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COMPUTATIONAL INTERIOR DESIGN BASED ON 2D PATTERNS

Panagiotis Kyratsis "', Kyriaki Aidinli ", Prodromos Minaoglou ", Lazaros Firtikiadis
University of Western Macedonia, Dept of Product and Systems Design Engineering,
Kila Kozani GR50100, Greece

Abstract: Modelling with 3D CAD (Computer Aided Design) tools has reached a point that its complexity is
difficult to be controlled without the use of programming tools. Both general purpose CAD systems and
specialized CAD pieces of software allow their programming with textual or visual interface. The designer
is offered with a variety of tools in order to automate the design process and handle its geometrical
complexity. The present paper deals with the use of CAD based visual programming for product designers,
who want to use unusual geometries based on 2D patterns and present their work to the final user using
high-end rendering images. The proposed designs can be customized to a great extend and contribute
towards their increased added value. At the same time, a family of products can be presented, when the
design parameters used get alternative values

Key words: computational design, 2D patterns, interior design, CAD programming
1. INTRODUCTION

Product design as a key procedure in the development of new consumables. It applies a number of
methodologies and tools in order to satisfy the customer demands. A great deal of methodologies has
been developed and some are taking the conceptual design to the limits of art (Manavis et al., 2017).
Except for the application of different methodological tools, modern CAD/CAM/CAE pieces of software
become more popular, and the designers are willing to expand their knowledge and expertise in
incorporating them in their day-to-day design process (Kyratsis et al., 2020).

Programming skills in the product design industry are becoming mainstream and the design related
university curricula incorporate this trend more and more. This can influence the quality and speed of the
design process, the creativity and optimization in a variety of aspects (Hirz et al.,, 2017; Song &
Yang, 2021).

2. LITERATURE SURVEY

Product design provides a solid basis for a variety of aspects to be researched and developed. A number
of points of view can be adopted and as a result to be further developed.

Efkolidis et al. (2020) incorporated computational design tools in order to develop jewellery design
alternatives. The designs use additive manufacturing technology in order to receive 3D printing detailed
models. Stereolithography (SLA) is the most well-suited technology for these prototypes and the
dimensional accuracy received.

Gastro Pena et al. (2021) took advantage of the artificial intelligence aspect of computational design in
order to present a review paper in searching the design space. The aim was to gather researchers that
employ early enough artificial intelligence methodologies and tools in order to optimize the design of
architectural forms.

Cheng et al. (2021) deals with 4D printed wearable systems based on the computational design approach.
The proposed biomimetic design strategies are used in order to implement 4D-printed mechanisms for
motion. They deal with adaptive creations of wearable systems that can greatly impact the
design process.

Kyratsis (2020) and Kyratsis et al. (2018) provided a solid basis for establishing CAD-based product design
and computational product design methodologies. Alternative shape development and automated design
of pneumatic cylinder systems based on the appropriate international standard, offered added value in
designing with time restrictions.

Sun et al. (2022) use computational aids and 3D tools in order to design ceramic products. A number of
alternative ceramic designs are developed based on the initial prototype and redesign it. 3D printing
technology is extensively used to help the implementation of the proposed methodology that results in
the final design of a group of innovative ceramic toys based on the properties from Changsha Kiln.
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Sun et al. (2021) presented FlexTruss application that enables parametrical design based on the assembly
of modularized truss-shaped objects. Those objects can be manufactured using 3D printing devices and
be assembled by threading. There is a significant part of the research that aims in enhancing the design
capabilities in 3D space via human-computer interaction tools, so CAD based programming is
implemented for this reason.

Saric et al. (2020) uses Computer Aided Design (CAD) under the intelligent and integrated system
development. The outcome is an application that designs and develops bridge crane geometries while
utilizes knowledge and expertise that are incorporated within the final application.

Manavis and Kyratsis (2021) and Manavis et al. (2020) proposed the use of advanced computational
design tools for product shape generation, jewellery design and wearables development. They make use
of a complete methodological proposal in order to apply the computational strategy in a variety of
product design areas.

Tzotzis et al. (2021) automated the generation of the necessary G-code for a number of drilling
operations from different directions on a CNC machining centre. A general purposes CAD system is used
via its Application Programming Interface (API) and it is utilized for implementing a user-friendly piece of
software that guide the G-code generation for machining purposes. The quality of the produced codes
was checked, and their high quality was proved experimentally.

