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Multiagent Evacuation Simulation Using
Smoke-Generating Equipments

Shunsuke Taniduka
Abstract
Multiagent simulataion in virtual spaces is suitable to reenact dangerous sit-
uations e.g. fire evacuation. But if we execute multiagent simulation in fire
evacuation with avator, environmental influences to actions is lacked and avator
controllers make action decisions which isn’t suitable to evacuation situations
because it can’t convey situations in virtual spaces to avator controllers. It is
available to reenact user fire situation in virtual space with virtual reality. But
there are problems like kinds of VR influences to user or the level of reenactment
of virtual spaces. This research make it to the purpose to execute more real fire
evacuation simulation by connecting VR devices with multiplayer multiagent
simulator which can solve these problems.

Projectors become cheaper. So we can make VR devices easily. Massive
evacuation simulation in virtual spaces is being able to do by people who join
simulation at various places using VR devices. So the signification to develop
Multiagent evacuation simulator with VR devices is very important ,but there
are problems listed below.

1) Kinds of influences to persons with VR

Many VR systems give users high realistic sensations with 3D pictures. Not
only realistic pictures are factors to be able to give users high realistic sensations,
but others can do so without using visual infomations.

2) The level of reenactment to real spaces

When reenacting things in vitual spaces to real spaces, we use some de-
vices. These devices have problems like responses, time lags and the level of
reenactment to real splaces.

In this reserach ,I have developed multiagent evacuation simulator which
gives smoke influences to users using smoke-generating equipments by using
virtual city simulator FreeWalk/ @ and fire cube of National Research Institute
of Fire and Disaster.

Smoke height is figured in each area and changes at each boundary. So



v

in case there are boundarys ahead, generating smoke in next area in advance
shortens time lag till generating smoke in real world. Secondly, I controll smoke
relatively by saving smoke-generating time and comparing previous generating
time.

And when describing smoke influences to agent scenarios,they are described
thinking smoke discretely.

In multiagent simulation it is not aim to reenact virtual spaces to real world,
but to approximate action decisions to agents. So you can simplify device
control to stage divisions which can describe smoke influences in agent scenarios.

In this research, I have developed multiagent simulator using smoke-generating
equipments to make avator controller decide actions in evacuation situations.

I consider this simulator make these results listed below.

1) Achievement of influence that environmental changes gives action

There are explict and sensuous influences which environmental changes give
action decisions. Devices which give high realistic sensation by visual informa-
tion like CAVE can’t reenact seusuous influences. This simulator can reenact
explicit and sensuous influences to action decision of avators by reenacting the
same factor to virtual and real spaces. As a result, it can simulate influences
which environmental changes in fire evacuation give to crowd interactions.

2) Scenario based device controll method

In multiagent evacuation simulation it isn’t aim to reenact situations in virtual
spaces, but to reenact action decision in fire evacuation to avator controllers. So
device controlls can be simplified to some steps which satisfy describing smoke
influences.

In this research I have developed multiagent simulator using firecube, VR
device which has smoke-generating devices, and FreeWalk/ (@, virtual city sim-
ulator. As a result, those who experience can make action decisions by feeling
smoke by sense of smell or other senses excluding sense of sight,and I can simu-
late crowd interaction including avator. And I proposed the way of controlling

devices in case applying VR to multiagent simulator.



Jooobbboggoobooboogoobobboooad

HEN
0g1d o0ood 1
020 000000000OO0DOO0b0O000 2
21 O0OD0OD0 o 2
22 0O00O0OO0ODOOODOOODOODOODO0O oo, 3
030 O0o0booobobbobboobogn 4
3.1 000000000 ... e 4
3.2 0000O00DOOO0DOOOOODOODOgO oo oo, 6
040 0O0000OO0OO0ODOODOOOOOOO0ODbO0ODO 9
41 0O000O00DOOO0OOOOODOObOO0 ..o, 9
42 [0O000O00OO0OO0OOOOODOOOOOObOOoOooOg ..., 11
gsd ogo 16
el 0OU 19
70 ododd 21
ao 22
good 23

