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ABSTRACT: This paper describes the method used to implement lighting visualisations using 
computer simulations in the Architecture degree course at Curtin University. The method utilises low 
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positive. 
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INTRODUCTION 
 
In student evaluations of the science based units within 
the Architectural and Interior Architecture courses a 
relative common theme amongst some students is for 
“More ‘hands on; simulations’ and less theory”. These 

comments give the impression that students are not 
capable of working with equations. While this may 
characterise some students, in the authors experience 
many of the students do have the requisite mathematical 
skills, but do not expect that this area of study would 
require much if any mathematical dexterity. Analysis of 
student sentiment reveals the commonly held desire for 
visual rather than numerically orientated input. 

The education system should not only provide 
information and tools to design lighting solutions for 
buildings, it should also challenge students to develop 
their own solutions and interpretations of the design. 
Lighting can be a major design element, not only to 
provide adequate lighting for tasks, but to also highlight 
the structure and architectural form of the building (From 
Shadow to Sparkle 1998). 
This article outlines the author’s approach in providing for 

more visual/hands-on approach to teaching the subject 
of lighting within the framework of Building Science. 
Software visualisation has been attempted to achieve the 
outcomes for the course whilst requiring a reasonable 
expectation of student’s time.  
This paper highlights some of the traditional and 
alternative methods of providing lighting visualisation in 
architectural education. The paper discusses the use of a 

bootable CDROM solution to provide lighting simulations 
using the Radiance software as used at Curtin University 
of Technology in its Architecture/Interior Architecture 
programme, the reaction of students and teaching 
resources flexibility. 
 

1. METHODS FOR LIGHTING VISUALISATION 
 
Lighting visualisations are typically made via two different 
formats: physical modelling and computer modelling. To 

provide physical modelling experience within the 
teaching environment has a number of advantages and 
also some significant disadvantages. The modelling can 
be at either full size or scaled. Advantages of physical 
modelling include better visualisation of the design; 

resolution of complex interaction of design elements; 
possible simplification of overtly complex solutions; better 
internalisation of the overall design concept. Some of the 
disadvantages include cost, construction time, available 

resources (appropriate materials and space, materials, 
light fittings); lighting effects; safety, reproducibility of the 
effects for reporting; measurable light levels. 
Scale modelling can have additional problems in terms of 
the scalability of the effects of the material textures, light 
strengths and colours, fitting sizes and photographic 
techniques. This can cause large problems when 
attempting to create realistic impressions of interiors, to 
say nothing of modelling difficult combinations of daylight 

and artificial lighting mixtures (Lam 1977). Scale 
modelling has been used extensively in evaluations of 
daylighting schemes, though the evaluations have been 
restricted to measurements of light levels or daylight 
factors (DF) and not the full visual environment. 
Daylighting studies often utilise a ‘Mirror Sky’ apparatus 
(see Figure 1), which further restrict the scale of model, 
often introducing further inaccuracies by the dimensions 

of the measuring devices (see Figure 2) and the 
available size of the mirror sky. 
 

 
Figure 1: Mirror Sky Apparatus 
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Figure 2: Mirror Sky Model and Measuring 

Instrumentation 
 
Full size mock ups which can produce measurable light 
levels have difficulties associated with electrical safety, 
space, cost of labour, materials and fittings, require 
considerable construction skills for their construction, 
may require skilled trades people, have difficulty in 

simulating daylight and light direction for a large number 
of times (Lam 1977). 
Mock up models on the other hand support the ability to 
evaluate the full visual environment, usually at the 
expense of flexibility for daylight analysis. Most often 
these models have significant modelling limitations that 
need careful explanation to avoid viewer-mistaken 
impressions (Lam 1977). 
 

2. THE SOFTWARE ALTERNATIVE 
 
As the power of computers and software improve, more 
students turn to these to visualise the lighting conditions 
within the model. Depending on the choice of modelling 
software available, computer modelling has the potential 
advantages of flexibility in lighting models, a range of CIE 
sky conditions, artificial lighting and combinations of both 
forms of lighting. The disadvantages include the 

student’s limited skill in computer modelling; excessive 
time to develop the model, rendering/computation times 
and limited realism in modelling of materials, etc. 
There are a number of software products available that 
can be used to provide a lighting visualisation-modelling 
environment. The range of available products is 
considerable though the choice dwindles quickly when 
factors such as lighting accuracy, hardware platform 
dependency, and costs are taken into account. The 

