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1 Introduction

This document defines the required mapping rules to convert between the BIM and GIS data standards
that are used in the BIMy platform. This chapter introduces the context, objective, scope, and
methodology applied to write this document.

1.1 Context: BIMy as a collaborative platform

The BIMy project, as stated in the Full Project Proposal (BIMy consortium, 2017), aims at providing an
open collaborative platform for sharing, storing and filtering BIMs among different BIM owners/users
and integrating and visualizing them in their built and natural environment. BIMy can be seen as an open
and generic intermediary that enables interactions between existing and new applications through a
unique standardized open API platform. Such a platform will provide a secure collaborative working
environment where different stakeholders can benefit and/or utilize BIM models not only at single
building level but also at larger levels that can be scaled up to wider-area smart city applications.

BIMy will overcome the limitations of current BIM exchange platforms, providing the following features:
BIM with scale and time (supporting different levels of details and different stages of the building
lifecycle), BIM/GIS semantic and dynamic integration and cloud storage (integrating BIM in their built
and natural environment), BIM filtering (providing relevant information according to stakeholders and
applications), cooperation (supporting stakeholder interactions), simulation and 3D visualisation (mixed
and augmented reality through different devices).

BIMy is bringing into the consortium all the actors necessary to the successful completion of the platform.
There are large companies that can provide a Cloud infrastructure for hosting the BIMy platform and
contribute with bigger resources when needed. The smaller companies offer more focused know-how to
specified tasks as collaboration or BIM sharing and visualisation. The research partners will support
companies with more complicated problems such as creating simple APl and modelling and integrating
BIM and GIS at different scales and times. BIM owners/users have an important role in definition of the
requirements, modelling, in offering their expertise for different applications and business models as well
as the evaluation of demonstrators. The demonstrators in two different countries improve the chances to
make BIMy more replicable to new countries and environments. This enhances remarkably the market
potential of BIMy.

1.2 Objective

As stated in the Final Project Proposal (BIMy consortium, 2017), the goal of this deliverable is to formalize
the semantic and geometric relationships between GIS and the extended Building Information Model
(BIM) (extended with time and scale, resulting from task T2.1). It will rely on the extended IFC obtained
in T2.1. and CityGML. The goal is therefore not to come up with a new standard integrating IFC and
CityGML, but rather to formally identify the relationships between concepts in the two standards.

Additionally, this task will specify the data requirement of BIMy in regard of existing and ongoing
standardisation, open data and linked data initiatives.
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1.3 Scope

This document formalizes the semantic and geometric relationships between data standards and formats.
Its scope is limited as follows:

e Only data standards that are used in the BIMy platform will be considered.

e Mapping relationships will be defined in a unidirectional manner, only when a data transformation
is needed.

e Mapping relationships will be formalized at the level of classes and geometry types. Detailed
mappings at the level of attributes or values will not be provided.

e Mapping relationships will be formalized but will not necessarily be executable. The
implementation of the transformation as an executable transformation is part of work package 3.

Table 1 Semantic and geometric mapping matrix

G 5 £z
< £ | =
z g s &= | o] 3| 8|2
FROM \ TO /5|3 2|C|lols|S|S|8|2|8|¢
= | sa|e| E| || a0 2] £ kL ©
= 215 6] wWIiIT|w®| S
o o ol I
T o 5|3
IFC V' V' ) V' i\ Vv Vv
Floorplan (SVG)
Revit ) V' i\ v |V
Cesium3DTiles
CityGML v
BOT
GeoTiff v v
GML (IMKL) v V| Vv |V
LiDAR (LAS) ) ) ' ) Vv Vv Vv v
Shape Vv Vv v Vv Vv Vv v
DEM ) ' Vv Vv v
IMKL \ Vv Vv Vv v

1.4 Methodology

To formalize the semantic and geometric relationships between data standards we will apply the following
methodology:

e We first study the data standards and summarize their main characteristics. In particular, we will
look at time and scale aspects, but also at georeferencing for BIM standards. This is documented
in Section 2.

e We then study the transformation between a selected set of data standards. For each
transformation, we will list the requirements, analyse existing implementations, summarize the
transformation rules, develop an executable implementation, and list future improvements. This
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is documented in Section 3 for BIM-to-GIS data transformations and Section 4 for GIS-to-BIM data
transformations.

7|Page



03-2021 BIMy D2.2 v02.00

2 Integrating BIM and GIS data standards

This section briefly introduces the data standards used in the BIMy platform. For each standard, it briefly
analyses the capabilities of representing time and scale. The intent is to make the model
transformations described in the next section more comprehensive.

Looking at the difference between GIS and BIM typically the following aspects, summarized in Figure 1:

e Scale: whereas BIM represents objects at high-scale, GIS commonly looks at a much lower level
of detail.

e Coordinates: in BIM, it is more common to use a local reference point and Cartesian coordinates
(x,y,z) using various measurement units (meter, centimeter, millimeter). In GIS, geodetic
coordinates are used in relation to a reference ellipsoid and a geodetic datum, defined by
standardized geospatial coordinate reference systems. To represent a location on a plane, a map
projection is used, enabling the use of Cartesian coordinates and metric measurement units.

e Data source: IN BIM, data is created by human design effort (BIM modeler), whereas in GIS,
surveying techniques are more commonly used for data gathering.

GIS
+ lower scale
« geospatial CRS
surfacic (2D)
Topological relations
Surveying as source
Standards: GML (OGC), ...
variety: vector data, coverages,
point clouds, orthoimagery,

BIM elevation models, ...

« higher scale

« engineering CRS BEONA N ) ~Jls
« volumetric (3D) # | [ =
« element composition ; &
« human design as source 2 P {

- standards: CAD, IFC SO

(BuildingSMART) Y y N
« vector data (documents) 1 N/

[
p

Source: BuidingSmart, Thomas Liebich

Figure 1 Differences between GIS and BIM

2.1 IFC

Industry Foundation Classes (IFC) is a standardized file format (ISO 16739 standard) used by the
construction industry to exchange and share information between software applications. Developed by
BuildingSmart, the IFC is intended to be the interoperability format for OpenBIM.

IFC is rarely used as a native data format in BIM tools, but rather as an exchange format. BuildingSmart
France (bimstandards.fr, n.d.) keeps track of a number of conversion procedures on the use of IFC in
several commercial BIM tools. Also, Willemen has on its website a number of guidelines, for example for
the export of IFC from REVIT.

Like CityGML, IFC allows for multiple geometric representations, via the IfcProductDefinitionShape and
IfcLocalPlacement. A detailed specification for the shape representation is introduced at the level of
subtypes of IfcElement. This is not possible in Revit. There is no “LOD” attribute linked to every object. It
is possible to add this information in a parameter of the object (manually). But the same object cannot be
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visualized depending on different LOD parameters. In Revit, it is possible to update the family on the BIM
Model (e.g., change a part of the model from LOD400 to LOD300), but both versions together cannot exist
in the same model.

2.1.1 Georeferencingin IFC

The IFC standard provides several IFC entities that allow to describe the required information for its geo-
referencing:

o IfcSite: uses the Reflatitude, RefLongitude, and RefElevation attributes. The latitude and
longitude are defined as angles with degrees, minutes, seconds and optionally millionths of
seconds with respect to the WGS84 (EPSG:4326) coordinate reference system. It is also possible
to use IfcCoordinateReferenceSystem and IfcMapConversion to use a specific coordinate
reference system.

o IfcGeometricRepresentationContext (IFC 2x3): the WorldCoordinateSystem attribute can be
used to offset the local coordinate system of the project’s point of origin from the global
geodetic datum. The TrueNorth attribute can be used to rotate the BIM model, if the y axis of
the WorldCoordinateSystem does not point to the global northing. If an geographic placement is
provided using IfcMapConversion then the WorldCoordinateSystem attribute is used to define
the offset between the zero point of the local engineering coordinate system and the
geographic reference point to which the [fcMapConversion offset relates. In preferred practice
both points (also called "project base point" and "survey point") should be coincidental.
However, it is possible to offset the geographic reference point from the local zero point.

