






[image: PDFHALL.COM]






Menu





	 maison
	 Ajouter le document
	 Signe
	 Créer un compte







































Purves (2000) Color vision and the four-color-map

are effectively different domains. WHY NOT ANY FOUR ... the four-color-map problem in the spectral domain. The .... New York: Dover Publications. Shepard ... 

















 Télécharger le PDF 






 200KB taille
 15 téléchargements
 342 vues






 commentaire





 Report
























Color Vision and the Four-Color-Map Problem Dale Purves, Beau Lotto, and Thomas Polger Duke University Medical Center



Abstract & Four different colors are needed to make maps that avoid adjacent countries of the same color. Because the retinal image is two dimensional, like a map, four dimensions of chromatic experience would also be needed to optimally distinguish regions returning spectrally different light to the eye. We



therefore suggest that the organization of human color vision according to four-color classes (reds, greens, blues, and yellows) has arisen as a solution to this logical requirement in topology. &



An abiding puzzle in human color vision is why chromatic experience is predicated on four classes of color, each defined by a unique hue. Thus, a particular red, green, blue and yellow is seen as being entirely free of any other color, whereas all other hues are perceived as mixtures of these four (Figure 1) (Hurvich, 1981; Hering, 1964; Evans, 1948). Although it is well established that the initial processing of spectral information depends on the different absorption characteristics of three distinct receptor types (short-, medium-, and long-wavelength cones), and that the central processing of this information involves color-opponent mechanisms (Kaiser & Boynton, 1996; Wandell, 1995; Hurvich, 1981; Hurvich & Jameson, 1957), no clear rationale for this organization of human color vision has emerged. It is generally supposed that the perceptual quality of these four-color categories and their unique members is an incidental consequence of the color-opponent channels that Hering first proposed more than a century ago (Hering, 1964). Perhaps as a result, relatively little attention has been paid to understanding why human color experience is organized in this particular way. Here, we suggest that humans perceive four-color categories defined by unique hues because the visual system has evolved to solve a fundamental problem in topology, namely ensuring that no two areas separated by a common boundary in a two-dimensional array will appear the same if they are actually different. In topology, this issue is generally referred to as the ‘‘four-color-map problem’’ (Figure 2).



College London asked Augustus de Morgan, a professor of logic and mathematics, if he knew a proof for the apparent sufficiency of four colors to illustrate any map without having adjacent regions of the same color. After a lapse of some years, a friend of de Morgan’s stated the problem formally as a query in the Proceedings of the London Mathematical Society (Cayley, 1878). Proving the conjecture that ‘‘four colors are sufficient to color any map drawn in a plane or on a sphere so that no two regions with a common boundary [other than a point] are colored with the same color’’ was quickly taken up by scholars around the world. Indeed, most mathematicians during the subsequent century are said to have devoted at least some thought to the solution of this conundrum, and many a great deal (Saaty & Kainen, 1986; Appel & Haken, 1977; Ore, 1967). Its apparent simplicity notwithstanding, the four-color conjecture resisted efforts at a formal proof until 1976, when it was finally solved using a computer algorithm that required more than 200 pages to publish (Appel & Haken, 1976). Quite apart from the nature of this proof, the four-color-map problem raises the possibility that the four dimensions of human color experience (red, green, blue, and yellow) may have arisen as a means of dealing with this basic requirement in topology.



THE FOUR-COLOR-MAP CONJECTURE Although cartographers had long known that four colors are needed to make unambiguous maps, the four-color-map problem was first posed as a logical challenge in 1852. In that year, a student at University © 2000 Massachusetts Institute of Technology



RELATIONSHIP OF THE FOUR-COLOR-MAP PROBLEM AND COLOR VISION Visual perception is necessarily based on a two-dimensional topography. Despite the three-dimensional provenance of most visual stimuli, the scenes we see are derived from two-dimensional projections focused on the retina. Because objects are defined visually by their contrast with other objects, the ability to distinguish one object from another— presumably the central purpose Journal of Cognitive Neuroscience 12:2, pp. 233–237



Figure 1. Human color experience is generally described in terms of hue, saturation and brightness. Hue is the quality of the color as such, saturation the degree to which the color differs from a neutral gray, and brightness (or lightness) the perceived intensity of the color. Four primary colors— red, green, blue, and yellow— are characterized by a unique color percept (asterisks), that is, a color experience that cannot be seen or imagined as a mixture of any other colors. Secondary color groupings, such as purples, oranges, cyans, and yellow-greens, are perceptual mixtures of two of the four primary hues, and can always be perceptually reduced to the relative contributions of these four underlying components.



