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Naadloos een 3D gebouw in een
3D omgeving plaatsen

(maar dan moeten we eerst Geo-BIM
integratie regelen...)

Hugo Ledoux (TU Delft) & Friso Penninga
(Geonovum)






Curved Beams
Roof Assemblies
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CHIEF ARCHITECT FRAMING SCHEDULE
NUMBER |NAME RTY [NOMINAL |LENGTH |TYPE
01 FLOORBEAM | 1 [53/6" X 12°136 1/16" |STEEL-]
T02 FLOOR BEAM | 1 |5 3/8" X 12" | 446" STEEL-|
T03 FLOORBEAM | 2 6" X 12" 1234 3/6" |STEEL-I
T04 FLOORBEAM | 3 |6"X 12" 236" STEEL-|
T05 FLOORBEAM | 1 |[6°X12° 245 1/2° |STEEL-I
T06 FLOOR BEAM | 1 6" X 12" 1245 4/16" |STEEL-|
T07 FLOOR BEAM | 1 6" X 12" 1422 7/6" |STEEL-|
T0 FLOORBEAM | 2 6" X 12" 1454 STEEL-|
Tod FLOORBEAM | 2 6" X 11" 1423 1/6" |STEEL-|
T10 FLOORBEAM | 1 6" X 17"  |4125/6" |STEEL-I
11 FLOOR TRUSS (117 21" LUMBER
T12 HEADER 4 [2°x 10" 17" LUMBER
T13 HEADER 2 ("X 10" 89" LUMBER
T14 HEADER 5> [2°X 11 3/8" | 46" LUMBER

Het ontwerp 15 HEADER 5 (27X 11" |40° LUMBER
T16 HEADER 4 [2°x 12" 101" LUMBER
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Daarom...

Integratie van Geo en BIM modellen

Doel: ontwikkel een interface tussen .sssman:
CityGML en IFC CityGML
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not only the two of us...

Ken Arroyo Ohori  Jakob Beetz Abdoulaye Diakité Thomas Krijnen Hugo Ledoux Jantien Stoter

Postdoc (1 Ul Postdoc ( | Ul PhD candidat



CityGML

- Int’| standard for representing and storing
3D city models

- mostly scale of the city/neighbourhood

- boundary representation used (b-rep)




CityGML: 5 Levels-of-detall

0008

L L0 LOD] LOD2 LOL3 OO A

rather rare In practice, because
costly and complex to acquire data

there usually reconstructed ‘as-built’,
because “easy” with point clouds
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IFC (Industry Foundation Classes)

open data model for builaings and
C O n St r U Ct | O n | n d U St ry d a t a / ‘ \\ | Suikite Shared Data

Model

one implementation of BIM (Building
Information Modelling)

ISO 16739 (IFC)

(A) buildingSMART standards for BIM (B) IFC, a shared data model
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IfcActuatorType
IfcAirTerminalBoxType
IfcAirTerminalType
IfcAirToAirHeatRecoveryType
IfcAlarmType

IfcAnnotation

IfcBeam

IfcBoilerType
IfcBuildingElementPart
IfcBuildingElementProxy
IfcBuildingStorey
IfcCableCarrierFittingType
IfcCableCarrierSegmentType
IfcCableSegmentType
IfcChillerType

IfcCoilType

IfcColumnType
IfcCompressorType
IfcCondenserType
IfcControllerType
IfcCooledBeamType
IfcCoolingTowerType
IfcCovering

IfcCurtainWall
IfcDamperType
IfcDistributionChamberElementType
IfcDistributionControlElement
IfcDistributionElement
IfcDistributionFlowElement
IfcDoorType
IfcDuctFittingType
IfcDuctSegmentType
IfcDuctSilencerType
IfcElectricApplianceType
IfcElectricFlowStorageDeviceType
IfcElectricGeneratorType
IfcElectricHeaterType
IfcElectricMotorType
IfcElectricTimeControlType
IfcElementAssembly

IFC (Industry Foundation Classes)

IfcEnergyConversionDevice
IfcEvaporativeCoolerType
IfcEvaporatorType
IfcFanType
IfcFastenerType
IfcFilterType
IfcFireSuppressionTerminalType
IfcFlowController
IfcFlowFitting
IfcFlowInstrumentType
IfcFlowMeterType
IfcFlowMovingDevice
IfcFlowSegment
IfcFlowStorageDevice
IfcFlowTerminal
IfcFlowTreatmentDevice
IfcFooting
IfcFurnishingElement
IfcFurnitureType
IfcGasTerminalType
IfcHeatExchangerType
IfcHumidifierType
IfcdunctionBoxType
IfcLampType
IfcLightFixtureType
IfcMechanicalFastenerType
IfcMemberType
IfcMotorConnectionType
IfcOpeningElement
IfcOutletType

