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Abstract

There is a growing interest in ubiquitous-related research and applications. Among them, GPS-based LBS have been
developed and used actively. Recently, with the increase of large size buildings and disastrous events, indoor spaces
are getting attention and related research activities are being carried out. Core technologies regarding indoor
applications may include 3D indoor data modeling and localization sensor techniques that can integrate with indoor
data. However, these technologies have not been standardized and established enough to be applied to indoor
implementation. Thus, in this paper, we propose a method to build a relatively simple 3D indoor data modeling
technique that can be applied to indoor location based applications. The proposed model takes the form of 2D-based
multi-layered structure and has capability for 2D and 3D visualization. We tested three prototype applications using
the proposed model; CA(cellular automata)-based 3D evacuation simulation, network-based routing, and indoor
moving objects tracking using a stereo camera.

Keywords : Spatial databases, indoor LBS, 3D data model, evacuation simulator
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B-rep(Boundary Representation) HhH-o
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(Gréger 2004, Zlatanova 2000, Stoter 2003)5°] & o]
23 glon hee] A 7b] Pz BRH 2 5 Uk

* Body-Face-Edge-Node : T}HAE o| 21 Q= ™,
W o]si A 12T AL o]2w gl Aol oA
o BEERA] HAIE A OHGroger 2004)

* Body-Face-Node : THAA|E o|F1 Q= WY HS
O|F1L Q= A9 BAE FYTHZlatanova 2000)

» Body-Face : THAR|9} ChA|S o]2m 9l HER
FAslo] BAZS A 2(Stoter 2003)
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2.1.1 Body—Face—Node 24

Body-Face-Node &8 3219 EZZX|E L3517
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St Stoter 2002, Arens 2003, Chen 2008).
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AlF 59 &gl AME-E|AL Qltt. E3E 2 OGC(Open
Geospatial Consortium) ¥5° 2 &% CityGML 2] 7
15 29l W oole} EA] AA|YoE Hgo] Thset
32 IR Y] ZEE FHoE JiEE mdolr
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body face node
body_id: int face_id: int node_id: int
face_id: array_of_int 4..*| node_id: array_of_int 3.5 X int

seq_node_id: array_of_int

<<ordered>>|Y: int
Z:int

19 1. Solid-Face-Node 2 d2] UML Zgj2 tlo]|o]188(Zlatanova 2000)
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BODY table FACE table

BID FID FID sdo_ordinate_array

1 1 1 (lower facs) (xd4,v4,z4, s x3,v3,23, x2,y2,22,
x1,¥1l,21, x4,vy4,24)

1 2 2 (side 1) (x3,¥3,23, exd, vl 24, *3,¥8,28,
x7,¥7,27, %x3,y3,23)

1 3 3 (side 2} (x4,y4,z4, yxl,yl,21, %x5,¥5,25,
x8,y8,28, x4,y4,z4)

1 4 4 (side 3) (xl,yl,z1, (X2, ¥2,22, x6,y6,26,
25,v%,25, x1,yl,zl1)

1 s 5 (side 4) (x3,¥3,23, fx2,¥2,22, x€,y€,z6,
z27,y7,27, x3,y3,23)

1 & €& (upper face) (x5,¥5,25, K€, VE, 26, x7.¥7.27,
28,v8,28, x3,y¥5,25)

99 2 BolE Yo A%E oA € o|E(Stoter 2003)

19 4. CityGMLY] 5%-4 LoD

Topology implies an Accessibility Graph

“,Back room*
Passage
(w/o door)

,Living room*
Doorway
(with door)

,Hallway*

Rooms Entrance door

9 5. CityGML LoD4o]| 4] Al ®el(Kolbe 2005)

19 6. floor surfacelj ] HaY=Lo] &2

i8¢ I8 S T 2 P S 6



160 EX-Ep

()