Garcia-Hernandez et al. (2016) developed a CAD-based application for designing noncircular gears
manufactured by wire electro-discharged machining. The increased accuracy achieved offers a great deal
of advantages in the design and manufacturing process.

The present paper uses computational design tools in order to take advantage of the ability to use 2D
pattern mathematical equations and transfer them into the interior design industry. As a result,
innovative ideas can be transformed to customized products that can be presented to the customers very
early during the design cycle and thus increasing their satisfaction.

3. PROPOSED METHODOLOGY

The proposed ideas are part of a holistic design process that involves design methodologies and tools,
together with CAD based programming principles. It deals with the customization of interior design
products in order to produce decorative wall panels. The geometries are inspired from 2D motifs and
geometries while modelled with computational design applications. The final geometries are not only
presented to the customer but stress the idea of customizing them with a great deal of variations in a
fully automated way. At the same time, advanced tools for rendering the proposed designs are used
together with product visualization, using high quality graphics. Figure 1 presents the proposed
framework that applies the holistic methodology in the computational interior product design era based
on 2D pattern geometries. First the product category is selected, and interior design is highlighted, then
the inspiration from 2D motifs provide a set of variations, with an aim to establish strong customization
characteristics and finally the product development incorporates computational design 3D modelling and
product visualization tools.

Workflow schematic

| Product category | | Design concept | | Implementation tools |

Interior design Product design

products in=pifaton development
Decorative 2D trtnathematti.?al ) Cor_ng;tﬁgg::ﬁ?\;&gn
wall panels patierns, motts - Rendering synthesis

and geometries : o
g - Product visualization

Figure 1: The holistic framework used in the computational interior design methodology
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4. CASE STUDY DEVELOPED

The implementation of the proposed methodology offered a unique opportunity to develop interior
design related products, decorative wall panels in this case. A number of methodological tools established
the idea behind the developed case study (Figure 2). Mind-map was used in order to explore the different
aspects of the design space and conclude innovative ideas. The use of computational design was at the
heart of the problem while artistic impact and cultural influences led to using parametrically high end 2D
& 3D tools in the design of geometrical shapes.

Mood board was used in order to explore the different patterns and establish a strong link of the design
team with these patterns. It was the first step that helped the discovery of new directions towards
geometrical complex geometries that played a key role later.

CAD-based sketching offered a number of impressive geometries to be modelled and presented in a way
that combining different characteristics resulted in innovative patterns from the geometry point of view.
Digitally delivered sketches helped the information transfer from one stage to the other without losing
data in digitizing and reducing their quality.

Finally, the storyboard used created a road map that the design team could follow and produce actual
unigue designs to be implemented later on with advanced CAD and rendering systems. This stage was
completed when new directions of the proposed designs were established. It is this stage that some
designers say could be omitted, while it is the authors strongly belief that this is the stage that most of
the unusual ideas find their way towards implementation. This is the basis for the presentation of the
conceptual design results that later are implemented with advanced CAD systems.

Product design development

Rhino3D™ Arcitecture
N\ TYPograp{?—- Cultural tradition
Mindmap Computational Design e e Arts and Culture
Grasshopper™ .—/ Euclid ::/ >\—o Geometry
Pythagoras

A EEE

Moodboard V.' EEN
ANVA

v EEN

Storyboard &
prototyping 1 2 3

Figure 2: Customized ideas development using methodological tools

Grasshopper™ was used as the tool to automate the design process and provide a solid basis for altering
design parameters and receive customized final 3D models. Those models were built on the previously
generated idea, to incorporate a number of 2D patterns and alter their geometrical characteristics with
an aim to offer a great deal of different designs that could satisfy every customization preferred from the
customers’ point of view. Grasshopper™ is part of Rhino3D™ and can be used as a visual programming
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language that can be learnt relatively in a short period and at the same time, to incorporate equations,
parameters and geometrical constrains under the same roof.

The designer after establishing the computational design code, written with the CAD visual language, is
able to change the parameters involved and present an infinite number of variations and alternative
designs. Figure 3 depicts the code built with Grasshopper™ and some alternative designs that can be
presented to the customers. While changing the parameters involved the customer can make his own
selection directly and feels that he actively participates in the design process with the designers.

Computational Design and 3D Modelling

Grasshopper™

Rhino3D™
Alternative 1 Alternative 2

Alternative 3 Alternative 4

Figure 3: Implementation and alternative designs based on 2D patterns

Translating the selected design into vector-based geometry, a first set of alternative designs can be built
with an aim later to strengthen those designs with the use of linear and circular motifs. Figure 4 reveals
that the number of variations is extremely high, while the visual code built is able to change in real time
the proposed design. These variations, that the decorative wall panels are based on, can be offered as
design proposals and include the customers’ wishes online.