Note that IFC does not oblige using a local coordinate system with local reference point. It is possible
(even desirable) to us a 2D geospatial reference (e.g., Belgian Lambert 72 EPSG:31370) and a common
vertical reference system (e.g. Belgian TAW).

In practice, tools are poorly supporting these entities, or these entities are not filled in at all. When
multiple partners collaborate in a construction project, they establish a BIM protocol that defines the
coordinates system and reference point used throughout the project. Although it is possible that partners
use wrong georeferencing or make exports without information about georeferencing in the IFC. Because
of this poor practice, Clemen and Gorne define a Level of Georeferencing (LoGeoRef) to measure the
quality of georeferencing (Clemen & Goérne, 2019) in IFC files. The have developed an open-source tool,
IfcGeoRefChecker, to extract the georeferenced information and asses the quality level. Figure 2 shows a
(simplified) output of this tool.

Figure 2 Output of the IfcGeoRefChecker tool for the ASSAR Kortrijk model

Examination of 015.10 CM Architectuur Stabiliteit optimized.ifc regarding georeferencing
content.

IfcVersion: Ifc2X3
LengthUnit: mm

Geographic coordinates referenced in #107334=IfcSite:
Latitude: 50.8157424925

Longitude: 3.26075148555556

Elevation: 0
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Local placement relative to the WorldCoordinateSystem
Referencing Element:#107334=IfcSite

Placement referenced in #912279=IfcAxis2Placement3D

X = -35880.4631372896

Y -33693.3508431482

Z =0

Rotation X-axis = (-0.687214311541541/0.726454740512088/0)
Rotation Z-axis = (0/0/1)

Project context attributes for georeferencing (Location: WorldCoordinateSystem / Rotation:
TrueNorth)

Project:#1109794=IfcProject

Project context element: #1115=IfcGeometricRepresentationContext

X =0
Y =0
Z =0

Rotation X-axis (1/0/0)
Rotation Z-axis = (0/0/1)

True North:
X-component =6.12303176911189E-17
Y-component =1

Within the IFC is possible to alter this information by editing the IFC in notepad.

When we adjust the IFCs manually, we must take the units in which we have to work into account.
These units can be found at the beginning of the IFC under IFCSIUNIT:

#42= IFCSIUNIT(*,.LENGTHUNIT.,.CENTI.,.METRE.);
#43= IFCSIUNIT(*,.LENGTHUNIT.,$,.METRE.);

= IFCSIUNIT(*,.AREAUNIT.,$,.SQUARE_METRE.);
#45= IFCSIUNIT(*,.VOLUMEUNIT.,$,.CUBIC_METRE.);
#46= IFCSIUNIT(*,.PLANEANGLEUNIT.,$, .RADIAN.);
#47- IFCDIMENSIONALEXPONENTS(9,0,0,0,0,0,0);
#48= TFCMEASUREWITHUNIT(IFCRATIOMEASURE(@.01745
#49= TFCCONVERSIONBASEDUNIT (#47, .PLANEANGLEUNIT
#50= IFCSIUNIT(*,.MASSUNIT.,.KILO.,.GRAM.);

Zoeken naar: | IFCSIUNIT

[] Identieke hoofdletters Kleine letters

IFC exported from REVIT

Subsequently we search for IFCSITE. THE IFCCARTESIANPOINT that is closest to IFCSITE contains the
reference point of the model. We don’t search for IFCCARTESIANPOINT as there are many
IFCCARTESIANPOINT in the IFC.

#8515/9= 1FCRELDEFINESBYPROPERTLES( " 1X2Q_rd%58Xvx2stqzjZQY " ,#41,%,%, 0 mnamminanann -~ n
#851582= IFCPROPERTYSET (' 2W3sRYug16Z8T8UIvaSxMF',#41, 'Other',$, (#849 : Zoeken
#851584= IFCRELDEFINESBYPROPERTIES( ' @pAAuyX_b7UfbKgVkI3MbX',#41,$,$,
#851587= IFCPROPERTYSET('1X2Q_ra$58Xvx2sUCzJZQY",#41, 'Phasing’,$, (#3 Zoekennaar
#851589= IFCRELDEFINESBYPROPERTIES('1X2Q rd$58Xvx2sECzZQY",#41,$,$, Anruderen
#851592= IFCRELASSIGNSTOGROUP( ‘' 2E§doC8pvIABIAESIrOPqR " ,#41,$,$, (#337 ) Qmhoog $341159,#34
- . . [ [dentieke hoofdetters Adeine letters ®) Omiaag

51598= IFCCARTESIANPOINT ((21843284.1900471,18240704.5820829.,0.));
#851600= IFCDIRECTION((-@.737896067019829,0.674914360698206,0.));
#851602= IFCAXIS2PLACEMENT3D(#851598,#19,#851600) ;
#851603= IFCLOCALPLACEMENT ($ #851602);
#851604= (' 2m72ksJ1HALxx70WWSuFFe ' ,#41, ‘Default’,$, "' ,#851603,$,$, . ELEMENT. , (50,50,13,559999), (4,22, 3,359999),3260.,$,$);|

IFCSITE | Yoigende zoeken
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It is also possible to rotate the model by searching for IFCDIRECTION and enter the angular rotation

#8515/9= IFCRELDEFINESBYPROPERITLES( "1X2Q _ra%b8Xvx2stqzjLQY’ ,#41,%,%,0 s n‘
#851582= IFCPROPERTYSET('2W3sRYugl16Z8T8UIvaSXMF ' ,#41, 'Other',$, (#849 Zoeken

#851584= IFCRELDEFINESBYPROPERTIES( " @pAduyX_b7UfbKgVKI3MbX® ,#41,3,$, | |
#851587= IFCPROPERTYSET("1X2Q_rd$58Xvx2sUCzJZQY",#41, 'Phasing’,$, (#3 | Zoekennaar | IFCSITE lownde 200w ‘
#851589~ IFCRELDEFINESBYPROPERTIES('1X2Q rd$58Xvx2sECziZQY",#41,$,$, Richting remprs

#851592= IFCRELASSIGNSTOGROUP( * 2EjdoC8pvOABIAESIrOPQR" ,#41,$,$, (#337 QO Qmhoog 4341159, 434
#851595= IFCRELASSIGNSTOGROUP( " 1$w(r‘h)r82hhhfiﬂ3uLlN #41,%,$, (~341 [] Kentieke hoofdetters/ideine leters (@) Omiaag \

¥
#851603- IFCLO(ALPLA(EMENT($ 0851692),
#851604= [TIEFRIE( ' 2n72ks)1HALxx7OWHSuFFe* ,#41, ‘Default",$, ' *,#851603,$,$, . ELEMENT. , (58,50,13,559999), (4,22,3,359999),3260.,%,$);

IFC exported from another design software

To find the right IFCCARTESIANPOINT, we search for IFCBUILDING. The reference coordinates can then
be completed.

b= TG P ROPER Y S ET ( 28E CVIN DD 3 i e e et ""“n
#51= IFCPROPERTYSINGLEVALUE( 'ACA_DISF Zoeken

#55= IFCPROPERTYSINGLEVALUE( 'ACA_DISF —
#59= IFCRELDEFINESBYPROPERTIES('le7uy Zoekennaar | IFCBUILDING | Yolgende zoeken |
Richting
#71= IFCRELAGGREGATES('1_VYFsYxHSMvnt (O Omhoog
#73= IFCLOCALPLACEMENT($,#80); [ identieke hoofdietters /Kieine letters (@) Omiaag
#76= IZE@NRISSENEOINN((0.,0.,0.)); |

#80- IFCAXIS2PLACEMENT3D(#76,$%,9%);

Annuleren

2.1.2 Measurement units in IFC

For example, when exporting from Revit to IFC, Revit does not allow to choose in which unit it should be
exported. The IFC automatically gets exported to the units defined in the files project units. It is possible
to change the projects unit when needed. In most BIM software it doesn’t matter in which units the IFC
is exported. For example, in solibri with 2 IFCs with different IFCSIUNIT.

