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The Conversion of IFC Building Spatial Data to CityGML

Student : Ya-hsing Chen Advisor : Dr. Tian-Yuan Shin
Department of Civil Engineering

National Chiao Tung University
Abstract

The use of IFC (Industry Foundation Classes) is becoming more prevalent in AEC
industry. IFC is a fine-grained model, in terms of representation of building elements.
CityGML (City Geography Markup Language) is a common semantic information model for
the representation of 3D urban objects that can be shared over different applications.
CityGML is designed as an open data.model .and XML-based format for the storage and
exchange of virtual 3D city models. It is implemented as an application schema of the GML3
(Geography Markup Language 3).

Commercial software for conversion from IFC to CityGML and vice versa is in
development and will become a trend. The two standard formats according to different areas
of the scope and scale. IFC contains all necessary information for representation of buildings
in different LODs of CityGML model. IFC only provides the information about building but
CityGML also can store the information about landscape models.

This research collect and build the corresponding forms between IFC and CityGML. The
Conversion of IFC building spatial data to CityGML LOD1-LOD3 is easier than to CityGML
LOD4. CityGML LOD4 provides two kinds of method to describe the inner part of buildings
including the and Boundary Surface method and the Solid method. The classess of
IntBuildingInstallation, BuildingInstallation, BuildingFurniture and GenericCityObject in
CitGML are not defined clearly. It means different operators may cause the different

conversions.
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% 2-1 - ;ia?%;IFC'Fé EX 3

Graphisoft ArchiCAD 13 L
Bentley Bentley Architecture V8i e
IFC2x3
Autodesk Autodesk Revit Architecture 2010
Nemetschek VectorWorks 2010




2-2-1 1 FAHFEFERFT B AR

buildingSMART & - B R%Z by fles > 1 & hp A3 2T Sk (v g
REEEZ L ZZATAHA 1994 287 > 12 RERFTH T A KA FE 2~
EHEE 21995 & 10 * & ;% = = TAI (International Alliance for Interoperability ) % %k »
Eprks P BRI 2R PR A R e By I3BAE 2B ¢ A K o IAI
@ 12006 # < 5 buildingSMART © IFC -~ &2 B ehFT A 448 > p ha i s
AP 2 6P FALAEEL- BBIM® - E4 &3P 9 #135 il 2322
BFM o
ISO 5 (International Organization for Standardization ) ¢ 4% % IFC & % (ISO/PAS

16739 » ¥ Jx g * sk A ) = 5 AEC/FM 48 P enFfdoi- £ o 155 g * *% AEC/FM

ERARE TR ACREE > IFC B3| A ie HF Moz A F > il ~ 2 1525
40 Egh RePRL o doitd s S g R

[FC & * BIM #£ 4 ZAAEFD TR R A - REEAT RS
£ AR o g 5 2 ﬁ%?ﬂﬁ%ﬁ#kﬁﬁﬁﬂkﬁﬁiﬁﬁﬁi

# 3 (buildingSMART, 2009 )

222 1 EAANUEEES

IFC #-%# d 2% % Schema #7% 2 > ig# Schema #& R4 o L L fr R P> FBiE 4
PR ekl oo A - B e 7w BEA K B (Conceptual Layers )s% 451 7 ik & (Resource
Layer) ~ %= & (CoreLayer) ~ F it 23 % (Interoperability Layer) 1 % Af 38/ Jis * &
(Domain Layer) » # @& &R il * A L8 T R anF o 4ot P E TR *@H%,T&% ¢

FEINTREOFTR > ¥ ERFFT DRI 4o 2-2 27 (FEXF 0 2007)



Domain Layer
. AR B
=

Interoperability Layer

== a2
A MRS
IFC2x platform | [
- IFC2x part equal to
ISOMPAS 16730
non-plattermpart | [ Core Layer
ANV

uRAE

Resource Layer

R 2-2 ~ IFC %1% (Liebich et al., 2009 )

® F/hk (Resource Layer)

TRE & TFC FH2 e MR B o T UK s 5 - SREDMFRES P 2 RiER
FEEET TSI IR

% IFC Release2.0® #74| e F R A % p ¢ 7 R F 4 (measure) ~ 82 T
(utility) ~ & fe T4 (geometry) ~ 4 2 |2 F (property) 14 % 4~ i} % 3| | (property

type) -



® .k (CoreLayer)

Pos kG IFC 0% - K 5o 25 IFC A#T M > L R DI ELEF 5 £ ko
fim (interface) > 7o FM 23k B FAPE DR WS & 8K o R IFCH 20
A AT Y L& IV L -

PR x T A A (Kernel) 2 & 54t @ & (Product Extension) o p 4% & & B

AHNFTH > LTI VLAEAECFMAR » TR 53 FTRAE DT blirT £ 2

LG R EA R R BRE . ARV K TARFHDTH > R 0P D
T @ B AEC/FMAR B » bl4e P E A5 F 1 -
® 3 #k (Interoperability Layer)

FWAHE AT AR K ACU L B Y A AR e SR
= it (IfcSharedBldgElements) % ¥ % i # pRj% ~ i* (IfcSharedBldgServiceElements) %

£ 3 gk
Bpwl o B R T AR S e ABC/FM AR AT M ehE B F 8 > Glde g s B s

FAFEFTR S L BREEFSTRLFT A G kP o e D BT
R HEER /R p Y BiEAiTEE I T
® ‘p&/k* % (Domain/Application Layer)

ST K 5 TFC 4B d & 5 0 Tk ABC/FM P & & 478 e i > & &
FREArRE P ILARR T E R e BHCA| c B ATHIFCHRE e 7 0T 9O BE AR (EH
A B AR BRI T AR 1 S LR e
% # ¢ 3t (Heating, Ventilating and Air Conditioning » HVAC) Af 3% ~ 2 Ay 4148 % ~ ¢

RN
2-2-3 g 1 Hedhdy it

IFCHR 8 A F + 2 A f{ri 1 2 8icdp H T & - 3 % EXPRESSH 7 s #icdp e
W@ o 2 EerF v §lenddh o EXPRESS - 6% 035 2 ( Wilson,1998 ) - %
ISO10303-111#% % s 4= » 4-STEP ( STandard for the Exchange of Product model data )
CIS/2 (CIMSteel Integration Standards/Version 2 ) frIFC’F’K A S T REFET R

11



(NIST, 2009) - EXPRESSH_i #icdpdu it @ L3t eid 7 » F Lo bl Efra i
EXPRESS:3 2 £.7 7 1 i3 7 ehr o
EXPRESS # #3335 2.5 T & #8374 i : Defined Type ~ Enumeration ~ Select Type
% Entity (#£c§ > 2007)
® Defined Type : * *% 4 57 A A FT AL A i o
® Enumeration: * >t & 7 R BN HE D & BN TR DN T - o T TED
I S (e
® Select Type : - f64t HANF ARG - 2 F BN F LAk NFHUE 2
- » Z2Enumeration? g > Hp 3@ ,]* - BFRAE > FTRAET S
Defined Type#t #_ Entity > @ # ¥ H & & 7kl ehe F o
® Entity : T FIFCHR4:® Sfses B L& DT AL > 7 IR 5 P 2 Eo el

Wi E p AR M RBWRAE 2 RE SR G TR BT k-

BIFCHEEY HH 2 A4 &3 O 4] nH2ZAF Tk & 20 ~ ¥l
ﬁ*ﬁ%”—"’%]‘l;ﬁit‘ FFFAE LAY A EE o
IFCHEMA S BAZ 5 BA G ¢ FHBIE  &- Kaf? BE 4§+ 3
@& RIFCIRER F o230 G 2FHEF frPos S (a0 e i) dfirmT o
FRE RIS T o bde B BARTR ATV ATRE DS PR B4 o
IFCHBE 2 RN E 2 A1 T HE OBE - et e EPF oM G 2 F

¥ chpf 1% % (Liebich, 2009)
2-2-4 R WARFAES

2 IFCHR-Fpef vl 2R F 38 - 5 # ¢ [FCHRFSHSTEP # 2450 2>
¥LH&ISO 10303 Par2] # » = 5 XML ¥ & f6 5% chdicdf 2 4 - 8 F £ & 7 I o IeXML

XSD schema #_¢ EXPRESS #t4& # » 7 _#&>> [SO10303-28¢d2 - — B IFC 2| ¥ d 11T

Ji

BFHPEANLEFHAEZ BB > ok 2-2 9757 o

12



222 IFCF A 58

@ i% 45 1SO10303-21 &% » ¢ * STEP 7 % *é,f-%—%’f#c’ WA - e

.ifc

IFC % 25 -
g * XML = % f? BFH - & # 45 1SO10303-28 &% o

@ AfcXML |

zzl ifeXML 45 % = /] g ifcfile + = Fle & o

© B ipth ket 0 @ % PKzip 2.04g B ¥gim B2 o fhk ) & ifc 0

ifcZIP

=B 60-80% ; .ifcXML ¢790-90% -

-4 3 *ifcXML ¢ v *ife fh R s w B~ B

#H XML -

SR v IFCRE T AN A AR MT LA TR s F 8-

Fod b R

F % & ife XML ;¢ » 3
e 5% o *ifcdh kA 5 AN R (header) 2

B gk A TR

[ A

\-n

% file_description ~ file_name ~ file ‘'schema= x 38 p »

p e &5 F ifcXML XSD 2X3 -

m P X EIFCohgr 2 &

s

%23 ~ IFCHE-57 4

M STEPR #Ah % 54> 7 4

» e F] 5 FZKViewer % & % N

BRTFAE

‘H’v
=

o P RIFCHZE AT AN G A A1 & chT + F MAH %55 STEP &2

RFE

AL % (data) (Hifele, 2008 )

FF CIFCRAZ TR A& A~

B Glhr42-3 o
@ | (Hifele, 2008 )

FILE_DESCRIPTION

e

w

description ViewDefinition[ CoordinationView ] - Jx ehview definition T_&
implementation_level 2;1 3 2.1S010303-21 » i ¥ #IFC
thE? B Il
FILE_NAME b+ o
name C:AIAI Test Building.ifc IFCﬁi%] IR BT o
time stamp 2010-01-01T10:28:37 IFCﬁi%] N Ap A A pER .
author Anita Chen, i® *‘,5‘
anitachen508@hotmail.com
organization Anita Chen ”Lr/?pf'.%« P ILE o piTER
preprocessor_version ECCO Toolkit Version V 3.2.1 A4 IFCipx 21 & -
originating_system IfcExplorer Version 2.2a (Build 437) g LA
authorization Anita Chen IFC#% #2148 '*ﬂ‘
schema_identifiers IFC2X3 IFC schema ¢ # °

