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Factors affecting the Perception of Color

The response of the human cyc to color depends upon the subjective response of any individ-
ual to the light reflected from the surface being viewed. An image is received by the retina of
the eye, which transmits a signal to the brain. The interpretation of this signal is affected by the
ability of each individual to perceive color, but the ability of the individual to perceive small
differences in color varies widely. According to Wright 4, some 8.1% of the male population, but
less than 0.5% of the female population, have inherent color vision deficiencies. These deficien-
cics are less in young men but become higher with age. Whilst color (like beauty) may be in the
cyc of the beholder, there is a high probability that no two beholders will sce the same color.

Color Theory

According to Maxwell's theory any visible color is made up from three primary colors -red,
green and blue, plus brightness this latter can bc regarded as equivalent to adding various
amounts of white to black. This also implies that white contains equal amounts of these three
primary colors, whilst black is the absence of color. Any color can bc expresses numerically in
terms of the proportion Of these primary colours present, plus what is known as the "Luminance
factof, This can be considered as representing the level of brightness of the color, in that a
theoretical black has no luminance and hence no color, whilst the maximum luminance theoreti-
cally possible for any primary color is 100%. If these primary colours are mixed in equal amounts
the result is white.

On the basis of this theory it should be possible to define any color by the amount of the three
primary primary colors present, plotted on an cquilateral triangle whose vertices arc R (red), G
(green) and B (blue). which is known as the Color Triangle (Fig. 1). However, the colors seen by
the human eye do not correspond to this theory, since only those colors bounded by the line BR
and thc curve RB can be seen by the human eye. In other words, an observed color has to be
specified as if it lies within a triangle whose vertices arc a red that is redder than the deepest
red that can bc seen by the human eye, and similarly for green and blue.

The most accurate way of measuring the color of a material is to obtain rcnectance readings
at 100 A intervals over the range 4000 A to 7000 A. Thc procedure for converting these readings
into the equivalent of the three primary colors, whose wavelengths are taken as 7000 A for red
(X), 5461 A for green (Y) and 4358 A for blue (Z), are given in reference, 3. However, the color
can only be fully specified if its brightness (luminance) is also measured, since this has a signifi-
cant effect of the color perceived by the eye

The values so obtained arc converted to C.I.E. values, which arc referred to as x, y, and z
values, although once the x and y values have been obtained there is no need to calculate the z
values. In fact, for the Color Triangle, any two values automatically defines the third. The
conversion of the X, Y and Z values to x, v and z values is obtained as follows:

x= X/(X +Y+Z) .v = Y/(X +Y+Z) z= Z/(X +Y+Z)

The values X, Y and Z are the reflectance values obtained either from the conversion of spec-

trophotometcr readings to primary color values, as described above, or from reflectance values
obtained using red (X), green (G) and blue (B) filters.

The luminance R = the reflectance value (%) obtained through the green filter.
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