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1 ABSTRACT

The use of Building Information Modeling (BIM) meittis is becoming more and more established in the
planning stage, during the construction, and fa thanagement of buildings. Tailored BIM software
packages allow to handle a vast amount of releaapeécts, but have so far not been covering spesiili
tasks like the evaluation of light distributionsand around a 3D model of a building. To overcohis t
limitation, we demonstrate the use of the opena®UFfC format for preparing and exchanging BIM data
be used in our interactive light simulation systdy. exploiting the availability of 3D data and settia
descriptions, it is possible to automatically plaseasurement surfaces in the 3D scene, and evdhete
suitability and sustainability of a planned ligigidesign according to given constraints and ingiustrms.
Interactive visualizations for fast analysis of thenulation results, created using state-of-theveeb
technologies, are seamlessly integrated in the 8k wnvironment, helping the lighting designer tocgly
improve the initial lighting solution with a fewicks.

Keywords: analysis, visualisation, lighting desigerification, BIM

2 INTRODUCTION

Building Information Modelling (BIM) is becoming me and more of a standard in terms of planning,
supervising and managing the complete lifecycla btiilding. The base of a BIM project is a singitadset,
consisting of 3D geometry together with all kindsemantic information, reaching from material pFaes
over electrical installations up to the designhgiagoose of rooms. The main advantage and ideaafthie
same time one of the biggest challenges) of thistitkapproach is the possibility that all invot/eisers
work on the same, single data basis, which redveggndancy, miscommunication issues and exchange
problems. For this to work, specific views ontcstimodel have to be defined for the individual etgp€erhe
access to only relevant parts of the data avoidisces the handling complexity, and improves thigieficy

by providing domain-specific tools.

In praxis, not all relevant planning and managemesponsibilities can be performed in a singlevearfe
environment: Even though available BIM tools (seet®n3) cover an enormous amount of workflows for
complex planning tasks, specialized parts arecstitied out using the established tools tailomdards the
needs of the corresponding industry. Hence, tha eathange plays a crucial role in this environmént
order to exploit the availability of the BIM datawsce with all its meta information, to create sakzed
views onto it, and to synchronize the externallgayated data with the source BIM model, the opemesn
data exchange format IFC has been proposed: Agert §eometric and material information, it alsodsol
semantic annotations and information that can led tm verification purposes.

In this work, we propose a novel approach for atinmgd BIM-based lighting design workflow using
multiple components. Lighting design is one of fileéds that relies on specialized design tools,that can
benefit immensely from both the 3D geometry as wslifrom the metadata immanent in the BIM model:
For the first time, a digital system includes ngaelery necessary information needed to autométical
verify all formal requirements of a lighting solomi. This would make it possible to find an optirighting
design solution in a short time period, and apmgessary modifications in cost-effective phaseh\Wie
goal to make steps towards this automation, weestd properly handle the following aspects:

» Data preparation: For an optimal export and usg lighting design environment, we suggest a way
to use the existing annotation possibilities thslBtandard offers. It is crucial that the overhéad
this annotation stays low, both in terms of modgtime as well as in data size.

« Data exchange: Using the IFC data format for trehamge from the BIM tool to the lighting design
software and vice versa, we are not tied to a iceféature set only a certain software manufacturer
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has created. Nevertheless, the needed data camversiquires certain considerations and
precautions.

« Data enhancement: A proper, physically accuratet ligansport relies not only on the exact 3D
geometry, but also on a physical description ohlibe light sources as well as any surface property
(i.e. material) in the 3D scene. BIM tools as vaalthe IFC standard do not take physical material
measurements into account, and this has to bed=esi.

« Verification of lighting-induced constraints andrns: The lighting industry has established toolsets
and methods for the verification of a planned liggptsolution. In order to evaluate the suitabibify
the light in the scene, certain criteria and nohage to be fulfilled. In the real-world, these dan
measured using special devices; in a simulationr@mwent, these measurement tools have to be
artificially simulated as well. The setup of thimts can be automatically derived by using the erop
information prevalent in the BIM data.