13




AFAAMAA  BHEAL TN o AT IR 2 F HIBRE
oo e § pr 2B h4F 52 0 23k @ * G.E.M.Team Solutions ¥ % lfcQuickBrowser » J* it
WMo RIFCRZ AR S N ER > 2 T A% -

F-FRNEY T - BAEE s FEAENId A AR OL R A F et
Moo T (R R ) B FEPMF A A BIR SR EL AT - 4oR2-35 IFC

TR BN K 5 F U T K H o

DATA;
#30=IFCSIUNIT(*,.LENGTHUNIT.,$,. METRE.);
#31=IFCSIUNIT(*,, AREAUNIT.,$,.SQUARE _METRE.);
#32=IFCSIUNIT(*,.VOLUMEUNIT.,$,.CUBIC_METRE.);
#33=IFCSIUNIT(*,,PLANEANGLEUNIT.,$,.RADIAN.);
#34=IFCMEASUREWITHUNIT(IFCPLANEANGLEMEASURE(0.017453293),#33);
#35= IFCDIMENSIONALEXPONENTS(0,0,0,0,0,0,0); ENDSEC;

B12-3 ~ [FCF LA N %

225 ZEEH

[FC:E A B3 03 L*};!f_(IfcSpatlalStructureElement) Zz v 3 $gw]  IfcProject ~
IfcSite ~ IfcBuilding ~ IfcBuildingStorey > 4 ®]2-4#75+ o {12 IfcRelAggregates:z i 4

%o /fh it i 0 4o BI2-5977 0 #10 IfcRelAggregatesift £ 7 #1 IfcProjects #3 IfcSite o

Project

Site

Building

/

Storey

R12-4 ~ [FCZ " 4 2+ B (Liebich, 2009)
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#=lfcProject

RelatingObject

#10=IfcRelAggregates

4 ELEMENT | CompositionType

#4=lfcBuilding [ELEMENT | CompositionType

defines a
== building section

& PARTIJ\L | CompositionType

& ELEMENT | CompositionType

B 2-5 ~ IFC 7 Fé.‘*..‘%f#ﬂ ot % (Liebich et al., 2009 )
® IfcProject

2a- BEALZOPM TR SIFCEAFT AR S K enP 18> & BRI 5w

2T

3 — BIfcProject o 4o 2-4%757 > TR ANE L T e FHRRE = 2 F R (8
L)~ BB AR o — BIfcProjectp 1 & F 4 BHME 0 AIEELPN EELA IR 0 4o
'3wfK57qarEtuan9j9dA6GEY"' 5 IFCH AT 18 & 4 2. D igivi— BE > #29 5 #7434 th i 5§

i G

15



#.2-4 ~ IfcProjectp #7 3 T 347

#70= IFCPROJECT('3wfK57qarEtuan9j9dA6EY"#29,'Project-Smiley-West','Reihenhaeuser
in Karlsruhe',$,$,'Build',(#67,#223,#269),#42);

Globalld D U 0 J B IFCHMAER A S -
OwnerHistory HEE R R S dothE KR R R R %
Name e (PR )
Description Foat s (22 E)
ObjectType A (2 )
LongName ik (2L )
Phase 1EREE s (2R gE)
: ISP FEMAE ot B BN T TS o 3
RepresentationContexts g o m,k/;% DA
UnitsInContext HeFadm wEREr o4 2 HgH 5%
® IfcSite

LA - BaAEEaEBER ¢ F e g H R (ENEHLR) o rplaw A
Foit ~ SR E 1T G AT E 2§ fL8 S TReProject#? IfcSite 5 o & 81 A R % 0 & ¥
IfcRelAggregatesid #% » — i [fcProjectic 43 d #c B1fcSite’e & « IfeSite? £ § L v & it
B GdRBLN UEBLA IR 0 4o A 25 A TfeSitez 61T 2 B & 5 R IEHE L

#.2-5 ~ IfcSite =7 7 F A

#11752=IFCSITE('2BBYvWPmD8wez4{r2Mel{S'#29,'Gelaende-Smiley-West','Einfaches
Gelaendemodell','LandUse',#11749,#11745,$,. ELEMENT.,(52,31,0),(13,24,0),$,%,%);

Globalld DI BuE o d BAIFCHMAER A 2 -

OwnerHistory AT LI R R R KRR E BRI SE o

Name cA o (B

Description ot o (2R )

ObjectType A (22 E)

ObjectPlacement AT RRZ_APH R B 2 NG o

Representation EARE R I R

LongName * g

CompositionType # A

RefLatitude R ()

RefLongitude EZR o (2R E)

RefElevation AR (2R )

LandTitleNumber SgE o (22 R)

SiteAddress hk o (25 R)

16



#IFC¥ » ¥ %%'vi IfcSitedk - SR 2 538 F > 4oB 2-6 #7771 - % d IfcSite T_% @

¥k 5 H it A T APERE % o

licSite. ObjectPlacement = [fcLocalPlacemant

for information purpose equal to: Reflongitude, Reflatibude, RefHeight
Refaring to degrea, minute, saconds (with fractions) given in WGS34: 15° 52" 23,347, 53° 211" 12.34",210.15m

B)2-6 ~ IfcSited = & ~ S AZ B HE (15°52°23.347,53°21°12.34” » 210.15m)
(Liebich et al., 2009 )

® IfcBuilding

For- PERAF BTN 0 ¢ FH S (fpEtIfeSitesniz ¥ ) ~ thEL a2
Ay B R EF o IfeSite& IfcBuilding % ‘e & 4 f2 3 % > ¢ * IfcRelAggregatesidt 3% > -
i# IfcSites: 59 ¢ #c B IfcBuilding e = o IfcBuilding® £ 3 + = BB AdE5Lp MiEsL

AR oA 2-65 - FHI2HE e TR HEBL -

17



#.2-6 ~ IfcBuildingpr #7 7 7 3 fa 47

#764= IFCBUILDING('2hQBAVPOr5VxhS3J10047h'#29,'FZK-Haus','FZK-Haus create by KHH / IAI /
FZK','Wohnhaus'#761,$,$,.ELEMENT.,$,$.$);

Globalld T HEvE- R o d B AIFCHtsEIs 2 4 -

OwnerHistory R DLIERER BB R RS2 R RN S

Name PR (2R

Description faif o (22w R)

ObjectType A (22 R)

ObjectPlacement TSR ARE R B B g o

Representation FiEAP N g AR N

LongName * i

CompositionType # Al

ElevationOfRefHeight |Z# 4y /a3 > d - = FE 48 -

ElevationOfTerrain R E L

BuildingAddress ZFRS R o F)ERFT P ehd BT

® IfcBuildingStorey

F7 - BHA M TR > & 5 R (P% At IfcBuildingsh i B )~ EL s & B (48

L
54

¥ *t IfcBuilding (7 3 & ) o IfcBuilding {- IfcBuildingStorey = = & 4 f& B % > & *

IfcRelAggregatesif 3 > — # IfcBuildings: 73 ¢ #c i IfcBuildingStorey = o

IfcBuildingStorey ® + % H

LR 0 AEELN BB o k275 - F )2
¢ g BILHEE -

#.2-7 ~ IfcBuildingStorey j* 7 2 F 3 fa%f

#780= IFCBUILDINGSTOREY ('3XCnel9iz229MqgbsDmyZvc',#29,'Erdgeschoss',$,$,#777,$,$, ELEMENT.,0.);

Globalld D HEvE- R o d AIFCHtsEs 2 4 -

OwnerHistory MR TNLEEY B s R E R BN E
Name S AR

Description foit o (25 0R)

ObjectType A (2 p)

ObjectPlacement o i X #B #HixE 823 5 il gg

Representation PESPAEAER D (2ERE)

LongName *ig o (ZER )

CompositionType # Al

Elevation B AR E

18



® IfcBuildingElement

IfcBuildingElement € & £ 5 F#Z HA ~ & > Z 8 % T4 3] » #75 ShareBuilding-
Elements(F 3 2 4% & )t 300 + 85 %] > ¢ 7 [fcBeam(#) ~ IfcColumn(i) »
IfcMember(#% i) ~ IfcDoor(™) ~ IfcWall(#) ~ IfcSlab(3x ) ~ IfcStair(#4-) ~ IfcRoof( 5
78 ) ~ IfcPile(#) ~ IfcFooting(ZA #) % -

IfcBuildingElement £ IfcSite ~ IfcBuilding ~ IfcBuildingStorey & 7 ¥ i 3B 7% > 4o ]
2-7#%5% > i * #12IfcRelContainedInSpatialStructure:ft $:#6 IfcBuilding 2 i # ~ £ #10

IfcStair ~ #8 IfcBuildingStorey:d ##11 IfcWall -

[

CompaositionType

RelatingObjact

#1=HcRelAggregates

Ralatadobmsﬂamad(jhjams

RelaledElermanls

#12=IfcRelContained
InSpatialStructure

RelatingObject 6 ParTAL 17]
| ComposiionType

[

-
RelalingStnetun

#2=lcRelAggregates

RelatedObjects Ralatad .

RelalingSruciura

e $ ~eement 17
CompaosifionTypa - — — — — =~

#13=HcRelContained
InSpatialStructure
. ReEEdclemensE o Fel

B12-7~ 2 B fpreE i ~ 2 F i¢ * I[fcRelContainedInSpatialStructure % i 4%
(Liebich et al., 2009 )

e
atadElaments
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AIFC~ £ ¥ mIfcSIUnit T & # F H = > & {s [fcUnitAssignment#- 2 B & & T & e H
b Ak doB] 2-8 S1F 0 #30 THA0 REAER A SH G TS 2T d

i  EFRUZECE > RS &8 I#2 BN -

#42=IFCUNITASSIGNMENT((#30.#31.#32.#37.#38 #39.#40));

#30= IFCSIUNIT(*,.LENGTHUNIT.,$, METRE.);

#31= IFCSIUNIT(*,.,AREAUNIT..$,.SQUARE_METRE.);

#32= IFCSIUNIT(*,.VOLUMEUNIT..$,.CUBIC_METRE.);

#33= IFCSIUNIT(*,PLANEANGLEUNIT.,$,.RADIAN.);
#37=IFCSIUNIT(*,.SOLIDANGLEUNIT.,$,. STERADIAN.);

#38= IFCSIUNIT(*, . MASSUNIT..$,.GRAM.);

#39= IFCSTUNIT(*,.TIMEUNIT.,$,.SECOND.);

#40= IFCSTUNIT(*,, THERMODYNAMICTEMPERATUREUNIT.,$, DEGREE_CELSIUS.);

~ |

A

Bl 2-8 ~ IFC # J2TcSTURIR 1+ % % 5 ¥ = 4 &
2-26 et end RALH
IFCHhm S Al hE BRI ¢ §d — b8 hP &5 i hs WE -~ HRE

