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mulae for expressing these effects, especially if they 
are time dependent. However, given today’s simula- 
tion algorithms and software, it is not only feasible 
to simulate these effects, but it is absolutely neces- 

sary since designs with flaws such as reflected glare 

will immediately lead to complaints once the solu- 

tion is built. Therefore we need to rely on very 
extensive simulations in order to avoid these flaws. 

Computer-based design tools that incorporate these 
simulations need to fulfill the following require- 

ments: 
They must describe the behavior of light in a 

physically accurate way. Although this sounds 
trivial, it is difficult. 

They need to take into account viewer sensation 
and perception. 
They need to allow for consistent comparisons of 

photorealistic pictures (e.g. we are able to com- 

pare daylight factors of a room with different 
daylight systems). 

4. They need to allow for interactive simulation - 
simulation speed is a vital issue. 

5. They need to be user friendly in order to facilitate 
rapid input and to allow the user to generate a 

large variety of solutions in a short time. 

2. Need for physically accurate simulation 

It is essential to have a software tool that can 
describe the physical behavior of the most com- 

monly found elements for a particular design do- 
main. This requires physically accurate modeling. In 
the lighting context, it means that the software can 
accurately calculate the behavior of light for the 
most commonly found building materials, forms and 

design elements. Daylight system components such 
as screens, blinds and light shelves must be modeled, 

and various sky conditions, site parameters and com- 
mon building materials must be shown. In addition, 

Fig. 1. Photorealistic simulation of reflected glare in a computer monitor. The screen pixel luminance ranges from 0 to 150 cdme2. 

Although the average luminance of the daylight system is within the specification of lighting codes, some letters are barely legible. 
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we might want to display effects such as reflected 
glare on a computer monitor, etc. For the daylight 
systems (e.g. light shelves) and context variables 
(e.g. location or time), we are interested in simulat- 

ing the behavior of daylight for the purpose of 

adjusting a known set of design parameters (e.g. 

daylight system geometry, material properties like 
surface gloss or room shape). 

The complex geometry of environments with vari- 

ous daylight systems makes closed-form solutions 

hopeless, since it involves two or more dimensions 
or nonlinear effects, thereby yielding nonlinear dif- 
ferential equations. If we are interested in simple 

spaces with one daylight system limited to a few 
attributes, closed form solutions could be used [9,10]. 

However, the systems to be considered include vene- 

tian blinds, lightshelves and screens, and any combi- 

nation thereof (these are the daylight systems com- 

Plate 1. Flowchart with the program structure. 
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mon in the US). In addition, in order to model 
window panes and daylight systems with clear to 

totally diffuse reflectance and transmittance, various 

materials like clear glazing, translucent panes and 

opaque surfaces with glossy, matte and rough or 
smooth surface reflection properties need to be con- 

sidered. Therefore, we need to rely upon numerical 
methods. A large assortment of numerical techniques 

exists for solving integral equations [I l-141. In 
lighting, Monte Carlo methods are used scenes with 
arbitrary complexity, where the radiance function is 

a function of four variables (surface position and 
direction) and where finite element methods would 

be too cumbersome. They can model effects like 
shadows with fuzzy or crisp edges, interreflections, 

surface gloss, transparency and translucency, thus 
making the rendered scenes highly realistic [ 15-171. 

The software package Radiance, a ray tracing pro- 
gram employing Monte Carlo methods, is suited for 

these lighting simulations and has also been verified 

against field measurements and other lighting simu- 
lation software [ 18,191. 

3. Consider viewer sensation and perception 

It is necessary to take into account the perception 
of the human observer when simulating the results. 

