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ABSTRACT:

This paper presents a research project in The Netigs in which several SMEs collaborated to crea®® model of the National
spatial planning information. This 2D informatioystem described in the IMRO data standard holdsliégin@D information that
can be used to generate an explicit 3D model. Togg realized a proof of concept to generate ss@atial planning model. The
team used the model to integrate it with severalBIlding Information Models (BIMs) described in tlopen data standard
Industry Foundation Classes (IFC). Goal of the ptojexs (1) to generate a 3D BIM model from spatiahping information to be
used by the architect during the early design phasd (2) allow 3D checking of building permits. €Theam used several
technologies like CityGML, BIM clash detection andaB&M to explore the potential of this innovation. in the project a
showcase was created with a part of the spatial fotan the city of The Hague. Several BIM models evartegrated in the 3D
spatial plan of this area. A workflow has been dbsd that demonstrates the benefits of collabonatietween the spatial domain
and the AEC industry in 3D. The research resultsishowcase with conclusions and considerationsb@h national and

international practice.

1. INTRODUCTION

The benefits of aligning the domains of Buildingdmhation
Models (with data encoded in IFC) and 3D geo-infation
(with data encoded in (City)GML) are widely recogrdzin
both 3D data communities. Geo-information providas
framework for BIM data. On the other hand BIM data ba an
important source for 3D geo-information. Sometinties two
domains even model the same world objects suchuiddirtgs,
bridges and infrastructure. However, since the tlamains
have different perspectives resulting in differenbdelling

building designs against 3D spatial planning olgjeict the
design process. These 3D spatial planning objeetcribe
building regulations and environmental data in 3Da later
stage the integrated data can be used to valilat8® design
against the regulations to check whether a builgiegnit can
be issued.

The aim of the case study, carried out within ascotium of
several SMEs, was to show the potential of intéggadD geo-
information with IFC data and to provide a showcas@ush
better exploitation of this integration.

Other researches have studied the integration of/IB®data

approaches, the alignment of the two domains is noand plan data to automatically check a “digital”ilting

straightforward and requires still a lot of reséarc

Such research should acknowledge the differendesba both
types of data. Differences exist in the extentreia of interest.
GIS is characterised by coverage of large aregs gecomplete
city) and lower precision, while BIM is charactedsey its
local and very detailed approach necessary faabridistructural
calculations. Also the modelling approaches of CM{{Gand
IFC differ, i.e. IFC contains much more classes dad allows
non-hierarchal relationships, where CityGML contaarignited
number of classes structured via hierarchicalimahips.
Several studies have shown that a conversion bat¥fe and
CityGML
integration of both types of data, see for exanffigkdag and
Zlatanova 2009) (van Berlo and de Laat 2011) (Ekawey,
Ostman, and Shahzad 2011) (Bormann 2010). Still nssues
remain unresolved.

This paper presents a case study that shows hodagDfrom
the geo-information domain, i.e. 3D spatial planad a
environmental data, can be integrated with 3D desig
modelled in IFC, to support the design and constrngtrocess
considerably. The case study realized a proof oftept of a
technical environment for architects that allows @i2cking of

application for its consistency with legal reguats, see
Benner, Geiger, and Héfele (2010). They imported @ data
of the designed construction in the geo-informatfoe. plan)
environment. The main difference with our approecthat we
also import the plan information in the design .(iBIM)

environment so that the plan information can beerainto
account during the design.

2. METHODOLOGY

The aim of the project was to realise a proof ofaapt of

is possible and that such conversion allowschecking building designs against building regolasi laid

down in spatial plans. The main steps to realigseRIOC were:
1) extend the 2D spatial planning map in 3D, 2ggnate the
spatial planning data with IFC designs 3) apply igpat
operations to check the designs against spatiahnpig
regulations.

2.1 Extend 2D spatial planning map in 3D

Spatial plans in the Netherlands are defined adegrtb the
IMRO standard Ifformation Model Ruimtelijke Ordening,
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Information Model Spatial Planning). This standeoders both
(verbal) regulations and a spatial planning mapsisbimg of 2D
planning objects on which “allowed destinationsé atefined
(see Figure 1). These planning objects are mostibéished by
local government and in total they cover the comepblrea of
the Netherlands. The planning objects can be ciieria a
national portal “http://www.ruimtelijkeplannen.nlhosted by
the Dutch Kadaster.

