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Abstract 

The aim of this research is to provide an iterative workflow and integrate lighting analyses in a Building 

Information Modeling workflow using the IFC shared data model and the validating lighting simulation 

tool Radiance. This is achieved by building a prototype application which takes the IFC data model as 

input. The prototype application parses the IFC data model in such a way that it becomes suitable to 

conduct daylighting analyses in Radiance. 

 

The Industry Foundation Classes data model is intended to describe building and construction industry 

data. It is a platform neutral, open file format specification that is not controlled by a single vendor or 

group of vendors. It is an object-based file format with a data model developed by buildingSMART to 

facilitate interoperability in the architecture, engineering and construction industry, and is a 

commonly used collaboration format in Building information modeling based projects. The IFC model 

specification is open and publicly available.  

 

The IFC data model in this research is used as a downstream model to parse data in a generally 

applicable manner for validated lighting analyses.  The data parsed from the IFC data model consists 

of geometry data and material data. External data which is not present IFC data model file is 

implemented in a prototype application. This data consist of climate data, sky data and IES profiles.  

The conversion of the semantic and geometric validity are determined for Radiance.  

 

An advantage of Radiance as a lighting calculation and simulation tool is that there are few limitations 

on the geometry or the materials that may be simulated. Radiance is used by architects and engineers 

to predict illumination, visual quality and appearance of innovative design spaces, and by researchers 

to evaluate new lighting and daylighting technologies. 

 

It is possible for the user of the prototype application to make adjustments during the lighting analyses 

process. Thus increasing the workflow optimization. The user has the possibility to adjust the materials 

and generate false color images using an open source platform independent application. 

 

The conversion consists of three parts.  The first part is the extraction and mapping of IFC semantics 

to Radiance semantics. The second part is the development of a methodology for parsing IFC semantics 

and the development of a prototype implementation  to measure the effectiveness of the conversion. 

A geometric specification which extracts the exterior shells is part of this conversion. The third part 

consist of the semantic and geometric refinements which optimize the model for analyses. 

 

For validation the simulation output parameters of the prototype application are compared to the 

Daylight Variations Handbook. The Daylight Variations Handbook is a study done by Jan Diepens to 

compare different façade openings and their effect on daylight. These spaces are remodeled using 

Autodesk Revit to create identical IFC data models. These IFC data models will be used for testing the 

prototype application. Any discrepancies in the simulation output should indicate any errors within the 

prototype application or IFC data model. 
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1 Introduction 

This research is aimed at exploring the possibilities of integrating lighting decisions into a BIM workflow 

with the use of Industry Foundation Classes (IFC).The concept of working in one central Building 

Information Model (BIM) is becoming increasingly popular. Reports in literature as well as industry 

practitioners describe the lack of good implementations. (L.A.H.M. van Berlo (TNO) 2012) A good 

implementation of lighting simulation in a BIM workflow is lacking.  Over the years many analysis tools 

have been developed to study the daylighting performance of buildings. These tools extend from 

simple charts to sophisticated computer tools. Among these tools Radiance is considered as state-of-

the-art backward, which is based on a mixed stochastic and deterministic ray tracing approach. (Ward 

1994) (Andersen 2006) (Mardaljevic 1995) Simulation results with Radiance have been physical 

validated for a range of building geometries and shading devices. Radiance has been studied 

systematically over the last decade. Although there are several daylighting simulation tools available 

for this thesis Radiance is chosen as they are accurate, validated and widely-used simulation tools. (Fitz 

2006)  

 

For example budget, schedule, and technology constraints mean that less than a handful of design 

options are typically modeled and analyzed today. Advancements in computer-based Building 

Information Modeling (BIM) and analysis methods now allow architects and engineers to simulate 

building performance in a virtual environment. However, the potential of this technology to inform the 

early stages of the design process has not been fully realized because current tools and processes do 

not support the rapid generation and evaluation of alternatives. (J. Haymaker 2008) 

 

IFC are a common language to transfer BIM information between different domains, the schema is 

supported by a broad amount of CAD applications and it is supported in a lesser extent by several 

analysis applications. The objective of this research is to gain insight into the IFC schema semantics and 

to develop a process to map and translate these into the specific datasets required for a validated 

lighting analysis. The goal is to facilitate automated lighting simulation analysis using the IFC model as 

a basis, this could allow for lighting analysis in the BIM workflow. 

 

The IFC data schema is being promoted and developed to facilitate the interoperability among 

different BIM-based applications, it is thought to be complex to program and implement in software 

(Sandeep Kota 2014). Nonetheless, IFC is considered to play an important role in the translation from 

BIM to energy simulation. The IFC approach has the benefits that data facilitation is possible between 

different IFC compatible tools.   (Sandeep Kota 2014) For example a BIM model modeled in Autodesk 

Revit can be exported to IFC to be opened in Graphisoft Archicad or any other application which takes 

the IFC data model.The IFC implementation to Radiance could prove to be an advantage over other 

CAD conversions to Radiance. Material and geometry semantics can be stored and linked in an IFC data 

model. The same connections are possible to a Radiance conversion.  The majority of professionals 

surveyed indicated that they spend less than half of their time doing value-adding design and analytic 

work. (Benjamin Welle 2011).   The linking of specific parameters within the IFC data model and 

Radiance can prevent re-entering material and geometry parameters in the Radiance lighting 

simulation software.  

 

For this research a prototype application is being developed which can parse IFC files and retrieve the 

geometric and material contents. The IFC semantics are mapped to building analysis specific 

requirements, such as retrieving space bounds, restructuring of geometric data and mapping of 

physical material properties. The data is prepared for Radiance, which will be used to validate the 

output, however the tool maps this data in an agnostic manner, so the process can be used as a basis 

and modified for other building analysis as well. The end result is a semi-automated environment 

where the user inputs IFC models which can be used for validated lighting analysis using Radiance. 
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1.1 Research Questions 

This thesis aim to develop a prototype application which parses IFC semantics to Radiance semantics. 

The prototype application aims to develop a methodology for the conversion of architectural building 

models from IFC. Three important aspects are the semantics, the geometry and the validity of the 

output models. It is possible to model a wide and diverse range of building models in IFC. As such the 

methods should be flexible enough to deal with complex models. 

 

The main research question is: 

 

How can IFC data model semantics be translated  to produce a validated lighting simulation in 

Radiance? 

 

Sub questions have been defined to help answer the main research question: 

 

a) What is a valid lighting simulation in Radiance and which semantics are needed? 

 

b) How can IFC data models be converted to Radiance? 

 

c) What geometric operations are required for both the geometric and the semantic 

conversion? 

 

d) What semantic information is required for both the geometric and the semantic 

conversion? 

 

e) Which semantics and  corresponding parameters can be connected to be suitable for 

daylighting analyses in Radiance? 

 

 

 

1.2 Scope 

The methods which are developed during this project are designed to facilitate the use of IFC data in 

validated lighting analyses simulation application Radiance. The focus on one hand is input driven by 

converting IFC, thus attempting to store all its information into a Radiance model. On the other hand 

the focus lies on creating an optimized workflow for lighting analyses. A prototype application is 

developed. The prototype application takes data relevant for lighting analyses which are not present 

in the IFC data model. These parameters are taken from IES profiles and created in the application by 

building specific algorithms. These specific algorithms  map semantic data to generate relevant 

information.  The implementation of both geometrically and semantically input-driven conversion is 

constructed in the prototype application.  

 

1.3 Outline 

Background information on Radiance and IFC is given in chapter 3 together with specific definitions of 

IFC geometry, Radiance geometry and an evaluation of the current state of development. 

 

Chapter 4 covers the conversion methodology for semantics, geometry, and for creating and ensuring 

the validity of the output model. The implementation of the prototype is described in chapter 4, while 

also the evaluation of the results can be found there. 

 

Chapter 5 provides the conclusions and recommendations for IFC and future add-ons for the prototype 

of the application. 
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2 Problem Field 

2.1 Problem Field: Implementation of lighting analyses in a BIM workflow 

Design and analysis of building systems is an often used technical service within a building design, 

these simulation services range from structural, MEP, control systems, lighting, acoustics, energy 

conservation, air quality, circulation and security. Lighting analysis is one of these aspects carried out 

in the building development. These analysis, while occasionally carried out by experts within the 

primary design firm, are often undertaken by external consultants. (C. Eastman 2011)  

 

Generally the most efficient procedure is for both the architect and the consultants to work within the 

same tool or in the same model, however these experts often work with a set of tools which are 

specialized towards the analyses performed. (GSA 2012)  Significant datasets are required to run 

analyses, often the designer drawing models are unsuitable and data needs to be manually converted 

to a comprehensible format that the specialized analysis tools can work with.  For example an architect 

models an entire glass building using Autodesk Revit and wants to know if the design meets building 

code criteria and if the building provides a comfortable indoor climate. He sends his Revit model to a 

lighting designer who wants to conduct daylighting analyses using Radiance.  This means the lighting 

engineer has to remodel the architect’s building using Radiance. Because Radiance is all command line 

based this will take effort and time before even the lighting designer can produce a lighting simulation.  

 

Therefore the consultants have to manually process and adjust inconsistencies within the design model 

based analysis model in order to run a simulation, this is a labor intensive tasks which can lead to 

misinterpretations or incorrect approximations. Furthermore if the building design changes, the 

process needs to be repeated or the analysis model needs to be revised directly. (GSA 2012)  In general 

there are two approaches to energy modeling in support of integrated design: early 

conceptual/schematic studies and more detailed design analysis during later stages of design and 

construction. (GSA 2012) 

 

It is widely acclaimed that the most important design decisions concerning building sustainability have 

to be made in the early design stages—that is by the architect or building designer. In common 

architectural practice however, performance analysis to support design decision-making is only used 

for the few buildings facing engineering challenges or explicitly focusing on sustainability. The lack of 

integration into the design leads to extensive modifications afterwards to meet performance criteria. 