* Visualization of the lighting result: Emerging lighimulation data has so far been visualized in
multiple ways, like the direct display of the incowgp light on the geometry, false color
visualizations, etc. - but together with the auJaigasemantic context, it is now feasible to
automatically apply information visualization metisdo gain more insight on the results.

* Use of state-of-the-art technologies and tools: ttydo exploit the availability of various existing
tools and libraries such as xBIM(eXtensible Buitgimformation Modelling Toolkit[XBIM]) for
parsing end editing the IFC files, or CEF (Chromiembedded Framework [CEF]) for the creation
of information visualization gadgets using web-lshsshnologies. This has not only the benefit of
rapid prototyping, but also guarantees a wide rarfigeipport.

By taking these aspects into account, we demomstnat first version of a continuous workflow frofmet
BIM software into a light planning setup, includifldly automatic verification steps and visual gande for
further improvements. In this process, we havetitied the following scientific contributions:

* Automatic and seamless creation of a light planmsmgw onto a BIM data set (with little
preprocessing effort), including a physically-basedversion of material and light data

e Automatic placement of light measurement surfagesed on semantic information prevalent in the
BIM meta, including an assignment of light-relevaanstraints from norms and industry standards

* A real-time visual guidance system, relying on vielsed techniques for information visualization,
giving fast insights on the achieved quality of #odution, and where improvements are necessary.

e An outlook on further possible extensions that dolé seamlessly integrated in such a system,
making it possible to verify time-dependent, petimepbased or psychological aspects of a lighting
design.

In the next sections, we will first give an ovewi®n the current state of the art in the relatedtd§ of
lighting design and BIM (Section 3), followed by averview on our system components and the BIM data
exchange in Section 4. In Section 5, we demonsthateénitial visualization results of the light tibution.

The use of the additional semantic context is tisedvisual guidance system that is explained ictiGe6,
followed by a results Section (7). We conclude gaper and give an outlook on future work in sec8o

3 RELATED WORK

3.1 Lighting Design Tools

In the field of lighting design, various solutioas: available [DAVOODI]to solve the challenges thatur
during the creation of a lighting concept. Photatoeneasurements provided by luminaire manufacsurer
serve as one of the important input factors for lysprally accurate lighttransport simulations.
Thisphotometric data represents lighting charasties of luminaires in the form of IES [IES] or
EULUMDAT [EULUMDAT files. All relevant lighting deggn software tools feature a kind of measurement
surfaces that measure illuminance values (seeddedtiL.4), which can be used to evaluate any hghti
scenario.
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The most common software products combining CAD eliad, measurement tools and possibilities to
evaluate lighting scenarios are Relux[RELUX], DIAIDIALUX] or AGIi32 [AGI32].Dialux and AGi32
perform calculations for the light simulation basmul the concept of radiosity [GORAL]. Relux usee th
Radiance renderer by Ward [WARD] for the light slation.HILITE, a light planning-software currently
developed in an academic environment, calculatds/mualizes a physically based light simulationmaal-
time. It uses a many-light global-illumination sibddun [LUKSCH, 2013] to calculate light maps, anldefied
environment maps to create glossy material effedtl SCH, 2014]. A unique feature of this tool is it
interactivity, allowing users to change materiggsitions of luminaires, or entire luminaire modeisile
the light simulation is updated at interactive femates. This makes rapid iterations on a lightiogcept
possible and therefore provides a very fast wovkflilo this work, we opted for HILITE as the usedhlig
simulation tool, since the physically-based intévac simulation together with HILITE’s capabilitie®
evaluate lighting scenarios and an easy-to-exteodr@mming interface form the ideal environmentdar
work.