"R R W -

® FhAmiz

i# % 4 57 2 (Boundary Representation » Brep > Foley etal., 1995) - 14 = = 488

>g

5 EF WA - BEWL S 0 0 F - B OLEHEY o B %

20



7

EOTy HBRL R d B G G- BREZH

R AAAY B RMER G hR A WK VUL ELAY b e o KR S EL

]

ATk R AT B
AR B STAE S 0 % S 3e

H 4 T ﬁ—'é—fﬁm/@é fedd > drAutodesk 3ds Max % T " B4 3K 3 0B8R A0 o i dk )

TG 8 R 4w (faceted Brep) k AJZ 4o % 25 5 o[ B T 6 T i FlHLd & foskend 6 o

2 b N
Bt

BE A o 4B 2-10 SFE o AR MK LB Bt B F A 4

F_k

~ BB @R U RPN Y S8 $4 N (translational sweep) A 4 o

AL W 0 d REHF DY il 4F 01 (rotational sweep) A 2 o

JE— Rotational axis Boundary of point
# I el to rotale
-~ &
! -
I o
] — - f g
4 Call Yoo
' & J ™
-‘7" '\.‘:'--.
/ Dhrecinx b S
Boundary of point
&t 1o translate
# B4 &b 4

B 2-10 ~ sweep = 4] (% % 2 > 2005)

21



& ZHFHYP

¥ LA AT A5 2 B (block) ~ R4t (cylinder) ~ 348 (sphere) -~ [Fl4a4¥
(cone) ~ [F13k (torus) ~ #7%. (wedge) - 2= F 48 & # (Constructive Solid Modeling
CSG) (Foleyetal,1995) At i=4pehptd » RIEE R A AN ® 9 1 (primitive) 1

~H B THEERA (R VR L8E) s BFMEA 4oB 2-11(2)HF

S
E5 3 4 g db!
Mt K /n\

Cone - M Elbow | Q '

Bl 2-11 ~ CSGH ~ % H(2) » MW F R 5 (L) (5 £ 2 > 2005)
CSGH & * Hbk = X 28 ME = 5 FICSGHER B 4B 2-11(%) 77

At
N

&

CSGHPREI? 5 - BA L - BAASPIW 75— BALE N st i
T A ARG R M G 0 S A T - BB R M g A -

SRR S G AR % S SR W o e
%2 % # e o 4eArchiCAD ~ Autodesk Revit Architecture % #ic 8 > » 3% B4 %) s 50
i FFURY T OB P HIFASEL T Ak T - S T 0 E e

o ##1;@_’;: g N s ﬁa’l‘,cgj Ko ik B (fg: ¥ 2 5,2005) -
2-2-7 45 ik g 12 3 X

IFCH5 it 4 i e 2 5 F AR 3 40 56 > #Number 5 % 314 > § BILep 5 0 %
FT - BRI L - F LT AT B el T S0 e
BI2-12%777 » F it — $» 2 = 8 4o#10153 » S fs @ * L4 dy il 2r Fr 2 E 4o#56 o

22



#10150= IFCAXISZPLACEMEN T3D(#10146,#52,810142);
#10153=1FCLOCALPLACEMENT(#777,4101501;
#10156=1FCWALLS TANDARDCASE (L 6D NN qzfP 2thtfaOflvsK A \#29, Wand-Ext-ERDG-415,8,#10153,#10227, L6C 3DEG 3-3731-4F6 4-94-TE-DEGAS295779F;
#20= [FCOWNERHIS TORY ($28,#5,3, NOCHANGE ,$,3,8,1214902009);
#20= [FCPERSONANDORG ANIZA TION (#15,822,8);
#15= [FCPERSON (007, Haefels', Karl- Heinz 5,855, (#6,£9,412));
#6=IFCPORTAL ADDRESS( HOME , Hame Address, private, Cermany'$, 3640, Karlernhe’, Baden- Wuerttemberg’, 76021, Germany’);
#9=FCPOSTAL ADDRESS( OFFICE,, Office Telecom Address, official, Building 445,$,3, E geenstein-Leopolishaten | B.-T., 76344, Germeny);
#12=IFCPOSTALADDRESS( OFFICE , Difice Postal Address) nfficial! Germany'$, 3640" Karlsruhe', Baden- Woertemberg', 76021 , Germany');
#22= [FCORGANIZA TION (", Karl-Heinz Hasfele, Forsshungseentrom Karsruhe, #18),#193);
#5= [FCAPPLICATION(#1,11 0, ArchiCAD 11 0%k rchiCADY;
#1= [FCORGANIZA TION (38, U raphisoft, Graphisaft $,5);
#10153= IFCLOC ALPLACEMENT{#777,810150);
#777=IFCLOCALPLACEMENTW#T61,#774);
#761= [FCLOCALPL ACEMEN T (#747,860);
#747=IFCLOCALPLACEMENT(3,860);
#60=IFC AXIS2PLACEMEN T3D (56,452, #44);
#774= [FCAXISIPL ACEMEN T3D (#56,852,844);
#56=IFCCAR TESTANPOINT((0,0,0.00;
#52= IFCDIRECTION((0,0,,1 J);
#44=IFCDIRECTIONI(1,0.,0.));
#10150=IFCAXISZPLACEMEN T3D#10146,#52,810142);
#10146= [FCCARTESTANPOINT((12,0,,0.3);
#52= [FCDIRECTION (0,0,1 J);
#10142= [FCDIRECTION((-1,,0,,0.1;
#10227= IFCPRODUCTDEFINI TIONSHAPE (5,3, (#10187,4102207);
#10187=1FCSHAPEREPRESEN TA TION (229, s, Curve2D', #10183));
#229= [FCOEOME TRICREPRESEN TA TIONCONTEX T(Plan’, Model, 3,1 0000000E-5,460,§225);
#60=IFC AXIS2PLACEMEN T3D (56,452, #44);
#225= [FCDIREC TION (f5.1230318E-17,1 J);
#10183= IFCPOLYLINE(#10175,#10179));
#10175= IFCCAR TESIANPOINT((0,,0.));
#10179= IFCCAR TESIANPOINT((12,0.0);
#10220= IFCSHAPEREPRESEN TATION (#67, Body, SweptSalid, (#102170);
#67= [FCGEOMETRICREPRESENTA TIONCON TEX T{Plan, Design’, 3,1 0000000E- 5,#60,#63);
#60=IFC AXIS2PLACEMEN T3D (56,452, #44);
#56= [FCC AR TESLANPOINT((0.,0.,0.);
#52= [FCDIRECTION(0,0,1.3);
#44= [FCDIRECTION((1,0,,0.)0;
#6.3=IFCDIREC TION((6.1230515E-17,1.0;
#10217= [FCEX TRUDEDAREASOLID($10213,#10214,#52,2.7);
#1021 3= [FCARBITRARYCLOSEDPROFILEDEF( AREA ,$#10209);
#1021 4= [FCAKISAPL A CEMEN T 20 (#56,#57, #441

B12-12 ~ A 4 dIFCE 2> & * IfcQuickBrowser B Fofy &

FI2-135 - ddb2 F 60 B2-l43 EBHEF A - FHEE 2 P ildom £ @7
IfcOwnerHistory (#29) & e85/ 14 37 30y IfcLocalPlacement (#10153 ) ke~ 48 = % -

IfcProductDefinitionShape (#10227) ieéki~ 48 = 7 o

B2-13 ~ 455 )

#10156= IFCWALLSTANDARDCASE('16DNNqz{P2thtfaOflvsKA',#29,'Wand-Ext-ERDG-4',$,$,#10153,#10227,'$");
#29= IFCOWNERHISTORY (#28,#5,5, NOCHANGE.,$,$,$,1214902009);
#10153=IFCLOCALPLACEMENT#777,#10150);
#10227=IFCPRODUCTDEFINITIONSHAPE(S,$,(#10187,#10220));

B2-14 ~ [FCieék— o 2 42575
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%:‘.Zﬁﬁ- B9 EEIBES

B @ 2e3F 2 (CityGML ) & ¥ = 45353F 3 ( Geography Markup Language’ GML )
T HE > FRELE PP XRE LR DHRBREEE T BB o CityGML * ¢
B A A4 Al 2 BTN P e L - FISEERN
3 CityGML =P "”"1"«?\3 WP - Attt PR 2 PR ud ¥ KA 0 LR
AR CREE P Bl e T I B0 A RES A Bk - BT
WA AR Y AT R R BAES  RAWR TG KB R
EEEREEEE A SN Us Eop

3-1 »RERFTMHA

PR 2% 3% 3 72 T30 % 2 € (Open Geospatial Consortium > OGC) 5 45 7% 41 B 2z 58 48
enle o B - A 22019948 Gt T RN R iR - gk 0 g 2801
s oo ok gt A K B SRS fe s F g S (BLL 0 2000) ©

ISOE 4] % & 87 5% 53 e P "% 0 0 h 1994 2 %k > ISOHTC21 1L 454 | ¢ — ©
EErmEFAS -k FHEE - GMLA Y OGCZ2 ISO TC211 #74] # - f 2 sk R - I

Fi A 3 GML3.2.1 » 3:2007£87 % % (364 2% »2008) o
3-1-1 ¥ EFwRFT ES

GML ; zt ¥ 2635 % (eXtensible Markup Language * XML ) e§ ¥ 4L 4% (Implemen-
tation Specification » IS) > * ** L4 2 3 LT c GML Y £4% k- B4y i T4 %
SHEZE 0 A A AT BRERGGER PR ] % oo

lH

B EEH ] S XML A# ¥

24U XML e enfbd o 37 5F S gy it g

%

L2 -

i

24



GML~= i2d = B0 » & 5 5 0GCHr = i eiGML Schema ~ & 7 F Ji % 4 5 >
g 7 972 & GML &* % P (Application Schema) frk p 3t F 44 2 ¥ =

PPEGML " P 2 B HAL 2 2 0 32 BERERR Y K oRB-15E

[ [
\

[
OpenGIS GML
Encoding

Standard

GML Schema

h 4

[

I
GML Instance T LR A oy

Document < Application
Schema

B 3-1 ~ GML sife =22 HF e % (3% L > 2006 )

GML* # * Bl#c (Feature) 5 i+ % B3 > — B BAcd — L7 hBHEz 5@ BA5 97

GML34eg» Mz FER2Z 22 P an3 = 3 287 Sy B rifyifs g
TRz AR G Bl 2 kR BRFREE S A6 TR
A o 252 % GURAE 1 RIE AT TR R R o

GML ™ OGCenf H 3+ 12 Bl e (simple feature) 5 A# > 25N 72 B AH#H T F H i
Bz AR R THE SRR A IRIENSRA Al 24 A

