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Abstract

Displaying desired colours on the screen via the web is still a crucial part of being successful for artists and
photographers. The aim of our research was to compare accuracies and varieties of displayed colours on dif-
ferent devices and variations on the same device. Seven Apple display screens of various devices were an-
alysed (iPad 2, iPad 3, iPad Mini, iPhone 4, iPhone 5, iMac and MacBook Pro) using two different browsers
Safari and Chrome. For iMac display profile iMac, and for MacBook Pro display profile Colour LCD were used.
The colour gamuts shown in CIE 1931 x, y and the CIELAB colour diagram were compared with the stand-
ard colour space sRGB. The results show that the appearances of colours on different devices are mostly de-
pendent on screen quality. The appearances of colours are largely influenced by the choices of browsers for
devices that support colour profiles. In regard to devices with included colour profiles within their displays,
it is important to choose a browser that enables colour management to take into account the display col-
our profile. In our case, the Safari browser takes into account the specific display profile whilst Chrome does
not consider those profile. However the results also depend on other factors. These results are important for
graphics and fashion designers as well as textile technologists, who present their work and products to their
potential clients on different devices.
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lzvlecek

Prikazovanje Zelene barve na zaslonu na spletu je se vedno kljucni del uspeha za slikarje in fotografe. Namen nase
raziskave je bil primerjati natancnost in razlicnost prikazanih barv na razlicnih napravah ter med modeli posa-
mezne naprave. Analiziranih je bilo sedem Applovih zaslonov razlicnih naprav (iPad 2, iPad 3, iPad Mini, iPhone 4,
iPhone 5, iMac ter MacBook Pro) v dveh brskalnikih, Chrome in Safari. Pri napraviiMac je bil uporabljen barvni pro-
fil zaslona iMac, pri MacBook Pro pa je bil uporablien barvni profil Colour LCD. Barvni prostori naprav so prikaza-
ni v barvnem diagramu CIE x, y in CIELAB ter primerjani s standardnim barvnim prostorom sRGB. Rezultati kaZejo,
da na prikaz barv na razli¢nih napravah v veliki meri vpliva predvsem kakovost zaslona. Pri napravah, ki podpira-
Jjo barvne profile, na prikaz barv vpliva tudi izbira brskalnika. Pri napravah z vkljucenim barvnim profilom zaslona
Jje pomembno, da izberemo brskalnik, ki ima omogoceno barvno upravijanje, ki izbrani profil uposteva. V nasem
primeru brskalnik Safari uposteva dolocen profil zaslona, medtem ko brskalnik Chrome barvnih profilov zaslona
ne uposteva in rezultati so odvisni od drugih dejavnikov. Ti rezultati so pomembni tako za graficne in modne obli-
kovalce kot tudi za tekstilne tehnologe, ki Zelijo potencialnim strankam predstaviti svoje delo in izdelke na razli¢-
nih napravah.
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1 Introduction

Nowadays, an increasing amounts of services and
retailing take place via the Web. Therefore, the Web
has become one of the better tools for photogra-
phers, designers and artists in general, enabling
them to present their work and products. On-line
portfolios, for example, can be easily designed but
the colours observed on their screens depend on
different parameters, such as the quality of the dis-
play device, the resolution, screen brightness, etc.
This may change the appearances of images dis-
played on different devices. This challenge does not
only refer to portfolios but also to the sale of the im-
ages, and online printing [1].

