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ABSTRACT 
 
This paper presents the findings of a study that evaluates a 
procedure that uses available computer tools to assess the 
luminance distribution of spaces using High Dynamic 
Range (HDR) photography. We tested available software 
packages to create a series of HDR images with different 
exposure (f-stops), resolution, digital cameras, wide-angle 
lenses, luminance ratios, lighting levels, and type of lighting 
systems (daylighting and electric lighting) that were used 
for comparison. The HDR images were then imported into 
the RADIANCE lighting simulation program, to be 
converted into the human visual sensitivity, false color and 
iso-contour images, where a more comprehensive set of 
luminance distribution can be displayed. The results of the 
evaluation indicated that the measured luminance 
distribution generated with Photosphere and the 
RADIANCE lighting software were similar to the spot 
luminance measurements taken in an existing space with a 
Minolta LS-100 Luminance meter. The differences between 
the measured luminance values and the generated ones with 
HDR photography and the RADIANCE program varied 
between -0.7 to 3.5% of the average luminance 
measurement, which makes it an ideal procedure to use for 
the evaluation of the lighting quality of indoor and outdoor 
spaces. 
 
 
1.  INTRODUCTION 
 
Luminance distribution in spaces provides important 
information for the evaluation of the lighting quality of 
existing spaces as well as in physical scale models of 
proposed spaces. This evaluation is done often with spot 
luminance measurements, which are time consuming 
because measurements are done one at a time. Several 
luminance-mapping systems have been developed 
throughout the world to complete the process of luminance 
measurements in shorter periods [1] [2] [3]. However, some 

of these systems are too expensive so that many designers 
and researchers cannot afford them.   
 
The present study evaluates a procedure followed for 
assessing luminance distribution, under different lighting 
conditions, using digital photography. The selected 
environments for the tests are similar to the ones that 
architects, lighting designers, engineers, and researchers in 
practice need to evaluate in the field. These settings are 
commonly illuminated with daylighting, artificial lighting, 
or a combination of both. 
 
Currently, typical computer screens can display very low 
luminance ranges (CRT =100:1, TFT=500:1) compared to 
the wide luminance range, about 10,000:1, that our eyes can 
accommodate in a single view [4]. With the use of HDR 
photography we can capture images with a wider range of 
luminance levels, which are closer to the way our eyes 
perceive light. The HDR images are created from a series of 
photographs taken with different exposure settings. This 
series of photographs are combined into a single HDR 
image, which contains useful information for representing 
true illumination values, such as incident illumination onto 
different surfaces.   
 
 
2.  METHODOLOGY 
 
The method proposed in this paper combines a sequence of 
multiple exposure images to create a single HDR image 
using the HDR image builder Photosphere program. The 
input files have valid camera exposure information in the 
header; this is used to determine the relative and absolute 
exposure differences. Photosphere’s output files are RLE 
LogLuv TIFF, PIZ-RGB-compressed EXR, and Radiance 
RLE RGBE (the only one compatible with the RADIANCE 
lighting software). The Radiance RGBE format, also called 
HDR is the input file to the RADIANCE software. The 
image analyzer “Winimage” from the lighting program 



 

Desktop RADIANCE is used to create human visual 
sensitivity, false color, and iso-contour images. These 
provide values of luminance distribution within a scene, and 
are compared to spot luminance measurements taken at 
specific reference points.  
 
Equipment used for the evaluation:  
-Digital cameras: Nikon Coolpix 5400, with 24 mm and 
fish-eye lens, and Canon A70. 
-Luminance meter: Minolta LS-100 with 1° measuring 
angle. 
-HDR Image Builder Programs: Photosphere, HDR-Shop, 
Nuke, and Photogenics. 
-Image Analyzers: Winimage of Desktop RADIANCE or 
the pcond and false color command of the UNIX 
RADIANCE. 
-Tripods (2):  for the camera and for the luminance meter. 
 
2.1 Digital Photography 
The sequences of images were created both manually and 
automatically. Sets of 8 to 10 photographs were taken 
manually at 1-stop using the aperture-priority manual mode, 
so that only the shutter speed changes. We tried several f-
stops settings ranging from f/7.9 to f/3.5, and shutter speeds 
between 1/500 to 8 seconds, depending on the scene 
exposure. A sequence of 10 photographs taken manually 
takes approximately about 1.25 minutes with the Nikon 
Coolpix 5400 with image sizes of about 2592 by 1944 
pixels. Fig. 1 depicts a sequence of 8 images taken at a 
gallery of the Menil Collection, note that the longest 
exposure is not all white and the darkest exposure is not all 
black. 
 