of vision— depends on defining contrast boundaries within this topography. To the extent that object boundaries are not effectively defined, scenes remain ambiguous, thus increasing the chance of responding to a visual stimulus with inappropriate (and potentially detrimental) behavior. All sighted mammals (some species of moles and bats are effectively blind) can readily distinguish boundaries demarcated by differences in surface luminance. However, mammals or other animals with color vision are also able to distinguish boundaries defined by differences in the spectral distribution of the light stimulus. It therefore follows that a visual system capable of identifying boundaries that entail spectral differences will be more effective in distinguishing objects than one that cannot (see, e.g., Mollon, 1991; Frome, Buck, & Boynton, 1981). Given this general rationale for the evolution of color vision, the logic of the four-color-map problem implies that humans or other animals would wish to instantiate this sensory modality in a manner that avoids the problem map makers would have if they were limited to a palette of less than four colors. Unlike the cartographer, however, the visual system cannot arbitrarily assign colors to different regions of the visual world to avoid ambiguity; on the contrary, it must deal with the spectral returns from objects, whatever they happen to be (Figure 3A). How, then, can the human visual system, or any other, solve the demands of the four-color-map problem for spectral returns? AN EXPLANATION IN PRINCIPLE A variety of psychophysical evidence— most famously the demonstrations presented by Edwin Land in the



Figure 2. The four-color-map problem. Four regions (numbered 1 through 4) in a two-dimensional topology (A) cannot be unambiguously distinguished using fewer than four colors (B). The challenge in the classical four-color-map problem was to prove that four colors are sufficient to disambiguate any arbitrarily complex two-dimensional map, such as the example in (C). Although the four-color requirement seems empirically obvious, it took more than a century to show that the four-color-map conjecture is, in fact, correct.
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late 1950s (Land, 1959a; Land, 1959b) — has shown that the visual system generates color percepts by comparing spectral returns throughout a scene (Kaiser &



Boynton, 1996; Wandell, 1995; Land, 1986; Hurvich, 1981; Evans, 1948). Applying the lesson of the fourcolor-map problem, this process, whatever its particulars, must involve a comparison of spectral returns in at least four different dimensions. If the number of dimensions for comparison were fewer than four, then, as indicated in Figure 2, some abutting territories would be conflated. An intriguing possibility, therefore, is that the four primary-color categories we experience — reds, greens, blues, and yellows— are the sensations produced in the course of these four comparisons. In this conception, the unique hue that defines each category (that is, the particular color in each group that is perceived as pure and unmixed) represents the maximum perceptual ‘‘distance’’ that human visual experience can proceed along one of the four necessary dimensions of comparison (Figure 3B) (the unique hues of red, green, blue, and yellow defining these dimensions in much the same way that the terminus defines a subway line). Hering (1964) proposed that black and white also be considered polar opposites similar to the red-green or blue-yellow axes. Whatever the merits of this suggestion, neutral shades, ranging from black to white, can be ignored for present purposes, since these percepts do not entail spectral differences, but only differences in luminance (which may explain the diminished ability of humans to discriminate boundaries using luminance information alone; see Mollon, 1991; Frome et al., 1981). Thus the four-color-map problem is not resolved by the visual systems of animals that lack color vision, or by our own visual systems when viewing scenes that are rendered only in shades of gray (as in an old movie). Nor would black and white in conjunction with a single-color axis suffice, since chromatic and achromatic experience are effectively different domains. WHY NOT ANY FOUR COLORS? Even if one accepts the conclusion that perceptions of grays cannot solve the four-color-map problem for spectral differences, it is reasonable to ask why any four colors could not do the job. After all, we see hundreds of colors, all of which are relevant to disambiguating spectral returns in the two-dimensional retinal topogra-



