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ABSTRACT

This paper describes the integration of the research project "Characterization of Color Vision using Spectro:
Nanotechnology: Application to Media Photonics” into an engineering course in the field of media technology.
is to develop the existing learning concept towards a more research-oriented teaching. Involving students i
projects as part of the learning process provides a deeper insight into current research topics and the key t
scientific work. This makes it easier for students to recognize the importance of the acquired theoretical knov
the practice, which enables them to derive new insights of their own.
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1. INTRODUCTION

The mission of Offenburg University of Applied Sciences as an efficient educational institution is to enable its
to independently apply and further develop scientific knowledge and methods through qualified teaching. In
fulfil these requirements, students of the Faculty of Media and Information are offered a wide range of cours
broad spectrum of lectures in the fields of media informatics, media technology, media design and media econt
teaching aim is the best possible qualification of the students on the basis of a strong scientific and researt
education, which also includes the development of important interdisciplinary competences.

In order to achieve this goal, we have developed a concept for research-oriented teaching that follows a define
For the success of this teaching approach it is crucial to offer a suitable learning environment. It is very import
modern teaching methods and digital media to create an open and creative learning environment. In order to
necessary topics and competences clearly and intensively, we offer a mixture of theoretical lectures and practi
the laboratories and in projects, combined with the advantages of modern digital media. This approach is now
by a comprehensive integration of research projects into teaching.

2. CONCEPT FOR RESEARCH-ORIENTED TEACHING

The term "research-oriented teaching" describes a wide variety of courses that combine the fields of res
teaching. The central idea here is to familiarize students with current research topics and processes in their d
early semesters. The concept designed by the Faculty of Media and Information supports students in progres:
comprehensible understanding of research topics, research processes, research methods and researc
autonomous research as far as possible. In this way, research-oriented teaching combines the theoretical a
sides of the scientific knowledge process. In addition, the acquisition of specialist knowledge is combined
acquisition and development of interdisciplinary competencef2][13]

At the center of the concept is the general demand that research should be made visible and tangible for ot
Students are offered a concrete research context in courses in order to gain an insight into scientific work. On t
the "Research-Teaching Nexus", different teaching formats are offered to all teachers between lecturer ai
activity as well as between the focal points research results and research processes/problems in order to
different aspects of research-oriented teaching. Accompanied by various basic lectures, authentic, currei
realistic problem situations are offered for independent study, which they work on with scientific methods and
results. This enables them to immerse themselves in the world of subject-specific research. They are suppo
teacher, who supervises, advises and encourages them. The common communication between teachers an
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well as among students is an important element.cOncept and the underlying ideas are describeetil in the paper
"Concept and development of research-oriented eiducia the university context". [1] [2] [3]

3. PLANNED IMPLEMENTATION OF THE CONCEPT

This paper describes the integration of the reseproject "Characterization of Color Vision usingeStrometry and
Nanotechnology: Application to Media Photonics"oindn established engineering course in the fieldmefdia

technology. The current learning concept is touseher developed in the direction of research-aedrieaching in order
to activate previously unused potentials. [4]

As already mentioned, a suitable learning enviramnie very important for the success of a defirestiing scenario.
This currently involves theoretical lectures, piadt activities as well as practical applicationsdaexperiments
embedded in a blended learning concept. The intiegraf current research projects is now the consatjcontinuation
of the development process that this engineeringseohas undergone in recent years. The integrafistudents into
research projects and research activities withinl¢larning process offers a deeper insight intoectirresearch topics
and key elements of scientific work. This makesaisier for students to recognize the importanceéhebretical

knowledge acquired in practice and to derive tlo®in new insights from it. In the scientific knowggs process a
combination of theory and practice takes placechvisirongly supports the development of speciallkzsalviedge and
interdisciplinary competences. [5]