HRN A-1



O1gd oogi

gbobobobobobooobobobobobobobobob 2,000
gbgobobbobooboobuooboobobbobooboobon
gbooboobooboobooobboobooboobooboobon
gbgobobbobbooboobod

gbobbboooobbbooodbbbooodobbboooobbbod
gobbboooobbboooobbbuoodobbboooobbbooan
gobbboooobbbuoooobbbuoodobbboooobbbooan
gobbboooobbbuoooobbbuoodobbboooobbbooan
gobbboooobbbuoooobbbuooobbboooobbbooan
gobboboooobbbuoooobbbuoodobbboooobbbooao
gobboooobbbooobbbooaon

gobbboooobbbooogbobboooobbboooobbbod
gbobodbobodouogbobuogbobuobobobooboboboo
gobbboooobbbuoooobbbuoobbboooobbbooon
gobbboooobbbuoooobbbuooobbboooobbbooaon
gobbbuoooobbbuooobobbobooodon

gogbobbboooodgboboboboooooobobbooooobobobo
gobbboooobbbuoooobbbuoobbboooobbbooon
gobbboooobbbuoooobbbuoobbboooobbbooon
gobboboooobbbuoooobbbuoobobboooobbobooon
gobbboooobbobuoooobbbuoobobboooobbobooan
gobboboooobbobuoooobbbuoobbboooobbobooan
gobbboooobbobuoooobbbuooboboboooobbbooan
gobboboooooboo

gobbboooobobbbooodgboboboooobboboooobobobod
gobbboooobbobuoooobbbuooboboboooobbbooan
gobboboooobbobuoooobbbuooobobboooobbobooan
gobbobuooogbobobbooobuoooobboboooobbboooan
gobbbooobbboooobbbuooobobboooobbobooan
gobbboogobbbuoooobbbuooobboooobbobooan



gobbbooodobbboooobbbuoodobbboooobbbooan
O0000000000ooOooooooo 1o

0000 Virtual Reality(VR) DO DODOODODOO0OD0OODODO0DOO0OOOOOOO
gobbbuooobbbooodgbobbboooobbboooobbbod
1) VROODOODODOOOOOO
sbopoooogboboboboboboobobobobob vROODOD
gbbodbbooudobbuoobbuodobbodobbuoobboobboab
gbbodbbooudobbuoobbuodobbodobbuoobboobboab
gbbodboogobuoobbuoobbuodbboobuoobboobboaob
2) D0O0OoOooooooo
gobbboooobbbuoooobbbuoobbboooobbbooon
gobbboooobbbuoooobbbuooobbboooobbbooaon
gobboboooobbbuoooobbbuooobbboooobbbooan
goboooogoboo

gobbob2000000b0bbbouooobbobooooobbobbod
gobbos3tbbuogooobbobuooooobboboooobbboooan
gobbboooobbobuoooobbbuoobobboooobbobooan
0000000000000 0000000000 FreeWalk/QUOOODODO
gbgboboboo4000vROODOOOOOOOOODOOOODOODO
gobbboooobbobuoooobbbuooboboboooobbbooan
gobboboggdgsgobbobuooogobobboooobbboooan
gobbobuoooobbobooooobbobtbeboooobbbbooon
goboboogobooobodo

020 0OO00O000Ooobodooooogd

2.1 0JOoO
gbobbboooobobbbooogbbobooogbboboooobbbod
gobbboooobbobuoooobbbuoobobboooobbobooan
gbbuogbboogbugoboobboobbuoboobboobooob
O00000000000oDooooo0o0ooooooooog 20
gobbboooobobbbooogbbobooooboboooobobod



gobbbooodobbboooobbbuoodobbboooobbbooan
gobbboooobbboooobbbuoodobbboooobbbooan
gobbbooobbbooodgbbboooobbboooobn

22 JUOO0obobooooobbbuooooon

gbobbodbobouobouboboobodboboobobbooobg
gbgdgbbobboobuoobbuobbuoobbooobooobbodab
O0000000000000000000000 FreeWalk[3|DOOOOOOO
gobbbbuooogbbbbbouoooobbbodooobbboogoo
gobbboooobbbuoooobbbuoobbboooobbbooon
goooo

g2il1ddggoobbbbbobbbbbbouoooooobboobobodagg
goboodogo

I—Sxok YA

{38 Z=fd

e

8 I—vxxhk
Fi .‘;,‘g_ 8 I_/I./l‘
/ I—.JI.JI* Fi\G—

\ I—Ux )4
Q T—UxwbiFya g

ZmnE
E=3)IE]

U25L:000000000b0b0bo0o000obobobuooaoboon

gobboboooobobbbooodgbobobooodoboboboooobobobod
gboogbgoobobooubogubooboboboboobooban
gobbboogobbbuoooobbbuooobboooobbobooan



gobbbooodobbboooobbbuoodobbboooobbbooan
gobbboooobbboooobbbuoodobbboooobbbooan
gobbboooobbbuoooobbbuoodobbboooobbbooan
gobbboooobbbuoooobbbuoodobbboooobbbooan
gobbboooobbbuoooobbbuooobbboooobbbooan
gobboboooobbbuoooobbbuoodobbboooobbbooao
gobbboooobbbuoooobbbuooobbboooobbbooao
gobbboooobbbuoooobbbuooobbboooobbbooao
gobbboooobbbuoooobbbuooobbboooobbbooan
OvROODOODODOODOOOOOOoOOoOoboobooboobooboo
gbooboobooboo vROODDODOODOODOODLDOODOODOO
gbooboboboobobboboboboobovrRobobobooo
gobbbooobbbuoooobbbuoooobbodao
gboboobgboobobuogbobuogboboboobobooog
gobbboooobbbuoooobbbuoooobbodao