(F. Schlueter 2008) 

 

Ideally building design should be an iterative design process wherein the optimized design of building 

energy, thermal comfort and daylighting performance is frequently evaluated over design 

development. There are several reasons why this doesn’t occur in traditional building design; Analysis 

tools require design parameters that are not captured within traditional design tools, designers have 

difficulties generating multiple design options and exploring solution spaces, there is a lack of 

interoperability between tools and designers struggle to integrate the results in their design goals. (J. 

Haymaker 2008) Automated data exchange offers substantial time savings, error reduction, and 

simulation model reproducibility over this current practice. (R.J. Hitchcock 2011) 

 

A faster BIM-to-simulation process will enable a larger number of design alternatives to be explored. 

Research suggests that improved design process accuracy and consistency also result in improved 

design exploration and that this improvement increases the chance of discovering higher performance 

designs (Haymaker, et al. 2011) 
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BIM can provide direct and localized economic benefit for engineers by eliminating rework and making 

drawing production more productive. Significant effort is required to prepare the datasets needed to 

run analyses. With appropriate BIM interfaces, a model representing the actual geometry can be used 

to derive both the analytical model and the drawing set, thus eliminating or highly simplifying 

preparation of the analysis input data sets. An effective interface between a BIM authoring tool and 

an analysis application involves at least three aspects: (C. Eastman 2011) 

- Assignment of specific attributes and relations in the BIM authoring tool consistent with those 

required for the analysis. 

- Methods for compiling an analytical data model that contains appropriate abstractions of 

building geometry for it to function as a valid and accurate representation of the building for 

the specified analysis software. The analytical model that is abstracted from the physical BIM 

model will be different for each type of analysis. 

- A mutually supported exchange format for data transfers. Such transfers must maintain 

associations between the abstracted analysis model and the physical BIM model and include 

ID information to support incremental updating on both sides of the exchange. 

 

In a study by the U.S. National Institute of Standard and Technology (NIST), the cost of inadequate 

interoperability was calculated by comparing current business activities and costs with hypothetical 

scenarios in which there was seamless information flow and no redundant data entry. NIST determined 

that the following costs resulted from inadequate interoperability: (C. Eastman 2011) 

- Avoidance (redundant computer systems, inefficient business process management, 

redundant IT support staffing) 

- Mitigation (manual reentry of data, request for information management) 

- Delay (costs for idle employees and other resources)  
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2.2 Problem Field: Current state of BIM workflows and lighting analyses 

Industry Foundation Classes (IFC) are created as a common language for transferring BIM information 

between different BIM and building analyses applications while maintaining the meaning of different 

pieces of information in the transfer. This reduces the need of remodeling the same building in each 

different application. It also adds transparency to the process. A wide variety of data specific formats 

are available to enable interoperability which can be customized to process specific needs, but more 

research is needed to establish how to apply these standards to conceptual building design for energy, 

thermal comfort, and daylighting. (J. Haymaker 2008) 

 

Initiatives exist to improve the building process by introducing building codes and standards, and by 

facilitating data exchange between the domains; design, analysis and support. The research in building 

codes and standards focuses on transforming prescriptive provisions in building codes to machine 

readable rules and developing a building model that can be checked for compliance with those rules. 

Research in building product model data exchange focuses on establishing model views to extract the 

necessary information for review and analysis by a specific domain. Building Information Modeling has 

been proposed as supporting the integration of the different domains involved in the building design 

process, allowing more integrated procedures and the potential for quick feedback of design ideas. 

(11) 

 

These recent developments show that there is demand for the lighting industry to get further involved 

in the BIM workflow, while initiatives to support BIM compliant software like Revit are currently in 

place, the current tools and processes have not realized the full potential as there have not been any 

studies into the fields of lighting implementation in the IFC specification.  
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The majority of professionals surveyed indicated that they spend less than half of their time doing 

“value- adding” design and analytic work, and used simulation tools primarily to validate a chosen 

design alternative, not to explore multiple alternatives. (Benjamin Welle 2011)  

Designers typically vary multiple parameters at one time in an unsystematic manner resulting in 

difficultly isolating impacts of individual design parameters (Wang et al. 2005b), A number of tool and 

process limitations in current practice result in narrow explorations of design spaces. (Benjamin Welle 

2011)  

According to Welle et al. the most significant challenges are: 

- Inconsistent analytical models for multidisciplinary analysis: energy and daylighting 

simulations are typically conducted with two different tools that require specialized skills, 

frequently by two different people in two different firms. This segmentation results in 

inconsistent analytical models and analysis results. (Benjamin Welle 2011) 

- Long analytical model simulation times: time-consuming simulations for both energy and 

daylighting limit the ability of the designer to evaluate a large number of design options within 

the time constraints of conceptual design (Benjamin Welle 2011) 

- Poor coordination of analytical model outputs/inputs: energy and daylighting simulation 

engines both model the same set of solar thermal processes, and therefore necessitate the 

integration of analysis outputs and inputs. This integration frequently does not take place, 

resulting in conflicting output results. (Benjamin Welle 2011) 

- Inconsistent performance metrics: performance metrics for energy and daylighting 

simulations frequently are generated on different time scales. For example, long simulation  

times for daylighting frequently result in analyses for just a few select times throughout the 

year (e.g., mid-winter, mid-summer, spring/fall equinoxes). These differences prevent 

legitimate integration and comparison between the two analyses. (Benjamin Welle 2011)As 

the AEC field has matured, it has become recognized that the issue of interoperability has 

moved from data exchange between two BIM applications to supporting the use cases defined 

by workflows. The major benefits of interoperability are not only to automate an exchange 

(although replicating the data in another application is certainly redundant activity), but the 

larger benefits that refine workflows, eliminate steps, and improve processes. The new phrase 

is to better “manage lean workflows.” (C. Eastman 2011) 

 

IFC has been created to provide a comprehensive reference to the totality of information within the 

lifecycle of a constructed facility. It serves business needs identified by the international building 

construction community, however it does not incorporate a comprehensive reference for the 

individual processes within building construction. 

This especially applies to software solution providers and industry users, IFC is too unwieldy to use to 

handle the information needs of a particular process at a particular stage of a project. Hence the 

Information Delivery Manual (IDM) is developed to provide a breakdown of the IFC schema into usable 

parts that are inherently valuable to certain industry users within the project. (B. W. (buildingSMART) 

2010)  

 

STEP and IFC have since then become the standards for interoperability because they can provide a 

comprehensive public domain data schema. While research has been undertaken into the 

exchangeability within both domains, so far the facilitation of automated interchangeability between 

lighting analysis and the IFC format is limited. (Haymaker, et al. 2011) (Sandeep Kota 2014) 
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2.3 Problem field: Identifying Stakeholders 

BIM can provide to all members of a project team, including architects, engineers, contractors and sub-

contractors, facility owners and operators, as well as building product suppliers who need to model 

their products so that they can be incorporated into the building model. (C. Eastman 2011)  

 

Integrated design relies on participation and collaboration by all members of the design team. In 

general, the earlier issues regarding building performance are considered in design, the bigger the 

gains achieved, and at less cost. The following diagram demonstrates this principle. (GSA 2012) 
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Figure 1) Influence of overall projects costs over the project lifecycle (source: BIM Handbook, page 164) 

 

Figure 1 emphasizes the impact of early design decisions on the overall functionality, costs, and 

benefits of a building project.   A more optimized BIM workflow means early design feedback from the 

application. Radiance is intended to aid lighting designers and architects by predicting the light levels 

and appearance of a space prior to construction. Data transfer between architects and lighting 

designers is not fully optimized. The lighting designers have  

- Long analytical model preparation times: preparation of the required input files for simulation 

is a time-consuming process, particularly with limited or no GUI functionality. (Benjamin Welle 

2011) 

- Missing or invalid data in architectural model: missing or invalid data from the BIM model 

frequently compromises the integrity of the analysis and must be managed in a reasonable 

manner that itself does not compromise the integrity of the analysis. 

 

As the architect changes the design iteratively the whole process becomes a tedious task, as each 

translation involves working with several tools and multiple steps. Furthermore, the architect cannot 

study design alternatives quickly due to the laborious process involved in each method. (Sandeep Kota 

2014) 

  
  



 

 

 

IFC to Radiance BIM workflow optimization   12 

 

2.4 Problem Field: Lighting requirements in the BIM model  

The Lighting design and simulation analysis use case has been categorized in the respective LOD levels 

(J. Bedrick 2008). This is an important aspect to establish the use-case of the tool and the respective 

level of development it can be used in. 

 

Numerous detail levels of a building model exist in the BIM workflow, because certain parameters are 

mandatory for lighting analysis several minimum parameters need to be established, these can vary 

depending on the workflow and the phase of the building development, as well as the detail level the 

building model is provided in.  