3.2 BIM and Lighting

In recent years, Building Information Modeling (BJMas gained more and more importance in architgctu
design and construction workflows, and first reskaaffort has already been dedicated to using Bild dor
energy or light simulations.Yan et al. [YAN] devpta system interfaces to connect BIM with Building
Energy Models (BEM) to provide the possibility afiexgy simulations using BIM data. The authors use
Revit as BIM tool and Radiance, a high-quality tegecing software system, and DAYSIM [REINHART]for
daylight simulations. Their prototype Revit2Radiamepresents the first direct translator betweeritRad
Radiance. It generates input geometry for Radiamce DAYSIM by extracting and triangulating surfaces
from Revit models.Similarly, Kota et al. [KROTA] fased their research on combining different toolsase
daylight simulations and analysis for BIM modelfieTauthors investigated the benefits and challenfes
integrating BIM into daylight simulation tools amgveloped a prototype that integrates Revit as Bl
into Radiance and DAYSIM for daylight simulations.

Research on Building Energy Management Systems @ENke conducted by Ock et al. [OCK], also
investigates possibilities for using BIM data faytight simulations. The goal is to generate cdrgatterns
for BEMS using weather data together with BIM madeind Computational Fluid Dynamic (CFD)
simulation. The control systemOck et al. proposesdaot use real-time light simulation of whole Hings,
since the authors deemed it too expensive in tefhmsocessing time to control the lighting embedded
their BEMS. Instead, pre-computed daylighting illnemce levels for each full hour are computed with
Autodesk 3D Max Design, DAYSIM or Radiance from BMBmodel. The system looks up the respective
illuminance levels to evaluate a pre-defined lightsetup, resulting in control instructions for BEMS to
adjust the lighting.

Yan et al. [YAN] and Kota et al. [KOTA] already pred that it possible to convert BIM data into other
models, that can be used by thermal or daylightikition tools, in an accurate and efficient manner.

Building on their research, we also chose Reva@sce for our BIM data and took their approach ste@
further by integrating BIM data in HILITE, a lighglanning software that is not only capable of dgi
simulations, but also provides physically accusateulations of very complex indoor lighting sceneagijle
allowing interactive changes and various possiédito automatically evaluate the illumination irs@ne
based on physically correct values and norms.

3.3 BIM Data Exchange

In their recent case study of two industrial fdigh, GourlisfGOURLIS] investigated potentials ateficits

of converting BIM to BEM data and possible uncertiagis that arise in the process. From their liteeat
review of state-of-the-art research on BIM to BEMe authors conclude that most projects still nequi
custom software or domain specific design guidslitieat are formulated by domain experts and are
therefore influenced by their personal views anitlsskhis supports our claim that there is a deméord
automatic methods, which enable reliable workfldsgsn BIM data to BEM or light simulation tools.

Davoodi[DAVOODI] compared multiple light simulatidools in her thesis and investigated the use bf Bl
models for light simulations. The author states tharent workflows requires various manual steps t
convert data back and forth between different BIMI asimulation tools. Since most processes in this

REAL C ORP 2018Proceedings/Tagungsband ISBN 978-3-9504173-4-0 (CD), 978-3-9504173-5-7r(ri E’
4-6 April 2018 — http://www.corp.at Editors: M. SCHRENK, V. V. POPOVICH, P. ZEILE, PLESEI, C. BEYER, G. NAVRATIL



An Automated Verification Workflow for Planned Litthg Setups using BIM

toolchain are purpose-driven, the respective tofien do not provide all the necessary informafmmother
tools. For example, material parameters (like tbBfectiveness of a material), or physically-based
specifications of light distributions of luminaiteare rarely provided by material /element vendamsd
therefore have to be added manually for the lighukation.Lu et al. [LU] recently published an ieth
review of numerous publications about applicatiohsBIM in the context of green buildings and their
development. After a critical reflection on curdgntised BIM software tools, the authors confirm the
missing information as one major issue for thegragon of green BIM with light simulations toolike
Radiance and DAYSIM.

Withour solution, missing light data is automatigahserted from a light database. Our tool alsovjites
means to handle missing material properties sitpitar connecting a material database or a lookbleta

4 SYSTEM COMPONENTS FOR AN AUTOMATED VERIFICATION OF LIGHTING DESIGNS

To verify the suitability and sustainability of éapned lighting design for a given BIM model, thmaajor
components are necessary: A BIM modeling softwaregenerate a 3D scene together with semantic
information, a light simulation application, anctata exchange interface between them. We fisstrithe

the main considerations for the suitability ofghli simulation system, followed by the aspects Bfid tool
relevant for the verification of lighting designs.

