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ABSTRACT

Implementation of Indoor Navigation Using |ndoorGML

Hwan-Ho Yoo
Advisor : Prof. Pyun Jae-Young, Ph.D.
Department of Software Convergence Engineering

Graduate School of Chosun University

In this modern era, urbanization has led to the development of the
construction industry. Large or tall buildings are essential in such areas due
to its high population density. Such enormous size of the building has
complicated interior space and if we do not have safe evacuation route to
exit, it could lead to huge loss of life and properties during disasters such
as earthquake or fire. In this paper, we introduce an indoor spatial
information guidance system which can guide optimal route to each user
considering the situation that can occur in indoor environment. The
implemented route guidance system follows the Indoor Geography Markup
Language (IndoorGML), which is the indoor spatial information standard, and
provides the route according to the given situation using the IndoorGML
based Dijkstra algorithm. The configuration of the algorithm is as follows.
First, we parse the IndoorGML and input it into the IndoorGML based Dijkstra
algorithm. Second, IndoorGML-based Dijkstra algorithm uses IndoorGML's
information to provide the optimal path according to the situation and the

user. Beacon and PDR were used for indoor positioning.
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] E JI&3242ez HEGHH, 2 g =& 59 ¢
242 LUEUe <[KA4E8Es 239 Lwo-2JH HZQ2l  Node—Relationship
Graph(NRG)Jt €ICH [ 2-2]= NRGE LIEIUEH 224 Ad 224 H& el
1 HepM AMoZ HIDOJUCH H HMZ 224 AMH2 AZ M (Connectivity) S
LIEFHCH [ 2-1]0A R13t R2E C4% HALON UL, R2= C4%2 R3= C3t
HAZLOUAUAN Aoz HE0| ISttt & vz 224 FHd2 218 H(Adjacency)
£ LIEtHOH [0 2-1]0A RIS C2, C4%2t HZZHUX L X2H QIHFHAUCH R2H
Al C31 CIEGHUSH, RIS R4, C22 oI&ol UJI0 H2M4 BLHo2 HSEIUCH
tXtoz et Ad2 A (Division)E2 LIEHHCH  C1, C2, C3 12l Ci4=
otLte] =& X2t HEEGHI0 et BHE L=z &= ACH et NRGUHIA Zetd M
o2 HEHO0| JtsotCt.
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SUHE2S =M H=E3S JIFe OGCOA 0 E==S MEst UL H HMZ
CityGML2 ZE 1t AME=2 St 22 T Al Wil 228 AHME ZEEot)| fst 2&

HE0l U220 & BMZ IndoorGMLE ZEl 20l ¥ =EE3E

2=
Ol2ot ALB2ts 26, Metd OlsZ2E HEok=0d &Fottt. 2 20l
Mz 0832 et 2801 £2 IndoorGMLES O0IE6tH AU WHIAOIES & ot
AULCH

1. CityGML

CityGMLZ T Al2 3X& 32U22d st =#==0ICH. Ol XMLIIEel GML
(Geography Markup Language)

SOl ISO 19107 SEAI|IOF 2 EZEQ! ISO 191092 =20 et ok
91&[10,11].

CityGMLUIM= AME HE=S T2otD JU2H CityGMLUIA= ANEE 00 M 40t
X ST Oftel [O8 2-3]&= CityGMLl &HIEQ! Levels of Detail in CityGMLZ

tl:l

LIEHLHDH, CityGMLOIA &M= 0~40tKl BEE 8l aAlT 02 XE 220 oHEd
M, Az 12 a8 He=st 3 ZE€2 NEXEesS H=g o4 Stz &He
3XHE DIt =Z HES AO0ILH &dANME 2= XNE & & Jlol E49 HYZE=z
XS S0l et 2tEHst HSS ZEE0h 4AE 32 28, 2 S &AM 28 29
E NSRHe HH ZEQ M HAME HESU. OHNYCZ AME 4= AUzt
4z AUS2UE Haez &ttH12]. Oetd AUSAEEE =¥ ez I B&=
W& CityGMLY &AM 400 HLECH [OQ8 2-4]= CityGMLY &M 45 UtE