 

The Level of Detail within a BIM model is entirely dependent on the original detail it was modelled in 

within the original CAD environment. Several implementations and standards exist to establish the 

exact LOD specifications, among these are the Model Progression Specification (J. Bedrick 2008) and 

the Level of Detail and Level of Development specifications that derived from it. These follow a 

standardized progression of building model detail for exchange, setting different LOD levels and their 

respective detail specifications with specific use-cases per level. (A. Monteiro 2012)  (Level of 

Development Specification: For Building Information Models 2013) 

 

 

Level of Detail Model Content Lighting analysis/simulation use-case 

100 Conceptual design; volumes, spatial 

configurations, estimates 

Strategy and performance criteria 

based on volumes and areas 

200 Schematic design; generic elements 

and approximate 3d geometry 

Conceptual design based on 

geometry and assumed system types 

300 
*350 

Specific design; confirmed 3d 

elements, dimensioning and geometry 

Approximate simulation based on 

specific building assemblies and 

engineered systems 

400 Fabrication elements, installations and 

manufacturing 

Precise simulation based on specific 

manufacturer and detailed system 

components 

500 Actual model as-built Commissioning and recording of 

measured performance 

Table adapted from (J. Bedrick 2008) and (Level of Development Specification: For Building 

Information Models 2013) 

 

With the use of the Radiance lighting analysis tool and with the generic analysis requirements 

established, the potential use-cases for which the prototype tool will be designed for can be outlined. 

The most important aspects from the LOD is, the provided BIM data needs to be sufficient for radiance 

input, and the tool needs to pass data on to Radiance to output a valid analysis. 

The validity of this analysis has been determined and limited to measurement of building spaces and 

comparing those to building code specification, the tool is supposed to produce draft analysis which 

can influence the decision making process. 
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For lighting analysis, some form of spatial geometric elements are important, such as the interior plan 

and the partitioning of areas. The following example shows the relation of an interior wall building 

element within the LOD specification: 

 

100 Simple spatial configuration, No interior walls modelled, properties are limited to floor 

area. 

200 Generic interior walls modelled, with an assumed thickness and properties are included 

as a range. 

300 Specific wall types, modelled with an actual thickness of the assembly, properties such 

as STC rating or U-values can be specified. 

400 Fabrication details are modeled where needed. 

500 The actual installed wall is modeled. 

 

The interior walls are part of the interior spatial composition, along with the walls, space boundaries 

and rooms are to be defined for an indoor lighting analysis. While the tool could be used in the LOD 

100 phase to determine simple outdoor massing, indoor analysis is only possible from LOD 200 and 

onwards. Furthermore the maximum viable LOD should be considered. As the accuracy and complexity 

of the model might increase, and the requirement for accurate information becomes more important, 

a dedicated simulation model for analysis might be more sufficient then an IFC conversion from the 

proposed prototype tool. 

 

Aside of the spatial and geometric entities which are needed to perform daylight analysis, indoor 

lighting analysis according to building specifications also depend on the presence of artificial lighting 

within the building model.  Guidelines for detail levels for light fixtures within the LOD specification is 

as follows: (Level of Development Specification: For Building Information Models 2013) 

 

100 Cost and attachment to floor slab. 

200 Light fixture, generic/approximate size/shape/location. 

300 Design specified 2x4 troffer, specific size/shape/location. 

350 Actual model, (for example: Lightolier DPA2G12LS232), specific size/shape/location. 

400 As 350 plus special mounting details, as in a decorative soft fit. 

 

 

LOD 100 provides insufficient data for any artificial lighting analysis, as the only thing known at that 

time is the relative placement, LOD 200 to LOD 300 provide the necessary placement information to 

determine more exact characteristics, but without a lamp model type specification no analysis can 

occur as the manufacturer provides the additional validated .ies profiles. 

In LOD 350 actual artificial lighting analysis should be possible with the manufacturer provided .ies 

profiles. Although within the tool the possibility is still implemented for performing rudimentary 

analysis with LOD levels 100-300, although nothing can be said about the validation of those. 
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2.5 Problem field: State-of-the-Art Lighting Simulation Tools 

Many simulation software can be used for the estimation of daylighting and daylight availability 

(DAYSIM, DesignBuilder, Ecotect, eQUEST, IDA ICE, IES VE and Radiance) and only a few are really 

designed for the estimation of daylight utilization (replacement of electric lighting by daylighting). 

Many simulation software allow predicting passive solar gains: bSol, DesignBuilder, DPV (Design 

Performance Viewer), Ecotect, EDG II, ENERGIEplaner, eQUEST, IDA ICE, IES VE, LESOSAI, VisualDOE. 

bSol, EDG II and LESOSAI do not support a 3D environment and thus offer limited interest for architects. 

(Jochen Authenrieth 2010) 

 

Though a wide range of building analysis tools are used in industry to meet specific simulation needs, 

three of the most advanced and widely used simulation engines on the market today for energy, 

daylighting, and thermal comfort are EnergyPlus, Radiance, and Fluent, respectively. These 

applications require a wide range of design parameters to be specified by the user, many of which can 

be captured within a BIM workflow. Further research is needed to identify the required design 

parameters of these specific applications that may be captured in the IFC standard, their current ability 

to do so, and the highest priority interoperability enhancements for the purposes of sustainable 

building design. (J. Haymaker 2008)  

 

The main advantage of using an IFC data model and Radiance is the software independent workflow.  

No commercial packages are required for a validated lighting simulation using an IFC data model in 

combination with the open source validated lighting simulation software Radiance.  

 

The  Radiance  Lighting  Simulation  software  has  been  validated  for  daylighting  and  artificial  

lighting  (Mardaljevic 1995) predictions  and  has  a  number  of  import  options  or  CAD  export 

options.  (Andersen 2006)  Review of the research into validating Radiance concluded that the research 

presents “a compelling case, that Radiance is capable of modeling interior illuminances due to daylight 

for a wide range of sky conditions and complex facade geometries”. (Minn 2011) Radiance is probably 

the most advanced daylight simulation software, but it is not suitable for EDP, when much information 

about the building is missing. (Jochen Authenrieth 2010). 
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3 Background and Related Work 

3.1 Introduction to Industry Foundation Classes  

Industry Foundation Classes (IFC) is a Data Standard developed and maintained by the buildingSMART 

organization, which enables data interoperability between various domains operating on an AEC 

project, the IFC data schema enables interoperability within a design, construction, procurement, 

maintenance, and operation process by providing an open data schema which can operate across the 

commonly used software applications within these domains. (BuildingSMART organization website 

n.d.) 

 

For a detailed explanation of the IFC schema please see Appendix A 

3.2 Radiance  

Over the years many analysis tools have been developed to study the daylighting performance of 

buildings. These tools extend from simple charts to sophisticated computer tools. Among these tools 

Radiance is considered as state-of-the-art backward, which is based on a mixed stochastic and 

deterministic ray tracing approach (Ward 1994) (Andersen 2006) (Mardaljevic 1995) Simulation results 

with Radiance have been physical validated for a range of building geometries and shading devices. 

Radiance has been studied systematically over the last decade. Although there are several daylighting 

simulation tools available for this research Radiance is chosen as it is an accurate, validated and a 

widely-used simulation tool among the BPS domain. (Fitz 2006)  

 

For a detailed explanation of the radiance simulation software please see Appendix B 
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4 Research Methods  

This research consists of three separate research methods, the first method is to determine which 

parameters found in the IFC data model are relevant for lighting analyses an which semantics within 

the IFC data model should be connected 

 

The second method is building a prototype application in which all the user requirements and 

simulation output is specified.  The aim of the prototype application is to parse the IFC geometry 

semantics and connect these with the correct IFC material parameters. A Graphical User Interface is 

developed with the prototype application to fulfill user requirements regarding workflow optimization.  

 

The third method is validation of the research. The validation is done by comparing simulation output 

of the prototype application with several validated models taken from the Daylight Variations 

Handbook.  Discrepancies in the simulation output should reveal or confirm the conversion is a failure 

or success. 

 

In Figure 2 the workflow of the methods are represented in a linear schema.  

 

Organizing and mapping IFC 

semantics

IFC Data Model

Building Prototype Application

Validation of Prototype 

Application

Simulation Output

Collecting Data 

Specifying Application and User Requirements 

Run Simulation 

Compare Simulation Output 

Method 1

Method 2

Method 3

Initiation

 

Figure 2) Overview of research methods 
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4.1 Method 1: Semantic mapping the Industry Foundation Classes data model 

The first step for data extraction is to establish which parameters in the IFC data model are relevant 

for daylighting analyses.   The data parameters are organized in two data sets: geometry semantics 

and material semantics. These data sets are connected to each other in the IFC schema.  For this 

research the semantics are broken down into specific parameters. For each parameter certain 

conditions must be valid.  With these conditions the filtering and mapping is created to eventually be 

converted. For an elaborate and detailed of organizing and mapping IFC semantics please see Appendix 

A. 

 

Organizing and mapping IFC 

semantics

IFC Data Model

Building Prototype Application

Validation of Prototype 

Application

Simulation Output

Collecting Data 

Specifying Application and User Requirements 

Run Simulation 

Compare Simulation Output 

Method 1

Method 2

Method 3

Initiation

 

Figure 3) Method 1: Mapping IFC semantics 

Figure 3 highlights the first step undertaken within this research. Chapter 4 consists of several Express-

G diagrams together with a visualization of the specific object for semantic mapping of the IFC schema. 
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4.2 Method 2: Prototype Application IFC2RAD 

Within this research a prototype application is developed, using IfcOpenShell, OpenCascade and Qt 

through the Python programming language. Descriptions and motivations are given on the selected 

resources.  The prototype and all the used modules are open source.  

The main research question of this thesis is whether it is possible to do the conversion from IFC to valid 

Radiance data, if semantics can be mapped and if the IFC schema can provide additional required data 

for workflow optimization by accessing the necessary semantics in the schema.   

Organizing and mapping IFC 

semantics

IFC Data Model

Building Prototype Application

Validation of Prototype 

Application

Simulation Output

Collecting Data 

Specifying Application and User Requirements 

Run Simulation 

Compare Simulation Output 

Method 1

Method 2

Method 3

Initiation

 

Figure 4) Method 2 consists of building the prototype application 

 

In paragraph 4.2.1 a selection of the used tools for building the prototype application are motivated.  
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4.2.1 Selected Tools for building the Prototype Application 

There are several Software Development Kits (SDK) available for iterating through the IFC data model.  