Project Units x
Disdipline: Common ~ / -
Units Format o Format X
Length 1235 [m] r
Area 1335 m? Use project settings
Vol 123457 m®
2, m Units: Meters hd

Angle 12.35°
Slope 12.35° Rounding: Rounding increment:
Currency 123457 0 decmal places ¥l
Mass Density 1234.57 kg/m’

Unit symbal:

Mone ~

[] suppress trailing 0's

Suppress 0 feet
Shaw + for positive values
v [ use digit grouping
Decimal symbol/digit grouping: Suppress spaces
mmme v o
~
ok Cancel Help M == ]

>,
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2.2 Revit

2.2.1 Georeferencing Revit

Revit uses three reference points: an "Origin Point /Project Startup Location, a "Survey Point" and a
"Project Base Point". The reason for the existence of different reference points is that two axis systems
can be used to link with other models and files, a world axis system and a local coordinate system.

e Origin Point / ‘Project Startup Location’: The startup location, the (invisible) zero point of a
Revit project.

e Survey Point: This point represents a known point in the real world, for example a measuring
point. In the case of a local coordinate system this point is in fact unnecessary.

e Project Base Point: This is a known point of the model. It is a "unique position" within each
model, a kind of "internal origin". It is the reference point of the local coordinate system.

2.2.2 Measurement units in Revit

A new project is started with the following units. This can be easily changed.

Project Units X
Discipline: Common w
Units Format ~

Length 1235 [mm]

Area 1235 m*

Veolume 1234.57 m’

Angle 12.35°

Slope 12.35°

Currency 1234.57

Mass Density 1234.57 kg/m*

Decimal symbol/digit grouping:
123,456,739.00 w

2.3 3D Tiles
OGC 3D Tiles (OGC, 2019b) is a specification that is originally developed by Analytical Graphics Inc. (AGI)

and that allows for efficiently streaming 3D geospatial data on the Web. The format is often used in
combination with the CesiumlS viewer. The specification has accepted as an OGC Community Standard.

12| Page



03-2021 BIMy D2.2 v02.00

The specification used a 3d geometry model based on gITF. Each tile described by one JSON file with CRS,
attribute, and refinement information. An alternative to 3D Tiles is the Indexed 3D Scene Layer Format
(13S), another OGC Community standard submitted by ESRI amongst other organisations. To note is that
OGC is meanwhile working on the “GeoVolumes” API as the 3D extension of the OGC API for serving tiles
that is better aligned with the ISO/OGC information models and the 2D content delivery standards.

The ongoing work on Time-Dynamic 3D Tiles will allow representing time-varying features. In a blog post
Pascal Poulain (Poulain, 2018) reports on experiments including 3D weather data time series from GRIB
files represented as 3D tiles with time interval properties. A CesiumlS viewer application is callable of
visualizing changing weather data as the clock advances. He reports performance issues with regards to
the current inability of the viewer to retrieve tiles based on a given time-range filter.

The 3D Tiles specification provides several mechanisms to cope with a changing level of detail, in
accordance with the zoom-level of the application.

e Hierarchical Level of Detail (HLOD) and refinement: Tiles are structured into a tree incorporating
Hierarchical Level of Detail (HLOD) so that at runtime a client implementation will need to
determine if a tile is sufficiently detailed for rendering and if the content of tiles should be
successively refined by children tiles of higher resolution. An implementation will consider a
maximum allowed Screen-Space Error (SSE), the error measured in pixels. Refinement determines
the process by which a lower resolution parent tile renders when its higher resolution children
are selected to be rendered. Permitted refinement types are replacement (“REPLACE”) and
additive (“ADD”). If the tile has replacement refinement, the children tiles are rendered in place
of the parent, that is, the parent tile is no longer rendered. If the tile has additive refinement, the
children are rendered in addition to the parent tile.

e Instanced 3D Model: Instanced 3D models is a tile format for efficient streaming and rendering
of alarge number of models, called instances, with slight variations. In the simplest case, the same
tree model, for example, may be located—or instanced—in several places. Each instance
references the same model and has per-instance properties, such as position. This greatly reduces
the data size of 3D tiles and will positively affect rendering times.

2.4 CityGML 2.0

CityGML 2.0 (OGC, 2012) is an XML data standard by the Open Geospatial Consortium (OGC). CityGML is
modelled as an Application Schema of the Geography Markup Language (GML).

To represent time, the CityGML 2.0 encoding standard provides a creationDate and a terminationDate
property. Yet, these properties may fall short. To cater for additional information modelling needs, the
CityGML offers an Application Domain Extension (ADE) mechanism: depending on the specific needs,
new features or properties can be added, greatly enhancing the model capabilities of CityGML. For
example, the Time-Dependent Variables CityGML Application Domain Extensions (ADE) already include
temporal aspects (i-SCOPE Project, 2013) to model time-varying attributes such as room temperature. The
latter is similar to the IfcTimeSeries.
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<<Feature=>
CityObject

+creationDate - xs::date [0..1]
+teminationDate : xsdate [D..1]

+relative ToWater : RelativeToWaterType [0..1]

+relativeToTemain - RelativeToTemainType [0..1]

To represent scale, GIS standards like CityGML 2.0 allow representing an object with more than one
geometry. This is depicted in Figure 3 where the class AbstractBuilding is linked to more than one

geometric representation.

<<Festure=>
AbstractBuilding

+class : gml=CodeType [0..1]
+function  gmi:CodeType [0.*]

+usage : gml::CodeType [0..1]
+yearOfConstruction : xs:g'ear [0..1]
+yearOfDemolition * xs:'g¥ear [0_1]
+100fType - gmi:CodeType [0..1]
+measuredHeight : gmi:LengthType [0..1]

+storeysBelowGround : .1
+storeyHeights AboveGround : gmi::MeasureOrNullListType [0..1]
+storeyHeightsBelowGround : gmi:-MeasureOrNullListType [0..1]

consistsOfBuildingPart

TodT50id TodIMultiSurface TodTTemrainintersection
TodzZSoid TodZMultiSurface lod2Temainintersection
Toa35oNd Tod3MuliSurface | - | lodDFootPrint|  [Tod3Temanintersecton
Tod4Salid lodéMultiSurface IodDRoandge\L Tog4Terrainintersaction

1 0.1 —
<<Geometry>> <<Geometry>> lod2MultiCurve

amiz:_Solid amiz:MultiSurface Tod3MuliCurve
TodaMuliCurve
0.1

0.1
<<Geometry>>
gmi:MultiCurve

Figure 3 A CityGML 2.0 AbstractBuilding can have more than one geometric representation.