Ay A9 AL AE9] floor surface H|o|EHIO 2
1] &](semantic) A R.0] A|F W F7F HA4bo]
n| gttt

olgfgt Mol Zetste] = AtolA= 2+ S8
floor surface #|ojoi7} 7]qto] =L of7]of &
T2 F7IkE Adidlols A2E AR o)F $9
S Aato] ZhsstH, 33k 7HAI3te] 739 DBMS
of A% 234 Flojof(layer) 2] ] 2w E2)(geometry)

o|-g3}A Hrt. 22+ glojo] Ef& FA%k= 23t
Heoll =0l 4k Fofsto] U 9 SIH-E A/dsto]
33 FHE FAISEAL o] OpenGL(Open Graphic
Library)2 53l 7HA|8Fstc). ©aizke] Q=] 7]dte] w1t
S W 37 AR 9 221 floor surface H|olEE
Fbo @ SagatA ik

[e]
=

nANE|

0

ox

3. CHS 2xHA [olof 7|t Lh HojE =&

3.1 m 7|dt 2D-3D Hybrid H|O|E] 2

2 AL Sl A"l oAl 3A A F
2k QHE 917t wF7]Rke] 2D-3D Hybrid wjo]e RLgl
= RS uh QIeHERIE] 5 2007). O] L= 1Y
73} o] 221 GIS go]o] o] &/dH|olE] H|olEol A
Sh= Z42te] 37t] ID(RoomID) gh2 3D MAXE ©l-§
ato] L5 32kl mEo] it AAlo] 5 IDE F

<2z mEls

29 7. 2249 GISS} 3749 mEle] QlE(ukels] 5 2007)

el

#

Storing ina spatial DB

CAD floor plan Canversion 10 2D vector layers

a9 8. 33 goly wHek 3 AR

174 1595 20094 3]

ofste] 36 lolEe B3 224 oloje} 33 w
o] A% B 4 YEF THEolzek olot 2 3}al )

of Blole] P UTE 4] HuE A} o2
S0 22191 GIS #olole} 3314l Hlo]g] melo] HgiH o
2 0|2z} 5o} Qo] Bsir]o] wELHole). Eek 37}
2 welo] 29 Ao} A7 % ulgo] Sk TS
7R3 9tk

3.2 27t DBMS 7[dt Al cio|g 2

A gk Tl 71RES] 2D-3D Hybrid Ho]E HE&
oy 7|gre 2 Zh= FEO) Ay W 32k HlolE
Ldlo] f150] AIZE 9 v]8-0] FAIHE 7HA AL Qltt &
3t AR 719 A B 2 0] AEE QA= A A2t
9] dAFo] FgAoln o]F f|8fAl= C/S(Client/Server)
715ke) AJAE] 3 oA FXE dlolEleF Au AllAE|
olE|ete] {714l 4E Asol 7hssfof gtk oler &
< BAES s Y8l & A-tolxles 2x1 GIS &
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D 2351 221 floor surface | QHEZ] AH =
@ 7} ZH room O|FIL QL= Zh7e] Eajite] Xli

| AemED HJHE o]8s

@ glo] HHE FA WEste] MR ARS A5

o

olo} 72 IS Fall 224 floor surface & F-7t
T/d3h= room A o|F= EHete HEE oF
o F7hE F/4J38kaL OpenGLE F3fl FoH =o] 3k
3z e ® 7HX 5} SHA| e

e

mlo

gid RoomID the_geom

integer character va geometry
1 060013 01030000000100000010000000E0FFFRFFFFESBC:
2 1 060012 01030000000100000000000000F0FFFFFFFFEACC:
3 |2 060011 01030000000100000015000000F5FFFFRFFF1705:
4 |3 060010 01030000000100000015000000FEFFFFFFFFADDS:
5 |4 060001 0103000000010000001A000000E0FFFRFFFFESBC:
6 |3 060002 01030000000100000000000000E0FFFRFFFFELBD:
7 |6 060003 01030000000100000007000000F0FFFFRFFF4BCD:
8 |7 01030000000100000005000000FEFFFFRFFFO402:
9 8 01030000000100000005000000FAFFFFFF7FO4D2:

a9 9. 57t DBMSO| AAE AugzidolE

select 5T _AsEVKT(the_geom)
frou beahong_l_poly;

