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DAYLIGHT IS FAMILIAR, BUT NOT ALWAYS INTUITIVE



EMOTION
psychology

VITALITY
physiology

COMFORT
acceptability

+

GRID-BASED
adequate

task lighting

... dynamically over time & space

where and when healthy, stimulating, and comfortable light will to occur ...

BEYOND ILLUMINATION



visual comfort dynamics
gaze behavior based on lighting conditions and task
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visual and thermal comfort
perceived interactions



Your Rainbow Panorama by Studio Olafur Eliasson

• does thermal perception 
depend on color of light?

visual and thermal comfort
perceived interactions



• does thermal perception 
depend on color of light?

• does thermal perception 
depend on brightness?

• does visual perception 
depend on temperature?
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visual and thermal comfort
perceived interactions



color of light & temperature light quantity & temperature

visual and thermal comfort
interaction effects
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visual and thermal comfort
impact on thermal perception of a visual experience



emotion
perceptual effects and visual interest in daylit architecture Prpf. Siobhan Rockcastle

LIPID PhD+PostDoc alumnus
Co-Founder of OCULIGHT – U of O, USA



spatial contrast
dynamic spatial and temporal qualities of daylight



Demonstration of the experimental setup by G. Chinazzo

perception of daylight patterns
irregularity linked to positive impressions Kynthia Chamilothori
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perception of daylight patterns
irregularity linked to positive impressions
and measurable calming effect



façade patterns
inspiration from worldwide architecture



assessing human response to daylight patterns 
VR immersion with omni-directional stereoscopic content (equirectangular projection)

left eye right eye



daylight patterns and environmental context
overcast conditions



daylight patterns and complexity
irregular pattern 



Image Source: Date and Time

Image Source: Web Urbanist; Harvard Health 

Environmental 
impact

Behavioral/Lifestyle 
impact

vitality



factors
intensity

wavelength
duration
timing
history

health
potential

dynamic model
thresholds
spectral sensitivity
integration
circadian rhythms
adaptation

health benefits
alertness

performance
wellbeing

sleep quality
mood

INPUT OUTPUT

vertical
illuminance

non-visual system
effects of ocular light exposure on human health Dr. Maria Amundadottir

LIPID PhD alumnus
Co-Founder of OCULIGHT – Entrepreneur,, Iceland



dynamic model
maximize the daily light dose without disturbing circadian timing 

health
potential

vertical
illuminance

INPUT OUTPUT

light dose

circadian timing



Dr. Maria Amundadottir
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Co-Founder of OCULIGHT dynamics, Iceland

dynamic model
cumulative dose and daily cycle



Victoria Soto Magan
PhD student

impact of spectrum and brightness on alertness 
self-rated evaluations (sleepiness, vigor) combined with PVT tests

1 effect of spectrum effect of intensity intensity+spectrum
‘bluer’ vs neutral bright vs dim bright ‘blue 1’ vs dim ‘blue 2’
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alertness and circadian resetting
phase-shifting impact of spectrum and brightness (physiological effects) 
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Decoding the ‘spectral diet’

Characterizing 
the spectral 
diet of humans

Forrest Webler

EPFL – 11.06.2019

LIPID
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1Forrest Webler*, 2,3,4Manuel Spitschan*, and 1Marilyne Andersen

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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Images from: Webler, F., Spitschan, M., Foster, R., Andersen, M., & Peirson, S. What is the" spectral diet" of humans? Current Opinions in Behavioral Sciences, 2019 (Accepted)

1 Laboratory of Integrated Performance In Design (LIPID), School of Architecture, Civil and Environmental Engineering (ENAC), École Polytechnique Fédérale de Lausanne (EPFL), Lausanne, Switzerland 
2 Department of Experimental Psychology, University of Oxford, United Kingdom
3 Centre for Chronobiology, Psychiatric Hospital of the University of Basel, Switzerland
4 Transfaculty Research Platform Molecular and Cognitive Neurosciences, University of Basel, Switzerland

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
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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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Images from: Webler, F., Spitschan, M., Foster, R., Andersen, M., & Peirson, S. What is the" spectral diet" of humans? Current Opinions in Behavioral Sciences, 2019 (Accepted)

1 Laboratory of Integrated Performance In Design (LIPID), School of Architecture, Civil and Environmental Engineering (ENAC), École Polytechnique Fédérale de Lausanne (EPFL), Lausanne, Switzerland 
2 Department of Experimental Psychology, University of Oxford, United Kingdom
3 Centre for Chronobiology, Psychiatric Hospital of the University of Basel, Switzerland
4 Transfaculty Research Platform Molecular and Cognitive Neurosciences, University of Basel, Switzerland

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
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TAKING THE OCCUPANT’S PERSPECTIVE IN DESIGN



Ryerson Student Learning Center
Toronto, CA | Snøhetta & Zeidler Partnership

EVALUATING A BUILDING’S MULTIDIMENSIONAL DAYLIGHT QUALITIES



Ryerson Student Learning Center
Toronto, CA | Snøhetta & Zeidler Partnership

the ‘BEACH’

the ‘FOREST’

EACH SPACE ITS OWN QUALITY…



Ryerson Student Learning Center
Toronto, CA | Snøhetta & Zeidler Partnership

THE OCULIGHT APPROACH



Ryerson Student Learning Center
Toronto, CA | Snøhetta & Zeidler Partnership

OCCUPANT-CENTERED WORKFLOW



INTEGRATED SOFTWARE SUITE
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the ‘BEACH’ the ‘Forest’

COMFORT



EMOTION

calming? exciting?

calming exciting

less exciting?

first unitarian church serpentine pavilion



the ‘BEACH’ the ‘Forest’

EMOTION



VITALITY



VITALITY

the ‘BEACH’ the ‘Forest’



FUTURE DEVELOPMENTS
spatio-temporal population analytics

from building performance to occupant performance in buildings…



spatio-temporal population analytics
FUTURE DEVELOPMENTS

from building performance to occupant performance in buildings…

… with in-situ monitoring using wearable technology



spatio-temporal population analytics
FUTURE DEVELOPMENTS

from building performance to occupant performance in buildings…



REVISITING SUSTAINABILITY…



HEALTH

EMOTION

COMFORT

REVISITING SUSTAINABILITY…



HEALTH

EMOTION

COMFORT

REVISITING SUSTAINABILITY…



HEALTH

EMOTION

COMFORT

EQUITY

REVISITING SUSTAINABILITY…



… BY TAKING THE OCCUPANT’S PERSPECTIVE

http://oculightdynamics.com
http://lipid.epfl.ch



LIPID Alumni

health perception

comfort energy

LIPID PhDs and PostDocsLIPID Alumni

EPFL – LIPID | Laboratory of Integrated Performance in Design

Prof. Marilyne Andersen
Head of LIPID

Dr. Jan Wienold
Scientist
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