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ABSTRACT: Testing physical models is the most viable and accurate means to evaluate daylighting schemes for 

buildings. A good daylighting model allows the designer to record and compare daylight aperture options quickly and 

reliably. For the sake of comparison, a reliably consistent sky condition is required. The natural sky poses a problem. 

Natural skies are dynamically variable, not only from day-to-day, but from minute-to-minute, defeating the principal 

of consistency required for accurate comparisons. This problem has led lighting designers to create artificial skies for 

model testing daylighting schemes. Artificial skies must be able to simulate a uniform overcast sky condition where 

the zenith is about 3 times brighter than the horizon with uniform darkening from zenith to horizon. To achieve this 

goal two basic types of skies have been used—mirror box and hemispheric skies. Mirror boxes feature a luminous 

ceiling with a vast number of fluorescent fixtures, while the hemispheric skies are either domes illuminated with high 

intensity lighting aimed upward from the horizon or a domelike array of programmable high intensity lamps aimed at 

the ground plane. The latter of these two domes has the advantage of being programmable for study of various sky 

conditions and direct sun effects. These artificial skies do not match the luminance of a real overcast sky, but the 

distribution of light in these skies meets the criteria for a uniform overcast sky. The irony of using high-energy 

artificial skies for designing low-energy buildings is palpable. 
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INTRODUCTION  

One of the most viable strategies for reducing energy use 

in buildings is to use natural daylight to replace electric 

lighting during daytime hours. Successful daylighting 

reduces both electrical and cooling loads. To achieve 

satisfactory results, daylighting schemes must be tested 

for light levels, light distribution, glare, and overall 

spatial quality before the actual building is built. Physical 

scale models of daylighted spaces offer a reliable means 

of testing daylighting options. This type of testing is also 

valuable in architectural education where students 

propose designs of buildings that most likely won’t be 

built, yet require verification of the fitness of their 

designs. The design and testing also builds practical 

skills for their professional careers. 

 

When testing physical scale models of architectural 

spaces, useful comparisons of design options can be 

achieved only under reliably consistent sky conditions. 

The natural sky poses a problem: natural skies are 

dynamically variable in brightness and distribution of 

light, not only from day-to-day, but from minute-to-

minute, defeating the principle of consistency required 

for accurate comparisons. This problem has led lighting 

designers to create electrically lighted artificial skies for 

testing daylighting models. These artificial skies must be 

able to simulate a standard uniform overcast sky 

condition where the zenith is about three times brighter 

than the horizon with gradual darkening from zenith to 

horizon. To achieve this goal two basic types of 

electrically lighted skies have been used—mirror-box 

and hemispheric skies. The mirror-box features a 

luminous ceiling with a vast array of fluorescent fixtures, 

while the hemispheric skies are either domes illuminated 

with high-intensity lighting aimed upward from the 

horizon or a domelike array of programmable high-

intensity or compact fluorescent lamps aimed at the 

ground plane. The latter of these two domes has the 

advantage of being programmable for the study of 

various sky conditions and direct sun effects. It is not 

necessary that the artificial sky match the luminance 

(brightness) of a real overcast sky: it’s only necessary 

that the distribution of light in the sky meets the criteria 

for a CIE standard uniform overcast sky—a 3:1 

brightness ratio from zenith to horizon. In theory it is 

most critical that the artificial sky provide the proper and 

consistent distribution of light rather than the proper 

intensity of light. Moreover, daylight levels are 

traditionally measured in daylight factors (a relative 

rather than absolute measurement). The two natural 

lighting conditions of most interest to daylighting 

designers are the extreme sky conditions—totally 

overcast and totally clear. Testing for overcast skies is 

best accomplished through artificial skies—for clear 

skies, heliodons, which are sometimes incorporated into 

hemispheric artificial skies or can be stand-alone 

systems, are used. 
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While electrically-lighted artificial skies are adequate 

for model testing, there are three reasons why they are 

not optimal: philosophical, qualitative, and environ-

mental.  

 

Philosophical. Daylighting, like all passive design 

strategies, requires sensitivity to context, yet today’s 

artificial skies are machines for testing daylighting 

models independent of natural sky conditions. They offer 

the convenience of being able to conduct model testing at 

any time, including nighttime, no matter what outdoor 

sky conditions occur. They are an active, mechanical 

means of testing a passive design strategy. Passive design 

requires a mindset that places natural processes in the 

forefront, relegating mechanical devices to backup status. 

