Scotopic hue percepts in natural scenes
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Background

The color appearance of an object under scotopic illuminating conditions varies
depending on the context. Objects generally appear bluish-green when viewed
in isolation, but can appear red or orange when seen with another object in
view (Pokorny et al., Visual Neurosci., 23, 2006). The scotopic hue percepts
depend on the relative contrast, number, and spacing between an object and
the surrounding context (Elliott & Cao, VSS 2011). This study explored whether
relational scotopic hue percepts occur in natural scenes, and how hue percepts
depend on natural image statistics in luminance and spatial frequency.
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Images. 24 calibrated natural images (McGill Colour Image Database) were
presented using the blue phosphor, so the luminance for each pixel was linearly
related to 256 gray-levels.

Subjects. Ten observers participated. Each observer completed 10 hue and
saturation judgements (on spearate days) per image.
Data Analysis:
1. Factor analysis used to extract common factors in 10 natural image statistics.
2. The association between reported hue percepts and the resulting factors were
examined by Multinomial Regression Analysis.
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Multinomial Regression Analysis
Reference Category:
includes green, blue, gray

Category 3:
includes yellow & yellow-green

Category 2:
includes red & orange

Category 4:
includes purple
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Procedure. A hue scaling technique was used to measure the perceived hue and
saturation of a 4 deg “test patch” for each 24 deg image.
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Calibrated
Image

Luminance. Calibrated ND filters (~4.1 log units) reduced the mean luminance of
each image to ~0.0011 scotopic (~0.0001 photopic) cd/m2. The max luminance did
not exceed 0.0056 scotopic cd/m2 for any image (well below cone threshold).
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Desaturated hue percepts (saturation 5-15%) were reported in 29-96% of the trials for each image,
clear evidence for relational scotopic hue percepts in natural scenes.
For the current sample of images, compared to the green/blue/gray hue category:
nred/orange & sometimes purple [yellow] are more [less] likely reported when:
1. the variance, skew and kurtosis describing the luminance distribution are higher;
2. the test patch luminance is a decrement compared to the mean image luminance;
3. the amplitude for frequencies below 2 cpd is low [high] for the test patch [whole image].
nYellows are less likely reported with and increase in the texture properties within the test patch.
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