The selected SDK for building the prototype application is IfcOpenShell. Mainly because of continuous 

support throughout the entire process from the developer of IfcOpenShell, Thomas Krijnen. 

4.2.1.1 IfcOpenShell 

IfcOpenshell was chosen to parse data from the IFC schema. The advantage of using IfcOpenshell is 

that it allows for a comprehensive way to traverse through IFC schema entities as it maps any attributes 

and relationships automatically. It also offers geometric serialization to OpenCascade geometry which 

makes visualization and downstream manipulation possible.  

Furthermore, IfcOpenshell provides several exporters and interfaces from the IFC model to numerous 

formats, which can possibly be used and adapted for this research purpose. 

4.2.1.2 Open Cascade 

As IfcOpenshell provides and interfaces geometry directly into the OpenCascade SDK, this SDK was 

chosen for geometric analysis. OpenCascade comes with a wide range of powerful tools which make 

geometric analysis possible, the capabilities fall within the range of Pre-processing and Post-processing 

for FEM, CNC and numerical simulation programs. 

Specifically PythonOCC 0.16.2 is used for its wrapping of the OpenCascade Community Edition bindings 

to Python code.  

Ultimately this research will focus on IfcOpenshell for parsing the IFC Schema, and PythonOCC for 

geometric analysis and for pre-processing IFC geometry into radiance data. 

4.2.1.3 Qt 

Qt is a cross-platform application framework used for developing the UI for the tool, while the prospect 

of developing a “headless application”, meaning one with fully automated parameters and no 

graphical user interface  output, is still to be determined considering the additional data that may be 

required or manually configured. Qt is used to provide a UI which can easily provide input for several 

background parameters that need to be set. Specifically the PyQt is used in this research as it is already 

a required framework within the IfcOpenShell and OpenCascade python bindings and its extensive UI 

capabilities allow for a comprehensive interface for workflow optimization.  

4.2.1.1 Python 

Python is used as a programming language for the tool development, this choice was made because of 

the support provided for within IfcOpenShell, PythonOCC and PyQt, the three main API’s which the 

prototype tool relies on.   
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4.2.2 Added value of the Prototype Application 

The prototype application is geared towards architects and lighting specialists, from the early 

conceptual design stages, to the as-built building model. The aim of the application is to give direct 

feedback on architectural lighting design based on the BIM model, without the need of rebuilding the 

model within a dedicated analysis application.  

 

For lighting specialists the aim is to optimize the workflow for a validated lighting analysis. The core of 

the prototype application is IFC, interoperability amongst different stakeholders such as the architect 

and lighting specialist should pose no limitations when implemented correctly.  

 

For the prototype application a (GUI) Graphical User Interface is implemented.  The reasons for 

creating a GUI are: 

- Radiance itself does not come with a GUI, everything is command lined based which result in 

a steep learning curve and slow iteration process. 

- Several modules such as the material dialog can be used to create Radiance materials with a 

direct feedback and implementation. 

Adjustment can be made directly via the material dialog without the need of re-exporting the 

IFC model to make adjustments. Resulting in a more efficient and interoperable workflow. 

- There’s a functionality for loading IES profiles in the prototype application.  Which can be 

directly implemented and the user retrieves feedback through the prototype application 

viewer. 

- The prototype application comes with a ‘set work plane’ option on which a false color image 

can be projected for real-time design feedback in the 3D model. This is contrary with 

Radiance itself which only produces static false color images. 

- The user can calculate the daylight factor of a space or room relatively quickly from the BIM 

model. All the relevant material and geometry data is present in the IFC file. All parameters 

can be preset in the prototype application.  

 

The end user of the IFC2RAD prototype application has a possibility to make adjustments during the 

process. This way the end user has more overview and control of making material adjustments in 

comparison with making material adjustments in the radiance file definition.  A more iterative 

workflow is established and the user input data is centralized within one application. When the user is 

satisfied with the adjusted materials it can be exported to the Radiance file definition. The material file 

output correlates with the geometry output file to eventually build the Radiance octree.  With several 

sub processes specific Radiance executables are called which creates simulation output such as the 

daylight factor and false color images. 
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4.2.3 Comparison of alternatives of the IFC2RAD prototype application 

The advantage of the application is that no commercial software license is required to produce a 

validated lighting analysis. All the programs and data used are open source and publicly available.  

There are several alternatives which also use Radiance as their engine. However these alternatives 

require a commercial package to be installed with license fees. 

 

More open source advantages are that other developers have the possibility to build more 

functionality in the prototype application to eventually develop a fully functional application.  

 

Several existing alternatives for creating a lighting simulation using an IFC data model were tested for 

this research. 

4.2.3.1 Livi versus IFC2RAD prototype application 

LiVi is an add-on for the 3D content creation suite Blender that acts as pre/post-processor for the 

Radiance lighting simulation suite. LiVi allows static or animated Blender geometry/materiality to be 

exported to the Radiance format, controls the Radiance simulation, and imports the results back into 

Blender for visualization. It is possible to load an IFC data model in Blender using IfcBlender. The 

downside of this application is the lack of IFC support and loss of material data during the conversion.  

4.2.3.2 DIVA-for Rhino versus IFC2RAD prototype application 

DIVA-for-Rhino is a plugin which runs thermal, daylight, solar radiation, and glare simulations. The goal 

is to bring validated environmental simulations directly to the conceptual design environments of 

Rhino and Grasshopper. For this research it has been tried to load an IFC file in Rhinoceros using the 

Geometry Gym BIM add-on for Grasshopper. When a daylighting analyses was run several limitations 

appeared such as light bleeding and loss of material data during the process. 

 

With both applications it is possible to create a lighting simulation with an IFC data model using 

Radiance. However both workflows are very labor intensive and many parameters must be initialized 

before a simulation output can be produced.  
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4.2.4 Geometry parser 

The main determining factor which  affects what elements from the IFC Model can be used directly or 

indirectly are the input parameters from Radiance. Radiance has several input requirements. The first 

is the geometric scene description file, which is linked to the material description file. The basic input 

from those is divided into object and material primitives (Ward 1994).  Further descriptions and 

parameters can be given to decide the nature of the analysis 

While user requirements for lighting analysis may vary in complexity, especially when regarding 

validation, the tool is designed to function with the minimum amount of parameters extractable from 

the IFC model. 

 

 
Figure 5) Workflow Diagram of the used radiance modules to generate output 

 

 

4.2.4.1 RADIANCE RESTRICTIONS TO GEOMETRY ETCETERA 

 

In short there are four aspects which need to be collected and translated from the IFC model to 

radiance. For more information on the semantics mapped from the IFC schema, see the section 

Appendix A. 

 

Radiance requirements Translation 

Geometry “IfcShapeRepresentation” and its sub-types can provide all geometric data, 

translation from solids to surfaces is primarily necessary. 

 

Materials Can be collected along the way with “IfcShapeRepresentation”, certain 

translations from IFC semantics into radiance specific types are necessary 

for valid output. 

Ifc4 supports texture mapped elements, which radiance supports via 

obj2mesh. However this is outside of the scope of this research. 

 

Orientation “IfcProject” and “IfcSite” can be used for rotation. Radiance however, 

requires the model to be centered and the sky can easily be adjusted. 

 

Luminaire data “IfcFlowTerminal” typed by “IfcLightFixtureType” or “IfcLampType” can 

provide geometric data for the lamp shape, and possibly may contain 

additional links to .IES profiles. IFC4 introduces “IfcLamp” and provides 

VRML based light sources which can be used as well, but which are not 

taken into account in the scope of this research. 

 

Input parameters Input parameters largely depend on the specific requirements for the 

analysis. 
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4.2.4.2 Geometric decomposition into Solids and Shells 

Geometry in Radiance is not solid based as in most CAD applications, instead it settles for a shell based 

model as only the visible surfaces of the model matter for lighting analysis. This is opposed to IFC 

models, which are largely based on solid elements for interoperability between the many different 

CAD domains. 

Taking this into account solids need to be taken apart into shells and individual surfaces during the 

conversion, also several aspects need to be taken into account as data might not be present as required 

in the IFC model, truncation errors might occur of geometric elements, these issues can affect the 

output model. 

 
Figure 6) Solid and shell based models 

 

Radiance shells are required to be built out of enclosed surfaces, a possible problem that can occur if 

this does not happen properly is light bleeding, where light manages to seep into a volume that is 

supposed to be shut off entirely from the light source but is not due to accuracy problems.  

This could occur during the conversion from the IFC model due to the nature of solids and connections 

between these solids. 

 

When taking apart solids into face composed shells, data truncation may occur, where floating point 

values might get rounded to their nearest number, such as a wall with a vertex of 0.333333333 which 

could end up as 0. 33333334 or 0. 333333332 depending on the floating point accuracy, 

A study has to be done into the actual severity of these issues, and in these cases a realistic proposal 

for a solution has to be made. 

 
Figure 7) Shape connection errors leading to zone leaking 
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4.2.4.3 Geometric surface characteristics 

While representations of geometric items within the IIFC model exist to visualize the model in a three 

dimensional context, such representation items only contain a certain amount of detail, this is due to 

number this partly depends on the restrictions within the LOD level, but also due to simplifications 

made to CAD geometry, either due to restrictions within CAD applications or limitations in 

computational power, as the more data is provided over a building model this information has to be 

iterated through, resources may not be available for those tasks. (Shiftlet 2006) 

 

 

 

 
As-built wall 

composition 

CAD Application/ 

BIM model wall 

composition 

Surfaces for Spatial 

Analysis such as 

lighting 

 

 

Not all elements are modeled within the building assembly. Certain physical attributes are assigned to 

representations as properties, for example a wall is modeled as a 3d representation, but the U-value, 

acoustic STC and thermal mass is provided as information linked to the item. Certain visual aspects of 

the representation are linked as properties as well, such could be the case of paint types. (J. Bedrick 

2008)  

This could pose some issues with more complex assemblies, for example wall surfaces or infill are not 

always modeled as actual geometry within CAD and BIM models. Only the solid models representing 

the wall may exist. The actual infill and characteristic information is linked to the geometric 

representation as a set or an array of attributes. 