software range from those integrated into CAD systems, 
(such as in AutoCAD and ArchiCAD) to the stand-alone 
packages such as 3D Studio, Artlantis, RenderMan, 
Lightscape, Blender, POV-Ray, and Radiance. (See 
www.schorsch.com/kbase/resources/comparison.html for 
a range of papers comparing various types of lighting 

simulation software.) The choice of software is vitally 
important, as the required software should be capable of 
producing images, which are not only photorealistic but 
also photometrically correct (Roy 2000). Though this is 

important, it is not as stimulating to students as visually 
rich renderings. 
The level of simulation accuracy is very important in the 
interpretation of the simulation output. Many renderers 
focus on the speed of rendering using photorealistic 
techniques at the expense of accuracy. As established 
by Crone (1992:4-5): 

Often materials or light sources are given physically 

impossible values. For example, a light source may be 
made invisible and placed in a corner that previously 
appeared too dark. Ambient light that originates from 

nowhere often plays a large role in many illusion-based 
images. 

These rendering techniques, whilst quick and capable of 

producing ‘realistic’ appearing images do not fulfil the 
need for accurate representations of the final lighting 
scheme. 
The Radiance software, from Lawrence Berkeley 
National Laboratory LBNL in California, is recommended 
by much of the literature due to its accuracy in predicting 
light levels in a broad range of situations.  

The main aim of RADIANCE is to deliver scientifically 

exact visualisations and corresponding further data (e.g. 
falsecolor images) of luminous environments. Despite this 
(or should I say because of this?) at the same time it 

allows to create visually appealing images which are 
hardly achieveable (sic) with other types of rendering 
software (esp. for indoor scenes) (Bauer 2002). 

Radiance is a research level open source software used 
worldwide and can accurately predict lighting levels on 
any plane (Apian-Bennewitz 2004). The images 
produced are physically correct (light levels, colours, 
reflections, etc) and are often mistaken for real 
photographs (Jacobs and Solomon 2002). The software 
has been designed as a lighting research tool where the 

lighting visualisation attempts to match the appearance 
of the rendering to the reality of the physical conditions. 
The software was designed to run on UNIX operating 
systems, though there are some alternatives (Adeline for 
MS-DOS, Rayfront and Desktop Radiance for use with 
AutoCAD). Typical it is very ‘challenging’ to learn, but 
extremely powerful. The UNIX version is the most 
powerful variant of the software. 

Currently Radiance is being used around the world from 
applications in pure lighting and daylighting research, 
archaeology, and visualisations within architecture. Local 
examples include glare analysis, illumination available, 
strobing effects of lighting in train tunnels and sun 
penetration. 
 

3. USING THE SOFTEAR ALTERNATIVE 
 
3.1. Hardware and software 

Other architectural programmes around the world have 
also introduced software as a means of exploring the 
lighting potentials of design concepts. In some instances 
such as in the MSc in Architecture, Energy and 
Sustainability course at London Metropolitan University 
(Jacobs and Solomon 2002) Radiance has been 
implemented. Experience reported from that course 
indicated that students struggled with the non-windows 

environment and the complexity of the UNIX derived 
software and subsequently resulting in low take up of the 
environment. 
Radiance was first introduced into the undergraduate 
course at the Curtin University of Technology in the mid 
1990’s. As the computer hardware platform has 
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constantly evolved, the software has moved from Sun 
workstations, DOS based stand-alone PC’s, LINUX 
networked PC’s and bootable PC CDROM’s. Each 
iteration brought improvements in terms of ease of use 

for the students and deployment of the software. The 
development of the bootable CDROM for the PC broke 
through a major hurdle in that the software could be 
distributed to the students at no cost (both the LINUX 
operating system – based on the Debian distribution and 
the Radiance software are released under generous 
licences which encourage free distribution). Students 
now have the advantage of being able to ‘play’ with the 

software at home and not need to install anything on 
their own computers. 
The initial introduction of Radiance into the 
undergraduate program (3

rd
 year students) utilised 

Radiance installed on Sun workstations. At this time, the 
Radiance software had been integrated into the Eagle 
CAD system. A later trial used Adeline (MS-DOS based 
version) and then Radiance running under Linux. Results 