2.5 CityGML3.0

The CityGML 3.0 conceptual model (available for public comments since December 2020) (OGC, 2019a) is
looking into properties such as "validFrom" and "validTo" that refer to the lifespan a specific version of an
object exists in the real world (this is taken from the INSPIRE Generic Conceptual Model) and
"dateOfConstruction" and "dateOfDemolition" refer to the lifespan the whole object exists in the real

world.

class Core - Overview /

«FeatureTyper
AbstractFeatureWithLifespan

«Property»
creationDate: DateTime [0..1]
terminationDate: DateTime [0..1]
validFrom: DateTime [0..1]
validTo: DateTime [0..1]

+ + + +

Figure 4 CityGML 3.0 Core (under development) time attributes
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class Versioning

Versioning module
The stereotype «Version» is adopted from INSPIRE. The

stereotype is used for association roles to express that the
association refers to a specific version of the target object and not
to the object in general.

AnyFeature
+
«FeatureTypen "\'/dFea‘”'e
«Version»
Core::AbstractFeatureWithLifespan ersion:
«FeatureTypen
Core::CityModel = «enumeration»
i R TransactionValue
+ creationDate: DateTime [0..1]
+  terminationDate: DateTime [0..1] thewFeature insert
+  validFrom: DateTime [0..1] 0.1 ersion» delete
+versionMemberl 43 qTo: DateTime [0..1] replace
«ersionnx
«enumeration»
TransitionValue
planned
B realized
We(:;‘r:rx:zber 0.1 ‘rom + historicalSuccession
«FeatureType» «Property» «FeatureType» «Property» «DataType» fork
Version VersionTransition Transaction merge
0.* o
«Property» 0.1 +to «Property» " «Property»
+ tag: CharacterString [0..*] ” perty + essor: Boolean + type: TransactionValue
+ reason: [0..1]
+  type: TransitionValue [0..1]
+versionTransitionMember]
«Property»
0.*

Figure 5 CityGML 3.0 Versioning module

Similar to the Time-Dependent Variables CityGML Application Domain Extensions (ADE) already include
temporal aspects (i-SCOPE Project, 2013) for CityGIM2.0, CityGML3.0 — under development at the time
of writing this deliverable — has included a similar model into the main specification.
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class Dynamizer )

Dynamizer module

«FeatureType»
OGC TimeseriesML::

ser

AtomicTimeseries

CompositeTimeseries

>

+timeseriesDomainRange
«Property»

0.1

+timeseriesTVP
«Property»

«FeatureType»
OGC TimeseriesML::

+observationData|

«FeatureType»
OGC SOS::GetObservationResponse

«Property»

TimeseriesTVP

0.1

«Property»
+ observationData: OM_Observation [1..*]

+sensorLocation «FeatureType» AbstractFeature
«Property» Core::AbstractCityObject «FeatureType»
T coressapstract
0..
+dynamizer
0.% «Property» *
«DataType» «FeatureType»
SensorConnection Dynamizer
+sensorConnection
«Property» «Property» «Property»
+  linkToObservation: URI [0..1] + attributeRef: URI
+ linkToSensorML: URI [0..1] + endTime: TM_Position
+  sensorlD: StringAttribute 0.1 +  startTime: TM_Position
+  serviceType: StringAttribute
+timeseries
«Property» \| o 1 «FeatureType»
+timeseries TimeseriesComponent
«FeatureType» 1 «Property» 0.1
AbstractTimeseries «Property»
+  additionalGap: TM_Duration [0..1]
+ repetitions: Integer
context AtomicTimeseries inv:
dynamicDataDR->size() + dynamicDataTVP->size() .
+ observationData->size() = 1 +timeseriesComponent 1.
«Property» {ordered}
. «FeatureType» «FeatureType»
e mmmmmemaan

Figure 6 CityGML 3.0 Dynamizer module (under development)
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class Core - Geometry and LoD concept /)
i +od1MultiSurface
Core module - AbstractCityObject| ™ «Property» «Property» AbstractCityObject]
GM_
Geometry and LoD concept «FeatureType» +lod2Multisurface | o 4 o1 | Hod2Muttisurface «FeatureType»
Abstractspace «Property» CHE) perty * X
+lod3MuliSurface EL T +lod3MultiSurface
«Property» «Property»
0.1 *lod1sold
«Property»
GM_Primitive pery
+bounds +boundary
«atype» +lod2Solid «Property» «Property» *
Geometric primitive:: «Property»
GM_Solid
+lod35olid +od2Multicurve
«Property» ‘ «Property» GM_MultiPrimitive| +lodOMuitiCurve
«type» «Property»
+lod3Multicurve | 0..1|  Geometricagg:
«Property» GM_MultiCurve 0.1
T +lod0Point
. 1_Primitive | 0..1
+referencepoint «Property» * +lod1TerrainintersectionCurve
«Property» 1 «type» «Property» 0.1
Geometric primitive::
GMERolnt +lod2TerrainintersectionCurve
«Property»
[ urve|
«FeatureTypen «Property»
«type»
Geometry root::GM_Object %
0.1 +relativeGMLGeometry RN
<broperty» AbstractOccupiedSpace
r— +odLimplicitRepresentation
ImplicitGeometry «Property»
«Property» +od2ImplicitRepresentation
+ libraryObject: URI [0..1] «Property»
+  mimeType: Code [0..1]
@ i fonMatrixdx4 [0..1] +lod3ImplicitRepresentation
«Property»

2.6 Building Topology Ontology (BOT) and Ontology for Property Management (OPM)

The World Wide Web Consortium (W3C) Linked Building Data (LBD) Community Group has produced a
number of data models — called ontologies — inspired by the IFC data model, but with a simpler structure.
Such ontologies include the Building Topology Ontology (BOT) (W3C, 2019) and the PROPS ontology. The
University of Ghent has developed an IFC-to-building-data convertor (Bonduel et al., 2018).

. ) [ )
e |

N
B b i 3
| | bot:containsElement owlequ VOlon'QGSb\

I‘. rdfs:subPropertyOf rdFs-romgg‘_[ hHeater | :
w‘ e N 5 \‘t, /f
( ] [ bot:Building ] . bot:Storey ( bof:Spoce} bot:Element j |
A 7 _ A 4 4 i/

A
|
|
|
|

T i [T E— el __ '
rartype I rdrtype rartype! !
: /’ | I h:heatedBy I

‘\_/[ <bui|df|‘ngA> 1 _7}[ <sfor<—;-y01 > l _/'[ <spc1céA12> j’i\:

\ bof:haisSforey
3

~
~
~

rdf:fyp_e_ ,/’rd:rlypg_
/

/

"\ bothasSpace bot:containsHement,’ |
\\ // .

e _,7_ber:bg_s|§|eme\njr e =TT

Figure 7 Illlustration of the Building Topology Ontology (BOT) (Terkaj et al., 2017)
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class bot-overview-diagram
Interface 3DModelGeometry
has3DModel
has3DModel
interfaceOf
containsZone
Zone interfaceOf Element
ajacentZone hasSimple3DModel ‘ hasElement | hasSimple3DModel
intersectsZone
containsElement
hasElement
ajacentElement
| intersectingElement
Site Building Space Storey
hasBuilding hasSpace hasStorey
hasZeroPoint|
Point
(from wgs84)

Figure 8 UML Class Diagram representation BOT

The Ontology for Property Management (OPM) is an ontology for describing temporal properties that are
subject to changes as the building design evolves.

seas:Evaluation
prov:Entity, opm:PropertyState
A

ex:someProperty opm:hasPropertysrga%t_%y&)e opm:CurrentProperty
<foi> <prop>
prov:generatedAtTime

“some value[2018-03-22T12:00f0Fg % "me

Figure 9 Time-varying properties can be expressed in the Ontology for Property Management (OPM)

schema:value
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Window-325> Still <Window-325> 222

: : >
to t .

seasEvaluation
prov:Entity, opm:PropertyState
I

“2018-03-22T12:00.00Z 7 eccddime 4 rypei

N <statel >
P schema:value
opm ercrty *1200 mm"edtength

exwidth opmhasPropertyState

<Window-325> \i;

opm:hasPropertyState’
“ ]8()0 mm‘""u.‘\ ength
chema:value

/

“2018-06-19T08:00.007 " et ckieine

seasBvalyation
prov:Entity, opm:PropertyState

Figure 10 An illustration of time-varying properties in OPM (Holten Rasmussen, 2018)
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3 BIM-to-GIS Mappings

This section formalizes the semantic and geometric transformations that are needed between the BIM
and GIS data standards that are used in the BIMy platform. The starting point will be the BIM data in IFC
or REVIT data formats. The next chapter will look at GIS data formats as a starting point.