Then there is also the question of the specific item and quantity set required for spatial based analysis, 

whereas infill and mass quantities are of key importance in thermal insulation analysis, spatial analysis 

such as lighting, thermal and CFD only require enclosed spaces, in the case of lighting analysis 

geometric surfaces with properly determined materials are very important. 

 

Therefore another problem that might occur in the analysis of the converted BIM model is the accuracy 

of the model surface. For example the illuminance of various compositions of paint on a wall or a 

dotted-window façade has a considerable effect on the accuracy of the output, however such a level 

of detail is usually not existent in CAD models. 

 

For more complex surface characteristics Ifc4 offers texture mapping, which radiance supports through 

the wavefront format using the obj2rad program. While this translation is possible, Ifc4 is currently out 

of scope in this research. 
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4.2.4.4 Mapping IFC geometry to radiance scene descriptions 

Within the IFC schema l entities with “IfcShapeRepresentation” attributes contain the necessary 

information for geometric data. These form the basis for generating Radiance input primitives. 

Discovering and traversing through spatial geometric entities can be done under “IfcProduct” and its 

subtypes as these subtypes inherit the “IfcShapeRepresentation” relationship from products as seen 

in Figure 8.  

 

IfcRoot

IfcObject

IfcProductIfcGroup

IfcProductRepresentation

IfcShapeRepresentation

IfcElement

IfcSpatialStructureElement IfcBuildingElementIfcDistributionElement  
Figure 8) Inheritance diagram showing inheritance of the IfcShapeRepresentation attribute 

Radiance requires additional input parameters for the analysis setup, such as camera positioning, 

measurement points and work plane sections to determine output parameters. Such aspects can also 

take advantage of the data available within the IFC Schema. The process of obtaining additional 

measurement parameters for Radiance input is found in chapter 4.2.7. 

 

A common case of luminaire analysis is the measurement of indoor conditions commonly performed 

on a per-room basis using work plane measured values or imaging using camera points, much of this 

information can be provided from within the “IfcSpace” decomposition, not only is it the spatial 

decomposition element which provides the most data on a room basis, but spaces also provides access 

and information on many space related element quantities such as potentially situated light fixtures, 

while storeys provides the more global data on elements and spaces situated within that story as seen 

in Figure 9. 

 

A direct translation of geometry from the IFC schema to Radiance primitives is theoretically possible 

through the mapping and careful evaluation and processing of semantics. Radiance does not have any 

attributes or decompositions, as geometric data is contained in a flattened list consisting of primitives 

and modifiers. Radiance does not require any of these attributes directly and therefore accessing them 

would not be necessary. Providing those attributes would cause a lot of unnecessary overhead, such 

as requiring to apply Xform transformations multiple times due to the nature of “IfcObjectPlacement” 

and “IfcRelAggregates”. The IFC schema object placement implies that objects lower in the hierarchy 

inherit the transformation of a higher hierarchical element. For example, a simple “IfcWindow” would 

be transformed relative to the “IfcWall” it is contained in, which in turn is transformed relative to the 

“IfcBuildingStorey” it is positioned on, which in turn is positioned relative to the “IfcBuilding, which is 

positioned on “IfcSite”, this hierarchy implies that the whole building can be moved and all sub-

elements will be moved as well through their relative positioning. An abridged example of the 

hierarchical recursion through these elements is illustrated in Figure 9. 
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Contained in

IfcBuildingElement

IfcSpaceIfcFlowTerminal IfcBuildingStorey IfcBuilding IfcSite

Contained in

Bounds

Decomposes Decomposes Decomposes

Elevation Address

Latitude 

Longitude

PlacementPlacement Relative to

Placement Relative to

Relative to Placement Relative to Placement Relative to Placement

 

Figure 9) Hieracy of IFC elements and their relative placement 

Opposed to this is the radiance scene description where all placement is performed through Xform 

transformations, all objects reside in a relative position towards the local coordinate system. 

A few common similarities exist between radiance commands and the IFC schema, these were 

evaluated to determine the best path. 

 

 

 

IFC entity Radiance input Comment 

IfcObjectPlacement Xform Alternatively truncate placements 

into simple world coordinates 

IfcSolidModel/ 

IfcExtrudedAreaSolid 

Genbox, Genrev or Polygon 

primitive 

No basic extrusion exists, internal 

coordinates have to be extracted 

and converted. 

IfcOpeningElement/ 

IfcBooleanOperator 

Genbox or Polygon with 

material type “antimatter” 

Due to the nature of the 

antimatter material type, it may 

not work in all cases. 

IfcFacetedBrep/ 

FaceBasedSurfaceModel/ 

ShellBasedSurfacemodel 

Gensurf or Polygon primitive FacetedBreps are a collection of 

faces, which directly translates to 

Polygons. 

IfcRelAssociatesMaterial Polygon(s) with multiple 

material assignments 

The original element has to be 

decomposed into sub-elements. 
Figure 10) IFC to Radiance mapping 

Figure 10 illustrates the most viable choices for the most common geometric entities in the IFC schema 

that have to be translated to radiance geometric entities. 

 

 

 
Figure 11) resemblance between IFC linear extrusions and radiance genbox / genrev 
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Aside of the flattening process, Radiance holds several limitations which need to be considered 

during conversion of geometric data from the IFC model: 

- Radiance geometry is face/shell based, solid geometry such as CSG does not actually exist, 

the closest solution resembling CSG operations are antimatter materials. 

- While theoretically opening elements could be converted to antimatter object types in 

radiance, there is no specific sorting or relationship attribute in Radiance, thus the antimatter 

would affect other elements in the vicinity as well. A workaround would involve combining 

multiple octrees, however this would be a complex undertaking opposed to directly 

manipulating geometry with holes before radiance conversion. 

- Window panes with a glass or transparent material may not be of any thickness as these 

affect the simulation result negatively as these are incompatible with the raytracing method 

within radiance, these should be flattened and any case of double glazing panes should be 

avoided. Instead the material parameters contain transmittance values which accurately 

represent the real-world thickness of a window pane. Figure 13 

- Resources are precious and complexity affects the processing time. Culling does occur, back 

faces and occluded/out of sight geometry does not impact processing time considerably, 

however complex surfaces in view can increase processing time. For example, a 40 sided 

cylinder increases the processing time considerably opposed to a 3 sided cylinder as these 

drastically affect the amount of light bounces, while simulation results are roughly the same.  

Figure 12. (Chadwell 1997) 

 

While geometry within the IFC schema largely depends on the detail level applied during the modeling 

process in in the original CAD applications there are certain elements which may require some 

geometric pre-processing before converting these to radiance entities in order to assure a proper 

model for a valid lighting analysis. This is specifically the case for geometric elements which might 

cause the situations as stated above, this is especially the case for window panes, which are often 

modelled as solid geometry, and installations such as light fixtures, which are modelled as complex 

geometric items in an external library. 

 
Figure 12) Multi-faceted geometry affects 

simulation speed higher complexity is coupled with 

more raytracing bounces 

 

 
Figure 13) Multi-sided window panes 

negatively affect analysis accuracy, 

instead the material handles any 

thickness properties 
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In regards to the translations illustrated in Figure 13. The most compatible radiance primitive with IFC 

geometry appears to be the polygon primitive, as it appears to be useful for most 

“IfcShapeRepresentation” types. Other geometric types such as solid models were separated into faces 

before conversion to polygons. 

 

4.2.4.5 Space boundaries and radiance spaces  

The IFC schema is rich in semantics and representations, but a large part of this data is unneeded for 

lighting analysis. Specifically the representations that lighting analysis relies on contain way too much 

overhead, such as infill or backside geometry. 

In an attempt to reduce data overhead and provide only the essentially necessary data for simulation 

output, using space boundaries and inner wall faces assures only the visible items get parsed.  

 
Building model representation vs a bounded space volume for analysis 

 

While a direct translation of IFC geometry to radiance face based geometry is possible, potential issues 

may occur regarding the complexity of IFC geometry and the nature of solid based elements, for 

example an “IfcSpace” contains four walls, which are all defined as their own solid element. Ideally 

only the inner surfaces would be extracted from these and the rest of the wall would be irrelevant for 

the current analysis situation. 

 
Figure 14) Common IfcWall bounded IfcSpace and the Radiance face based space composition 

 

Overhead might occur when dealing with a direct conversion, not only could data that is processed 

from the model be limited to the specific spaces and their surroundings, but also converting solid based 

models to face based shells results in overlapping faces where the elements connect. While these are 

out of sight from the actual space this might result in unwanted data overhead. 
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The IFC schema contains elements specifically targeted for space based analysis such as thermal, CFD 

or lighting analysis. The “IfcRelSpaceBoundary” attribute connects “IfcSpaces” with their adjacent 

“IfcBuildingElements” so elements related to a space can be easily iterated through.  

 

Space boundaries can also exist as physically accessible elements by proxy elements such as 

“IfcConnectionSurfaceGeometry” which contains “IFcSurfaceOrFaceSurface”. These surfaces are 

based on the placements of the original adjacent “IfcBuildingElements” connected to the space.  

