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Abstract In this study, under the assumption that there may be differences in colour attributes that can be
perceived according to the brightness of the background and the size of the colour stimulus, a test was conducted
where colour matching was done for stimulus sizes of 10° and 20° in terms of peripheral vision by varying the
background brightness. The test results showed that depending on the background brightness and the specific
combinations of the Munsell colour attributes used as the test stimulus, colours can be perceived differently even if
they are the same colours. In addition, in contrast to findings from previous studies on colour perception according
to the stimulus size, it was found that even if the size of the colour stimulus is relatively small, colours can be
perceived more colourfully or more brightly with changes in the background brightness. Based on the findings of
this study, degradation in image quality can be improved, which may occur when the size of the input image is
changed at a later time, and also, contributions can be made when it comes to the reproduction of effective sold
three-dimensional structures that reflect visual qualities when processing 3D holographic imagery, in addition to 2D

imagery.
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| . Introduction

Colour is one of the most important factors in
assessing the image quality on a display device. On
smart phones, TVs and other common types of display
devices, colour plays an extremely important role in the
assessment of image quality, and in order to improve
the reproducibility of colour to fit the characteristics of
the particular display and to implement independent
colour imaging technology, a suitable colour appearance
model is needed.

The colour appearance model is the result of
expanding the basic colourimetry for predicting the
appearance for many different types of surrounding
environments as it relates to stimulus values such as
lightness, chroma, and hue, and it describes the
changes in the visual responses caused by changes in
these different types of environments. That is, it refers
to a mathematical model developed for 3D-based colour
data processing which takes into account factors
related to changes in the surrounding environment that
affect a person’s perception of colour as well. The size
of the stimulus, which is one of the conditions that
need to be met for the colour appearance model, is one
of the factors that allows one to perceive colours
differently even if they’re the same colour. This kind of
a phenomenon can occur because the rods and the
cones are distributed irregularly around the retina, and
there has been a study that found that the colour can
be seen to be desaturated as the retina eccentricity
increases[1] because the colour vision in the peripheral
retina is different than that of the fovea, which also
backs this idea.

The standard observer conditions established by the
CIE International Lighting Commission comes in two
types: the 2° observer conditions (CIE 1931), and 10°
(CIE 1964) observer conditions. They are used to
express the ordinary visual sensibility of an observer.
It can be said that this is a major case in point that the
extent of perception of colour can differ according to
the size of the colour stimulus. That is, even if it is the

same physical colour, it can be perceived differently
depending on the size of the stimulus or on the
particular environmental conditions. On the other hand,
there have also been studies that found that given
sufficiently large size of the stimulus and no problems
with the effect of macular pigmentation or the
contribution of rod signals, the colour vision of the
peripheral retina is extremely similar to the colour
vision of the fovea.[2,34]

There are studies being conducted by colour
scientists on accurate reproductions of the same
physical colour across different sizes, but so far there
hasn't been a specific colour appearance model
suggested for this[d], and furthermore no colour
appearance standard has been established yet for
reproducing the same colour across different sizes
particularly as it relates to peripheral vision.

One of the conditions for completing a colour
appearance model is the colour size effect, and one of
the major previous studies pertinent to this examined
the extent of colour perception for different sizes of
colour stimulus under diverse types of media and
observation conditions. But in previous studies, since
the tests conducted did not take into account the fact
that a human’s visual perception is most sensitive to
brightness, while we can know about the overall
tendency of colour perception as the size of the colour
stimulus varies, the previous findings do not adequately
help in describing the characteristics of colour
perception when taking into account the brightness of
the background for luminescent displays.

Granted there have been studies on the colour size
effect which compared printed colour chips[6] and not
displays, and some which conducted tests on displays
as well[7], but they did not take into account the
brightness of the background and only varied the size
of the stimulus.

The recent trend for display sizes is for a steady
increase, and accordingly display manufacturers are
greatly interested in reproducing colours accurately and

in improved imagery on colour displays of various
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sizes. In order to meet this kind of a need, studies are
needed for examining how the colour appearance
changes depending on the physical size.

Accordingly, the purpose of this study is to examine
what kind of an effect the brightness of the background
has on the size of the stimulus, under the assumption
that colour perception will differ when the size of the
colour stimulus changes in the colour vision in the

peripheral retina.

