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Time-Dependent Optimal Routing in Indoor Space
Inhye Park* - Jiyeong Lee**

Q ok
=1

a

e ik ¥ APl EAE A% HAFRE AEs) ol Aule] ofu g F1eIA E A
A28

o] AR} opd FellM FRUEA G729 BEE Sn|Riey AAE WA e A9t A AP R
Azl el 7 A ojojok gt} o] gk HAPGRE AEE] s HAGE Al Zag ARt
uhe} Wskehs Wah argEofof dtt &, Bk e W 22 710 85 % SEAE 8 ¥ehs
A S QlEEE B & 5 s AleRE HolE o] 28 AEE o] Slojof Atk R lA S A A
o] 355 S8t £4& Fl FAD ARt dlolElolae AR AAEd) thyldRel o] HEad
=l AHEE = Stk & Aol A= AARE WA LE TS % Al eRE ElolH S A8 AR
g dagEs ARSIt AljbE dae]Es HAES] ffste] e lF-9] o] 7hedt ikE
FAsh= UEH A ClEE AHEaIIT

F80] : GIS, HEAARD, ARF 7P, A4 =, dujsitdols 2, Wy

ABSTRACT : As the increasing interests of spatial information for different application area such as disaster
management, there are many researches and development of indoor spatial data models and real-time evacuation
management systems. The application requires to determine and optical paths in emergency situation, to support
evacuees and rescuers. The optimal path in this study is defined to guide rescuers, So, the path is from entrance
to the disaster site (room), not from rooms to entrances in the building. In this study, we propose a time-dependent
optimal routing algorithm to develop real-time evacuation systems. The network data that represents navigable
spaces in building is used for routing the optimal path. Associated information about environment (for example,
number of evacuees or rescuers, capacity of hallways and rooms, type of rooms and so on) is assigned to nodes
and edges in the network. The time-dependent optimal path is defined after concerning environmental information
on the positions of evacuees (for avoiding places jammed with evacuees) and rescuer at each time slot. To detect
the positions of human beings in a building per time period, we use the results of evacuation simulation system
to identify the movement patterns of human beings in the emergency situation. We use the simulation data of
five or ten seconds time interval, to determine the optimal route for rescuers.

Keywords : GIS, network model, time-dependent, optimal route, indoor space, data model, emergency response
Interoperability, Ubiquitous GIS
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(a) 7|5t 2 (Geometic model)
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(b) B2 2H (Accessibility model)

NetworkN

NetworklID: integer
NetworkType: string

t

NodeN

NodelD: integer
Spatial: point()
NodeType: siring

4

EdgeN
EdgelD: integer
Spatial: polyline

Length: double(}
EdgeType: string

|

NodePt DoorPt EventPt
RmlD: integer RmID: infeger RmlID: integer
RmType: string D_Type: string Bottleneck: boolean
Occupant: integer ‘Capacity: infeger E_type: string
Capacity: integer Impedance: string
Damage: boolean

(28 3] H2d 2Eel UML tfojoj O

(Lee and Kwan 2005).
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Data Input
—Network data
—CAD data
—simulation data
3
SR Y AlEdiol&niolH
=xx &3 Somoe FECEPER
(terate: 3 TH4) / (Iterate: Time) (Iterate: Time)
| JI-stI as ]
2
| e |
No
S3X &g
No
TimeInterval : 2% I
i AE k] Evaluation
Optimal Path &t& (HDLLAH)

<H 1> 57 HHE B I

Time—dependent Dijkstra's Algorithm
input: Network N, Number of Exit E, People P, Density of Smoke S
output: Optimal Path from exit to danger area R

Dijkstra(Network, start)
while(every 2 sec)
examine the Ei and Sk
if (Ei>MaxNumber Ei || Si>Threshold Si)
don't go Ri—1
Dijkstra(Network, start)
update and notify to rescuer
until find dangerous people

Dijkstra(Network, start):
for each node n in Network:
dist[n] := infinity
previous[n] := undefined
for each edge e in Network:
weight[e] := calculated
dist[source] =0
Q := the set of all nodes in Network
while Q is not empty:
u = node in Q with smallest dist[]
remove u from Q
for each neighbor v of u:
alt := dist[u] + dist_between(u, v) * weight[e(u,v)]
if alt < dist[v]
distlv] := alt
previous[v] = u
return previous|]

