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ABSTRACT

The paper will present how the students learnrtd fechnical solutions in color management by usidgquate digital
devices and recognize the specific upcoming taskdhis area. Several issues, problems and theitisos will be
discussed. The scientific background offer spedf@actical solutions in this area of optics. Cotoanagement is the
major item of this paper.

Color management is a crucial responsibility fordraeengineers and designers. Print, screen andlenapplications
must independently display the same colors. Praildty and consistency in the color representation the aims of a
color management system. This is only possiblestaadardized and audited production workflow.

Nowadays digital media have a fast-paced developpreess. An increasing number of different digitavices with
different display sizes and display technologies amgreat challenge for every color managemenesysthe authors
will present their experience in the field of coleranagement. The design and development of a Biitaérning
environment with the required infrastructure ighe focus. The combination of theoretical and peattectures creates
a deeper understanding in the area of the digifar cepresentation.
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1. INTRODUCTION

At the Offenburg University the students of theuiég Media and Information Engineering and Desigrt g cross-
media insight into the world of media. In many pieal projects they realize print products, filnasimations, online
projects or Apps. With a broad supply of teachirvgras all theoretical scientific basics are offesetti conveyed
intensively. We experience a steadily rapid ongodeyelopment in the field of image capturing tedbg®s and
display technologies. The rapid technological pesgrrepresents a big challenge. Hardly any other dif business
changes in such a high speed. New technologiegragut and applications are changing the mediadvand the use
of media. [20]

2. COLOR MANAGEMENT

Color management took its beginnings in the caproduction of the pre-press. It developed quitdyn the transition

of the electronic color reproduction to the deskpogplishing with a lasting technical change in #880’s and 1990’s.
All these technological changes are designed ®irtterchangeability of digital color informatioim 1993 and 1996 the
standardization committees ICC (International C@onsortium) and the ECI (European Color Initiativere founded.
This was the beginning of color management. Thesentttees worked out open standards for color f@®fof input

and output devices. The first steps toward a warkislor management system were made. [1] - [4], [20

ICC color management is an important part of calgproduction. The aim is to ensure the best passilor
consistency during the production workflow betwelififerent input and output devices. The color mamgnt system
works with a device-independent color space whsctidscribed as profile connection space (PCS).yEdlevice in the
production workflow has a particular standardizedhnical device-profile. It contains the definitiof the device-
dependent color space. Device-dependent color sgaeeoften very different in its reproducible cadoale. The use of
a device-independent color space (medium neutedpuaples them of each other. Now it is possiblediovert image
data into different technical color spaces withightcolor consistency. [1] - [4], [20]
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Figure 1. Color management — universally applicétaiesformation concept [1], [20]

In color management a development takes place &woaythe classic print products to the digital autgevices and
mobile displays. The media usage changes verygiracross the society. Smartphones and Tabletsiget and more
importance. The use of these mobile devices is ttemaf course today. This trend also extends ¢ontledia industry,
where tablets have already established a strongepce in the graphics industry and are increasiimglyse. This
definitely increases the requirement for matchiolpcmanagement solutions.

In this development, the printing industry agaiplsying a leading role. For a long time printechtaet proofs were in
the center of the communication between customepainting department. This role will be taken oweore and more
by soft proofing (monitor proofing) systems. ltagreat challenge for all partners in the prinfimdustry. Soft proofing
systems rely on calibration, profiling and colormagement to produce an accurate representationvofirhages will

look like when printed. Many factors can contribtaevards considerable different representatiorsnoimage template
and its monitor rendering despite of smallest megfical color distances, best hardware and softwBihe sum of all
influences on the complete system must be starmtdind correct. [2][4]

3. DIGITAL DEVICES

Monitors are in the center of media productions haoldl an important function as the main visualrifstee. The current
devices for professional use provide a wide cadmige and shall be calibrated very precisely inotal@chieve the best
possible desired color representation. Tabletssamartphones become more and more important wotk ilmohe media
industry. The quality requirements to the colorresgntation have grown significantly. Color accyraas it is a
standard in the print production for a long time largely ignored on all mobile devices. At the neor) tablets and
smartphones possess no calibration option, hardaigpéay settings are not possible. This is reflddiy the partly very
different color representation of graphical datatmnindividual devices.