[l. Colour vision in the peripheral

retina and fovea

Colour perception can be classified into fovea vision
and peripheral vision according to the receptor
characteristics of the retina, which is made up of five
different cell layers including the receptor nerve cells
which are made up of cones and rods. The retina of a
human performs basic visual data processing. The
fovea of the retina is mostly made up cones, which are
responsible for colour processing and provide a high
resolution. But as it goes from the center to the
surroundings, the distribution consists mostly of rods,
which are sensitive to changes in brightness and
motion, and they are not particularly about colour
processing. Therefore, focal vision with cones and
peripheral vision with cones are each responsible for
different visual functions, and they work in parallel in

a human’s processing of visual information.
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Fig. 1. Distribution of rods and cones in the
human retina
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The visual angle refers to the angle formed by two
straight lines from both sides of an object to one’s eyes.
The size of this angle, whether it is large or small,

determines the size of the image formed on the retina.

Fig. 2. Visual angle according to the size of the
stimulus and distance
a8 2. X2 3712t 7{2l0 e AlZ

Typically, with one’s arms stretched out, the size of
the fingernail of the thumb can be estimated to be
about 1.5°- 3°. As seen in Figure 2, when the size of
the object and the distance are given, the visual angle
can be found with Formula 1, and when the minimum
visual angle (0,,;,) and the distance (d) are given, the

minimum size of the object that can be perceived

(w,,:,) can be found with Formula 2. Finally, when the

min

minimum visual angle (0 and the size of the object

min )
to be perceived (w) are given, the maximum distance
(I ..) can be found with Formula 3.

max

w
0=2X arctan(ﬁ) )
w=2xdxtan( I;i“) )
w min
oy = 5% cot( 5 ) ®)

The cones are concentrated within the 10° range
from the center. Most accurate seeing is possible
within the 2° range (in the fovea), and the accuracy
rapidly decreases in the 4-5° range (paraforvea). At 5°,
the accuracy is reduced to about 50%.[8]

The vision of a human is mostly responsible for

detecting the existence of an object and determining its
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location (localization), or for motion perception.
Accordingly, while both the focal vision and peripheral
vision are involved in trying to perceive an object,
activities for object identification and recognition are
mostly done by the focal vision, and the fact that colour
processing depends on the cones can be seen to be
related to accurate determination of the identity of the
object.

As discussed, there is a lot of research activities
underway related to the focal vision and the peripheral
vision, and it can be seen that the vision of a human
is affected by types of

environments and works in parallel in order to perform

diverse surrounding

its function.

lll. Psychophysical Experiments

1. Test methods

In this study, the test was conducted under the
assumption that there will be differences in colour
perception depending on the brightness of the
background, and the stimuli of 10° and 20° were used
for the test, which are sizes that correspond to the
colour vision in the peripheral retina.

The colour matching test method was used, which
adjusts it so that the 10° and 20° stimuli are inferred
to similar colours according to the brightness of the
background on a luminescent display. The RGB values
were inferred to CIE XYZ tristimulus values using the
PLCC model (Piecewise Linear Interpolation assuming
Constant Chromaticity coordinates), and these values
were converted to CIECAM0Z and the colour
perception characteristics were compared and analyzed.
The display used for the test was X-Rite 11 Pro2, and
it was used after calibrating to the D65 standard

illuminant.

2. Test plan
The colours used in the test were the standard 10

colours from the Munsell colour system, which are: 5R,

5YR, 5Y, 5GY, 5G, 5BG, 5B, 5PB, 5P, and 5RP.

Table 1. Munsell colours used in the test
H 1. A0l ASE B My

H v C X Y Z
5R 4 4 14.13 12.00 9.81
5YR 4 4 13.24 12.00 641
5Y 4 4 11.30 12.00 459
5GY 4 4 960 12.00 562
5G 4 4 873 12.00 10.49
5BG 4 4 893 12.00 14.66
5B 4 4 9.88 12.00 19.28
5PB 4 4 11.64 12.00 21.06
5P 4 4 1341 12.00 19.29
5RP 4 4 14.14 12.00 14.00
5R 4 8 17.00 12.00 7.24
5YR 4 8 14.76 12.00 2.59
5Y 4 8 1148 12.00 1.02
5GY 4 8 835 12.00 1.4
5G 4 8 6.44 12.00 874
5BG 4 8 6.79 12.00 16.66
5B 4 8 872 12.00 21.78
5PB 4 8 11.93 12.00 3152
5P 4 8 1545 12.00 2067
5RP 4 8 17.14 12.00 1516
5R 8 4 62.36 59.10 613
5YR 8 4 60.21 59.10 4341
5Y 8 4 54.64 59.10 3690
5GY 8 4 50.78 59.10 37.88
5G 8 4 4754 59.10 A.88
5BG 8 4 48.09 59.10 65.91
5B 8 4 51.03 59.10 78.62
5PB 8 4 56.02 59.10 82.57
5P 8 4 60.16 59.10 7817
5RP 8 4 62.09 59.10 64.90
5R 8 8 70.23 59.10 4562
5YR 8 8 64.62 59.10 26.64
5Y 8 8 5440 59.10 1819
5GY 8 8 46.61 59.10 2111
5G 8 8 40.36 59.10 48.04
5BG 8 8 41.34 59.10 68.65
5B 8 8 46.40 59.10 9859
5PB 8 8 56.12 59.10 110.80
5P 8 8 65.87 59.10 9775
S5RP 8 8 70.51 59.10 66.23