The 2D proposals offer a useful tool for visualizing the final result but after that 3D models are created.
Those 3D models together with the appropriate visual effects, led to creating a 3D render representation
of the alternative motifs built within their use environment and ask from the customer to finally choose
the best product that fits to its needs, the artistic and the cultural experiences (Figure 5).

At this final stage, the customer is able to actually see with the use of high-quality 3D models and
graphical environments his proposal in an extremely realistic way, thus helping both the designer and the
customer to agree on the final decorative wall panels design to be acquired very early in the design cycle.

5. CONCLUSIONS

The combined use of the proposed methodological framework, together with visually programming
language that guide the CAD tools used is presented in the current research. The case study presented
deals with high quality 3D representation of interior design products. The methodological tools are used
at the beginning of the process in order to create unusual and innovative ideas, while transferring them
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to the computational design tools for automating their design process. The code produced offers the
possibility to explore the design space together with the customer with an aim to satisfy his demands.
Finally, a computational design tool is produced and transfers the initial design ideas into high quality 3D
rendered products within a 3D graphical environment and the final output is high-end rendering images.

Rendering

Individual item 1 2D motif 1

Vector 2

o

Vector 3

Vector 4

Figure 4: A series of alternative designs produced by computational
design
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Product visualization

Decorative wall 1 Decorative wall 2

Decorative wall 3 Decorative wall 4
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Figure 5: Rendered appearance of the proposed interior designs

The impact that the customized designs offer to the customer, when his involvements is so direct, is very
high and provides the experience of co-designing the decorative wall panels and agree on their successful
outcome. At the same time, it decreases drastically the ambiguity of delivering exactly what the customer
has requested because the high-end environment with the wall panels offer a realistic representation of
the final product inside the virtual environment.
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Graphic Arts and Design, Chair of Information and Graphic Arts Technology, Ljubljana, Slovenia

Abstract: The use of digitization and virtual, multisensory presentation techniques in the study of natural
and environmental processes, industry, technology, history, medicine, etc., the basis of which is scientific
data, complements development and research areas, accelerates and facilitates computer-assisted insight
and interpretation of results. By dealing with digital information, we not only deepen the research process,
but also expand the possibilities of information presentation outside scientific research circles, in society,
thus bringing basic knowledge closer to different target groups through interpretive approaches of
human-oriented design. Multimedia, interactive, multisensory media, and extended realities are a bridge
between the scientific result and the user experience. These media raise awareness and teach people to
live with the nature, in the environment, to use the scientific context through the creative design and
delivery of digital content. This paper presents some starting points and guidelines of preparing graphic
content in a way that holistically and multisensory engages the participants of the experience. At the end
some examples of the application of graphical multisensory presentations are shown: documentation,
popularization of science at micro and macro levels, analysis and measurement, simulation and training,
animation and interactivity, 3D modelling and reconstruction, stylisation and interpretation,
argumentation of physical realities and extension into the new reality.

Key words: digitization, graphic presentation, multisensory, scientific data, experiencing
1. INTRODUCTION

"The faster the technology goes forward, the deeper we have to go inside what we really are as humans.",
said composer, inventor, futurist and author Perttu P6l6nen and he added that there is "a need rising to
redefine expertise as knowledge transmission is becoming more cross-dimensional and future
competencies more abstract".

In recent years, we have made great strides in understanding nature, the universe, the human
body, consciousness, neuroscience, human cognition and affectivity, etc. Moreover, the
technology that supports scientific advances is developing at an extraordinary speed all over the globe.
The basis and starting points of everything are data, in science, that is, scientific data. The fact that basic
sciences, natural sciences, engineering as well as humanities and cultural studies research areas are not
isolated is shown by the increase of inter- and transdisciplinarity. Inter- and transdisciplinary approaches
connect different sectors both horizontally and vertically, involve researchers investigating a given topic
from different point of views, and thereby enrich knowledge in such a way that new connections
between fields emerge while inviting further directions of development. This connectivity requires
science and research to think about new methodological approaches, experimental arrangements, and
interpretations of results on the one hand, and to think about the possibility of disseminating the results
to the public on the other.