3.1 Monitors

Soft proofing is the representation of color dataaoprecisely calibrated and high resolution compuatonitor with the
purpose to generate the color appearance of therscalescribed by the data for certain types oftiigh and
environmental conditions. Such an accurate colpresentation requires a colorimetric definitiontlod database. Soft
proofs require an accurate color management sadtieashow the exact hues and brightness of the @at monitor
has a crucial importance. [7], [8]

Currently, LCD (Liquid Crystal Display) widescreearonitors are typically used in media productiorkey criterion for
the selection of a monitor for a Color Managemepst&n is the used LCD panel type, because theferdift
characteristics have a strong influence on thera@presentation. LCD monitors with IPS (in-planétshing) panels
are best suited. They provide very low viewing andgpendence, which is essential for the commosdyg widescreen
monitors. Although IPS panels have a lower brigbsneontrast than VA (vertical alignment) or TN @teid nematic)
panels, they are still more than adequate for argmioof representation. [12]

For the image quality a uniform color representatiwver the entire screen is crucial (homogeneiyle gamut of a
monitor is determined by the used technology andeisice dependent. In principle, the gamut musatbkast large
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enough to represent all necessary colors. One tagpite color gamut is the brightness contrasts T$hexpressed in the
luminance ratio of white and black point and shootdat least 200:1. For the absolute brightnefsmiance of 150-
200 cd /m? is necessary, which should be obtaifted the calibration of the monitor to the desimglite point. 5000 K
are used in the media industry typically. Anothemportant requirement is the temporal and local iktabThe
reproduced colors must be constant over the wiuotens surface within close tolerances. [7], [8]

3.2 Mobiledevices

Nowadays color management and mobile devices dditrtogether. Modern displays offer a lot and b@eomore and
more efficient and powerful. Unfortunately, the dpment goes to brighter and more colorful displayhich don't
show reality. To be able to use this improving texdbgy reasonably, this unsatisfactory situatios ttabe changed.
Only a color management operating system levelallaccurate color representation. However, iOSAsmdtoid don't
offer this possibility. This means that color ptedi embedded into images aren't utilized. Applaratilike iPhoto also
don't support embedded color profiles. Every ajaitim handles these color profiles differently. STtgads to different
color representations of the identical image. Totley trend is towards updating the desired funefipn by special
applications to get a light version of color managaet.

The IPS-LCD technology is used preferentially foohite devices. This technology offer many advargalijjee low

viewing angle dependence. Particularly this is viemportant at low viewing distance and frequent emaent of the
display. Additionally, this display technology isry insensitive to touch and enables a very loywaase time. Due to
the LED (light-emitting diode) backlight, the powawnsumption of these devices is very low and titteby life is very
good. Meanwhile, more and more AMOLED (active-matirganic light-emitting diode) displays are useldich have

an easy construction and permit quick switchingeBmAMOLED displays are considerably thinner amal lsa produced
substantially more favorably. Compared to LCD’sytlndéfer some advantages like low energy consumptieer LCD

displays and a very high luminosity. As the usedtemials are clearly short-lived, AMOLED displays shube

encapsulated airtight, because the contained raktexan oxidize quickly which would causes defette color space
of different IPS-LCD'’s looks relatively similar, bause they orientate themselves more or less &R&8-color space.
AMOLED are clearly an exception as they represensiierably more colors particularly in the greange of the light
spectrum. [5], [10], [14] - [16], [17]

