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Learning outcomes

At the end of this lecture, the learner is expected to be able to:

* Summarize what information can be provided from BIM and GIS model
* Describe the main steps and challenges of conversion BIM-to-GIS
* Describe the main steps and challenges of conversion GIS-to-BIM
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What information from which model?

IFC CityGML

[ ! = )

[ Surrounding buildings ]

* Conversion direction depends on
d p pI |Cat|0 n e [ Site area / design ‘]

Building material

e GIS provide spatial context, Trees
surroundings, environment

All vegetation

Vegetation

Soil

* BIM usually design of new facilities, [ }
All infrastructure and
[ )

. . . Infrastructure
restricted to project site

waterbodies
Water

Whole terrain model

 Well defined integration goals Terrin heigh |+ Wavalatlofir dinases, ;
needed

Information provided by different models |



BIM-GIS Data Conversion QBIRGIT [ [t ymen

The newest versions of standards

WORLD /\

CityGML 3.0 version COUNTRY

* better integration with BIM REGION _ /\

* indoor spaces in different Levels of Detail PROVINCE §
support for dynamic sensor data CouNTY 2 =

* time modelling ay g

 Application Domain Extensions (ADEs) = S

IFC 4.3 version

BUILDING v

STOREY

ROOM v

COMPONENTS

improved interoperability with CityGML

4D and 5D modelling I
energy and environmental entities
Infrastru cture BIM Information provided by different models Il From Bachert

(2023) Mapping the Energy ADE to CityGML 3.0



BIM-GIS Data Conversion QBIRGIT [ [t ymen

Conversion BIMto GIS |

* Visualizing and analyzing newly
planned development together
with existing objects

e CityGML model consists of a
geometric and a semantic layer

* Geometric—semantic
consistency needed for object
existing in both layers

. . .
Sema ntic a nd geometrlc New development visualised in existing city environment.
conversion Screenshot of Esri’s training data.
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Conversion BIM to GIS 1l

[ Relationships ]

[ Element type

S —

1) Parsing objects from

IFC text_file | Text-based IFC |

Semantics
»

CityGML

Geometry
Representation
transformation

(solid to surface)

| Attributes
2) Conversion itself, Parsr | | ] g
Semantlc and |l|-'(‘ object model |_
geometry separately represenioncomversion
3) Visualisation and ﬂ:]"""‘g
validation i

Any conversion from IFC
to CityGML entails loss of

information The IFC to CityGML Conversion. From: Tan, Liang, Zhu (2023) CityGML in the Integration of BIM and the
GIS: Challenges and Opportunities. Buildings 13, https://doi.org/10.3390/buildings13071758
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Semantic mapping

Mapping of element types, relationships and
attributes from IFC to CityGML

Several situations:

* Some objects map directly one-to-one

* Other map into several CityGML classes

* Many IFC objects map into one CityGML class
* Indirect mapping

Semantics is usually the main limitation of the
conversion

IFC-CityGLM mapping. From: Sahleb et al (2020) Automatic conversion from CityGLM to IFC,
https://doi.org/10.5194/isprs-archives-XLIV-4-W1-2020-127-2020

@BIRGIT

CityGML IFC
AbstractBuilding IfcBuilding
-GroundSurface IfcSlab
-FloorSurface -GroundSlab
-CeilingSurface -FloorSlab

-CeilingSlab

RoofSurface IfcRoof
-WallSurface IFCWall
-InteriorWallSurface -Interior Wall
-Exterior Wall
WallSurface IfcCurtainWall

GenereicCityObject

IfcBuildingElementProxy

SolitaryVegetationObject

IfcBuildingElementProxy

Opening
Door
Window

IfcOpeningElement
IfcDoor
IfcWindow

Buildinglnstallation

IfcBeam,
IfcColumn,
IfcCovering,
IfcStair,
IfcRailing,
IfcRamp

Co-funded by
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Geometry transformation Each IfcObject in IFC file is
checked if:
o : * it hasageometry
— S * it is outside or inside a building
It is then stored as a gml:Solid or
a gml:MultiSurface.

Challenges arise from different
geometric representation and
different level of detail

- —— Georeferencing and coordinate

system transformation can be
FZK Haus (known from IFC lecture) converted into CityGML by FME; building

elements are visualised. Source: GitHub - tum-gis/ifc-to-citygmI3: An FME performed In thIS Step
workspace for converting IFC data sets to CityGML 3.0 data sets 9



https://github.com/tum-gis/ifc-to-citygml3
https://github.com/tum-gis/ifc-to-citygml3
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Simplification

o 0. Furniture [disregarded]

e 1a. Window [1:1 mapping] e

 Conversion BIM-to-GIS leads to
simplification and removing
details

. No. of storeys [default processing]

. Material type [1:1 extended mapping] e

. Access points [extended processing] e—

. Occupants [other sources) .',\

i

e Choosing optimal level is crucial

e Best to customize IFC model
already on BIM-level, not in the

conversion ~ =

' ¢
 Use of Model View Definitions E-L 14
Illustration-of-the-relation-between-IFC-and-CityGML-showing-examples-of-
(MVD) recom mended categories-in.ppm (850x478) (researchgate.net)
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https://www.researchgate.net/profile/Filip-Biljecki/publication/345918816/figure/fig4/AS:958368424415240@1605504246133/Illustration-of-the-relation-between-IFC-and-CityGML-showing-examples-of-categories-in.ppm
https://www.researchgate.net/profile/Filip-Biljecki/publication/345918816/figure/fig4/AS:958368424415240@1605504246133/Illustration-of-the-relation-between-IFC-and-CityGML-showing-examples-of-categories-in.ppm
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Conversion GIS to BIM | * GIS data used in BIM — usually conversion CityGML to IFC
* Improves information about surroundings

