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« transforming geodata to IFC is challenging due to differences in purpose,
semantics, geometry representation, or georeferencing

* info: the Industry Foundation Classes (IFC) provide a software vendor m
—>

independent geometric-semantic data schema for openBIM projects

* current state: Transforming geodata to IFC is possible, however most tools
export invalid or poor I[FC models. Good IFC? | Bad IFC?

— not using the richness of IFC (semantics, spatial structure, georeferencing)
the “IFC export” can not be customized according to the BIM project needs




and Susta;@le

1 9_24 May C 2 » ?oisz::rce Management

HE FIG Working Week 2 ) Lo e i

Motivation:
Bi-directional
Information Needs Earth

Continent
Land

City

District
Building
Room
Component
MEP

©Robert Kaden, TU Mlunchen

= esri & Tri GEOSA <3
H s GESH Trimble. 5938 <>



19-24 May

7Pt WeridBlr world:
FIG Working Week 202» o T

Resource Management

Accra G O ' for All -

— e ey S e Ry e TR
i |'_m-_‘ S me )
= e—— - "
—— - B —— A :’
— [— )
b
= = =
p —
_—
= Smer o cesmmve
= g~ = —— — H—=
=‘ . iy | &
= ==

T— - pr—) =
-
——
"‘__,
e hl_ﬂ emmm ] wmem) mmemee -_ﬁ ==\
>o— = =
. w— S—1. F—_— _ — —
.-
-
= 4
o —_—t v..fa'—'-—-—;__\_. F—
— = > A
= =

FME

is suitable for automatic data conversions, running in the backend
(server), e.g. as cronjob

can be programmed with (easy) visual programming and additional
python plug-ins

provides ,Reader” and ,Writer for many, many, many geospatial data
formats

provides many functional blocks, called , Transformer®. E.g. buffer,
coordinate-transformer, topology builder, terrain draping and many,
many more

has its main focus on geospatial data, however it supports IFC for
openBIM projects
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Background - IFC

Essential features of the IFC:

open and text-based (ifc, ifcxml, ifcOwl/RDF)
semantically structured, component-oriented
object-oriented inheritance hierarchy

spatial aggregation concepts

separation of semantics and geometry
objectified model relationships

many different geometry model types

semantically extensible (domain) and generically
extensible (IfcPropertySets)

g OUIldiNgSMART.

N ’ International home of openBIMs
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Aim of the Research

 development of automated FME workflows (geospatial data to IFC4)
 using FME Form as a customizable framework

» creation of high-quality IFC4 data
— lossless transformation of geometry, topology, semantics and georeferencing in IFC
— preservation of input attributes

— creation of Property- and QuantitySets
° I A\» .
evaluate the success of the conversion (/v .

IFC by Safe Seftware
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Data: 2D geospatial data (ALKIS: Cadastral parcels = GML with German semantics)

Display Control 8 X | Stat x Viewl x Feature Information 8 x
v @ [ view 1 (197369} Property Value
~ @ [ 80A_HTW_2022_09_21_04 57_21 [GML] { 197369) Feature Type AX_Flurstueck
O EH Aptpoi2019) v Attributes (44)
O HH ap_pro(575) abweichenderRech... false
O FH ap 1o (12150) amtlicheflaeche  30896754.0
0 Bl AX_Anschrift (20) amtlicheFlaeche.ua... urniadvuom:m?
O HH AX_BauRaumOderBodenardnung... { 381) anlass{l} 300500

flurnummer 1
flurstueckskennzei... 130689001000010005__
flurstuecksnummer... 5

[ FH Ax Bauteil { 29)

O E AX_BauwerklmVerkehrsbereich ( 2)

([ FH Ax_BauwerkOderAnlagefuerindus... ( 24
O Hﬂ AX_BauwerkOderAnlageFuerSport... (3)
O E AX_BesondereFlurstuecksgrenze ( 7917)
() FH Ax_BesondereGebaeudelinie { 76)

[ AX_BesondererBauwerkspunkt ( 2492)

O @ AX_BesondererGebasudepunkt { 23147 )
[ B A Bestandsdatenauszug (1)

[ BH AX_Buchungsblatt [ 2907)

[ B AX_Buchungsblattbezirk [ 23)

O B AX_Buchungsstelle [ 5330)

[ B Ax Bundesland (1)

[ Bf Ax_Dienststelle [ 71)