4. THEORETICAL BACKGROUND

To understand the basic idea of color managemertttidents need a broad theoretical scientific khow. To convey
this know-how, we work step by step. ,From light ttee color” includes the scientific theories andwiedge of
Newton, Maxwell, Hertz, Young, Brewster, Helmholtzpn Kries and Hering. ,Development of the color
representation” contains the CIE human observertaadolor-matching functions, the CIE chromatiaiggram, the
CIE Lab color space and other color models. ,Frot&-Cab color space to color management” continues way
towards the ICC color management, ICC profiles, giamapping and rendering intents. [20]

In an extension of the lecture contents an intendigcussion of different display technologies #&adapplications is
taking place now. The established LCD technology @@ promising OLED (organic light-emitting diodehnology
are in the focus. The classic LCD is now the mastdrtant display technology. LCD’s are used insalits of flat
screens and is currently the predominant technolegg in mobile devices. The function of this dagplechnology is
based on the fact that liquid crystals affect thiapzation direction of light, when a defined dteal voltage is applied.
There are different panel technologies used to fivencolor representation of an LCD. Panels witisted nematic
technology have the abbreviation TN, panels wittiiza alignment technology have the abbreviatioh Y61, [9], [11],
[12], [18]

A further development is the Super LCD which offarsigher sharpness, better contrast and a widarimj angle than
a classical LCD. The latest LCD technology is ahlfuper LCD 2. It is based fundamentally on theated IPS
displays. IPS describes a special technology fob’sChat improves especially the viewing angle 8iigb Retina

display is a marketing concept of Apple. Retinaplags are customary LCD’s with IPS technology watlvery high

resolution. The idea behind the concept "Retinathi& that the resolution of the display shouldsbehigh that the
human eye cannot recognize single image points fxagpical viewing distance. Therefore the displagresentation
looks extremely sharp and detailed and offers gexyd brightness and contrast values. [5], [11}4],[[17]
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The OLED technology is based on the fact that gepgalymers emit light. Because every sub-pixedlitbecomes the
source of light, no background lighting is necegsBehind its ability to switch on or off the liglkimission are certain
natural combined organic molecules which have sendactor behaviors and are therefore suitable for t
transportation of electrical charges. OLEDs madesmfall molecules or polymer materials need only simgle
substrate. Therefore, OLEDs can be produced asmgty thin layers. Because of the thin-film struet®LEDs
achieve excellent visual qualities (high contrasd #&rilliant colors) and a highly precisely lightnession with a low
viewing angle dependency. Their energy consumpsiaery low. [6], [9], [19]

AMOLED is an advancement of the classical OLED. Tifeerence exists primarily in the control of thimgle pixels.
The organic light-emitting diodes are controlled their entirety as active matrix by using trangistoThe color
representation seems always evenly illuminated iandrtually independent of the viewpoint. Super-@VEDs are
using the so-called Pen-Tile matrix with the laypattern red, green, blue, green (RG-BG). This igp@crangement
ensures that the real resolution remains the shaies third of the sub-pixels are missing compaoed normal pixel
arrangement. The latest development is the SupeBBRED plus. For these display technology the Pee-Tiatrix is
replaced by the Real-Stripe technology. Now evéxglrontains the three colors red, green and Bihe. resolution of
the display becomes clearly higher and single pigeé not recognizable any more. In addition, tlhekbvalues were
improved, the contrast increased and the battexiyn dlowered again. [5], [9], [10], [13] - [17]

5. APPLICATIONS

The students should develop sense of the coloeseptation on screens besides the theoreticatificidrasics. For that
purpose various monitors and displays are measuitadlifferent gauges. We want to reach a sensitingor the topic
of color management and show the differences ircthher representation of different display techigi¢s. But also the
technical side of the display technologies is mowedeasingly into the focus of our practical leetu

5.1 Liquid Crystal Display in the do-it-your self

To develop a deeper understanding the students toabeild simple LCDs themselves. A custom simpletive is
transferred to the leading coated sides of thedisplay glass tops. It is important to check tightiess of the design,
since the non-protected places of the conductiyerlare removed in an etching bath in the next Step two glass tops
are then cleaned and oxidized to get a transpdigpialy. After the oxidization further cleaning bgiling is necessary.