Space boundaries exist on the 1st and 2nd level, the first level has no influence whereas the 2nd level 

keeps into account if a surface exists behind this boundary. The 2nd level boundary is mostly useful for 

thermal insulation analysis, although it serves no real practical purpose in lighting analysis.  

(K.H.Hafele 2009) (M. Weise 2009) 

 
Figure 15) 1st and 2nd level boundaries 

There are a few limitations when using space boundaries, specifically “IfcConnectionSurfaceGeometry” 

to define spaces rather than conventional geometry, they do not contain the characteristics of the 

original contained element. This is no problem for simple geometric elements such as plain walls from 

which these can be accessed with relative ease via the original associated element.  

However characteristics such as openings are considered separate boundaries rather than inner-loops 

subtracted from the surrounding space boundary. Also boundaries generated from more complex face 

based elements such as “IfcWindow” or “IfcDoor” consist of simplified boundary surfaces rather than 

the original geometry. 

These limitations require several steps to manually process space boundaries, therefore in the current 

prototype implementation of this tool they are not explicitly used. 
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4.2.4.6 Parsing geometric data 

While basic geometric data is available as OpenCascade geometry within IfcOpenshell, the related 

attributes and parameters require mapping, the most basic example is the mapping of “IfcProduct” 

with a multitude of “IfcShapeRepresentation” items representing the geometric shape and mapping 

those to a multitude of “IfcStyledItems” which represent a style assigned to each of these sub-

elements. While IfcOpenShell handles geometry as proper OpenCascade elements, it does not apply 

the needed semantics and attributes to this geometry. 

The following diagram shows a rudimentary example of the process of mapping these items by 

traversing the IFC schema and by testing the parameters and conditions that need to be met to obtain 

valid geometric mapping for radiance primitives. 

 

 
Figure 16) Workflow of the geometry styleditem mapping process 
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4.2.4.7 Multiple StyledItems 

In depth the procedure consists of a lot of complicated functions not illustrated, if multiple geometric 

entities per “IfcShapeRepresentation” have been established, it proceeds to explore the geometry 

itself and then matches the faces with any “IfcStyledItem” by index, reassigning and rebuilding the 

geometry with the proper ”IfcStyledItem” mappings applied. This geometric exploration occurs on 

multiple levels, depending on the representation types found, either types similar to “SweptSolid” or 

“BRep”. From large to small it analyzes geometry on three distinct levels; first it analyzes any Solids 

within, proceeding to analyze the Shells, then the individual Faces, this procedure is largely dependent 

on the representation types visible in Figure 17  If any of these three, or a combination of these, returns 

a valid index with the “IfcStyledItem” entities found, a new shape is generated with the proper 

“IfcStyledItem” mappings. 

 

 
Figure 17) Accessing all StyledItem sub-entities and matching those with the representation items 

  

 

“IfcFacetedBreps”, “IfcShellbasedSurfaceModels”, or “IfcFaceBasedSurfaceModels” are explored as 

individual faces, as these form the basis of these models, through iteration a new shape is generated 

as well with the proper “IfcStyledItem” mappings. 

 

Such operations are especially necessary for geometric entities such as “IfcWindow”, “IfcDoor” or 

“IfcBuildingElementProxy”, which can often consist of separate entities, in an “IfcWindow” case, there 

could be several glazing panes, a windowsill, a window sash, a window frame and possibly a lattice, 

each requiring their own visual properties. 

 
Figure 18) Decomposing an IfcWindow with a IfcMappedRepresentation 
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4.2.4.8 IfcWindow without IfcStyledItem 

While most geometric entities have a proper “IfcStyledItem” assigned to them, there are cases where 

this is not the case, which is a problem in its self as this affects the validity of the conversion. If an 

“IfcWindow” misses any “IfcStyledItem” reference, or only has one “IfcStyledItem”, it will turns either 

the whole geometric entity, either transparent or opaque. 

This issue is beyond the scope of the IFC Schema, as the solution is not found in there as the parameters 

provided within are insufficient in the first place. Because of the effect on the validity of the model and 

the absolute necessity for valid window materials in Radiance, this requires a drastic solution to 

separate the opaque from the transparent elements, therefore the purpose is to retrieve window 

panes and separate these from the base geometry and to regenerate a new geometric entity which 

contains a transparent pane with a default glass material applied to it and a solid material with a 

default opaque material applied to it. 

 

 
Figure 19) Using OpenCascade to analyze the geometry and assign frame or glass pane preset 

 

Once again the shape is explored on three levels, Shells, Solids and Faces. Furthermore a few 

assumptions were made in order to get the window panes using common sense, these were 

translated into arbitrary conditions which we could test the geometry on:  

- Sub-elements tend to be modular groups of equal sized elements 

- The Largest surface area would most likely be the windowpane (surface area test) 

- The thinnest and longest areas would be the window frame (aspect ratio test) 
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With these conditions in mind a linear ruleset was developed for OpenCascade serialization. 

 

Rule Comment 

Is it an “IfcWindow”? At least with windows we can assume that it always has 

one or more transparent surfaces. 

Is it decomposable into solids or faces? At least with objects we can assume a much simpler 

rule of get the largest planes, faces are a whole 

different concern. 

What are the identical sized shapes? Finding identical sized shapes means we can separate 

and group items by size, applying further rules to those 

sets. 

What are the maximum and minimum 

sized faces?  

Sweep and classify groups by size largest to smallest. 

What is the aspect ratio of the faces? The final rule, groups with many smaller long and 

extremely thin faces are flagged as opaque elements, 

whereas the opposite are flagged as transparent.  

 

 

While the first condition does not necessarily result in valid output, as the surface area of small lattice 

separated panes may be less than a long window frame, applying the second condition as well results 

in a much more reliable situation, where long window frames with a large mass area are excluded. 

Over several test models this has yielded a positive result in most cases, which meant further iteration 

was not explicitly necessary, and eventually not done due to performance reasons and the question of 

viability of any further processing. 

 

The basic ruleset applies involves three steps:  

By default, all surfaces are treated as windowpane, the decisions below regard elements that are 

excluded from this rule. 

Deviation ranges of face groups in percentage, that are approximately the same size as the largest 

sized face group are window frames. A higher percentage means more faces fall into this category, 

lower means less. 

Deviation range of face groups in percentage, that are approximately the same aspect ratio as the face 

group closest to 1:1 (width: height) are window frames. The higher the deviation, the longer and 

thinner elements are included as well. 
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The table illustrates three window elements without styled items, along three combinations of 

maximum size deviation and aspect ratio deviation rules, it should be noted that the third element in 

the row is an exceptional case where the window frame is composed of a single face with an inner 

loop. 

 

   

   

   
10% size deviation 

30% aspect ratio deviation 

30% size deviation 

30% aspect ratio deviation 

10% size deviation 

70% aspect ratio deviation 

 

Maximum size deviation and Aspect ratio deviation  

 

1.  The left most result is the most feasible for the first two window categories, the third 

window fails to work from this perspective. 

2. The middle result reduces the size deviation tolerance, and results in the middle window 

facade failing the test as the window frame contains an equal surface area. 

3. The right most result fails on all three occasions, due to the higher aspect ratio acceptance, 

this excludes a significant amount of surfaces from windowpanes. 

 

The third window case, which consists of a single face with an inner loop, surprisingly fails all three. 

The outer boundaries are counted as a single face with an inner loop, and therefore resulting in the 

largest aspect ratio and the largest size. This could be easily solved by providing an additional 

refinement, possibly by splitting these up into smaller elements through triangulation. 
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4.2.4.9 MaterialLayerSet 

“MaterialLayerSets” are most commonly found in extrusion based basic building elements such as 

“IfcWall” or “IfcSlab”, these consist of the infill and outer surface data of a geometric entity, although 

this data is limited to only properties and attributes assigned to the “IfcProduct” with no specific 

geometric reference to the numerous “IfcShapeRepresentation” present in the “ IfcProduct”. 

If a “MaterialLayerSets” exist, the tool first checks if these meet certain conditions, if a layerset 

contains a direction, to if the defining geometry has several default parameters.  

These checks also cross reference these with the “IfcShapeRepresentation” data, different 

characteristics apply to “IfcSlab” and “IfcWallStandardCase” types. The subtypes of 

“IfcExtrudedAreaSolid” such as the base surface with “IfcArbitraryProfileDef” or 

“IfcRectangleProfileDef” define the geometric representation and therefore also affect the 

“MaterialLayerSet” composition. This also applies to the original centerline and floor face generated 

from “IfcPolyLine” or “IfcTrimmedCurve” 

 
Figure 20) IfcMaterialLayerSet and surface material application 

There are limitations to the current “MaterialLayerSet” implementation, which is that it cannot extract 

information from surfaces other than the two outer layers as these do not exist in the “Materiallayer”. 

The other surfaces such as the wall end, top and bottom faces have to revert to the default 

“IfcStyledItem” assigned to the “IfcRepresentationItem”. 

Possible checks to improve this could rely on the “IfcRelConnectsPathElements” to query attributes 

from neighboring elements or by “IfcProduct” related attributes such as the “IfcPropertySet” entities 

connected via “IfcRelDefinesByProperties”. These contain the original wrapping attributes from the 

original CAD software, simple properties such as “TopLevelConnection” or “WallWrapping” which 

could be used for material designation of these remaining faces. 

 
Figure 21) IfcMaterialLayerSet and IfcTrimmedCurve based walls  
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4.2.5 Material parser 

4.2.5.1 Material Mapping 

Radiance works with material types, textures, patterns and a combination of these to create user 

composed materials. For this research the focus only lies of four of the material types found in 

Radiance. Because IFC texture and pattern support is not implemented in IFC2X3.  