L Ct.
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LOD1

LOD 0 : XIEE2E
LOD 1 : &fAte H=3st 3XE 2E
LOD 2 : X tEdo 2824

LOD 3 : &

LOD 4 : &2t 2

[2¥ 2-4] CityGML LoD4[12].
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(D8 2-3]1 [O2E 2-4]0lA LIEFLHSOl CityGMLE AL 320l CHE RAE H&
st Z2A2F D JtAlSto)| RIcHA=E 288 EE0IXC AdUSUHEEZMN ZE IHX
CHES JIXD JACH H B, dU3S2tS 2L ck= 2201 OtLiet, Au32tel AME
Sd2lol= A0ICH [Metd AH32tel 8Dt &8 S22 BMGl= J1s0l e &Z
HEICH & B, CityGMLOIAME ZHEH0ILE 22 ZAAHE HE0l DX HolLt Xt
M= HESLX 2=C0 0le CityGMLL JIGHES 2Al0] BHRF E&(B-Rep)0il Il
Bt=2 I MZ0ICH Al M, CityGMLUIMdE |I&E HAZHo HEH0| Mt UCH
HE &0 [ 2-5]% 20| 0ISZ=22 EE=2 Xt EAIE RoomOl EMEHCID &
M, Room= 2l0lct= RIMA R4MLX Olsolll fdiME ESZX0AM 0lsIts B
£E H&sh A 20l Doorg 2l0I6t= D1, D2, D32 Suot0{0F SHC. SHAICH
CityGMLel &=

=
— =
Mot= AME AM=ote FEE HEol=sl ==H0| U0 AUS2LE40 FHEG

R1 D1 R2

o )
R4 (D3 R3

[2¥ 2-5] Routing and Topology.
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(PDR, Pedestrian Dead-reckoning)
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[D8 2-13]2 CYAER 2el&EQ A8 DEE Olaiot)l EH AMREZ ES
st 2 0ICH
function Dijkstra(Graph, A)
dist[A] =0 // BEERNFEL SLRFE MO2] Al =7|%
prev[A] = UNDEFINED // BENE O1FE2 xHE F=2 FX2 g7| (E0 UNDEFINED
create wvertex set Q // HEER gL LSS Fe g 44
for each vertex B in Graph // Graphgto] fle BE TEESS =7|%
if B != source // BZEZb EYLAEO ofd d=
dist[B] = INFINITY // A% BRE M09 AHEls € 2 S22 INFINITY
prev([B] = UNDEFINED // BXE®| #=H H=2 == =73t
add B to Q // =7|%E BEESS HEHA @e £EE2 TE QU F7t
while Q is not empty : // QEE0l T ofd A=
u = vertex in Q with min dist([u] /4B HM vEE0M us AOIM AR
remove u from Q /RSt ukCE g2EX| g RCEo| HE gold HMA
for each neighbor B of u // u8 0|2 LEEME I 5F
alt = dist[u] + length(u, B) // ELAENMEH uEMA2] AHEIE ullM 0|2 LETRS AHE|
if alt < dist[B] // alt?t dist[B]1EC =HOH
dist[B] = alt // RRE BAAZ AL AHEZE dist[Blol dd
prev[B] = u // HE 7PHg EE ukEZR A
return dist([], prevl] // AsE AHE[et =g 2d

(19 2-13] thej2Ee} FuelF JabmE,
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Ill. IndoorGMLD|Et B2 M A|AE!

A. IndoorGMLI|EH A2 HI &

AUS2HEE ZZEQ! IndoorGMLE JlBtez A2 MXE JI=8 = ULH HE
S0 Room, S&, A& 02l 2 S ULotH ES0| Jts6tth 2 AFRUAMeE AU
LHEIAHIOI &0 228t Room, & 1l 22 JI=0I%2H, 0 3252 UXNEEE
2= IndoorGMLEl CellSpacelll EE2E 0t &2t 4 = ULt 2 AFAUHAN=
THUEW ITEEH 85 2o HBHYMEE J|=oIU2H, 8oz S2IMe 2242
AAsHo=z2 AHOIA(Space)Z2 CIAIEICH L&H AHOIAS J|btoz EEZEZXE 4
g £ ULt 0 =220 ColM= COs ZEOAM XMl &8t [28 3-1]2

IndoorGML Cellspace SchemaOl|LC}.