This paper addresses the possibilities of preparing and interpreting data as results of scientific research
for presentation purposes to a broad public with the aim of making scientific knowledge tangible and
understandable. The paper discusses graphic multisensory presentations in such a way that they are
accessible, educative, and appealing to users (experiencers), holistically engage users' senses, and
awaken feelings.

2. MULTISENSORY EXPERIENCE AND SCIENTIFIC DATA
Sensory experience is any experience that involves the communication channels of the five senses of
sight, smell, taste, hearing, and touch in recognition, recall, perception, understanding, and internalized

experience. Although the senses are usually considered as systems localized only in single parts of the
body, such as seeing with the eyes, tasting with the mouth (tongue, taste buds), hearing with the ears,
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etc., we know that the experience of "seeing" is not isolated to the image we see, but to the whole
context of conditions, circumstances of viewing a particular image, as well as to phenomenology (inner
seeing, intuition), which is also the subject of current modern research (Radin, 2009; Frederich, 2021).
The same applies to the other senses.

In creating an experience, the presentation approach of graphic and interactive content is the one that
has the greatest impact on engaging the senses in a product, service, or media. Presentation level also
called surface level is the top level among the levels of experience design with which users (participants)
interact most directly, and which reflects the goal, purpose, structure of the whole product, service or
medium. This level is closely interwoven and must be connected with the other levels of experience
design, i.e., the strategy level, the scope level, the structure level and the skeleton level (Garrett, 2010).

In exploring the ways in which scientific data (quantitative, qualitative) can be brought to a level that is
accessible to the general public (and target audiences), we think of the transfer between the form in
which the data is initially accessible (numbers, descriptions, symbols) and the form of the presentation
medium that engages users through a single sense or a combination of senses and their interaction. The
experience will be more complete and engaging if the user engages multiple senses and the whole body
in the experience than if the user uses individual sensory channels (sight, smell, hearing) separately
(Figure 1). Which senses we include in the experience and how intensively and comprehensively we invite
the user's body into the experience depends, of course, on the purpose and goals of the product (service,
medium) and the needs of the user. In addition, empathy is crucial in the planning, design, and
development of a product, where we empathically "put ourselves in the shoes" of the user so that the
product, service or medium offers the user what is really important to them (Yantis & Abrams, 2016).

to see @ to feel
to hear @ R
to touch -
to smell @ @ multi sensory
to taste

Figure 1: Schematic presentation of multisensory experience

Scientific data are the result of observations, calculations, and metric analyses. They represent in a
particular way the information of scientific activities that investigate both intellectually and practically,
through observation and experimentation the phenomena, structures, and behaviour of the physical and
non-physical world. The data are usually taken from nature, the human body, the environment, society,
history, etc., and must present and preserve the context of their meaning before being transposed and
reinterpreted in the presentation mode. Graphic, digital and communication media are indispensable
tools for presenting this information in scientific research (Shoshani & Rotem, 2009).

Regardless of the further use of scientific data, accuracy and precision are crucial starting point in data
capture. For capture accuracy we select precise tools, capture techniques, which are placed in the
methodological framework of the study. Figure 2 shows captures of bio-composite filaments for which
computed tomography (CT), scanning electron microscope (SEM), optical microscopy, image analysis and
image processing (2D and 3D) were used in order to analyse and produce final useful products (didactic
tool).
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Figure 2: Images of bio-composite filaments (left) and final product (didactic tool, right), project: CEL.KROG, Discarded
biomass potentials, Program "Exploitation of biomass potential for the development of advanced materials and bio-
based products", researchers: Rasa Urbas, Mirjam Leskovsek, Urska Stankovic Elesini, Urska Vrabic¢ Bordnjak, Diana

Gregor Svetec, Helena Gabrijel¢i¢ Tomc, Deja Muck

2.1 Interpretation and stylisation

As in the analysis of scientific data for the purpose of summarizing findings and making syntheses,
interpretation is an important process in translating scientific data into their more understandable
representation. Interpretation for the purpose of scientific explanation involves the construction of
scientific arguments that explain the data and make suggestions, while remaining reasonably faithful to
the initial data as research findings. In interpretive approaches aimed at presenting the data to the
general public, there is greater latitude in the presentation of the information, so that, depending on the
audience and the design of the experience, it is simplified, generalized, highlighting what is necessary.
Additionally, style of reinterpretation to the final presentation is also applied that includes the designer's
(artist's) views on the subject (Figure 14). In this sense, interpretation involves knowledge of the needs of
the users (participants) and a great deal of design, but also artistic approaches to the design of
information and interaction (Knudson, 1995; Jameson & Baugher, 2022; Staiff, 2016).