O30 0O00000boodboodboogood

3.1 U0ooooggd
gobbboooobbbooogbobboooobbboooobbbod
gbodboobooboobuogbuooubooubooboobuoobobod
gbbodbbogbboobboobooobooboboobuoobboab
gobbboooobbbuoooobbbuooobbboooobbbooaon
gbgbobgbuaboobobbobuoobobuooboboobobobood
gobbobbuooodoboobbbbuooooobbobbbboooan
gobbobuooogbobobbooooobobuoooobobobbooboooon
gobboboooobbbuoooobbbuoobobboooobbobooon
gobboboooobbbuoooobbbuoobobboooobbobooon
gobbboooobbobuoooobbbuoobobboooobbobooan
goboobooooboo
1) 0000000000000 0000000000D0000ooooOoO0OO0
gobbooggbbbuoooobbbuooobobboooobbobog



gbobbbooodobbbodood
2)00000000000000O0O000U0OODOOO00OOOOOOOO
gbgbogboobobogbobodoboboboboobobogboo
gobbboooobbbuoooobbbuooobbboooobbbod
gbobboooobbbuoooobbboooon
gobboboooobbbuoooobbbuoodobbboooobbbooao
gobboooogn
gobbboooobbbooodgbboboooobbboooobbbod
gobbboooobbbuoooobbbuooobbboooobbbooan
gobbobugbooogbbbouooobbboooobbboooan
gobooog
gobbboooobbbbooogbboboooobboboooobbboo
00000 CAVEOODOODOOOOODOOOOODOOOODOOoOoOoDOO
gbobbooboooobbbuoooobbbuoogon
gobbboooobobboooobboboooobboboooobobbod
gboobgbodobooboboobuooboboobooboboobad
gobbboooobbobuoooobbbuoobobboooobbobooan
gobboboooobbobuoooobbbuoobbboooobbobooan
gobbboooobbobuoooobbbuooboboboooobbbooan
gobbboooobbobuoooobbbuooboboboooobbbooan
gobboboooobbobuoooobbbuooobobboooobbobooan
gobbbuoooobbooosiobuooobooooan
gobboboooobobbbooodgbobobooodoboboboooobobobod
gobbbooobbboooobbbuooobobboooobbobooan
gobbboogobbbuoooobbbuooobboooobbobooan
gobbboogobbbuoooobbbuooobboooobbobooan
gobbboooobbobuoooobobbuoobobboooobobobooan
gobobooooboboooon
googobbobbodogoobobuooooobobooooobobobod
goooo



Sy B b b B 40 oo ==
TINF—DZIH-BRENGEEFRETZ/MIZEAS (RA7oRs

BRI R

REZEM

EILRRNLGEEEZSADULENDD

A

FNI—i2EH FINE— I—oxvb

U3l gdbbobogooboboooon

3.2 UU0obouoooooboobuoooooon
gobboooobobbooogbboboooobboboooobbbod
gooogouoobbbbbboobodoooouooobbobbobboobob
gobbbuoooobbobooooobobuoooouoobobboooan
gobboooobbbuoooobbbuoobobboooobbbooon
gobbobugoobbobtooooobobuoooobbbbooooobon
gobbboooobbbuoooobbbuoobboboooobbobooaon
gobboboooobbobuoooobbbuooobboboooobbbooan
gobboboooobbobuoooobbbuooobboboooobbbooan
gobboboooobbobuoooobbbuooobboboooobbbooan



N0000000000000000000000000000000000
N0000000000000000000000000000000000
N0000000000000000000000000000000000
000000000000000000
1) 000
N0000000000000000000000000000000000
N0000000000000000000000000000000000
0 (CO)0000000000000000000000000000 1020
000
2) 000000000000

0000000000000000000000 10,000000000000
0000000000 40

/ (AT)? > 10000

gobboboooobobbboooobboboooobboboooobboboo
gobbbuooobobbbooobbbboogbnbobogo

gobboboooobobbooogbbboooobboboooobobobod
goggoobbobbbbbbobbbbbbbbas3200000004040d
gobboboooobobbooogbooboobn

