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Rendering the CIE 1931 Chromaticity Diagram

Peter A. RHODES
Schoolof Design University of Leeds, UK

ABSTRACT

Widely used in scientific and educational applications, this iconic colour chart tsooisss
two-dimensional projection of colour coordinatgsecified by CIE tristimulus valuest is
frequently to be found in text books and on posters promoting eoleasuring
instruments and related product®espite its ubiquity, little attention seems to have been
paid to correctness of reproductio®n the contrary, most versions simply strive to create
a “pleasing” representation which both precludes the diagram being emptryealdur
identification tasks and also gives a misleading impression of colour relagisns

In this paper, an approach is described through which an improved rendering of the
chromaticity diagram may be created in print or other medibe goal is to create a
colorimetrically accurate reproduction (given the colour gamut constrainte oféedium)

whilst preserving hue and chroma smoothness and continaitgddition, the chart needs

to include both white point and also the technically correct depiction of colours close to the
spectrum locus.

1. INTRODUCTION

In 1931, the ClBpublishedtheir system of colorimetryCIE 19B6) which enabled a colour
stimulus to be defined by just three numbefsZ for a given set of viewing conditions.
The system is still in widespread use today for industrial and scientificiranlatching
tasks. It had long been recogniséat three dimesions were cumbersome, andastwo
dimensional projection was created which ignored the brightn@sdiriension thereby
enabling colours to be plottesh anxy chromaticity diagram(Wright 2007) On this
diagram, additive mixing can be predicted viaaigiht lines connecting the points
representing the lights’ chromaticities. Chromaticity coordinates are usedmerous
applications such as international standards for signal lighting. The diagedsohelpful
for examining the dominant wavelengthd excitation purity of stimuli.

While many attempts have been made to reproduc€iaehromaticity diagram, this
is typically done of the basis of aesthetic appeal rather than acc#sa@yresultusers are
presentedwvith a distorted view ofCIE colour spacewhich precludes its use for visual
matching of a specimen’s chromaticityTo produce a “better” diagram, the two most
significant obstacles are colour fidelity and colour gamut. Approachds \sas the
industrystandard ICC system for colour management (Green 2010) can help address the
former, however dealing with gamutiatherless straightforward

2. COLOUR GAMUT

The CIE system of colorimetry was designed to encompass the entire ofanigible
colour, whereas any practical printing or display systeronly capable of reproducing a
subset. Furthermore, colour gamut is a deviabependent propertyneaning thattivaries
according to the specific technologgd its components.



2.1 Medium Gamut

The ran@ of colours thaarereprodudle onan imaging medium (e.g. printer and paper)
can be described in terms of a gamut boundary through colour measuré&@néntolours
within this boundary are reproducible. An example of this for the printer used siutis

is shown in Figure 1.Similarly, imageacquisition devices (cameras and scanners) have
their own colour gamatwhich limit how bright or coloudul stimuli may be. In addition,
images themselves contain a certain range of colo@amut mismatchis typically
addressed by colour managemeWwith the ICC system, for example, users need to select
one of fourseparge rendering intents according to their applicat@neen 201Q)
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Figure 1: colour gamut of the Figure 2: chromatic limits of real

printer used in this study. colours (MacAdam 1935).
2.2 CIE Gamut

The CIE chromaticity diagram is somewhat misleading in thathhematic domain does
not extend to the spectrum locasevery luminance. Calculations by MacAdénm935)
have shown that lighter colours have a much more restricted range of chroesatitly
when the luminance factor is zero do colours reach the extremities. This thatas
chromaticity diagram becoraelarker as distance from the white pontreases.

2.3 Gamut Mapping

There have been numerous algorithms proposed for mapping colours from one medium’s
gamut to another for a survey of some of these, see Morovi¢ (2008). These are generally
aimed at producing pleasing images and témes unsudble to the task of faithfully
reproducing the CIE diagram.

3. PROPOSED SOLUTION

Although it is evidently not possible to render colours beyond the target devicels, gam
the outof-gamut regions should at least be expected to preserve the correct hue if not the
chroma. In order to include the white point without further reducing available colour
gamut, it is necessary to reddgghtnessas chroma is increased function was therefore
defined which accomplished this as follows:



L" = Limax+ a*C? + feC  if C < Crax

L =L, otherwise TN
where a = (Lmax—Lo) / Cmay? N
and f=-2¢° Chax @ \

6 8 10

In the abovel" represents the new CIELAB lightness value to be rendered based on the
huedependent maximum CIELAB chrom@;axat a CIELAB lightness ofy. Lmaxis the
lightness of the white point (i.e. when="b = 0). In this case, constant values lfgr «

andp of 50, 0.5 and-10 respectivelywere chosemn order to make lightness flatten out
once the gamut threshold Bt = Lo and C* = Cnax has been crossl Beyond this
boundary lightness ould eitherbe preserved alternatively—at the risk of changing hue
—diminished to better reflect the MacAdam limits.

3.1 Gamut Smoothing

A further complication arises at the interface betweenaimd outof-gamut regions.
Gamut boundaries differ significantly between devices not only in volume but also shape.
The irregularitiesand practical uncertaintiesf this boundary can lead to umcaptable
discontinuities and so a smoothness constraint needs to be afdpliedvas accomplished
using a combination of averaging of the maximum chroma values at each hue tagather

a slight relative reduction. The specific parameters used deteanined empirically in
orderto produce visually acceptable results.

3.2 Creating the Diagram

For this study, an HP Designjet Z3200 pigmented inkjet printer was used sinfesdt] Gt
relatively wide colour gamut and also included bunltspectrophotometer that could be
used to both calibrate (ensuring repeatability) and charset@nofile) the device. The
printer is capable of printing on a wide variety of substrates, hoveesemiglossinstant-
dry paper was chosen since tinas found to dérer siperior colour gamut compared to
matt paper and also had good lightfastness and stabilisation properties.

The basis for computation was an ICC profile for the printer. Given this, gamut
checking calculations were performed to determine the gamut bourefarg loreating a
composite image of the final chart. This image was stored aba CE&LAB TIFF file to
ensure colorimetric fidelity. Othexlementsof the diagram such as the spectrum locus,
axes, grid lines, labels and black body curve were created as vector nsaggshe
Postscript languagend thesevere subsequentlyasterised as layers within the finlFF
image. These components are illustrated in Figure 3. (It should be pointed out that the
colours shown are only approximateey aremeant to be rendered onto a specific printer
and so are device dependent.)

4. CONCLUSIONS

Clearly any attempt to render the CIE chromaticity diagram has/tdve a compromise

due to realworld gamut limitationshowever this work has succeeded in crgaarmuch

more faithful representation of the chart. The same technique could be applied to the
reduction of other more perceptually uniforma chromaticity diagrams such as the CIE
1976 UCS or L'ab  which aremore appropratdor tasks such as comparirgplour
gamuts.



The entire method has been implemented usingeha@nel wideformat printer which,
in conjunction with an enhanced colaunanagement algorithm, is capable of reproducing
individual colours to an accuracy of around 1 AE. The resultant charts are now being
considered for adoption by the CIE as their official version of the chronyadieigram.
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Figure 3: constructing the CIE 1931 chromaticity diagram.
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