Bouwlust Wip

Figljfe 1. Spatiéi pblanning map with 2D planni?]ganirj; as
viewable on “http://www.ruimtelijkeplannen.nl”

Although the spatial planning maps are only avéd#lah 2D,
the regulations do in fact have 3D componentsei@mple the
maximum allowed building height is an attribute tbe 2D
planning object.

To give these 3D related regulations a spatialrite 3D, the
2D planning objects were converted into 3D plannifgects
by using the maximum allowed building heights givanthe
regulations from the ground level (see Figure 2jisTis done
with a custom written computer program that tramsf GML
data in EPSG:28992 (the Dutch 2D national cooreisgtstem)
to EPSG:7415 (the same Dutch coordinate systemndtin
3D with height coordinates according to the DutcAP)
During the transformation the ‘maximum allowed lntig
attribute from IMRO is used to define the heighttef object.
Result of the transformation was a GML file we cali@D-
IMRO GML. In this project we had issues trying tewithe 3D
IMRO GML model because most viewers don’t support
generic 3D GML view. The solution that was usedtliis
project was to generate a CityGML file from the 3MRO

GML in which all the IMRO objects were modelled as

CityGML Buildings. This is not the correct way to nebdbut
gave us the opportunity to use several CityGML visw®
present the 3D IMRO model.

Our viewer of choice in this project was Sketchufsing a
plugin to import/export CityGML in and from Sketchuwpe
were able to get the 3D IMRO data into Sketchup. Goimg it
with aerial photography added value to the presientaf the
model.

After finding this technical data flow (2D IMRO td3IMRO
to CityGML to Sketchup) we continued to look for reor
integration between 2D IMRO and the 3D presentai@me of
the most visual integrations was the integratiorthef IMRO
colour standard in 3D. The space destinations ilMRO are
defined in a colour schema. For example roads @ green
is green and housing is yellow. Getting the spatfistination
attribute from a 2D object, linking it to the coloschema, gives
us the ability to add a colour attribute to the 8fjects. This
colour attribute remains available in the 3D IMRO Giodel
and is also shown in Sketchup. From this momentntbeel
was not valid CityGML anymore, but a 3D IMRO GML. Tae
were some issues where Sketchup does not suppecifisp
colours and replaces it with a ‘nearby’ colourlie spectrum.

A 3D spatial plan encoded in 3D IMRO GML allows for

environmental data from other sources to be addete plan

as well. In this case study for instance, datahenQutch road
network from the national portal for geo-informatio

“http://www.nationaalgeoregister.nl” was used todw®bnoise
values as 3D objects.

Figure 2. 3D representation of the spatal planmiagp in 3D
IMRO GML, using attributes from the regulations sash
colour and maximum allowed building height

2.2 Integrate 3D Spatial planswith IFC data

The integration between building designs and 3Dnmileg
objects was realised by converting the 3D spatlahming
objects as IFC and import these into BIM software (Bigure
3). At first we tried to convert the 3D IMRO GML meldto
IFC using the FZK viewer. We found several issueth whis
approach like data loss in the resulting IFC, losthe colour
attribute in IFC and faces with wrongly positionedrmal
vectors in IFC. This is understandable because Figver
assumes valid CityGML and the 3D IMRO GML is CityGML
with specific IMRO attributes. Parallel to the FZkewer we
custom built software to transform the base 3D IMB®IL

amodel to IFC to tackle those issues. The result armdFC

dataset including IMRO attributes, ID’s and colourhe
showcase area in The Hague presented as IFC, viasiad
Solibri Model viewer is shown in Figure 3.

_mlzi*gure 3.3D spatiél plan converted into IFC anaveié in
Solibri Model Viewer

2.3 Check the IFC designs against spatial planning
regulations

The checking of the designs is done by performipgtial
analyses on the integrated data within the BIM emvirent.
Several types of regulation were checked in thé&e cdudy: the
maximum allowed building volume, the maximum petege
of build area on the site, the maximum allowed @aialue on
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the fagade of buildings and if protected culturatitage in the
underground is not harmed by the designs.

