Color constancy and the vein color illusion
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ABSTRACT. Color constancy refers to a phenomenon that the color of an object appears to be constant to some extent when the object is viewed through a chromatic transparent filter or when it is illuminated by a colored light. There are two different types of color changes that induce color constancy: one being the multiplicative color change and the other being the additive one (Kitaoka, 2011). It was pointed out that veins appear to be bluish but are actually of yellow or orange hue (Kitaoka, 2014), though this fact had been reported in the literature on the study of skin color. Here I propose a hypothesis that the vein illusion is not only a color-contrast illusion but reflects an erroneous expression of color constancy based upon the inverse transformation of the additive color change.
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“Vein color illusion” refers to a color illusion that subcutaneous veins appear to be bluish though they actually are of yellowish, orange or reddish hue with low chroma.
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A variant of color contrast illusion just resembles the vein color illusion.
[image: image19.jpg]D)

Filter color =red Synthesized color Filter color = blue Synthesized color Filter color=cyan  Synthesized color
Eye color =cyan =gray Eye color=yellow =gray Eye color =red =gray




[image: image10.jpg]/ R225, G220, B200

> R255, G220, B100

4





The ring of each image appears to be bluish, though it actually is not. The left image consists of yellowish pixels and the right one is made up of red pixels.
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The ring of the left image appears to be reddish, though it consists of cyan (greenish blue) pixels. The ring of the right image appears to be greenish, though it consists of brownish pixels.
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“Color constancy illusion” resembles the vein color illusion and the color contrast illusion.
[image: image23.jpg]R162,G163,B163 R151,G148,B151







Both “multiplicative” and “additive” color changes make the color constancy illusion. 

	
	Multiplicative color change
(giving transparent appearance)
	Additive color change
(giving translucent appearance)

	Color illusion
	[image: image12.jpg]RGB=177,229,234





	[image: image13.jpg]RGB=239,70,27 RGB=176,193,188

- , ¥ @

RGB=235,78,29 RGB=174,193,189





	Actual examples
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	Formula


	If the color of a pixel in the target image is (ro, go, bo),

the color of the filter is (rf, gf, bf),

and its transmittance is τ

(0 ≦ ro, go, bo, rf, gf, bf, τ ≦ 1）,

then the resulting color is given as 

( (τ+ (1－τ) rf ) ro, (τ+ (1－τ) gf ) go, (τ+ (1－τ) bf ) bo ).
	If the color of a pixel in the target image is (ro, go, bo),

the color of the filter is (rf, gf, bf),

and its transmittance is τ

(0 ≦ ro, go, bo, rf, gf, bf, τ ≦ 1）,

then the resulting color is given as

( τ ro + (1－τ) rf, τ go + (1－τ) gf, τ bo + (1－τ) bf ).


Kitaoka, A. (2011). A variety of color illusion: (2) Color constancy and two types of color filters. Journal of Color Science Association of Japan, 35(3), 234-236 (in Japanese).

These color changes can be inversely transformed by the algorithm that Kitaoka developed (to be reported elsewhere). It is suggested that the visual system be also equipped with this algorithm to realize color constancy.
[image: image17.jpg]R179,G188,8188
inverse
trahsformation

Transformed image Translucent plane




[image: image18.jpg]R171,G168,B153 R118,G146,B149

- +

i i H tra nS-FOrma-tlon - AR e :
Original image Inversely transformed Estimated

image translucent plane




Suggestion: The vein color illusion is an erroneous expression of color constancy based upon the inverse transformation.
This software displays pixels of low chroma as being dark and highlights veins.








The right eye appears to be cyan in the left panel, yellow in the middle panel, and red in the right panel, though in each panel the right eye is the same color (= gray) as the left eye.