O Ba AX_EinrichtunglnQeffentlichenBer... (4)
B HH AX Flurstueck (8513)

[ FH Ax_Forstrecht (737

([ FH Ax_Gebaeude { 4399)

O B AX_Gemarkung ( 25)

[ BH AX GemarkungsteilFlur (45)

[ BH AX Gemeinde ( 13)

(O B AX_Grenzpunkt [46275)

O Hﬂ AX_KlassifizierungNachStrassenre.., ( 35)
O E AX KlassifizierungNachWasserrecht ()
[ Bf AX KreisRegion (2)

O @ AX_lagebezeichnungKatalogeintr... ( 153 )
O @ AX_lagebezeichnungMitHausnu.., (2326)
O @ AX_LagebezeichnungMitPseuden... { 2309)
[ Bf AX_LagebezeichnungOhneHausn... ( 1185)
O Ba AX_NaturUmweltOderBodenschut... ( 3)

o AX_PunktortAG ( 25622 )
1‘\% L Features Selected: 1 of1 4

flurstuecksnummer... 1

fme_feature_type AX_Flurstueck

fme_geometry fme_donut

fme_type fme_area

gemarkung.AX_Ge.. 0682

gemarkung.AX_Ge.. 13

gemeindezugehoe... 048

gemeindezugehoe... 74

gemeindezugehoe... 13

gemeindezugehoe... 0

gml_id DEMV0074Z0000RUU
gml_criginal_coord... urn:advicrssETRS89 UTM33
gml_parent_property featureMember
istGebuchtxlink_href urn:advioid:DEMV0074Z0002bNd
lebenszeitintervall... 2021-11-26T13:11:58Z
modellart{0}.AA_M... DLKM

nas_transaction none

rechtsbehelfsverfa...  false

sonstigeFigenschaf.. RiB 453, 1

sonstigeFigenschaf.. LF20

weistAuf{0Lxlink_hr... urn:adv:oid:DEMV00T400ctgyth
xml_ns_uri http:/fwww.adv-online defnamespace....

xml_type xml_area
zeigtAuf{0}.xdink_href urn:advioid:DEMV0074Z0000Pgd
zeigthufExternes(0)... httpy/fwww.iverma-my.de/ fdvE5040 ..
zeigthufExternes{0}.. 2.1

zeigthufExternes(1)... httpy/fwww.iverma-my.de/ fdv5030 ...
zeigtAufExternes{1}.. 2011/68038-58

zeigtAufExternes(2}.. httpi/fwww.lverma-mv.de/_fdv#5020 ...
zeigtAufExternes{2}.. 2004/00676-11
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Data: Dlgltal Terraln Model (GeoTIFF, ca. 7 x 3.5 km)

eature Information
B [I:| Property
v @ B XYZ_DGM1 [COG] (1) Row and Column
] EE CoG (1) Ground Location
Band 0 (REAL32):

s @@ESIT o Trimble. £ <>
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Data: Digital Terrain Model (DTM Breaklines, DXF)

Display Control g x Start X View1 X Feature Information F X
~ B view1(227) Property Value
~ @ B STRDGMI [ACAD] ( 227) autocad_ucs ydirx 0
@ FH eRreakuNE [227) autocad_ucs ydiry 1
autocad_ucs ydirz 0
autocad vertexflag 0.
fme_color . 000
./u o ( fme_feature_type BREAKLINE
/\/ fme_geometry fme_line
fme_type fme_line
~ Geometry
Te— Coordinate System  Unknown
Dimension 3D
MNumber of Vertices 216
@ Min Extents 264981463, 5960423.1, 379
T Max Extents 266000, 5962153327, 37.9
“ ~ ‘¥ IFMELine (2... (26 9}, . (2
Closed No
) Vv Coordinat... Coordinate Dimension: 3
0 266000, 5962153.327, 37.9
1 265998.813, 5962152.59, 37.9
2 2 265994.173, 5962150953, 37.9
-~ 3 265990.512, 5962148.283, 37.9
4 265981.604, 5962143.455, 37.9
5 265977418, 5962140.517, 37.9
» /i// 6 265969.029, 5962126.484, 27.9
/ - 7 265961.952, 5962132.991, 37.9
0 & 265956.186, 5962130.037, 37.9
9 265930433, 5962125.766, 37.9
10-205  Show All or 20 more
= 206 264988.793, 5960524.136, 37.9
207 264995.007, 5960500.188, 27.9
. 7 208 264996.599, 5960490.942, 37.9
o q 209 264994.856, 5960481.772, 37.9
= 210 264993.037, 5960469.267, 37.9
% 211 264994325, 5960458.733, 37.9
212 264996.826, 5960450.245, 37.9
212 284997.963, 5960437134, 27.9
214 264995.235, 5960426.903, 37.9
215 264994.55, 5960423.1, 37.9
Features Selected: 1 of 1 4 F
L 5 >
esrli & Tri GEOSA <>
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Methodology: Decision Tree
 Decision tree as concept to