TEFESEFILPFE (RPLA22QME) ki o ¥ LHGMLA @ 4 i 4 © Point »
LineString ~ Curve ~ Polygon ~ Surface ~ Solid% % (§ ‘@4~ » 2002) -

30 5 B 0 2 GMLT 48 527 5 f ik en N o ol T A 4 s
BB cARM A PR H efo- R o AE TR B RRoE 2 TR

% Fi45 A ¢ F £ ZLAGML profiles - GML3 ¢ 7§ & p # :7G-XML -

25



GML?® #75 Biofe it ¥ B - o 7| 4R R gy it o §1 % GML R T H-IR {7 P8k ~ &~

GO F R S kS 0 RO B TRERS S %

mr

GML#t 3 % B R AR L %G chY B> 8 L S e LEF E o gy

A
>
23
>
23

C‘"

RERAOB AL~ imdp b 0~ SRSk B LR TGMLY: R

( Core Schema )

R

\

d **GMLE_ XML & A # #75 BE a7 35 = » FPGML % /f 5 $58 & /&2 XML~

Bl

N
=~

# ® i XML Schema= i gk > 2 it B Fm,%,r,\/, B 2XML2 B A ~ %2
F A2 LA EEY 3 LR 0 L% 22 XML Schema
® T EFHEEFF

<gml:boundedBy>#& 4t % & &> B o1k F 4 B e F 2 # R U EsrsNameis 4 P W
sz B %% s 3u (Spatial Reference System ) s/ o o fé3edrif i 27 2 + F &£ E »

THEES A LR DPEGER o

<?¥Eml version="1.0" encoding="UTF-S"2?>
<CityModel xmlns="http://wwy.citygml.org/cityoml/1/0/0
xmlns:gml="http://www.opengis. net/ogml™

¥xmlna:xlink="http://vvw.w3.org/ 1999/ x1ink" > XML =~ & E ;Cj,
¥mlna:xsi="hetp://www. w3 . org/ 2001/ XNL3chema- inatance "
xzi:schemalocation="http://wuw.cityoml.org/cityoml/1/0/0
http://fwuw. cityoml.org/cityoml,/ 1/0/0/CityGHL . xad">
<gml:name}ACBD—FZK—Haus—Zx3—63020_<fgml:name>
<gml thoundedBy=-
<gml:Envelopes ) 2 ¥ ; Fé&#’]f]

<onl:pos 2relimension="3">3455643 5440407 1</cml:pos>
<gml:pos sralimension="3">3458665 5440425 6</gml:pos>
</ gml:Envelopes
</ gl thoundedBys
<oityObhjectMerbers
<Building gml:id="IFC ab&8bi0f-658d-457f-bade-0d3ibe0a0dleh™s
<lodl3olid>

</ lodl3olids
</Building>
<foityChjeccMenbers
</ CityMade 1>

B3-2~ GML~ £ p %
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3-1-3 #EERFEI AP S R GE HEE IR

PR FREF BB AT > L o £ 3 L &9 GML3.0Z & - &7
XML Schema k& TP € #c& ~ H = frpipl% % > 4runits.xsd ~ measures.xsd ~ value
Object.xsd ~ observation.xsd °

P S A e W & BT B A iSchema® 27 > T GeometryBasicOd1d.xsd
GeometryBasic2d.xsd ~ GeometryAggregates.xsd ~ GeometryPrimitives.xsd ~ 12 2 Geome
-tryComplex.xsd » # = f#Schema~ # & 7 S BE&F * RSP B > ¥ s 4p 33
GML2.x% » {6 BB 2 2Rle 3 372t S P @Al -

o Ui
Pos/fih 5 T & 2 &% » A& 4p¥>t & 4E 23 & % (Coordinate Reference System >
CRS) #hibfl o kL S+ % B F e i@ i 2% b 2 B dn i en 2 > Pos? 5 &

directionfrsrsName % & 3 ¥ :E 3 & # G/ 4 o
® H i kit
GML # * vom/§ 1+ 3P | & H i= > #7 %% ¢hSchema~ ¢ 5 units.xsd (% % % & >
2008 ) °

3-2 BP P EERITIMA

CityGML Z &35 % ¢ & & Z & o 254 E{okh WA 8 @ (geometry )
i=4p (topology) -~ 3% & (semantic) f-?F g (appearance) 3F{t o

CityGML § Lzt XML #8258 e 3 5 282 2 3% i #% 3D 55 {73 ehff AT R
3] > v # Geography Markup Language 3 (GML3) ha # F > 5 - B¥ &R * F 4

% r PR R
3-2-1 3B »#BFEF T FE

CityGMLE - B 3 cnf 53] - B P shh i s o2 45 A 53D B 103 -
A F p-a 3 2% iy A A ER KR ( Geodata Infrastructure North-Rhine

27



Westphalia » GDI NRW ) =3D4F %] |- % (Special Interest Group 3D » SIG 3D ) *+2002#
#4028 B CityGML > P mff*u{-@ HI - B a? PR* ZF X3 anid * §73] > % 30
ERAFHPPE ARG FAMAEED BT AES 0 B - R kR
g fs 357 FARE » 327 1% X & (Groger et al., 2008 ) -

CityGML ¢ 7 - & efg k P B R aig Rk s~ oM G{es B - 13

AT R R RAT S R SR T EEELE = Py S

Bina 3T @ik et AR AR BERS T TR PR 1486
CityGML¥ %~ 5 ¥% < fic % (core module ) %2 - 4% ## % ( thematic extension modules ) °

P e gy it CityGMLEA A4 2 22 A2 > @ 1 e p L A= @857 ¥ KB

TARE 0 AcB3-3477 0 LB e R R A FAAB DT A o AF R E A

KTl ™ LB e irig * oo

Generics
Appearance
Fa R T Sy A N R R Y
2 c
o o o o c >
2 2ol o|lw B2 3
T = o = o o
= — C Qo QL [1b]
3 LL =] o o w [=))] L —
@ 20| = = g
CHIr= = >
Q
LS k, .-’ A LN

CityGML Core
GML 3.1.1

B3-3 ~ CityGML = = R % (Groger et al., 2008 )
3-2-2 wmEmRER

CityGML %_% 7 B § chim5 & & % (Level of Detail > LOD) > OGC# | = ‘a5 7
HAlmRE S5 pg SR EVREFFORTFROEE IR wRAEESRL = 05

B R AoB3-45tE
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® [ODO: 25D#ciEs 2j#cd] » 2 ddnz Bihe - A Bl HAR Y52 o

® L[ODI : # ~#-73] (BlockModel)> # ¢ 2 fi‘?%’l‘? v L m BB AR R BTSSR o

® LOD2: 2 57 5HH 3] (Roof Structure Model ) » LODI #vt & #5570 S5
EAAEG (WA~ B ERES) AN R e X TG 23 AR
A3 208

® [OD3: ¢k3Rz= 3 $-%] (Outside Architectural Model ) » # & 428 5 B34 & & »
¢ FEEAEYEEANE (BE B L) » T BREMFR MOS8 0

® LOD4: p Rz #$.7) (Interior Architectural Model ) » p % &-”R‘&%ﬁéﬁ*ii
5 BRIt e 3 SEAF B2 RES T 23 AR T B 02 2 ¢ (Groger
etal., 2008) -

B 3-4 ~ CityGML #t%_& LODO0-LOD4 @] & ( Groger et al., 2008 )

3-2-3 FeficE

CityGML & #i-e i eh e 4 > - B 2w fie (Core module ) ¥ #ic il 3 AT H w47
Bk o PO T AR AR AL R L2 o357 o @ 4 479 5 CityObject «

AAEHCE R ALe 7357 A 7 el AR -
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<<Feature==
gmi::_Feature
+name - gml:-CodeType [0..7]

<<DataType>=>
gmi::CodeType
+name : xs::string[1]

JAN +codeSpace : xs::anyURI[0..1]
<<Feature>>
gmi::_FeatureCollection -
<<Feature>> multiPoint <<Geometry=>
ﬁ}. Address gml::MultiPoint
* 0.1
<<Feature>> 1 |
CityModel <<DataType>>
XAL::AddressDetails
- xalAddress
<<Feature>=
_CityObject 1 .
+creationDate - xs-date [0..1] <<DataType>>
cityObjectiember Ixs: =
+terminationDate : xs::date [0..1] externalReference | ExternalRefarence
. +informationSystem : xsanyURI [0..1]
generalizesTo
1

[

externalObject, |, |

<<Union==
<<Object>= referencePoint <<Geometry>> ExternalObjectReference
ImplicitGeometry " gml::Point A
: — | +name : xsostring [1]
+mimeType : MimeTypeType +uri - xs:anyURI [1]
+transformationMatrix : TransformationMatrixdx4 Type

+libraryObject : xs::anyURI . 0.1 <<Geometry==
gmi::_Geometry

relative GMLGeometry

B 3-5 ~ CityGML %< #- %2 ( Groger et al., 2008 )

3-2-4 iEHcE

CityGML*® % 3 11 i 3 48 -2 (Thematic module ) : Appearance ~ Building -
CityFurniture ~ CityObjectGroup - Generics ~ LandUse ~ Relief ~ Transportation ~ Vegetation -
Water Body{rTexturedSurface » 4= 3-6 #77 o @ & # 4 fic e (Building) ¥ CityGML ¥

Bt bt e o

1 [1 1 [ 1 1 1
==| gaf>= ==L eaf>= ==l eaf== ==l eaf>= ==L eaf>> ==l eaf>>=
Appearance CityFumniture Generics Relief ‘‘egetation TexturedSurface
[deprecated]
[ 1 [ 1 [ 1 I [ 1
==| gaf== ==l eaf>= ==| eaf=> [ ==Leaf==> ==Leaf>>
Building CityObjectGroup LandUse . | Transportation WaterBody

W

.
.
;
v .
» <<import== [
;
v

1

=<Application Schema== k

Yimporis ] CityGML Core

B 3-6 ~ CityGML ¢ - {5 fi- e 22 i 2 RE e 1% & (Groger et al., 2008 )
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3-25 2HaFHE

® AbstractBuilding

TRy

s > 4 p CityObject »

/g\"lﬁffﬁi' -r

Af?_;

#- % (Building module ) * B # 5 9 5 AbstractBuilding @ ¢

Y
& —

T % 4

4o ) 3-7 #757 o % 3-1 % AbstractBuilding#t T & % £ 148 > &

£ .
KERW

_CityObject

T

_Site

T

_AbstractBuilding

B 3-7 s AbstractBuilding 7 & -k B %

#. 3-1 ~ AbstractBuilding*t £ & 25 % 1 4% (8 2 p Groger et al., 2008 )

Geometric/semantic theme Property type LOD1 | LOD2 | LOD3 | LOD4
ERP RIS gml:SolidType ° ° ° °
FEA A w F gml:MultiSurfaceType ° ° ° °

FERPY G gml:MultiCurveType o ° °
ZRY A5 F BoundarySurfaceType o ° °
FR RO BuildinglInstallationType o ° .
Openings (¥ B B e384 ) OpeningType o o
ES RoomType °
e L IntBuildinglInstallationType °

® ZHFiw

# A 4 % (BoundarySurface) -

BE RS L

WallSurface (4% ) -~ InteriorWallSurface (p #%)

o p BoundarySurface ¥ 4 !