4.1 Light Simulation

A light simulation application usable for this poge has to at least fulfill the minimal photometrieasure
accuracy to allow lighting design verification,.itbe light transport simulation must not deviatenf real
light transport by more than 10-15%. To create shighly accurate measurements, the light interactio
between various complex materials as well as thanaires themselves have to be described in detail.
Moreover, the simulation quality strongly correfateith the complexity of the light transport algbm. In

our approach, we opted for the HILITE applicatias,its light transport algorithm has been optimiad
architectural scenes and is extremely fast dueltd @cceleration.

4.1.1 Luminaries

Every luminaire in the scene must be described Hoytgmetric data, which mainly consists of the light
distribution information. The light distribution sieribes how a luminaire emits light into the scdrased on
real-world measurements. The light simulation aggion relies on these measurements to decide ichwh
direction which energy amount has to be distributearthermore, the photometric data contains variou
manufacturer’'s details like color temperature Sigire 1) and a color rendering index.

Fig. 1: Color temperature comparison. Left: warmte/f3000K). Right: cool white (5000K)

4.1.2 Daylighting

Lighting design is not only based on placing ai#fi luminaires, it also includes daylight to ackiea high
light quality solution and reduce the overall eyempnsumption. As sunlight is our natural main tigh
source, the human visual system is optimized ®fight spectrum, and the presence of daylight iwith
building improves the quality of life. During théapning and management stages of a building, ceriaigl
the influence of daylight can obviously help tremensly to reduce energy costs - but also more cexnpl
light-induced aspects, like glare, reflections, fiadd shadows are often caused by sunlight. Thexefioe
lighting design tool has to be capable of considgdaylight within the architectural planning phéseavoid
glare prone constellations of highly reflecting e like glass coverings or windows. A physically-
baseddaylight modelprovides time and location-ddpehphotometric data for these aspects (Figure 2).
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Fig. 2: Daylight simulation for a train station. fBairect sunlight as well as ambient light arewdated, and multiple light bounces
are considered. The light transport computatiothig scene took approximately 20 seconds

4.1.3 Materials

Materials have to be described in a physically gilsle way to correctly simulate the light interactiwithin

a scene. Opaque materials reflect all incident lighile transparent materials refract portionsitremming
light. To describe the reflection behavior of aragpe surface a Bidirectional Reflectance Distrifiuti
Function (BRDF) is used. Metallic reflections masif as a highly specular reflection, while non-itieta
materials tend to appear diffuse with low specuddlections. The material’s microstructure or roongbs
strongly influences the glossiness of an objectdse of transparent materials, the light propagde®ugh
its medium. While light enters another medium, tight direction is bent according to the material's
refractive index. By applying real-world observatiand physical laws, a huge variation of mateials be
simulated.

Fig. 3: Various renderings of the same scene. Akfitract material shading. Middle:lllumination vatiapplied to material model.
Right: llluminated scene inclusive view dependentamial effects.

4.1.4 Measurement Surfaces

For architectural projects, especially in publiasg, the light intensity within a certain area ésatibed by
industry norms. The light simulation provides ahtigntensity value for each point in a scene. Taonfo
statistical terms for a certain area, the light soeaments for all points within this space havebé
evaluated. To define the area of interest on amabj surface, measurement surfaces can be deasdnbe
the user. Measurement surfaces are linked to aigéndustry norm to allow automatic evaluationeThost
prominent lighting norms regarding a measure aredighting level Em) and uniformity of illuminance
(U0). The lighting level represents the averaganilhance within a measurement surface and is used a
maintenance factor to ensure a minimum level dftlguality. Uniformity of illuminance states howenly
light is spread over the measurement surface.