To automate the checking of the maximum allowedding
volume and percentage of build area on the siteébates from
2D IMRO were maintained in the 3D IMRO GML model and
therefore also appear as an IFC attribute in the Biddel. This

is shown in Figure 5.

These attributes make it possible to check thedimgl design
against the 3D IMRO BIM using model checking softwitke
Solibri Model Checker. These rule checking and ctietiection
functionalities are standard features in BIM andrefare
familiar to BIM users in the construction industtythe model
check shows that the design does not comply wigllations,
it can be adjusted and the checking is performaihadhe end
result is a design of which the designer can bdident that it
complies with the regulations in the 3D spatiahplaecause the
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Figure 5. Attributes of the spatial objects arairetd in the
conversion from geo-information to BIM

Step 3: The architect uses these data as inpheiBIM design

model is checked in 3D before submission for a diog

software and designs the building accordingly (iMBI

permit. The design can then be uploaded to thalimgjlpermit
portal in the IFC format. In The Netherlands, thiertpl
currently already accepts IFC files.

3. SHOWCASE

The primary result of the project is a showcaset tha
demonstrates the advantages of checking buildingigds
against spatial planning regulations in 3D. In thaticular
showcase the architect or designer of the buildénthe lead
beneficiary of the proposed workflow. The workflaensists

of 5 main steps, with a varying number of sub stdppending
on the types of regulation that are in force onaatigular
location.

3.1 Workflow steps

Step 1: The architect/designer visits the 3D spaten portal
and selects the area of interest

The first step in the workflow will be the same iads (or

should be) in current practice, the architect loogshe spatial
plan online (see Figure 4).

IDRuimtelijkeplannen.nl particulieren | o

rome |Een planbeldikeny| | Hep|FAq] Contact]

Bekijk de
plannen in uw
eigen buurt!

Figure 4. Mock-up of a fictional website for dowating 3D
spatial plans (based on “http://www.ruimtelijkeptam.nl”)

Step 2: The architect downloads 3D spatial objestsBIM
objects (IFC)

The architect can download the desired 3D spatigtads as
BIM objects in IFC format. The attributes of the ddeaded
objects are also to be retained in the conversimm 8D IMRO
GML to IFC (see Figure 5). In addition, environmérdata
described in 3D are also converted to BIM objectalkow for
checking in the BIM software.

During the design process the architect can erafdedisable

visibility of the spatial planning regulations amt#sign the

required building accordingly.
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Figure 6. A design of a shop in IFCS‘

Step 4a: The architect checks the design for réiguk
regarding geometry

After or (preferably) during the design process, @hnchitect can
check for the variety of regulations that is inderon the
particular location that has been assigned fomithiling. The
first type that is checked in this showcase is la&gn

regarding geometry. Attributes regarding maximurtoveéd

length, width and height are assigned to the dpakigect and
visually represented in 3D. But regulation regardiogthe
maximum allowed percentage of the ground thatlenald for
construction is determined by the attributes of gpatial
objects and can therefore be checked.

Figure 7. Model checking in IFC on spatial regulasio
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Step 4b: The architect checks the design for réiguis
regarding noise values

Noise values in the environment as a result of roaffic, air

traffic or other sources are represented in 30 similar way
to the 2D isobel maps that are commonly used fepldying

sound pressure levels in a geographic location. il

dimension grants the designer the possibility tsigte in a
smarter way. Sound is a 3D phenomenon by definitian
traditional practice it is not treated as such. ®byressure
levels are usually displayed in 2D, limiting thesimer to the
sound pressure level measured at the ground leoehatter at
what floor level a function is placed. In the shase the
advantage of using 3D data properly is demonstrdigd
designing the building according to the sound presdevels
that are available from the environmental datehin 3D spatial
plan (see Figure 8).