<xs:complexType name="CellSpaceMemberType">
- <xs:complexContent>
- <xs:extension base="gml:AbstractFeatureMemberType">
- <xs:sequence minOccurs="0">
<xs:element ref="CellSpace"/>
</xs:sequence>
<xs:attributeGroup ref="gml:AssociationAttributeGroup"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>

[1¥ 3-1] IndoorGML Cellspace Schema.
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B. IndoorGMLY|EF EEZ X 44

20A sl A 20| CellSpacell 28 0t 2222 €48 = UM, €4
A

= =
£ QAELCH elAE AHOIAM Jlot S&= 0l

= Z2t2 AHO A ot 32t
Hot= S MHZ HEol= JlotlS4S 0180t BE22ZE UEE = UK HEtE
d2E AHlatg = UL

A

ALY LHHIAHIOIEOIA Ol HB2E A6 foilke AH22t2l 2 Roomel &
&2 JI=otHO0r sttt et EZ22XE MAoH0FSHH, IndoorGMLUIA EZ22X =
Spacelayer Schemalll E2E Jl=oclzs A2 HEEY = JUALH OLet EE2E DI
=g = UL D2 IndoorGMLEl Spacelayer SchemaE &2|6t= GIAIOIGH, 2
2 OI828%, 0I2 Jis A2t Jls, Node 12l EdgeE &2 £ ULt [OE
3-2]= IndoorGML2l Spacelayer SchemaOlXl [1& 3-3]2 Node Schemaft
Edge SchemaOlCt.

40

0K

—

<xs:complexType name="SpacelLayerType">
<xs:complexContent>
<xs:extension base="gml: AbstractFeatureType">
<xs:sequence>
<xs:element name="usage" type="gml:CodeType" minOccurs="0" maxOccurs="unbounded"/>
<xs:element name="terminationDate" type="xs:dateTime" minOccurs="0" maxOccurs="1" />
<xs:element name="function" type="gml:CodeType" minOccurs="0" maxOccurs="unbounded"/>
<xs:element name="creationDate" type="xs:dateTime" minOccurs="0" maxOccurs="1" />
<xs:element name="class" type="SpaceLayerClassTypeType" minOccurs="0" maxOccurs="1"/>
<xs:element name="nodes" type="NodesType" minOccurs="1" maxOccurs="unbounded"/>
<xs:element name="edges" type="EdgesType" minOccurs="0" maxOccurs="unbounded"/>
</xs:sequence>
</xs:extension>
</xs:complexContent>
</xs:complexType>

[ 3-2] IndoorGML®2] SpacelLayer Schema.
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<xs:complexType name="NodesType">
<xs:complexContent>
<xs:extension base="gml:AbstractFeatureType">
<Xsisequence>

maxOccurs="unbounded"/>
</xs:sequence>

Edge —»

tributeGroup ref="gml:AggregationAttributeGroup"/>
<xs:attributeGroup ref="gml:OwnershipAttributeGroup"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>

Node

<xs:element name="stateMember" type="StateMemberType" minOccurs="1"

Node

<xs:complexType name="EdgesType">
<xs:complexContent>
<xs:extension base="gml:AbstractFeatureType">
<Xs:sequence>

maxOccurs="unbounded"/>
</xs:sequence>
<xs:attributeGroup ref="gml:AggregationAttributeGroup"/>
<xs:attributeGroup ref="gml:OwnershipAttributeGroup"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>

Edge

<xs:element name="transitionMember" type="TransitionMemberType" minOccurs="0"

[1¥ 3-3] Topology.

[3% 3-1] IndoorGML Node A X J-%.

