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TUNING LIGHT TO SEE AND FEEL BETTER: THE HUMAN VISUAL AND
NON-VISUAL RESPONSES TO SPECTRAL VARIATIONS IN LIGHT

Hurlbert, A.*, Aston, S.", Pearce, B.M."
! Institute of Neuroscience, Newcastle University, Newcastle upon Tyne, UNITED KINGDOM

Anya.hurlbert@ncl.ac.uk

Abstract

The advent of tuneable, multi-channel LED light source technology enables vision scientists to
probe better the human response to light, yielding greater understanding of how human
physiology has adapted to natural environmental illuminations. At the same time, novel
lighting technology allows designers to tune lighting to shape human behaviour in different
environments. In this talk, | will discuss the effects of spectral tuning of light in terms of both
the visual and non-visual systems, and their possible interactions.

Keywords: Colour constancy, LED illumination, non-visual pathway

1 The optimisation of human colour constancy for daylight chromaticities:
laboratory experiments

Colour constancy is the perceptual phenomenon by which object colour remains constant
despite changes in the illumination spectrum — a yellow banana appears yellow whether
illuminated by tungsten light or morning daylight. Colour constancy depends on multiple
mechanisms in the human visual system (Hurlbert, 2007, Foster, 2011), and, although a
textbook example of a perceptual constancy, it is not universally perfect for all surfaces and
all illuminations — a fact captured by colour appearance models.

To examine the dependence of colour constancy on illumination, we have developed an
illumination discrimination task which measures colour constancy by determining
discrimination thresholds for illumination changes in particular chromatic directions
(parametrised by unit distances in a perceptually uniform space (Lu*v*)) (Pearce et al., 2014).
Using tuneable multi-channel LED light sources to generate changing illuminations in real
time, we find that thresholds for discriminating illumination changes are highest — i.e. colour
constancy is best - for “blue-ish” daylight illuminations. Conversely, colour constancy is worst
for atypical illuminations (Pearce et al., 2014). That is, thresholds (in AE,) for discriminating
illumination changes in ‘red’, ‘green’ or ‘yellow’ chromatic directions are significantly lower
than for changes in the ‘blue’ direction.

These results suggest that colour constancy is optimised for naturally encountered
illuminations, and that stability of object colour may be achieved even under changing
illuminations, provided these changes occur for cooler temperatures along the daylight locus.

1.1 Illlumination discrimination at non-neutral adaptation points

The “blue bias” in illumination discrimination, and colour constancy, has been shown for
scenes with neutral mean chromaticity, when the participant is adapted to a neutral (D67)
illumination (Pearce et al., 2014). In further experiments, we have shown that the relative
thresholds for the four chromatic directions depend on the scene surface ensemble, and
specifically, on the mean scene chromaticity, as demonstrated with simulated scenes on a
computer display (Krieger et al., 2015).

We have further investigated the extent to which the “blue bias” also holds for adaptation
points biased away from a neutral chromaticity point (Aston et al., 2015), as described in the
following sections.
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