-
®

e
B
mar

— map geospatial entities to corresponding IFC entities

- —

st

— determine attributes and parameters required for the transformation
— identify potential challenges early in the process

T_m .
— develop resolution strategies for error handling i

Serves for FME-independent communication with project partners

e
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Methodology and Realization

Parcels in

GML
1. Importing geodata 2. Processing of 3. Exporting IFC 4. Validation of the
to FME using format- geodata using various using format-specific generated IFC mdoel
specific readers transformers readers in BIM software
| Parcels and
Terrain in I[FC
2.1 Generate IFC- 2.2 Generate IFC 2.3 Geometry 2.4 Map geospatial 2.5 Add IFC entities
specific attributes spatial structure Processing attributes to IFC for georeferncing

Terrain in
GeoTIFF
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Excursus: geometry representation for terrain in IFC
« GeometricCurveSet PPty R

ool IS -7 -
. . . |
— describes a 3D object through a collection of curves 1
i
I
i

fw 1 S

— curves can be lines, arcs or complex shapes / ,,:1; ’11 / ‘l,

ShellBasedSurfaceModel A =

— uses a shell to represent the outer surface of a 3D GeometricCurveSet
object

ShellBasedSurfaceModel

— shell consist of a collection of closed surfaces (faces) o “ je
IfcTriangulatedFaceSet (IFC4 only)

— represents the surface of a 3D object by triangulation
« ExtrudedAreaSolid

— surfaces extruded along a path

TriangulatedFaceSet ExtrudedAreaSolid
—a X
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Methodology and Realization

Parcels in

GML
1. Importing geodata 2. Processing of 3. Exporting IFC 4. Validation of the
to FME using format- geodata using various using format-specific generated IFC mdoel
specific readers transformers readers in BIM software
| Parcels and
Terrain in I[FC

2.1 Generate IFC-
specific attributes

2.2 Generate IFC 2.3 Geometry 2.4 Map geospatial 2.5 Add IFC entities
spatial structure Processing attributes to IFC for georeferncing

Terrain in
GeoTIFF

_— I
ORGANISED BY H PLATINUM SPONSORS @meﬁnrl ‘:‘Vé‘l’Trimble. S;k;:o; @



7Pt WeridBlr world:
FIG Working Week 2024 %t

19-24 May Accra, Ghe ?;is,‘i.‘."“e o

o

Excursus: Georeferencing in IFC4 and options in IFC2x3

* LoGeoRef10 N
— postal address in IfcPostalAddress e
— referenced by IfcSite or IfcBuilding ¥ -
/ IfcMapConversion ™,
 LoGeoRef20 A\ ¥ Y, A—>E ,
— geographic coordinate > RefLatitude, ly &7 ieproject)
RefLongitude and RefElevation in IfcSite |4 k. % A
. LoGeoRef50 | ey Z\"“’%,-,,g 4 3 =
— offset between project coordinate system and \ e T @
global origin of a coordinate reference system in e - Mong NSRS | st
IfcMapConversion (with Easting, Northing, 'Coiﬁzfcﬁf:zfi;,.n,;s_.;.;p;;;‘m,n, SEPPR—
Orthogonal Height and rotation of XY-plane) T e W i St JACS) S

I Bullging Placement (BIM domain)

— IfcProjectedCRS for metadata
C. Clemen & H. Gorne, 2019
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Methodology and Realization

Parcels in
GML

1. Importing geodata 2. Processing of 3. Exporting IFC 4. Validation of the

to FME using format- geodata using various—> using format-specific —>»|generated I[FC mdoel

specific readers transformers readers . in BIM software

Parcels and
Terrain in IFC

2.1 Generate IFC-
specific attributes

2.2 Generate IFC 2.3 Geometry 2.4 Map geospatial 2.5 Add IFC entities
spatial structure Processing attributes to IFC for georeferncing

