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Colour communication and management

Dr Vien Cheung
School of Design, University of Leeds, Leeds (UK)

The communication of colour typically requires at least three terms. Our perceptual colour space, for example, consists of
dimensions of brightness (lightness), colourfulness (chroma, saturation, purity) and hue. So, for example, we might describe
a particular colour as a dark, strong red. However, the number of words that exist to describe colour is limited. It has been
estimated that we can distinguish about 200 different hues along the spectral-wavelength dimension and (taking into
account differences in brightness and colourfulness) about 2,000,000 colours in all. It is clear that language is limited with
respect to colour.

The use of colour-order systems is quite widespread as an aid to colour communication. These systems typically exist as books
that contain a large number of colour samples arranged in some logical order. The Munsell colour system, for example,
arranges samples of the same hue on one page (with the lightness of the samples varying up the page and the chroma of
the samples varying across the page). Each sample can be identified by a unique number, e.g. 5R 6/14 (corresponds to a
red hue with value equals 6 and chroma equals 14). Although colour-order systems are useful they are limited because they
typically contain only about 2,000 samples which is a small number when compared with the number of colours that we can
see. Itis also often the case that the samples in the books become damaged or soiled over time (greasy fingerprints etc).

The Commission Internationale I’ Eclairage introduced a method (known as the CIE system) in 1931 for the actual
measurement of colour. Strictly, the CIE system is a method for colour specification rather than measurement. This system
allows three numbers to be calculated based upon measurements of any sample. The CIE system is based upon the
understanding that colour specification requires the control of at least three factors: the light source, the object, and the
observer. The light source can easily be specified in terms of spectral power output and the object can be specified in
terms of the spectral reflectance factors (the proportion of light that an object reflects). The difficult thing to specify is the
observer. One of the problems is that there is variation in colour vision even between so-called ‘normal’ observers. It was
therefore necessary to measure properties of a group of people and to average them; in 1931 the CIE did this and published
the standard colour-matching functions (CMFs). The CMFs describe the average behaviour of human colour vision in terms
of the amounts of three primaries that an observer would use to additively match single wavelengths of light. The CMFs (in
conjunction with illuminant and object spectral measurements) allow the calculation of three numbers - referred to as
tristimulus values - known as X, Y and Z. These tristimulus values specify the amounts of the three primaries that an observer
would use if they were asked to match the colour of an object. The XYZ values thus provide a specification of colour that
takes into account the light source, the object and the observer. If two samples have the same XYZ values then they would
look the same to the average human observer. This internationally recognised system of colour measurement has widespread
application in industry to help ensure that batches of material (textiles, prints, paints, plastics etc) are all of the same colour
or can consistently be manufactured to be the same colour. The CIE system is also at the heart of the colour-management
procedures that help to ensure that computer monitors, cameras, scanners and printers are all able to represent colour in the
same way.

The International Color Consortium (ICC) has developed a framework for colour management that characterizes each
device (printer, monitor, etc) in terms of CIE XYZ values. Colour management is now built-in as standard for many computer
systems. However, typically it uses default settings and measurements and these are inadequate. Consequently, users often
experience disappointment that, for example, the colours of their prints in hard copy look different to the images on screen.
Experienced users who understand colour are able to rectify this situation. However, colour management is an approximate
process at best. One reason for this is that printers and monitors are limited in terms of the colours that they can show (this is
called the gamut). Although there is much overlap there are certain colours that can appear on a monitor that a typical low-
end printer cannot reproduce and, vice versa, there are printed colours that the user cannot achieve on screen.
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