IfcPile
IfcPipeFittingType
IfcPipeSegmentType
IfcPlateType
IfcProtectiveDeviceType
IfcPumpType

IfcRailing

IfcRamp
IfcReinforcingBar
IfcReinforcingMesh

IfcRoof
IfcSanitaryTerminalType
IfcSensorType

IfcSite

IfcSlab

IfcSpace
IfcSpaceHeaterType
IfcStackTerminalType
IfcStair
IfcSwitchingDeviceType
IfcSystemFurnitureElementType
IfcTankType
IfcTransformerType
IfcTransportElementType
IfcTubeBundleType
IfcUnitaryEquipmentType
IfcValveType

IfcWall
IfcWasteTerminalType
IfcWindowType

900+ In total
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IFC (Industry Foundation Classes)

Boundary Representation Sweep Volume

Aggregation of boundary - 3D primitives Extrusion of a face along a
surfaces, which enclose the - Combined by boolean defined path
body completely operations

explicit iImplicit representation
representation (need to be discretised to be manipulated with GIS objects)
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IFC vs CityGML

- O\

CityGML

IFC
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IFC vs CityGML

IntBuildinginstallation

)

IfcWallStandardCase

WallSurface

IfcBeam FloorSurface

IfcSlab Window

GroundSurface

~__ "

IfcWindow

teriorWaIISurface

Figure Nagel et. al (2009)
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Bridging the gaps between IFC and CityGML

1. gap In semantic
2.dap In geometry/topology

3.gap In coordinate reference systems
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Results with current commercial software

most geometries are converted
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Our goal

Develop an interface between CityGML and IFC to prepare for a
fundamental solution to bridge the gap between Geo and BIM.
1. open-source API to represent IFC + CityGML with the same
data structure
2. recommendations for future integration

-

A\ 1l n \ IfcOpenShell
CGAL -
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Use-case #1

Supporting the lifecycle of objects with a continuous information chain,
le using geoinformation in BIM application and IFC datasets in GIS
applications.

aanEEEnE- CGAL
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we're building on our previous results

Automatic generation of
CityGML LoD3 building
models from IFC models

MSc thesis in Geomatics
by Sjors Donkers
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a series of geometric transformation

input IFC union of all solids

|
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we’re building on our previous results, for instance:

IFC CityGML
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Simple primitives to support

- [fcCartesianPoint
- [fcDirection
- [fcVector

- [fcPlane
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More complex primitives to support

- [fcArbitraryClosedProfileDef

- |fcArbitraryProfileDetWithVoids

- |fcRectangleProfileDet

- IfcRoundedRectangleProfileDef

- |fcRectangleHollowProfileDef

- IfcTrapeziumProfileDet

- [fcCircleProfileDef
- [fcCircleHollowProfileDef

- |fcEllipseProfileDeft

- [fcFace
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More complex primitives to support (more!)

- |fcCShapeProfileDef
- |fcLShapeProfileDef
- |fclShapeProfileDef

- [fcTShapeProfileDef
- |fcUShapeProfileDef

- IfcZShapeProfileDef

- |[fcDerivedProfileDef
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Volumetric shapes also

+ [fcExtrudedAreasolid

- IfcExtrudedAreaSolidTapered
+ [fcConnectedFaceSet

- [fcCsgSolid

- [fcBlock

- [fcBooleanResult

- IfcSphere

- [fcRectangularPyramid

- [fcRightCircularCylinder

- [fcRightCircularCone

- [fcTriangulatedFaceSet

- IfcHalfSpaceSolid

20
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Our current results: CUVO Ockenburghstraat KOW




Use-case #2?

Submission of IFC model to a building permit-application portal: automatic
validation of the design against physical world (eg noise, shadows, zoning
plans)

29



Use-case #2?

