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Abstract 
Since the discovery of ipRGCs in the human eye [1-3], the field of circadian photoreception has led to 
fundamental discoveries on the effects of ocular light exposure on non-visual responses such as 
alertness, sleep, health and other neurobehavioral processes. 
 

They have come from a variety of laboratory studies (often conducted at night to use melatonin levels 
as an indicator of circadian phase [4-6]), in which participants are usually exposed to rather extreme 
and well-controlled conditions [7]. Their applicability to real-life, daytime conditions, are thus difficult to 
assess, and to what extent these findings matter for architectural design still remains ambiguous. 
 

The role of daylight in this context has so far not been clearly identified either. Abundant and inherently 
renewable, this source of light is usually considered necessary for regularly occupied working or living 
environments to be acceptable [8]. Yet it is rarely included in research studies due to its somewhat 
unpredictable nature. To address this knowledge gap, and considering that we spend the vast majority 
of our time indoors, it is becoming urgent to get a better understanding of our ‘light hygiene’ within the 
built environment, and determine whether and to what extent certain key properties of (day)light – its 
spectral distribution and its intensity over time – may impact our well-being or the adequacy of the 
places in which we work, learn or are being cared for [9-11] to fulfill our needs.    
 

Ongoing research efforts at LIPID aim to tackle this question from three perspectives, whose main 
outcomes and concepts are provided in figures A, B and C below. Semi-controlled, multiple-day studies 
focusing on daytime alertness in classrooms with distinct conditions in intensity and spectrum [12-13] 
were conducted in 2018 and repeated in 2019 (A). During these studies, a total of 68 subjects were 
asked to complete hourly routines that included subjective behavioral self-reports and attentional tasks, 
while monitoring their autonomic nervous activity through electrocardiogram recordings. 
  

 

A   
 

B         C 
 
 

A: Effects of intensity and spectrum on non-visual effects of light indoors – B: Measuring and analyzing spectral 
properties of light exposure – C: Simulation workflows to anticipate non-visual effects in design 
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Tracking the variation of spectra seen by individuals over time with a new wearable sensor SPECTRACE will enable an

identification of patterns of exposure, depending on a range of factors. By assembling a database of spectra from a broad enough

population using wearable technology, we hope to use k-means clustering methods to identify a set of ‘common spectra’, observed

with high frequency in real life. This analysis illustrates how statistical regularities in real world material properties and illuminant

spectra further reduce the dimensionality of our spectral environment. Future work will expand on the design and performance of the

sensor through a complete re-design bringing this approach to a global sample size and first ever spectral light exposure database.

The Laboratory of Integrated Performance in Design (LIPID) engages in questions of energy, health, comfort and

perception and their interactions in the design of the built environment, with an overall strategic goal of fulfilling building

occupant needs and a core focus area on daylighting strategies. Our work involves different perspectives and methods,

ranging from the human scale to the building and even urban scale, based on both simulations and experimental work.
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Entrainment of the circadian pacemaker depends on both the intensity and spectral distribution of light reaching the

retina, in addition to other contextual modulators. Daily ocular exposure to light is mediated by materials in our

environment, whose reflectance properties manipulate incident light spectra in ways which are not easily predictable.

Recording daily human light exposure at spectral resolution under normal living conditions has not been feasible until

now. We present the first results from a combination of wearable spectral sensing and data clustering methods to better

identify what spectra may have an impact on the circadian system.
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Spectra are generated from combining

materials with reflective properties and

illuminants. Scenes, captured by an

observer can be thought of being

‘hyperspectral’ since they comprise

spectral information over space.

Light enters the eye from a scene made

up of spectral information across space.

This ‘span’ of the scene refers to the

dimensions which are projected onto the

retina. The spectra arriving at the retina

are the ‘seen spectra’.

The ‘seen spectra’ are then absorbed by

photoreceptors and a signal is sent to the

brain. The photons which are absorbed

are the ‘consumed spectral diet’ which

are only a fraction of those originally

measured at the face plane.

A. Scene spectra B. Effects of anatomy C. Photoreceptor activation

Tracking spectral light exposure ’Spectral diet’ (10.00 – 19:30) k – centre spectra (k = 5)

Spectral dosimeter with cosine corrector



Outcomes showed that participants felt overall more alert, had higher attention spans and decreased 
heart rate decreased while in bluer rather than neutral dim environments, and while exposed to brighter 
rather than dimmer neutral daylight conditions. The next step is thus to anticipate the implications of 

design decisions or lifestyle choices affecting access to daylight by resorting to broader data collection 
and to simulation models. 
 

Towards this end, wearable technology is being developed in combination with novel mathematical 
models to build more knowledge about the ’spectral diet’ [14] we are actually experiencing in our urban 

lifestyle (B) and better anticipate its potential impact on health and well-being. Specifically, the objective 
is to map the current topography in ‘light hygiene’ by collecting ambient light information from multiple 
individuals to assess the prevalence of different spectral diets. We are then interested to evaluate the 

long-term potential health impact posed by the more common diet profiles in order to assess the global 
risk associated with poor light hygiene, which requires to resort to simulation.  
 

New simulation workflows are thus needed that rely on models able to link given properties of light [15] 
with neurophysiological responses (C). The idea is to determine to which degree spectral simulation 

can be used to predict building occupants’ exposure to light (considering both the spectral distribution 
and intensity over time), accounting for probable changes in view direction and position over time.  
 

The ultimate objective pursued here is to help inform design with a better understanding of what we 
should be most attentive to with regards to our light exposure when designing working, learning or 

healing places [16]. 
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