3.1 IFCto 2D SVG floorplan

This section describes the model transformation that is needed to convert an IFC BIM model into a 2D
floorplan.

3.1.1 Related requirements

This translation relates to the following requirements described in deliverable D1.2 (BIMy consortium,
2019a):

e Reqg Y1 041: Visualisation of floor plans by Fire Brigade

e Reqg Y1 039: Transform 3D digital model into a 2D floor plan
e Req Y1 057: Visualisation of a simplified 3D IFC Model for the fire brigade

3.1.2 Transformation rules

To generate a 2D floorplan, the following transformations are required:

e Remove irrelevant IFC objects: less relevant objects of type IfcSpace, IfcCeiling, etc. must be
filtered out.
o Split objects by floor: in IFC, most objects are assigned to a floor level (IfcBuildingStorey)
e Reduce to a 2D representation: the 3D geometry of each individual object must be reduced to a
2D form. This can be done in the following ways:
o Take a cross-section at a certain elevation (e.g., 1m above floor level).
o Reduce the z-axis of all coordinates and clean up redundant lines.
o Apply formatting rules: The resulting polygons and lines need to be colored according to the
required semantics. Where needed, labels can be added, for example the name property of an

IfcSpace.

e Filter and/or rename object attributes: The IFC attributes can be reduced and/or renamed as
required.

e Write to SVG: write the result to SVG. Ideally, the coordinates as read from the IFC file are
preserved.

3.1.3 Implementation

As part of deliverable D3.2, GIM has implemented a transformation. Figure 12 and Figure 13 depict a
screenshot of a Web application to visualize the floorplan in SVG format the Schependomlaan
(openBIMstandards, 2014) and Kortrijk datasets (ASSAR, 2019).
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Figure 11 An implementation of the IFC-to-2D-SVG floorplan transformation
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Figure 12 Screenshot of a Web application to visualize the floorplan in SVG format (dataset: Schependomlaan)
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Figure 13 Screenshot of a Web application to vlisualize the floorplan in SVG format (dataset)

Future improvements

In the context of the Fire Prevention demonstrator, a number of improvements were identified.

Complex object hierarchy: IFC uses a complex object hierarchy, when filtering the objects by floor
level, the current implementation assumes that each object is a direct parent of an
IfcBuildingStorey instance, which is not always the case.
Extract information directly from Revit: Currently Assar Architects creates the Fire Prevention
Plans directly from REVIT. These plans contain all the information that the fire brigade wants if
they need a quick and clear overview of all the fire prevention aspects of a building. The
information included in the plans is stored in two ways in Revit:
o 3D-elements with parameters:
= Fire resistance of general building elements is stored in two parameters:
e “FI_R”:structural fire resistance of a load-bearing element (column, load-
bearing wall, floor slab, etc.)
e “FI_EI”: temperature and flame resistance of structural elements
(column, wall, slab, etc.) and non-structural elements (non-structural
walls, etc.)

The value of these parameters is expressed in minutes: usually 30, 60 (or 120)

Fire prevention plans usually only display the El-value of elements in drawing by
displaying the wall in a certain color (e.g., EI30 = red, EI60 = green, EI120= blue).
To avoid confusion, the R-value is usually not displayed visually on plan, only
explained in text. (e.g., “Alle structural elements above ground level have R60,
under ground level R120.”)

= Staircases: all staircases are modeled in 3D.
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® |ndoor hydrants: are modeled in 3D.
= Doors: Are modeled in 3D and contain all necessary information (El-value +
closing mechanisms) as parameters.

e 2D annotations added in plan views: Both IFC2X3 and IFC4 may include 2D
annotations. With the right parameters, Revit is able to export 2D geometry that
remains linked to the desired view. It is also possible to export the classification of
the 2D element exported. This can be used to recognize fire escape routes. The
disadvantage is that the programs do not currently import these data correctly
(Tested import with Revit, SimpleBIM, Solibri and Archicad). Compartments and
subcompartments (areas), with surface area tag. Evacuation route (drawn as an area
or filled region). lcons for location of hydrants, fire extinguishers, exit doors,
evacuation exit doors and smoke ventilation openings.

To make these improvements, it would be best to start with the basics for the creation of the fire
prevention plans.

1. First, make sure the plan is correct, complete and readable as a pdf generated from the
IFC.

2. Then, add the general fire info that is contained in the model: Fire resistance of general
elements (FI_El), highlighted staircases, doors, hydrants.

3. After that, we can try to move on to the trickier ones: how to get the 2D info in the IFC
model.

3.1.5 IFC Filtering: IFC to 3D IFC floorplan

As part of the Fire Risk Application, another approach was used: namely to create subsets of the BIM IFC
model by floor. This “filtered” IFC model (filtered by building story, excluding e.g., ceilings and slabs) can
then be visualized in viewers such as BIMsurfer3
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Figure 14 IFC to 3D IFC floorplan visualized with BIMsurfer3 (ASSAR, 2019)

3.2 IFCto CityGML

This section describes the model transformation that is needed to convert an IFC BIM model into a
CityGML counterpart.

3.2.1 Related requirements

This translation relates to the following requirements described in deliverable D1.2 (BIMy consortium,
2019a):

e UCS Y1 08:BE: Integrate urban context information into BIM models
e Reqg Y1 069: Transform BIM IFC model into CityGML

3.2.2 Existing implementations

The conversion of IFC to CityGML has been studied in the research community over the course of a decade.
Nagel and colleagues (Nagel C et al., 2009) provide a detailed analysis of the conceptual similarities and
mismatches in the conversion between IFC and CityGML 2.0. Figure 15 illustrates some of the most
important differences:

o Geometry representation: Geometries in IFC are typically represented using Boundary
Representation (BRep) as implemented in the STEP modelling language (ISO, 2018) and
Constructive Solid Geometry (CSG). In CityGML, geometries are often reduced to surfaces. This is
illustrated in Figure 15 (Nagel Cet al., 2009). Also Ohori and colleagues report that the conversion
between IFC and CityGML geometries is far from straightforward (Arroyo Ohori et al., 2017).

e Coordinate reference system: Geometries in IFC typically have engineering coordinates (x,y,z
according to a locally defined zero point) whereas CityGML uses a wide variety of geodetic
coordinate reference systems, that use a standardized zero point (a geodetic datum), and
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possibly a projection. It is possible to include a georeferenced in an IFC file using the IfcSite
element —A single reference point with WGS84 coordinates (Longitude, Latitude and Elevation)
can be defined-This point defines the origin (0,0,0) of the LocalPlacement of all other objects
which are hierarchically below, e.g. IfcBuilding Brelative positioning w.r.t. the local system of the
site element

Hierarchical relationships: Objects have complex hierarchical relationships. For example, in IFC
Doors are the children of Openings, which in turn are the children of Walls, while in CityGML,
Doors are children of Walls.