3. 1EF A
-l

I_f,;l:.ff“ =% s

ey . I—xhk
1EBEOFREET
2EBET—HRENMBT D

E7—%

(5=, BE)

032 00000000000000000



gobbbuoooobbbbuoooduooobbboooobobbbod
gobbboooobbboooobbbuoodobbboooobbbooan
gobbboooobbbuoooobbbuoodobbboooobbbooan
gobbboooobbbuoooobbbuoodobbboooobbbooan
gobbboooobbbuoooobbbuooobbboooobbbooan
gboobobgos31goboobobbobooon

U3l dgooboogd

ggbobodgad
g goboboogobbbouooboobod
gobboogoobobooooboboo
goboboooobbboooobbodao
goboboooobbboooobbodao
goobooooobobooooboboood
gboobooooon

g gobobooooobooo

gboooboooon

goboo

gooobog

g gboboboogoooboo
gbobbuoooobboooobbbuoogon
gboooooon
gboboboooobbobuooobobod
gboboooboboboooobbobdan
gboooboogobobogon

goooboboboboboooobgoboboboboos3s3bononog
gobbboooobbbuoooobbbuooobbboooobbbooao
gobobooon

gbobobodgbobobotboobobuoboobobobbobobg
gbbodbbogbobboobbuodobboobbuoobboobboab



|
|
B F R TGA |
|
Fr—agiE |
i
HEr—ime
[BEoasttEtge L] :
BT R “ :
[ﬂmﬁﬁmﬁﬂmT” :
|
|
|

_,e i
| EEmHnTEERT L?‘.;Lﬂl
I
I I

U33: 00b0bobouogoboo

gobboboooobobbbooodgbobobooooboboboooobobobod
gobbbooogobbobuoooobbbuogobobboooobbobooan
gobbbooobboboooobbboooobobodao

gobbbooooobbbooogbobobooooboboooobobobod
gobbooboooon

040 0OOOOOOOOOO0O0O0O0O0O0O0000
ot

4.1 O0O0OO0O0oooobbooooooobood
gobboboooobbbbooogbbboooobboboooobbboo
gbobobobobobobuooooooobobobobobobubvVvr
gobbobuoooobobogo
vROODOOOOODOOOoDOOobOoooooboboboooobobooa
O0000000000000000000 CAVE[5 0O CABIN[6|OOOO VR
gobboboooobbbuoooobbbuoobobboooobbbooon
gboooobogsbogobooobooboboobooboboobobon



gobbbooodobbboooobbbuoodobbboooobbbooan
000000000000 [fjCO00000000O0o0o0UooooooOoo
gbogbuoobuooboobgob vROoboobooboobooboo
oo

gbooboob vRODOOOOOooOooOooboobooboobooobod
gobboboooobbbuoooobbbuoodobbboooobbbooao
gobbbooobobbobouooobobbobooodn

l10ogbbotobodgbuooboobbooboobuooboobbon
gobbboooobbbuoooobbbuooobbboooobbbooan
gobbbuooobobbouoooobbbooodan

gboob vRODOOOOOooOooobooboobooboobooobd
gobbboooobbbuoooobbbuooobbboooobbbooaon
gobbooooon

gobbboooobobboooobboboooobboboooobobbod
gobbbuoooobbbuoooobobbuoooobbbuoooon

gbobbboooobobbbooogbbobooogbboboooobbbod
gobbobuooobobbooogbobobod

04100000000000000000 VROODOODOOOoDOoooo
gobboooobbbuoooobbbuoooobobob

Jo x9N

INFI—Tzh
Eal—4

72— EA R

041: VvVROOOOoOoOoooOoooboooboooboboboboboobooboo

10



4.2 UO0O00O0O0OO0O0ObLOoOOooobobbouooooon
OO0O00O0O00bOOO00ODOOO0OCAVEQOOODOOODOOODOOOOO
gbogbodgbobobooboboobobooboboobobuoooad
gobbboooobbbuoooobbbuoobbboooobbbooon
gobboboooobbbuoooobbbuoobobboooobbobooon
gobbboooobbobuoooobbbuoobobboooobbobooan
gobbobuoooobobogbooooobboboooobbboooan
gobbooooobboboooobo