31

T AR

» GroundSurface ( %

: RoofSurface ( &

BRG )

b %475 5 CityObject th 7 5] » Hat 5 B %

)




ClosureSurface ( # & @ ) ~ FloorSurface (3 4 ) % CeilingSurface ( % “4 ) » Z #

L H 0 AoW 3-8(2)H 7 0 R 38(L) LA ETRM AR M G L F -

Exterior Shell

Roof surface

Wall " ‘\
surface L, N
Ceiling Wall /I‘ I Interiorwall
surface Surface - Surface
Room P
’I
; {
Op.enmg InteriorWall : [
(Window) Surface i
i
1
4 i
1
Floor surface ! 1N Opening
H / Door

Ground surface
3-8 ~ BoundarySurfaces (%) > opening ¥ 2= # ~ i+ e (2(+)
( Groger et al., 2008 )

o ZipIEl

AP hRE R 47 %] (Buildinglnstallation ) 7 82554+ 2 A5 24040 § R -

_kr.)‘ﬁl‘@‘] ~ f’éb’b; ~ —"\‘%f‘,l\\ r%\;; @‘J‘EJ— ‘;”fj"’\ %9’1 o

e

o EHFTEM

Opening 3 — B4 % dgn] % WL T Z AP T HM D7 2 g £HLOD3% LOD4

® & 5 Door (F) 2 Window (%) %4 & » 455 & P § B b 44cBI3-8(L )57 o

o EHF R

= H 4 p % (Building interior ) hF 3 & ALOD4 ¢ Sk > &CityGML ¥ 2 5
(Room ) =~ % & % 55 > 4 B 3-9 #7 57 > BoundarySurfaces 77 §% 4 | 3 4v = 4
(FloorSurface ) ~ % 4% (CeilingSurface) % p #% (InteriorWallSurface) o ¥ # & ehie
% 4o 7 _E % & 12 BuildingFurnitures % 77 » * ¥ f # chdr 2 dofE PN B F

IntBuildingInstallations % 7+
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Accessibility graph

.Back room*
Passage
(w/o door)

,Living room®

oorway

(with doar)
room

LHallway"
Entrance door

B13-9 ~ LOD43# ¢ 5 & p 387 3 (Groger et al., 2008 )
& > LODI1 % 2 %>t AbstractBuilding® ; LOD24 » 2 H P BB HE Sfem »

FHETE MG A K G % LOD3 4 RERS R > o~ P FiEA BT B M

2 LOD4RAE > Pl 5 B4 e 5 B o WA s B oo ~ RE X > 4oB]3-10977 o

LoD1 LoD2 LoD3 LoD4

Building S loD3GeometryProp.
Characteristic _Abstract
interi Buildin
W’r. teri & loD4Geometry
— interior] Property
S interior |_Room
Furniture loD4GeometryProperty
Opening loD3Geo-
L metryProp.
Window || Door _*>|_Bounda Surface
£ loD4Geo-
4 metryProperty
1 | | | 1 1
Ceiling Interior Floor Roof | | Wall | | Ground || Closure
Wall | Surface

B3-10 ~ 22 A4 e e & 47 & B (Kolbe, 2007)
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3-26 ZzRFE~MG%

CityGML % B 4% 45 i 7> * GML3 % @ #3] - A *1ISO 19107 T Spatial Schema |

1% (Herring » 2001) » @& * hE# % 4 7% (Brep) o

GML3 A% e e # % B ~ (primitives ) - ¢ complexes, composite geometries s
aggregates® & @ = o 0 g~ — AR (Curve) >~ = 2w (Surface) ~ = g
B (Solid) 27 - BAPEAYF SHEEY ko aCityGMLA# 1 2% v 5 -
W g WP B H F] 5 T GML3eLineString# %) o

EEASPE T EY B E (aggregates) ~ 4F & (complexes) & & = (composites) o
FEZ ARG cnz AM %> i 63 3§ (disjoint) ~ £~ B A8 H37
e enfa B A W ¥ i@ * MultiPoint ~ MultiCurve ~ MultiSurface & MultiSolid - £2 % & 4p & >
complex % B ¥ "4 i+ 4p B % > compositeR!] # complexshH P - fF > ~ 24| A - B
R 0 % pdisjoint 0 ¥ 12 & * CompositeSolid » CompositeSurfacezt CompositeCurve % 7+
( Groger et al., 2008 ) -

% CityGML® & * 3 $t L 4 34485 %@{? R L e e N e g
B o ¥ CityGMLY 2 £ 3 d & o 7l F#d G e | * T g R 47 (facetted

Brep) (Benneretal., 2005) -
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Yr i BITE X R BT

AFEELT RIS B - AL AEL® Y 40M 0 % - %A 5 IFC# CityGML
B2 AN EBERAR LN RS SERZ BEAREE T ¥ e SIFC

##& 3 3 CityGML ; {6 — B84 5 CityGML#Z # I IFCed~ ) 45 i o
4-1 *F 3 @& * il

A=t AR LY RS A 0 ¢ 45Grapchic » @ 7 (hArchiCAD$ 88 - 3% i -

ERTHRIFTALE R RN T LA RN L EHW B
4-1-1 L IIFCeHE % i H

® 4& WKarlsruhe Institute of Technology (KIT) B 4 — i 7| L #IFCH 3 L 7 #c4d -

—  FZKViewer 0.9 (June 26th 2009, 6.274 KB)
A EIFC% CityGML A i 3% 2] fo ity -

—  IfcObjCounter 2.9a (August 22th 2007, 3.277 KB)

TR IFCHA 7 Wik ® e iz o

—  IfcStoreyView 2.2b (April 8th 2009, 6.310 KB)
v or g b FIFCK - A HEEEERE RS AR HT 2 v E RS
Bz W
¥ % d1 425 1 VRML 2.0 ~ Google Earth (kml, kmz) °

—  IfcViewer 1.2 (February 8th 2006, 19.933 KB)
$ % - 3D-OpenGLAIFCH-AIE T % -
¥ % d 558 1 VRML 2.0, VRML 1.0, STEP AP 214

—  IfcWalkThru 2.1a (April 8th 2009, 4.315 KB)
#- 5 - 3D-OpenGLejl * 423% » 7 14y #5038 ~ IFCHCR] « & % 4§+ 10 i * g2
B R4l 2 3 v (KIT, 2009)
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® [fcQuickBrowser
G.E.M.Team Solutions# % » #IFCih%k ALK EHE IR » > L &4 FTH -
® ArchiCADI13 k5% (- #Lpig?*)
d GraphiSoft=> @ #7475 » P o ¥ &£ #ZIFC 2X3% [FC_ XML 2X3 - 2% B] ~ = & B ~

Ry W 2EGPE R B2 S B0 5o B AL THE ) ARYRELE -
4-1-2 % #CityGMLrd 3 #c i

® LandXPlorer CityGML Viewer 2009a ( Autodesk, 2009 )

LandXplorer ¢ Autodesk = @ 4& ! » & - B & %”j e CityGML /§] ﬁ'ﬁ%" °
® Aristoteles

Aristoteles & — 1 B 2 4427 45 <7 GML3 3D 1 5 % > J 48 Wk #» ~ & (University
of Bonn, Germany ) ¥ F] 7 3+ 32 3 #7 s B 38 o Aristoteles i 8 F U3 97 > 7 ic 59 S fE >

2B ARG
4-2 IFC £ CityGML 2t &

Aol iR A Z3Re 0 B - A 5 IFC 22 CityGML # B v » % - 30 53 585
APt 52300 2 RV FEA B2 u FE -
4-2-1 rﬁéﬁ?‘ﬂ""ﬁ

IFC 44 B P B R CityGML Y 5~ & > & ¥ 55 % S 553 % g A 84 3

ke o A 41 5 A R FF e
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# 4-1 ~ IFC# CityGML A 5% 2_ Wt i’

IFC CityGML

B e S /AL P R buildingSMART > 1994 SIG3D » 2002

T * AR B AEC/FM GIS

LAE EXPRESS GML
P g TR A 2x4 beta2 - 2009 1.0.0 » 2009
Bt TR F g A b TEETENY E S

ISO TC184/SC4 » ISO TC211 >
B AR .
ISO/PAS 16739 ISO 191xx Family

4-2-2 A FFFS AR
® |IFC

EIFC P it 2 A5 T Bl 41555 - e 560> EAZZ2EP > & B
w2 BT e AR L R ARG AR A2 Ao 42 07 0 # T
FRN G AT

—  #17939=IfcWallStandardcase @ Fa it~ i 2 48 2 M5

—  #29=IfcOwnerHistory : 4 it #h 6 G H 7 3L

—  #18009 =IfcProductDefinitionShape : * iﬁ A G oAk

—  #17970=IfcShapeRepresentation : # it m 775k » ¥ T & H A5k 557

—  #777=IfcLocalPlacement : 5 it 4@ chix §

—  #17933=IfcAxis2Placement3D : $5 it & = MR ko L R LR KA

B 4-1 -~ 5 - ;f\% ]'ﬁl;lj
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#17939=IFCWALLSTANDARDCASE(2XPyKWY018sA1ygZKgQPtU'#29,'Wand-Int-ERDG-4',$,$,#17936,
#18009, BCOFOF70-6195-495E-A2-FC-239713029DB1");
#29=IFCOWNERHISTORY (#28,#5,5, NOCHANGE.,$,$,$,1214902009);
#28= [IFCPERSONANDORGANIZATION(#15,#22,%);
#5= IFCAPPLICATION(#1,'11.0",'ArchiCAD 11.0','ArchiCAD");
#17936=IFCLOCALPLACEMENT#777,#17933);
#777=1FCLOCALPLACEMENT(#761,#774);
#17933=IFCAXIS2PLACEMENT3D(#17929,#52,#44);
#18009= IFCPRODUCTDEFINITIONSHAPE(S$,$,(#17970,#18003));
#17970= IFCSHAPEREPRESENTATION(#229,'Axis','Curve2D',(#17966));
#18003= IFCSHAPEREPRESENTATION(#67,'Body','SweptSolid',(#18000));