The image display should match, as closely as possi- 
ble, the sensation in the actual scene when perceived 

by a sample of human observers. In the visualization 
of illuminated scenes, methods for image synthesis 

calculate the ‘real world’ radiance instead of the 
monitor radiance values. The perceived visual sensa- 

Fig. 2. Interactive input of the computer monitor location and viewpoint characteristics on a 2D plan. The monitor can he placed anywhere 
and tilted and rotated to any desired location. 
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tions are not truly equivalent. Tone reproduction is a 

problem in computer graphics as well as in photogra- 
phy. In photography, corrections are usually limited 

by the chemical restnctions of the film. In computer 
graphics, the wide ranging scene radiances have to 
be converted to a very small range of display radi- 
ances on a monitor or another display device. These 

conversions can be d.ubious or aphysical since they 
may ignore light dependent changes in the way we 

see [20,21]. This means that scene context parame- 
ters such as adaptation have to be considered. In the 

lighting context, several proposals have been made 
to translate scene luminance into screen luminance 

as well as to consider viewer adaptation for a partic- 

ular view. The proposals have not yet been experi- 

mentally validated, but their results appear to be 
promising. We use such a model to display pictures 
scaled to a particular viewer adaptation [22]. This 

makes it possible to display a picture of, for exam- 

ple, a monitor showing letters in a very bright room 
in a way such that the monitor appears very dark on 
the picture, and the letters on it are barely legible. 

4. How to compare photorealistic pictures when 
they are used as performance evaluation 

It is necessary to find consistent ways to compare 

design solutions based on complex simulations. Per- 
formance values based on numbers such as daylight 

factors are ready for comparison, but simulations like 
pictures or sound may not be since we do not know 

what to compare when the result is complex [23]. 

Different pictures showing various daylight systems 
in the same room do not tell us much about the 
actual performance of the solutions, and they do not 

Fig. 3. Definition of the daylight characteristics such as time and location. Azimuth and altitude angles of the sun are updated automatically 

according to the specified location. 
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tell us what an occupant living and working in that 
space would actually perceive. However, we are 
interested in both aspects. Therefore, we suggest to 
define realistic tasks for a given context with a given 
design as an indication for performance [24], and 

simulate these realistic tasks for varying design solu- 
tions. By realistic task we mean a typical work or 

activity which the occupant is performing in that 
space (e.g. reading letters on a monitor or on a 

glossy page). The ease or difficulty with which this 

task can be fulfilled complements the computed per- 
formance values such as glare index or contrast. It is 

defined as a measure of the ‘goodness’ of the design 
solution and operates on a semantic scale (i.e. ‘dif- 
ficult - easy’). For the design domain daylighting, 
one realistic visual task for rooms with daylight 
systems might be the viewing of a monitor. The 
common visual task of viewing a monitor display 

has actually influenced lighting codes [25-271. The 

German lighting code, for example, demands a lumi- 
nance limit [28,29] (this is a number-based perfor- 
mance criterion) for interior surfaces and light sources 
that is based on the visibility of a typical display unit 

[30]. However, it does not state the direct require- 
ment that characters on the screen must be clearly 

legible, but rather poses the indirect requirement that 
any luminance in the interior must be limited to a 

maximum value, based on experiments conducted 

with particular equipment [3 1,321. However, visual 
contexts and products may change as new technol- 

ogy and new visual tasks come along. In this regard 
it is not so important to state that a certain numerical 
performance criterion has to be met. It is much more 
important to simulate the latest equipment and proce- 

dures under a particular task typical for the chosen 
setting, and let the designers and users decide whether 

Fig. 4. Description of a daylight system: Venetian blinds serve as one example. The design variables include geometry and 

attributes. 
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this is an acceptable situation, Therefore, we simu- 
late a monitor with a commonly found display show- 
ing text and pictures, from a close up view typical 
for office work (see Fig. 1). The luminance of the 
simulated monitor display ranges from 0 to approxi- 

mately 150 cd rnp2 (these values are standard for 
today’s common visual display units). The monitor 

location and orientation as well as the view point are 
variables which can be controlled in the design tool, 

in order to accommodate for a wide range of viewing 

conditions. The resultant output can then be evalu- 

ated in terms of the visibility of the display seen on 
the monitor (i.e. in the way the occupant would 
perceive these). Are the colors and letters on the 
display clearly visible, given a specific viewer adap- 

tation and a particular daylight system? This is an 
indirect evaluation of a design via the ability of the 

