioned in 

section 1， and crea白 viewof the EVRS for user. PSMA 

α明也sandωntrols版 o吋ec包旬kingaccount of user' s 

perception. ACA crea胞sand∞ntrols ava旬r0同ect

according ωsituation of 0由erusers such槌 jo加，leave.

Ino吋erto re剖izedynamic reconstruction function 

which enables users ωchangel印刷retypes sucb踏出e

generic 11配制re，cooperative wo出 ngty戸sand panel 

discussion type d;卯副司cally，Lぽ伽reAgentιA) 

manages鎚 ssionconn配 tionsamong UAs， and also 

manag岱 P紅ticip卸値"infonnation such槌 lecωretype， 

participating 'address and their name. LA mainly 

consists of伽偲 partsas. shown泊 Fi伊児 2.EVRS 

Management Part manages lec同時卸fonnationsucb錨

the names of lecture and particip.加臼. Session 

Management part m釦毎回 connections， systβm 

configurations and s旬国s among UAs. QoS 

Management Part manages the amount of computing 

and network resources for由e1印刷陪， and negotia臨

QoS among UAs. 

4. Extended Vu加a1RI伺 litySpace
In order ωprovide rich and realistic lec加respace 

bぉedon恥 sys低m archi缶詰国防 dωcJj切din血e

previous section， EVRS with the following 

characteristics is provided: 

。OtTeringlacquiring obj即包泊血，e sbared 

吋rtualspace

EVRS enめl白 userωofIer/a句U民 V紅ious

objec'白台om由ereposiωry in virtual space or 

dal旬bぉ，e.官1邸 eobjects can be classi白ed加ω由e

following four c1asses: 

• spaa objects such 槌 lecture room， 

laboratory or office. 

• pre記n也tionobjec臼 such節也sks，cb剖r，

whiteboard or TY. 

• av砿ar0均ec臼 such錨 S加dents，田acher，

記cre凶 y.

• media objects such飴 el問的凶cma也rials

forlec卸reon practice. 

百le ch出ヨC包ristics of 血蹴 objects are 

summar包edinτable1. 

2) Awaren邸 of剖 s伽田畑.dsta加samong 

P創世.dpan包:

It is requiredωbe aware of the既 is也nceand 

S旬加sof other p釘ticipan回 tocommunica低 to

伺 chother. In order ωrealize白.eawareness， we 

U路 ava臨時.For example， ifaparticipant requires a 

floorto泊sisthis opinion，由enhis avatar raises the 

hand血s包adofhim路町.

3) 'Me旬thorS錨四ystemfunctions andω:nditions: 

We u記 me凶phorsω unde:路加deasily 由e

functions u民d in EVRS. For ex町nple，an 

instructor can view multimedia也achingma胞rials

byぬuchingbookshelf objec也.S加dentcan剖so

国kωotherstuden飴bytouching ava阻rs.

4) Co国加.ction of personal (e仰Jre spa'ω 

E叫偲曲19hislherperap:語，on:

Studen也 and 同，chers 伺 n 蹴 onstruct仕leir

阿 sonallec回respaceωl伺 m efIectively血e

l民卸悶也:pendingon user's preference. For 

example，. one student伺 n加ilda “明記:t"and 

“'Small" lec加respace like his.home， while ano由er

student伺 norganize a wide lecture sp配 ewhere 

he can actively communica胞 with other 

partiCipan臼.

5) Sluu加ga space among pぽ ticipan包:

In order to伺 silyrecogr脱出eexis旬n句 ofo白，er

U路rs，血elec加respace of aIl participants is 

sh紅白gby伺 chother al血oughthe views from 

each participant are individually di民間lt

τ8ble 1: Cla剥ficationof血eObj配信

。biectsclass examnles attributee Us_e_r_ Ooera.tion s_t_Qr_e~location 

Space Objects 
lecture room 

shared selectable Repository 
semlnar rooms 

Presentation dhensnklrsa ，hcnhIaVi向r白s 
Obiact 

movable selectable Repoeitory 

Ava tar Object 
students， teachers 

active selectable Repository 

Media Object 
multimedia 

dynamic retrievable DB Server 
materials 
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4.1. Ref1ection of Human.Perception 

Figure 3: Color Cωrdination Wmdow加 d

Re目配tion卸血espalα

By泊kingaccount of the relation betw民泊 thecolor 

coordinatioh of 3D objec也organizinga EVRS and血e

par甘cipan包・perceptions，伺chp紅白ipant伺 nret1ect his 

戸K沼:ptionto his own lecture space. For飢 ample，by 

S戸C均ring白epe[lω:ption words“c油n"of∞lor 

c∞Iせinationwindow in血eU弘前shown泊 Fi思rre3，

several primary colors which are rela凶 ω“'calm"are 

displayed.τhen， user can舘 lectone of primary colors 

ωfix the basic color of the most dominated areas such 

笛t1oor.After由at， the user sell伺 tsone of color 

combination for other space component such as wall 

andce副ngfrom血enomina削節con由rycolors.百le

PSMA血血eUA respondsω 血isword “caIm" and 

detβnnines the best color coordination equivalent to血e

word，“品加1"by∞ns叫曲19ω 血.eknowledge bぉein 

PSMA. As a results，由ecolor in his lecture room is 

de包nninedand pain也d.