IntBuildinglnstallation

IfcWallStandardCase

IfcSlab

Window

GroundSurface InteriorWallSurface

IfeWindow

Figure 15 Comparison between IFC and CityGML (Nagel C et al., 2009)

In The Netherlands, the GeoBIM Benchmark project (Noardo et al., 2019) provides a framework
describing the present ability of existing software tools to use CityGML and IFC models and understand
their performance while doing so, both in terms of information loss and in terms of ability to handle
large datasets. The benchmark defines specific tasks to test the following:

3.2.3

Task 1 - Support for IFC within BIM (and other) software;

Task 2 - Options for geo-referencing BIM data;

Task 3 - Support for CityGML within GIS (and other) tools;

Task 4 - Options for conversion (software and procedural) (both IFC to CityGML and CityGML to
IFC).

Transformation rules

A transformation from IFC to CityGML 2.0 encompasses among others the following transformations:

Reading IFC objects: all IFC objects must be read. The scale can best be converted.

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

#28IFCUNITASSIGNMENT ( (#24));

Transformation of geometries: resolving the solid geometries (CSG or BRep) and convert
geometries into MultiSurface representations.

Georeference geometries: convert the Cartesian coordinates of the IFC file into geospatial
coordinates according to a reference geometry. CityGML uses a 3D geodetic coordinate reference
system. Because IFC files may use local coordinate systems, this may require the following
adjustments:
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Scale: adjust the unit of measurement, e.g. convert from millimeter into meter.

Rotate: it may be needed to rotate the objects. This is particularly needed if the y-axis is
not directed at the true north.

Offset: It may be needed to offset the x,y coordinates in the IFC file according to the
required translation defined in the IFC file’s IfcGeometricRepresentationContext
WorldCoordinateSystem attribute. It may also be needed to adjust elevation, for instance,
if a different vertical reference system is used (e.g. Belgian TAW versus Dutch NAP).
Reproject: after applying the above-mentioned scaling, rotation, and offset, the
coordinates of the IFC file may be in a geodetic coordinate reference system.

Readjust object hierarchies: in IFC, many objects have an IfcBuildingStorey as direct parent.
Other objects have a more complex hierarchy.

Construct aggregates: In IFC, some instances are composed of other instances. For example,

curtainwalls contain plates and members; stairs contain railings, stair flights and slabs; and ramps
contain slabs and ramps. These parts must be added to their parent feature when converting to

CityGML.
Rename object properties: for instance, the IFC unique id of each object can be used as gml:id

attribute in CityGML.
e Change instance classification: convert the IFC classification of instances into a corresponding
CityGML feature type, Table 2 gives an indication of this.

Table 2 Mapping IFC entities to CityGML feature types

IFC entities
IfcProject
IfcBuilding
IfcSpace

IfcRoof
IfcFloor
IfcWallStandardCase

IfcWall
IfcCurtainWall

IfcMember
IfcSlab

IfcDoor

IfcWindow
IfcPlate
IfcRailing

IfcColumn
IfcBeam

CityGML 2.0 feature types
CityModel

Building

Room

RoofSurface
FloorSurface
WallSurface

WallSurface
WallSurface

FloorSufrace
Door

Window

Buildinglnstallation

Buildinglnstallation
Buildinglnstallation
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IfcStair Buildinglnstallation
IfcFlowTerminal Buildinglnstallation
IfcFurnishingElement BuildingFurniture

IfcBuildingElementProxy

3.2.4 Implementation

As part of deliverable D3.2, a transformation was implemented.
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Figure 16 An implementation of the IFC-to-CityGML transformation
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Figure 17 Conversion of the Kumpen Offce IFC BIM model (Willemen, 2018) into CityGML, viewed with FZKViewer

3.2.5 Future Improvements

We have identified the following improvements:

e CityGML 3.0: As CityGML 3.0 was not finalized yet at the time of writing this deliverable, the
implementation was based on a draft version of the City GML 3.0 schemas. This XML Schema may
be still subject to change.

3.3 IFCto 3D Tiles

This section describes how to convert an IFC BIM model into 3D Tiles that can be displayed in a Web
application using CesiumJS.

3.3.1 Related requirements

This translation relates to the following requirements described in deliverable D1.2 (BIMy consortium,
2019a):

e Req Y1 057: Visualisation of a simplified 3D IFC Model for the fire brigade

e Req Y1 051: Visualisation of public and private hydrants using a combination of GIS / BIM
information

e Req Y1 040: Visualisation of situational plan (BIM+GIS)
e Reg Y1 032:Visualize buildings and building parts
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3.3.2 Transformation rules

A transformation from IFC to 3D Tiles encompasses among others the following transformations:

e Geometry conversion: 3D tiles use a mesh geometry defined in the gITF 2.0 specification (GI/TF -
GL Transmission Format, n.d.). Therefore, the complex Brep and CSG geometries of IFC have to
be converted into mesh geometries, which basically consist of a lot of triangles.

positionsAccesser: I:L.O 1.0 -5.0 l 4.0 3.0 -2.0 8.0 1.8 -2.0
normalsAccessor: ID,D 1.0 0.0[0.0 -1.0 0.0 0.71 0.71 0.0

o, 20, -2.0
.0, -1.0, 0.0}

e Construct aggregates: In IFC, some instances are composed of other instances. For example,
curtainwalls contain plates and members; stairs contain railings, stair flights and slabs; and ramps
contain slabs and ramps. These parts must be added to their parent feature when converting to
CityGML.

e Georeferencing: 3D Tiles uses a right-handed Cartesian coordinate system; that is, the cross
product of x and y yields z. 3D Tiles defines the z axis as up for local Cartesian coordinate systems;
typically the same vertical reference system (VRS) as the terrain model must be chosen.

o Scale: adjust the unit of measurement

o Rotate: it may be needed to rotate the objects. This is particularly needed if the y-axis is
not directed at the true north.

o Offset: It may be needed to offset the x,y coordinates in the IFC file according to the
required translation defined in the IFC file’s IfcGeometricRepresentationContext
WorldCoordinateSystem attribute. It may also be needed to adjust elevation, for instance,
CesiumlS viewers often use an elevation above the WGS84 ellipsoid whereas IFC often
uses an elevation above the sea level (e.g. Belgian TAW).

o Reprojection: after applying the above-mentioned scaling, rotation, and offset, the
coordinates of the IFC file may be in a geodetic coordinate reference system. 3D Tiles
often require reprojected into a EPSG 4979, which is an earth-centered, earth-fixed
(ECEF) reference frame.

3.3.3 Implementation

The above-mentioned translation was implemented using FME. Figure 18 depicts the FME workspace
that was implemented.
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Figure 18 An implementation of the IFC-to-3DTiles conversion in FME
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Figure 19 Screenshot of a simple Web application that visualizes 3D Tiles of the Schependomlaan IFC (openBIMstandards, 2014)

3.3.4 Future Improvements

The following further improvements can be made:

¢ Implement aggregate construction: the transformation rule for aggregate construction was not
yet implemented.

o Improve styling: Several experiments were conducted to implement styling in the 3DTiles, this
can be further improved.

3.3.5 Revitto 3D Tiles

In addition to a conversion from IFC to 3D tiles, a similar conversion from Revit to 3D tiles was
implemented with FME. Figure 20 shows a subset of the FME workspace involving various custom
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transformers for the conversion of Revit to 3DTiles directly without passing via IFC. Figure 21 depicts a
visualization of the Kortrijk nursing home Revit file (ASSAR, 2019) using CesiumlS (Web Viewer)
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Figure 21 A visualization of the Kortrijk nursing home Revit file (ASSAR, 2019) using the BIM/GIS Integrated Web Viewer
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4 GIS-to-BIM Mappings

This section formalizes the semantic and geometric transformations that are needed between the GIS and
BIM data standards that are used in the BIMy platform. The starting point is the GIS data in CityGML,
shape, GeoTIFF, GML or LAS data formats.