of students struggling with the non-windows environment 
and the complexity of the UNIX derived software were 
similar to those reported by Jacobs and Solomon (2002) 
was experienced. 
Experience at Curtin University of Technology has 
demonstrated that few students have been willing or 
sufficiently knowledgeable to install software onto their 
home computers. It would seem that the perceived 

complexity of installing software is beyond what most 
students are prepared to attempt. With this prevailing 
mind-set, it is self-evident that installing a foreign 
operating system such as LINUX would rarely occur. 
The first move across to the PC platform involved 
installing a permanent LINUX partition on the hard 
drives. Starting LINUX involved booting from DOS via the 
internal ZIP drives. Each computer was linked to a 
LINUX file server for the Radiance software with the ZIP 

disk used as the home directory. Over the four-year life 
of the systems, the software load on the Microsoft 
partition kept increasing until it out grew the available 
space. By the time the computers were upgraded, it was 
apparent that the pressures on IT support to provide a 
stable Microsoft windows platform meant that there 
would be no time or resources for the LINUX operating 
system. (It is interesting to note that the main stream IT 

support, was for one operating system only – Microsoft 
windows; Macintosh support, though available was 
limited. LINUX/UNIX support was virtually limited to one 
support person.) 
Faced with the potential demise of support for the lighting 
simulation software using a LINUX environment, the 
author developed a LINUX bootable PC CDROM. (The 
available DESKTOP Radiance, an integrated AutoCAD 

version, did not provide the flexibility of the UNIX 
software and had restrictive licensing issues.) The 
CDROM environment comprised a complete LINUX 
system, the Radiance software and X windows graphical 
user interface. There was no need to install anything on 
the computer hard drive, as LINUX was able to run 
completely from the CDROM and in 64MB of memory. 
The initial use of the CDROM concept was in 2002. (The 

only IT support required for the computer laboratories 
was to enable the ‘Boot from CDROM’ option.) The 
flexibility of this approach allowed the distribution of the 
software to each student for use at home and in the 
computer laboratories. Additionally for the first time, the 
CDROM allowed this part of the Building Science unit to 
also be taught in Malaysia in an off-shore parallel 
program at Limkokwing University College of Creative 
Technology (Malaysia). 

It was expected that more students would be empowered 
to use the software at home for study. Unfortunately, 
there was only a small increase in the number of 
students willing to put the CD into the home computer in 

spite of the documentation (on the CDROM and viewable 
from Microsoft Windows). The invariable lack of 
confidence in installing software prevailed. 
It should be recognised that the PC, unlike the Macintosh 
systems, have a very wide range of hardware available 
and the configuration of software is usually fraught with 
difficulties. The average PC user rarely knowingly installs 
software; rather it left to someone knowledgeable in IT, 

often the 15 year old in the family. The LINUX is no 
exception, though through some smart standard 
software, much of the hardware configuration was 
automated. What could not be automated was handled 
via a simple script for the graphical user interface. This 
script also allowed the results to be copied to a 
removable device for future quick reinstallation. Some 
limited knowledge of the hardware was required, such as 

the type of mouse connection (serial, USB, bus mouse 
and port), the screen type (LCD or CRT and size). Often 
the defaults worked for most one to three year old 
computers. Still, many found this process too daunting to 
attempt at home. One is almost tempted to wonder 
whether the systems at the university were to 
good/available (24/7) for study purposes! 
The sessional tutor performed initial testing of the CD. 

The tutor had had experience with an installed version of 
LINUX in his office computer, until his shared 
Microsoft/LINUX hard drive suffered an unrecoverable 
crash. To assist him in loading Radiance, he was offered 
an early beta version of the CDROM. After using the 
CDROM for work purposes, he had no desire to change 
from using the CDROM and to load the software onto the 
new hard drive. 
The 2003 version of the CDROM also incorporated 

automatic network support to enable the students to 
make use of the university based WebCT learning 
environment for unit based email and discussion groups. 
The divisional IT support developed a simple firewall 
script that could be deployed to limit network access 
to/from only the university domain. (There was no need 
for additional software to be installed, as it was part of 
the Debian distribution.) 

