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ABSTRACT

Previous researches on scalability problem of distributed virtual environment (DVE) have been mainly
focused on spatial partitioning of area of interest (AOI). Congestion phenomena by avatar groups in AOI
have been neglected relatively. However, AQOI congestion is highly related to scalability of DVE because it
exhausts system resources such as network bandwidth and rendering time, and could be a bar to perform
collaboration among participants. In this paper, this will be defined as the problem that must be solved for
the realization of the scalable DVE, and a model will be proposed to measure and control congestion
situation in AOL The purposes of the proposed model are to prevent high density of participants in AQI,
and to protect stable collaboration in DVE. For evaluation of the performance it is compared with a previous
method by defining the resource cost model which is dynamically activated to AOI congestion.

sl
AR, DVE, 844, B4, AL ERE, ohuteh, ALu g2

1. M2 §-7(distributed virtual environment: DVE)2 7}

A& (virtual reality) 7% AFg3ste] QA A

*}°lﬂiiﬁl°1ﬁ(cyberSPace)E A JEHL 4 A4eAR FAF HBAHY Qe Ho| A% A
=9 7‘@"1 WL HRAED viAl(media) 2 g3 J=ulg A Fste] o5 2349 F)uk A}o]

Mi Alrd, 03 %11‘2?%101 AelHoz dojz 2l wjasjo)aet: @] DVEE 334 e olulgl
= %MXHM] A E g fr(information sharing)¢t & apgsin} 23 oy v o] M(gesture-based
9] Ab&:F(communication)& ZH53HAl MET 2 animation)ol] 98 S0} Aol HHol 7H53)
Ao Aol 2mo] 2] FER odEE #4714 t}14]. DVES =OE AHe AARS 3, A

- 527 -



FIAFARZANY 2003 FAFHLERHA A7 A%

B4, dHERIUE F QI Lok B
£o] 7Is3ditte Holth FAHER AEHO|HS
sl 7gd HLA[9], DIS[10]7F 9lew e
AHEE EBFHo 7 3= ALY DVEAILHY(2 6,
7}1E°] 9. DVEE 4R A ¥ <d(collaboration)
o =8 ZXT A2 BT FFPYL B
Zstedol 3t AR A(constraints) g Zec) F
RE FARAELS 36 gidiy e 438 A
QARG FREol 30 o|RE FAAY $9
Z7tol EYH oz A3 AL P4l FAHA
o gl BAHE FAAe] A BEAEE
g3de B U mzo] AT,
100msec) o] HA = ojof 310 v Yo o
A Q A ZHlatency)S dA3Iool Foi6]. HAH
AEL WESE e QR olA DVESY 83
A3 F5EE9 ¢EAEL ¥4 e
EYa AdA n@gse AR 2 ARG A7)
2 Z29F Aol gt 7|& AladoAe
B9 Y(area of interest: AOD7|Y L Ap&3}4
FEago] 28 HAFe ARE Adsine
UH Y5 e 75 g 71E AoV
EL ANPAL FNHoEZ RVIH=Y 2HE
grxqlon, AAFoz WEYA EYYS A0l
el Fazel o1 @] gtk AOIE o8 F
AR50 FA FHIe Aoz oA WAL
v $AsEe VEYa edYy vdsiy 4%
oze] 429} #@AIgle] A2HL ARIdeiz v
E 4 AUtk wEtx] DVE Alagle] &§34L AH)
FoiAe ol gy APV oje} ACIE FA
o2 e A9 EZHE FAA 1ejsidol
ok £ dpdde Agd 3L dAs T F
oz HY A FFHY TYE ARAFe AL
X2 e AOL 34 21 7Y 3% 978
F3stuzx do. '

2. Babpatar

DVEL 9 e FHcl3e E4d FAAs
3+e] % 4l(communication), %4 7}(collaborative
design), AlY(game)H 2 FFTAIE 71F3A
MFE 3 Atojuj 2ol £[101F oJWliEiH, 7}
A AFUET], dFE 2212 A Y(massive multi
-player online game: MMPOG), 7} #AHAX
(virtual conference)9} & t}¥g &8 & oo ¥
48 F 2 AEEAY AL dEstd 3%
€4 JMARYE S L8 AdeRe dEHEYE
{activeworlds)2], E3}A(blaxxun)f6), A
(lineage)[11] F<] AUt}