Is there a passive tool that could encourage this mindset 

while accurately testing daylighting models? 

 

Qualitative. The spectral distribution of daylight is 

dissimilar to that of any electrical lighting source, though 

many aspire to replicate daylight. Therefore, viewing 

daylight models under electrically lighted artificial skies, 

while providing accurate distribution of light, does not 

capture the aesthetic essence of light. Could natural light 

be used for model testing? 
 

Environmental. From an energy-conservation 

standpoint, the irony of using high-energy artificial skies 

for designing low-energy buildings is palpable. For 

example, the University of Idaho Integrated Design Lab 

(IDL) in Boise, Idaho (USA), has an electrically lighted 

mirror-box artificial sky that uses twenty-two 59-watt 

fluorescent lamps (1.3 kw total). This sky is in constant 

demand as a teaching tool for students and as a lab for 

consulting with architects and engineers on actual 

building projects. The IDL sky is relatively low-energy 

when compared to the hemispheric skies illuminated with 

high-intensity or compact fluorescent lamps in a 

domelike array aimed at the ground plane. The 8-meter 

diameter sky at Cardiff University in Wales consists of 

640 individual luminaires, which contain low-energy 

(20-watt Philips CL 4500K) compact fluorescent lamps 

(12.8 kw total). [1] The smaller sky (5.2-meter diameter) 

at the Bartlett School of Architecture in London has 270 

CFLs (5.4 kw total). [2] Is there a zero-energy 

alternative? 

 

 

BACKGROUND 

During fall semester 2011, a 20-student graduate seminar 

was asked, “Can a low-energy artificial sky be developed 

to meet the teaching, research, and consulting demands 

that the existing high-energy skies accommodate?” They 

were provided the philosophical, qualitative, and 

environmental concerns outlined above, the inspirations 

described below, and four basic scale models of proposed 

daylighted skies.  

 

Inspiration. We were inspired to begin this project 

by two precedents—the University of Oregon’s cutting 

edge classroom for the Mount Angel Abbey School in 

Oregon, and Ball State University’s (Muncie, Indiana) 

use of digital cameras to analyze glare by charting 

relative brightness in the field of view. These projects 

pointed the way forward. Our sky will be similar to a 

mirror-box sky in that it will simulate overcast sky 

conditions and feature no heliodon. Our heliodon, which 

uses a tilt table, sun peg, and the actual sun, will continue 

to be used to test sun penetration in daylighting models. 

 

“The most striking feature of the Mount Angel Abbey 

School project is a large skylight which allows the 

classroom to be illuminated entirely with natural light, 

despite its location in the cloudy Pacific Northwest. A 

large opening was necessary to meet required light levels 

(20-40 footcandles by national and international 

standards) on overcast days, ‘But that means the rest of 

the time, it’s too big,’ says G. Z. “Charlie” Brown, a 

University of Oregon professor and co-designer of the 

classroom. To balance conflicting lighting requirements, 

a CPI ControLite Dynamic Glazing System skylight was 

employed. The ControLite system uses a succession of 

integrated ‘rota-blade’ louvers that adjust to capture and 

distribute light evenly throughout a space.” [3] This 

skylight achieves even distribution of light in the space 

beneath it under most sky conditions. The mechanical 

louvers are needed to achieve appropriate light levels. 

We believe that this mechanical intervention is not 

necessary for our daylighted sky because the absolute 

intensity of illumination is of lesser importance. It also 

demonstrates that a well designed skylight can produce 

even distribution of diffuse light in a space.  

 

The Advanced Buildings Daylighting Pattern Guide 

Pattern 11 for Classroom Toplighting Design (Frankel, 

et al., 2011) gives visual and performance clues for 

designing the aperture and reflectors for a square room 

with a central skylight (based on the design process for 

the Mount Angel classroom). The most effective strategy 

illustrated is “a single 11’ x 12’10” skylight (3.35m x 

3.94m) representing 14% of the floor area, set within a 

16’ tall ceiling (4.88m) with sloping t-bar trays, with an 

angled and staggered aluminum reflector hung below the 

skylight. The sloped ceilings improve the distribution of 

light from the skylights and increase the visual 

perception of brightness while minimizing shadows. The 

angled reflector is intended to decrease the illumination 

directly below the skylight, redirect the brightness onto 

the sloped ceiling and walls, and minimize the line of 

sight to the skylight aperture for students seated within 

the classroom, thus reducing the potential for glare. The 

floor area above 300 lux is 100%.” [4]  
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METHODOLOGY 

During fall semester 2011 the 20-student seminar course 

was divided into four teams to explore the four passive 

options modeled by student researchers who, during the 

preceding semester, fabricated four scale model skies (A 

through D) based on a napkin sketch by the instructor 

with a range of shape and interior surface conditions 

illustrated in the matrix below (Table 1). None of these 

“starter” models functioned properly, so each group 

began a voyage of discovery. 