Figure 3. The topological requirements made plain in the four-colormap problem imply that four dimensions of color comparison are needed to unambiguously distinguish spectral returns. (A) Diagram of the different spectral returns of four adjacent regions in a visual stimulus, using the same schema as in Figure 2. (B) By analogy with the four-color-map problem in cartography, comparisons in four different dimensions would be required to optimally disambiguate objects with different spectral returns in any given scene. (C) As a consequence of these four-way comparative processes, the spectral return from any given region is experienced as relatively more reddish, greenish, bluish, or yellowish than the return from any other region in the scene.
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phy that initiates vision. If the cartographer can solve the problem with any four colors, or indeed with any four distinguishing symbols (four different textures would do as well in cartography, although at some expense to esthetics), why can the visual system not do so? First, color vision is restricted to the perception of spectral differences, which, as already noted, rules out the use of other visual qualities, such as texture to solve the four-color-map problem in the spectral domain. The goal of color vision is presumably to aid and abet whatever contributions are made to object discrimination by nonspectral differences arising from surface qualities. Second, the many colors we experience are all perceptual mixtures of red, green, blue, and yellow. It is not the spectral returns themselves, or even the resulting color percepts that optimally distinguish color boundaries, but rather the process of comparing spectral returns in four requisite dimensions of color space (Figure 3C). Of course, the specific colors we experience as primary could have been otherwise, but if our argument with respect to the four-color-map problem is correct, the challenge of optimally distinguishing spectral boundaries could not have been met with less than four dimensions of color experience. If fewer than four comparisons were available, some ambiguity in the boundaries defined by different spectral returns would be inevitable, as is evident in the discussion of color deficiencies in the following section. HUMAN COLOR DEFICIENCIES AND COLOR VISION IN OTHER SPECIES Although many species have color vision, among mammals only humans, catarrhine primates, and some platyrrhine primates have a trichromatic color system, most other mammals being dichromats (Mollon, 1991; Neumeyer, 1991). Moreover, in some New World species, females are trichromatic and males dichromatic, whereas tetrachromatic vision is relatively common among birds and fishes (op. cit.). This diversity of color-vision mechanisms, and the relative rarity of trichromatic vision among mammals (it seems reasonable to assume that experiencing four-color categories by virtue of color-opponent neurons is linked to having three cone types), presents a problem for the argument here. If, for the reasons stated, solving the four-color-map problem is essential for maximally effective color vision, why have so many species failed to hit upon the solution that has evolved in humans and some other primates (that is, trichromatic vision)? The answer may simply be that, whereas maximizing the information from spectral returns by comparison along four different dimensions of color experience is indeed essential to solve the topological problem outlined here, the value of this solution does not add so greatly to the efficacy of visually guided behavior as to 236
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have stimulated the evolution of trichromacy in a wider range of species. In other words, the cost/benefit ratio of solving this problem may be relatively high. The practical consequences of human color deficiencies tend to support this interpretation. The most common form of color deficiency in humans (excluding the minor abnormalities found in anomalous trichromats) arises from abnormalities in one of the three cone pigments (Nathans, Piantanida, Eddy, Shows, & Hogness, 1986). Human dichromats (so called because they require two instead of three variable lights of independent hue to match any spectral stimulus) are deficient either in distinguishing blues and yellows, or, more commonly, reds and greens (depending on which of the three cone pigments is affected). Such individuals (who make up about two to three percent of the male population in the United States) are capable of carrying out only two of the necessary four-color comparisons, and are thereby at a disadvantage in discriminating objects on the basis of spectral differences (Shepard & Cooper, 1992; Dalton, 1798). Nonetheless, human dichromats are not much impeded in carrying out the functions of daily life, and are excluded from only a few types of jobs. With regard to animals that have more than three cone types (the mantis shrimp presently holds the record with 10 different photoreceptor types; see Neumeyer, 1991), it is simply not known what their color experience might be, and, therefore, how to consider them in the present argument. CONCLUDING REMARKS The hypothesis that the human color vision solves a fundamental problem in topology provides a novel way of thinking about an otherwise perplexing feature of color experience, namely why we see four categories of color, each defined by a unique hue.



Acknowledgments This work was supported by an NIH grant #NS29187. Reprint requests should be sent to: Dale Purves, M. D., Department of Neurobiology, Box 3209, Duke University Medical Center, Durham, NC 27710, USA. Tel.: 919-684-6122; fax: 919-684-4431; e-mail: [email protected].



