Analysing the color uniformity of the ATTDO0S perceptual space
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Abstract

The aim of this work is to study the uniformity of the
perceptual space of the multistage neural colour vision model
ATTDOS5 by comparison with CIECAMO?2, which is the latest
colour appearance model adopted by the CIE. A set of
parameters describing the deformation suffered by the loci of
constant chroma and hue of the Munsell Atlas, were used to
measure the degree of uniformity of the space. From these
results we can conclude that ATTDOS is, in general, more
uniform as CIECAMO02.

Introduction

Colour vision models try to predict perceptual descriptors
of colours under different viewing conditions. There are two
main types of colour vision models: colour appearance models
[1-7] and neural models [8-17]. Both predict perceptual
descriptors, but differ in that neural models also try to follow
the stages of the visual system. However, quite often evaluating
colour differences between two samples is more important than
obtaining numerical values of perceptual descriptors. Over the
years, specific models have been developed to fit colour
difference data [19-22], but the perfect solution would be to
obtain a single model, which could reproduce both perceptual
descriptors and colour differences. And if the colour space is
uniform, the computation of colour differences becomes easier.
In particular, if uniformity results are satisfactory, we mean to
use with ATTDOS the procedure followed by Luo et al. [21,22]
to obtain a colour difference formula for CIECAMO2 [20], the
latest colour appearance model adopted by the CIE.

Firstly, in this paper we briefly describe the neural model,
ATTDOS. After that, we study the uniformity of the perceptual
space of the model. For that, we compare the uniformity of the
perceptual space of ATTDO5 with the uniformity of
CIECAMO?2 -the latest colour appearance model adopted by the
CIE- by representing some Munsell samples in these spaces and
checking whether they are uniformly spaced, as they should.
The uniformity test is the deformation suffered by the loci of
constant chroma and hue of the Munsell Atlas. A set of 8
parameters were used to measure the degree of uniformity of
the space.

Description of the ATTD05 model

ATTDOS [23,24] is a neural model that tries to predict
perceptual descriptors of colours under different viewing
conditions, following the stages of visual system. This
multistage colour vision model has been developed by Capilla,
Gomez & Luque (from the University of Valencia) for the last
years. A schema of the model appears in Figure 1.
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Figure 1. Schema of the ATTDO05 model. Pre-cortical and cortical stages

The ATTD model computes the perceptual descriptors of
an object from its XYZ tristimulus values and those of its
background. The gain-controlled cone-responses are combined,
yielding an achromatic channel, mediated by Magno cells with
Type III receptive fields, and three opponent channels: two
with red-green opponency but different polarities, mediated by
Parvo cells with Type I receptive fields, and one with blue-
yellow opponency, mediated by Parvo cells with Type II
receptive fields. These three opponent channels, after two
opponent transformations at cortical level, generate the
achromatic, red-green and blue-yellow perceptual mechanisms.
The first opponent stage simulates the synapsis between the
LGN cells and cells in layer 4Cp. We admit that the same cell
classes exist in the LGN and 4Cf and that this stage does not
modify the LGN signals. The simulated responses of the 4Cf3
cells are subsequently combined to yield an achromatic and two
chromatic (one red-green and one blue-yellow) intermediate
channels. The responses of these channels to the object are
modified by the responses to the background by means of a
subtractive process. This stage would be mediated by Type III
and double-opponent cells in layers 2 and 3. Finally, the
responses of these intermediate mechanisms are combined to
generate the responses of the perceptual mechanisms, from
which we compute descriptors for brightness, hue,
colourfulness and saturation.
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Uniformity of the perceptual space of the
ATTDO5 model

Firstly, we compare the uniformity of the perceptual space
ATTDOS with the uniformity of CIECAMO2. To do that, we
use perceptually equally spaced samples from the Munsell
Atlas and test if they appear to be also uniformly spaced in the
perceptual space of the model. We have chosen samples from
the Munsell Atlas with constant values, 3, 5 and 7. As can be
seen in Figure 2, both CIECAMO02 and ATTDO5 seem quite
uniform under this test.
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Figure 2. Samples of constant Munsell Value (3, 5 and 7, respectively)
plotted on the perceptual plane of the ATTD05 and CIECAMO02 models

Particularly, the rings in ATTDOS5 look more circular.
However we can see that the centre of the rings is a bit out of
place. But those observations are only qualitative. A set of 8
parameters were used to quantify how much the loci differ
from equally spaced chroma rings and angularly equally space
hue lines. These parameters were:

e the position of the centre of gravity, TD(C,)

e the mean radius of the Chroma Cy ring for Value V, Ry cu

e the circularity index of the Cy Chroma ring for Value V,
8V,CM

the Chroma spacing index, ey r

the hue spacing index €y v cu
e the position of the centre of gravity of the Chroma Cy ring

for Value V, TD(Cycm)

e the eccentricity index of the Chroma Cy; ring for Value V,
ev(Cocm)
e the dispersion index of the centres of gravity, €y,