In order to provide an accurate presentation of the
documents or images on the Web, a calibrated
screen or display device is rquired together with an
image with an embedded profile and browser that
enables colour management. Significant differences
could occur between browsers depending on wheth-
er they support colour management or not [2].
Portable mobile devices are more and more impor-
tant parts of our lives. We all use mobile phones,
tablet devices, navigation devices, as well as com-
puters. The advances in technology, and the fact that
we all want to be connected to the Web, to be »on-
line, all the time and at every location.

eMarketer expected 4.55 billion people worldwide
to use a mobile phone in 2014. Mobile adoption is
slowing but new users in the developing regions of
Asia-Pacific and the Middle East and Africa, will
drive a further increase. Between 2013 and 2017,
mobile phone use will rise from 61.1% to 69.4% of
the global population [3]. According to global mar-
keting research, mobile marketing that involves
multi-way communication and promotion, between
companies and customers using mobile devices is
becoming more and more important in retailing en-
vironment. The numbes of users of these devices,
and related services, indicates the growing audience
for mobile electronic communication and market-
ing, implementing an mobile lifestyle [4].

The development of technology and the increase of
markets is resulting in novel devices popping up on
the market everyday. The world we live in is in col-
our and so the colour is important for information
as presented on mobile devices, and thus the analy-
ses of colour interpretations on different portable
devices are very important.
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The research of colour on mobile devices, as per-
formed at California State University, indicated that
users prefer colours in text and images. The results
of this survey indicated user preferences for prima-
ry coloured backgrounds in concert with white,
black or light-blue foreground colours [5].

Another analysis focused on a novel method for
converting a greyscale image into a coloured image
for quality image analysis, resulted in a novel algo-
rithm [6]. The greyscale IP operations are very chal-
lenging and limited as information extracted from
such images is inaccurate. The algorithm they de-
veloped is based on transformation of input image
using reference colour image by reverse engineer-
ing. The grey levels of greyscale image are mapped
with the colour image in all the three layers (red,
green, blue) and these mapped pixels are used to re-
construct a greyscale image, as represented within a
3 dimensional colour matrix. The algorithm is very
simple and accurate and it can be used within any
domain such as medical imaging, satellite imaging
and agriculture/environment real-scenes. The algo-
rithm is implemented and tested on low-cost mo-
bile devices too, and the results are found to be ap-
preciable.

Over recent decades the uses of colour management
processes are increasing and are used in many dif-
ferent fields, from digital preparation to print, more
recently on the Web, which is very important for
complying with the reproduction of the original.
The quality of reproduction is influenced by many
different factors, from the types of devices to difter-
ent browsers or operating systems. The same docu-
ment may look different when printed on different
printers or displayed on different screens [7]. In the
work by Zori¢ and Karlovi¢ [8] they suggested a
need for novel colour management and colour cali-
bration protocols. They also suggested that future
versions of iOS and Android operating systems will
be developed in collaborations with ICC. In one re-
port, the author describes the importance of using
colour profiles for images that are intended for the
Web and recommended the use of sRGB colour
space in order to achieve accuracy and consistency
of the colour display on the screen. sSRGB has been
already set for the Web by the W3C (World Wide
Web Consortium), unless otherwise specified. In
the second part of the report the author presented a
method of setting the sRGB colour space of a par-
ticular image [9]. The authors of the book Colour
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reproduction and colour management found that
there is a problem with the newer displays, imple-
menting greater colour gamut than sRGB, as the
colours displayed may vary depending on the type
of display and device [2].

Research on the Web describing browser response if
Web-safe colours are not used, presented two op-
tions: in the first option a browser replaced a partic-
ular colour with the colour from the colour palettes,
whilst as the other option a particular colour is re-
placed with the other two colours. The result is a
surface composed of dots that look like paint, there-
fore it is better to avoid the dotted area by using a
Web-safe colour, wherever possible. This is especial-
ly true for use on tablet devices, smartphones, and
colours that are generated by HTML code and GIF
files, which are commonly used for logos [10]. Web-
safe colours consist of 216 colours that display ex-
actly the same on all computers [11].