 
Table 1: The four “starter” models’ properties. 

 

 Rectilinear Cylindrical 

Matte white 
surfaces 

Model A Model C 

Mirrored 
surfaces 

Model B Model D 

 

Model A Rectilinear with Matte White Surfaces. 

The initial sky model A presented two problems. The 

angled ceiling was darker than the walls below and the 

central skylight was relatively too bright to attain the 

desired 3:1 brightness ratio between zenith and horizon. 

(Fig.1) First attempts to correct these problems were to 

insert a translucent ceiling at the top of the walls and 

remove the unnecessary baffles in the skylight and 

replace them with a translucent skylight. The corners of 

the walls remained darker than the middles, so triangular 

filets were devised to cover the corners. These improved 

the evenness of the light distribution, but didn’t solve the 

problem completely.  
 

 
Figure 1: Model A testing under a clear sky and a fish-eye view 

of its interior. 

 

The resulting octagonal plan led the group to 

radically change the shape of the model to a twelve-sided 

cone-like construction, which minimized the dark corner 

problem and eliminated the dark ceiling problem of the 

initial model. Once this shape was decided upon, the 

angle of the walls, the size of the aperture, and the 

placement of translucent filters was experimented with. 

We found that an 8 foot tall cone with a one foot 

diameter skylight and a 9’-8” diameter base gave the 

desired distribution of light. (Fig. 2) 

 

 
Figure 2: The model A inspired conical sky with a digital image 

of its interior (above right) and Culplite analysis of that image 

showing the gradual decrease in brightness from top to bottom. 
 

Model B Rectilinear with Mirrored Surfaces. 

The initial sky model B presented a sky dotted with 

multiple images of the light source and competing dark 

bands of reflected floor material. (Fig. 3) The first 

changes made were meant to lessen the amount of direct 

light getting into the model and spread the light evenly. 

Adding a translucent mediator between the daylight and 

interior space helped soften the light getting in. The 

baffles had shiny material attached to their outer 

surfaces, which caused direct light to bounce into the 

space. By removing them, and the rest of the reflective 

material at the top of the model the light was softened 

before it was allowed to fill the space below. 

 

 
Figure 3: Model B and its initial spotted, banded sky condition. 
 

The second set of changes took into consideration the 

need to shed snow during the winter months of operation. 

A more spread out distribution of lighting was achieved 

by opening the entire roof to the sky, so light can 

penetrate the space evenly. Thickening the translucent 

layer at the ceiling plane helped bring the light levels 

down to a more comfortable and realistic level in 

comparison to a cloudy sky. (Fig. 4) 
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Figure 4: The remodelled mirror-box sky with a sloped 

translucent skylight and relight. Fish-eye photo of the interior 

(above right) and Culplite analysis (bottom right). 
 

This model has wall to wall glass interiors ensuring 

an even spread of daylight throughout the space. Because 

the light can now bounce virtually forever, it diminishes 

as if were fading in the distance. The lower fish-eye 

image was generated in Culplite using the image from 

above and shows an even fade of the light at a 3:1 ratio. 

 

Model C Cylindrical with Matte White Surfaces.  

The initial sky model C had many existing problems 

including light leakage, uneven light distribution, 

excessive light transmittance at the top, and discoloration 

from its bare wood base. (Fig. 5) 
 

 
Figure 5: The original model C and its Culplite analysis. 

 

The project underwent two phases—morphing the 

existing model and a complete redesign. For the existing 

model we studied the effect of light by photographing it 

in overcast and clear skies. The clear skies made the 

interior lighter, but also a little orange from light 

reflected from the wood floor. We also noticed an abrupt 

gradient change from the darker sloped ceiling to the 

brighter cylindrical walls of the model. We wanted to 

explore how to make the most even, smooth gradient. 