21 DVES] 834

DVE®] #34(scalability)e #Hoizpe] $3 7}
4309 arle] E¥Ho2 A% Asyl gojut
7) ¢k A A(characteristic)e @3t 348 &
AA717) 1% BAAT 2= NPSNET9] Hexagon

cell[10, 13], MASSIVEY] Aura[4], SPLINES]
Locale[3], &3 WA X¥e s 711, 15]°] st
Hexagon cell 22& AAEHL S| 44
Az 2833 FogA47r EAstes Ao FH 4
E2 AOIZ A3 zdz 4 WP Eolg &
N AA 9 Fe dig AFL gtk MASSIVES
Aura Foz £ dY 939 HE AOIZ 4
A3te ZAAY o]F e wEt AOIE 7 o] &3
£ AHA 48 2 d(usercentered model)oth.
Aura¥® AOIY] 3v) 2A7IS5L AFse 449
rdz Fox £7b Bold AL Aurad ¥
(radius)& 24 Foze] £5 ZAAHo2 A3}
Ak

22 AOI9 EFx

71&8 AFddAME E48EY §F4E w7
3t AQLY] =7\ Helo A E4E F2 9
Fojgtow, AOI Yo &AF + U= ohulery
F& FFses UEL AFER 4] gl
AOI9] &4 A7 Astavr ¥ 5 Ao AA
FAxe #2728 19 2& F A2 A9 B
7} Atk AHAHA A2Y Ae FAAE0 FF
BHA Xy 9y, Al2d" Be 54 4o U3d
B8-S BHFE. ohulety] P £ 8E A WY
AN FHETGT AL § Ao nHY FH
A7 A& AL shie] LAY dEHA n1A4Y
HA A& A48 Folok gict 2} AF e ofu}
g7 &89S A A4 8§ viAx Egye
O3 2ol ALY £ A} A= Ax &9 810
A(=10*9*9)e] wAA] Hel7} Y8 i, Al2H]
BE 2% 296071 (=4544+ 10*9+30*29+5*4)9] o] A]
A& A #FoloF Tt

10 | 10 | 10 a5 | o 0
10 | 10| 10 0 10 | 30
10 | 10 | 10 5 0 0
@ M=" A (b) Al=" B

g 1. AOIW e 493 % wa

F A Uys e Adse A9 F
Mo AolA BIET w#hd Al2" B B9t
ARG 36v] 8] WIAAE o FFaFoiol gt o]
Ae AA FAqAe] FEHE AOL HellAe o
28 7k A" A 2vld o B JTFE
ndtke AE LTI Ao

3. 4 yle gys ZEDY

Atd A 7yt EFE 23 ¥ Y(cell-based cro-
wdedness control model)2] 7152 3, DVEE

- 528 -



AEG Zde) 7|0 /MEET gERoA By

A A 42 gt 24, 2gE 4 ¢
A= ETFEE FAHIG AR, EF=d v
o F3AEA4E AP F, BHARE THE
© FAX(fidelity)8] 50] ERFx ol wpetal A5
oz AFET 4 BEAE AOL ¢ HA o
A o 2L BHABE AT Ao EFAAE A
Algth. 2 A& normal(N), warning(W), lock-
ing(L)e] A @418 £45 HelE Z+=th normal
& 75% ©l8tY] EFE S DI FHAes F
AHoz BRARE F/HY & YHGA). 3=
80 ~ 100%+¥ warning levelZ 21x}7] 4328 o]
Agee AL LA A% SF DA | HGB).
Ao HUFLAE YA HE de EFEs
locking levele] E|1 o] gl o|Fo e F
ARHGOE AYAY 10%8 FAHZE F33E
Au 28 A 2A g F, AAGA A 10 fps
2 fAXE d4swsdd locking leveld e 1
fps2 AR HARAE FAEA Hi

31 95 4334

% A3 A8 (multi-level interaction)®] 7]& Y
gle 749 EJFE 19 AFY Mujx
g AF3ste ALE A2 AUuige] o
Tk obel Fedzte] Eite] adzt Qo &, Fo
AEE $HETI oAe EFFUA 29
B8 A & Holth AOI We] Fedzate 4
g mdets GA, GB, GC2 B Fs9 C-B
—A Yo g Wu e olFo] shEdih. § GAY
o] & WAurt g A= oFehd GBelM 7%
2 2 Aol ANY W7l GAZ HAYFH 3 GCo
1 97}l GBE2 £o(714 €. #ujo)Fe $
Aede AFAZ 71 Aol A HA Fojxio,
A Y7 A5 3 (intra-cell interaction)2 4 ioj
%3 GA, GB, GCZol] TAs = HJE 388 2
. GAZ 4EF8dAM 71 L2 S
7HAY, 1§ 3 AEFREY FEL AN R
2 aFe @Fojg. A g% 45 aE(inter-cell
interaction)2 ¥ 4 F EAEs} ¥ do 2F
o ZHdt