Data

Data Type

Description

1D

String

Node5 & A48 + Sl &

posX

float

Node9| X# 3%

posY

float

Node9 Y# %

posZ

float

Node9| 73 3%

connects

String

Edgeste] 44

duality

String

CellSpace(&)9Fe] A4A

[

5|

3-2] IndoorGML Edge A X T %,

Data

Data Type

Description

1D

String

EdgeES A& & Jd= &

posX

float

Node9| X# 3%

posY

float

Node9 Y# %

posZ

float

Node9| Z& 3%

connects

String

Node2}2] 244

Collection @ chosun
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C. IndoorGMLD|EF &
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D. IndoorGM
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IndoorGMLD| Bt

= Ctd
HB & ANO0ICH

AECH

Olaiatal A

{

function Dijkstra(Graph, &, info)

if IndoorGML is not empty :
Parsing IndoorGML

dist[a]l = 0
prev[A] = UNDEFINED
info[A] = insert

create vertex set Q

for each wertex B in Graph

if B != source
dist[B] = INFINITY
prev([B] = UNDEFINED
add B to @

while Q is not empty :
u =
remove u from Q
for each neighbor B of u
alt = dist[u]l

remove u

else alt < dist[B]

dist[B] = alt
prev[B] = u
return dist[], prevl]

vertex in Q with min dist[u

+ length(u, B)

if have unnecessary information

/f
/

/f

//

IndoorGMLItZ0| QICHH
TndoorGMTuY mHal

ELAED ELXE Mol2] He| x=7|=

=dXE olFel ¥ A2 FH2 gl WE0l UNDEFINED
sifet Zre FuatEe melst dEo M2 s HE a4
YEEA @e LEs2 T o d44d

Graphttf f& BE LEES2| =73

BrE7F ESLX|EO ot E=R

A%t BE AOl2] AEls ¥ 5= g82F INFINITY
BLES #= Az =x =73

Z7|gtEl BCES WREA g o9 g Qo =7+
Qasto] sdEol ofd d=2

A odm ur=old us AOAM AR

gw2st L2 225X g =CE9| e QoM HA

ugl ol =EsIe A2
FYXHNMRE wrCMRY 22 udA o2

=
53

L EX|2] Azl

Brof Lo 2223 FEHIT QULH
=E HA
alt?t dist[B]ECH =CHA

ASE BIAQ] ZH|C
He 7Hte =Eg

AHEl2 dist[B]o 4
nrC2 Al

Aatel AMejet fmig 2H

[28 3-5] IndoorGML7] %+
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B. Beacon Fingerprinting Method

ro
>

I
}

>

ALHB2tEE MBIA(IPS, Indoor Positioning Service) HM32 4

M, HEE AUSS Jlsz 200 2 AR0M= BI22 016t Al

IXE =FotI| o Fingerprinting g2 S & &6t Fingerprinting J1& 02t

S MII JIEt =2 gyHoz, HollX AXI0ICH =4Ist AMSE2 MII H2E JI=
p §

wol0 JtE X

ro

00 0H
—

Beacon

>
ro
I
pall
- un
o
rir
40
>
mlm
ooxl'
o>

.
o
@
£o
rar
zl
g
5
.
o
@
i
E

1o

OFFLINE PHASE ONLINE PHASE
: Divide testbed into
k grids B'Zacon.s
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[(x, ), id, rssi]

-

Database

' i
' i
l |
) |
' Fingerprinting Output i
: Algorithm (x,9) i
' i
l I
! |
I

[

Fingerprinting2 2l 20| Aol& fXI0ICH =48t MS =2 MJIE Database0i

N &ot= Offline phase®, & =418t /IXIE Offline Phaselll M&E GIOIEH2 HI

wot Baixtol /AXE F=HS= Online PhaseZ LI+ N GHRACH
82 AU 8XlE= 822 /X2 Offine Phaselll Beaconl AE2E M&GH=

?I X2l Reference point2 UEIHCH Reference point= point2 2t230| S22+ &
st XI=HO0| Jt=s0tAI 8 Databaselll dIRE S & AXIIF =L HHE0 ASA
Jl D18 AAXNEEE RHEst=0 U 2 AlI2H0l IR0 O2tA 2 HAFRAME

Reference point 228 &g &30 et &3 JIsdlt=S WL

0
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[1¥ 4-2] Beacon Fingerprinting Offline Phase Reference point.
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BHHOI, IndoorGMLIIEF Dijkstra 2112ISS 0188 BZ = AU0 StHAES
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