REFERENCES Appel, K., & Haken, W. (1976). Proof of 4-color theorem. Discrete Mathematics, 16(2), 179–180. Appel, K., & Haken, W. (1977). The solution of the four-colormap problem. Scientific American, 237(4), 108–121. Cayley, A. (1878). On the colouring of maps. Proceedings of the London Mathematical Society, 9, 148. Dalton, J. (1798). Extraordinary facts relating to the vision of colours: With observations (read in October, 1794). Memoirs Volume 12, Number 2



and Proceedings - Manchester Literary and Philosophical Society, 5, 28–45. Evans, R. (1948). An introduction to color (pp. 77, 78, 107, 130, 151, 164, 166, 224, 231). New York, NY: Wiley. Frome, F. S., Buck, S. L., & Boynton, R. M. (1981). Visibility of borders: Separate and combined effects of color differences, luminance contrast, and luminance level. Journal of the Optical Society of America, 71, 145–150. Hering, E. (1964). Outlines of a theory of the light sense (L. M. Hurvich & D. Jameson, Trans.). Cambridge, MA: Harvard Univ. Press. Hurvich, L. (1981). Color vision (pp. 180–194). Sunderland, MA: Sinauer Associates. Hurvich, L. M., & Jameson, D. (1957). An opponent-process theory of color vision. Psychological Review, 64, 384–108. Kaiser, P., & Boynton, R. (1996). Human color vision, 2nd edn. (pp. 250, 287, 353, 500, 507). Washington, DC: Optical Society of America. Land, E. H. (1986). Recent advances in retinex theory. Vision Research, 26, 7–21. Mollon, J. D. (1991). Uses and evolutionary origins of primate



color vision. In J. R. Cronly-Dillon & R. L. Gregory (Eds.), Evolution of the eye and visual system (Vision and visual dysfunction, Vol. 2) (pp. 306–319). Boca Raton, FL: CRC Press. Nathans, J., Piantanida, T. P., Eddy, R. L., Shows, T. B., & Hogness, D. S. (1986). Molecular genetics of inherited variation in human color vision. Science, 232, 203–210. Neumeyer, C. (1991). Evolution of color vision. In: Uses and evolutionary origins of primate color vision. In J. R. CronlyDillon & R. L. Gregory (Eds.), Evolution of the eye and visual system (Vision and visual dysfunction, Vol. 2) (pp. 284–305). Boca Raton, FL: CRC Press. Ore, O. (1967). The four-color problem. New York: Academic Press. Saaty, T. L., & Kainen, P. C. (1986). The four-color problem. Assaults and conquest. New York: Dover Publications. Shepard, R. N., & Cooper, L. A. (1992). Representation of colors in the blind, color-blind and normally sighted. Psychological Science, 3(2), 97–103. Wandell, B. (1995). Foundations of vision (pp. 69, 287, 291, 305). Sunderland, MA: Sinauer Associates.



Purves, Lotto, and Polger



237



























des documents recommandant







[image: alt]





Purves (2000) Color vision and the four-color-map 

regions returning spectrally different light to the eye. We therefore suggest that the organization of human color vision according to four-color classes (reds, ...










 


[image: alt]





Purves 

(MIT Press, Cambridge, MA), 2nd Ed., pp. 1â€“70. 9. Necker, L. A. (1832) Phil. Mag. J. Sci. 1, 329â€“337. 10. Rogers, B. & Graham, M. (1979) Perception 8, 125â€“134.










 


[image: alt]





Evaluation of a New Color Vision Test 

Evaluation of a New Color Vision Test http://colorvisiontesting.com/color6.htm. 2 sur 4. 20/01/2005 11:10. Below are two articles published on the subject of ...










 


[image: alt]





Neurogeometry of color vision - David Alleysson 

May 16, 2012 - derstand how the response of photoreceptor cells lead to ... in the following sections, neurogeometry could be a key to .... dences for such a renormalization process in Section 2. In ..... ers imply a change in processing when energy 










 


[image: alt]





color vision examination plates dbid 4h7xx 












 


[image: alt]





Gepshtein (2005) The combination of vision and 

Dec 28, 2005 - California, Berkeley, CA, USA, & Laboratory for Perceptual ... The nervous system often combines visual and haptic information ... of visualYhaptic combination is specialized for signals that coincide in .... their digits in one positi










 


[image: alt]





accueil - Comité consultatif Saint-Laurent Vision 2000 

et anglais) et Main basse sur les gènes ou les aliments mutants (traduit en anglais, japonais et italien et gratifié de 4 prix). Préoccupée par les questions de ...