Figure . Sound pressure levels in 3D (left) abdi&ing
designed accordingly (right)

Step 4c: The architect checks the design for réiguis
regarding cultural heritage in the underground

If a spatial object has cultural or archaeologicelue, this
restricts the possibilities for building on the iemfocation. At
times however, it may be known that only part ddding plot
has a chance of containing artefacts or remainsanzient
structures. Or perhaps they are known to only beddbeyond
a certain depth. If this is the case, it makes ese¢asnodel this
in 3D, thereby increasing the usability of the land this
showcase an object (a white box) has been modedikxv the
surface, that has been taken into account in thetatal design
of the foundation (see Figure 9).

Figure 9. An object below the surface with archagimlal value
has been taken into account in the structural desig

Step 5: The architect uploads the IFC model to thidin
permit portal

The final step in the workflow is uploading thedirdesign as
an IFC model to the building permit portal. The nuipélity
will check whether the design indeed complies witie
regulations, but the process will be significarghorter, since

much of the checking is automated and they usedhee data
as the designer.

Omgevingsloket online

Particulier

\_ Annuleren

Figure 10. Mock-up of the building permit portat 8D models

3.2 Remarks

The presented workflow is realistic, but it is yet reality. Due
to constraints in time and budget some concesdiadsto be
made in the development of the showcase. The chasanade
to elaborate a workflow that shows multiple podgibs of the
technology instead of fine tuning a single piec¢éhefworkflow
or elaborating one specific design.

Also, due to the given limitations not all possiblevironmental
data was incorporated in the showcase. In pradtieenumber
of sub steps of step 4 (checking) may increaserdeapto the
complexity of the building location. More environnial

constraints will lead to more data to be considebgdthe
designer and to be checked by the software. Intiaddistep 3
(design) and step 4 (checking) are likely to formigerative
process until the final design is established.

4. FINDINGS

The experience in this project has shown that itegration of
3D spatial plans and BIM is beneficial in the desigocess and
offers significant innovations. Technically, it se® possible to
establish the architecture described in the shoevosishough,

there are a few issues that need to be resolvedrebehe
architecture can become widely used practice. Mdsthe

issues relate to standardisation and agreementsat afeta
modelling. On top of that, there are other isswgmrding 3D
spatial planning and BIM that require consideratsrwell.

4.1 Modellingissues

Before spatial planning and BIM can be integrate®in the

(national) standard for spatial planning needs é¢oektended
with a 3D component. This is not straightforward.2D, the
spatial planning map is a planar partition. Shathid be the
case in 3D (i.e. every space should get a desim@&iAnd how
closely related should the 3D objects be with tBep?anning

objects, i.e. should they always relate to a plagrobject at
ground surface or is it possible that one 3D plagmbject (for
example for the underground storage of heat/coldsses
several 2D planning objects. Another issue is téindethe

reference level. In the verbal regulations thatoaggany the
spatial planning data, the reference level is defias the point
on the road, which is closest to the design area3D one
should work with real world coordinates definedhe national
reference system (for x,y this is already coverethe workflow

described in the showcase).Apart from these isselesed to
spatial plans, some other technical issues reqturéher
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attention. The first is how to respect the differes between
accuracy and precision in the BIM data on the omslfznd the
environmental data on the other hand. BIM modelsnawstly
modelled with millimetre accuracy, whereas geo-infation is
nowhere near that accuracy (and is not intenddmk}o This is
specifically relevant in the analysis that checkisether the
designed building is valid according to the redols for
geometry. On this issue it is important to consitlet this
‘error margin’ is existent in current practice asliwAutomated
checking just makes the issue more explicit, coemgbato
manual checking.

In IMRO regulations can be described in text. Folomated
checking, the model needs standardised attribiites.process
towards automated checking therefore requires ctmmenit and
willingness of local governments to adopt the neghhologies.
Both on the 3D IMRO modelling side, as on the IFC nfiotge

side the attributes need to be standardized tavadfficient

automated checking.

4.2 Technical issues

On the technical side, the transformation from 3RO GML
(which is a GML/CityGML based model) to IFC (and vice
versa) needs to be improved. At this moment mogteknown
tools do not deliver a reliable result after tramsfation. This is
crucial to allow automated transformation from 3@RO to the
IFC model used by architects in the design proddsswork of
Benner, Geiger, and Héafele (2010), van Berlo and aks
(2011) and Isikdag and Zlatanova (2009), addresess of the
issues we also found during the development ofsiisvcase.