In one study, the author researched the best meth-
ods of ensuring colour quality on the Web, by deter-
mining the differences between the displayed imag-
es on a variety of browsers of both Macintosh and
Windows operating systems. It was found that there
was no significant difference in Safari, if the image
already had an embedded profile. If the photo did
not have an embedded profile, Windows displayed a
somewhat brighter image, and in the Firefox brows-
er there were no noticeable differences. The Chrome
browser on Macintosh displayed imagery with an
embedded profile as in Photoshop, whilst on Win-
dows it looked like an image without an embedded
profile. The final findings of the authors were that
the operating systems of Windows and Macintosh
also affected the displays of images on the web, as
well as the choice of browser. For the most consist-
ent browser Mozilla Firefox was chosen as the more
consistent browser as there were no noticeable dif-
ferences in the image colours [1].

The aim of this research was to compare the accura-
cies and varieties of displayed colours on different
devices, and variations on the same device. Seven
Apple display screens of various devices were ana-
lysed (iPad 2, iPad 3, iPad Mini, iPhone 4, iPhone 5,
iMac and MacBook Pro) using two different brows-
ers, Safari and Chrome.

Google Chrome has supported ICC v2 and v4 pro-
files on Apple systems for several years. Chrome
version 22 onwards supports ICC profiles v2 on
other operating systems [12]. This browser converts
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image profile to sRGB colour space but the user
should set a display colour profile with default set-
tings [13]. Safari with version 2.0 is the first web
browser that started supporting colour management
on Apple operating systems. It supports ICC pro-
files and allows colour management on Web. Imag-
es without embedded profiles are displayed by using
the Safari browser and look slightly supersaturated
but only on newer displays with a wider colour
gamut. Images with embedded profiles were dis-
played correctly [14].

This research is important for graphics and fashion
designers as well as textile technologists who
presents their work and products to their potential
clients on different devices.

2 Materials and methods

Display screens of various devices were analysed-
iPad2, iPad3, iPad Mini, iMac, MacBook Pro,
iPhone4 and iPhone5. Three identical models of a
particular devicewere measured with display bright-
ness set to maximum value. Equation AE*ab was
used for evaluating the data colour difference. The
results are presented within a CIE 1931 colour chro-
maticity diagramme.

In our research test chart Colour Checker Classic
was used, which represents the more represen-
tative colours of nature. The measurements
(CIEL*a*b* values) of twenty-four colours from the
test chart, displayed on different devices, were per-
formed using a spectrophotometer Eye One (X-
Rite) in the emission mode. Each colour was meas-
ured on each device in three places and
measurements were performed in the Terminal for
Mac systems. In regard to other calculations, Mi-
crosoft Excel was used for data normalisation, the
calculations of colour differences, and the calcula-
tions of the chromaticity coordinates x, y, program.
3D CIELAB diagrammes that represent the colour
gamuts of individual devices were performed with-
in the MatLab program.

3 Results and discussion
The displays of colours in Safari and Chrome brows-
ers on different Apple display devices were analysed

during our research.
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Table 1: Colour difference AE*ab between the colours displayed on different devices in Safari
Device iPad 3 iPad 2 iPad Mini iMac Malc)l:(())ok iPhone4 | iPhone5
iPad 3 X 10.22 11.36 10.86 7.91 14.25 4.41
iPad 2 10.22 X 9.01 8.85 13.97 15.55 11.23
iPad Mini 11.36 9.01 X 6.40 11.41 12.69 8.53
iMac 10.86 8.85 6.40 X 11.02 17.43 8.54
MacBook Pro 7.91 13.97 11.41 11.02 X 18.07 5.51
iPhone 4 14.25 15.55 12.69 17.43 18.07 X 14.25
iPhone 5 4.41 11.23 8.53 8.54 5.51 14.25 X
Table 1 shows the colour differences between col- 0,9 ® iPad3
ours displayed on different devices in the Safari o iPad 2
browser. Colour management was only supported 0.8 540 @ iPad Mini
on devices iMac and MacBook Pro. 9 2RCB
The biggest colour difference occured between Mac-
Book Pro and iPhone4. This was expected, as compu-
ter screens’ support for the uses of profiles and colour
management in Safari is fully enabled. The minimum
colour difference (AE*ab 4.41) was obtained between =~ >
the iPad 3 and iPhone 5. In general, the colour differ-
ences between devices were fairly significant. The rea- 620

son can be found in the different screen qualities, and
certain tablet devices and smart phones have lower
qualities than the computer screens.

