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ABSTRACT: This paper shows the potential of using photographic and thermographic cameras in conjunction with 

three-dimensional models for the representation and assessment of the quality of light and heat in existing buildings. 

Explorations have been performed on a free-running building, the school of architecture at Laval University, which is 

highly exposed to solar radiation. Surveys have been conducted at various scale and using a time-sequential method. 

Images were then processed based on image contrast to allow the evaluation of luminous and thermal diversity in 

space. Results of the investigation revealed evocative visual information relating lighting and thermal diversity 

through day and night and at every scale with the minimal use of photos. 
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INTRODUCTION 

The energy efficiency of a building is closely linked to 

the experience of occupants in architecture. Architects 

neglecting the visual and thermal qualities of light during 

the preliminary phase of design can lead to occupants 

discomfort and deceiving energy performance of the 

building. Architects must integrate environmental 

diversity as a design criteria at the first stage of design.  

While the assessment of the quantitative aspect of light 

and heat has been widely explored, very few researchers 

investigated the combined visual and thermal qualities of 

light over space and time. Energy modelling softwares, 

which are often used in the design and construction 

industry, tend to rely on precise information such as the 

nature of all materials and need countless information to 

operate, which allows only experts to get a detailed 

insight on the visual and thermal behaviour of a building. 

This also makes energy simulation modelling inadequate 

at the first stage of design since a lot of parameters are 

still unknown. We could therefore say that software 

simulation «validates» a design concept, but cannot help 

«generate» that concept. That being said, it can be 

difficult for designers to figure out how the «invisible» 

(i.e. the thermal environment) part of the physical 

environment varies without the involvement of software 

modelling. There is indeed a need for a new method, a 

new type of precedents in architecture, devoted to train 

the eye of the architects to predict, by intuitive thinking, 

the behaviour of the lighting and thermal patterns of 

daylighting in time and space.  

This paper explores the potential of using 

photographic and thermographic cameras in conjunction 

with three-dimensional models for the representation and 

assessment of the quality of light and heat in existing 

buildings. Recent development in infrared thermal 

imagery now offers the opportunity to open up the 

invisible thermal aspect of space to architects while 

three-dimensional modelling is a powerful tool for 

visualizing and representing building environment that is 

used by architects. The correct representation of the 

dynamics of those ambiances can have a lot of benefits 

on the understanding and on the assessment of existing 

building and thus set up an unlimited source of 

precedents to seek advice from during the design of a 

new construction. As tangible artefacts, they constitute 

material entities with which to interact and thereby 

develop knowledge.  

 

ON ENVIRONMENTAL DIVERSITY 

In order to reduce the relative importance of building’s 

mechanical system, architects must design building that 

operates in conjunction with the exterior environment 

(e.g. natural ventilation) whose most essential 

characteristic’s certainly its diversity. Steemers [4] 

believes that every building presents a certain degree of 

environmental diversity and that it’d be better to take 

advantage of this diversity instead of trying to eliminate 

it. He also considers that the absence of discomfort is a 

convenience that should be proscribed, since it omits the 

potential environmental satisfaction that can results from 

the presence of a certain degree of stimuli and contrast. 

However, there are still some questions around the 

determination and evaluation of the presence of diversity 

without falling into subjectivity. Researches by Demers 
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[1,2,3] have explored and demonstrated the potential use 

of digital images as a medium for the quantitative and 

qualitative assessment of the quality of light in space. 

The method developed by Demers draws interest for the 

present research because the use of digital images allows 

both the visualization and the analysis of contrast and 

thus environmental diversity related to daylighting. 

Demers proposes the use of contrast as a global 

integrator since it can be measured and is one of the most 

essential characteristic of the perceptual description of 

ambiences (figure 1). In fact, luminance and contrast are 

two complementary elements of the visual system: 

without light (luminance = 0), it is impossible to see, and 

without contrast, it is impossible to perceive the different 

patterns of light in space and time [5]. Furthermore, 

Demers suggests that contrast is probably the most 

versatile data to provide an appropriate basis for 

comparison of qualitative and quantitative design 

solutions.  

 

 

Figure 1. Example of patterns of light in space using digital 
image for the analysis of contrast.  

 

However, there are still some concerns about the fact 

that images alone can provide information only for one 

point of view instead of the whole space. Also, as digital 

cameras differ from one to another, the values of the 

recorded pixels can vary within the same scene with the 

use of two different cameras. New technology now offers 

the opportunity to calibrate luminance value on pictures 

by combining pictures under different exposure [4,10]. 

This allows the evaluation of the exact luminance of the 

scene and can be integrated into the method. Finally, this 

research proposes that the method would need to be 

extended to thermal imaging for the evaluation of heat 

through space and time. 

 

 

CASE STUDY 

Explorations have been performed on a free-running 

building, the school of architecture at Laval University, 

which is highly exposed to solar radiation. Corridors of 

the Aile de la Procure were designated for the 

investigation since the orientation of this wing of the 

building is favorable to the admission of direct sunlight 

for an extended period of the day.  

 
Figure 2. Main courtyard of the school of Architecture 

surrounded by its different wings. 

 

The corridors of the Aile de la Procure differs 

slightly from one level to the other, especially in terms of 

opacity of the enveloppe and morphology of the spaces 

(figure 3), making these spaces ideal for the visualization 

and comparison of many environmental diversity 

scenario.  

 

Figure 3. Photos, sections and morphology of the corridors of 
the Aile de la Procure. 
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Surveys have been conducted at various scales and 

using a time-sequential method. A first representation at 

the scale of the whole building (figure 4) was made to 

permit the visualization of global environmental diversity 

in-between the different corridors in conjunction with the 

exterior environment.  