4.1.5 View-dependent LightingEffects

Lighting design norms provide guidelines to handiew dependent lighting quality. Glare is the most
prominent effect as it represents a safety isseaviiglare can lead to tiredness, errors and evenuries.
Proper lighting implies to avoid or reduce glarenasch as possible. The unified glare index (UGR)est
how much glare is present at an actor’s positighiwithe scene with a given field of view.By intrating a
time component and moving actors, effects likeatiaption of the human visual system can be sindikde
well. HILITE currently supports this partly in thierm of adaptive tone mapping during interactive
walkthroughs, but not yet in statistical evaluatsmenarios.
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4.2 BIM Software

BIM-based modeling software allow to describe a plax life cycle of an object, and is capable ofgandy
handling various aspects, starting with the obgeglanning and construction right through to iteges
maintenance and even deconstruction. For the usfagiM data in lighting design, though, we (and ext
see Section 3.3) have encountered the problensélatal aspects in the data need special consalerat

4.2.1 Luminaire Dummies

To allow the simulation of light within a BIM praje photometric data needs to be linked to lumaair
objects. To place the luminaire within the scemehduminaire must be attached to a placeable gepmie
detailed luminaire geometry is not necessary fer dhlculation of a light simulation: First, the reeeed
photometric data already describes how the liglaffiscted by the luminaire’s casing. Second, weridtto
automatically switch luminaires in multiple simutat runs to find the best fit, i.e. in such a casely
position and orientation information is needed.

To simplify the lighting design process, only theninaire’s dimensions are necessary to check gegpmet

intersections within the scene. Basic geometry efafox, pyramid, cone, and cylinder) are used as
luminaire dummies instead of detailed casings. Reald projects tend to contain a great number of
luminaires, which have an impact on the renderiaggpmance. The simplification of complex models to

luminaire dummies reduce the rendering overheathlba reduces realism of the rendered imagesadiegl

in the viewport. To counter rendering performargseies, either instancing or a level-of-detail apphocan

be used.

4.2.2 Annotations

Every 3D object within a BIM project can have valsgroperties assigned. On the one hand, propegies
hold simple numerical, nominal or Boolean valudlse Imanufacturer's details, quantities or geographi
information - but on the other hand, they can stooge complex information like spatial relationghifhe
user can add, edit and remove properties of ancolype, while each instance of an object holds its
individual values. Additional information, like ptwmetric data or semantic area descriptions (dng. t
purpose of a room or area, such as “office area"train platform”), need to be provided to the ligh
simulation software. This required information foroper lighting evaluation can easily be attached t
existing objects by definingnew properties for ataie object type. By annotating existing objedtse
manual creation of additional helper objects (egasurement surfaces) can be avoided, as thetidoca
and purpose can be automatically derived.Luminaireotations hold metadata, like photometric data or
orientation. Walls, floors or other building partan be annotated to later automatically represent
measurement surfaces for given lighting design sorm

4.2.3 |FC and Property Sets

As every object may hold many properties of varibekls, their organization is important to keepvell-
structured view. Properties are grouped to geneaatiely overview, allowing the user to fast identif
relevant information. IFC (Industry Foundation Gles), an open data model for BIM, is a usefulftilenat
to export 3D data and metadata from a BIM projéotsimply export all properties of an object vi&lis
possible, but leads to an unnecessary work ovedsazhly a portion of the immense data is of impuce.
Depending on the used IFC-scheme, several propenteeincluded by default. User defined propertiks,
the lighting design relevant properties, are groufsgether to a property set. To efficiently expbd BIM
project property sets are filtered.