1) J00O0Dooooooogo

2) DO0Oooooooooo
gbogbogooboobobuogbobuodgbooboobooboobobod
gobboboooobbobuoooobbbuooobobboooobbobooan
gobboboogobbbuoooobbbuooobobboooobobobooan
gobbbooobbboooobbbuooobobboooobbobooan
gobboboogoobbbooogaog
gobboboooobobbbooodgbobobooodgboboooobobod
gobbboogobbbuoooobbbuooobboooobbobooan
gobbobuooooobobboooobobooooobbbooooooan
gobbbooobobbooogbobobooooboboboooob
gbogbobogbuoobgbogbobuogbobboobuoobobodgoaon
gbgbobuooobodgbbuogbbuogbbuoobbuoobbuoobbogn
ggodddoooououououoooobobbobobbbbboooooooot
gobbboooobboboooobobbuooooboboooobbobooon
gooboood
gboboodbogbooobobuoobobuoobobooboboobobda
gooob0ovROODOOODOOOoOOOobOoOoDOOobobooobooboobo
gboogbdgboobobooboboobobboobuobobobobooboan
gobbboooobboboooobbbooooboboooobobbooon
gobbboooobboboooobbbooooboboooobobbooon
gobbooooboboboooobbbooooboboooobobbooon

11



gbobbboooobbbooodbbbooodobbboooobbbod
gobobodgo

20000000000000DO00DODOOOODOOOODLDDOOOO0
gobbboooobbbuoooobbbuoodobbboooobbbooan
gobbboooobbbuoooobbbuooobbboooobbbooan
gobboboooobbbuoooobbbuoodobbboooobbbooao
gobbboooobbbuoooobbbuooobbboooobbbooao
gobbbooodgbbbooogobo

gobbbuooogbbbbuoooobbbbuoooobbbbuoooog
gobbboooobbbuoooobbbuoobbboooobbbooon
gboooboooboobboobbooboobboobbo42000
gobbobuoogbbbboooouooobboboooobbboooan
gobbobugoobbobtoooouooobobboooobbboooan
gobbbuogougobobbboooobbboooobbbooooboo

A RRESTER Fi— ET 2 i3 MisE SN
| i I i i
I 1 | | |

TEER SN TR RRTIRGR | | |
! L I | |
HF—aE ) | |

| |

| |

| |

T —2 0 ' '

5 . I I

I | |

1 [ |

BT T BRET-52E ' |
e iy ] L |
LSS |

S

T

I
I
I
I
I

042 0000000000

gobbboooobbbooodgbobbooodobboboooobbbog
gobbobooodn

12



gboobobobobooboobgooboobobbobooboobo
gbgoboobbobooboobuooboobobbobooboobon
gobgobooboboboobuoobuooboobobbobooboobon
gbooboobbooboobooboobooboobooboobon
gbooooboon

gbgbobooboobobuodgbooboobobuoobobogbobobg
gobbboooobbbuoooobbbuooobbboooobbbooao
gbogbooobobboboobuodgbooboboboboobaoobad
gobbboooobbbuoooobbbuooobbboooobbbooan
gobbboooobbbuoooobbbuoobbboooobbbooon
gobbboooobbbuoooobbbuoobbboooobbbooon
gobboobboboooobbboduooobbboooobbboooan
0000000000000000000000D00000 (0 43) 00000
gobbboooobbbuoooobbbuoobbboooobbbooon
0000000000000 00000000O0OoooDooooooo (O4.4)0

= == 7

YRR ANRR

R DET —2E%Z TS

PR PRIE2
043 0000000000000000O

gboobobbobooboobgooboobobbobooboobo
gbogobobbobooboobuooboobobbobooboobon
gbgoboobbobooboobuooboobobbobooboobon
gbooobgooboobo

gbogobobboboobuoobgoboobobbobooboobog
gboobuooboobooboobooboobooboobboobon

13



1ERE NSRS

FEE2DET —F%FIFLT
BZITHS

TR TRI2
044 0000000000000000000

gobbbogoobboooobobooogboon
gobboboooobobbbooodgbobobooodgboboooobobod
gbbogbobouobbugbbuogoboogboobboobbuogoboogn
vROOODOOOOOOOoDOOoooobooooooobobooboboboboobo
gobbboooobbobuoooobobuooooboboooobbobooan
gobbbooobbobuoooobobuooooboboooobbobooaon
gobbboooobbobuoooobobuooooboboooobbobooan
gobbobuoogobbbuoogon
gobbobooooobobogouobobuooogooooboobooa
gobbboooobboboooobobbuooooboboooobbobooon
gobbobbooooobbobbooooobobbooooobobobbooaon
gbgobobboboobodgbuoobuoobobbobooboobod
gbgobgbobooboob400b0b0b00b00O0bO0
gbogbobobobooboobuoobgooboobobbobooboobo
gbgobobboobooboobgo 450000
gboobobboobooboobooboobobbobooboobo
gbgobobbobooboobooboobobbobooboobon
gbgobobbobooboobooboobobbobooboobon
gbgobobbobooboobuooboobobbobooboobon
gboooogn
g4s500000000000000DO0O00O0O0O0O0DOOODOODDO
gboobi1b4000000000000O0DOOO0DOODOODOODOODOOOOO0