human observer to perform a certain task in a certain 
environment. Our approach overcomes the problem 
that people, if they are not lighting experts, are often 
not able to observe the difference between two dif- 
ferent lighting patterns. Rather, they immediately 
will complain about performing a certain task if it 

can only be carried out with difficulty. Therefore, it 

is highly useful to evaluate the performance of a 
system indirectly, via the visibility of realistic tasks 

or objects found in a particular design domain. This 

is achieved by taking the appearance of a 3D object 
like a monitor for the purpose of displaying the 

performance of a daylight system. We call this per- 
formance-based simulation. Performance based simu- 
lation can also cure the problem that people initially 
perceive that a solution is a beautiful design, but 
only until they start to work in that space. If the 

Fig. 5. User created drawing of a lightshelf. Arbitrary shapes can be created for maximum flexibility. The shelf can be oriented either 

horizontally or vertically. 
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simulation result is not acceptable, the solution has 
to be rejected. The ‘good’ case, however, does not 

mean that this is necessarily a ‘good’ solution - it 
only means that the solution doesn’t have a particu- 

lar flaw. We propose to introduce and simulate as 
many important and typical tasks for a particular 

design context as possible and feasible, since experi- 

ence tells the designer that too many flaws may 
show up once the design is built. This explains the 

preference of many designers to rely only on full- 
scale mockups [33]. This method of evaluating per- 
formance does not substitute for the numbers-based 
performance criteria. It adds more constraints, which 
are not numbers-based, to complement the numbers 

in as many ways as is economical and to exclude as 
many unwanted surprises as possible. This method 

relies on the simulation of a variety of many typical 
occupant activities, as well as on the ability to 

consider adaptation of the occupants. For this design 

tool, we chose a relatively simple task (the viewing 
of a monitor). Future simulations and design tools 

will bring more complex evaluation methods, like 
simulating rotating elements under lamp flicker in 
industrial manufacturing work and evaluating their 

subsequent visibility. 
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Fig. 6. Output option: Graph showing illuminance values along 

the center line of the room. 

5. Interactive simulation makes computation time 
an issue 

Computation time should allow for interactive 
simulation in order to obtain simulation results 

quickly. Unfortunately, the computational require- 

ments for the simulation of complex scenes may still 
be prohibitive. In lighting simulation, the computa- 

tion time for a scene consisting of 1000000 ele- 

ments can yield a computation time of 6 days on a 
fast workstation running radiosity software and a 

time of two days for some ray tracing software [34]. 
In our case, however, we are dealing with up to 500 
polygons at the most. This allows rendering times 
from 10 s up to 1 h, depending on the accuracy 

desired. This is now within reach of interactive 

simulation, given a user friendly interface that allows 
rapid input and selection of various daylight systems. 

6. Need for a user-friendly interface 

Powerful accurate simulation tools like Radiance 
are not widely used, mainly due to their cryptic 

command line input (which gives the program user 
maximum flexibility in generating whatever the tool 

can do) and the required input that many designers 
do not care or know about (e.g. precise color, gloss 

or roughness specifications). Also, the many output 
options in terms of pictures and graphs (i.e. illumi- 
nance distributions, etc.) are confusing to the novice 

user. Therefore, it is essential to develop a mouse 

driven graphical user interface that allows easy and 
rapid input of all important context variables (e.g. 
room dimensions and material, daylight conditions, 
exterior ground) and design variables (e.g. window 
material and type, material and geometry of various 
daylight system(s)>, while hiding all input that does 
not affect the results from the user (i.e. “what color 
should the ceiling be?“). It is also essential to let the 
user choose the output options in terms of output 
type (pictures and/or numbers) as well as rendering 
speed and accuracy desired. Such a user interface 
provides the following benefits: 
1. It drastically decreases input time by offering the 

user a manageable quantity of input variables 
specifically out of the daylight systems design 
context. 
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Given quick input and output, it allows the user to 
generate many solutions and a variety of solutions 
in a short time, since she will start to ‘play’ with 
design and context variables. In this way she will 
generate many solutions, and some of them might 
be very valuable. 
Starting to ‘play’ with parameters like daylight 