4.3 Data exchange interface and verification workflow

For our automated verification workflow (Figure #)e lighting design tool (Section 4.1) is connddie a
BIM modelling software (Section 4.2) using a dat@hange interface. In our current BIM projects (see
Section?), the BIM models were generated using tRewiodesk - but any other BIM software capable of
exporting IFC can be used as well. The architettonodel is enriched with photometric data or setiman
area annotations, which are grouped together irdpepty sets. To export a clean BIM model via IF@yo
the light simulation relevant property sets areitzmially included.
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Note that our workflow proposal is not restrictealedy to the IFC file format. Any other semantigall
enhanced geometry format, such as CityGML, coulddet as an exchange format. For example, the used
light simulation system is based on libraries tgtport the handling of COLLADA and CityGML files a
well. The handling and interpretation of the cop@sling meta data would of course have to be adapte
correspondingly to enable GIS applications likeatiighting simulation for urban space planning.

To import the IFC file into our .NET-based lightidgsign application HILITE, we use the free opeurse
toolkit xBIM[XBIM]. xBIM is a middle ware toolbox ér IFC-based applications and provides a rich API t
interact and modifying the IFC packed BIM model.xN& IFC-file parsing, xBIM provides a geometry
engine, which turns IFC geometry data into an atbls mesh representation.We use this function&dity
import geometry data as well as metadata into HE.IT

HILITE then accesses the xBIM representation aadslates it to its own internal representationthiis
translation process, the previously attached atinotaare used to trigger creation rules:

e Luminaires: The dummy holds a lookup key to qudry tocal HILITE luminaire database. The
HILITE luminaire database contains an optimizedrgetic representation of the luminaire and its
photometric data. The luminaire dummies, previouglsgced within the BIM model, provide
orientations and positions, which are used to plhedHILITE luminairesin the scene.

« Measurement Surfaces / Lighting Norms:While addimg geometries to the HILITE scene, every
associated IFC-object is checked for annotatioas Idad to the need for a measurement surface.
The annotations act as a key property to querjotted lighting norm database. After generating and
placing the measurement surface on top of the atewbbject, the queried lighting norm is linked
to it. For automatic lighting norm verification, @ measurement surface is evaluated after the
simulation has been calculated, and compared tolittked lighting norm. The result can be
immediately displayed (Section 6) or saved(in rfeture, see Section 8) to an IFC file.

* Materials: The xBIM material description can onlgldh as many parameters as the IFC-materials
offers. Hilite requires additional, non-default gareters due to its more sophisticated material
model. The current workflow uses a local materiatabase to complete the missing material
parameters.

Lighting design norms, such as statistical terrke lighting level or uniformity of illuminance, cabe
directly validated by the measurement surfaceswMependent lighting effects have to be evaluated f
each required position and field of view within tbeene. To validate light specific norms, such alsrc
temperature or a color rendering index, all lumiesicontributing to the measurement surface havyeto
analyzed.

BIM
..

Fig. 4: The workflow concept and its components.eBiasn the BIM data, an IFC file is generated. Thefileds analyzed, and the

semantic data is used to enrich material propegiese measurement surfaces according to indnetrys, and load photometric

light profiles. After the physically correct ligstmulation, the results are stored, and the veatifio process is performed. In the
future, these results will be made accessibleaatiginal BIM again (via IFC).

flight IFC

. Verification

Simulation incl. results

5 VISUALIZATIONS

The light simulation application calculates theirtinance for all visible surface points within a&ise as
numerical values. By hovering with the mouse over scene, the measured illuminance values can be
inspected for each point. Nevertheless, distribliggd in a scene is perfectly suited for a direisualization

by combining the illuminance values with the olbgectinderlying material models to produce a
photorealisticview of the scene, including lightiagd shadows. Such a rendering gives a good presfiew
how the lighting design affects the final buildifggure 3) visually, but does hardly give any imhation if

the requirements defined by the industry normavaeg For the purpose of quickly visualizing the lifyeof

a lighting solution, false color methods are agphlie
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5.1 FalseColorVisualization

The simplest false color visualization interprélisniinance values as grayscale values. The mapgirg
illuminance value to a grayscale value is descrliped so-called transfer function. A linear tramgtenction
simply maps the illuminance values onto the ranigeenderable gray values. Most approaches rely on a
logarithmic transfer function as it better correkato our human perception.