7?2

Definitions of the uniformity parameters

Munsell Chromas and Values of the samples will be
specified, when necessary, by subscripts Cy and V,
respectively. For comparison purposes, the values of T, and D,
and their equivalents in CIECAMO2 model (ay, by) were
normalized, for each Value, in such a way that the mean
distance between the samples of the Munsell Chroma 6 locus to
their own “centre of gravity” is six. That is, for any colour C; of
the  Munsell Atlas, with  perceptual descriptors
TDP(Ci)= [TP (Ci),DP(Ci )] in the chromaticity plane, the
normalized descriptors TD(Ci)z [T(Ci ), D(C; )] are defined as
follows:

6
TD(C;) =——
V.Cp=6
where the mean radius of the Munsell Chroma 6 (Cy; = 6) ring
for the V value considered, Ry cy -, is given by:

Ry s MR D4 (Ccm - TDp Cocys]| @

NV.CM:6 =1

-TDp(C;) (1

Nv cu=¢ is the number of samples, C;cu =6, in the Chroma
6 ring for the considered value, and
TDP(CO,CM=6)=[TP(CO,CM=6) Dp(CQCM:G)] is the vector defining its
“centre of gravity”, Cycw=g, that is:
1 Ny cyp=6
TDP(CO,CM:()) =——— 2 TDhy (CjA,CM:G) 3)

NV,CM:G =l

For each Munsell Value, the centre of gravity, TD(Cy), of

the normalised TD descriptors is computed with Equation A.4:
N
TD(C,) =—— STD(C;) )
Ny =

where Ny is the total number of samples C; for the Value V.
The radius of all the samples corresponding to that Value are
calculated as distances to this centre:

R(c;)=|Dlc;)-TD(C, )| )

Circularity, Chroma-spacing and hue-spacing
The mean radius, Ry cv, and the circularity index, €y cy, of
each Chroma ring are computed as follows:

1 Ny .cm
RV’CM - Nv,cM . Jé R(Cj) ©
N 5!
€v.ey =;' EM (R(Cj)_RV,CM )z (7
Nv,cM =l

We introduce the Chroma spacing coefficient, €yg, to
measure to which degree the rings of Munsell Chroma, Cy;;, are
uniformly spaced at a given constant Munsell Value. It is
computed as follows:

2
1 ™eu(Rye,  —Cyj
Eyg = Sy B (8)
Nycy Cu,j

where ny cy is the number of Chroma rings used to compute the
coefficient for a given Value.

The uniformity of the hue-spacing in a given Chroma
locus is evaluated by means of the hue spacing index, &gy cw,
defined as follows:

1 NefaHC) o Y
Fvew Ny e ' Jgi ( R(ij) ) NV,CMJ ©
where:
aH(c)=|plc;)-o(C;, ) (10)
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Note that AH(C;) is not a hue increment, but the distance
between two consecutive hues measured in the normalized TD
plane. In incomplete rings AH(C;) and &gy cv are redefined to
avoid regions where hues are missing.

Eccentricity and stability

The eccentricity of the constant Munsell Chroma loci were
evaluated by means of the ring’s centre eccentricity, ev(Co cw),
measured from the global “centre of gravity” for that value,
that is:

Cv (Co,cM )= ||TD(CO,CM )_TD(CO )" (1n
where TD(Cy cy) is the centre of gravity of the Chroma Cy; ring
for value V, defined as follows:

1 Ny.cum
TD(Coc, )= - 3" 1(C)c, ) (12)
NV,CM =l
Finally, to quantify the stability of the centres of gravity
for Munsell Value V, we use a coefficient €y ., given by:

1 ny.Cym
Eve = -2 ey (Co,CM)Z (13)
Nycy,

A perfectly uniform space requires the circularity index, the
chroma and hue spacing indexes and the dispersion index of the
gravity centres to be zero. The lower these values, the more
uniform is the space.

The parameters for the Munsell samples with 3, 5 and 7
Value constant calculated with ATTDOS5 and CIECAMO2,
under illuminant C, are shown in Tables I and II, respectively
(we only have used Chroma rings containing all hues).