system specular@, ground reflectance, Venetian blind 
tilt or light shelf siz’e helps the user to develop an 
understanding for the way in which context variables 
(i.e. wall reflectivity or window sill depth) and de- 
sign variables (i.e. screen tilt or specularly transmit- 
ted light) interact. It also allows for parametric stud- 
ies, where the user chooses one particular daylight 
system and starts to vary its material properties in 
order to find out how sensitive the daylight factor at 

a point or veiling reflections on the screen will be to 
various design variable changes. This is the well- 
known synthesis and analysis cycle [35]. In this 
context, design becomes a ‘patient search’ [36] 
through an almost infinitely large set of possibilities. 
This tool offers the designer the simulation methods 
and the computation speed to make this search possi- 
ble and economical. It is not a quick ‘expert’ knowl- 
edge shortcut aimed at novices, but rather is an aid 
for designers who want to generate and refine many 
solutions. This assumes they already have a basic 
knowledge about material properties and daylight 
systems. (This reminds the authors of learning an art 
like computer programming - most of it is learned 
by trial and error as well. That’s why there are 
debuggers.) 

Fig. 7. A view showing the space as seen from the window. 
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7. Description of the program 

The program was developed on a UNIX platform 

using the tool command language tcl/tk and the ray 
tracing software Radiance. The UNIX platform is 

necessary to allow for simultaneous multiple render- 
ings showing different views of a solution, and 
pipelines. The program consists of pop-up menus 
that allow the user to interactively select room prop- 
erties, daylight conditions and daylight system vari- 

ables with scales and buttons via the mouse. It also 
has a 2D-CAD interface that allows the user to view 

the room plan, place the viewpoint and the monitor 

interactively on this plan and to draw custom-tailored 

reflectors of arbitrary shape and size. 
Plate 1 shows an overview of the program struc- 

ture. 

A summary of how the program works is as 

follows (user input is accepted in any sequence): The 
user defines the context like space geometry and 

space materials. She then adds the window descrip- 
tion and defines its width, height and depth as well 
as the window sill height. Automatic checking is 

performed for all geometry parameters to make sure 
that the window fits into the wall (note: It is possible 
to divide the window into a lower and an upper pane 
with different glazing materials, as this is typical for 

fenestration with advanced daylight systems). The 
glazing material can be clear or translucent, and its 

transmission and reflection properties for both dif- 

fuse and specularly transmitted and reflected compo- 
nents can be defined. The user can then insert a 

monitor into the scene and define a viewpoint (see 

Fig. 2). 

Fig. 8. Output option: View of a window with a lightshelf. 
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For this program, the monitor itself is still a 
default monitor - future developments of this pro- 
gram will bring the s’imulation of performance tasks 
whose values can be changed, like variable lumi- 
nance of the monitor or different glass types for the 
screen. The monitor is placed with the mouse into 
the 2D plan of the scene. It can be rotated to any 
desired horizontal and vertical tilt. The viewpoint is 
selected via the mouse as well. 

The user then defines the daylight characteristics 
of the site (see Fig. 3). This includes month, day and 
hour as well as latitude and cloudiness. If any of the 
parameters are not selected (no matter if they are sky 
or room or material descriptors), the program pro- 
vides typical default values to avoid to give lengthy 
input or forcing the user to give values he does not 
know or understand. 

be selected and their combined and/or single effect 
can be evaluated. The three systems are Venetian 
blinds, light shelves and screens, which are the most 
commonly found systems in the US. The daylight 
systems have material parameters (material type and 
diffuse and specular reflection and transmission 
properties) and geometry and location parameters. 
For a Venetian blind, for example, the user can 
define depth, width and height of the system, the 
curvature of the slats, the tilt and spacing of the slats 
and the vertical or horizontal orientation of the slats 
(see Fig. 4). The other daylight systems include 
similar parameters which are of primary interest to 
architects and consultants. Since there is no such 
thing as the typical light shelf shape, the light shelf is 
drawn by the user on the 2D CAD interface (see Fig. 
5). 