Figures 1-4 show a comparison between different
versions of the same device. Figures 1 and 2 show the
colour gamuts of devices iPad (iPad 2, iPad 3 and
iPad Mini) in Safari. In the 3D diagramme (Figure 2)
we could see that those dots that marked the iPad 2
and the iPad Mini, were somewhat closer together,
whilst the dots that marked device iPad 3 were well
separated from the other two devices, the lightness
of iPad 3 was higher. The Figures show the Lab value
as delivered by the measuring program, all of the
values calculated according to a standard light
source D50, and some values of L* higher than the
100. Measured values CIEL* of colours presented in
Figure 2 were higher than the value 100, as the displays
typically have higher luminance than other media.
The chromaticity diagramme (Figure 1) shows col-
our gamuts where iPad 2 and iPad Mini were quite
similar, whilst the iPad 3 was expanded more in some
areas. When the colour gamuts were compared to the
sRGB colour space, which is recommended for use
on the Web, we could see that they were much closer
to the iPad 3, thus having a larger colour gamut than
the other two, so we can conclude that iPad 3 is more
suitable for viewing images in Safari.
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Figure 1: The colour gamut of iPad devices in Safari,

presented in the 1931 CIE x, y
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Figure 2: 3D diagramme of colour spaces of iPad de-
vices (Safari browser, L = L*, a = a*, b = b*)
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Figures 3 and 4 show a comparison between the de-
vices iPhone 4 and iPhone 5. iPhone 4 has a smaller
colour gamut than iPhone 5, which means that those
colours displayed on iPhone 5 were more saturated.
In Figure 4, a difference in brightness between de-
vices is noticeable — on iPhone 5 the displayed col-
ours are brighter than on iPhone 4. Figure 3 shows
that the colour gamut of iPhone 5 was much closer
to the standard sRGB space, so we can conclude that
iPad 3 is more suitable for viewing images in Safari.
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Figure 3: The colour gamut of iPhone devices in Safa-
ri, presented in the 1931 CIE x, y
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Figure 4: 3D diagrammme of the colour spaces of
iPhone devices (Safari browser, L = L*, a = a*, b = b*)
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Figures 5 and 6 show a comparison between the com-
puter screen iMac and MacBook Pro in the Safari
browser. The dots in the 3D diagramme (Figure 6)
do not match, and the colour gamut of MacBook
Pro in the chromatic diagramme (Figure 5) is rath-
er larger than that of iMac and somewhat closer to
the standard sRGB space. The Colours displayed
on the device MacBook Pro are brighter and more
saturated than those colours displayed on the de-
vice iMac.
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Figure 5: The colour gamuts of iMac and MacBook
Pro in Safari, presented in the 1931 CIE x, y
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Figure 6: 3D diagramme of colour spaces iMac and
MacBook Pro (Safari browser, L=L* a = a* b = b*)
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Table 2: The colour differences AE*ab amongst devices in Chrome

Device iPad 3 iPad 2 iPad Mini iMac Malc)i:)ok iPhone 4 iPhone 5
iPad 3 X 7.80 7.07 8.20 7.96 13.88 4.47
iPad 2 7.80 X 2.34 12.32 11.52 10.34 8.95
iPad Mini 7.07 2.34 X 11.91 11.59 10.78 8.67
iMac 8.20 12.32 11.91 X 10.62 20.75 11.43
MacBook Pro 7.96 11.52 11.59 10.62 X 16.73 9.57
iPhone 4 13.88 10.34 10.78 20.75 16.73 X 11.57
iPhone 5 4.47 8.95 8.67 11.43 9.57 11.57 X

The second part of the comparisons between differ-
ent devices was implemented in Chrome.