3. FROM USER-CENTRED TO PLANET CENTRED DESIGN

The design approaches used may vary, but trends point to a simultaneous focus on the specific needs of a
small group of participants (user-centred, participant-centred design) while incorporating the
understanding and needs of humanity and the planet (human-centred, human-centred, and planet-
centred design) presented in Figure 3 (Cennamo & Kalk, 2018; Stone et al., 2017). The applicability of
approaches to multisensory graphical representation of scientific data is very broad and includes popular
approaches in science, development and research, metrics, analytics, simulation, education, industry and
engineering, natural sciences, medicine and healthcare, entertainment, art and design, rehabilitation,
well-being, and social sciences (Eckert, 2019; Memarsadeghi et al.,, 2020; Bazarov et al., 2017;
Lautenschlager & Riicklin, 2014).

= =

=)0
=_]0
=)0

‘

bt /e freevecton. com/ vector /planet arth
hitpe: / Foverw s20chphoto. com/ Hkstrations/ cne- persan

Figure 3: From user centred to planet centred design



3.1 Content creation and level of engagement with the experience

The design of information, content and interactivity for multisensory presentation approaches is based on
strategies that, considering the objectives of the solutions and the needs of the user, identify, articulate
and implement opportunities by first considering the functioning of all the senses of the human body
(perception and cognitive and affective processes), and only then finding the best solution for the
presentation (and interpretation) of data. In the presentation mode, the relationship between physical
and digital communication media can be different, with the aim of stimulating the senses at different
levels. Charging the experience and thus stimulating the visual, auditory, tactile (as well as gustatory)
senses through interactions is based on the principles of accessibility, repeatability, accuracy, precision,
enrichment, augmentation, non-invasiveness, simplification and, as mentioned earlier, interpretation
with some degree of stylization (Looring, 2020).

The degree and intensity of entering and dwelling in the experience can vary from partial involvement in
the experience, which includes seeing, hearing, touching, tasting, smelling (as an isolated sensation or as
a combination of individual channels), present in the so-called use of the medium (the user), through
participation in the interaction ( to participate, participants ) and engagement, where the involvement of
persons is both on a sensory level as well as on a cognitive and affective level, up to full immersion in the
experience, so that the participant has the feeling of being in a "new reality" offered by a particular
presentation method. The latter are examples of extended reality and virtual reality in particular (Figure
4). The short- and long-term effects of immersion in digital worlds are still the subject of research, but we
assume that the combination of physical and digital media in presentation methods contributes to a more
complete and "healthier" experience for people on a mental, emotional, and physical level (Stankovi¢
Elesini et al., 2021).

partial presence in the experience

watch, listen, touch,
smell, taste... participate engage immerse

full presence in the experience

Figure 4: The possibilities of involving the user in the experience, from using the medium to complete immersion in a
new reality

4. PRINCIPLES OF CREATING MULTISENSORY PRESENTATIONS

Multisensory presentations are a bridge between science and the participant/user experience. With
creative design of multisensory content and its delivery, we can benefit nature, technologies,
environment, society, etc. In our opinion the paradigm of design the experience that consider the
participants senses more holistically include:

* planning alchemy of action of senses, so that the image, sound, touch, movement, etc. are
interconnected in the experience,

* the design of information and communication media should consider visual, auditory, tactile
language and kinaesthetic language, ...

* the paradigm of “user that uses the product/media/service” is a “passive” form of interaction,
instead the presence of the participant in the experience can be implemented in experience
design,

*  multisensory medium space is dynamic, and it is telling stories,

* storytelling is an excellent principle, to introduce into the presentation media, but let us also
consider the principle of creating a story from the participant, which allows for greater intimacy
between the product, the media, and the participant experience,

* let the participant conduct the experience instead of the experience offered as part of the
product (creating participant's own reality of the product/media/service experience),

* inevery step of consuming the product/media/service we invite the participant in (multisensory)
interaction (directing the experience),

* the importance of subjectivity of participant’s experience is emphasized.
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The following are some examples of the use of graphical representations involving different sensory
channels, the starting point of which was scientific data. All products were created under the authorship
of students of the Department of Information and Graphic Arts Technology, 1st and 2nd level study
programme of Graphic and Media Technology and Graphic and Interactive Communication. The starting
points of all presentations were scientific and/or technical records, captures, documentations,
discussions, results, which in the further work steps included the study, the planning of the graphic
language, the determination of the presentation content, the planning and design of interactions and the
investigation of the possibility to achieve a multisensory experience, the design of information, the
experience design and the integration of interactive graphic content in presentation platforms (3D
players, web, social networks, mobile technologies, presentations in galleries, extended digital
environments in museums, teaching and didactic tools in schools). Applications include documentation;
popularisation of science at micro and macro levels; analysis and measurement; simulation and training;
animated presentation and interaction; 3D modelling and reconstruction; interpretation and stylisation;
augmentation of physical realities, and extension into the new reality (virtual reality).

