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Abstract

Colour categorisation has been studied extensively on
many different areas such as linguistic, psychology, physics and
cognition. In colour science, colour categorisation has been
used to solve the practical problems in the field of colour image
reproduction and image analysis. A method to automatically
categorise colours into the 11 universal colour names found by
Berlin and Kay was developed here. Colour category
experiment was carried out using 729 colour patches printed
on four types of paper substrates. Models for categorising
universal colours were developed in CIELAB and CIECAMO2
colour spaces. The results show that the CIECAMO2 based
model outperformed the CIELAB based model and gave the
same degree of accuracy as a group of observers.

Introduction

In 1969, Berlin and Kay4 found that 11 universal basic
colour terms exists in 20 languages — these colours are black,
white, red, green, yellow, blue, brown, pink, orange, purple and
grey. From then on, there was a flurry of critiques, responses
and further studies.*' Recent survey'® on semantic aspects of
colour categorisation mentioned that “colour categorisation can
be understood as the reduction of the infinite differences among
objects in the perceived world to cognitively usable proportions
by means of which non-identical stimuli can be treated as
equivalent.”

Although some linguists argued that the colour categories
are not universal,’ the 11 colour terms have been shown to be
very useful in colour and imaging applications such as gamut
mapping,” colour quantisation,'”” image compression,"
segmentation' and retrieval systems.'®

A cross cultural colour naming study carried out by Lin et
al.® resulted in modelling the colour categorisation process. In
their study, a model was derived to categorise the 11 universal
colour names in CIELAB® colour space. The original
experiment was based on the colour chips in the Natural Color
System (NCS). Hence, any colour described in terms of
CIELAB values, Lightness ( L’ ), Chroma ( CZb ), and hue angle
(hyp ), can be named unambiguously. Each colour region is not
overlapped with each other and also there have no gap in the
colour space.

In 2002, a new colour appearance model, CIECAMO02,’
was adopted by the CIE, which is capable of accurately
predicting the colour appearance under a wide range of viewing
conditions. It is an improved version of the earlier model,
CIECAMO7s. It was found that CIECAMO2 outperformed
CIECAMO7s in terms of simplicity and accuracy. Recently,
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significant progress has been made on the extension of
CIECAMO2 shows a reasonable performance for evaluating
colour differences.'?

The objective of this work is to categorise colours based
on CIELAB and CIECAMO2 spaces. Boundaries for each
universal colour are determined by minimising wrong decision
(see later) from a set of experimental data. The performances
are compared between the results in CIELAB and CIECAMO2.
Furthermore, the results from four different paper substrates
were also compared.

Colour Category Experiment

Many studies on colour categorisation have been
performed based on human perception. Different colour
samples were categorised by panels of observers in perceptual,
cognitive, linguistic and colour science experiments.

In this study, a psychophysical experiment was carried out
to ask observers to name colour patches according to 11
universal colour names. The TC9.18 RGB chart® released with
GretagMacbeth ProfileMaker V5.0.1 was used as shown in
Fig.1. Only the colours on the left marked within black frame
were used, including a total of 729 colour patches.

This target was printed in the size of 27x21.5¢cm by an
HP 20ps Designjet printer on four different substrates: A3 plain
paper (plain), HP Design Heavyweight paper (design), HP
Proofing Gloss paper (gloss) and HP Bright White Inkjet paper
(bright). The size of each colour patch was 0.7x0.7 cm. The
HP Designjet Postscript RIP software was used to produce the
prints without any colour correction. The printer resolution was
set to 600x1200dpi . The mid-term stability of ink was
investigated during a period of 12 days. Colour differences, in
CIELAB units, between the same print measured in Day 1 and
Day 12 were analysed. The mean AE Zb value was found to be
1.64 units. The printed samples were kept in dark environment
for 12 days before the real experiment.

Ten normal colour vision observers according to the
Ishihara test took part in the experiment. A VeriVide viewing
cabinet was used to view the target under a CIE D50 simulator
(fluorescent lamp). The background was a mid-grey having L'
of 50. The target was observed at a distance of 50 cm with a
fixed 0/45 viewing geometry. Observers reported one of the 11
universal colour names for each colour patch according to the
order from top to bottom, left to right in the target. Finally,
2916 (=4x%729 ) colour names were collected. For each patch,
the results were summarised in terms of percentage of
component colours, e.g. 0.8 red, representing 80% of observers
say that the colour has a ‘red’ colour name.
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Figure 1. GretagMacbeth TC9.18 Chart.