32 A9 vjgwd

AOI7} EZFFA] oldAE BUsly] 98 &3
8428 FAAY F, AR EfY, ointet] g
54, AOl9] & 3l4(collision times) 5o] Ut
ojetg e 849 o] F/EHA Hu oAAY A
go] AAHI FHAo] HolHA Agd 453
£o] o AAA "tk B A7 FdA9 &5
T8 ETF FALAZ AMEEIET A4 wgwd
(resource cost model)& 4 7¥F EFAZH 7Y
A 28 HE A HES 2439 HFE ¥
718 4 Qe Edeolth Aguge A iy 4%
g 4 R FEHLo] tisty 27 FPdE
ANzd Ade YEYA HAEZ(network band-
width), A4t (computation), ¥ T 8 A] 7Hrend-
ering time) §°] £¥¥ 4 glon & dAFodre

VESZ HAZe nEsrE g 4 Wre
AQu) g 29 29 go] GA, GB, GC 9] 4%

ZHgo oJste] B

RCan

Ge

RClow
29 2 4 W% F3agel g Adu gy

Ga8l AUNIEE Ted ol ALET Gy
GBI GCQ" D\gtﬂ‘o‘] ‘FEET Z_}'Z}' a, b/ Ca}'j—- 7]'@ 3}';(]'

Ga & 7 Fdag ge 459 +7

ax{(a-1
aC2= (2 )

o3,
GaolX H3 $79 MH27 AFBHE oo
Aeu e

«CaXRCpy x2

ojty. FWF HzAEe] JhEsEE WEgE
2u) 2 sk
ol 37ka] o2 Gg, Geol Advige

low

yCyXRCy %2 C, xRC,, x2

Ga9} Gp 719] A &2

axbxRC,, x2

Rcmlm (OW))] =(ac2 X RC/uII +,C, x Rchalf +
L xRC,, +axbxRC,,

+bxcxRC,, +cxaxRC,,)x2

ol .

4 2 AsAgel U vezde 49 Aol
daled el 874e] Azrel BAZ AN, [12]
A At mdg I Wt 19 3% 2
ol WAV HAHE B AQES

- 529 -



FTHGHREIEE 2003 FAFESeUHYA AT A2

Rcl'n(cr (i’j)zkcaverage (i_lrj"l)+Rcav¢rnge (i’j—1)+
Rcaverage (i+1)j—l)+Rcaverage (i—l,j)+
RC (i+1,/)+RC

average average (i—l’j+1)+

Rcaverage (i’j+1)+RCav¢rage (l+1’j+l)

xRC ., +gxRC ,  +rxRC
RC werage (s,1)= 14 an 4 half low

prag+r
olth.
FULL LOW
N Low L HALF w
FULL >< HALF
HALF LOW
w LOW L HALF | W
HALF FULL
LOW HALF
L HALF { W | FULL | N

23 3 4 A% 43Fge dE A g2

4 dE ¥ 5B

Add 2do 45HrE st E4=23 7
Fol gl 5dH HiudYE Uk 4¥E A
DVES Z/4$ W37 B4 452 2gd. 4
SHlEE AYHEE S olfojzg. A
WH 2§ Ga G Geol €298 Aenjg9 vlg
& r:r/2:r/100ith HA ALH]EL A YRy
|3 A oRujgo oz pFHTh DVES A3
olute} Q17 100 ~ 3000 7R 10% 4 F71A]7)
WA doE B, A T Hu ofuigl F
= {8, 16, 32, 64} o2 s

a9 49 aAZE JdPold AL HolHE
RBoFEo, ¥aeAl RC_CCAM, RC_NCCM, DoC
v 47 AgE Zde) HFAYH S, 7|E 2dg
HEALH &, EFEE 9rgith 4 =27)7} 8o
I ERES 75%Y AFA 437%2) BALE 7}
T F& 294E YT o1 g8 A A7)
32013 ERAEI 10%9) AFdMe #LE
33%2 & 92 vxA AT o] AFE A
o EFZRAE 7PHE A9 AV ER= YA
g BA Adthe AL BdFE FHo|th AUgw
2de] H42% HF AYE FLEL EFE
457%Ud) 23.1% °|ch.