 

Figure 4. Three-dimensional model of the building section. 

 

A more detailed survey has also been done on a 

specific space, which is a portion of the 4
th

 floor of the 

Aile de la Procure, in order to validate the visualization 

method at the scale of a precise environment (figure 5).  

 

Figure 5. Three-dimensional model of the corridor of the 4
th

 
floor. 

 

Finally, a schedule for the surveys was established in 

order to maximize opportunities of experiencing visual 

and thermal diversity on a diurnal/nocturnal cycle (9h, 

12h, 15h, 18h, 21h, 9h) by the summer solstice.  
 
 

METHODOLOGY 

The procedure taken for the survey of environmental 

diversity required the use of both digital and thermal 

cameras, a luminance-meter and a camera tripod. Five 

(5) digital pictures of each and every designated surface 

were taken at different level of exposure (-2, -1, 0, +1, 

+2). Also, the survey of the luminance value of a precise 

point on every surface has also been measured. Finally, a 

thermal image of every surface, as perpendicular to the 

surface as possible, has been taken.  
 

Every digital image was then imported into the 
Photosphere software [10] to generate a HDR (high 
dynamic range) images using the five (5) photos of each 
surveyed surface. Afterward, every HDR image was 
calibrated using the luminance value which was 
measured in situ. This modification to the image permits 
the measurement of the exact luminance value of each 
and every point on the whole HDR image with an error 
margin of less than 10% [4]. It was then important to 
determine and set a common luminance and apparent 
temperature scale for every HDR and thermal images. 
This step is essential to allow the comparison of the 
different scenes and also to make possible the adjunction 
of the different images onto the three-dimensional model. 
 

Images were then processed based on image contrast 
to allow the visualization of luminous and thermal 
diversity in space. False-color luminance map of the 
scene were made from the HDR images (figure 5) using 
Photosphere software. FLIR Quick Report, a thermal 
imaging analysis software, was employed to create false-
color renderings of the distribution of apparent 
temperature in space. False-color renderings clearly 
explicit the distribution of luminance and heat on images 
which contribute to the visualization and thus the 
understanding of both phenomena.  
 
 

 

Figure 6. False-color luminance map made from an HDR image. 
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Resulting images were then brought into a three-

dimensional model, making it easier for the viewer to 

comprehend the context relative to the images. A method 

previously developed by Schreyer [8], using freely 

available 3D modeller Google SketchUp for the 

visualization of thermal environment in conjunction with 

three-dimensional models, was employed for this 

operation. Typical points of view of both models were 

finally settled and images were exported for every survey 

(9h, 12h, 15h, 18h, 21h, 9h) and at both scales.  

 

RESULTS 

Results of the investigation revealed evocative visual 

information relating lighting and thermal diversity at 

every scale. With the minimal use of photos, research 

showed the possibility to represent the variability of the 

overall ambiences of the building through day and night 

by incorporating photos into a building section. Figure 7 

shows an example of the representation of the thermal 

diversity at the scale of the whole building. It is possible 

to perceive the important variations between all the 

corridors at 21h00, especially in the basement where the 

temperatures of the surfaces are lower than the second 

floor by 2°C and by as much as 6°C from the fourth 

floor. Those notable dissimilarities show how diversity 

relates to space and how important it can be with the 

main difference between all corridors being the position 

and dimensions of their apertures.  

 

 

Figure 7. Important thermal variations from one level to the 
other at 21h00 at summer’s solstice. 

 

When looking at a more precise scale, results 

illustrate interesting information related to the 

distribution of light (Figure 8) and heat (Figure 9) 

through space and time. Both figure 7 and 8 shows 

important lighting and thermal diversity at 15h00, when 

solar radiation strikes the space the most. Variations are 

most likely to be significant near the apertures, where the 

sun penetrates the space. Inversely, diversity tends to be 

less important when spaces are under the influence of 

diffuse lighting, which is the case at 9h00.  

 

Figure 8. Lighting diversity at 9h00 and 15h00 at summer’s 
solstice, 4th floor of the Aile de la Procure. 

 

 

Figure 9. Thermal diversity at 9h00 and 15h00 at summer’s 
solstice, 4th floor of the Aile de la Procure. 

 

Finally, figure 10 shows the overall results of the 

lighting (left column) and thermal diversity (right 

column) in space and time at the whole building scale. 

Visualization of the results in the form of a two-entry 

table displays interesting information relating 
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environmental variability of the Aile de la Procure. For 

example, spaces with greater apertures and located at an 

higher level within the building varied the most while 

spaces connected to the ground showed only little 

diversity, both in time and space, revealing the 

importance for the design of the apertures, the orientation 

and the relative position of every space in the building.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Lighting and thermal diversity through space and 
time of the Aile de la Procure at summer’s solstice. 

 

CONCLUSION 

The adjunction of images to the three-dimensional model 

adds a dimension relative to space and context that 

images alone can’t provide. The method is based on the 

principle of augmented reality where it is possible to 

perceive the invisible and offer a platform relating 

lighting diversity (both visual and thermal). The method 

can be used to provide good lesson on environmental 

diversity in building, to serve designers as a bank of 

precedents for inspiration and also to offer clients a good 

way to understand how diversity relates to design and 

how the attention paid to solar radiation is worth 

investigating right from the project induction. The 

visualization of the ambiances of a section of the School 

of Architecture of Laval University acts as the first of a 

series of precedents relating environmental diversity. 

However, more research involved to classify and 

compare buildings in terms of their respective ambiances 

should be expected. It would also be interesting to 

evaluate diversity quantitatively. This would be relevant 

to investigate on some characteristics, criteria or patterns 

to help classify architectural precedents. 
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