More complex transfer functions map ranges on cettlemes, where certain areas of interest canther be
emphasized (Figure 5, left). By using the globahimal / maximal illuminance values, the range cen b
automatically set. This approach is a good starfint to explore the current lighting design, but
comparisons with other scenes are hard to achi@vesveal weak spots, a manual adjustment of Hrester
function is necessary: To optimize the illuminangeformity, the transfer function range is succeslsi
refined to expose even small illuminance differendeurthermore, fixed ranges allow to compare dffie
simulation runs.

Fig. 5: Left: Global false color visualization. Mil: Measurement surface false color visualizatitth varying sample size. Right:
Local false color view for measurement surface$ wisual verification.

5.2 Local False Color Visualization on Measurement Sudces based on Norms and Constraints

The default false color visualization approach dbsd above is based on one global transfer functio
While evaluating multiple measurement surfaceelhto individual lighting design norms, a globahge

is not sufficient to identify irregularities on tHey. Therefore, the range of the transfer functienset
separately for each lighting design norm. By restrg false color visualizations only to measuretmen
surfaces, the areas of interest are easy to detdtih the scene (Figure 5, middle). A globallydik color
scheme allows to easily identify under- or overesqab measurement surfaces in respect to their linked
lighting design norm (Figure 5, right). Theautoroaeneration of this visualization is only possidles to

the availability of semantic information from thdMB It directly helps the user to add, move or remo
luminaires in proximity to the measurement surfacerder to find an optimal lighting design solutimore
efficiently.

6 INTERACTIVE VISUAL GUIDANCE

The semantic context for each measurement surfexeseao verify the results of the current simutetirun.
Depending on the application area, the industrynsorary, which makes an individual, interactiveatneent

of the measurement areas necessary. The currésdtiah state is visualized in various ways (FigéyeWe
provide an interactive visualization within the 3ianning view to give immediate feedback for each
measurement surface within the viewport. We optedaftraffic light symbol, as its concepts is getigr
well-known, and it is powerful enough to visualtbe current verification status. Note that the gieltraffic
light could be linked to the maintenance statusheflight sources illuminating the measurementasaf
which could be derived from the installation datehe BIM system.

To provide a global overview of the current veafion status, all measurement surfaces are enlistad
separate 2D view. The traffic light color schemeesised to easily detect unfulfilled lighting nanBy
selecting a list element, the user can demand & ohetailed visualization of the current verificatistatus.
For this purpose, we rely on various (scientificgualization techniques that have been developgdesent
data in the most informative way. Especially théowdeveloping community provides an enormous amount
of reusable content, mostly based on interactivaSeript tools. HILITE provides the possibility émnbed
web-based content within its user interface, alfmvfast prototyping and access to a wide range of
visualizations. To demonstrate how easily varioosyglex visualizations can be reused, we sketched th
detail verification status view within the 2Dviewsing the well-known visualization tool Highcharts
[HIGHCHARTS].
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Fig. 6: Interactive visualizations using web-bas=thnologies. Left: Traffic light symbol within 3&cene, quickly indicating
whether all required norms are fulfilled for théested measurement area. Middle and Right: Detaillyars view for the selected
measurement area. The selection states of theameagnced between 2D and 3D views. We integratdtiple plots for example
purposes — note that they can be easily exchangethbr web-based visualizations. A polar plot (dhéd top) provides a detailed

overview on the fulfillment of all requirements.biillet plot (middle, bottom) is used to visualizeahwell the current average
illuminance requirement is met. The gauge (right)ést suited for a really quick overview on thenber of valid constraints.

Our detail visualization uses a polar plot to vigueompare the current values to the desired neatues.
By normalizing all measured values to a range betw@ and 100, the polar plot contour can be directl
compared to the desired norm values. A bullet {glatseful to depict ranges, which is suitable tmpare
the quality of the current measured value in retatio the accepted norm range. To quickly visuatlize
progress of all norms of a measurement surfacejsgean angular gauge chart. The needlewithin tgelan
gauge chartindicates how many of the norms arestliyrsatisfied.