Terrain in
GeoTIFF
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Results — 2D cadastral data to IFC4

Browser Toolbar 2 B1|@B2D ALKIS2IFC4 IfcGE draped DXF Surface real LoGeoRef50 [ | Property Toolbar 0
= C ‘ZDJI.I(ISZIFC#_IfnG!_draped_DH_Surl‘we_reaLLuGanRefSlJ - IFC4, WiewDefinition[notYetAssigned)] Element Properties |'°“f’l3'f"“'es Relations
=/ Bifesite_1000_130579001001770007. [} -
; Name Value Description
= IfeGeographicElement(1] 3D View

- BllfcGeographicElement Internal Type  IfcGeagraphicElement

W BIfcSite_1001_130576001000590001. IFC oD 78815

| B IfeSite_1002_130427002002200003 GUID MOUCFMIATMORENSCL.,
I BifeSite 1003, 13057600100060___ GUID (readab... 8d78¢c3d6-b0a7-7063-b.
- BifcSite 1004 130579001002190003

T BfcSite 1005 1304580020007 Narme IfeGeographicElemant

il BIfcSite_1006_130576001003860030, Description  Parcel

+ /EIfcSite_1007_13042700200215__
+ - BIfeSite_1008_130576001003860022,
@ feSite 1009 13048700100170_

o EIfcSite_100_130358001001770008_
+ /B IfrSite 1010 13057ANNINNN4RNNNR
I

Object Type  area features

Layer Name

— |__| _—— — |__| [I—

Colar Mo Color
||| Local Placements

] Placement  lfeSite (476767

Element Toolbar e — Position  0,000000, 0.000000, 0.00..
Elements | Layers Contexts (- ¥ Directi..  1.000000, 0.000000. 0,00,
= |FC Y Directi..  0.000000, 1.000000, 0.00..
phicElement Z Directi... 0.000000, 0.000000, 1.00...
* B |fcProject —H Placement lcGeographicElement (#78!
= | [feSite H Global Placement
H Geometry
| Lrl TriangulatedF... SurfaceMadel TriangulatedFaceSet

T surfaceM... 510 Faces
F Calculated Valu...

—  BoundingBox... 4115.59 [m]
- BoundingBax... 3736.92 [m]
| BoundingBa... 6.36 [m]
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Results — 2.5D terrain model to IFC4

R * B @82 50 TIFF to IFCA IfcGE TrangulatedFaceSet LoGeoRef50 | = | =1 | sz | [froperty Toolber =
£ 7 W fcProject: 25D DTM zu IFC 25D TIFF to IFCA 1fcGE TriangulatedFaceSet LoGeoRefS0 - IFC4, ViewDefinition[natetfssigne] Sement Proparles | elaions |Propertes —
b B feSite DTM _ Name | Value Description
IfeGeographicElement [1] Annotation - Model [| Entity Information
| Type lfeGeagraphicEle...
Internal Type lfcGeographickle..
3 IFC OID 98272
GulD MENLDmMSCSU Bp..
| GUID ({readable) bf5d5370-1667-1...
i Marme IfeGeographicEle...
[ Description DTM_Bad_Kleinen
h Chject Type area features
- Layer Name
I Calor - Ma Color
[t Placement
|| Geometry
E HeTriangulatedFac.. | SurfaceMadel IfeTriangulatedFaceSet
Elerment Toolbar (Y| 11 surfaceModel | 28014 Faces
Elements | Layers I Caleulated Values (If...
[ I BoundingBoxleng... T147.18 [m]
= 8l |fcGeographicElement I BoundingBorLeng... 384801 [m]
~ [ [fcProject | BoundingBoxleng... 43.62 ["I'I]
§ ' SurfaceArea 24536706.97 [m?)
= U [fcSite

) oo @ESTT 5 Trimble. S92 <>
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Summary

« our FME Workspace offers:

— automated workflows for transforming geospatial data into high-quality IFC4 files
— operates without static values

— easily adjustable - enables use of future |FC versions

— preserves semantics and spatial structure

 limitations:
— currently relies on external Python-based transformer for LoGeoRef50
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Outlook

 automated calculation of rotation component for LoGeoRef50
 implementation of LoGeoRef 30 and 40

* more geometry representations e.g. CSG

* more data formats

 entire FME process is provided by con terra as Software as a Service
— can be used to extend other existing processes
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