4 |
EEE
HOIES 28 |44 | WA | 5as2 |
st_asewkt
text
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POLYGON((14550 15000,14400 15000,14400 14850,7739.99999999997 14850, 7799,99999¢
POLYGON((21600 14850,15000 14850,15000 15000,14850 15000,14850 21600,15000 2160
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POLYGON((7349,99999399997 12150,7349.99999999997 7800,00000000003, 7199999999
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w
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wn
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POLYGON((7649,99999999997 12150, 14550 12150,14550 7500.00000000003, 14400 7800.0
POLYGON((15000 7350,00000000003, 18150.0000000008 7350,00000000003, 18150 1800.0!
8 POLYGON((12450 7350,00000000003,21600 7350.00000000003,21600 3860,07669680035,
POLYGON( (15450 3660.07669680935,21750 3660.07669680934,21750 1800,00000000001,
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4.1 CAZ|dt CHI| AIZ[O]M AJAH
4.1.1 Evacuation Model
Evacuation 2222 network flow 2! traffic assignments,
simulation 5 TRFSE Eopoa  AFEIL itk
glojee] 12 Yl %’f%‘jo“’}oﬂ e} o}
g3} 7o) 27 B AAR o] # 4 9o
* Macroscopic 24l 347“5]5 2oz 7 B3y}
7} ohd 529 15 SR Sk= Graph 7|RHe]
w
+ Microscopic 5 7tz o] A5718-2 7]ke.
2 249 $Hodg ABdoldsl] Sig muzA
social force @3} floor field R 2 JLESF 4= Q)8
o] & mdl F of7|ofAE Hagz} A EA H B
Paztel 45 2ee Bl B % Y micro-

scopic &S o]-&5}1 A} Skc}, o] = social force gl

Desired destination

My | M_y0| M_1,

1
- . T My 1 | Moo | Mo
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(Burstedde 2001, Schadschneider 2001)
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agent50] FAS BshoR ule FUsh e
AR B3ko] W3 B 4 BeSE T AR
= - Goljx|BR F-g-Foko] Z-8-5}7]of Hla-&Z o]
THSong 2005). floor field X2 (Kirchner 2002, Bustedde
2001)2 CA(cellular automata)”7|HFo|m HE 1 3§=}719]
FEE stz Al QIHT T Baxt W 2 3
ZA1+2] 8Klocal interaction)TH2 T&TFO 2R HA| A
4bE 33tt} social force MEOA ZAAl H A4t
HIESAS FRSIUAE GAE A0S Ho] 2T ge
A A=) st Wgolch

floor field @& )21} 7o) static field2} dynamic
field= FAEloiAs] Z7ke] BAe chew ek

+ static field : 7] E517H1] 9] E214 725 7|vke
2 HE grid dello] d&os st 7f

* dynamic field : A E&o]Ho] F2ol= ©e] A
(time-step) mhche] HeYzto] FA]Qlof FaFE v
= 7hA 8a

foh

17
]

24

al

24z} 2§} AlZkate) e Alzo] wiek 9l o)l
£ WE5}0 o] static field 2 dynamic fieldS 7]
S =2 3t score?} ©]E normalizedt E-EF(score) O =
& =i Colins 2005).

]

=S iR=

Score(i) = exp(kdDi ) x exp(ksSi ) x & x n.

Score(i): 3F2] Al 19] Score
Di: A i9] dynamic field Zk

Population = N ‘

Z2HH 0IE| 22 (Floor plan, stair, 7XS S) yes
Static field 4l &t : f(H2), &0, THAIE) ‘
Grid cellGIOIEf @ gt i
Cell score (CS) K & ‘
BV 2279 83 ¥

(Proximity, space syntax) €818t Cell selection

32 7% Agent distribution

Simultaneous movement

l yes no

Increment dynamic field ‘

v

Diffuse/decay dynamic field

. |

> CHII AR

!