Different types of geospatial data that are relevant to the architects and construction companies as
stakeholders of the Urban Context use case are:

- Cadastral parcels: multi-polygon geometries with attribute data typically provided in GIS formats
as ESRI shape file (De-facto Industry standard) or alternatively in the Geography Markup Language
(GML).

- Utility networks: to model utility networks in an uniform way, the Flemish government developed
the IMKL (Informatie Model Kabels En Leidingen V2.3, 2017)information model basing itself on
the standard that the EC developed for the modelling of utility infrastructure (INSPIRE Data
Specification on Utility and Government Services V3.0, 2013) in the context of the INSPIRE
framework directive. IMKL encoded in OGCs’ Geography Markup Language is the selected data
model and format to exchange information between the organization that own and operate
subsoil utility network infrastructure and organization that need to conduct trenching operations.
The Kabel- En Leidinginformatieportaal (KLIP), n.d.) is a web platform where excavation and
engineering companies can introduce requests for information (map requests) for a specific zone
and utility companies that have infrastructure within this zone need to reply with the positional
and attribute information of the infrastructure that they have at this location encoded in IMKL.
The portal superimposes the data of the individual infrastructure owners and portrays them in
accordance with the PMKL styling model (Presentatiemodel Kabels En Leidingen V2.2, n.d.). A
similar model has been adopted by the Netherlands and it is expected that the other Belgian
regions will adopt the same IMKL model. The same principles are obviously applicable on other
EU Member states where the data is made available according to the base INSPIRE model for
government and utility services.

- Transport networks and even better road surface geometries. Also here the INSPIRE initiative of
the European Commission standardized the information model for Transport networks. The data
model is specified in an Implementing rule and accompanying technical guidance documents
(D2.8.1.7Data Specification on Transport Networks — Technical Guidelines, 2014). For the BIMy
Urban context the road surface geometries that are made available as part of the “Grootschalige
Basiskaart” or GRB and equivalents of the other regions that are made available as open data are
used.

- Buildings: Also buildings is one of the core INSPIRE data themes. Here GIMs Belmap product was
used.

- Elevation data: this concerns the topography of the terrain and is also referred to as Digital
Terrain Models (DTM) not to be confused with Digital Surface Models (DSMs) which also contain
the height of objects that are positioned on the ground like buildings. Digital Terrain models are
typically distributed as raster data with a height value per grid cell in formats as GeoTIFF or
JPEG2000. In the BIMy Urban context the digital terrain models that are made available as open
data by the regional governments are used.

32|Page



03-2021 BIMy D2.2 v02.00

- Ortho imagery: this refers to typically airborne imagery that is orthorectifed (corrected for
elevation differences) and made available in raster formats.

- Mobile mapping data: data that is typically acquired by carmounted 360° cameras and provide
360 degrees of the environment. These images can be draped on building facades but have the
disadvantage of only representing the front facades.

- Point cloud: Point clouds collected from airborne or mobile mapping sensors provide the means
to map the 3D geometry of objects. In the BIMy urban context open airborne LiDar data was used
in combination with the Belmap footprints to reconstruct the 3D geometries of Buildings to a
CityGML Level of detail 2.

41 2D GIS Vector data to IFC

Two-dimensional GIS vector datasets basically consist of point, linear and polygonal features (and multi-
point, line and polygons) with associated attributes that are used to model the urban context. Several
GIS formats are in use. They range from the proprietary ESRI shape file and geodatabase formats over
open standards as OGCs Geography Markup Language and GeoJSON and can also be stored in
geospatially aware databases as PostGIS or Oracle Spatial. The following datasets have been used in the
BIMy Urban Context demo:

Type of data Source Format Geometry
Buildings Belmap PostGIS Polygon

Cadastral parcels Open data Shape Polygon
Underground KLIP IMKL — GML Points, lines and
infrastructure polygons

Roads and road layout Open data Shape Lines and polygons

4.1.1 Related requirements

This translation relates to the following requirements described in deliverable D1.2 (BIMy consortium,
2019b, p. 2):

e BE: Integrate urban context information into BIM models

4.1.2 Transformation rules

A transformation from GIS vector data formats into IFC encompasses among others the following
transformations:

Transforming from tabular representation into a tree hierarchy: GIS vector data is typically stored in a
tabular form, where each row in the dataset represents a different object and the columns represent
the properties per object. In IFC on the other hand, data is organized in an object-based hierarchy. For
example: A single GIS vector dataset containing buildings should be transformed into a hierarchy of
IfcProject, IfcSite, IfcBuilding.

Create property sets: As described above, properties of GIS vector data are typically stored as columns
in the dataset. When transforming this kind of data into IFC, these properties need to be converted into

33| Page


https://shutterfreak.net/d7_bimy/node/10

03-2021 BIMy D2.2 v02.00

propertysets. Properties that do not fit within the predefined properties of an IFC class can be added as
user defined IfcPropertySets to extend what is foreseen in the IFC standard. For each set of user defined
properties a IfcPropertySetDefinition should be created. The IfcPropertySetDefinition defines the
schema of these properties.

Georeferencing: In many cases BIM models are created using a local reference point and cartesian
coordinates, while GIS data is typically digitized using standardized geospatial coordinate systems. If the
IFC data is intended to be used within a BIM tool together with a BIM model that uses a local reference
system, the GIS data should be converted to the local reference system of the BIM model. This means
that the GIS data will be rotated and offset to match the local reference system of the BIM model.

4.1.3 Implementation

The above-mentioned translation was implemented using FME. Figure 22 depicts a part of the FME
workspace that was implemented to convert building information into IFC. Figure 23 shows the
implementation to extend the IfcBuilding objects with additional IfcPropertySets.

Figure 22 An implementation converting GIS vector data into IFC
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Figure 23 An implementation to add additional properties to IfcBuildings and to create the corresponding
IfcPropertySetDefinition.

4.1.4 Known limitations

As demonstrated, the developed workflow can handle a wide variety of geospatial objects, data models
and formats. One difficulty is to automatically transfer complex symbology as for instance the PMKL
styling for underground infrastructure.
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4.2 GlSraster datato IFC
Digital Elevation Model (GeoTiff) and orthoimagery (GeoTiff) to IFC

4.2.1 Related requirements

This translation relates to the following requirements described in deliverable D1.2 (BIMy consortium,
2019b, p. 2):

e BE: Integrate urban context information into BIM models
e The IFC4x1 Alignment standard provides a Terrain Surface object type.
e http://www.buildingsmart-tech.org/ifc/IFC4x1/RC2/html/link/terrain-surface.htm

4.2.2 Transformation rules

Geometric representation of tessellated surfaces using the IfcTesselatedltem which is a specialized class
of the IfcGeometricRepresentationltem—The attribute Coordinates of the class IfcTesselatedFaceSet
represents the point list of the surface—The attribute Coordindex of the ifcTriangulatedFaceSet class
represents the list of triangle. Semantic representation of the DTM using the class IfcGeographicElement
which is subordinated to IfcSite

4.2.3 Implementation

By using a Digital Elevation Model we can transform the 2D GIS vector data, e.g. parcels, roads or
waterways, into 3D objects that match the elevation of the terrain. This allows us to create a more
accurate digital representation of an area. The usage of a DEM is included in the implementation
depicted in Figure 22.
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Figure 24 Screenshot of Solibri showing the Kumpen Office AR model and the Belmap-to-IFC output

4.2.4 Known limitations

No texture information in IFC, this may not be a problem, because texturing information is often added
later in a the BIM modeling software or rendering engine. For example, in Revit, the use of RPC-based
families allow to provide a simplified “cardboard” appearance, but when rendered, the view includes
the right textures.