367




o} oluf ¢ A AES T2 wet g A
= QA S R 22T R QA dHe
BEA Ao R S 4 AR} AEE &7
HAHZ7F AAEEY o] 55 nlaLste] 7t A2 Al
Zro]l el ARV HE HA HERE AAECh £ 12
=7 HAAR 3 S I pRER
seudo-code) LJEIH Aolt}. &7 474
3 Ao g9 dolee AusiEs 18t
adleld, &7 =, di9Ate] $14]
L3t QoA AF3t H}ﬂ' o] 7
Dijkstra's H¥H4 = Fue]Z A}ﬁo}@u}
HIEN A 2ol A7 % oL 1ol whe} ”“}EQC 7
R A v eIl A et e A}
ole] A7} distln] MF= At =] AlE =EA
ol9] HAE olFdted Aule AR xdd
weight[e]®] #4& ol-&skaL o] ghe S Amgl g9
7V E ALbste WRoR /‘}gﬂ Aot A WAy
A dis1]7 22 F AR dis2] 9F vl atske] A
e H7)AL 1L v Ak AR gl s 2 3
< HHESke] w) 2% vl S0
H|nl&ho] A

T

e

i‘lp}:

a

X

o
34
A4z 29}

AlolE H o] AF o] &3 A &3
H{RE 2

A HAHZ T 2
22+l Hl JEfell 9121 "
S FE3FI R Al

QML A¥ EH*JXP *1
A3 A shT 2
3t 7)81etA rde CAD 7]

E 5 2

< 1o

ox 7]
o
2
2
>
ox

%O]‘M

f 2o g
e

o,
e off
o
oo off
ob % R
32 o

)
w L
O1>J-' N
2%
= ) e
e
EOE i
[ d
=
B3

ol

- E

gﬂ]lO_o‘

(o
)
N

S

AU o
it

o,

o

ol

)

22

ri>:9

o

© R

-

_O‘L

H £ g
-
Ay
38 o
T

rlO ol
o o
[

im -

~

lo
I
g BN

oY &
W

Q2
o ™,
4
ofl
(o M
L

il 4
2
o
m;
&
0,

NN Y
¥

of
o1
o
2
fd
i)

)
4

368

®—8—» Optimal Path [ saecuren | suosaw snen

[ sprevsecona | 50

sc o saeona> |

[O8 7] HAE AAEQ| Bo[opR

= p

o)

l

A YRE S0z

Y Fe= nelz 5 gl
FQTE A W Q3 B oA BElol A At
oA 2 Alzko] Ak sl vsl AL BelA Ao 1
S ARE BHAR sk o] Age Arlel B

Fu A4S wejste] tul s gl 5 Qs
A9 orsta mebd =gl asith 7bgae
o AR H9UF F SR e B2 Sopt

Al e, B R el g F R oiveky
L A SEY w2 ubA) "ok 28 Aslo] ofE W

HAst i o oal Azl AelA) B ole]
3 A 7PgH] S Zo|= AHo] B ATt A] eFalslat
sl M4 ze] BAo] Hrk. Albo] ALpeA oj@

=

FE7 G A=A 2

34 A H 30% § iR} 22 0]7) AlFEitaL
7Hgakar F2o)7] AlAehs ARk 002 Aaksint
(1% 8 (@). 7)ol A& ARE ol 28 =
PTEIE BN 71 A27) AE ) 2427} A

U g u) RS o] whe] 2917e} AR 0] 2] wHEko.
2B AL B 5 QU 8 b)) ARE 2719 AR
7§55 Qe olw] 27lo] AR FES FHow

HX2E 33tk

A B2 9t Zedar 94719] st Ao
AaL gle s B g Atk AlRte] 1 & of 1
AE7F HAS W HAHA R % 9] 1§ =Tl A
88k AR v Al fok 19 89 (b), ()2 el
Z719 AAHE ARE FAE AV FEIF HoF
I AR AL oleldk oS wkde AR B
otk AnH o g a9 g (d) 18430l A9 A=7}
HE HHH 22 AEH A