As both views (2D / 3D) rely on the same dataswtirtcontent as well as the user interactions emtare
synchronized. While hovering over an element in2Beview, the corresponding symbol in the 3D view i
highlighted, and vice versa. This linkage helps tiser to access additional information or to locate
specific measurement surface within the scene.

7 RESULTS

Autodesk Revit provides an example BIM project, meha building is modeled in detail. Figure7 shows a
side by side comparison of the default buildindrievit (left) and the illuminated scene in Hilitégfrt). The
annotated floors were automatically mapped to nteasent surfaces (show in false color mode).

Rodo-a . — Errr—" T T O R

smn casaw

Fig. 7: Side by side comparison of Revit (left) &htLITE (right)

In cooperation with the Austrian Railway Associati®BB), we could apply our work flow to a BIM mdde
of a rail station that is currently in the planniplgase. Updates to the BIM model are planned agalar
basis, making an automatic, flexible approach eessty. Figure8 shows the scene with automatically
placed measurement surfaces (left), and usingtabfalse color visualization (right).
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Fig. 8: An early planning stage of a train statiantomatically placed measurement areas (leftffaisd colors (right).

7.1 Limitations

Currently the measurement surface is simply geedrah top of an annotated object with a given offse
Intersections with other objects, like a pillardiie 9), are currently not excluded from the mezrment
surface evaluation. Therefore, the current measemesurface generation is limited to open areas.

Fig. 9: Visualization of the measurement surfadeene the red circle indicates the wrongly includégtisection area (dark blue).

8 CONCLUSION AND FUTURE WORK

We have demonstrated a novel, reproducible antlyeadendable approach for the automatic verifaatf
lighting setups planned in BIM environments. Weyreh BIM data in the form of IFC files, and enhance
them in terms of material description and photoiménformation in order to generate physically aate
results. Using semantic data, measurement surfaiteconstraint set to the sorresponding industrgnrs
are automatically created and evaluated. The apprbas proven to be successfully applicable foralem
scenes as well as in a large real-world scenanidaats as a basis for further developments imiteetion

of a fast validation of light-related aspects ia thanning and management phases of buildings.

Apart from properly handling the limitations dederl in Section 7.1, we plan to further enhancesgatem

in various ways to solve problemsthat are releuatiis domain. For example, even though therebeen
some research regarding architecture for lightiogtol systems[GUILLEMIN, PANDHARIPANDE], or
comparisons of lighting setups [SORGER], the optiplacement of luminaires and sensors for such
systems has hardly been addressed. We plan totigtesoptimization methods for automatic luminaire
placement and use BIM data for the verificatiopeesented in this paper. The web-based visualrirdton
systems are predestined to develop guidance sydsteshshelp a designer with suggestions for further
modeling steps.Another important aspect is theatgh verification of further lighting aspects, suahthe
color rendering index, color temperature, contrasto put more focus on view-dependent light g¢ffen
order to find viewing positions and angles thatseaproblems, we plan to use an agent-based siowlati
system. This would also allow to investigate issegmrding eye adaption, or other time-relatedcgfe

This brings us closer to Virtual-Reality-based ewatibns:Since a human’s perception of light is high
dependent on the surrounding lighting conditiors)derings of 3D scenes that are observed on a 2D
computer monitor can only give an impression of éffects of a certain lighting setup. By combiniogy

light simulation with a virtual or augmented realapplication in future work, we want to provide mo
immersive possibilities to evaluate lighting coiatis in a scene. In comparative studies with reaikav
situations, we plan collaborative research withcpsjogists and lighting designers. We also want to
investigate the influence of vision impairmentstia ability of people to navigate through a buitdiithere,

we want to especially focus on the influence ohtiigg conditions and how they can be adapted to aid
people with reduced visual acuity, and will provideeans to evaluate current norms, taking visual
impairments into account.
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In order to follow the BIM philosophy, the availétyi of the light verification results should noé limited
to the lighting tool, but should be accessibleli#@ for external verification. We plan to proposethods to
integrate the verified aspects in the exported fitmd will propose validation methods accordingly.
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