Submission of IFC model to a building permit-application portal: automatic
validation of the design against physical world (eg noise, shadows, zoning
plans)

== georeferencing
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georeferencing = a problem in practice (really?)

location in the IFC file

-
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example use-case: verity maximum height allowed (zoning plans)

ety
e
g




example use-case: verify the shadow on the surroundings




Use-case #3

Integration of subsurface information in the BIM design process

. .
TRANSPORT i .
POk LOKDOMN Silvertown Tunnel:
P — By kind permission of Transport for London
® NERC Al rights reserved r J 34



Subsurface data: BRO

619600

* Available online (BRO:; dataset: GeoTOP)
* netCDF format (30 Gb)

* / axis ranging from -50 to 106.5m (NAP is the
0 reference)

* Voxels of size: 100m x 100m x 0.bm

358000

) )
13600 X 278200
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Subsurface data: BRO

* Available online (BRO: dataset: GeoTOP)
* netCDF format (30 Gb)

* / axis ranging from -50 to 106.5m (NAP is the
0 reference)

* Voxels of size: 100m x 100m x 0.bm
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Our Solution: automatic conversion to [FC

C++ script to extract the needed data

/dentification of the corresponding voxels
and their values

Transfer of the voxels geometry and
semantic to an |FC output

File Edit Build Debug Analyze Tools

Proiec.. + Y. © B+ X €
~ [ SuBIM
@ SuBIM.pro
~ [ Headers
h| subim_main.h
h| viewer.h
~ B Sources
c«] main.cpp
c«] subim_main.cpp
viewer.cpp
v [ Forms

Projects 7| subim_main.ui

L]

Analyze

®

Find:

Replace with: 4]

Window Help

[ J viewer.coo s 7 Viewer:draw(): void s | # Line: 67, Col: 38

glPolygonMode

// D spiral
void Viewer: :draw

int nbVox = my SuBIM.sx * my SuBIM.sy * my SuBIM.sz;

float x

y
z

X,

y VoxelViewer
7 -

for (int i=0;

for (int j

void V

ore pre v

P~ 100*scale2) X

Advanced...

Application Output  va € & —— —

Open Documents * B+ X RN

SuBIM.pro Guess I got my array ready:

main.cpp X =715 & Nx = 2

A : Y =887 &Ny =3

SuBIM Suzfm-ma!n';pp Z=266&Nz=3
| uD!m._main. 17 (0) 7 (1) 7 (2)
k=, |viewer.cpp 7 (3) 7 (4) 7 (5)
Debug viewer.h 7 (6) 7 (7) 7 (8)
7 (9) 7 (10) 7 (11)
> 7 (12) 7 (13) 7 (14)
7 (15) 7 (16) 6 (17)

>
¢ Seems like I made it

] [How do you render ...

(l 1ssues ¥l Search Results 3‘Application Output 4] Compile Output = -
0% viewer.cpp-SuBIM-... 0% simpleViewer.pro-s.. il BM_LCC [ Voxelviewer 2 E 3 FE100%YP & @ 21553
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Ongoing work: Merging with another IFC file

- Alignment of the coordinates
required

- One option could be the use of
Bounding Boxes of models to align.

- How to automate the process?
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all detalls on the project webpage

0@ (<

in 89 o

& 3d.bk.tudelft.nl/projects/geobim/ ¢

6 . - -
TUDelft v 30D geomform ation about ~ research~  education~ download~ etc~

GeoBIM: Bridging the gap between Geo and BIM

Summary

Introduction

Previous work

The proposed solution
Deliverables
CityGMVL/IFC interface
Agreed and supported plan for follow up
The collaboration
Planning

Meetings

Sponsors

® Team
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Experimental results (Haus-G-H)

IFC CityGML

41



step 2: “fixing” the geometry

morphological operators

(a) dilation

L

(b) erosion

AN

1. Geometries are dilatedq,
thereby closing the gaps

2. Interior geometries are
removed

3. The exterior shell is eroded
back to it original size

r-T-n1
[} [} I
L
r-a
[} I
r—n §
o i,
-3 1
-4
(] _ I
r=¥rna i -
A Rt
Lo+ _3

(a) input (b) union (c) dilation (d) result (e) erosion (f) final result

oL
_____

Figure 10: Closing operator applied to imperfect geometries.
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step 2: artefacts are however introduced

artefact b/c of erosion

normal direction used to
infer the semantic of the
face




Artefacts caused by erosion/dilation (Haus-G-H)
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Artefacts caused by erosion/dilation (Haus-G-H)
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Sometimes the world I1s not fatr...




Conclusion

Is IFC a proper solution?
» Handled by most of the BIM tools (Revit, SketchUp, etc...)
* The GeoTOP data can be converted into IFC through IfcSpace objects

* How the analysis software will handle it is still to be checked...

About the georeferencing?

* When it comes to designing software, it is not really about
geographic coordinates finally.

* Maybe we need to rethink the problem of georeferencing
BIM models?