The primary aim of our educational program is tovite students with the best possible qualificatibased on strong
scientific and research-oriented education. By enmnting our concept for research-oriented teachimgintend to

ensure that our students develop a deeper undéirsgaaf science and a positive research attitudés includes the
acquisition of methodical research competenceglandbility to critically reflect on research adiiies and results. It is
also important to gather experience in scientifilaborations with teaching researchers in ordebbdosystematically
and optimally prepared for future activities ineasch and development. [1] [2] [3] [5]

3.1 The existing blended learning scenario

The conception and development of the blended ilegustenario for the engineering course "Media Tietdgy: Color
Representation and Display Devices", which is aegral part of the second and third semesters efsthdies, was
presented in a paper in 2016. [5]

Blended learning describes a teaching and learstegario that provides a didactically meaningfuteation between
attendance and online periods. Knowledge trangfer iadividual learning should be made easier. Tiuelents are
oriented towards self-paced learning. There ixedftimetable for regular lectures, the plannedtpral workshops and
self-paced online learning. A central element & #tenario is the e-learning software moodle, widchsed at the
University of Offenburg. E-learning is an excellevdy to add digital media to established teacho®narios. Moodle is
an internet-based open source software packaghdatevelopment and implementation of e-learningses under the
GNU Public License. This online platform offers yeasccess to online learning materials with manerittion

possibilities. Literature, scientific papers anccaiments are made available. Animations, videos modtasts for the
visualization of content are integrated as welpeeparatory exercises, tasks and tests to checlevbé of knowledge.

[5]

The engineering course "Media Technology: Color@sgntation and Digital Devices" is offered in setess 2 and 3
in four consecutive segments. Particularly in thedf of imaging and display technologies, we exgare rapid
technological progress that brings major challengrerder to meet this progress, students neetbadbtheoretical
knowledge. The specific theoretical basics aremivea defined lecture format. To deepen their Kieoge, practical
workshops are offered in the Media Technology Latmy. A fixed schedule defines the attendanceaantitie periods.
Segment 1 is entitled "From light to color". Thedis is on the scientific theories and knowledg@lefton, Maxwell,
Hertz, Young, Brewster, Helmholtz and Hering. Segim2 "Development of the color representation” f®sion
colorimetry. It explains how human color perceptismphysically quantified and described. Segmetfrdm CIE Lab
color space to color management" is clearly mongliegtion-oriented. The topic is ICC color managemeith all
aspects such as ICC profiles, gamut mapping anderamy intents. And finally, segment 4, "Color regentation on
display devices", deals intensively with variouspltly technologies and their applications. Thewison focuses on
LCD technology and OLED technology. [5] [6] [7] [8]
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Three regular lectures per segment are used torirtipeoretical knowledge. Participation is optiorgtese can be used
by the students for face-to-face communication whthteacher. The online platform provides the glete contents of
the lectures and exercises, which also enablegstsido work independently. In this online learnpigse, the teacher
only plays a minor role. Support is available oalifor students. However, personal on-site supm#lso possible
through tutoring or small group sessions. In otdesuccessfully complete a segment, the respeitiggrated practical
workshop must be completed in the media laboratdhys is a must-attend event for all students. Eoadmitted,
students must pass an online test to examineléhat of knowledge. The results of the workshop nigspublished in a
laboratory report and then presented to all paxicis with a poster. [5]

3.2 Extension in the context of research-oriented teadihg

To be able to implement the planned concept fozarh-oriented teaching, the underlying structdrén® engineering
course will be adapted and supplemented with fatéreching forms. An extended offer of additiorednénars gives the
students the opportunity to systematically famiiarthemselves with the entire research procesdeepening of the
content focus as well as the individual steps ef ilssearch process is enabled. Students shouldnhotunderstand
these, but should also be able to construct, agpdyreflect on them. [5]

Fixed Schedule over 2 Semesters
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Figure 1. The extended schedule of the blendedilggacourse ,Media Technology: Color Representatimh Risplay
Devices”. [5]

