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Motlvatlon BIM and GIS Integratlon

Locate planed buildings within the regional/global context
« To make use of available geodata within the design and planning phase
 To gain correct stake out data for surveying work on the building site
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Examples for BIM and GIS Integratlon Analyses and
visualization of planned
Planning of building buildings within the
an infrastructure Detailed Design Analysis urban context
projects using G (Geodesign)
geodata (e.g. DTM), Conceptual

Design Documentation

georeferencing

o
Programming
Building
@. Information
Modeling
/ Fabrication
Management of Supporting
supply and JsTatian SalElteren construction site
disposal, rescue E s logistics, gain
management Operation & Construction Surveylng data

Maintenance  [image: http:/mww.adv@@isbdsolutions.com]
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BIMGIS Integratlon Conslderations

* Modelling Paradigm

«  Geometry Representation
« Scales

 Standards
Georeferencing

GIS World
VS.
BIM World
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Modellng Approach Geomformatlc

 Top-Down: Real world—> Surveying - 3D Model
« The aim is the correct representation of the real world
 In general, only object surfaces are observable

« Virtual 3D City Models: Modeling of semantic objects with spatial and non-spatial
properties (e.g.: CityGML)

http://www.dresden.de/media/bilder/vermessung/Canalettoblick_3d_2015_OhnelLogo.png
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Modellng Approach AEC I CAAD

 Bottom-Up: Idea for a Building = Design model/plan = real world
« Aim is the correct Representation of the planed world
 Representation of construction elements, component based

*  Building Information Model (BIM): Modeling of semantic objects with spatial and non-
spatial properties (e.g.: IFC)

http://mwww.tweesnoeken.nl/default.asp?pageld=433
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e t 7
Modellng Approach by Comparlson

GIS World BIM World
(Example: CityGML) (Example: IFC)

IntBuildin gI stallatio

IfcWallStandardCase / 4

WallSurface
IfcBeam
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: Geo'metrlc Representatlon of 3D Objects
GIS World BIM World
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Scales

Model content, resolution, structure and accuracy depend on:
« Thematic focus or application context
« Spatial extent
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ﬁdlti'Scalé Modeling in GIS
Different Levels of Detail (LOD) in order to handle the large scale range in GIS

« LOD 0 - Regional model
— 2.5D Digital Terrain Model

LOD 1 - City / Site model
—  “block model“ w/o roof structures

LOD 2 - City / Site model
— textured, differentiated roof structures

LOD 3 - City / Site model
— detailed architecture model

LOD 4 — Interior model
— “walkable® architecture models
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Standards are the key

...for sharing a data set (model) for the common use in different working domains
and software

Application B\\9
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http://upload.wikimedia.org/wikipedia/commons/2/2a/J_plug.jpg
http://upload.wikimedia.org/wikipedia/commons/8/86/G_plug.png
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Standards are the key

...for sharing a data set (model) for the common use in different working domains
and software

Application B\\9
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http://upload.wikimedia.org/wikipedia/commons/2/2a/J_plug.jpg
http://upload.wikimedia.org/wikipedia/commons/8/86/G_plug.png

Geo World AEC World

Industry
Standards

Norms

Use of different modeling languages
« |FC (EXPRESS) and CityGML (UML)
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C|ty Geography Markup Language (CltyGML)

Domain independent topographic data model and exchange format for 3D virtual
city and landscape models

Includes various thematic areas (buildings, vegetation, relief, water, traffic, land
use, etc.)

Representation of Geometry, Topology, Semantics and Appearance
International standard of the Open Geospatial Consortium

— Primarily specified by the SIG 3D of the GDI NRW
— Current version 2.0 was adopted in March 2012

Nationwide used by the state authorities 1 oL
in Germany "EENEEE:

Used in many cities world wide C | tYG M L

Exchange format is based on XML
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Industry Foundation Classes (IFC)

Comprehensive data model and exchange format for Building Information
Models (BIM)

ISO standard 16739 for semantic building models
Developed by the buildingSMART International

Representation of building models based on their geometry, topology and
semantics

Integration of different balances, i.e. material, costs, etc.
No representation of (graphical) appearance -~
Exchange formats: a3 g

— Based on STEP Q ‘ '

— IfeXML is XML-based

i1, BHA il (DB Y Neo
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Comparlson of common GIS and BIM Data Models