AUTODES
-5 REVIT
CityGML
iNi 1 H H H : Vi lisati f CityGLM to IFC
1) Defining surro.undlngs in city model /CityGLM datafile Cosn“jerzf?o:;‘t‘;ps_ !rom;s;heb
2) EXpOFt from CItYG LM to IFC (2019) Automatic Conver§ion of
3) Import to BIM software to join with a planned building SeyoMLto IFG, MSc thests, TU

11
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Conversion GIS to BIM Il

* Simpler model is converted to the more detailed one
Usage:

* Analyses for design and 5 2 : 3 5 4
. - :>Filter/ Classify :> Apply :> Create IFC
construction ChyaML Datal— Data to IFC : Nacwssary ; Data file

transformations
e Digital twin, facility

management § § S &
' CityGML IFC ‘ @
. ' Building ,l Wall I
* Both IFC and CityGML Aot : & TPC-

i i (e S
are semantic models ; ...
with strict separation
between geometry and Schema of conversion workflow from CityGLM to IFC. From: Salheb (2019) Automatic

. Conversion of CityGML to IFC, MSc thesis, TU Delft
semantics

12
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« Feature » « Feature »
---------------------------- CityObject Site

| i f

« Feature » « Feature »

« Feature »
' '{%Iitary\lbge!ationﬂbjett 1 “|GenericCityObject
1

Semantic mapping |

AbstractBuilding

* IFC has more classes than N K R EEEELEEEE P
CityG M L : {j;._;. e ‘. Bound-ryﬁurracoﬂ—
* Only minority of classes relevant . H e B P
r..ix,_.-- 1 & WallSurface
for conversion I —
IF;?EIE%Tg [¢ « Objects E « Feature » ‘
* Common with different semantic [ e :
meaning of objects  EEREEEEEEY Fiomarice

« Feature »
InteriorWallSurface

Challenge - how to best map
semantics from CityGML to their

_____________ Colll;_g;\rl—rfac'
. | . | FC? Semantic mapping from CityGML to IFC. From Sahleb et al (2020) Automatic

eq uivalents in : conversion from CityGLM to IFC, https://doi.org/10.5194/isprs-archives-

XLIV-4-W1-2020-127-2020 13
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Semantic mapping Il

Steps:
* Matching IFC and CityGML schemas

* Investigation which objects and attributes
correspond to each other

* Relevant data filtered and classified into IFC
Certain loss of semantic information is

inevitable because many parts are not
applicable for the conversion

Q

IFC objects
IfcProject
IfcSite
IfcBuilding
IfcBuildingStorey
IfcSpace
IfcWallStandardCase
IfcBeam
IfcSlab
lfcMember
lfcDoor
IfcWindow
IfcRailing

IfcStair

BIRGIT

CityGML 3.0 objects
CityModel
LandUse
Building
Storey
BuildingRoom
BuildingConstructiveElement
BuildingConstructiveElement
BuildingConstructiveElement
BuildingConstructiveElement
Door
Window
Buildinglnstallation

Buildinglnstallation

Mapping between IFC and CityGLM objects.

Co-funded by
the European Union
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o

. K 411 b
Geometry transformation <,§) C’t"é;vlL
IFC2x3 CV2.0 | y
e Fe2@ov2o i SR .
Steps: .' R I =
* Creating Geometry resources : fgtinl T i A
. T <roswes «roonses 2 |
for IFC objects based on | | 1 : : L
) ‘ R | e e bt - i
source CityGLM geometry (red ! 1 ST - ROR— ] .
] ] ] ! 4L T b L ... I o |
line 2 in the figure) T P s E i
| = TN ot il SRR ] Wrsurscs ]
A= 1 |
. . . i A L R s

* Creating georeferencing point i o | — .
from CityGML (line 3) LN e = I = i
: i : O, : |
. . i (I !
* Georeferencing IFC objects (4) S TR o )
\'\ ............................. -
. . f . Complete methodology of GIS-to-BIM conversion. Red lines marked 1 stay for the

Storing georeferencing semantic mapping. From Salheb et al (2020) AUTOMATIC CONVERSION OF

information in the IFCSite (5) CITYQML TO IFC.The Interna’FionaI Archives of the Photogrammetry, Remote
Sensing and Spatial Information Sciences, Volume XLIV-4/W1-2020 15
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BIM-GIS Data Conversion

Integration software

* Free software
KIT Model Viewer

 Commercial software
FME
Esri-Autodesk apps

* Own algorithms

All convert in different ways,
which results in varied outputs

A

-y -

Esri-Autodesk cooperation apps: Adding City Furniture from ArcGIS to
Infraworks (up), BIM model added to a city model in ArcGIS GeoBIM 16

(screenshots)
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Thank you for your attention

@ GIT

https://birgitproject.eu/
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