Colour constancy of real 3-D objects and the roles of spatial and temporal mechanisms
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Colour constancy describes the extent to which an object appears of unchanged colour despite changes in illumination conditions.  The effect of a change in the spectrum of the illuminant on the light reflected from different objects in a scene to the eye depends on each material’s spectral reflectance.  Within each cone class, however, the effect is decently approximated by multiplication by the same constant for all materials.  This suggests that if the cone-coordinates of the illuminant can be estimated, then a neural process could invert the effect. We examined colour constancy of 344 natural and man-made 3-D objects (Foster, Nascimento et al., 2004, Visual Neuroscience, 21, 331-336) in variegated scenes under a change from sunlight to skylight (Taylor and Kerr, 1941, 1941, Journal of the Optical Society of America 31, 3.).  The virtual image of an illuminated three-dimensional test cube was projected by a large 50/50 beamsplitter onto a three-dimensional carbon mask in a three-dimensional scene. The scene and the test object were illuminated independently by a computer-driven colour projector using a periscope technique.  We measured changes in the colour appearance of test-reflectances by determining the locations of boundaries between colour categories (Smithson and Zaidi, 2004, Journal of Vision, 4(9), 693-710).  Under prolonged adaptation to each illuminant, observers demonstrated a high degree of appearance-based colour constancy. Classification of test materials on chromatically balanced or biased backgrounds were similar to classifications without a background, indicating that this stability does not depend on spatially extended estimates of the illuminant’s cone-coordinates. To critically compare the roles of local and extended spatial and temporal processes, we then simulated different illuminants on the test and on the background. Observers continued to demonstrate reasonable colour constancy.  The results suggest that observers can invert the effect of illuminant spectrum changes by collating spatially local information over time.
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