AFAAE A AR A4 g

e == |

2 AFeM e F2AE A3 ARE 7 A (time-
dependent) Y1852 et o= AAIZE H
V\E“ kel Zwkdgetar & = Qv s ¢arg]
< H2EsS] S8 S8A =8-S /sl ol
xﬂ"&% daEFI UEY T By} 54 AAE A4
© A3 delguo]~E o] &ate] Pkl A
7], H9lA} 5 &4 AAE vHF7] 918l FDS AlE el

o Al Eele]de] At vlolHE &-g3igith 1 2
I AAIZEZE Wskehs Al A e Wl d AakE
D T AT B Oﬂ?oﬂﬁ xﬂ%% WS e
AAZE BAolgt & 4 glok 94 & Aol A ARSRE
AE o)A HlolH = of2] 71 *J%—% areste] 448
€ Ao)7)E shvt B A e 248 vkl
& g Qi) el R ® “J oz} thuAE
1 A E A E]ojof AARE WAl AlAHS

369

<Prevsecond |53 sec | Newt Secont> s curront || Ao save & ot

% ARGA 7)) THo] 745 Aol wekA
AN delele] g, A Sie A

2 dps
A 329 FRro o] ) 58 B3 sjMo] Wi}
3 E

71k A AT theb AAIZE A 2
of e A AN $-go] Al A
91714, AHEAHTEAZ )%, A4 5) A
A A 2R FEE 918 A5 7%, B4 7]

5o AT wd F8 AT Al & 5 Aok

) OFO d g

WA 2

o] =L 20081 %
Hlo] ojste]

MeAguetn anfstEd

THE N



N

R

Cahan, B., and M. Ball. 2002. GIS at ground zero: Spatial
technologies bolsters World Trade Center response and
recovery. GEOWorld 15:26-29.

Church, R. L., and J. R. Marston. 2003. Measuring
accessibility for people with a disability. Geographycal
Analysis 35 (1): 83-96.

Cova, T. J. 1999. GIS in emergency management. In
Geographical information systems, Vol. 2: Applications
and management issues, 2nd ed., ed. P. A. Longley,
M. F. Goodchild, G. J. Maguire, and D. W. Rhind,
845-58. New York: Wiley.

Cova, T. J,, and R. L. Church. 1997. Modeling community
evacuation vulnerability using GIS. International Journal
of Geographic Information Science 11:763-84.

Cutter, S. L., D. B. Richardson, and T. J. Wilbanks, eds.
2003. The geographical dimensions of terrorism. New
York: Routledge.

Dijkstra, E. W. 1959. A note on two problems in connection-
with graphs. Numerische Mathematik 1:269-71.

Ding, Z., RH. Guting, 2004. Modeling temporally variable

16th Intl. Conf. on
Database Systems for Advanced Applications. 154-168.

George, B., S. Kim, and S. Shekhar 2007. Spatio-temporal
Network Databases and Routing Algorithms: A Summary
of Results. SSTD 2007. LNCS 4605. pp.460-477.

Kwan, M.-P., and J. Lee. 2005. Emergency response after
9/11: The potential of real-time 3D GIS for quick
emergency response in micro-spatial environments.
Computers, Environment and Urban Systems 29:93-113.

transportation networks.Proc.

Kwan, M.-P., and J. Weber. 2003. Individual accessibility
revisited: Implications for geographical analysis in the
twentyfirst century. Geographical Analysis 35 (4): 341-53.

Kolbe, T. H., T. Becker and C. Nagel. 2008. 1st Technical
Report Discussion of Euclidean Space and Cellular
Space and Proposal of an Integrated Indoor Spatial
Data Model.

Lee, J. 2007. A Three-Dimensional Navigable Data Model
to Support Emergency Response
Built-Environments. Annals of the Association of
American Geographers. 97(3): 512-529.

Lee, J., and M.-P. Kwan. 2005. A combinatorial data model
for representing topological relations among 3D geo-

in Microspatial

graphical features in micro-spatial environments. Inter-
national Journal of Geographical Information Science
19(10): 1039-1056.

Pu, S., and S. Zlatanova. 2005. Evacuation route calculation
of inner buildings. In Geo-information for disaster
management, ed. P. J. M. van Qosterom, S. Zlatanova,
and E. M. Fendel, 1143-61. Heidelberg: Springer Verlag.

Shen, T.-S. 2005. ESM: A building evacuation simulation
model. Building and Environment 40:671-80.

Winter, S., G. Iglesias, S. Zlatanova, and W. Kuhn. 2005.
Gl for the public: The terrorist attack in London. Geo-
informatics Magazine Oct./Nov.:18-21. http:/www.gdme.nl/
zlatanova/ publications.htm.

HE EEEEEEEET T
Hrd (20003 108 229)
HAFFAY (20003 119 249)
AT (2009 119 242

370