Bl 4-2 ~ IFCi3 5 73
® CityGML

t CityGML ¥ % k- m o ings d BAE T - €% @ h 274w B s

S BE G A BTG AR - R RS R T 4B 43 4

Citygml
<boundedBy>
<WallSurface gml:id="GEB_TH_Default“WAND 36">

<gml:description>?_</gml:description>

<gml:name>Wand-Int-ERDG-4_</gml:name>

<stringAttribute name="IFC_TYPE ">
<value>IFCWALLSTANDARDCASE </value>

</stringAttribute>
<stringAttribute name="IFC_GUID"> mm) | BT
<value>2XPyKWY018sA1lygZKgQPtU</value>

</stringAttribute>

<stringAttribute name="? NetVolume ">
<value>2.49624 </value>

</stringAttribute>

<stringAttribute name="? NetFootprintArea ">
<value>1.0008 </value>

</stringAttribute>

<lod4MultiSurface>

<gml:MultiSurface>
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<gml:surfaceMember>
<gml:Polygon>
<gml:exterior>

<gml:LinearRing>

<gml:posList srsDimension="3"> v i B
x1 yl z1 x2 y2 z2 x3 y3 z3 x4 y4 z4 x1 yl z1</gml:posList> ’]‘ﬁ‘%\' - T

</gml:LinearRing>
</gml:exterior>

</gml:Polygon>

</gml:surfaceMember>

</gml:MultiSurface>
</lod4MultiSurface>
</WallSurface>
</boundedBy>

B 4-35 CityGML# # 731
4-2-3 IFCiz i~

IFCz£ i ~ 1% 2 & F 3 2 3% K crlfcSharedBldgElements 2 IfcSharedBldgService-
Elements » 4c ] 4-4 #7757 » ¥ @5 IFC22 CityGML#E #¢ 2. 18 8L o A gt $g | ¥ ¢ 7 [FCiE

RAAS AT Ao s %

Bl 4-4 ~ [FCF 3t 2 # & (Liebich et al., 2009 )

IfcSharedBldgElements 4% & 47 BF TN > L &8 2 5 42 @A~ > 7 &

BEASEY G RAUET BER > ok 42957 o
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#. 4-2 ~ IfcSharedBldgElements® %8 & 3t (Liebich et al., 2009 )

IFC 47 4] 24 2 LA IFC 2% ¢ 4 2 i
IfcBeam R IfcRailing W+
IfcBeamStandardCase IfcRailingType
IfcBeamType IfcRelConnectsPathElements|i#t 4% 1+
IfcChimney g IfcRoof ETR
IfcChimneyType IfcRoofType
IfcColumn o IfcSlab AL
IfcColumnStandardCase IfcSlabElementedCase
IfcColumnType IfcSlabStandardCase
IfcCurtainWall L IfcSlabType
IfcCurtainWallType IfcStair e ¥
IfcDoor e IfcStairFlight
IfcDoorLiningProperties IfcStairFlightType
IfcDoorPanelProperties IfcStairType
IfcDoorStandardCase IfcWall +
IfcDoorStyle IfcWallElementedCase
IfcMember L E IfeWallStandardCase
IfcMemberStandardCase IfcWallType
IfcMemberType IfcWindow [
IfcPlate & B/ IfcWindowLiningProperties
IfcPlateStandardCase e/ IfcWindowPanelProperties
IfcPlateType WA IfcWindowStandardCase
IfcRamp Hoig IfcWindowStyle
IfcRampFlight
IfcRampFlightType
IfcRampType

IfcSharedBldgServiceElements & % & 31 B F 4 T3t o Pt g Bl e P R T L &
»*IfcHvacDomain (/4 i % # % %) -~ IfcPlumbingFireProtectionDomain ( F# V& # ) -~
IfcElectricalDomain (% # 3% % ) - IfcBuildingControlsDomain (£ # ¢ 1) w BAE % >

4ok 4-3 A7om o (e RN T EE A b A pE BT > RGE & 3% i5CityGML LOD4
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#. 4-3 ~ IfcSharedBldgServiceElements ¥ 48 & 3t (Liebich et al., 2009 )

IFC 25| & 4F IFC % %] & 4L
IfcDistributionChamberElement IfcFlowMovingDevice
IfcDistributionChamberElementType IfcFlowMovingDeviceType
IfcDistributionControlElement IfcFlowSegment
IfcDistributionControlElementType IfcFlowSegmentType
IfcDistributionFlowElement IfcFlowStorageDevice
IfcDistributionFlowElementType IfcFlowStorageDeviceType
IfcDistributionPort IfcFlowTerminal
IfcDistributionSystem IfcFlowTerminal Type
IfcElectricalBaseProperties IfcFlowTreatmentDevice
IfcEnergyConversionDevice IfcFlowTreatmentDeviceType
IfcEnergyConversionDeviceType IfcFluidFlowProperties
IfcEnergyProperties IfcRelFlowControlElements
IfcFlowController IfcSoundProperties
IfcFlowControllerType IfcSoundValue
IfcFlowFitting IfcSpaceThermalLoadProperties
IfcFlowFittingType

4-2-4 CityGML f = i

CityGML #f %_% & f = i & % LODI-LOD4 » 3= 4 & CityGML 7 % # ¢y =
Schemasibuilding.xsdf & # -
CityGML*f L& e/ ~ R 2 fu - PEMEZA 2GR 2 2 A XN

B0 dod 4-4 3 £ 47 AT o
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4 4-4 ~ CityGML /1. 72

~ % (element) LR 4

class ERAS

function S

usage I
yearOfConstruction ZEigE R
yearOfDemolition AR E
roofType T8 #g A
measuredHeight >ERR
storeysAboveGround Bk
storeysBelowGround BTHE
storeyHeightsAboveGround |# * # & 3
storeyHeightsBelowGround |# & 1% 3
outerBuildinglnstallation 5 R HINER K%
interiorBuildingInstallation | % /& $8 % ¥ 3K %

3 4-5 - CityGML# % 4 & #1%|

# % % % BoundarySurface

RoofSurface FE B LOD2-LOD4
WallSurface E LOD2-LOD4
GroundSurface 24 k& | LOD2-LOD4
ClosureSurface =] LOD4
FloorSurface B LOD4
InteriorWallSurface | M 44 LOD4
CeilingSurface T LOD4

% 4-6 ~ CityGML+¥ R MiEH~ f|

FRMZEHA A~ Opening

Door e LOD3-LOD4
Window [3 LOD3-LOD4
% 47~ CityGMLE % % #54)

ZRKE
Room pIRERE(REAEZ) LOD4
BuildingInstallation ZHINERE (3 ¥ HH) | LOD3
BuildingFurniture *E(FH#) LOD4
IntBuildinglnstallation | £ # P 84 % (72 ¥ # %) | LOD4
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4-3 F iEAR

A7 i * ArchiCAD 13 # 7 5% ~ FZKViewer ¥ #t#8 B £ <IFC% CityGML#%h % » = 7

1 y E)
AR RS BN E R AT 2 AS AR A4S 0 & % f KITHVR-Systems
=T UIFC¥ CityGML e 3% » ¢ 7 FZK-House~Office Building % Smiley West= i #-7] -

4-3-1 % %)- : FZK-House

Bl 4-5 5 # * FZKViewer B c IFC #h % » s Fh % 5 8 * ArchiCAD #ic#8#E 4% 5 IFC
15 0 CityGML Af & 23V R E¢ * p o= 1 a7 ¢ e IfcExplorer #& 45 3] » A & 33

4ok 4-8~ % 49 %757 o IFC 7 & 2 IFCF M= 145 B > 24k 4-10 #71 o

B] 4-5 > FZK-House

% 4-8 ~ IFC % ¥ + 7 3 (FZK-House) (KIT, 2009)

Bk A ArchiCAD 11.0
FE EfE AC11-FZK-Haus-IFC. zip
IFC Schema IFC 2x3

A%+ /] (zip / TFC)
A% =~ ] (zip / ifcXML)
i

760 KB /4,051 KB
963 KB /20,041 KB
2008-07-01

4 4-9 » CityGMLH; % 7 4 7 31 (FZK-House) (KIT, 2009)

CityGML 1.0
W3 L LOD [#% < [ 2ap 9
FZK-House LODI.zip LOD1| 10kb 2006.11.10
FZK-House LOD2.zip LOD2| 56 kb 2006.11.10
FZK-House LOD3.zip LOD3| 5,808 kb | 2006.11.10
FZK-House LOD4 V.zip (#4;2) |LOD4|10,044kb| 2006.11.10
FZK-House LOD4 BS.zip (% & ;) |LOD4|10,195kb| 2006.11.10
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% 4-10 ~ IFC 5 %8 = = 7] % (FZK-House )

IFC Entities (IfcObject)
IfcProject 1 IfcDoor 5
IfcSite 1 IfcWindow 11
IfcBuilding 1 IfcRailing 2
IfcBuildingStorey 2 IfcStair 1
IfcSpace 7 IfcVirtualElement 4
IfcWallStandardCase 13 IfcDistributionFlowElement 1
IfcOpeningElement 17 IfcFurnishingElement 15
IfcColumn 1 IfcFlowTerminal 6
IfcBeam 51 IfcAnnotation 2
IfcSlab Roof 2
IfcSlab Floor 1
IfcSlab_BaseSlab 1 29 - 145
— IFCtoLOD1

% CityGML LODI1 ¥ ¥ d IfcWallStandardCase ¥ 3= A 4 *t 4] » 4o 4-11 #7577 >

= >

# 4elfcProject ~ IfcSite ~ IfcBuilding ~ IfcBuildingStorey # IfcSpace#t & 12 F 3t ©

4. 4-11 ~ IFC#2 CityGML LOD1 & 4% B % %7 %] ¥+ & (FZK-House)
IFC B 7235 %) CityGML B % % %]
IfcProject Model

IfcSite - Building
IfcBuilding
IfcBuildingStorey
IfcSpace
IfcWallStandardCase
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— IFCto LOD2

1 #ATLODI - LO2 3 4c 7 £ 78 6 @ IfcSlab Roof## 3% I RoofSurface » ¥ & B & ¢
IfcSlab BaseSlab## 4% T GroundSurface » 4v# 4-12 #77r o % 4-13 p| &_CityGML LOD?2 #&
A2 fRE -

4. 4-12 ~ IFC#2 CityGML LOD2 & 4% B % %7 %] ¥+ & (FZK-House)

IFC B %55 %) CityGML B 7% %8 %
IfcProject Model
IfcSite Building
IfcBuilding - RoofSurface
IfcBuildingStorey WallSurface
IfcSpace GroundSurface
IfcWallStandardCase
IfcSlab_Roof
IfcSlab_BaseSlab