Surveying / GIS _

X3D COLLADA KML Shape CityGML  DXF IFC

general purpose /

information model 9p gp gp gp im gp im
3D geometry + + . . + . ++
georeferencing + . . + ++ J
appearance ++ ++ . it .
3D topology . . + +
semantics . . . . ++ +4+
levels of detail + + . i .
links/embedding + ++ ++ L

extensibility + ++ + ++ R
fast rendering ++ ++ + + i + . [+
Legend: ¢ = basic, + = sophisticated, ++ = comprehensive; empty = not supported [Kolbe, Kaden]

= doc)
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Common Developments of OGC and bSI

Open Geospatial Consortium (OGC) and buildingSMART International (bSl) are
developing future concepts in consultation:

* Participation of bSl in further developments of CityGML material

Collaboration of the OGC for defining further IFC coordinate operations
lfcCoordinateOperation for the georeferencing of BIM projects

 Collaboration of the bSI Expert
Group IFC Rail / IFC Road with -
OGC LandInfra Group for the T '“"’
development of the Alignment R e
concept for modeling of

infrastructure projects - % &
with BIM "

Road DeS|gn Bridge Design Tunnel Modeling
IFC for Roads IFC for Bridge IFC ShieldTunnel

Liebich, T. (lead), Amann, J., Borrmann, A., Chipman, T., Lebegue, E., Marache, M., Scarponcini, P.; Model Support Group
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BIMGIS Integratlon Conslderations

* Modelling Paradigm

«  Geometry Representation
« Scales

 Standards

« Georeferencing

GIS World
VS.
BIM World
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Problem D|fferent Coordlnate Systems

 Bottom-up approach: idea for a
building = design model/plan = real
world

« The aim s the correct representation
of a planned building

» Representation by relative placement
of constructive elements (component-
based, generative)

—> Local Project Coordinate System
(PCS, WCS)

GIS

Top-down approach: real world
objects = surveying - 2D/3D model

The aim Is the correct representation
of real world objects

Representation by absolute
positioning of topographic elements
located on the earth surface

—> Regional/global Coordinate
Reference System
(CRS)

il I8 i (DB) EEY Neo
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Irhpbrtant Coordlnate Characterlstlcs

The following coordinate characteristics of the PCS and CRS must be considered when:

* Integration BIM projects with GIS data
Obtain survey data from a BIM project

Linear Unit:

Scale/Coverage:

Zone Limitations:;

Number of Digits:

Projection Distortion:
Height Distortion:

CRS (e.g. ETRS89/UTM)

Meter

World

Yes, by fixed zones

Large numbers
(7-8 before and 2-3 after
decimal point)

Yes (up to ~400ppm)

Yes

T3S
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Examples of
BIM GIS Integration
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Example 1 Integratlng CltyGML and IFC
* Model transformation between CityGML and IFC TH I HE
— Visualization largely without problems CityGML  ¢emm—

« Complex parametric geometries according to B-Rep. difficult
* Tools available (for example, BIM server plug-in for CityGML export)

— Semantics difficult / sometimes impossible

* 1:n matching between construction components and surfaces
* Not all IFC concepts can be mapped = Information loss T
ode

«  Common superordinate model A N\ Ei .

— E.g. "Unified Building Model" [EI-Mekawy et al.] .

— Superset of IFC and concepts CityGML

— Basis for bidirectional transformation _
»  Coupling/linking data models SRRREERE @

— On application, process, or data level CityGML

FIGIVA, v
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Coupllng l L|nk|ng BIM W|th GIS Data

Promising concept for the integration me

sENE . /.

of BIM and GIS data content CityGML ™" €33
 Preservation of the different modeling aspects

« State of research (selection):
— COINS (Construction Objects and the INtegration of Processes and Systems)
« Standard for exchanging digital information in the field of BIM

* Creates coherent information package with several data formats, e.g. GIS
(CityGML, Shape) and BIM (Revit, IFC, DWG)

» COINS version 2.0 released in April 2016
— EeEmbedded-Project (Dresden University of Technology)
* Includes an ontology-based link model for integrating external information into BIM

iy B
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Example 2: Import LandXML DTM into Revit

18t possibility: Parsing the LandXML file using Dynamo
* Import the LandXML file into Dynamo using a Python script

 Parsing LandXML to get all
points and faces of the DGM

 Using the Dynamo node
Topography.ByPoints
to generate a topographic
surface using a point list