Figure 2. Simple Liquid Crystal Displays in the derourself

Both glass tops are oriented on the coated sidegrdtyng in 90° moved direction and are providedhwrepared
distance holders and glued together there. Afterglhe is dry, the screen is filled with liquid stgls. By the capillary
effect these spread out between the two glassaiojgsnatically. Now the cleaned still open sidethef display must be
sealed airtight with adhesive. Because the dispésyno backlight, it must be work with incident aenib light. To make
his possible, a reflector layer which carries aapmhtion layer at the same time is stuck on thekb#@ second
transparent polarization foil is stuck on to thenfrside. Depending on the orientation of the prégion foil the display
shows a bright image on a dark background or a ideege on a light background if the voltage supplgpplied.
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5.2 Colorsand digital display devices

The first testing environment uses the Konica MindlRT Color Analyzer CA-100 with the software LdBEW 5.0
(National Instruments). With different tasks thadsints are to be introduced to the color repredentan screens and
displays. The CRT monitor has to be adjusted te tolor mode. Initially the students have to meagbe primary
colors red, green and blue of the monitor with ¢ber analyzer. Then the secondary colors cyan,em@gand yellow
are to be measured as well as white and black. méasured values are to be graphed into a self4qm@pzorm
chromaticity diagram. This task serves to objectifg color impression on a screen so that at nteseptations of
colors suitable countermeasures can be taken Qp. [2

Figure 3. The testing environment of the Konica dlia CRT Color Analyzer CA-100 and the measuremeniremment of
the spectrometer JAZ (Ocean Optics) for differentijored LEDs.

To sharpen the understanding of the color repratient two primary colors are to be selected fdithering field. The
raster should be adjusted on values 200, 100, ®0THen the selected colors must be reproducedtbwee regulators
for red, green and blue and are to be measuretbfoparison purposes. This is a very good trainomgle visual color
perception. The effective direction of the thresib&olor channels is trained intensively. [20]

Now the color temperature of the monitor has talegermined. A color field is to be adjusted for tghéind then the
values for Yxy are to be measured. The black bpégtsum of the measured color temperature willdprasented with
the software. Then the students have to calcutetedrresponding tristimulus values. The valuethefmeasured white
are to be graphed into the norm chromaticity diagaad themuv is to be interpreted. [20]
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Figure 4. Different applications of the softwaredoMdEW.

Finally the students have to work with color roviibe first step is to differentiate neighboring adiields. This is only
possible if the difference between neighboring cdillds is big enough. With the help of the softevawn color rows
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can be produced. Simultaneously the color valuah@fcolor analyzer can be saved and representdideocomputer.
With the help of suitable color rows it is possiblew to declare the Gamut of the monitor. In theeavay the gray row
is to be measured and then the brightness cuteebie explained. Now contrast and brightness ofitbaitor have to be
varied and more brightness curves have to be td&era determination of the gamma value. A visualgto

determination of the gamma has to be carried otlit aviest card. [20]

5.3 More possibilitieswith the spectrometer JAZ

Much new interesting possibilities offer the spesteter JAZ of Ocean Optics. At first the studentsasure different
lamps to get some basic knowledge about the deVlee spectrum of a glow-discharge lamp will be miead. With the
measured values is to decide what kind of glowkdisge lamp it is. [20]

Base for the next measurement series are diffgreatbred LEDs. The different spectra of the LEDs #® be transfered
in a graph. With constant power the voltage of tE®s are to be measured and the wavelength ofdlwred diodes
has to be determined. In the Software are diffeitemhinant standards deposited. One of them hdsetselected for the
white diode. First a reference spectrum is to lernawith this standard and after this a dark spettrThen the other
diodes are to be measured in the norm color fiehte measurement series is to be repeated withefudbposited
illuminant standards. All measured xy values arbd@raphed into a norm chromaticity diagram. [20]
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Figure 5. Measurement setup with a red colored BED the corresponding result.
5.4 Color representation on digital devices