The next modification of the existing model was to make 

the entire interior white to reflect as much light as 

possible and get rid of the orange glow reflected from the 

bare wood floor. It appeared a lot better and whiter. We 

then tried four other modifications to compare side-by-

side with the existing model.  

 

The results showed that the source of the light 

remained sharp and the abrupt gradient transition 

remained, although it was lessened. To diffuse the light 

entering the model, a single and double layer of 

translucent filters were added, but the results proved to 

create a high amount of glare. Though the source of light 

was much brighter, light was able to diffuse in the model 

more evenly. Further testing under different sky condi-

tions and translucent layers enabled us to hypothesize 

that a cone shape would probably be a better alternative 

to our pre-existing model. This hypothesis was a direct 

result of observing the dark ring that appears at the 

separation point between the conical ceiling and the 

cylindrical walls. 

 

 
Figure 6: The conic transformation of model C with fish-eye 

images and Culplite analyses for clear and overcast skies. 
 

As a preliminary step in phase two of the lighting 

project, computer modeling allowed us to model the pre-

existing model and an entirely new model to compare 

light distribution. The new conical design gave a more 

even light distribution and led to further testing of dif-

ferent physical cone-shaped models of varying heights 

and radii. (Fig. 6) 

 

Model D Cylindrical with Mirrored Surfaces.  

The initial model had two major problems. The bare 

wood floor was reflected in the walls as bands of 

darkness and the sloped ceiling was darker than the 

walls. (Fig. 7) The mirrored ceiling was replaced with a 

matte white one, which made the distribution better, but 

didn’t solve the problems. Painting the floor white 

reduced the contrast but did not eliminate the alternating 

bands of dark and light. Next translucent elements were 

introduced sequentially at the top of the lightwell, at the 

bottom of the lightwell, and at the top of the wall. The 

results were better, but the banding wasn’t eliminated. 

More translucent filters were added and each addition 

created less distinct banding. Finally, the mirrored walls 
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were replaced with matte white walls, which 

dramatically reduced the banding problem without quite 

eliminating it. 

 

 
Figure 7: The initial cylindrical mirror-box and its fisheye 

image. 
 

Driven to find a mirrored-wall solution, we built and 

tested a model that replicates the existing mirror-box 

skies, replacing the electric lighting with a translucent 

skylight. The results were stunningly similar to light 

distribution in an electrically lighted mirror-box. (Fig. 8) 

 

 
Figure 8: Fisheye images (above) and Culplite analyses 

(below) compare the IDL sky with the model daylighted sky. 
 

 

CONCLUSION 

All four groups worked with both physical and computer 

models of the proposed skies. They found that the 

computer models were not as reliable as they had hoped, 

thus gaining greater confidence in the physical models. 

These models were easy to modify parametrically and 

gave immediate visual feedback. They used the camera’s 

fish-eye lens to capture their results for side-by-side 

comparisons to assess improvement and light 

distribution.  

 

Working on this model all semester has forced the 

students to deal with small incremental changes, one at a 

time, and to test the small changes and compare results 

each time. Natural lighting should always be explored 

this way to get the best idea about what works and what 

does not. Just using computer models alone is not enough 

to know how accurate the lighting in your projects is. 

Changing and testing results, one idea at a time, will get 

the best possible results when built in real life. Also, 

possibly using an actual sky model lab, like the ones 

explored in class and used in Boise at the Integrated 

Design Lab, will help further students’ understanding 

and learning about different lighting in different 

buildings. 

 

By testing both the mirror-box and matte white 

configurations the students found two workable solutions 

to the daylighted artificial sky problem. The mirror-box 

groups both proposed a mirror-box with a translucent 

skylight, while the matte white groups both proposed a 

cone with a translucent skylight. During the spring 2012 

semester the co-authors continued to explore the 

parameters of the conical matte white sky. Also during 

the term an internal grant application for building and 

instrumenting the full-scale conical sky was submitted 

and approved. Funding for the project starts on July 1, 

2012. We elected to build the conical sky because it 

gives a more ideal distribution of light than the mirror-

box and represents a departure from the existing forms of 

artificial skies. Existing mirror-boxes can easily be 

converted to daylighted skies by replacing their electrical 

lighting with a translucent skylight. We should be able to 

report on the construction and, perhaps, initial testing of 

the full-scale daylighted artificial sky in Lima in 

November. 
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