Currently, up to three daylight system types can The user has several options for output of simula- 

Fig. 9. Menu of the daylight design tool showing output options: The user determines speed/accuracy and desired views. 
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tion results. These are an illuminance plot showing 
graphical information (illuminance values in the 
space - see Fig. 6), and pictures providing up to 
three different views: the selected close up view of 

the monitor (see Fig. l), a view showing the space 
from the window (see Fig. 7) and a view showing 

the space to the window (see Fig. 8). The options 
can be selected with checkbuttons, which means that 

all or some or none of them can be selected simulta- 
neously (see Fig. 9). The second set of options 
pertain to the accuracy and speed of the results 
obtained. A very accurate simulation can take up to 

Fig. 10. A ‘design story’: An array of pictures and a graph describes the performance of the clear glazing solution. The pictures are saved as 
one file. 
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50 min, therefore it i.s desirable to let the user select 
from four different speeds/accuracies depending on 
how much time he has and how much accuracy is 
really necessary. The first option gives graphical 
output in charts only (that is illuminance values on a 

line from the window to the rear wall). The second 

to fourth selections generate photorealistic visualiza- 
tions. The second option shows almost immediate 
results (the interreflected light component is not 
calculated here, however, reflected glare on the 
screen will be shown). The third and fourth selection 
take into account multiple inter-reflections and differ 

Fig. 11. ‘Design story’: These images describe the lightshelf solution. 
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by the amount of light rays traced through the scene. 
By letting the user decide on the speed and output 
type, maximum flexibility is achieved. The result - 
a single graph or picture or multiple pictures or 
multiple pictures and one graph (see Figs. 10 and 11) 
- can be saved as a picture file containing all the 
graphs and/or pictures. This allows the user to 
establish a series of studies where the solutions 
might differ by daylight, room characteristics and 
daylight system characteristics (anything that is an 
input variable). An indefinite amount of solutions 
can be saved and compared to any new solution. 
This is very important, since we deal with mostly 
pictures as results, which rely on visual comparison 
with other pictures. 

The viewer perception of the monitor can be 
taken into account by applying a linear scale factor 
to the image [22]. Tlhus the image displays visibility 
of characters on a computer monitor under known 
lighting and viewing conditions. This results in two 
consequences: firstly, brightly lit scenes will produce 
a bright display and very dark scenes will produce a 
dark display; secondly, the visibility level on the 
display is roughly the same as it would be in the real 
world, and if an object such as a letter on a monitor 
under a glary daylight system is not visible on the 
simulated result, it will also not be visible in the real 
setup, if the viewer adaptation is known (see Fig. 
12). 

It is immediately obvious whether the daylighting 
solution is acceptable from the monitor reflections 
point of view, since veiling reflections on the screen 
immediately show up on the simulation picture. The 
actual visibility of the pictures showing the computer 
monitor can be adjusted to take into account differ- 
ent viewer adaptations, such providing varying con- 
trast on the pictures as the effect of varying visibil- 
ity. Since the renderings can be created in a short 
time, it is possible to simulate a whole range of 
daylight systems. Ultimately such a system can pro- 
vide menus of options to facilitate rapid selection of 
a design solution that meets the user’s design goals. 

8. Application possibilities in practice 

Daylight design tools are generally useful for 
architects who shape building facades, as well as for 
engineers involved in lighting, heating, ventilation, 
and air conditioning of buildings. The type, shape 
and orientation of daylight systems determines the 
electric lighting loads as well as the cooling loads 
during the daytime. The irradiance due to daylight 
(in the visible range only) on a building facade 
facing south is on a sunny day in December, March, 
and June, at 15:00 h for a latitude of 50 degrees, is 
3 11, 821 and 527 W m-*, respectively. These num- 
bers are significant for the energy consumption of a 
building. It is vital to decide what to do with this 
energy density. 

From the perspective of energy conservation, it 
could be desirable to bring as much daylight as 
possible to the interior space, while at the same time 
reducing the cooling load imposed by daylight. This 
indicates that the design of daylight systems is a 
delicate balance between various factors, i.e. cooling 
loads and electric lighting loads. 