% 4-13 ~ FZK-House LOD2 #f %] %2 = B %
CityGML

WallSurface RoofSurface

GroundSurface
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— IFCto LOD3

AP AYLOD2 » LOD3 & & 4~ endy it { 5 swjlic o IfcDoor 2 IfcWindow# & 2 § 0

F 3 $# T CityGML DoorfrWindow# ] 40 % 4-14 %77 > @ % 4-15 % CityGML LOD3

ER 2 o fRE e

% 4-14 ~ IFC# CityGML LOD3 ## # R |

% 3 W) 4 & (FZK-House)

IFC R 7% %) CityGML B % %8 %
IfcProject Model
— Iécsli;? Building
C, u'1 g RoofSurface
IfcBuildingStorey )
WallSurface
IfcSpace
IfcWallStandardCase GroundSurface
IfcSlab_Roof Door
IfcSlab_BaseSlab Window
IfcDoor
IfcWindow
% 4-15 ~ FZK-House LOD3 #f %] % = B 1%
CityGML
WallSurface RoofSurface GroundSurface
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— IFCto LOD4

J€CityGML LOD3 2 LOD4 3 4c 7 22 fi 4= p #8enF 3 » LOD4 &2 #4738 e A
# % ;% (BoundarySurface) % #4#:2 (Solid) = f& > 4% 4-16 #77 » % 6 2 d % &
# (CeilingSurface ) ~ # ¥ (FloorSurface) % p #5 (InteriorWallSurface ) 2 E
PFRF R o REAE P ALY - B B2 S M (Room) HE A Z RSN o RS HLE FP
3V aguE H 2 E T CityGML hGenericCityObjectsf &) ¥ > 7 £ #5 e 12 4o o
£ # 4 3 CityGMLBuildingFurnituresg % » o % 4-17 2 % 4-18 % CityGML# & p 3% =

Ak 2 A (2 o

% 4-16 ~ IFC# CityGML LOD4 # #% R % 37 %] ¥ & (FZK-House)

IFC B T3 =)

IfcProject

IfcSite

IfcBuilding

IfcBuildingStorey

IfcSpace

IfcWallStandardCase

IfcOpeningElement

IfcColumn

IfcBean

IfcRailing

IfcStair

IfcSlab_Roof

IfcSlab_Floor

IfcSlab_BaseSlab

IfcDoor

IfcWindow

IfcDistributionFlowElement

IfcFurnishingElement

IfcFlowTerminal

IfcAnnotaion

CityGML B 1% 4F %]

R IR £ @ = ] (BoundarySurface)

Model

>

Building

BuildingFurniture

CeilingSurface

InteriorWallSurface

FloorSurface

RoofSurface

WallSurface

ClosureSurface

Door

Window

GenericCityObject

CityGML B %% %

A 20 A 2 2 A (Solid)

Model

Building

BuildingFurniture

Room

RoofSurface

WallSurface

Door

Window

GenericCityObject
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N

% 4-17 ~ FZK-House LOD4 (% m j* ) #p %] 2= j ¥

CityGML
WallSurface RoofSurface InteriorWallSurface
FloorSurface CeilingSurface ClosureSurface
Window BuildingFurniture

é >
PR
&
e
3

VA
\ V4

GenericCityObject
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# 4-18 ~ FZK-House LOD4 (%8 #i2 ) #g %) e = B 1%

CityGML
WallSurface RoofSurface Door
Window Room BuildingFurniture
d

N g

<

3

“

GenericCityObject
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4-3-2 % )= @ Office Building

Bl 4-6 5 ¢ * FZKViewer B fx IFC £ % 2 #5% 5 p ArchiCAD ek # 5 IFC #2354
CityGML #§ & # 5V R &8 * p # v 878 ¥ oo IfcExplorer #& 4% 7] » A & F 4ok

4-19 ~ % 4-20 #751 - IFC#*® ¢ 7 IFC F 8% 1201 B > 240k 4-21 #7571

B8] 4-6 ~ Office Building

% 4-19 ~ IFC 4% % 7 A 3U(Office Building) (KIT, 2009 )

R ArchiCAD 11

i AC11-Institute-Var-2-IFC.zip
IFC Schema IFC 2x3

# %~ ] (zip / IFC) 606 KB /2,770 KB

Fo % A ] (zip / ifeXML) | 829 KB/ 13,841 KB

e 2008-07-03

% 4-20 ~ CityGML # % ¥ * 7 21 (Office Building) (KIT, 2009)
CityGML 1.0

hE LOD |#h% 1| Zhp ¥
Institute LOD4.zip (%84 /% ) LOD4 |[10,275kb| 2006.11.13
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% 421 ~ IFC 9 4 ‘o= 5] % (Office Building)

IFC Entities (IfcObject)
IfcProject 1 IfcDoor 77
IfcSite 1 IfcWindow 206
IfcBuilding 1 IfcRailing 12
IfcBuildingStorey 5 IfcStair 4
IfcSpace 82 IfcZone 12
IfcWallStandardCase 119 IfcVirtual Element 3
IfcOpeningElement 287 IfcFurnishingElement 253
IfcColumn 2 IfcAnnotation 110
IfcSlab Roof 21
IfcSlab_Floor 5 B4e 0 1201

— IFCto LOD4

CityGML LOD4 ¥ - Office Buildingz = # 4= p $8%d 8472 = 3] (Room) > &IFC
" IfcAnnotation % %3 Bl » #& 4% I CityGML e1GenericCityObjectsf &) &% 5 » & 2 7% fi 4%
UM Gdck 4-22 911 0 £ 423 5 CityGMLE # 4 » 28] -

% 4-22 ~ IFC# CityGML LOD4 # $# B % 4 | $3 5 (Office Building)

IFC B %55 %)

IfcProject CityGML B % 27 %]
IfcSite Model
IfcBuilding Building
IfcBuildingStorey BuildingFurniture
IfcSpace - Room

IfcWallStandardCase RoofSurface
IfcOpeningElement WallSurface
IfcColumn Door
IfcSlab Roof Window
IfcSlab Floor GenericCityObject
IfcDoor
IfcWindow
IfcRailing
IfcStair
IfcZone
IfcFurnishingElement
IfcAnnotation
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# 4-23 ~ Office Building LOD4 (%82 ) #f %] o= B %

CityGML

WallSurface RoofSurface Door

GenericCityObject

4-3-3 % %= : Smiley West

B 4-7 5 * FZKViewer B £z IFC #4% » 2 #5,% % f ArchiCAD #icdg# 5 IFC 5%
CityGML 4% #55 R] E_i¢ * p # (7 454 ¢ ¢ [fcExplorer #4518 3| » f * T4 &

4-24 ~ 4 425 #7571 o IFC #)* ¢ 7z IFC F 4% 650 I > 4o 4-26 #77 o
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®] 4-7 ~ Smiley West

% 4-24 ~ IFC #5 % F » 7 3 (Smiley West) (KIT, 2009 )

Fo &R A ArchiCAD 11,
Ry AC-11-Smiley-West-04-07-2007-IFC.zip
IFC Schema IFC 2x2

th# + | (zip / IFC)

677 KB /3,293 KB

# % ~ /| (zip / ifcXML)

910 KB /16,541 KB

EFHP

2007-07-04

% 4-25 - CityGML # % 7.4 7 2 (Smiley West) (KIT, 2009)

CityGML 1.0
e o LOD |#h® =] | 2P
Smiley-West LOD4_SolidRooms.zip. (#8##72) | ' LOD4 |25319kb| 2006.11.13
Smiley-West LOD4 BSRooms.zip (‘Z:i%-) LOD4 |24,547kb| 2006.11.13

% 4-26 ~ IFC-CityGML 7 %8 2 = 71| % (Smiley West)

IFC Entities (IfcObject)
IfcProject 1 IfcSlab_Roof 10
IfcSite 1 IfcSlab_Floor 50
IfcBuilding 1 IfcDoor 85
IfcBuildingStorey 5 IfcWindow 40
IfcSpace 70 IfcRailing 60
IfcWall 6 IfcStair 15
IfcWallStandardCase 135 IfcZone 5
IfcOpeningElement 140 IfcVirtualElement 15
IfcColumn 10
IfcBeam 1 3 4r 1 650

53




— IFCto LOD4

Smiley West - CityGML LOD4 i f 4+ A 382 4] § 4 6 2 2 MAE 2 5 fd > 4o % 4-27

w4 428 2 4 4-29 5 CityGMLA N 25 & 4% 2 & f2 ) -

% 4-27 ~ IFC# CityGML LODA4 &3 B % %7 ] %4 /i (Smiley West)

IFC B 4w

IfcProject

CityGML B 1% 5F %]

P 2R02 £ & ;% & A (boundary surfaces)

IfcSite

IfcBuilding

Model

IfcBuildingStorey

Building

IfcSpace

BuildinglInstallation

IfcWall

CeilingSurface

IfcWallStandardCase

InteriorWallSurface

IfcOpeningElement

FloorSurface

IfcColumn

RoofSurface

IfcBean

WallSurface

IfcSlab_Roof

ClosureSurface

IfcSlab_Floor

Door

IfcDoor

Window

IfcWindow

GenericCityObject

IfcRailing

IfcStair

CityGML B 1% 47 w]

P 2R R8 AR 2 = A (solids)

Model

Building

Room

RoofSurface

WallSurface

Door

Window

GenericCityObject
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4% 4-28 ~ Smiley West LOD4 (% @ /% ) %] 2 = B %

CityGML

WallSurface

RoofSurface

«

NN \
-~ TR
~ - Ik il ml :
~ '1 “y
"
Window InteriorWallSurface CeilingSurface
ERENET
R B T I
t R ) - 'ts
'y 1.
FloorSurface ClosureSurface GenericCityObject
P
* o
> @ o
* o
<>

XX
XX

Buildinglnstallation
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# 4-29 ~ Smiley West LOD4 (%8 4%:2 ) #f %] e = B %

CityGML

WallSurface RoofSurface Room

GenericCityObject

= F=

4-4 IFC## 3 CityGML

IfcSharedBldgElements = > IFCH-A ¥ 3 < # & > 7 s IFCE CityGML#g 4% 2. )
FEho TR aﬂij‘ug IFCH-4] # 3% T CityGML LOD1-LOD4 =% i& (7 45 3¢ it -
441 FR TR

J& P~CityGML AbstractBuilding#g %] ® #7 7 T ¥ B BIFCF 4 » #3] « B bk
o IfcStorey#t - & #icF 3 o IfcBuildingZ &% % 6 v P Ak fic > A uz g dp

p 8 ¥ g d IfcWorkSchedulef& 17 o ¥ #b f4% < K erilfcProcessExtension #% i3z /4

FTMF P o BwF T L e BLODIE 7343 o
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4-4-2  IFC## % CityGML LOD1