With the limited number of students willing to experiment 
with the CDROM on home computers and laptops due to 
the need for some hardware knowledge in setting up the 
X windows graphical user interface, it was decided 
additional work was need in the configuration options. In 
2004, a new version of the CDROM was developed 
based on the Klaus Knopper’s Knoppix CDROM Version 

3.3 (see http://www.knopper.net for more details.). The 

Knoppix CDROM is a sophisticated project which can 

pack up to 2GB of software on a standard 700MB 
CDROM and has significant auto configuration built in. 
The default boot sequence can also be modified at start 
time. 
The Knoppix version utilised the KDE (Graphical User 
Environment that contains capabilities and metaphors, 
eg desktop, file manager, auto mounting of CDROMS, 
copy and paste, etc similar to Microsoft Windows 

operating systems). This interface requires more 
available memory (90MB) – Microsoft XP operating 
system requires 128MB! The KDE interface is more 
intuitive and closer to the Microsoft experience. In the 
majority of cases, the default boot will successfully run 
the full KDE interface without any user configuration. 
This is an amazing statistic to anyone who has had the 
need to install hardware and software on PC computers! 
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In April 2004, at a recent visit to Limkokwing University 
College of Creative Technology (Malaysia), the author 
was unexpectedly asked to run a mini workshop on the 
Radiance software. Copies of the CDROM were made 

locally and distributed to the students. Whilst the 
workshop was run in a computer laboratory of HP PC’s, 
many students opted to bring along laptop computers. Of 
the 15-18 laptops of different brands, performance, 
memory and ages, all but one where successful in 
running the CDROM’s without intervention - apart from 
enabling the ‘boot from CDROM’ option. The failed 
computer had a defective DVD/CDROM! What a 

testimony to the work of Klaus Knopper! 
Domestically, there have been a larger number of 
students working at home on their Radiance projects. A 
number have been attending classes with laptops of 
varying ages and manufacture. Of those requesting 
assistance, two laptops required minor modification of 
the boot instructions: one required the instruction to 
disable SCSI system (there were not any SCSI drives in 

the computer), while the other required the disabling of 
the advanced power management function. These 
modifications are as simple as entering in the following 
command during the boot sequence: 
• knoppix noapm disable Advanced Power Management 
• knoppix noscsi disable SCSI system 

 
3.2. Teaching program 

As is typical of teaching, the model has developed over a 
number of years. There is limited time, only nine hours of 
tutorials in the Building Science (Lighting component) for 
the development of lighting simulations. Therefore, the 
teaching revolves around the need to allow students to 
experience the outcomes of simulations rather than the 
development of models. Whilst it is recognised that this 
could be done with any of the traditional modelling 
methods, simulations are used as they allow the students 

to experiment with the lighting outcomes without 
specialist support or model making experience. The 
objective is to have students see how lighting interacts 
with the design of spaces thus becoming more conscious 
of the importance of designing the lighting. 
As the software and operating system is foreign to the 
students, the students are led through structured 
tutorials: 

• Introduction and viewing an object – designed to 
familiarise students with some of the Radiance tools and 
exposing some of the power of the software; 
• Limited exercise in modelling a room; lit with one light 
and later with daylight for a specific time and location; 
• Exercise in using artificial lights and experimenting with 
colour, directionality of the light, colour bleed from 
reflections, etc 

• Light an Art Gallery project based on the art gallery 
published in ‘Rendering with Radiance’ (Larson and 
Shakespeare 1998). See Figure 3 for Images of the 
project. 
All the relevant material, including the study guide are 
contained on the CDROM for these tutorials with the 
exception of the one modelling exercise file, which the 
students are expected to create. Students are 

encouraged to experiment with the gallery. They are 
required to light each of the art works, including a 
photograph to be ‘hung’ on the wall, and to provide 
adequate space lighting. Students are encouraged to 
import images to ‘hang’ on the walls. Some of the more 
advanced students have also imported 3D models, 
though that is not covered in any of the tutorials. 
 

 

 
Zhang, Hong Yu (2004) - used with permission 

Figure 3: Images from the Art Gallery Project 

 