  

The required established parameters relevant for a proper daylighting analyses in Radiance are 

visualized in Table 1. All these parameters should cover the four basic material types supported in 

Radiance. ‘plastic’ for opaque materials found in the IFC data model. ‘glass’ used for glazing material 

types, ‘trans’ for transparent materials and finally ‘metal’ for metal like materials found in the IFC data 

model.  This still leaves unsupported Radiance materials types such as “glow”, “mist”, “illum”, “mirror”, 

“dielectric” etc.  Which are not taken into consideration because IFC does not support such specific 

material parameters. 

 

IFC Data model IFC Unit Radiance Parameters Radiance Unit 

Red 0.0 to 1.0 Red 0.0 to 1.0 

Green 0.0 to 1.0 Green 0.0 to 1.0 

Blue 0.0 to 1.0 Blue 0.0 to 1.0 

IfcSpecular 0.0 to 1.0 Specular 0.0 to 1.0 

-  Roughness 0.0 to 1.0 

Visual Light Transmittance 0.0 to 1.0 Transmittance 0.0 to 1.0 

-  Diffuse Transmission 0.0 to 1.0 

-  Specular Transmission 0.0 to 1.0 

-  Diffuse Reflection 0.0 to 1.0 

-  Specular Reflection 0.0 to 1.0 
Table 1) The required file parameters 

As seen from Table 1 not all IFC data model parameters can be directly put in the Radiance material 

definition. Certain conditions must be established for a conversion. When all the materials are stored 

and organized in a list, it’s possible to see for which conditions the materials must comply with to map 

the materials accordingly to the Radiance definitions. For example if transparency is greater than 0.0 

it is assumed the Radiance material type is glass or trans.  This approach is used for other Radiance 

material types such as plastic and metal. 

 If the material condition has transparency of 0.0, and a low specular and roughness it’s assumed the 

radiance material type is plastic. If the material condition has a transparency of 0, a high specular 

values and no roughness, it’s assumed the radiance material type is “metal”. As all 

“IfcSpecularExponents” have an “IfcNormalisedRatioMeasure” and the ReflectanceMethods are not 

defined  in the set of models used for testing, these values are not applicable or suitable for Radiance 

conversion. This is the reason why these values are not taking into consideration. Instead a dialog 

which asks for user input for specific Radiance parameters is implemented. 

IFC Material conditions Defined Radiance material definition 

Transparency (0.0) plastic 

Transparency(0.9) glass 
Table 2) Conditions for a proper conversion from the IFC data model to Radiance 
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4.2.6 Light fixture parser 

Light fixtures in the IFC schema are stored under “IfcFlowTerminal” with the mapped attribute type 

“IfcLightFixtureType” or “IfcLampType”. 

In the Spatial context “IfcFlowTerminal“ types are commonly mapped to the “IfcSpace” volumes 

encompassing the light fixture. 

Radiance requires several parameters and light sources need to be regenerated within. Ifc2x3 has no 

support for actual light source data beyond the geometry itself and simple parameters such as 

intensity, placement and color temperature. IFC4 adds additional support for actual light geometry 

using the VRML format. 

 

As previously stated on radiance, radiance does not work well with complex light fixture 

representations such as those which are commonly provided by CAD software, these usually consist of 

“IfcFacetedBrep” items formed by an IfcClosedShell with numerous “IfcFace” entities, for example a 

light bulb might consist of 40 “IfcFace” instances which add up to the complexity of data the radiance 

ray tracer needs to process. While basic simplification is possible, the best solution is to use .ies 

profiles. 

 

Using .ies profiles is the most practical way of extracting lights from the IFC schema, radiance supports 

.ies profiles quite accurately, and being a standard exchange format based on real-world datasets it 

provides the most accurate output. Many CAD applications support .ies profiles, although neither the 

ifc2x3 and ifc4 schema can store these, but more manufacturers provide CAD software libraries with 

the .ies profiles embedded as a link. These links are retained within the IFC model, which the tool 

attempts to extract and map. 

 

 
Figure 22)IfcFlowTerminal LightFixture type placement and direction 

 

While the transformations applied to lights by the “IfcObjectPlacement” attribute should be sufficient 

to ensure proper light positioning, light placement can be inconsistent within the IFC model, some 

lights do not always point into the direction it needs to be facing in the real-world situation, such as 

upwards into the ceiling or sideways. An incorrect or lack of any association with an “IfcSpace” 

supposedly containing it also can occur. 

If the placement is incorrect this cannot be corrected within the IFC schema, possibly attributes such 

as “IfcRelDefinesByType” could contain a property which indicates the actual placement as specified 

by the light fixture manufacturer, such as keywords as “ceiling” or “surface”, but this solution depends 

on finding keywords which might not be possible in all cases. 

For those lights there is no generic way to find out within the IFC schema which element these lights 

are attached to. Without any “IfcRelSpaceBoundaries” and “IfcSpace” assigned to these they are 

directly placed under the building storey. 

 

On the other hand .ies profiles are almost always exclusively facing the Z direction, therefore reducing 

the possible consequences of this issue, nevertheless an alternative solution is proposed which uses 

OpenCascade to iterate through related elements, doing a surface check and a surface normal check 

to determine the optimal light placement. 
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4.2.7 Additional Parameters 

4.2.7.1 Using Space boundaries  to obtain analysis input 

 

The prototype tool output is specifically based on the simulation output as provided in the Daylight 

Variations Handbook and Light Selection and Comparison Tool. These provide a straightforward output 

of office space lighting analysis which can be closely approximated with “IfcSpace” entities within the 

IFC model. 

 

The Daylight Variations Handbook primarily provides analysis images from camera positions located 

at each surface in the room, while also providing a work plane measurement and a line trace at work 

plane level in the room to measure daylight or artificial light. 

 
Figure 23) Work plane analysis, grid and line, and camera positioning 

 

The following requirements have been set for gathering input for radiance analysis: 

Measurement Comment 

Camera Points Positioned orthogonally within the space, facing in orthogonal direction in 

relation to the “IfcSpace” orientation, must be at least one, preferably up to 

four in orthogonal spaces. 

Trace Lines Calculated from room end to another room end at work plane height, passing 

through the room center, with a Z vector facing upwards 

Trace Grid Calculated from the room floorplan at work plane height, with a Z vector facing 

upwards 

Work plane Calculates an image at work plane, needs to consist of a dummy element for 

raytracing. 

 

 

 



 

 

 

IFC to Radiance BIM workflow optimization   39 

 

  
“IfcSpace” is used as it is the bounding element representing each room volume, in order to obtain the 

data mentioned above, first the floorplan is used to determine the room outline, removing all 

references to elements within such as obstructing construction elements or openings. The center of 

mass of the floorplane is calculated from which lines are traced orthogonally in relation to the IfcSpace 

ObjectPlacement transformation. Upon intersecting with surfaces the camera positions at the corners 

are determined and the maximum parameters for trace lines are set. 

Trace grids are based on room corners by tracing lines to each corner of the room and offsetting a grid 

over the bounding box dimensions. 

 

 

 
This method works fairly accurate for convex rooms, but for U-shaped spaces such as hallways this 

method is unable to calculate the floor center of mass properly, therefore the contour is created, which 

is offset inwards. From there the average tolerances between new points are calculated, from which 

nearby <2m points are merged to create new camera points and traceable lines. 
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4.3 Method 3: Validation Simulation Output by Prototype Application IFC2RAD 

For the third and final research method the simulation output is verified and validated by comparing 

the simulation output with the simulation output of the ‘Daylight Design  Variations Handbook’. Figure 

24 illustrates this as the final method in this research. The validation method can be separated into 

two main parts. The first part is the testing of the IFC data models itself with different types of IFC 

exporters and different BIM software. The second part is the validation of the geometry and material 

conversion itself. 

For an elaborate explanation of the validation please see Appendix D. 

Organizing and mapping IFC semantics

IFC Data Model

Building Prototype Application

Validation Prototype Application

Simulation Output

Collecting Data 

Specifying Application and User Requirements 

Run Simulation 

Compare Simulation Output 

Method 1

Method 2

Method 3

Initation

 

Figure 24) Validation of the prototype application simulation output 
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Figure 26) A daylight factor 

graph projected across a 

section view 

4.3.1 Validation setup 

To validate the prototype application  ‘The Daylight Design Variations Handbook’ serves as a measured 

daylighting reference for comparing the simulation output. In the ‘Daylight Design Variations 

Handbook’ all parameters have been described. These parameters consist of geometry, material, sky 

and general Radiance settings. This makes the ‘Daylight Design Variations Handbook’ perfect for a 

comparative analysis.  The handbook consist of 52 identical spaces each with a different daylight 

opening. For the validation ten spaces have been selected to produce a daylight factor graph across 

the section view.  All these were simulated for daylight factor graph. 
 

 
Figure 25) Ten facade views remodeled from the 'Daylight Design Variations Handbook' 

4.3.2 Conclusion 

Ten spaces have been tested, the spaces have been created using Autodesk Revit 2015 and have been 

exported with the open-source IFC exporter with 2nd level space boundaries. The prototype application 

produced ten simulation outputs which produced a daylight factor across the section view, see Figure 

26. All ten spaces returned an identical daylight factor output. It can be concluded the prototype 

application produces validated results. For a conclusion and workflow on each specific space please 

see Appendix D. 
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5 Future work 

5.1 Material mapping 

When mapping IFC semantics almost all the required data is available. However when parsing for 

certain parameters it can be concluded that more obvious connections in the IFC schema could be an 

improvement.  For example for daylighting analyses the glazing is a very crucial aspect. In the IFC 

schema the geometry and transmission parameters are two different entities which can be accessed 

when iterating through ‘IfcWindow’. The transmission value is not assigned to a specific glazing pane. 