Using the auto-bracketing (aperture priority) function of the 
Nikon cameras, sets of 5 photographs were taken, ranging 
from +/-2 stops under or over exposed, in about 5-30 
seconds for similar image sizes as the manual pictures. 
 

 
Fig. 1:  HDR sequence of 8 photographs of a gallery at the 
Menil Collection taken at 1-stop increments from 1 sec. to 
1/500 and f/7.9.  
 
2.2 Luminance Measurements 
Spot luminance measurements were taken with a Minolta 
LS-100 luminance meter with a 1° measurement angle. For 
more precise readings, the luminance meter was mounted on 
to a tripod. Readings over the reference points were taking 

continuously while the HDR sequence was created. 
Whenever possible, the reference points were marked with 
photographic Gray and White Cards and luminance readings 
were taken over them. 
 
2.3 HDR Image Builder 
The following HDR Image Builder programs were 
evaluated: HDR-Shop, Nuke, Photogenics and Photosphere 
[5]. From all these applications, the latter one was selected 
because it can create HDR images that are compatible with 
the RADIANCE lighting program in order to determine the 
luminance distribution in an image. Images created in HDR-
Shop [6] can be opened in Photosphere and RADIANCE, 
but their highest luminance levels cannot exceed over 200 
candela/m2. They can be used in spaces with low lighting 
levels and mostly illuminated with artificial lighting. This 
was a limitation of HDR-Shop. HDR images created in 
Photogenics can be displayed in Photosphere, but they do 
not keep correct luminance values, and their format is not 
compatible with RADIANCE. Nuke has to be used in 
combination with HDR-Shop to create HDR images. 
Therefore, we decided to proceed further with the evaluation 
of Photosphere. 
 
Photosphere is a digital image browsing and cataloging tool, 
with unique features to create high dynamic-range (HDR) 
images from bracketed exposure sequences; and it supports 
a number of standard HDR image formats [5]. The HDR 
creation features include automatic lens flare removal and 
ghost removal. The HDR image is created in less than a 
minute, and can be saved in the Radiance RGBE format. 
Within Photosphere, it is possible to obtain the luminance 
values at specific locations on the HDR image. Photosphere 
can record the computed response function for your camera 
into its preference file. It also has the option of setting an 
absolute calibration for the camera with a measured 
luminance value in the scene. 
 
2.4 Image Analyzer 
HDR images created with Photosphere were transferred into 
the RADIANCE lighting program, which can be used either 
in the UNIX operating system [7], or in the Desktop 
RADIANCE in the Windows operating system [7]. This 
image analyzer program allows the creation of three types of 
images based on the .hdr file created in Photosphere: false 
color, iso-contour and human visual sensitivity. 
 
In Desktop RADIANCE, the Image Analyzer "Winimage" 
can display both RADIANCE (.pic) and HDR (.hdr) images. 
This program provides tools to perform various analyses 
and image manipulations. The human sensitivity tool adjusts 
the exposure of the HDR image and mimics human visual 
perception (Fig.4-left). The false color tool creates a false 
color picture of the luminance levels expressed in cd/m2 or 
footlamberts. Fig. 4-center shows a false color image where 



 

blue tones represent dark areas, while red tones indicate 
high luminance. The iso-contour tool is similar to false 
color. It draws demarcation lines in equal steps, according to 
number of divisions specified, between zero and the 
maximum value. Unlike false color, the resulting image will 
contain colored lines of equal value overlaid upon the true 
color luminance. All commands operating within Winimage 
result in a new image file [7]. The UNIX version of 
RADIANCE has the same commands with more options 
than Winimage. 
 