THE UIAIE BIOHSP

I8 14, djy] AJEYold ZR2AA

174 1595 20094 3]

g - A

=1
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18 ke v & ol ol ot sl
i olga QA1) Bl SRS e, 191 7
& olE7Hsan] 09 A9 olF Bk
mi: QUAle] The malRel A4 AHE ek 19l
A olE7ksslo] 021 A9 ol Hlet

4.1.2 N9 H2E

3 AFolA2] cha] Agalo] e QoA 47Het Floor
field 0] 2% o] &3lgon], CA 7|vke & st A
oo HA| A2 g2 17 149} o] o]FoXich

WA DBol| 2745 24 glo]oje}t 53 dZ AdEE
o] 2 HlolE & HYE S8 & o Es
CA Qb Hg37] 98] BT doleE Tel= Az
WP EOH1Y 15).

o]gA dlolE7t #HE Tl AlgdoldE 43
Bt WA 2= AR Lieoldl 2t7te] Aol Zele)
=82 78E 7|HEeZ St static valueghe Hofsic) ot
o8 thE HPXetY] WAE r#ste] dynamic
valueE 3t Al score7} ABA|H, o|F o3 &3k
ofl ek 3 time-stepo] HE RAR7} FAlol Lol
Het olof thigt o] A2 ¥ 7|9 =Fol AHA|3]
AEo] 91O 2 2 (Schadschneider 2001, Colins 2005)
of7]o| e A B,

2% 162 2 A|EHo|E|2] Qleo] 20|k OpenGL
& Jukow Al ¥7H W RAAE 3R N}
sigton] B7te) S, %4, o), A7} PsokEs o}
of sk Al maARle) S BRI 4 YRS 3}
ok E3E 22k FHview)E T Algste] S Bt
of o) 2205k ek ekl SRIat 4 Uws Slick

T35 3709 o) Aol Alade] HE BAL
AU olRE Azte] liroom)d QAT HE
(distribution) ]| W& &512] 1] 83K capacity)= =7
sto] -1 tjm AIRS EE&ske Aolth =2d Adt
2 T AgollA ) tim - S-8-Eokoll §3ol 7t
sehes DBO| ez Agsp Hrk g 17)
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2 ¥ distribution
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4.2 AL 37t tim| Routing A|AH

42,1 AW MEHD dolge] 72 2 Ay

7129] F7kMyol et AT ME BA(link) ==
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Ahg S A mThs
Aol

S} v ie] ARg- ol HAl

Aol A= PostGISof| 21-8a = Q= A= ¥
—,—(Oﬂ Dijkstra, A*, TSP $)& 3Z§slL % pgRouting
& Apgato] A om) ek A2Ele TEec 8]

2E A2ERE Qfside WA AW 37 Well vIEA
Fz.9] dloJe]7} EE|ojof =t of7lelAE 17 18
3} o] Faisick.

Z}zvo] =g F7habct shbe] =EE Holsks HiA
2 ARSI o, TAE LEES Er AN 0F
Ao, ol AtE et Padeles FAstol
Ag AAE ddshe WEYag Fshac
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4.2.2 N2H HAE

d)o|E| & &3 Foll= PostGIS DBMS®]| pgRouting
e TETHO] HAAE AAksHA FHlok 27 199
et vie} o] Al-F4 H costz AMESHE TEGS
Fojgre =y IHeket fejEos Aughe ¢S o Qick
19 199] shhE ik FEE 23Rl ® g Aotk

2 HAE AAFE DBMS Aol 158 AU YESZ
tloJEE o|-g5to] oA A-FH =9 3, shAet
e o a4 s EAHE 5E A5kl iy 4
2E AEYolAd sha dikd RS 22k 9 330
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select * from shortest_path('select id, source, target,
cost from total_21c_link', 124, 135, false, false);
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