But the entire ‘IfcWindow’. This can pose a problem when one ‘IfcWindow’ can contain two different 

types of glazing with each a different transmission value.  

 

Because there are two types of properties. The prototype application take some material values such 

as Transmittance from a dynamically extendable property. This is undesirable because it can retrieve 

wrong material results . Especially when  a wrong property is parsed undetected in the prototype 

application.  At the moment the material index of the prototype application is limited to four Radiance 

types of materials. These materials include plastic, glass, metal and trans.  Additional Radiance material 

definitions include the material basic types are ‘light, illum, glow, spotlight, mirror, prism1, prism2, 

mist, plastic2, metal2, trans2, dielectric, interface, plasfunc, metfunc, transfunc, BRTDfunc, Plasdata, 

Metdata, Transdata, BSDF and Antimatter. Future work is to map more materials from an IFC data 

model for validated daylighting analyses. These materials could be water, translucent materials and 

metal. 

 

The prototype application detects if a material in an IFC data model is metal if the material string name 

is metal. Preferably other conditions must be established for the application can decide if the material 

is a metal. Such as a specific specular and roughness value. However the specular and roughness 

parameters in IFC2x3 were all converted to the same IfcNormalisedRatiomeasure value of 0.5 of each 

opaque material.  

 

5.2 Geometry mapping 

The implementation of geometric operations that are true to the IFC schema, implying no drastic 

geometric modifications were made that could affect the nature of the object in the schema, should 

perform as intended. However further operations which also relied on assumptions could still be 

refined as the current implementation can still yield undesired results. 

5.2.1.1 Materiallayersets 

The processing of geometry with the IfcMaterialLayerset implementation could be expanded 

significantly. The current implementation only checks for the most basic attributes such as element 

position, element centerline and material layer offset. This implementation results in some issues in 

geometry that is not based on linear extrusion types, for example with models consisting of IfcWall 

using Brep elements instead of IfcWallStandardCase using linear extrusions. 

 

Further restrictions exist in regards to wall-connections, while the IfcMaterialLayerset is applied 

properly to element outer surfaces, this implementation does not cover corners or an exposed base 

or top which expose the infill part. The application currently takes the standard material for these but 

this implementation could be expanded significantly with some additional checks, such as the presence 

of a neighboring element through the IfcRelConnectPathElement and a check for base and top-level 

constraints. 

  



 

 

 

IFC to Radiance BIM workflow optimization   43 

 

5.2.1.2 Further geometry to material mapping 

The above mentioned check also applies to geometry cleanup. While this method would not achieve 

the same level of simplicity as the IfcSpaceBoundary implementation it could allow for removal of non-

visible faces between two connected elements. 

Also first steps were taken in an attempt to filter any further material data possibly held within 

IfcLayerAssignments or IfcTypeProducts, however the implementation of these has been reversed as 

these produced no valid output with the basic set of parameters given. Further evaluation might lead 

to a proper alternative to match materials to geometry. 

5.2.1.3 Space boundaries 

The current space boundary implementation closely follows the recommendations given by the Ifc2x3 

space boundary implementation agreement. While the produced outcome is quite effective for models 

properly adhering to this implementation, there are still aspects which have an adverse effect on the 

generated model. 

 

The space boundary implementation specifies that inner loops will not be cut from the outer lying face. 

This means that window openings shall not be made into a hole inside a host element. Although the 

window openings are still provided by the space boundary, so this process can easily be performed by 

providing a cutting implementation as done in the application. However, the space boundary 

implementation in the IFC schema does not take into account the inner loop drawing orientation, 

which most applications use as an essential means to check if an element is an inner-loop or not. While 

additional checks ensured that cutting could be performed without proper drawing orientations, this 

solution is still bound to go wrong on certain situations. Currently this solution is outside of the scope 

of application developers but it relies more on the implementation in the IFC schema itself.  

5.2.1.4 Textured shapes 

Lastly IFC4add1 provides support for textured shapes through the IfcTextureMap and IfcTextureVertex 

entities. While the focus of this research was on the IFC2x3 schema, future implementations could 

definitely benefit from this feature to create even more true-to-the original model analyses output. 

These entities do not include actual bitmaps, but they do include references and U V coordinates. CAD 

applications have a broad range of textured material libraries, most of these data files are stored as 

plain bitmap images in the application data folders. It may be possible to generate a simple referenced 

library by providing links to these folders, so textures can automatically be loaded and applied to the 

needed shapes. 

Implementing textured shapes should be fairly straightforward by following the IFC schema semantics. 

The serializer could be expanded to also include U V data, although the conversion to radiance will 

have to proceed via Wavefront .obj data files using the radiance obj2mesh program instead of radiance 

scene descriptions as this standard has a much more expanded feature set then the basic radiance 

scene descriptions. 

5.2.1.5 Artificial Lighting 

While the current implementation covers the proper placing and the use and positioning of .ies profiles 

with light fixtures, a possible alternative may be proposed using the light data stored in the entity’s 

property sets. With a clever implementation of a filter many properties of the original light type can 

be detected and converted to specific radiance input, such as converting the light source parameters 

to a radiance light material which can be assigned to the geometric entity, while the output is much 

less feasible than the implementation chosen in this research for reasons specified, this would still 

further automate the conversion process without the need of user-input for .ies profiles. 

IFC4add1 provides more lighting specific implementations that may be interesting for any future 

developments, the schema now stores light information as VRML data. While it is unknown at this 

point how well this format performs in regards to real-world accuracy, it may reduce the need of user 

evaluation and further automate the model conversion. 
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5.2.2 General applicable purposes 

The application’s current focus lies on lighting simulation using Radiance, although many other fields 

within the Building Performance Simulation domain are not yet interoperable with IFC, an application 

could be proposed for other fields such as acoustics or thermal analyses by providing interfaces to 

other applications such as Energy plus. 

This could even be expanded into broader domains, such as broader aspects of energy performance 

or sustainability. 

The tool could include a feature to write back data to the IFC schema, while the current 

implementation only regards validating IFC models through Radiance lighting analyses. It is 

theoretically possible to write back modified values or supplement these in additional files. The tool 

can store material and light fixture configurations, but writing these back to the IFC file would make 

the tool entirely interoperable.  

IFC data holds much more information regarding lighting, such as the performance, wattage, decay. 

These can possibly be brought into other domains such as Facility Management for building operation. 

These could also apply to certain aspects of energy performance or sustainability. 

5.3 Graphical User Interface 

Because the application is a prototype the graphical user interface was designed to quickly evaluate 

the parameters required in this research. The graphical user interface of the application could be 

significantly improved to create a more iterative workflow. The graphical user-interface could be 

redesigned to show only the most essential parameters at start, expanding only when prompted by 

the user. The implementation of presets of different types of Radiance defined skies and Radiance 

parameters should also provide an improved workflow. 

Arguably the graphical user interface could be reduced or even dropped entirely once the conversion 

manages to cover all parameters properly, such a conversion could be automatically performed while 

the application runs headless in the background, producing configurations and iterating through 

spaces performing lighting analyses step-by-step.  

5.4 Model View Definition 

The application can work with a wide range of input models as it does not necessarily rely on specific 

model requirements. However some functionality relies heavily on certain aspects, such as lighting 

requiring properly assigned light fixtures with .ies profiles, spaces which need to be present for 

measurements and the model cleanup that requires space boundaries. All three aspects are not 

necessarily present in an IFC model used in the exchange, and therefore the development of an MVD 

could narrow down these requirements more explicitly. Numerous standard agreements exist for light 

fixtures in the IFC exchange, such as those proposed by CIBSE, NIBS. The IFC space boundary agreement 

includes the requirement for proper spatial analyses. Developing an MVD should narrow these down, 

the model could be checked for validity against the MVD and many issues that required fixing would 

have been prevented using this method. An MVD could also offer strict guidelines for certain 

implementations and allow for much more valuable information to be extracted in the exchange. 
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5.5 General Conclusion 

Generally, the application can perform accurate lighting analyses for rapid evaluation regarding basic 

models, further features would further improve this output, although this would mostly be applicable 

if the most extreme cases are taken into account. 

 

The semantic mapping process and serialization process is developed to function as broad and scalable 

as possible, the application backend is not hardcoded to specifically target radiance output. Technically 

the whole process should be relatively easy to translate to other applicable fields as largely it relies on 

IFC semantics. This follows the idea of using IFC as a shared universal model with shared universal 

semantics. 

Due to the lack of an MVD the tool does not work with specific subsets of information, instead it 

attempts to work with the available data in the model. With an MVD much more information becomes 

available, and there needs to be no concern regarding the validity of this information. While the 

current implementation manages to translate the model on almost every aspect, several areas were 

still left open for manual user input, this means that the current implementation is of a semi-automatic 

nature. 

 

The aspects mentioned above could be further developed to improve the workflow and automation 

process, while also improving the accuracy of the final output. 

 

A particular feature, textured shapes in IFC4add1, could have a significant effect on the analyses 

output, accuracy would be much greater as surface paint and multi-layered surfaces could be provided 

in much more detail. This would make the application much more applicable for late design decisions, 

for example analyses using LOD 500 models. 

 

This research set out  with the goal to provide an iterative workflow, aimed at conducting daylighting 

analyses with the IFC shared building model.  The built prototype application is functional using any 

IFC model and Radiance for daylighting analyses.   Without the specific  requirements for a Model View 

Definition. 

 

Further development of the prototype application could prove to be a fully functional application. The  

added value of the application would be to conduct validated daylighting analyses using the shared 

building model IFC with limited knowledge of a command line based software Radiance. The user of 

the application does not require a commercial package.  
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