Visual comfort is another issue. Typically, it is 
adressed using evaluation methods that compute vi- 
sual comfort probability or glare indices. Most of 
these methods are based on windows or light sources 
in or around the line of sight. While the application 
of these methods is highly desirable, because they 
introduce psychophysiological comfort as another 
means of evaluation, there are two shortfalls: the 
methods are rarely used, because they are based on 
complex formulae and difficult to understand for 
building designers, and they do rarely express what 
an occupant working in a space would be likely to 
perceive at her workstation. An easy-to-understand 
evaluation from the occupant’s perspective is his 
simulated workstation. That is the reason why this 
software simulates monitors under different daylight 
systems. This allows the architect and the non-light- 
ing experts involved in the electrical and mechanical 
building systems design to understand the implica- 

Fig. 12. These images shc’w the visibility of the monitor display for a viewer who is either adapted to the bright patch of sunlight on the wall 

behind the monitor or to the image on the monitor. 
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tions of a particular daylight system clearly, and to 
use this software during the design of building fa- 
cades. 

9. Conclusion 

We presented a first step in the development of 
performance based simulation, where realistic visual 
tasks are simulated in a particular design environ- 
ment. A space with a daylight system is evaluated in 
both numerical values such as daylight factor as well 
as perception-based pictures taking into account visi- 
bility of a realistic visual task. This method assesses 
the performance of a design solution indirectly via 
the visibility of a visual display showing letters and 
pictures. This approach tackles the problem that 
numerical performance criteria are not enough to 
evaluate a design solution. The success of 
computer-based prediction and evaluation ultimately 
depends on methods that show the performance of a 
design from the occupant’s point of view, thereby 
requiring the establishment of more sophisticated, 
perception-based evaluation methods for all design 
tools. 

Acknowledgements 

This work was supported by the Gottlieb-Daimler 
and Karl-Benz Foundation, Germany. We would 
like to thank Greg Ward, Lawrence Berkeley Labora- 
tory, for his assistance. 

References 

[l] Goodbar, I., The application of the ES1 to ofice lighting, 
LD+A, New York, NY (February 1982). 

[2] Herst, D.J. and Ngai, P.Y., A ranking system bused on visual 
performance potential and visual comfort, LD+ A, New 

York, NY (August 1978). 
[3] Or&Ad, S.J., Visual intelligibility - a perceptually based 

view of tusk analysis, LD+A, New York, NY (September 

1994). 

[4] Walter, W., How meaningful is the CIE color rendering 
index?, LD + A, New York, NY (February 1982). 

[5] Flynn, J.E., The IES approach to recommendations regard- 
ing levels of illumination, LD+A, New York, NY (Septem- 

ber 1979). 

[6] D&aura, D.L., Whatever happened to ESI?, LD+ A, New 

York, NY (November 19821. 

[7] Rea, MS., Proposed revision of the IESNA illuminance 

selection procedure, Journal of the IES, 17 (1) (19??) 20-28. 

[8] Rittel, H.W., Some principles for the design of an educa- 

tional system for design, DMG- DRS, Journal: Design Re- 
search and Methods, 7 (2) (1973). 

[9] Flemming, U. and A. Mahdavi, Simultaneous form genera- 

tion and performance evaluation: a two-way inference ap- 

proach, in: U. Flemming and S. Van Wyk, eds., CAAD 
Futures 1993, Elsevier Science, Amsterdam (1993). 

[lo] Mahdavi, A., Gpen simulation environments: a preference- 

based approach, in: U. Flemming and S. Van Wyk, eds., 

CAAD Futures 1993, Elsevier Science, Amsterdam (1993). 

[ 111 Kendall, E.A., A survey of numerical methods for the solu- 
tion of Fredholm integral equations of the second kind, 
Society for Industrial and Applied Mathematics, Philadel- 

phia, PA (1976). 

[12] Duderstadt, J. and Martin, W.R., Transport Theory, John 

Wiley and Sons, New York, NY (1979). 

[13] Becker, E.B., Cary, G.F. and Oden, J.T., Finite Elements: an 
Introduction, Vol. 1, Prentice Hall, Englewood Cliffs, NJ 

(19811. 