5. Implementation and.Proto勿pe

In order to verifシ血.efunctiona1.ity of our EVRS， a 

proωty戸dsystem w路加Ipleml印刷∞ mu耐.pleSGI 

graphics wo此s凶 ons.conn民也dby 1∞開bps]F:錨t-

Ethemet鎚加d伺凶加Figure4. In OI蜘 torepresent 

various EVRS objects such槌 d回:ks，b∞kshelves， 

avatars. for也acherand students andωmodifシ由d

translation， orientation. and behavior of the ava'国，

EVRS objec臼 areimplemen凶 byusing VRML'97. 

百蹴EVRSo対ec包aresto凶 atVRORs泊advan偲.

In order 加配叫ize由eEVRS，血.eVRSEA泊 LA

manag'邸由el∞ations，由edirections and由eURL of 

血esh世edobjec也 shown加1able1.百rlsinfonnation

wi白血oseo対ec也aretransmi虻:edbetw悶 lVRSEAand

PSMA in UAs by message passing. PSMA in UA 

activa協 localobjec也 such白 spaceot炉tsand 

environment 0句ec白.百leuば sperceptionωhis 

personal space is also ret1ec胞dat血.ePSMA when 

these local 0吋ec包areactiva凶.On the 0血erhand， the 

ACA加 UAalso inanages由einfonnation of the 

lωations， directions and 血eURLand 曲ea~細robj民也

movement such鎚“'raisehand" or “go泊lout伽 miω

l配加問 room".官邸 informationwi由 ava旬rare

transmitted between曲eACAs in UA through 

VRSEA. Ex旬mal .Au白o血g In館市民但A1)[6)

perfonnsin也市白血sctionsto visua1.ize vario凶 obj配包

旬 U舘脂血roughthe browser. 

LIMA : ~cture Jnformation Management Agent 
V RSEA: Yirtual}leality Space Extended Agent 
VROS : Virtual Reality Object Rep個 i旬ry

UIA : User Interface kent 
EVRA: Extend~d Virtual Reality Agent 
ACA : Avatar白川rol忌ent---"--g---- User Agent Station 
PSMA: Personal Space MaIiagement Agent EAI : E斌ernalAuthoring Interf包国

F抱皿で4:process Configuration 
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All of血，eagen脂泊伺chUA are implem印刷 by

Java and血eirins阻ncesare ∞ncurrently opera低don

m叫tiple由reads.百1ωeagen也 acton血，eWWW  

browser at UA俗 oneJavaapplet官lemessage passing 

betw白 n血凶eagen包伺nbe realized by伺 lling

“methods" and using TCPIIP proω∞L 
Figure 5， 6， 7 show examples of出e}，印刷rewith 

‘官urnan0培anSys也m"泊 n町S加gsch∞1 by two 

students and one包acher.τbe也acherins肌lC也白e

lecture using the vidωma也rialconcerned with 

“Human Organ System" on白ewhi旬 bo町dand‘官le

brain model" by 3D CG 0句ec臼on血，ed凶k
Figure 5 shows a view of血el印刷respace台。m血e

s加dentA where the lecture space is∞lor-c∞rdinated 

by his pera司ptionand the other student B and the 

也acherare m国aphoredby the a湖町sin his view. 

Fi思lre6 shows another view of the same lecture space 

from出estudent B which包 different台。'mthe view 

加m印 刷dentA.百 ω 蜘 den包ωn阻ke由，e11民加m

usingbo出videomaterials and the CG models. 
百lequ図 tionsfrom由，es旬d叩 t旬血e回 chercanbe 

infonned by “raising血位 hands"泊出eEVRS.百lUS，

more intemctive and realistic lectures could be attained. 

Fimu:可~5: View from studentA 

Figure 6: View白'Om包acher

Figure 7: View from student B 

6. Summary 
h血ispapeζwe proposed F阻..sbぉedonEVRS

which can share the ∞'fillnon edu伺，tional~中aceωall

participan也whocan面倒m台関ly∞m凶，cttheir own 

l民 同rerooms depending on血eirperc句tions.A 

proωtype sys胞mw，部 implemen胞dusing VRML'97 

and Java and evalua凶血，esugges胞dsys也m曲rougha 

simple lecture. Cwtently we are develop恒g血e

p即 6伺 versionof F阻..s飢dwil1 eval関 節 也e

u鎚fulnessof出esu邸:es也dsys也m血rough血e節制

l創立urefor nursing and s∞ial works in Iwa也

Preti印刷ralU凶.versity.
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