Table I. Parameters to assess the uniformity of the perceptual plane of ATTD05 space using Munsell samples

Value C T(Co) D(Co) Rvem  Evem 100evg  envem  T(Cocm) D(Cocm) ev(Cocm) Eve
1 1.19 0.03 0.23 -0.39 -0.24 0.23
2 2.28 0.03 0.19 -0.29 -0.15 0.19

3 4 -0.17 -0.29 4.28 0.09 1.56 0.19 -0.22 -0.03 0.27 0.18
6 6.03 0.34 0.24 0.17 -0.79 0.60
1 1.14 0.04 0.21 -0.71 -0.44 0.34
2 2.14 0.02 0.20 -0.78 -0.23 0.17

5 4 -0.68 -0.10 4,16 0.11 0.59 0.19 -0.85 0.06 0.23 0.18
6 6.00 0.20 0.21 -0.73 0.25 0.35
8 7.68 0.35 0.21 -0.67 0.30 0.40
10 9.16 0.79 0.23 -0.28 -0.76 0.77
1 1.28 0.14 0.38 -1.06 -0.64 0.72
2 2.22 0.02 0.21 -1.21 -0.33 0.38

7 4 -1.27 0.05 417 0.07 1.89 0.20 -1.34 0.02 0.07 0.20
6 6.00 0.19 0.21 -1.34 0.30 0.26
8 7.60 0.51 0.20 -1.29 0.54 0.50

Table Il. Parameters to assess the uniformity of the perceptual plane of CIECAMO02 space using Munsell samples

Value C T(Co) D(Co) Rv,cm gv,cm 100eyr  &nvem  T(Cocm) D(Cocm) ev(Cocm) Eve
1 1.32 0.04 0.24 0.00 -0.07 0.06
2 2.39 0.05 0.20 0.03 -0.01 0.12

3 4 -0.05 -0.09 4.34 0.10 3.66 0.21 -0.09 0.16 0.26 0.06
6 6.02 0.27 0.26 -0.13 -0.49 0.41
1 1.24 0.12 0.30 -0.09 0.09 0.50
2 2.20 0.10 0.22 -0.19 0.21 0.34

5 4 -0.41 0.47 413 0.11 1.27 0.21 -0.36 0.45 0.06 0.18
6 6.01 0.19 0.22 -0.44 0.76 0.28
8 7.80 0.40 0.22 -0.60 1.06 0.61
10 9.24 0.60 0.25 -0.65 0.04 0.50
1 1.29 0.13 0.44 -0.25 0.27 0.62
2 2.23 0.09 0.22 -0.37 0.46 0.40

7 4 -0.57 0.81 4.15 0.15 2.02 0.21 -0.57 0.69 0.11 0.19
6 6.00 0.24 0.22 -0.70 0.98 0.21
8 7.72 0.40 0.21 -0.81 1.36 0.60
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Results

The centre of gravity, TD(Cy), for Munsell Value 3, in
ATTDOS, is shifted from the origin three times more than in
CIECAMO2. The displacements are in the same order for the
rest of the values (See columns 3 and 4 in Tables I and II)

In Figures 3, 4 and 5, we show the circularity indexes for
the three tested Values. The rings of constant Chroma in
ATTDOS are, except for the highest Chroma at each Value,
more circular than in CIECAMO2.
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Figure 3. Circularity index for the different Chroma rings and Value 3.
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Figure 4 Circularity index for the different Chroma rings and Value 5.
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Figure 5. Circularity index for the different Chroma rings and Value 7.
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ATTDOS5 does improve the Chroma spacing index too, for
all Values, which is represented in the Figure 6.

The hue spacing indexes shown in Figures 7, 8 and 9 for
the three Values, are lower in ATTDOS than in CIECAMO02, for
all Chromas at all Values.

Finally, the eccentricities of the centres of gravity are
represented in Figures 10, 11 and 12 for all Chromas at the
three Values. Although some eccentricities are greater and
some lower, the global dispersion index (see Figure 13), which
is the relevant parameter quantifying the stability of the centres
of gravity of the rings, for a given Value, is worst in ATTDOS
than in CIECAMO2 for Value 3, but is in the same order for the
rest of the Values.
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Figure 6. Chroma spacing index for the different Values
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Figure 7. Hue spacing index for the different Chroma rings and Value 3
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Figure 9. Hue spacing index for the different Chroma rings and Value 7
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1,0
W ATTDOS Value 5
3 CIECAMOZ
0,8
x
@
-]
£ 0.6
F
S
€ 04
o
O
w
0,2 I IH
0.0 " A
1 2 4 6 8 10
Chroma

Figure 11. Eccentricity index for the different Chroma rings and Value 5
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Conclusions

Since the locus of constant Chroma are more circular (with
one exception), the Chroma spacing indexes for all Values and
the hue spacing indexes for all Chromas and Values are also
lower, and the eccentricity of the centre of gravity for a given
Value and the corresponding index of dispersion of the centres
of gravity for the rings of the population for that Value are in
the some order (again with few exceptions), we conclude that
the perceptual space of ATTDOS has a higher degree of
uniformity than that of CIECAMO2. Consequently, a useful
colour difference formula can be implemented [25].
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