4.3 Point cloud to IFC or Revit

4.3.1 Related requirements

This translation relates to the following requirements described in deliverable D1.2 (BIMy consortium,
2019b, p. 2):

e BE: Integrate urban context information into BIM models
e The Architect can choose between GIS datasets with different LODs and versions. GIS
Information is downloaded in a format which can be directly imported in BIM software (i.e.: IFC)

The idea here is not to integrate the raw point cloud data into BIM software, but to use the LiDAR data
to reconstruct the building and other geometries and integrate this into the IFC model and Revit.
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Figure 25 Example LiDAR point cloud and 3D Building reconstruction

4.3.2 Transformation Rules

Transform point cloud data into 2D or 3D GIS vector data: Since we do not want to import the raw
point cloud data directly in a BIM tool, we first need to process the raw data and convert it into GIS
vector data.

For buildings that meant reconstructing planar objects like walls and roofs from the point cloud data as
described in section Error! Reference source not found..

For trees the tree center point on the surface was extracted, as well as the tree height and the crown
maximum diameter. Based on the position, height and crown diameter 3D representations of the trees
in the area can be constructed. An example of this is shown in Figure 27.

Transform GIS vector data to IFC: Once the point cloud data is transformed into GIS vector data the
transformation rules described in section 4.1.2 can be used to transform the data into IFC.

4.3.3 Implementation

A thorough evaluation of different software packages was performed in terms of

e the quality of the automatic reconstruction,

e the fact whether or not the Belmap footprint could be introduced to constrain the building
reconstruction

e support for varying input data sources (classified versus non-classified point clouds) and support
for processed DSMs,
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e possibility to integrate other geometries like cutlines (to separate buildings in a building block
and) roof ridges to further constrain the roof reconstruction

e the factor whether the output consist of a mesh structure or real 3D solid objects.

e The associated costs.

Pilot zones in the Flemish region and Gembloux in the Walloon region were selected, this to investigate
both the effect of the density of buildings (rural-residential versus City) and the point density of the
point clouds.

Figure 26Example buildings reconstructed

Also tree objects were extracted from the classified point cloud using an adapted processing chain that
extracted the height of the tree and the maximum crown diameter.

38| Page



03-2021 BIMy D2.2 v02.00

Figure 27 Extraction of trees from LiDAR point clouds

4.3.4 Future improvements

The following future improvements can be noted with respect to the LiDAR based building
reconstruction:

e Scalability: the resulting workflow is complex and needs to work on a huge amount of data
exceeding 50TB (uncompressed). Further optimisations to the processing chain are required
to be able to generate this for the entire country.

e Optimum to be found in the level of detail of the building features that are reconstructed
and artefacts that are created because of overhanging trees or adjacent building structures.

4.4 |FC/REVIT to Video/Gaming/3D Engine

Finally it is the idea to also export the integrated BIM/GIS data model to gaming engines like Unity and
Unreal.
4.4.1 Related requirements

This translation relates to the following requirements described in deliverable D1.2 (BIMy consortium,
2019b, p. 2):

e BE: Integrate urban context information into BIM models
e The Architect creates a video or VR of the project
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4.4.2 Transformation rules

Georeferencing: A gaming engine is - unlike GIS viewers - typically not built to be able to deal with data
in different coordinate reference systems. Because we want to include data from different sources (e.g.
a 3D Revit model and GIS Vector data) we should make sure all data is converted into the same cartesian
coordinate reference system.

Transforming to compatible file format: Once all data is transformed to the same coordinate system, it
needs to be transformed to a file format that can be read by the engine of choice. This could be e.g. OBJ,
AutoDesk FilmBox or Unreal Datasmith.

Importing into gaming engine: The data needs to be imported into the gaming engine and added to a
virtual scene or world. To be able to walk around a player needs to be added. To get interaction
between the player and the virtual world (e.g. to be able to walk up stairs) a collision model can be
added to the correct objects.

Compiling the game: When the virtual world is set up, it needs to be exported into a standalone
executable file.
4.4.3 Implementation

Figure 28 depicts the implementation of the process to transform IFC data into the AutoDesk FilmBox
format.

Figure 28 An implementation of a transformation from IFC to FilmBox

4.4.4  Future improvements

The existing implementation proves that the BIM/GIS integrated model can be exported to Gaming
engines like Unreal and Unity. Further improvements can be done to realistic model the texture of the
facades using segmented information from for instance oblique imagery.
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5 Linked BIM/GIS data: BIMy Data Model

The BIMy data model represents the minimal BIM and GIS objects that should be managed on the BIMy
platform. The BIMy Data Model is represented as a conceptual model, an XML Schema (GML Application
Profile), and an RDF Schema.

5.1 Rationale

Via the BIMy API users can upload BIM models on the BIMy platform in one of the supported upload
formats, such as IFC2x3, IFC4, or Revit. The BIMy platform will store the BIM model as a file, but
additionally it will read a filtered set of relevant objects from the BIM model, convert these objects into
a simplified, yet fully georeferenced, representation - this is the BIMy data model - and store this data in
a datastore on the BIMy platform. The data store will then allow users to search, visualise, annotate,
raise issues on, etc. these elements. Because the platform knows for each element in which BIM
model(s) it occurs, the user can also download the corresponding BIM model (either as it was uploaded
or converted into another format) and use a dedicated BIM tool for further analysis.

5.2 Conceptual model: BIMy Data Model

The core of the BIMy Data Model supports the following key requirements:

e BIMModel: A BIMModel is defined as a snapshot of a BIM model represented in a native format
(e.g. Revit, IFC2x3, etc.). The BIMy data model makes it possible to find out in which BIMModel a
VersionedObject occurs. The BIMy Data Model therefore does not need to have the same level
of detail (level of geometry, level of information need) as the linked BIMModel.

e Identifier: The data type Identifier consists of a namespace (a URI), a localld, and an optional
versionld. The concatenation of the {namespace}{localld} attributes makes up a (preferably
HTTP) URI. This enables a "Linked Construction Data" approach where each Object has a Web
identifier (HTTP URI). The BIMy ReST API will resolve this URI to a CityGML or JSON document
describing this object. The combination of {namespace}{localld} (without versionld) is also
expected to be a stable object identifier that can be used to refer to the object during its
lifecycle.

e Object-level versioning: In CityGML 3.0 every FeatureType is a subclass of the abstract class
AbstractFeatureWithLifespan. The validFrom and validTo dates indicate the validity of the object
in the real world. The creationDate and terminationDate are the dates the object was created.

e Basic object properties: each object has very basic properties such as name, description, etc.
that are inherited from GML.

e Project, Building, BuildingStorey, Space: the model allows representing key BIM/CityGML
entities. Note that Building has a building footprint property (multipolygon), which is a typical
GIS concept.

e Element: all key IFC building elements are modeled as Element on the BIMy platform. An
Element may be classified by one or more Classifiers.
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e Support multiple levels of geometry: An element must be modeled as a (simplified) GML
MultiSurface geometry. For the moment, only LoD 1 and LoD 2 are considered. Also, only simple
surface geometries are in scope of the BIMy platform, as the main requirement is visualisation
of these geometries.

o ElementType: An element may also be linked to an ElementType. The IFC standards have a
similar concept.

e Support shared representations: Rather than instantiating each geometry, the BIMy data model
can support common shape representations with the RepresentationMap concept, greatly
reducing the amount of storage required to store frequently occurring geometries (e.g. a water
hydrant shape). The IFC standard has a similar concept (IfcRepresentationMap).
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5.3 XML Schema encoding (CityGML ADE)

The bimy.xsd XML Schema is an Application Domain Extension (ADE) of the CityGML 3.0 GML
Application Schema.

5.4 Linked Data Vocabulary

The bimy.ttl vocabulary is an encoding of the BIMy Conceptual Data model based on BOT and SKOS.
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