14



BRTELIEMCHORNENTE
FEETSH

T AR AR

IEEERATS
SR ENR A

B Eat R

2l el
Byt TS

1 RO L AR TR RS B AT AESICnS AICBHERND S
\""-—._—!"‘j \'\——-—F’/

045 0000000000000

gboogbboobobboboobobobobobobo46b0bO04000
gboobuooboobuoobuooboobooboob400b000D00
goboboogon
gobbboooobbbooogbobboooobbboooobbbod
gobbboooobbbuoooobbbuooobbboooobbbooan
gboobuoobuoobuoobuoobuoobuoob400b00bO00DbDO0
gbooobooboobooboboobo4bobobooboonbg
gobboboooobobbooogbboboooobboboooobobbod
gbooooboobboo4rygoboboobboooboobobooobbon
gobbbooooobo
gobboobbobbouooobboboooobobbboooobbbobod
gobboboooobbbuoooobbbuoobobboooobbobooon
gobbboooobbobuoooobbbuoobobboooobbobooan
gobbooogbbobuooooboooooobon

15



—

RAET w2 RAES &4
IEF R ;L B ADES IRIZTE®
edolessn ;L AN sl AN
EDRA L L /Y aY

046: 045000000000000000O0000O0O0ODOODO

BOERIZED
KEEEOH

I—%xisf

EOERIZLD

wrut e BT

047 0000000000O00DOO0ODOO

050 OO

00000000000000000000000000FreeWalk/QO OO
000000000000000000 firecube 0000000000
FreeWalk 0000 00000000000000000000000000
0D0000000000000000000000000000000000
000000 QROO0O000000nO

fire cube[4][9][10][11]0 0 00000000000000000000000
000000000000000000W35mx D3.8mx H2.6mO0000
00 1500000000000000000000000000000000
00000000000000000000000000000000000
00000 0FreeWalk/QO firecube 000000000000000000
0000000000000000000000

16



OO0000000bO0O000OO00bOoOo0oobooOoOOoobobOOoooOoDObo
O0000O0bO0000obO0oO0obO0b0obOoooOOooDOoDOOobOoboooboo
0000000 [12]0000000000000000OD0O0000000O0OO
0O00O0DOo0oO

firecube0 0 0000000000000 O0OOQO PLC(Programmable Logic
Controllel 0000 00) 000000000 OOOOOOOOPLCOO RS232C
gbobooboboobouoooboboobobooboboPLCOODOO
O0000Db00b0000oDbO0o0n PLCO firecubeD 0D OO0DOOODODOOO
goooobOoobo s1goboboobobooobooobuoooobooon
0000000000000 000000000000000 (FreeWalk) O O
00000 (0000)000000000000000000000000O0
0000000000 DO0DO0000D0DO00O0DOO0DOO0DbOO0ObOOoOoDoOoDgd
goobobobobboboooooooooo PLCOObDOPLCOODOO
00 (firecube) 00000 OOOOOODO

(G} (FreeWalk) (EH—s3) (fire cube)
BT F R T {E I I | H |
1 e | | I I I I
EF—afss | I | I
L I [ 1 |
I [ 1 |
I [ 1 |
,E-?—G'Hﬂ?i : : : :
i I [ 1 |
o | I 1 I
MR R R MFHET — 315 I [ I |
€ T } - | 1 |
I I | AUHIEIF SR 1 I
[ | [ L 1 |
[ | [ 1 |
[ | [ 1 |
: : : I 2R : :
[ | [ I 1 |
[ | [ [ 1 |
I I [ 1 - HEEEREE I |
[ | [ | = |
[ | [ | |
[ | [ |
[ | [ S
[ | [
[ | [ 1
[ | [ 1
[ | [ 1
[ | [ 1

gsl:gggoooao

17



00000000 3200000000 FreeWalk/QUOOOOOOOOODO
OooooooobopLCOO00O0OOOOOOOODOOOOOODODOOO
gboooboobooboobn

O000000000000000000 (FreeWalk)DOOOOO PCO fire
cube 00 O00O0D00OO0O0DOOOOfirecubed00O00OO0OODOOOOODOO
ggobobbbbbouuogobbbooobobbbobbboooodoan
FreeWalk DO ODOODOOODOOO firecubeD00O0OOODOOOOODOODO
gobobooon

O0b0000bDO0dOfirecube00000O00O00OOOOO0OOO FreeWalk [
gobbboooobbbuoooobbbuoobobboooobbbooaon
OO0 firecube DO DOODO FreeWalk DD 0000000 OO0OOOOOOODOO
gobos20000