4. DISCUSSION 
 
Experience instructing Architecture and Interior 
Architecture students in Building Science (Lighting) have 
indicated that the move from traditional forms of physical 
modelling tutorials to the computer-based approach for 
lighting visualisations has been well accepted. The 
quality of previous physical modelling results has been 
directly related to the ability of the students to accurately 

and realistically model, furnish and paint the space. 
Further, the choice of model lighting has been extremely 
limited. Reporting the qualities of the model space was 
limited to video, or still frame cameras appropriately 
equipped for model photography. To achieve acceptable 
quality photographs required specialist support in 
equipment and skills. Further, time limits on courses and 
student assignment have been responsible for 

unreasonable pressures on students. 
It is expected that student reactions to using computer 
VISUALISATIONS will be varied dependent on 
individual’s aptitudes and skills. Most students tend to 
complain when confronted with command line based 
software. After all, almost all students will come to the 
class with experience using the familiar graphical user 
interfaces whether the Microsoft or Apple Macintosh 

varieties. What is disturbing is the increasing prevalence 
of the attitude of ‘if you cannot do the job by clicking with 
the mouse, then the task cannot be done!’ Commercial 
software vendors tackle this problem in a variety of 
methods: Autodesk (AutoCAD) provide a multitude of 
floating toolbars to duplicate the keyboard commands – 
resulting in significant amounts of mouse ‘clicking’ to drill 
down to the desired command, and reducing the 
available screen area for viewing the model. Graphisoft 

(ArchiCAD) provide a mouse-orientated interface with 
limited keyboard interaction. If ‘clicking’ cannot do it, you 
will need to build it using the ‘Graphical Description 
Language’. It is interesting to note that the Desktop 
Radiance version, which integrates into AutoCAD 
R14/2000 has not been maintained over the last three or 
more years, whilst the UNIX version is in continuous 
development (see http://www.radiance-online.org). 



The 38th International Conference of Architectural Science Association ANZAScA 
“Contexts of architecture”, Launceston, Tasmania, 10–12 November 2004 

334 

Often the mouse reign results in a reduction of the 
available instruction set to what can be presented using 
dialogs and slider controls. The developer of the 
Radiance software has refrained from these 

simplifications as he maintains that it would reduce the 
flexibility of the software for research usage. In the 
author’s experience, the students who resist using the 
keyboard most are those same students who in CAD 
prefer to place items by eye rather than making 
deliberate decisions based on measurements. Typically, 
most CAD systems have a variety of input methods. 
Though the experienced user is able to use these 

methods for precise placement, the inexperienced user 
makes placements by eye and trust! Usually after the 
first two or so tutorials, most students have accepted the 
need to make conscious dimensional decisions and have 
little trouble manipulating the software for placement of 
fixtures. After all, with accurate placement of fixtures, 
directing the lights to the required locations is much 
easier. 

In the opinion of the author, for teaching of lighting 
visualisation in the Architecture and Interior Architecture 
disciplines, numerical accuracy is important in selecting 
visualisation software. Students require software, which 
can both be reasonably accurate, can simulate both 
artificial and natural light sources and can provide a 
visually rich environment, which stimulates them to 
develop highly resolved lighting solutions based not only 

on minimum required illumination levels but on 
appropriate and interesting/stimulating/relaxing visual 
environments. As Richard Meier, architect of the Getty 
Museum, Los Angeles states light ‘is part of the structure 
of the thinking of architecture’ (in From Shadow to 
Sparkle 1998:1). The Radiance software provides this 
environment though not in the Microsoft windows 
environment – there are binaries available for the 
Macintosh OSX system (still uses the command line 

interface of UNIX). 
 

5. CONCLUSION 
 
The bootable CDROM, as implemented at Curtin 
University provides a flexible inexpensive solution for 
teaching lighting simulation in standard PC computer 
laboratories both on-shore and offshore requiring zero IT 
software/computer management. Students have access 
to leading research level software that can be used on 

home/laptop computers. The current Knoppix based 
CDROM, requires reasonable amounts of memory 
(90MB that is lower than most new computers) and can 
run on PC’s from 386 onwards. The modern look and 

feel of the KDE graphical user interface is intuitive and 
has proven to be readily accepted by the students. 
Extension for the teaching model to provide for more 
CAD conversions and modelling is envisaged being part 

of elective/optional units for students interested in taking 
visualisation further. As LINUX and Radiance are both 
open source, many people around the world continue to 
evolve both software. Currently the author is 
experimenting with creating a working Radiance cluster 
based on the Knoppix CDROM and openmosix 
(http://openmosix.sourceforge.net) extensions to the 
LINUX operating system. Radiance already has in built 

support for parallel processing but setting up clusters is 
normally very sophisticated and not envisaged for your 
typical computer laboratory full of ‘off the shelf’ 
computers. Deployment of a CDROM based offering with 
auto configuring capabilities would be an interesting 
addition to allow bigger and more complex 
modelling/rendering over shorter times. 
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