 


[image: alt]





Color the second scoop blue Color the first scoop green Color the 

Color the ice-cream cones: The first, fourth and seventh are red. The second tenth and ninth are green. The third, fifth, sixth and eighth are brown. 1st. 3rd. 5th.










 


[image: alt]





Light, Vision, and Photometry 

Feb 1, 2015 - In simpler times, simpler solutions would suffice. ... Fidelity,â€� Human Vision, Visual Processing, and Digital Display III, ...... conditions, ordinary black-and-white photographic materials ...... Color is a phenomenon of physics, ph










 


[image: alt]





Light, Vision, and Photometry 

Feb 1, 2015 - Video imaging has become an indispensable tool in modern life. .... Wright, W. D.: The Measurement of Colour, 4th ed., Adam Hilger, ..... Luminance, as previously indicated, is a psychophysical analog of ...... Two issues are fundamenta










 


[image: alt]





Light, Vision, and Photometry 

Feb 1, 2015 - Downloaded from Digital Engineering Library @ McGraw-Hill ..... Reds tend to become darker in approaching scotopic levels; greens ..... When P is given in watts and F is given in lumens. ...... Alan R. Robertson, Joseph F. Fisher ......










 


[image: alt]





The Role of Vision and Spatial Orientation in the Maintenance 

Jun 6, 1997 - Another example occurs when an elderly person climbs stairs, using a ... lization of head motion is a fundamental feature of. 10comotion~~ ..... The methods we used required subjects to adopt a standardized .... with rapid arm movements










 


[image: alt]





Catch The Vision 

There were two women (Mary Magdalene and. Mary). One Angel was sitting on the stone, outside the tomb. The Angel told the women to go tell the disciples, ...










 


[image: alt]





Kingdom (2003) Color brings relief to human vision 

May 12, 2003 - the experimenter to probe its properties directly1â€“3,5â€“7,9,10. Important ... illustrate a general property of the colorâ€“luminance relationships.










 


[image: alt]





Color Temperature and Color Correction in Photography .fr 

Mar 11, 2002 - Color Temperature. The ratio of the intensities of blue to red. Green-Magenta Balance The relative amount of green. Optics. Eugene Hecht.










 


[image: alt]





The Color Guide for pdf 

emotions that draw the buyer to the product. As design, graphics,and imaging professionals, we know that color is a crucial part of the selling process because it ...










 


[image: alt]





The Principles of Color Selection 

break one leg off the "Y" and choose a color scheme such as red fuselage and yellow wings, or blue fuselage and. 12 SEPTEMBER 1964. PRIMARY COLORS.










 


[image: alt]





Gray and color image contrast enhancement by the curvelet transform 

The idea of curvelets [3] is to represent a curve as a super- position of functions ..... 15) performs well in edge regions (feather, background) while simultaneously.










 


[image: alt]





Vague Color Predicates and the Fineness of Grain Argument Kevin 

Vague Color Predicates and the Fineness of Grain Argument. Kevin Connolly, University of Toronto, [email protected]. Is vagueness merely a ...










 


[image: alt]





Testing the Interactions of Atmospheric Color and Interactivi 

Testing the Interactions of Atmospheric Color and Interactivity in Adve. ... PI: The dual mediation model will provide a good fit and explain significant variance in ...










 


[image: alt]





Martino (2000) Cross-modal interaction between vision ... - CiteSeerX 

The physiognomic hypothesis has trouble, however, in explaining the full pattern of cross-modal ..... Our statistical results appear .... tion'' Journal of Experimental Psychology: Human Perception and Performance 13 384 ^ 394. Martino G ...










 


[image: alt]





The Vision for Bio Science 

The Vision for Bio Science. Philippe ... CODIM100 is an add-on module which couples to commercial ... Questions ? Patented technology and patents pending. 9 ...










 


[image: alt]





precautions - Sevenoaks Sound and Vision 

the plug from the AC outlet. Even when the power switch is turned off, as long as the power cord is not unplugged from the wall AC outlet, the unit will not be ...










 


[image: alt]





vision and language - RenÃ© Doursat 

harmonic oscillations. Wang, DeLiang .... Appendix: pattern formation in excitable media ... spatiotemporal patterns of activity â€” yet, not a main field of research.










 














×
Report Purves (2000) Color vision and the four-color-map





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