The XYZ, which are physical colourimetric values
for the selected colours, were converted to CIE XYZ
tristimulus  values which correspond to the D65
illuminant, before they were used. As seen in Table 1,
the colour stimuli selected for the test were by
combining the Munsell value (V) and Munsell chroma

(C) in 4 and 8 combinations.
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Table 2. XYZ parameters for C illuminant and
D65 illuminant
H 2. C ¥ % D65l XYz mizt|E]

XYZ C D65
Xwr 98.07 95.047
Ywr 100.00 100
Zwr 118.25 108.833

Table 2 shows the C illuminant, which is the basic
light value of Munsell data, and the XYZ value of D65
standard illuminant. That is, since the the Munsell data
are XYZ values in which the value of C illuminant is
reflected, it can be said to be the XYZ parameter used
in order to convert to the XYZ values which have the
D65 illuminant applied.

The displays used for the test were LCD monitors,
having a screen size of 22 inches, maximum resolution
of 1650x1050, and all set to the D65 standard illuminant.
The characteristics of the calibrated displays are as
shown in the below graph.
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Fig. 3. Characteristics of the display used in the
test
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In order to infer the colours that the study
participants controlled on the display as physical

colourimetric values, the characteristics of the display

used in the test need to be accurately analyzed
beforehand, in order for more accurate analysis of
differences in colour perception. Therefore, differences
in colours were examined for the Munsell colours used
in the test, with regard to the physical colourimetric
values and the values inferred by using the PLCC
model.
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Fig. 4. Distribution of Munsell colour stimulus
used in the test in the a.and b,
diagrams of CIECAMO02
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Generally speaking, it can be said in brief that the
monitor device characterization models deduce the
interaction formula for the normalized luminance
corresponding to the DAC (Normalized Digital to
Analog Converter) of the RGB channel. One of the
models that is used widely is the PLCC model, which
is basically defined by making up a colour reference
table for the tristimulus values XYZ and the
corresponding DAC values. As a result of inferring the
values using the physical colourimetric values and
using the PLCC model, the value of AE_ab was found
to be about 1.8 on average, and the Munsell colours

used in the test are shown in Figure 4.
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Fig. 5. Test environment set up in MATLAB
J2 5, MATLABSE THEl AE 2A

The colour stimulus used in the test had the size of
10° (881 x 88lem) and 20° (1819 x 18.19m) and it was
set up so that the study participants could control the
colour attributes so that they match those of the sample
colours for each stimulus. The viewing distance
between the display and the study participants was set
fixed at 50cm and the test was conducted in a
darkroom with 10 study participants with normal
vision. For the lightness used for the background, in
order to know more clearly the correlation between
background lightness and colour stimulus, the digital
value of 0, which corresponds to the darkest value, and
the digital value of 255, which corresponds to the
brightest value, were used in the test. To perform the
colour matching test, a test environment was set up
using the MATLAB software, as shown in Figure 5.

The test procedures were as follows. The study
participants chose the brightness of the background
and controlled the colour attributes for each of the 40
Munsell colours, namely H (Hue), S (Chroma), and V
(Lightness), using a slide bar so that the colour looked
the same as the sample colour. The study participants
were given a plenty of time to adjust the colour
attributes, and before the test was conducted they had
time to adjust to the darkroom environment. When the
brightness of the background changed as well, the
same kind of adaptation was used so that there was no

hias for brightness changes.

IV. Test results and analysis

CIECAMO2, which was used for the analysis of the
test, is a colour description standard that takes into
account even external factors that affect colour
perception, and which can quantify visual colour
perception. It can be said to be the most advanced
standard colour space from the CIE which reflects
visual sensibility. In order to get the lightness ] for
CIECAMO2, and chroma C, yb was set to 20 and

surround condition was set to average.

Table 3. Viewing condition parameters for
different surrounds
H 3. Ciyst 2tFollAel 27| CHE njziolg

Surround F c Nc
Average 1.00 0.69 1.00
Dim 0.90 0.59 095
Dark 0.80 0.53 0.80

The colour attributes calculated with CIECAMO02
were analyzed using CV (Coefficient Variation), and

the formula used is as follows.