The program for semester 2, segment 1 "From ligltiolor" and segment 2 "Development of color repngation™ will

be expanded by four additional seminars (two pgmsnt). These have a more theoretical focus andiesigned to
develop and encourage interdisciplinary skills. Baam1 is entitled "Scientific Writing". It suppaerthe preparation of
scientific papers within the framework of the staliln addition to teaching the basics of scientifiiting, the focus is
on the use of the taught contents on the basiselgicted and personal examples. In addition, theareh and
management of literature on scientific work is aglnced to the program Citavi in its features amsdhiandling. In
seminar 2 "Presentation Technique and Rhetoric"sfhecific preparation for upcoming presentationdestures is
central. It is imparted, how projects and ideas @esented professionally and convincingly. Aspestsh as oral
pronunciation are considered just as safe andalatbarisma of the presenter. In this seminamafidrtant principles of
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the presentation preparation, connected with atadf practical references and tools are impai$edninar 3 "Intuition
and Creativity" has the goal to recognize and sttpp@ativity and intuition potentials. Studentwsld understand,
experience and explore creativity and intuition.tfis end, creative environments will be desigrmedrder to evaluate
and use creative results. At the end of the accaogipg seminar series in semester 2, the 4th serfiRetional Decision
Making" will be offered. With the emphasis on beioa\and decision theory, the students are to banpatthe position
to question the own decision behavior. Basic teqims are presented to model decision situationscarasolve them in
such a way that the decision can be formally jigstif[5]

In the third semester, the seminars offered wilhimre practice- and research-oriented. These sesriialee place in the
Media Technology Laboratory on the basis of comctasks that are part of a current research projéuin the scope of
a PhD thesis. Although the entire research cycleoiscovered here, students can still experienfferdnt aspects of
research. There will be the opportunity to applithods in practice and to do research. The necefsagom is given
to make own decisions and thereby a critical amalg$ the tasks to be performed is stimulated. dgnsent 3, the
metrological calibration and the characterizatidrthe color rendering of displays are criticallyaaxined within the
scope of the offered seminar. In segment 4, vartmlisr matching experiments will be performed, whossults will

contribute to a better understanding of individolaservers and their color perception. [4] [5]

4. THE RESEARCH PROJECT

The PhD project "Characterization of Color Visiog Bpectrometry and Nanotechnology: Application fdedia
Photonics” is an international collaboration betwdbe iCube-Institute (MACEPV groups) of the Unsigy of
Strasbourg and the Faculty of Media and Informatibthe University of Offenburg. Specific charactéics of display
technologies with respect to typical charactersstithuman visual perception have been studied. [4]

4.1 Research approach and formulated objectives

Display and visualization devices are the interalbetween digital information and human perceptigiich transmit

this information through light. Ideally, these irfeces should be optimized to meet the capabil@gfdsuman vision and
visual cognition. This represents a major challerage a large number of different components arelied. These

include, for example, the various display techn@segthe used displays and their individually dagiable color spaces,
the colorimetric characterization and calibratidrdmital displays, the used measuring instrumeotdgr management
systems and software applications. An overall vidfwechnology, measurement technology and workfl@therefore

necessary in order to gain significant researchlieq4]

The display technology in focus of this resear@@uantum Dot (QD)-enhanced Liquid Crystal DispldySDs). TFT
LCDs are still the dominant flat panel display teslogy today, revolutionized and revived by theegration of
Quantum Dots into the backlight. This unique aglan of quantum physics provides an amazing pevdoice boost.
The range of displayable color space is signifigagtpanded and color saturation is increased,endtiplay brightness
and energy efficiency are improved. [4]

The research presented here discusses two maast@mlor Vision and QD-enhanced LCDs, and reldtem directly
to each other. It is based on the following threerarching questions:

1. How do QDs change the possibilities of color remdein LCDs with a focus on the visual perceptidrtiee
spectrum generated by these nanoparticles?

2. How do QDs expand the applications of displays wifocus on media photonics and scientific res&arch
3.  Which perspectives does QD technology offer forfthiare?