CityGML LODIZ 4 bt ff it £ - B AT > a S /P B @A R * HF
FhAe k&7 o ALODI# - G 3Rt & - BH - hT G od & 44 - BLODIuE
AP 2 APy od [fcWall (3% ) 2 IfcSlab (E78) &5 BF MK LT -
FIFCHAhp gk 7 > R BByt L5 c 2R W henIiodcls 0 8 &
LODIchp iz g Lk » @ 2 A drdok § 3 @& R34 2 ¢4k 2% (Umit et al.,2006)

F 2 IFCZ CityGML S @ 2 3|3 2 2 4p b » IFCH e gr R BLA B $H -8 k£ > @
CityGMLP| 812 % $f L= {5 B - 48 -
3k 3R

LZ2Ar Rgb it o p WOSSAdHh kst 3 # % H 7 Lk 2 Sk kst o

2. b r i R R R R B RATEN BAHRELIE > 4oBl4-8477 o d IFCY B )

IfcWall#g &) # 4 f CityGML s Building 855 ¥ » %/ 48 &) 40 £ 4-30%7 7 o

LODI

=

(52°31°07, 13°2470™, 0)

(3417230.53554538, 4651679.69240933, -0.2)

® 4-8 ~ IFC# 4 3 CityGML LODI

# 4-30 ~ IFC to CityGML LOD1

IFC¥ #7s]  —=> CityGMLE |
IfcWall Building(Lod1Solid)
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4-4-3 IFC## 3 CityGML LOD2

©LOD2 #3] ¥ » Ay T 3 fFefy i - LOD2 {vLOD1 &8 i £ IR F & =
5% Pﬁﬁ‘f‘u{é‘ﬁ% haET R BT e R AT o0 X HAed G R IR o T - 2 g S H
RN S s ETR ek IRl ﬁr‘?i‘éﬁi Buildinglnstallation#g %] o

BLOD2 ¥ 2 @A J ¢ Flenia € ZagscnA | @ * 7 4% 4 7 > 4rBoundary-
Surfacexg % 2. » 4 i * Roof Surface ~ Wall Surface ~ Ground Surface? 2 Closure Surfaces
EF Lokt cLOD22ZAF HELIE PR F s c 2 AP UHERET % 5§ N =
ARIEERF o ALOD2 2 A4 BT AR L IFCHA f 1t 18 ehA > A & ch kiR 5 IfcWall
% [fcSlab » ¥ ¢t ifIfcColumn (41) ~ IfcBeam (#2) % IfcCurtainWall ( "3 48 ) » % ¥
Wereng d o

B HFRT 0 CityGML*® #6  ( WallSurface ) %4 p IFC¥ ilfcWallF 48 #7 £ B~ o
flfcWall® 2% i = 3] > 4 5 Sweeping {eCSG% 7 f8i% 4% > # 4% 1 CityGML ¥ 12 Brep
% 4> 3 PICityGML7S ¢ 8 £ 30 dnflcy 2t -

% 78 (RoofSurface) ¥ d IfcSlabfi i*'m ¥ > @ IfcSlab%-3 p IfcRoof » &2 4w e i
= A 4p 2 o 3 {8 12 Brepi2 & o ¥ & (GroundSurface ) i o IfcSlabp ¢ 7 2. BASESLAB
BHEDs o U R MET LR~ 412 1 B4R 47 G BuildingInstallationsf B ¢ o T3 A
o] p IfcBeam ~ IfcColumnirifcStair (F#4-) # EF o
3k 2

L ZRh Rt p WOSSALHh s g1 # % F p 78L&k SHk kst o

2. AFRELETE S HBG E B G 0 deBl4-9977 o d IFCP B~ 21 IfcWall2? IfcSlabsg &) 8 3

A CityGML#RoofSurface ~ WallSurface # GroundSurface#f &) ¥ - ¥+ %8 & 4- &

43157 o
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(52°31°07, 13°24°0™, 0)

[ 4-9 ~ IFC# # % CityGML LOD2

# 4-31 ~ IFC to CityGML LOD2

IFCH# 4%  ——> CityGML# Y|
IfcSlab Roof RoofSurface
IfcWallStandardCase WallSurface

IfcSlab_BaseSlab GroundSurface

4-4-4 IFCH# 3 CityGML LOD3

>

2LOD3 ® » 2 fAf b e P B EC2Z 2@ ~ i (opening) (RA > 4o fo§ &9
B %7 W] ¥_& AOpeningz. & o

AIFC? g5 &2 & § F enbd 24-Bl4-10%751 » IfcRelVoidsElement % IfcRelFills-
Element 5 4& % R 1t 44 > * 1238 324 3 ~ 2 (IfcWallStandardCase£? IfcDoor/Ifc Window )

B enfg % o CityGML Y enf* {r§ F 3 d IfcDoor () frifcWindow (% ) # % & F o

IfcWwallStandardCasex EEY

|

IfcRelVoidsElement~

|

IfcOpeningElement«

|

IfcRelFillsElement+

!

IfcDoor/ IfcWindow. /%

ELI R BN el

!
E|
)=
G
3
Al
™

LI B E Y e

Bl4-10 ~ IFC? Hm &2 P § ez i S M &
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EIFC? P § - S L4 BN E7E L A 4p e F A w3 F

2

% Brepk £ o © AIFCY » 4 i B AT NP RGBS 5 0 & h

CityGML® ¥ & ;% | o S

l\“‘

W4k 3%
AL RGP WOSSAL R F AT €Y KA T AL LR

oA

2.2t R 2 ERER CRR CBAVEEHAFE R B IE -
30 4 A PPy AR AeBl4-11%77 o d IFCP B~ 41 IfcWindow £ IfcDoor g %] ##&

#% p CityGML=Window 2 Door#f %] ® > ¥t & #f W] 4o & 4-324757 o

(52°31°07, 13°24°0™, 0)

@l 4-11 ~ IFC3& 3% % CityGML LOD3

# 4-32 ~ IFC to CityGML LOD3

IFCH 4 —=> CityGMLAF Y|
IfcSlab_Roof RoofSurface
IfcWallStandardCase WallSurface
IfcSlab_BaseSlab GroundSurface
_Opening
IfcWindow Window
IfcDoor Door
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4-4-5 |FC## I CityGML LOD4

10 ¥ CityGML LOD3 » LOD 4 v » 2 @ e ep 307 B F 3 > IFCHEA Y T2 5 -
BHETER R AR F LT o 2 - BAp v aggs|IfcSpace* kT HE AP P gz
B 1% o IfcSpace™ 11 % T & 2 B 4% & It - IfcSpace#? IfcBuildingStorey £ IfcSite 5 4p B Fif o

IfcWall#s & #& # 3 CityGML 4 5 WallSurface ( #F 4% ) ferinteriorWallSurface ( 4% )

poenf® &2 g 7 od [fcDoorfrlfcWindow J& 5 o

|

m
PEHEOF P ER S B Ao B B E S AIFCY 3y B g iy
7 F 3 (IfcBeam ~ IfcColumn ~ IfcStair ~ IfcRailing ~ IfcRamp ) > @ #CityGML LOD 4 *
% %>+ IntBuildinglnstallation#f %] o
¥ # & chpE p IfcFurnishingElements§ | 4 4% | CityGML LOD4 ¢ Building-
Furniture#g %] » % & 4]0 F#H 2 @ % Brepk & 1 -
3k 2
L2 A5 R ihss o p WOSS4d R i s 1 # %  p 7Lk &4k h st
20 e 2 ETER CRAVBRYFEAFER SR L
3. 4 A0 \?Q?}?“{%o
4. 4e r pIREHE (doFE B )~ RE K o AeBI4-1297 7 0 R AR Ao £ 4-3397

I ©

N

(52731707, 13°24°0™, 0)

B 4-12 ~ IFC# 4% % CityGML LOD4
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# 4-33 ~ IFC to CityGML LOD4

IFC$t %% > CityGMLAE%|
IfcSlab Roof RoofSurface
IfcWallStandardCase WallSurface
IfcSlab BaseSlab GroundSurface
_Opening
[fcWindow Window
IfcDoor Door
SRR
IfcWallStandardCase Room
IfcSlab_Floor FloorSurface
IfcWallStandardCase InteriorWallSurface
IfcSlab CeilingSurface
IfcBeam -~ IfcColumn Buildinglnstallation
IfcStair ~ IfcRailing
IfcPlate ~ IfcRamp
IfcRampFlight »
IfcChimney ~ IfcMember
IfcFlowTerminal
IfcFurnishingElement BuildingFurniture

©LOD4 ¢ p 385 Fendk I 2 5 842 (Solids) 2 % 6 2 (Boundary Surfaces )
AR RFEE SRR NS B - BBz 2 2 S ] AR Roomig S| P 0 e ] 4-13 41
it o @ % wm ;% 12 CeilingSurface ~ InteriorWallSurface ~ FloorSurface + ClosureSurface z &

BR A G AT ARl 4-14 #5F

<interiorRoom:
<Roow gml:id="IF_eaa48e58-5412-47bd-57b0-d602edel120a5"
<lod43o0lid>
<gml:Solid:>
<gml:exteriors>
<gml:CompositeSurface>
<gmlisurfaceMenbers
. <gml:Polygons
<gml:exterior:>
<gml:LinearRings>
<gml:poslist srshimension="3":>
¥y Z...</omliposList
</oml:LinearRing:
</omliexterior:
</oml:Polygon:
</oml:surfacelenbers>
</gwl:CompositeSurfaces
</oml:exteriors
</oml:Solid>
</ lod43olid>
</ Room:>
</ interiorRoom:>

W 4-13~ P 385 B3 B Rk 4 7
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<interiorFoom:

<Room gml:id="GEE_TH Default RAUN 537>
<hboundedBy:

<InteriorWallBurface cml:id="GEE_TH Default_ 56">
<lod4Multiiurfacer
<gml:MulciSurfaces>
<gmlisurfaceMenber:
<gml:Polygon>
<gml:exterior:>

<onl:LinearBing:

<gml:posList sralimension="3">
X ¥z <fgml:posLists
</gml:LinearRing>
</gmliexteriors
</ gml:Polygons>
</ogml:surfacelember>
</gml:MultiZurfaces
</ lod4MultiZurface:
</ InteriorWall3urface:
</boundedEy>
</ oo

</interiorRooms>

Fl4-14~ P05 BB A5

e

Wi

AW T 2

FZK-House

A% & 3 50

AT ¢ 5 CityGMLAE% + | # W IFCH# %~ A 207+ > 1 75 CityGML &8 fn &

B

IR g

AR L F i LA A [FCR| ik WAk 03 B EHEF a3 3 58 4 4-34
52z

3 4-34 ~ IFCE CityGML% % ~ | v %
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