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Es wird eine Zonentheorie zur Erklirung des Farbensehens aufgestellt, die die
Theorien von Young-Helmholtz und Hering kombiniert, Die vorliegenden Daten
itber die Unterscheidung von Wellenlingen als Funktion der Leuchtdichte lussen
zwei verschiedene Mechanismen fiir die Rot-Griin- und fiir die Gelb-Blau-Un-
terscheidung vermuten. Andererseits lassen einige psychophysische Erscheinungen
wie die Stiles-Crawford-Effekte und die Farbumstimmung drei verschiedene
Sehpigmente in den Rezeptoren annehmen, aus denen sich die spektralen Ab-
sorptionskirven und die Extinktion erkliiren lassen.

La vision des couleurs est expliquée par une théorie de zones combinant les
théories Young-Helmholtz et de Hering. Les précisions données sur la diserimi-
nation des longueurs d'onde en fonction de la Eumimmce, nous forcent & supposer
deux méeanismes distinets pour le rougefvert et le jaune/bleu. Quelques phéno-
ménes psychophysiques, comme les effets Stiles-Crawford et Uadaptation chroma-
tique, nous poussent d'autre part i adimettre Uexistence de trois pigments visuels
différents dans les récepteurs ce qui expliquerait les courbes d’absorption spec-
trale et les densités.

Arguments are put forward to explain the basic facts about color vision in the
frame work of a zone theory, a combination of the Young-Helmhollz and the
Hering theory. Data on wavelength discrimination in particular as a function of
luminance, necessitate to assume separate mechanisms for red-green and for
yellow-blue discrimination (Hering). Some psychophysical data on the other
hand, like the Stiles-Crawford effects and those on chromatic adaptation, give
reason to assume three different visual pigments in the receptors, of which the
spectral absorption curves and the densities can be derived.

During more than a century two theories of colour vision exist, the
Younc-HELMHOLTZ theory and the Hering theory. In 1881 Donpers [1]
proposed that the solution might be that both theories are valid. Such a
point of view, mostly called a zone theory — because both theories would
apply to different zones in the transmission of the visual information
appeared several times in the literature. Especially the name of G. E.
MULLER [2] is associated with it. The zone theory however did not get
many adherents. In 1962 the author [3] proposed again a zone theory.

A row of arguments can be put forward to support the Younc-
Hewmnortz theory. Already old data indicate that the fundamental
response curves according to the Younc-HeLmuoLrz theory are peaked at
about 450, 540 and 590 nm. We refer here to Pirt [4], who based his
determination on the properties of colour defective observers. New data
on chromatic adaptation obtained by BrinpLEY [5] — although one can
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differ in opinion about the interpretation (WALRAVEN [3; 6], WALRAVEN,
vaN Hout and LeeBEek [7]) — are in agreement with that. Also the
measurements by RusHTON [8] and Ripps-WEALE [9] on the reflection of
light from the fundus after bleaching agree with these values. The recent
analysis [10] of the chromatic StiLEs-CRawrORD effect indicates, like
RusuTON’s and WEALE’s data, that the Younc-HeLmnortz character of
colour vision is associated with three different cone pigments. The recent
data obtained with microspectrophotometry of single cones do not leave
any doubt about that [11; 12].

Fig.1: Scheme of a zone theory of colour vision

On the other hand there are many arguments in favour of the HeriNnG
theory. In particular HurvicH-JaMESON [13] have defended this point of
view based on the analysis of psychophysical data. In our opinion one of
the strongest arguments to make a distinction between brightness and
chromaticness channels is the fact that after moderate chromatic adaptation
the colour impression changes while the luminosity curve keeps its shape
according to PiéronN [14]. Moreover the electrophysiological findings by
SvaeTicHIN et al. [15] in the fish retina, and by DEVavrois et al. [16] in
the lateral geniculate nucleus of the monkey do not leave any doubt that
the HerING theory is valid somewhere in the nervous system.
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The scheme proposed in fig. 1 tries to combine the two features. There
are three kinds of cones, the so called “red”, “green”, and “blue” cones,
in a ratio of roughly 10:10:1 [8]. The absorption curves of the visual
pigments in these cones are suggested to be a revision of the WricHT-
THOMsON curves [17] corrected for the absorption in the eye media. The
brightness signal L is the sum of the brightness contributions of the three
different cone systems after going through the channels @ and ¢ and is
transmitted through channel e.

The chromaticness information is transmitted through the channels b.
The information from the red and green cone systems goes to a red-green
centre, from which the R, G signal is transmitted along a channel d to
higher centres. A yellow (Y) signal is thought as the addition of the red
and green signals R+ G =Y. It arrives in a yellow-blue centre, from
which the Y, B signal is transmitted to the higher centres. The blue system
does little contribute to brightness, but as far as chromaticness is concern-
ed, it is of as much of value as the red and green systems. The chromatic-
ness valence factor «~==10 in channel b of the blue system takes care of
that. The weighting factor § is a luminance-dependent variable to describe
the behaviour of colour discrimination as a function of luminance [18].

The model explains the data as mentioned above, and the different
kinds of colour defective vision.
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