052 firecube(0 000000000 O0)000000O00OO0O

18



el OO

gboobobboobooboobooboobobbobooboobo
gbogobobbobbobooboobooboobobbo

gboobobbobooboobgooboobobbobooboobo
gboobobbobboobooboon
1) D00000oOoOooooooooo
OO0O0o0OOo00oDbOoO00DoO00DOoOO00oOO0OobOOO0OoboOOoODbDCAVED
gobbboooobbbuoooobbbuoodobbboooobbbooan
gobbboooobbbuoooobbbuoodobbboooobbbooan
gobbboooobbbuoooobbbuooobbboooobbbooan
gobboboooobbbuoooobbbuoodobbboooobbbooao
gobbbugogbbobbooooobobobuooboooobbboooao
gobbboooobbbuoooobbbuooobbboooobbbooan
gobbooggobbodo
2) 0000000000 0OO0oOooooo
gobbboooobbbuoooobbbuooobbboooobbbooaon
gobbobuoogbboboooooboboobbboooobbboooao
gobboboooobbbuoooobbbuooobbboooobbbooan
gobbboooobbbuoooobbbuoobbboooobbbooon
gobbboooobobboooobbbooogboon

O0O000O00b0O0oOo0oDbDOoO0 VROO firecubeDOODOOOODOO
FreeWalk/QUOOOODODOOOOODOOOODOOOOODOOOOODOOOOO
gobbobboooogobbobbooooobbobodoooobboogoo
gobobooogbbobuooooboobod

FreeWalk DO OO OOOOOOOOODOOOODOOODOOODODOODOOO
O0bDO00o0bo0o0boOOobOoonDoboOoonD 300 firecubeD OO OOODOODO
A00b0oobooobOobbbobooboooboooboboobooob oo
firecobe OO O ODODOODO0ODOODOOOOODOODOODOOODOODOODOODOO
gboobboboobooboboobudgbobbobooboobobo
gobbbooobbboooobbbuooobobboooobbobooan
O0D00000b0o0obO0ob0O0oobooO0booboOobooOnDO fire cubed

19



gobbboboooodgbbbbbooooobbbbodoooobbboodas
gbuodgboobobbobboboboboobuooboobobobobo
O0O000O0OO00DOo0000oDbo0ooDboOO firecubeDOODOOO
gobbboooobbbuoooobbbuoodobbboooobbbooan
gobbboooobbbuoooobbbdoodobbboooob
gboobooboobuooboobooboovROObDOoOobDOODO
O000b0oobooboobooooobboOn firecubed0O0O VRODOO
gobbboooobbbuoooobbbuooobbboooobbbooao
gobbboooobbbuoooobbbuooobbboooobbbooan
gbd vROOOobOooboooboobooboobooboobooboo
gobbboooobbbuoooobbbuoobbboooobbbooon
gobbboogoobbbeldbnO

REEHLSaL—A

gel:Jggbbobuooobbboooobbobuoooobobooon

OO0 firecubeD OO VROOODOOOODOOO1ODOOOODOOODOO

20



gobbbbbooooobbbbuooooobbbbouoooobbboodas
gobbboooobbboooobbbuoodobbboooobbbooan
gobbbuoooobbboooobbbbooooboobbboooan
gboobobodgbobbobobuoobobbooboobobbooobad
gobbboooobbbuoooobbbuooobbboooobbbooan
gobboboooobbbuoooobbbuoodobbboooobbbooao
gbbodbogobuoobobuoobbodboboobuoobboobboab

OU0D00000000000 FreeWalkODO OO PCOOODOOODOOODOO
O0b0oobooooobog frecube 00000 0ODOOODOOOOODOO
O0o0opoocCb-ROUODOOOODOO0ODOODOOODOOO firecubeD OO OO
gobbbugogbbobbooooobobbuoooobbboooouoan
gobbboooobbbuoooobbbuooobbboooobbbooaon

70 40oood

gobbbodooobbbooodobbbooodobbboooobbboo
gobbboooobbbuoooobbbuooobbboooobbbooan
gobboboooobbbuoooobbbuoodobbboooobbbooao
gboobuoobuoobgobuooboo vROOobooboobooooo
gobbboooobbbuoooobbbuooobbboooobbbooan
gobbbuooobobbbooogbobbboooobbboooobbbod
1) 0000000000 O0o00oO
O000O0O00DOO00DOO00DOO00DOO0b0O0OODOOOODbDCAVED
gobboboooobbbuoooobbbuooobbboooobbbooan
gobbboooobbbuoooobbbuoobbboooobbbooon
gobbboooobbbuoooobbbuoobbboooobbbooon
gobboboooobbbuoooobbbuoobobboooobbobooon
gobboboooobbbuoooobbbuoobobboooobbobooon
gobbboooobbobuoooobbbuoobobboooobbobooan
gobboboooobbobuoooobbbuoobbboooobbobooan
gobbobuogogbobobooobouoooboboooobbboooan
gobbboooobbobuoooobbbuooboboboooobbbooan

