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A Novel Way of Examining Colour Content
By Roger Fawcett, Managing Director of OmniTek

A feature of converting material from one standard to another is that is that the colour gamut changes. This is particularly noticeable where material developed for digital cinema is converted to SD or HD. Typically illegal values are simply brought back into range. However, the effect of this is to de-saturate certain colours and hence reduce the overall colour depth of the images. This in turn can have a significant effect both on the quality of the images and on the mood the original production team was at pains to invoke.

Colour gamut can be monitored in various ways, from simple visual inspection of waveforms to specific gamut displays comprising a set of bar charts showing the ranges over which RGB or YUV signals vary. However these tools don’t offer any way of seeing how the colour balance is being affected. What is needed is unambiguous colour information such as that shown on the real-time CIE colour chart that OmniTek offers as an option on its latest systems. 
Video display technology is based around sets of three display primaries – one red, one blue and one green, because as we know from our schooldays, all the colours the eye can see can be produced by mixing a set of red, blue and green sources. You could therefore be forgiven for expecting colour conversion across different video standards to be straightforward.

But there are two main problems. For a start, it is not actually true that you can create every colour by adding different amounts of red, blue and green. Experiments in the 1920s showed, for instance, that the blue-green colour at 500nm just stimulates the eye’s green and blue cones, but any green and blue light sources will also stimulate red cones to some degree which makes it impossible to produce the above blue-green from red, blue and green sources. Secondly, the red, green and blue sources used by different colour systems produce subtly different shades of red, green and blue, which in turn subtly change the range of colours that can be produced. Even the PAL, NTSC and HD standards specify slightly different sets of display primaries – despite being all based on a CRT display!
The issue is particularly important with digital cinema source material. To make digital cinema compete effectively with celluloid film, the Digital Cinema Initiative (DCI) defined their standard around the XYZ colour space (of which more below) and a theoretical projector, the display primaries of which were specified to offer the widest colour range that can be defined. Converting from digital cinema to any other system inevitably results in the colour depth being significantly reduced.
The True Value of a Colour

In a bid to determine how to measure colour unambiguously, researchers set out to define a colour measurement system that could cover the full range of colours visible to the human eye. This led to the development of the XYZ colour space, based on the individual responses of the eye’s red, green and blue cones. However, while it is possible to build a camera with the correct response characteristics to record colour in XYZ, it isn’t possible to build a display that works in the XYZ colour space because X, Y and Z are not real colours and have some negative RGB components.

As with any colour space, XYZ values provide both luminance and chromaticity data, of which just the chromaticity is of interest here. Fortunately, any three-dimensional colour space can be readily be transformed into a corresponding space based on luminance as one dimension with the other two dimensions defining the ‘chromaticity’ of the colour. Luminance is additive and is given by X + Y + Z. Dividing X and Y by the luminance gives x and y values that together represent the chromaticity. (There is no need to also plot any equivalent z factor because z = 1 – (x + y).)

The resulting plot is the CIE Colour Chart (Figure 1). This plot has some important properties. In particular, each colour visible to the human eye is represented by a single point on the chart and the colours that can be produced by mixing light from any set of three sources are all contained within the triangle formed by joining the points representing those sources. Drawing a triangle from a red to a blue to a green on the chart instantly reveals the limitations of working with RGB.
Switching Standards
The process of converting a set of colour values from one colour space to another is actually very straightforward in mathematical terms. It simply involves multiplying the matrix formed by the original RGB (or XYZ) values by the appropriate 3 x 3 transform matrix:
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However, there’s no guarantee that the values produced by such transformations are legal in the new standard. Any illegal values are typically brought back into the legal range by replace them by either the lowest or the highest legal value as appropriate. This has the effect of moving these colours towards the centre of the colour range i.e. de-saturating them.
The OmniTek Real Time CIE Colour Chart
An option on new OmniTek OTM 1000 image analyser is the chart illustrated in Figure 2. The background to this chart is a representation of the CIE Colour Chart. Over this is shown a live interpolated chromaticity plot. While RGB- or YUV-based displays are limited to working within their own gamut, this chart shows the full gamut of the pixels in the current image: 
Two RGB triangles can be superimposed on the plot. One triangle is automatically set to reflect the RGB primaries associated with the input video standard. The other is typically set to outline the gamut either of the output video standard or of the display on which the video is to be shown. The parts of the chromaticity plot that fall outside this triangle represent the colours that will become de-saturated.

By showing precisely which colours will be affected by any transformation, the OmniTek Colour Chart gives a clear indication of how this is likely to affect the overall colour balance.
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