 
3.  EVALUATION AND ANALYSIS OF RESULTS 
 
Initially, a test of the cameras was conducted to check for 
flare measurements and verify for light scattering in their 
lenses [8]. Two HDR images were created with each 
camera: one with a black poster-board with a small hole at 
the center covering the lens, and the other without the 
poster-board. Luminance measurements were taken at the 
center of the image in both cases. The luminance values at 
the center were compared, and were similar in the case of 
the Nikon Coolpix 5400 and also with the fisheye lens 
attached to it. The Canon A70 showed differences in the 
luminance readings of more than 6% at the center of the 
lens. It is recommended to perform this test of the cameras 
before capturing the HDR sequence to get accurate readings 
of luminance distribution.   
 
Using the procedure explained in the methodology, tests of 
luminance levels were performed in scenes under different 
light sources. These light sources included: incandescent 
lamps, fluorescents with indirect light fixtures, daylight 
under partly cloudy and clear sky conditions, and a 
combination of daylight and halogen lamps. Table 1 
presents a summary of the results of the tests performed. 
 
Incandescent lamps are one of the most stable light sources 
in terms of light output variations throughout time. For the 
tests with incandescent lamps, four reference points were 
selected to compare the spot luminance measurements with 
the luminance values generated with a HDR image (Fig. 2). 
Results from the manual and auto-bracketing exposure tests 
are in the first and second row of Table 1. Tests with manual 
exposure showed relatively small differences between 
measured luminance and the HDR image. Fig. 3 shows 
these differences that range from –0.7% to 3.5% of the 
measured luminance. Negative percentages indicate that 
HDR image luminance values are lower than its 
corresponding spot luminance measurement. Variations of 
the light source output during the creation of the HDR 
sequence affect the series of luminance measurements. The 
variations of these values are presented in column 2 of 
Table 1. Luminance variations were not registered during 
the test of incandescent lamps with auto-bracketing 

exposure, while with manual exposure the luminance 
measurement varied from –0.45% to 0.45% of the average 
luminance during the 2-minute test. Luminance Ratio (L.R.) 
is a common index used to assess visual comfort in interior 
spaces. Columns 3 and 4 of Table 1 show the L.R. of the 
measurements in the space and the HDR photo, 
respectively. Even though L.R. values for the incandescent 
lamp manual and auto-bracketing exposure tests were 
similar (1:3.7-1:3.5, 1:3.6-1:3.4, respectively), the highest 
correlation between the actual measured spot luminance 
level in the space and the HDR image was achieved with the 
manual exposure based on 8 images saved in high 
resolution, and high f/stop. Column 5 of Table 1 lists the 
photographic settings for the best results of each test.   
 
TABLE 1:  SUMMARY OF TESTS 
 

Light 
Source 

Luminance 
Variation 

L. R. 
Measured 

L. R. 
HDR 
photo 

Photo 
Setup 

Incandescent 
(manual 

exposure) 

-0.45% / 
0.45% 

1:3.7 1:3.5 Nikon 
5400, 

f/6.3, 8 
images 

Incandescent 
(auto-

bracketing) 

N/A 1:3.6 1:3.4 Nikon 
5400, 

f/6.3, 5 
images 

Fluorescent 
(office) 

-0.8% / 
1.0% 

1:6.3 1:5.0 Canon 
A70, 
f/8, 8 

images 
Daylight 

only (office 
scale model) 

N/A 1:35.6 1:44.4 Nikon 
5400+ 

fisheye, 
f/7.9-12 
images 

Daylight + 
halogen 
(Kimbell 
gallery) 

-4.1% / 
3.7% 

1:5.6 1:5.5 Nikon 
5400, 

f/7.9, 9 
images 

Daylight + 
halogen 
(Menil 

Collection) 

-2.2% / 
3.8% 

1:3.0 1:2.6 Nikon 
5400, 
f/5, 11 
images 

Partly 
cloudy sky 

N/A 1:1.9 1:2.3 Nikon 
5400+ 

fisheye, 
f/7.9-10 
images 

Clear sky N/A 1:4.2 1:3.6 Nikon 
5400+ 

fisheye, 
f/7.9-10 
images 



 

 
Fig. 2:  Location of reference points in an incandescent lit 
room. 
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Fig. 3:  Comparison between measured luminance and HDR 
image (manual exposure) of 4 reference points from Fig. 2. 
 

 
Fig. 4:  RADIANCE images of an interior space illuminated 
with incandescent lamps: human visual sensitivity with LR 
measured (left), false color with LR HDR image (center), 
and iso-contour with luminance measured (right). 
 