The target was measured by a 45/0 spectrophotometer,
GretagMacbeth Spectrolino. The measured reflectance was
converted to CIE tristimulus values under CIE1931 standard
colorimetric observer according to ASTM E308 table.” The
tristimulus  values were then transformed to CIELAB

specifications, L', C;b, h,, under the CIE D50 illuminant.
For transforming the tristimulus values to CIECAMO2 lightness
(J), Chroma (C), and hue angle (h), the input parameters were
‘average’ surround under the D50 reference white with the
luminance factor of the background (Yy) of 20 and an adapting
luminance (L, ) of 78 cd/m?.

Based on the experiment data, an improved colour naming
model was implemented to categorise all colours in CIELAB
and CIECAMO2 colour spaces into 11 basic colour names.

Modelling Colour Categorisation

Experimental data were first plotted in the CIELAB a*b*
and CIECAMO2 ab diagrams as shown in Fig.2 (using
CIECAMO?2 as example). Following the method developed by
Lin et al,® these data were divided into one achromatic
(including white, grey and black) and eight chromatic colour
categories according to the total number of colours named by
over 50% observers. It can be clearly seen that these regions are
well distributed according to hue angle. However, it appears
that there are some overlaps between neighbouring colours. The
most obvious example is the colour regions between red, brown
and orange colours.

To develop the colour category model, three stages were
involved in CIECAMO2 JCh or CIELAB L'C'h space.
CIECAMO? is used here to illustrate each individual stage.

Stage 1: To Determine Achromatic Colours

Achromatic colours, by definition,'* are colours devoid of
hue. The boundaries of achromatic colours, white, grey and
black, are constrained by the lightness and chroma boundaries,
which are defined firstly. The model assumes that these colours
are hue independent. As shown in Fig.3, the experimental
achromatic colours are plotted in lightness (J) vs. chroma (C).
By drawing boundaries at J values of 90 and 25, the white, grey
and black regions are determined. Note that it is unavoidable
that some colours are included into wrong regions. By avoiding
inclusion of these colours, the chroma boundaries for white and
black are set at 10, and 5 for grey.
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White, Black, and Grey

Figure 2. 2096 colour samples plotted according to
CIECAMOZ2 Cartesian Coordinates.
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Figure 3. Plotting of CIECAMO2 lightness and chroma for
White Black, and Grey in four substrates: (point) gloss,
(o)design, (+)plain, (x)bright.

Stage 2: To Determine Pink, Brown and Yellow

Boundaries for pink, brown and yellow are defined in
terms of all three attributes, J, C and h. Yellow colours was
found that only occupy a space with a high level of lightness
within hue angles close to 90°. When lightness decreases,
colours having the same chroma and hue angle change from
yellow to green.® The chroma boundaries are ignored here for
yellow colour.

Stage 3: To Determine Red, Orange, Green, Blue
and Purple

Finally, the remaining colours, red, orange, green, blue
and purple were only defined by hue angle following an anti-
clockwise direction as shown in Fig.2. However, considering
the colour regions of brown and orange, of pink and purple, of
yellow and green in Fig.2, some data overlapped with each
other. Fig.4 plots the data of brown and orange regions in
CIECAMO2 JC plane. It can be seen that most colours can be
separated. The main overlapped data are circled in the figure.
By minimising the wrong decision (see later), the hue angle for
orange was determined, which results in separation of most
overlapped data.

The identical procedure was used for the pink and purple
regions, and yellow and green regions. After ruling out brown,
pink, and yellow by using three parameters, J, C, and h, other
five colours can be simply separated by hue angle only.

Tables 1 and 2 show the results for the boundaries of the
11 basic colours for CIELAB and CIECAMO2 colour space
separately. It can be seen that there are some differences,
especially in the boundaries of blue and purple.
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Figure 4. Plotting of CIECAMO2 Lightness and Chroma
values for Brown and Orange.