100
—I

CV="=[% (z;— y;,)*/n]? )
y

Typically CV refers to the absolute percentage
difference between two data sets. The variable n used

in the formula refers to the number of stimuli used in

the test, and y refers to the average of the ydata set.
For example, when CV 1is near 0, it can be interpreted
that the two data sets are perfectly identical.

Table 4. CV of J (lightness) and C (chroma)
according to the size of the stimulus
when the brightness of the background
is 0 and 255

H 4. HiZEQ| Y717t 01t 25591 AL X2l 37| w2

CIECAMO2 J(Lightness)2} C(Chroma)Q| CV

BG Lightness J(Lightness) C(Chroma)
0 12.33 1836
255 703 30.05
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20 degree
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Fig. 6. Comparison of J attribute of CIECAM02 according to background

brightness and stimulus size

J2 6. HiZel ¥vl9t X=2o| 3|0 M2 CIECAMO2 J &4 H|m
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Fig. 7. Comparison of C attribute of CIECAMO02 according to background

brightness and stimulus size

a2 7. HZe| 879t xH=e| 370 M2 CIECAMO2 C &4 H|m

As seen in Table 4, ] of CIECAMO02 increases when
the brightness of the background is dark, and C of
CIECAMO2 increases when the brightness of the
background is bright. In other words, the darker the
background, the more different the perception of the
lightness between 10° and 20° stimuli, and the brighter
the background, the bigger the difference in the CV
values because the chroma is perceived very differently
between the two stimuli.

Figure 6 and Figure 7 are graphs that show how
different the perception is, particularly with regard to J
and C attributes of CIECAMO02, depending on the size
of the stimulus and the brightness of the background.

For ], which corresponds to the lightness attribute, it
can be seen that when the brightness of the
background is dark, the stimulus corresponding to 10°

is perceived more brightly than that corresponding to
of the
background is bright, the stimulus corresponding to 20°

20°.  Conversely, when the brightness
is perceived more brightly than that corresponding to
10°. For C, which corresponds to the chroma attribute,
when the brightness of the background is dark, the
stimuli of 10° and 20° are perceived nearly identically,
and when the brightness of the background is bright,
the stimulus of 10° is perceived more colourfully than

that of 20°.

Table 5. CV when the background brightness is
different, for same size stimulus
¥ 5 SYUst A= 37|12 MR i 7|7t CiE 82

oM CV
Size J(Lightness) C(Chroma)
10° 997 29.40
20° 15.00 33.77
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10 degree-CIECAMO02 J

BG 255
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BG 255
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Fig. 8. Comparison of CIECAMO2 J attribute when the background brightness is

different, for same size stimulus
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Fig. 9. Comparison of CIECAM02 C attribute when the background brightness if

different, for same size stimulus
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Table 5 shows the results of analyzing, using CV,
how the perception is different when the brightness of
the background is different, using the same size of
stimulus. The results show that when the size of the
stimulus is 20° for both of the attributes J and C - that

is when the size of the stimulus is large - CV increases.

Table 6. CV according to the background
brightness and value and chroma
combinations of test stimulus

B 6. HjZAQ| 87| U AME X129| valuelt chroma Z&H|

02 cv
BG Lightness Value Chroma J C
0 4 4 8.01 13.70
255 4 4 1280 | 288
0 4 8 1160 | 1693
265 4 8 1808 | 31.23
0 8 4 1442 | 2051
265 8 4 2.21 30.57
0 8 8 1290 | 2172
255 8 8 2.08 29.24

2 AL CIECAMO02 C &M H|m

It can be seen that the stimulus of size 20° is
perceived to be brighter when the background is
brighter, even though the size remains the same. Also,
the stimulus of size 10° is perceived to be brighter
when the background is dark. For attribute C, it is
perceived more colourfully when the background is
dark, rather than when it is bright, for both 10° and 20°.