Results from the tests with fluorescent lamps in an office 
showed higher differences between measured luminance 
and the HDR image. The luminance measurement variation 
in the space with fluorescent lamps ranged from -0.8% to 
1% of the average luminance during the almost 1.25 
minutes of the test. The L.R. of the measured luminance was 
1:6.3, while the L.R. with the HDR photo was lower at 
about 1:5.0. The higher variations of the light source output 
during the creation of the HDR sequence affected the series 
of luminance measurements. Figs. 5 and 6 show tests 

performed in an office space illuminated by fluorescent 
lamps using a 24 mm and fisheye lenses. 
 
The remaining tests included natural lighting only, and 
combined with electric lighting. For testing daylighting 
only, we used a large-scale model located on the roof of the 
College of Architecture building at Texas A&M University. 
Figs. 7 and 8 show interior views of the large-scale model 
used for the test. Daylight level variations were extremely 
high during the days when these measurements were taken. 
Ideally, these measurements should be done under more 
stable outdoor conditions. College Station has high 
variability of daylight levels during its winter season. Due to 
these high variations of light levels within the scale model, 
the value was not included in Table 1. The L.R. of the 
measured luminance was 1:35.6, which is lower than the 
value obtained from the HDR photo that reached 1:44.4.   
 
Results from tests where daylight and electric light are 
combined showed better correlation of the Luminance 
Ratios (L.R.s) between the measured luminance and the 
HDR photo. Tests conducted at the Kimbell Art Museum 
and the Menil Collection included daylight and halogen 
lamps. For the Kimbell Museum, the L.R. of the measured 
luminance was 1:5.6 and 1:5.5 for the L.R. with the HDR 
photo; while for the Menil Collection these values were 
1:3.0 and 1:2.6. The luminance measurement variation in 
the space at the Kimbell Museum ranged from -4.1% to 
3.7% of the average luminance value; while at the Menil 
Collection this variation ranged from -2.2% to 3.8%. Figs. 9 
and 10 show the luminance distribution in both spaces. 
 
We conducted some tests outdoors, even though we knew 
the challenges of daylight variability. Many times these are 
typical conditions when sites and spaces need to be 
evaluated. Tests were done under partly cloudy and clear 
sky conditions. For the partly cloudy skies, the L.R. of the 
measured luminance was 1:1.9, and 1:2.3 for the HDR 
photo. For sunny sky conditions, the L.R.s were 1:4.2 and 
1:3.6, respectively. Figs. 11 and 12 illustrate the luminance 
distribution of the two sky conditions. 
 
Highly variable light sources, such as daylight, have a 
strong effect on the luminance values recorded by an HDR 
image. Table 1 shows that the L.R.s calculated from the 
measured luminance in real spaces are usually higher than 
the values obtained from the HDR image. The only 
exceptions are the two tests performed under highly variable 
daylight illumination (i.e. scale models and sky views). To 
get more consistent luminance levels with HDR photos in 
daylit spaces, it is preferable to take measurements in spaces 
with indirect daylighting systems or in areas with no direct 
contact to bright windows. 
 



 

4.  APPLICATIONS 
 
The procedure explained above has been applied to the 
evaluation of the lighting conditions in existing buildings, in 
large-scale models, and in outdoor settings for evaluating 
daylight availability. 
 
4.1  Full-Scale Spaces and Large-Scale Models 
We used HDR images to assess the lighting conditions of 
windowless office spaces illuminated with indirect 
fluorescent lighting systems. The luminance distribution in 
the spaces can be expressed in cd/m2 and by adjusting the 
scale of the iso-contour curves; L.R.s can be easily 
calculated. With this information, glare can be evaluated in 
a space and can be compared to the maximum L.R.s 
recommended. Figs. 5 and 6 show some examples of this 
evaluation. 
 

 
Fig. 5:  Office space illuminated with fluorescent light 
sources only (Nikon 5400 24 mm lens). 
 

 
Fig. 6:  Fish-eye view of office space illuminated with 
indirect lighting fixtures (fluorescent lamps). 
 
Figs. 7 and 8 are part of a study that evaluates the 
improvements of the lighting conditions in deep plan office 
spaces with the introduction of an advanced light pipe 
daylighting system. These HDR images help to compare the 
uniform light distribution throughout the back of the space 
compare to the bright sidelight windows at the front. 
 