Table 1 Boundaries of colour categories in CIELAB colour
spaces

Basic L ct h
Stages | colours - v
< > < > < >
White 100 | 92 5 0 - -
1 Grey 92 | 35 5 0 - -
Black 35 0 5 0 - -
Brown 60 10 | 45 | 5 20 80
2 Pink 100 | 50 | 85 | 5 | 320 5
Yellow 100 | 83 - - 85 105
Red - - - - 5 45
Orange - - - - 45 80
3 Green - - - - 80 210
Blue - - - - 210 | 285
Purple - - - - 285 5

Table 2 Boundaries of colour categories in CIECAMO02
colour spaces

Stages Basic J ¢ h

colours < > < > < >
White 100 | 90 | 10 0 -

1 Grey 90 | 25 5 0 - -
Black 25 0 10 0 - -
Brown 65 15 | 45 5 15 80

2 Pink 100 | 43 | 85 5 300 5
Yellow 100 | 75 - - 75 100
Red - - - - 5 40
Orange - - - - 40 80

3 Green - - - - 80 210
Blue - - - - 210 | 269
Purple - - - - 269 5
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Discussions

A measure of “wrong decision” (WD) was used to
optimise the boundaries for each colour region. If a colour is
categorised in a wrong colour region against the visual results,
it will be counted as a WD, which can be further divided into
two parts: wrongly included (WI) and wrongly excluded (WE).
WI indicates the number of colours wrongly included. WE
indicates the number of colours wrongly excluded. The
performances of the model in each colour space are given in
Table 3. (Note that, the number of basic colours is the total
number of basic colours named by over 50% of subjects which
means that colour holds a highest rated category for that colour
patch.)

The results showed that CIECAMO2 based model (16 WD
%) gave a more accurate prediction than CIELAB model (21
WD %). Most importantly, CIECAMO02 also gave a similar
degree of accuracy as the visual results based upon a panel of
ten observers (16 WD %).

Table 3 Performances of model in CIELAB and CIECAMO02

Basic ﬁg;si‘zf CIELAB | CIECAMO2
colours WD WD
colours

White 4 2 1
Grey 20 21 16
Black 22 8 13
Brown 194 59 39
Pink 156 60 53
Yellow 39 23 8
Red 196 56 55
Orange 128 46 49
Green 1136 104 78
Blue 375 107 72
Purple 646 123 84
Total 2916 609 468
% 21% 16%

Table 4 Substrate performance in WD% for each colour term
in CIECAMO02

Basic Plain | Bright | Design | Gloss
colours

White 100 0 0 0
Grey 41 41 9 9
Black 0 13 40 47
Brown 27 30 23 20
Pink 29 28 22 21
Yellow 12 12 38 38
Red 26 28 26 19
Orange 27 25 22 26
Green 27 24 30 19
Blue 27 28 23 22
Purple 14 27 29 30
Mean 30 23 24 23
Mean

(Except 24 25 27 24
Neutral)

Although four substrates may lead to difference in
appearance, such as gloss and colour gamut, it was also found
that the average performance of each substrate is very similar as
shown in Table 4 except the three neutral colours. (Note that,

CGIV 2006 Final Program and Proceedings

the percentages presented in Table 4 are the contributions of
each substrate for total wrong decision numbers for the
corresponding colour region.) In other words, the model is
substrate independent, which is desired for colour management
applications. There is an evidence to show that neutral colours
are somewhat substrate dependent. There are also insufficient
samples in these regions.

Fig. 5 a and b plot samples in the blue (pluses) and purple
(points) regions in CIELAB and CIECAMO2 Cartesian
coordinates respectively. Their hue boundaries are also drawn
in each space, line A in Fig.5-a, and line B in Fig.5-b. It can be
seen that CIECAMO2 performed better than CIELAB for those
colours in the boundary. A curved boundary has to be applied
to CIELAB. This implies that colours in a constant hue angle in
the blue region of CIELAB space do not perceive as constant
hue. This problem for CIELAB has addressed by other
researchers.

(a) CIELAB

(b) CIECAMO2

Figure5. Plotting the comparison of blue (pluses), and
purple (points) colours in CIELAB and CIECAMOZ2 colour
space.
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Conclusions

Colour category models based on CIECAMO2 and
CIELAB colour space were developed according to the 11
basic colour terms. Their performances were compared.
CIECAMO?2 outperformed CIELAB, because the latter is lack
of blue hue constancy. The CIECAMO2 gives greater advantage
than the other space like CIELAB. The current category model
based on CIECAMO? is reliable. Further works need to be done
by inclusion of more samples in the colour term boundaries to
develop a more reliable and robust model.

The present experimental results showed that the colour
category model based on CIECAMO2 give very similar results
for the four very different substrates studied except for neutral
region.

There are some colours which have been memorised as
preferred colour in human mind, such as skin, sky, vegetation
and others.!" These are memory colours. For image
reproduction, the rendering of memory colours is also
important.'” The same experimental technique can be
conducted to the study of important memory colour on different
substrate, different media (such as display, different kinds of
printer). The colour categorical model can be extended to
involve these colours and capable of predicting colour
appearance under different viewing conditions.
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