On the BIM side it is a known issue that import fumes from
some of the large BIM modelling software tools aoé¢ always
reliable. Some BIM modelling software won’t impoit af the
IFC data. This issue is well known in the AEC induysind a
large effort is being made to resolve these issues.

The proposed showcase in this project relies heawilthe use
of WebGL technology to visualise 3D models in a \betwser.
WebGL implementations in several web browsers aoé
always stable enough to work in a legal environmém a
National Spatial planning portal. It is expectedatttsome
browsers will have stable implementations on atsfeom, but a
browser check would still be needed to check coibitiat.

n

5. CONCLUSION

In the presented showcase the geo-information wgmorited
into the BIM environment. The advantage is that tclas
detection and rule checking, needed for the spatialyses, is
standard functionality in BIM software in contragi GIS
software. The disadvantage is that in this casel#te is copied
without retaining a reference to the source. Thisoduces a
risk of inconsistencies.

In the Netherlands, the (quality of) spatial plaage the
responsibility of the municipalities. They will reeéo comply
with standards that are enforced on a nationall lémethe
current situation however, these standards do motef
regulations to be encoded as attributes. Regulatiessribed in
text are also allowed. For automated checkingjbates are
highly preferable over text and the process towarngtemated
checking therefore requires commitment and williegs of
local governments to adopt the new technologiess Wiil also
require an investment on their part to build in $mknowledge

and experience with the new technologies. Thisgs®should
go hand in hand with the development of standacis3D
spatial planning and incorporation of spatial piagrattributes
in BIM standards.

Finally, commitment of the national government égjuired to
arrange the legal boundaries for automated chedibgilding
permits. Currently, spatial and environmental plagnpolicy
are being reformed by the government in a programamed
‘simply/simple better’ (Dutch: Eenvoudig Beter). Ware
confident that the 3D technology is at the requimatl. If the
stakeholders involved can make the necessary amngs
integration of 3D spatial planning and BIM fits righ.

6. INTERNATIONAL RECOMMENDATIONS

Many research activities on the integration betwBéd and
GIS has a focus on getting BIM data into the GIStexin BIM
is seen as a source for Geospatial oriented datasstin the
presented showcase the geo-information was imparted a
BIM environment. This experiment has shown that BIMla
GIS are still two separate worlds with their owrogesses,
standards and culture. The geospatial data treataigable is of
better use to architects, designers and engine&en vit is
available as a BIM model. Standard functionality BhM
software can be used and people feel comfortahiteg ubeir
own tools and methodologies. First responses freensuin the
field indicate that they think work can be much meffective
and efficient because they can work within theimowomfort
zone. A conclusion of this experiment might be th&tgration
of BIM and GIS or flawless data exchange between BiM
GIS is mostly a scientific challenge Professionais the
construction industry can make better use of reguia and
spatial data if they are available in their fammilBIM design
environment. To what extent this BIM informationcisnverted
from or exchanged with GIS is less relevant formihélore
research is required to validate this hypotheses.

Even if this is the case, there still needs to Wwaraness and
understanding of the differences between geo-irdtion and
building information. When geo-information is usasl starting
data for a design, architects and designers neeade so
understanding of the lower precision levels thatiarthe nature
of geo-information. Technical solutions may helgtd the data
from one data standard to another, but arrangenvaliteave
to be made between the parties that are modeliidgchecking
in both geo-information and building information.
Arrangements will also need to be made by the gmrthat
perform measurements in the environment. In curpeattice,
measurements on noise, pollution, archaeology retult in
elaborate annexes to the spatial plan. On the tmadtomated
checking, measurement data on a wide array of @mviental
aspects should be stored uniformly and in suchyathat it can
be related to a 3D spatial model, in BIM and/or QfSt can
also be visualized, this will be a great help tsigeers, civil
servants and civilians and it is likely to preventany
misunderstandings in the building permit process.
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