Of all the measured devices, colour management
was only supported on devices iMac and MacBook
Pro. Table 2 shows that the maximum colour dif-
ference (20.75) occurred between the mobile
phone iPhone 4 and the computer screen iMac.
The differences between the devices in Chrome
were slightly lower than in Safari, but still unex-
pectedly greater.

0.9 ® iPad 3
® iPad 2
® iPad Mini

0814 540
[ ® sRGB
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X

Figure 7: The colour gamut of all iPad devices in
Chrome, presented in the 1931 CIE x, y

Figures 7 and 8 show a comparison between the
three devices iPad in Chrome browser. Figure 8
shows that the colours displayed on the device iPad 3
varied in brightness. From the chromatic diagramme

(Figure 7) it can be seen that the device iPad 3 is
again closest to the sRGB colour space, which
means that colours displayed on the iPad 3 are the
more saturated and that iPad 3 has the largest col-
our gamut. Colour gamuts of devices iPad 2 and
iPad Mini are very similar and have a smaller col-
our space than the iPad 3.
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Figure 8: 3D diagramme of the colour spaces of all
iPad devices (Chrome browser, L=L*, a=a*, b =b*)

Figures 9 and 10 show a comparison of colour spac-
es between the iPhone 4 and iPhone 5. As in the Sa-
fari browser it can be seen (Figure 9) that the colour
gamut of the device iPhone 5 is much greater than
the colour gamut of iPhone 4, which means that the
colours displayed on iPhone 5 were more saturat-
ed. Also the difference in lightness is quite signifi-
cant (Figure 10), however the colours displayed on
iPhone 5 are brighter than on iPhone 4.
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Figure 9: The colour gamuts of two iPhone devices in
Chrome, presented in the 1931 CIE x, y
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Figure 10: 3D diagramme of the colour spaces of two
iPhone devices (Chrome browser, L =L* a = a*, b =b*)

Figures 11 and 12 shows a comparison between the
two devices, iMac and MacBook Pro, in the Chrome
browser. The colour difference (10.62) between
these devices is also evident in Table 2. The iMac
displayed colour slightly brighter than the device
MacBook Pro, whilst the colour gamut of iMac is
smaller than the colour gamut of MacBook Pro,
however the colours displayed on the MacBook Pro
were saturated more.
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Figure 11: The colour gamuts of iMac and MacBook
Pro in Chrome, presented in the 1931 CIE x, y
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Figure 12: 3D diagramme of the colour spaces of iMac
and MacBook Pro (Chrome browser, L = L%, a = a*,
b="b%

Figures 2, 4, 6, 8, 10 and 12 shows the L*a*b* values
as calculated by the measuring program, where all
of the values are calculated according to a standard
illuminant D50. This is the reason why some values
of L* are higher than 100.

4 Conclusion

The aim of our research was to compare the accura-
cies and varieties of displayed colours on different de-
vices, and different types of the same device. Unlike
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the Safari browser, the Chrome browser does not use
the colour display profile. In the cases of some devices,
we did not expect such significant (almost disturbing)
deviations in colour for the same types of the devices
(iPad, iPhone), which is also influenced by the choice
of browser used (colour difference between devices is
smaller in the case of Chrome). On the devices iPad
and iPhone colour management is not supported, so
the colour displaying is mostly dependent on the qual-
ity of the screen. The other two devices iMac and Mac-
Book Pro are colour-management supported but only
in Safari, whilst the Chrome browser excludes the col-
our profile of the display. In that case, according to the
calculated colour differences which are similar for
both used browsers, we could not determine which
browser was better for colour reproduction. For all de-
vices, the colours displayed on the screens largely de-
pended on the qualities of the screen. This research is
important for graphics and fashion designers as well
as textile technologists, who presents their work and
products on different devices to their potential clients.
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