21



gobboood
2) J000O0O0OOOOOOoOoOoOoOoooo
gobbboooobbbuoooobbbuoodobbboooobbbooan
gobbboooobbbuoooobbbuoodobbboooobbbooan
gobbbuoodgboobbbouoooobbboooobbbobooao
gobboboooobbbuoooobbbuoodobbboooobbbooao
gobboooogn
OobooooooobooOnO VRODO firecubeDDOOODOOOOODODO Free-
Walk/QUD OO 0000000000000 000000000000000
gobbboooobbbuoooobbbuoobbboooobbbooon
gobbbuogogbbobbooooobbbuoooobbbooooooon
gbbuogbbuogoboogbbobboobuobbuoobobooobob
gobboboooobbbuoooobbbuooobbboooobbbooan
gobbbooobobbooogbboboooobbobuoooobo
gobbboooobobboooobboboooobboboooobobbod
gbgobgboguobobuogboboobooboobaoobobood
gobbboooobbobuoooobbbuoobobboooobbobooan
gobboboooobbobuoooobbbuoobbboooobbobooan
O00000000000000D [BjUODOoOoDoDoDoooooooooooo
gobbboooobbobuoooobbbuooboboboooobbbooan
gobboboooobbobuoooobbbuooobobboooobbobooan
gobboogoobbbooobobobooon

HEN

gbogboboobuodbooboboobogbobobobobogod
gobboboooobbbuoooobbbuoobobboooobbobooon
gobboboooobbbuoooobbbuoobobboooobbobooon
gobbooogoobbodan

22



guod

1]

8]

[9]

[10]

OO0O00: 0000000000 bO000DObOO0-O0bO0b0DbOOoDbOn
O000O0DO000D00O-,00b0000000DbODOn, Vol. 353, pp.
32-37 (1985).

Okazaki, S. and Matsushita, S.: A STUDY OF SIMULATION MODEL
FOR PEDESTRIAN MOVEMENT WITH EVACUATION AND QUEU-
ING, Proceeding of the International Conference on Engineering for Crowd
Safety, pp. 271-280 (1993).

Nakanishi, H. and Ishida, T.: FreeWalk/@Q:Social Interaction Platform in
Virtual Space, ACM Symposium on Virtual Reality Software and Technol-
0gy, pp. 97-104 (2004).
O000,0000,0000,000,0000,000:00000000
O00000000000000000000000,00000000 (O
0)00DO0DO0O0O0O0 (00), pp. 101-102 (2003).

Cruz-Neira, C., J.Sandin, D. and A.DeFanti, T.. Surroundscreen
projection-based virtual reality:the design and implementation of the
CAVE, Proceedings of the 20th annual conference on Computer graphics
and interactive techniques (1993).

Hirose, M.: CABIN - A MultiScreen Display for Computer Experiments,
Proceedings of the 1997 International Conference on Virtual Sustems and
MultiMedia (1997).

Roberts, D., Wolff, R., Otto, O., Kranzlmueller, D., Anthes, C. and Steed,
A.: Supporting Social Human Communication between Distributed Walk-
in Displays, Proceedings of the ACM Symposium on Virtual Reality Soft-
ware and Technology, pp. 81-88 (2004).
O00,0000:000000000000O000,00000000
0O, Vol. 170 20, pp. 166-109 (2002).
O000,0000,0000,000,0000,0000,0000,0
0O0:000000000000000000000000D00DO00O0
O000,00000000000000, pp. 72-75 (2003).
O0000,0000,0000:00000000 (firecube)000O0O, O

23



[11]

[12]

[13]

Jr00000000ooooooog, pp. 47-50 (2004).
O000,0000,0000,000,0000,000:00000D000
000000000000 0Db000O00O0O0DO00ODO0 20000000
0000000000000000000000,000000000 (O
O00)0000000 (00), pp. 245246 (2004).
OO00,0000,0000,0000,0000:000000000O000O
O00000BRI2O000O,000000000000000 (2000).
O00,0000,0000,000:0000000000DO00DO00O0O
O0D0000000D0Od, The 16th Annual Conference of Japanese Society
for Artificial Intelligence (2002).

24



HEN

A-1