]
TUDelft 47
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Subsoil data

Uncertainty in GeoTOP

 Stochastic model

* Keeps the value of the most probable litho class

’

Kans op lithoklasse

Meest
waarschijnlijke

0 0,2 0,4 0,6 0,8 1

%
TUDelft 48




Ongoing...

Merging with another IFC

* Attempt of alignment on Revit...

@E@.(}Q.F{). = \f‘l@A @.Q?E b . 5 ¥ | Type a keyword or phrase mgﬁgsign]n - X ®'

Architecture

GRe. | I FECSEHER BoD AIlR HE EK VK S W /7 @ & L [@

Modify( | Wall Door Window Component  Column Roof Ceiling Floor Curtain Curtain Mullion = Railing Ramp Stair | Model Model Model Room Tag Area Tag By Shaft Wall Vertical Dormer Set  Show Viewer

M System  Grid Text Line  Group Separator Room~ 7 Area | Face

Select v | Build | Circulation Model ‘ Room & Area v | Opening ‘ Datum ‘ Work Plane

Properties X =@ x *

@ 3D View s

3D View: {30} ~ | B8 Edit Type 5
Graphics Ao~ RIGHT
View Scale 1:100 fay
Scale Value 1: 100
Detail Level Medium
Parts Visibility Show Original
Visibility/Graphics Overrides ( Edit...
Graphic Display Options ( Edit...
Discipline Coordination
Show Hidden Lines By Discipline
Default Analysis Display Style None
Sun Path |}
Extents
Crop View |}
O
]
]

m

»

Crop Region Visible
Annotation Crop
Far Clip Active
Far Clin Off<et 04800.0 mm

Properties help | Apply

)

Project Browser - KO59A 0313_week_25 X
=0, Views (all)
Floor Plans
3D Views
Elevations (Building Elevation)
Legends
= Schedules/Quantities
Sheets (all)
2 Families
=-[@] Groups
Detail
Model
=@ Revit Links
& voxels.ifc

100 EIEDR KGR MHERY o &g [ !
Click to select, TAB for alternates, CTRL adds, SHIFT unselects. & - B | Main Model N 9 48 & ¥ M o

Lty
U
(=}

TUDelft 49




Generation of IFC

» Using IFC OpenShell

» IFC Attribute to provide
subsurface information still to be
determined (could be "Name” or

“Description™)

 Georeferencing limitations: local
coordinated are assigned to the
voxels (or they will not be
viewed...)
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code already open-source (but very much alpha...)

O ® < ] a ON I @& GitHub, Inc. github.com/aothms/IfcOpenShell_CGAL ¢ th m] +
O This repository Pull requests Issues Marketplace Gist
LI aothms / IfcOpenShell_CGAL @uUnwatch 4  suUnstar 2  YFork 1
<> Code Issues 0 Pull requests 0 Projects 0 Wiki Insights ~

No description, website, or topics provided.

D 826 commits I 5 branches © O releases 42 17 contributors
Branch: cgal New pull request Create new file  Upload files  Find file
' kenohori committed on GitHub Merge pull request #16 from kenohori/cgal - Latest commit 8baf619 on Apr 25
BB cmake Fix CGAL library linking on windows, conditional IfcTriangulatedFaces... 3 months ago
BB nix Add GMP MPFR and CGAL include/libs to cmake and build script 4 months ago
Bl src Output all errors as separate files a month ago
B test Add nested_mapped_item.ifc test case, based on acad2010_objects.ifc 7 months ago
3 win Windows/MSVC: support spaces in the IfcOpenShell build directory’'s pa... 5 months ago
=) .gitignore Ignore output files in /test/ 3 months ago
) .travis.yml Attempt to fix travis build w/ CGAL 2 months ago
=] COPYING Updated IfcBlender.py 6 years ago
=) COPYING.LESSER Add the LGPL license text supplement to the repository 5 years ago
=] README.md Windows/MSVC: support spaces in the IfcOpenShell build directory’'s pa... 5 months ago

README.md

51
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Problems encountered so
far

- Validity issues in IFC datasets (e.g. precision, order-
dependency, best way to do checks, etc.)

- Discretising curves and surfaces, fitting faces to
planes

- Minimal approach in Geo vs. large nhumber of
classes in BIM

- BIM concepts that differ in Geo software (e.g. faces)



IFC models = CSG computations that can go bad...

2 roof parts do not touch

wall and ground overlap




P,
.
O
_l
_
D
-
D
L
4
O
1
D
O,
il ®
O
-
-,
—