Table 6 shows the results of analyzing J and C
values in the CIECAMOZ as CV according to the
combinations of value and chroma, which are colour
attributes of the Munsell colour stimulus used in the
test, and according to the background brightness. It can
be seen that when the Munsell value and chroma are
both low and equal (Value4, Chroma4), or when chroma
(Value4, Chroma8), CV

corresponding to J and C both increase when the

is greater than value

background is bright. When the value is greater than

- 50 -



The Journal of The Institute of Internet, Broadcasting and Communication (IIBC)

Vol. 16, No. 1, pp.43-53, Feb. 29, 2016. pISSN 2289—-0238, elSSN 2289-0246

20 degree

BG 255 : Value 4, Chroma 8 - CIECAM02 J

BG 0 : Value 4, Chroma 4 - CIECAMO02 J 100 BG 255 : Value 4, Chroma 4 - CIECAMO02 J 00 BG 0 : Value 4, Chroma 8 - CIECAMO02 J 100
£ £ £
§ o5 £ o §
oy N « & o o 8 w©
J "
: - " tndogd - : e - : - " ot - : - e -
BG 0 : Value 8, Chroma 4 - CIECAMO02 J 100 BG 255 : Value 8, Chroma 4 - CIECAMO02 J 100 BG 0 : Value 8, Chroma 8 - CIECAMO02 J 00 BG 255 : Value 8, Chroma 8 - CIECAM02 J
B x‘,‘ )
x 2
£ £ £
: - e - : - e - : - " ot - : - " toged -
BG 0 : Value 4, Chroma 4 - CIECAM02 C o BG 255 : Value 4, Chroma 4 - CIECAMO02 C BG 0 : Value 4, Chroma 8 - CIECAMO02 C BG 255 : Value 4, Chroma 8 - CIECAMO02 C
: : : :
2 B n e

10 degree

BG 0: Value 8, Chroma 4 - CIECAM02 C

10 degree

BG 255 : Value 8, Chroma 4 - CIECAM02 C

20 degree

10 degree

BG 0: Value 8, Chroma 8 - CIECAM02 C

10 degree

BG 255 : Value 8, Chroma 8 - CIECAM02 C

10 degree

10 dogree

10 dogree

Fig. 10. Comparison of J and C attributes of CIECAMO02 according to background brightness

and combinations of value and chroma of test stimulus
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chroma (Value8, Chroma4) and when value and chroma
are both high and equal (Value8, Chroma®), ] decreases
while C increases when the background is bright.

Figure 10 is a graph that shows what kind of an
effect the combinations of Munsell value and chroma
have on the size of the stimulus according to
background brightness. For attribute J, except for the
case when both the Munsell value and chroma are high,
it can be seen that the 10° stimulus is perceived more
brightly than the 20° stimulus when the background is
dark, but when the background is bright, the brightness
is perceived similarly for both of the stimuli.

For attribute C, the Munsell value and chroma have
the same values, (value 4, chromad, and value 8§,
chroma 8), and when the background is bright, the 10°
stimulus is perceived more colourfully than the 20°
stimulus, and when the background is dark, the two
stimuli are perceived similarly.

For colour combinations where the Munsell value is
4 and the chroma is 8, when the background is dark,
the 10° stimulus is perceived more colourfully than the
20° stimulus, and when the background is bright, the
two stimuli are perceived similarly, and for colour
combinations where the Munsell value is 8 and the
chroma is 4, when the background is dark, although the
20° stimulus was perceived more colourfully than the
10° stimulus, when the background was bright the 10°
stimulus was perceived more colourfully than the 20°
stimulus.

V. Conclusion

This study examined the characteristics of colour
perception for different sizes of stimulus according to
the background brightness, in addition the size of the
colour stimulus, reflecting the fact that colour vision in
the peripheral retina is sensitive to brightness of the
light. In addition, through a psychophysical experiment,
it analyzed the tendencies involved.

Previous studies have found that as the size of the

colour stimulus increases, the colours are perceived
more brightly and colourfully. In contrast to this, in this
study it was found that the 10° stimulus is perceived
more brightly than the 20° stimulus in the colour vision
in the peripheral retina when the background is dark,
and when the background is bright, the 20° stimulus
was perceived more brightly than the 10° stimulus. For
the chroma attribute, when the background was bright
the 10° stimulus was perceived more colourfully than
the 20° stimulus, and when the background was dark,
the two stimuli were perceived nearly identically. Also,
when it comes to the combinations of Munsell value
and chroma and the correlation with the background
brightness, it was found that there were differences in
colour perception for different sizes of stimuli according
to each combination and background brightness.
Overall, for stimulus with high Munsell chroma, the
degree of perception of colour was different than other
kinds of stimuli.

In a future study, a test will be designed to
implement an algorithm so that when the size of the
input image changes and as a result differences in
colour perception occur according to the characteristics
of the device, that it will make the necessary
compensations, and a model will be implemented which
reflects the colour perception characteristics according
to the size of the display. In order for this, an additional
test will be done where the diversity in the size of the
test stimulus and the background brightness will be
automatically taken into account, and the grounds for
the visual characteristics involved in the perception of
colour besides the size of the stimulus will be

suggested.
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