* No break lines are possible
in Revit

» Point density can be increased
by implementing a
interpolation routine

MLl [ W W UL EUVA ) LD GICING T A 1D LA AD S DTN G b A s MLl /W svivso

http:

www.landxml .org/schema/LandXML-1.2/LandXML-1.2.xsd" date="2017-01-17" time="12:22:50" versi
/="false">

language="English" readCn
<Units>
<Metric areaUnit="sqguareMeter"
pressureUnit="milliBars" diameterUni
"decimal degrees"></Metric>
</Units>
<Project name="E:\Uni\BIM\Masterarbeit\Schulungsunterlagen CADSYS\04 Extrahierte Elemente.dwg"
></Project>
<Application n

t="celsius"
nUnit=

inearUnit="meter"
="millimeter" an

umeUnit="cubicMeter" temperatureUni
arUnit="decimal degrees" direct

<Surfaces>
<Surface name="Umgebung - Sand" desc="Beschreibung">
<SourceData>
<Breaklines>
<Breakline brkType="standard" desc="Boschungen">
<PntList3D>574926.01500000013 495561.97100000002 475.43 574900.66299999994
574619.61700000009 495850.4310000001 475.38</PntList3D>
</Breakline>
<Breakline brkTvpe="standard" desc="Boschungen">
<Breakline brkType="standard" desc="Boéschungen">
<Breakline brkType="standard" desc="Boschungen">
</Breaklines>
</SourceData>
<Definition surfTy "TIN" area2 rf="88578.99690709557" area3D ="89763.972515240472"
elevMax="477.85" ele n="470.">

<Pnts>
<P id="5">574880.29299999995 495638.59100000001 470.2</P>

<P ="6">574711.53500000003 495770.68700000003 470.2</P>
<P ="7">574983.63299999991 495591.48100000009 475.42</P>
</Pnts>
<Faces>

<F n="6 2 22">9 5 10</F>

<F '3 25 1">5 23 10</F>

<F n="52 2 4">128 23 5</F>
</Faces>

Z/Mafinitrians

FIGIVA, v
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Example 2: Import LandXML DTM |nto ReV|t

2" possibility: Using the Revit SiteDesigner plug in
* Allows direct import of LandXML files
« Generate topographic surfaces including sub-surfaces like parking slot, road, path

 No possibility to manipulate point density

- Architeltur  Ingenieurbau

= Import LandXML ""-ﬂ Set Base Toposurface

= Export LandXML

Import/Export

Gebaudetechnik  Einfigen  Beschriften  Berechnung  Kérpermodell & Grundstick  Zusammenarbeit  Ansicht  Verwalten  Zusatzrnodule  Site Designer  Andern

& Soft Terrain e Sidewalk @ Soft Terrain i Sidewalk
& Street & Street A/ Annotate i@ Settings
Feature Line & Parking Lot Zf Feature Line &l Parking Lot .
3 Toposurface Conversion B Retaining Wall _ B Retaining Wall gy Reports Family Managers | b About
& Point Wipeout & Curb & Point Wipeout & Curb N
Convert Locate Maodify Reports Family Managers Settings
? X

ded Import LandXML

Select File to Import

File: M amne:

[] Impart tapasurfaces faund in Land<ML fil
Impart alignments found in Land=<ML file

By Survey Point

Auta Certer to Center
Auto Origin to Origin
Manual Center

Use Previous Values

Puozitioning:

i B8 €l (DB

Neo
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Example 3 Representatlon of a DTM in IFC

IfcTesselateditem
»  Geometric representation of tessellated i ————qifcCaresianPoList3D
surfaces using the IfcTesselatedltem J\Lfl_‘1og]rdLl.[1;13]
which is a specialized class of the TR o
IfcGeometricRepresentationltem (AB9) (St
— The attribute Coordinates of the class e o SO Jf IfcBoolean
IfcTesselatedFaceSet represents the 1 ge
point list of the surface IfeTriangulatedF aceSet *‘E‘;Jg;r;@s‘[ﬁfﬂl‘ggf# ifcParameteralue
— The attribute CoordIndex of the
ifcTriangulatedFaceSet class "~ Prindex [ﬁ'{]"i il
represents the list of triangles i LI
« Semantic representation of the DTM
using the class IfcGeographicElement 4 osie T
which is subordinated to IfcSite TP RO

..Zuordnung zu

IfcGeographicElement +
: RelastedElements S[1:7)

o -




7 FIG WORKING WEEK 2017

P W/ M R B AN

i 1y BIM FOR SURVEYORS Helsinki Finland Sunday 28 May 2017

L2

EXémpIe 4 Georeferencing in Revit

« Given: Autodesk Revit BIM project of the university (Mensa building)
« The intermediate Local Surveying Coordinate System (LSS) between the BIM PCS
and the national CRS has been introduced