 

 
Fig.7:  Lateral view of an office scale model with an 
advanced light pipe systems, January 24, 1:20 PM, College 
Station, TX. 

 

 
Fig. 8:  View from the back of office scale model, January 
24, 2:00 PM, College Station, TX. 
 
 
4.2 Museum Buildings 
HDR photography has been used to evaluate the quality of 
light and visual comfort of several museum galleries in 
Texas. These buildings are: the Menil Collection, the 
Kimbell Art Museum, the Amon Carter Museum, and the 
Modern Museum of Fort Worth. Figs. 9 and 10 show a 
representative gallery of two of the museums evaluated. The 
false color RADIANCE image at the center of Fig. 9 
provides a clear image of the uniform light distributed 
throughout the vertical display area of the gallery, as 
opposed to the bright light over the vaults bouncing off the 
central reflectors. We can observe and subsequently 
compare that the luminance levels over the display area of 
both museum’s galleries are similar and fairly uniform. 
Also, a brighter area over the horizontal plane under the 
central sculpture, shown in a light green color, is clearly 
noticeable. 
 

 
Fig. 9:  Luminance distribution at the southeastern gallery at 
the Kimbell Art Museum, October 15, 11:00 AM, Fort 
Worth, TX. 
 

 
Fig. 10:  West gallery at the Menil Collection, January 9, 
5:00 PM, Houston, TX. 
 
4.3 Daylight Availability 
For documenting the exterior conditions of a site, the false 
color and iso-contour graphs provide useful information to 
correlate the effect of outdoor light in the interior 
illumination of spaces. Figs. 11 and 12 illustrate the site 
conditions on the roof of the College of Architecture at 
Texas A&M University during partly cloudy and clear sky 



 

conditions. These images present the site conditions for the 
study that is being conducted using large-scale models with 
horizontal light pipe daylighting systems (Figs. 5 and 6). 
These systems rely on the sunlight availability for achieving 
their highest lighting performance. 
 

 
Fig. 11:  Sunny sky conditions, January 14, 2:45 PM, 
College Station, TX. 
 

 
Fig. 12:  Partly cloudy sky conditions, January 18, 1:00 PM, 
College Station, TX. 
 
 
5.  CONCLUSIONS 
 
The procedure explained in this paper is a simple, quick and 
affordable tool that is extremely useful for the assessment of 
luminance distribution in spaces illuminated with natural 
and electric light. The combination of bracketed 
photography with a HDR image builder and a lighting 
program are tools already available at no cost. It has been 
shown that under stable light conditions the differences 
between the measured luminance and the HDR image are 
kept to a minimum, while under very dynamic lighting 
conditions such as with daylighting these differences are 
largely increased. The procedure is also useful even under 
dynamic and challenging daylight, it provides an 
instantaneous assessment. The use of L.R.s simplifies the 
process of evaluating the lighting conditions of spaces. 
These ratios remain very close between measured values 
and HDR images. Another advantage of this procedure is 
that a space with complex geometries and diverse types of 
materials can be assessed in short periods of time, rather 
than modeling it in lighting programs that might result in a 
task that is too time consuming. The applications of the 
procedure presented in this paper are endless, as have been 
indicated by the examples presented in the previous section. 
In the practice, this procedure will be very useful for 
professionals working on the field that need to assess 
lighting conditions and quickly identify possible visual 
problems. 

6.  RECOMMENDATIONS 
 
The following list of recommendations may help to get 
good results using HDR images: 
 
 Always use a tripod for the camera and the luminance 
meters. 

 Set reference points in surfaces normal to the sight line of 
the camera plane. Select points that are non-reflective, i.e. 
opaque surface. Use gray and white photographic cards. 

 Take photos at high resolution with the smallest f-stops 
i.e. f/8 or f/7.1; this helps to minimize vignetting. 

 Take the HDR sequence manually rather than using the 
auto-bracketing feature (or 5 shots). 

 Set the white balance of the camera before taken the HDR 
sequence. 

 Test the camera for flare and light scattering of lens. 
 Check if camera creates an Exif header, which is 
necessary for the generation of the HDR image. Most 
modern cameras generate Exif headers. To check this, 
open photos with an Exif Image Viewer. 
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