To answer these questions, various focal pointsetras the framework for the research work. Expental tasks with
display systems and the characterization of theggnal systems are performed. Colorimetric experits help to
develop a deeper understanding of the color visibindividual observers. Finally, the backlight eology of QD-
LCDs is used to study already used and alternativel materials using simulation modeling. [4]

We have derived the following goals for this resbawork from the defined overriding questions ahe tocal points
selected for answering them:

* A comparative study on the influence of QD-enhargieglays on visual perception.
* A comparative study on current measuring instrusiésypectroscopy).
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* A comparative study of different colorimetric chetexization models for the used QD-enhanced display
« The investigation of technical and optical compdgexi displays that are responsible for color reimge

* Analysis of the QD technology and its perspectivethe field of media photonics.

« The evaluation of expected improvements for mediated applications and scientific research apiidina.

4.2 Organization and structure

The first research topic deals with the questiom@# Quantum Dots (QDs) change the color rendezagpbilities of
LCDs, focusing on the visual perception of the spec produced by these nanoparticles in interactioth the
backlight. Furthermore, the new wide gamut disgkshnologies and especially the QD-enhanced digelelynology
make the question of observer metamerism more if@apbthan ever. It is therefore necessary to déal this topic in a
systematic manner and to develop a deeper undenstpof the color vision of the individual observit]

A research design with colorimetric experiments @eageloped and a suitable research environmentreased in the
media technology laboratory at Offenburg Universitiie technical setup includes various test digplagrious display
calibration devices, a spectrometer for color amehihance measurement, and a computer with a defofitvare
package for the digital control of the various degi. [4]

The colorimetric experiments are performed in thdigierent steps:

1. Performance benchmarking of the test displays
2. Color characterization of test displays
3. Color matching experiments with individual obsesver

First, a performance benchmarking is carried outdib used displays. This requires a spectromedeftware for
generating the test patterns and a power sourdgzanaThe aim is to check the performance of elested displays.
For this purpose, luminance, color space and peaesumption of the displays are measured. The land@ efficiency
and color space of the devices are compared. [4]

The second step is the colorimetric characterimatib the used displays. This is an essential pagxperimental

methods of image processing and therefore of hogmitance. First, the test displays are calibraigidg a display
calibration device. This step is necessary to aehie defined state. The aim of this definition @s guarantee
reproducible color reproduction for each furthee 0§ the display. On this basis, the actual colaracterization of the
screen can now be performed with a spectrometer.pEinfformance of a characterization method forriqudar screen
is evaluated by predicting CIE XYZ values for a eétest patches (defined by RGB values). This igtih is then

compared with the CIE XYZ values actually measurkdyray ramp and a color ramp are used as testrpattAs a
result, we obtain conclusions about the charaetom performance, which allow an evaluation of thsed

characterization model and a possible further agrakent. [4]

For the concluding color matching experiments pegthes based on the colorimetric fields of theidé-RolorChecker
chart are used. The task for the observer is temetolor shown on the display in a defined gizarn inserted mask as
accurately as possible. Ideally, no color diffeeestiould be visible and measurable after color Iniagc The digital
values are recorded for all colors and the spectialr stimuli are measured with a spectrometee &aluation of color
differences is performed as standard in a refereyséem with a fixed observer (CIE 1931, CIE 196®he data
obtained provide an insight into the relationshgiween the visual evaluation and the measuremeaitiaion. All
results of the color matching are now displayea idiagram of the CIE a*b* level. In this way a caripon with the
reference values can be carried out. This allowxatt evaluation of the expected intrapersonal iatefpersonal
variations. By assigning the achieved results édisplays used, a qualitative statement on tHeen€e of the display
technology used on the color perception of theviddial observer is possible. [4]

The second research topic is the examination obhieal and technical components of displays, tiiave a decisive
influence on the quality of color rendering. Thasaterial and technology-related studies are pesddrrafter the
colorimetric experiments at the University of Shbasrg. The concept, organization and structurehef necessary
studies are currently being developed. Differenhtécal and optical components are responsibl¢hticolor rendering
capability of a display. It is affected by variofagtors such as the spectral properties of theliggtkthe transmission
properties of color filters or the performance lo¢ fTFT panel. A concentration of research actisitie the backlight
technology is planned. Technical and optical congods) used materials and nanoparticles are exandependencies,
advantages, improvements are analyzed. Based oresh#ts of the colorimetric experiments with diéfet displays,
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three different backlight designs will be selectedfurther research. It is also very importanutalerstand the physics
behind the selected designs and materials. Fothaisptical properties of quantum dots will belgred by simulation
modelling so that they can be compared with thaltesf the color matching experiments. [4]