— Provides a common reference system and frame with scale=1 and short coordinate
values

— Allows to integrate multiple BIM projects (e.g. Mensa building, Building A, Building B)
— The LSS is than georeferenced to a national CRS

- for each building - scale (projection, elevation above ellipsiod)

_ in BIM Software - .long” geo-coordinates, zone
- GIS/ Surveying Software (COGO)

Project Coordinate System Local Surveying Coordinate Coordinate Reference
(PCS) System (LSS) System (CRS)
BIM . . i i . >
3+ Height | |_Engineering Surveys TP Geodesy, GIS
Mensa Campus National Grid

o A )
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* Configuration of the LSS

 In order to spatially link the LSS and the PCS, a set of identical points was defined
and measured

« This control points are specified in the BIM model and as natural targets of the
engineering survey outside and inside the building

Control points are used to carry out georeferencing of the BIM model using Revit

functionaliti
LS CRS
408658.354 m +
TY = 5649923.457m
RZ=1 48724
- > s =0 708
e s
g
i
e
30
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Georeferencmg Usmg Rewts Prolect Base Pomt

« A BIM model can be georeferenced by moving the Project Base Point (PBP) to a
control point with known coordinates in the higher-ranked system and then rotating
the system manually

1. Unclip and move the PBP to the well identifiable corner within the building model
which corresponds to the pre-measured control point #2018 using the point
snapping function

2.  Clip the PBP and assign
the LSS coordinates of
the point #2018 to the I - i
PBP properties Shared Ste: o
‘ q /S 5034.0950
3. Insert the pre estimated < é At \
azimuth angle of 359.5° Angle to True North 359.500°
to the PBP properties

iy B
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Georeferencmg Usmg a CAD F|Ie

« A BIM model can be georeferenced by acquiring the LSS coordinates from a CAD
file containing measured lines and polygons of the building elements

1. Link the CAD file to the Revit project using Revit linking functions

2. Placed the CAD elements (yellow) in the BIM Model (black) graphically by using
the “move” and “rotate” tools as well as “Line Snapping” tool

3. Use “AcquireCoordinates” — —
to assign transformation | 'mT?'ﬂ_: _*Tbhlf im
parameters between the J |- B
RevitPCSandthe LSS + ==L 4 ||| [[HH

to the Project Base Point

iy B
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Georeferencmg Usmg the Plug -In Pomt Layout

 Plug-in “Autodesk Point Layout” (APL) provides functionalities for the surveyor's
work within the BIM, i.e. assigning the transformation parameters from the Revit

PCS to the LSS
Start the APL tool “Coordinates”

all AN

The azimuth of the transformation
is determined from coordinates

Select the desired unit (e.g. meter, millimeter, feet)
Click on two control points and enter the corresponding LSS coordinate values

i, First Point Coordinate = | = PG

Enter alternate point location for first match point in X, or X.Y.Z format:

1056.581246,5027.545581,116.6511

Ok || Cancel

iy B
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Example 5 Georeferencmg Usmg IFC

«  Georeferencing a IFC project using the
lfcSite element

— Asingle 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
—> relative positioning w.r.t. the local
system of the site element

» Georeferencing a IFC project to any other
CRS (other than WSG84) using the IFC
elements lfcCoordinateReferenceSystem
and [fcMapConversion

(ABS)
IfcCoordinate Op eration

J new entity in IFC2x

IfcMapConversion

Exm 54 KclenghMeasure

e 54 HelenghMeasure
--------- ... G
---------- o D)
------------- -

(ABS)
HcCoordinate Reference
System

11210 B 22 (DB) EEY Neo

*IfcProjectedCRS [~~~ "~"""""""~
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Conclusmn

« Common use of GIS and BIM data supports a holistic planning during all BIM lifecycle
phases

* Integration of GIS data in BIM projects requires a comprehensive consideration of
characteristics such as modelling paradigms, geometry representation, scales, standards
and georeferencing and is not straightforward for all cases

« The worlds of BIM and GIS are about to move towards each other

— Ongoing research on system and data integration methods
— Common and matched developments of bSI and OGC

 Available BIM software and data models provides more and more GIS integration

functionalities

— Autodesk Revit’s georeferencing functionalities and the SiteDesigner for integrating and modeling
topographic terrain
— Autodesk NAVISWORKS and INFRAWORKS provides functionalities to integrate large GIS data

— Since IFC 2.4, a simple geodetic georeferencing is possible to exchange building models w.r.t. its
location on earth