The focus of the measurement lays on the coloresgmtation on different displays. The portfolioashilable digital

devices has been significantly extended. At firdyanobile devices with iOS operating system cduddcalibrated with
the color calibration solution Spyder (Datacolord the App SyderGallery. Meanwhile the software waseloped
further and is now available for devices with Androperating system. In addition, another gaugealbésplay of x-rite

has been acquired. With the App ColorTRUE it imglsssible to calibrate mobile devices with boteraging systems.
Finally, mobile devices of different manufacturesith different display technologies can now be uded the

measurements. That represents the everyday meglia tiee society much better. [20]

Several digital output devices are available. @moaitor, a laptop, a tablet and a smartphone threegaepared test card
is displayed. At first the image representation teabe evaluated visually and then measured wighsgiectrometer on
every device. The visual assessments and the nesasnts have to be correlated with each other. Bxétask is to
calibrate the three devices with a color calibratimlution. After the calibration the identical ttesird is represented
once again. By the use of two different colorimgtersecond series of experiments can be perform@dlhis possible
to compare the calibration quality of both gauggain the representation of the test card has tevaduated visually
and then measured. The results have to be comteltie each other and discussed. To demonstratsttbeg influence
of the environment conditions on the color représtgon, different lighting situations will be creat Particularly
mobile devices are strongly affected by it. Thiskegclear again how important a standardized wank#ind a defined
environment for the media production is. [20]
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Figure 6.Color representation on different mobile devices

Finally the same test card is represented in faterdnt color spaces on a calibrated LCD moniidris visually often
means an obvious change of the color representaftem changes have to be evaluated visually vetaildd and then
measured. With Adobe Photoshop it is possible tdagyeevery represented color field its color valughe values have
to be graphed in a two-dimensional chroma diagmramvhich the luminance is neglected. Then the cditferenceAE
between same color fields represented in diffecetdr spaces has to be calculated. It is very itgmorto establish a
correlation between the results. The students dpwelgood appreciation of the mode of action dedé#int color spaces
for the same data. [20]
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Figure 7.Different color spaces changes the color repretienta

6. RESULTS

Students need a practical part to develop a bettaprehension of the color representation in thdiaad o convey and
deepen the important theoretical basics practeststand exercises are essential. The studentsecaanfronted with
practical problems. Through the problems solutibeotetical scientific backgrounds can be deepersy well. A
strong sensitization for important topics like golepresentation and color management should taloe pVery positive
results are seen at the end of the series of Extispecially the objectification of the color megsion and the training
of the visual color perception have a very posigffect. [20]
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By covering and dealing with the most importanptiiy technologies which are used nowadays in malgléces, we
have managed to convey another important aspecheaxfia technology. Just these display technologise ha
determining influence on the color representatidrclear sensitization of the students takes plageh the use of
different mobile devices we cope with the stronghanged media usage and extend the theoretical l&dge base
clearly by important aspects. This advanced knogdeldas a positive effect on the various designeptsj A deeper
understanding is created just in the area of tig@adicolor representation. By using different dégptechnologies, a
broad comparison base is created which is very itapbespecially for cross-media productions. [20]

Predictability and consistency in the color repn¢éstion are the aims of a color management sysfns is only

possible in a standardized and audited productiorkflow. The importance to calibrate the deviceslénonstrated
very plastically. Consequences of the choice oéfindd color space on the color representation teamha moments
again and again. By using different gauges andgeianumber of different digital devices, we geisdr to our aim, to
expand the practical education in scientific anddpiction-related form even more. But it is stilcessary to improve
the learning infrastructure more. With a compo&iten of theoretical and practical lectures veryipies results can be
achieved. Seen from the point of view of knowletigaisfer, these results point the way toward moaetjral education
in a scientific but applied direction. It has to bensidered that design and development of a deitiarning

environment with the required infrastructure andegponding investments are necessary. [20]
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