5. INTEGRATION OF THE RESEARCH PROJECT INTO SEMINARS

Various aspects of the research project will begrdated into the seminars offered in the third steme Although the
entire research cycle will not be covered heredestts will be able to experience different facdtsesearch. These
seminars offer the opportunity to report on a peasdevel to the students about own work as s@entiThe research
project as a whole can be considered and reflected.

Both seminars are conducted in the media techndilgyratory. The research environment speciallygies! for the
research project is used. The technical setup desluseveral available test displays, a spectromfser different
display calibration devices, as well as a compiatethe control of the devices and the requiredveafe applications. In
addition, a power source analyzer and a multimedidroller are used. [4]

lllustrative visualization of the measurement setup

Spectroradiometer

Test Display

Calibration Device

\ PC ! Software Application

Controller
Power Source Analyzer %
« _— @
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r _

Figure 2. lllustrative visualization of the measuent setup. [4]

The seminar "ICC Color Management" will be integohinto segment 3. As the title indicates, therélve an intensive
discussion on the topic of color management. Thpgme of using a color management system is teewehhe best
possible color consistency between the varioustimma output devices of a production workflow. Gotendering

should be predictable and reproducible at all tinfée importance of a standardized workflow in raggiioduction is
demonstrated on the basis of various tasks. Twecsswf the colorimetric experiments of the resegmoject will be

integrated into the seminar. The basic requirerfaara standardized color management workflow isgédormed color
calibration of the used displays. Prior to thig #tudents first perform a performance benchmarkinthe used test
displays. The acquired data can be used to evalbatessults of the research. They also enable gsnduct a long-
term study on the performance of the displays. Thifollowed by the color calibration of the tessmlays. For this
purpose, four different screen calibration deviaes available. As part of the research projectudysis already being
conducted to examine the influence of the usedlaitispand color calibration devices on the qualifyttte color

rendering and to objectively evaluate this. Theu&egl data can also be used for the evaluatioheoftudy. [4]
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In the seminar "Color Matching" in segment 4, ttientical color matching experiments planned withia framework

of the research project will be performed. As alsedescribed in section 4.2, the task for the oleses to match a color
shown on the display in a defined size in an imserhask as accurately as possible. The storedldagitor values and
the measured spectral color stimuli are compareal standardized reference system and possible differences are
determined. From the exact evaluation of the exqueattrapersonal and interpersonal variations, losiuns can be
drawn that contribute to a better understandingndfvidual observers and their color perception.akidition, by

assigning the results achieved to the used displayqualitative statement on the influence of tlsedudisplay
technology on the color perception of the obseigepossible. By continuing the experiments outdiae research
project, the amount of data obtained will be siigatfitly increased, thus enabling continuous evaloand updating of
the results achieved in the research process. [4]

6. PERSPECTIVE

By expanding our teaching concept towards researigimed teaching, we link the fields of researcl #&eaching.

Through the integration of the doctoral project &&icterization of color vision by spectrometry arahotechnology"”:

"Application for Media Photonics", students will f@miliarized in the early semesters with the topiaesearch and
scientific work. In our opinion, this implies thate integrate typical research activities as esaseatimponents of the
learning process. We have therefore placed thergledemand at the center of our concept that rekestrould be made
visible and tangible for our students. The studen¢soffered a concrete research context in thesesun order to gain
an insight into the scientific research. Througé éxtension towards research-oriented teachingjope to achieve an
even higher motivation to deepen knowledge andddkvndependently within the framework of the offdrteaching.

This is the best precondition to achieve the bessible qualification of our students on the bagia strong scientific
and research-oriented education.
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