.Cellsize, Max pop = (16, 8)
20 e 120%
—8@—RC_CCCM
70 —O-—RC_NCCM

| 100%

—oC

Resource cost {x 10¢)
N
s

100 500 200 1300 1700 2100 2500 2900
Number of Participants

(a) 4=7] = 16, Pmax = 8

Cellsize, Max pop =(64, 16}

—e——RC_CCCM
70 | —o—Rrc_ncewm

rmrmm—D 0 C

Resource Cost {(x10F)

100 500 900 1300 1700 2100 2500 2900
Number of Participants

(b) 427] = 64, Pmax = 16
a9 4. F AYu L] YA

5.4 2

Ay TRZE Bd2 DVENAM £83] Yol
g 5 e TRNGoRY U] FoR % F
FAAE AHLoR FAY £ 3lE V)5S AT
g, dFEe) FAzg 583k 3349 M
FUEY 32182 vEYA AYAM a8
2 g8 & 3l aev XA gg4e]
ge 5oz A Sty dxFAgde B
3oz Agste U AR Wi FA
FUE AEHA ANxEn Zo] dAH #A 9
NE3F SEAAHols FHEo] RAFY & gt

&

£ !

2l

[1] H. Abrams, K. Watsen, and M. Zyda,
"Three-Tiered Interest Management for
Large-Scale Virtual Environment", Proc-
eedings of Symposium on Virtual Reality
Software and Technology, pp. 125-129,
Taipei, Taiwan, 1998.

[2] Activeworlds,http://www.activeworlds. com

[3] J. W. Barrus, R. C. Waters, and D. B.
Anderson, "Locales and Beacons: Efficient
and Precise Support for Large Multi-User
Virtual Environments", Proceedings of the

- 530 -



AEY 2dd ZwE M0 dEdda By

IEEE Virtual Reality Annual International
Symposium, pp. 204 -213, 1996.

[4] S. Benford, and L. E. Fahen, "A Spatial

Model of Interaction in Virtual Envi-

ronments”, Proceedings of European Con-

ference on Computer Supported Coo-
perative Work, pp. 109-124, Milano, Italy,

Kluwer Academic Publishers, 1993.

S. Benford, C. Greenhalgh, and D. Lloyd,

"Crowded Collaborative  Virtual Envi-

ronments”, Proceedings of ACM Com-

puter-Human Interaction, 1997.

Blaxxun, "A White Paper - Scalability in

the Blaxxun Interactive Community Server",

http:/ /vrml.ch/vrml97_awl/tools/blaxxun/s

erver/scale.html, 1997.

[7] Cafa9, http://www.cafe9.com.

[8] E. Churchill, S. Bly, "Virtual environments
at workiongoing use of MUDs in the
workplace" Proceedings of the International
Joint Conference on Work Activities
Coordination and  Collaboration, San
Francisco, California, US, pp. 99-108, 1999.

[9] High Level Architecture (HLA), http:/
/www.dmso.mil/ public/resources.

[10] Institute of Electrical and Electronics Eng-
ineers, International Standard, ANSI/IEEE
Standard 1278-1993, Standard for Infor-
mation Technology, Protocols for Dis-
tributed Interactive Simulation, March 1993,

[11] Lineage, http://www lineage.com.

[12] J. Lui, M. Chan, O. So, and T. Tam,
"Balancing Workload and Communication
Cost for a Distributed Virtual Envir-
onment”, Lecture Notes in Computer
Science, Vol. 1508, pp. 130-135, Springer,
1998.

[13] M.  Macedonia, D. Pratt, M. Zyda,
"NPSNET: A Network Software Arch-
itecture for Large Scale Virtual Envir-
onments”, Presence, Vol. 3, No. 4, Fall, pp.
265-287, 1994.

[14] D. Thalmann, S. Musse, and M. Kalmann,
"Virtual Humans’ Behaviors: Individuals,
Groups, and Crowds", International Con-
ference on Digital Media Futures, British
Computer Society, Bradford, UK, 13-15
April, 1999.

[15] S. J. Yu, and Y. C. Choy, "A dynamic
message filtering technique for 3D cyb-
erspaces”, Computer Communications, Vol.
24, pp. 1745-1758, 2001.

I5

—

—
(=)}
_—

- 531 -



