The Human Demosaicing Algorithm

David H. Brainard; Department of Psychology, University of Pennsylvania; Philadelphia, PA/USA

Abstract

This talk will review work that seeks to clarify the
demosaicing algorithm used by the human visual system, as well
as work on how the visual system could learn the spectral classes
of the cone photoreceptors in the retinal mosaic.

Summary

The human visual system shares with most digital cameras the
design feature that color information is acquired via spatially
interleaved sensors with different spectral properties. That is, the
human retina contains three distinct spectral classes of cone
photoreceptors, the L-, M-, and S-cones, and cones of these three
classes are spatially interleaved in the retina. Similarly, most
digital cameras employ a design with interleaved red, green, and
blue sensors. In each case, generating a full color image requires
application of a demosaicing algorithm that uses the available
image data to estimate the values of the two cone/sensor classes
not present at each cone/sensor location [1].

It is well-known that the reconstruction of information lost
via interleaved spectral sampling by can lead to visible chromatic
artifacts in the resulting full color image [see e.g. ref. 2, Figure 1].
Interestingly, such artifacts are rarely observed in human vision
[3], suggesting that the visual system may employ a sophisticated
demosaicing algorithm to deal with interleaved cone sampling.
Indeed, until recently, understanding the human demosaicing
algorithm has been resistant to experimental investigation because
it has been difficult to demonstrate artifacts resulting from it. In
2005, however, Hofer et al. [4] reported psychophysical
experiments in which an apparatus incorporating adaptive optics
was used to stimulate single retinal cones and in which subjects
reported the color sensations arising from such simulations. These
experiments provide insight about the human demosaicing
algorithm.

In the first part of this talk, I will review the measurements of
Hofer et al. [4] and show how they can be understood using a
model based on a Bayesian demosaicing algorithm [2, 5]. The
algorithm incorporates a prior based on the statistical properties of
natural color images, and takes into account the precise
arrangement of the retinal cones of each observer. The model
provides a parsimonious account of a number of features of the
experimental data, and in particular accounts for inter-observer
variation in color naming entirely in terms of measured individual
differences in the arrangement of the retinal cones. That is, the
responses of observers to single cone stimulation can be explained
by predictions of how a Bayes optimal observer would respond to
the same type of stimulation, as long as the arrangement of the
cones is taken into account.

The conclusion that the human demosaicing algorithm
requires that the visual system 'know' the arrangement of its cone
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mosaic at a fine spatial scale raises the interesting question of how
such knowledge is obtained. For the L and M cones, a variety of
lines of evidence suggest that the class of the cone at each retinal
location is learned, rather than signaled by some sort of
biochemical marker [6, 7, 8]. In the second part of the talk, I will
present results that show that natural images contain sufficient
statistical structure to support unsupervised learning of cone
classes [see also ref. 9].

References

[1] B. K. Gunturk, J. Glotzbach, Y. Altunbasak, R. W. Shafer, & R. M.
Mersereau, "Demosaicking: Color Filter Array Interpolation,” IEEE
Signal Processing Magazine, 22, pp. 44-54 (2005).

[2] D. H. Brainard, D. R. Williams, & H. Hofer, "Trichromatic
Reconstruction from the Interleaved Cone Mosaic: Bayesian Model
and the Color Appearance of Small Spots. Journal of Vision, 8(5):15,
http://journalofvision.org/8/5/15/, doi:10.1167/8.5.15, (2008).

[3] D.R. Williams, N. Sekiguchi, W. Haake, D. H. Brainard, & O.
Packer, "The Cost of Trichromacy for Spatial Vision." In Advances
in Understanding Visual Processes: Convergence of
Neurophysiological and Psychophysical Evidence (Lee, B. &
Valberg, A. eds.), Plenum Press, 1991.

[4] H. Hofer, B. Singer, & D. R. Wiliams, "Different Sensations from
Cones with the Same Photopigment, " Journal of Vision, 5(5):5,
http://journalofvision.org/5/5/5/, doi: 10.1167/5.5.5, (2008).

[5] D. H. Brainard, "Bayesian Method for Reconstructing Color Images
from Trichromatic Samples," Proceedings of the IS&T 47th Annual
Meeting, Rochester, NY, pp. 375-380, (1994).

[6] P.Lennie, P. W. Haake, & D. R. Williams, “The Design of
Chromatically Opponent Receptive Fields,” In Computational models
of Visual Processing (Landy, M. S. & Movshon, J. A. eds.), MIT
Press, (1991).

[7] K. Mancuso, W. W. Hauswirth, Q. Li, T. B. Conner, J. A.
Kuchenbecker, M. C. Mauck, J. Neitz, & M. Neitz, "Gene Therapy
for Red-Green Colour Blindness in Adult Primates," Nature, 461, pp.
784-787, (2009).

[8] G.D. Field, J. L. Gauthier, A. Sher, M. Greschner, T. A. Machado, L.
H. Jepson, J. Shlens, D. E. Gunning, K. Mathieson, W. Dabrowski, L.
Paninski, A. M. Litke, & E. J. Chichilnisky, "Functional Connectivity
in the Retina at the Resolution of Photoreceptors," Nature, 467, pp.
673-677, (2010).

[9] A.J. Ahumada, Jr. & J. B. Mulligan, "Learning Networks for the
Red-Green Opponent System," Investigative Ophthalmology and
Visual Science, 31(4, supplement), p. 262 (abstract), (1990).

Author Biography

David Brainard received his AB in physics from Harvard University
(1982) and MS (electrical engineering) and PhD (psychology) from
Stanford University in 1989. He is currently Professor of Psychology at
the University of Pennsylvania and his research focuses on human color
vision and color image processing. He is a fellow of the Optical Society
of America and the Association for Psychological Science.

©2011 Society for Imaging Science and Technology