[14] Chandrasekar, S., Radiative Transfer, Dover Publications, 

New York, NY (1960). 

[15] Westin, S., Arvo, J. and Torrance, K., Predicting reflectance 

functions from complex surfaces, Computer Graphics, 26 (2) 
(July 1992) 255-264. 

[16] Nishita, T. and Nakamae, E., Continuous tone representation 

of 3-D objects taking account of shadows and interreflection, 

Computer Graphics, 19 (3) (July 1985) 23-30. 

[17] Cohen, M.F., Greenberg, D.P., Immel, D.S. and Brock, P.J., 

An efficient radiosity approach for realistic image synthesis, 

IEEE Computer Graphics and Applications, 6 (2) (1986) 
26-35. 

[ 181 Ward, G.J., The Radiance Lighting Simulation and Render- 

ing System, SIGGRAPGH Annual Conference Series, Com- 
puter Graphics Proceedings 1994. 

[19] Grynberg, A., Validation of Radiance, LBID 1575, LBL 

Technical Information Department, Lawrence Berkeley Lab- 

oratory, Berkeley, CA, July 1989. 

[20] Rushmeier, H. and Tumblin, J., Tone Reproduction for Real- 

istic Computer Generated Images, Report No. GIT-GVU-91- 

13, College of Computing, Georgia Institute of Technology, 

Atlanta, GA. 

[21] Zembrot, D., Darstellung der Leuchtdichteverteilung in In- 

nenraumen auf Grafik-Bildschirmen, Dissertation, Lichttech- 

nisches Institut, TH Karlsruhe, Germany (1990). 

[22] Ward, G.J., A Contrast Based Scalefactor for Luminance 
Display, in: P. Heckbert, ed., Graphics Gems IV, Academic 

Press, New York, NY (1994). 

[23] Dave, B., CDT: A Computer-Assisted Diagramming Tool; 

in: U. Flemming and S. Van Wyk, eds., CAAD Fufures 1993, 
Elsevier Science, Amsterdam (1993). 

[24] Rea, M.S., Visual performance with realistic methods of 

changing contrast, Journal of the IES (April 1981). 

[25] CIE Publ. No. 60, Vision and visual display unit workstation 
(1984). 

[26] CIE Publ. No. 29.2, Guide on Interior Lighting (1986). 



M. Moe& SE. Selkowitz/Automation in Construction 5 (1996) 193-209 209 

[27] IS0 9241, Visual display terminals used for ofice tasks. [32] Pawlak, U. and Roll, K.F., Akzeptanzuntersuchungen von 

Ergonomic requirements, Part 3: Visual displays (1991). Storleuchtdichten an Bildschirmen mit verbesserten 

[28] German Standards DIN 66233 and 66234, Bildschirmarbeit- Entspiegelungsmassnahmen, Licht 88, Tagungsberichte, 
splh’tze. Band l(1988) 193-206. 

[29] German Standard DIN 5035, Teil7: Beleuchtung uon Raumen 
mit Bildrchirmarbei~spliitzen und Arbeitspliitzen mit Bild- 
schirmunterstiitzung (1988). 

[33] Loeffler, M., Show and Tell, Lighting Dimensions (May/June 

1989) 53. 

[30] Kokoschka, S. and Haubner, P., Luminance ratios at visual 

display workstations and visual performance, Lighting Re- 
search and Technology, 3 (1985) 138-144. 

[31] Leibig, J. and Roll, K.F., Zullssige Reflexleuchtdichten in 

Relation zur Kontrastrichtung und zur Beleuchtungsart, Licht, 
7 (1984) 494-497. 

[34] Heckbert, P.S., Discontinuity Meshing for Radiosity, Third 
Eurographics Workshop on Rendering, Bristol, UK (May 

1992). 

[35] Mitchell, W.J., The Logic of Architecture: Design, Computa- 
tion, and Cognition, The MIT Press, Cambridge, MA (19901. 

[36] Le Corbusier, Creation is a patient search, Frederick A. 

Praeger, New York, NY (1960). 


	A computer-based daylight COVER.pdf
	Disclaimer