4.1 Documentation

Documentation means the collection, study, categorization, and analysis of data about a particular
phenomenon for the purpose of further use. Figure 5 shows the results of documentation of data about
wooden statues (inventory of data about the statue, damages, recording by drone and cameras,
photogrammetry) exhibited as Forma Viva in Kostanjevica na Krki (Slovenia). The work was carried out by
students of graphic design and restoration under the guidance of mentors from the Department of
textiles, graphic arts and design (NTF, UL) and the Academies of fine arts in Ljubljana, Tallinn and Zagreb,
and took place within the two-year Erasmus+ project coordinated by the BoZidar Jakac Gallery (Ucakar et
al., 2022).

Robert Canev, Seed/Seme

Erasmus + Re/Forma Viva

Reformation of education on wood
preservation

A 5. ‘ Co-funded by the
Cerar Katarina, Sever ZigayBan Erasmus+ Pryogramme

Virant iiga RERMl of the European Union

ocjancic Eneja, Kuzmenko Yekaterina

Figure 5: The results of documentation of data about wooden statues Forma Viva (Kostanjevica na Krki, Slovenia);
authors: students of Chair of information and graphic arts design; mentors: Tanja Nusa Kocevar, Deja Muck, Andrej
Ucakar, Helena Gabrijel¢ic Tomc

4.2 At micro -level

Representations of science at the micro level include microscopic images and numerical and pictorial data
of a microscopic nature. As shown in Figure 6 for the field of biology and the effect of a virus on a
bacterium, the designer interpreted scientific findings (description of the infection, microscopic images of
the course of the virus attack, microscopic images of the appearance of bacteria and viruses) through a
computer-generated simulation of motion (animation), morphology, behavior, materials, textures, and
final visualization.
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Figure 6: Presentation of the attack of virus on bacteria; author Polona Smolnikar, mentors: Tanja Nusa Kocevar,
Andrej Iskra, Helena Gabrijelcic Tomc

4.3 Going on the scale of solar system

Not only at the micro level, digitally supported approaches also enable, on the basis of scientific data
(distances between planets, perimeters and diameters of planets, surface morphology, textural and relief
phenomena), an insight into phenomena that otherwise could not be observed from a human
perspective. Figure 7 shows an interactive and educational walk through the system of the nearest
planets to Earth.

Neptune

Figure 7: Our solar sistem in visualisations presented as an interactive web site, author: Gal Cernilogar, mentors: Tanja
Nusa Kocevar, Andrej Iskra, Helena Gabrijelcic Tomc

4.4 Measuring and analysis

Photorealistic graphic visualizations are an excellent presentation medium of measurement and analysis
results, allowing us to present to the public something that would otherwise be overlooked. Figure 8
shows a photorealistic visualization of a human face after it has been captured by a 3D scan and analysed
in detail by 3D metrics (dimensions of eyes, nose, mouth, distance between facial elements) (Jandic,
2015).
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Valentina Jancic .=

Flgure 8: Photorealistic visualisation of human head after detailed 3D metrical and analitical examination; author:
Valentina Janci¢, mentor: Helena Gabrijelcic Tomc

4.5 Simulation and training

Virtual reality solutions are about full immersion in the experience, making it a multisensory experience in
the truest sense of the word. Figure 9 shows waste separation training, which was created with the help
of documentation on the chemical and structural composition of each type of waste. The virtual
simulation allows users to learn about waste types and the importance of separating waste. Moreover,
educational virtual reality solution involves the user in the game by collecting points for cleaning up the
environment (Strumbelj, 2021).
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Figure 9: Waste separation simulation and training; author: Gasper Strumbelj, mentors: Deja Muck,
Helena Gabrijelcic Tomc

4.6 Invitation to multisensory interact

Full immersion and a multisensory experience are enabled not only through fully digital solutions, but also
through an effective combination of physical and digital media. Such an example is the multisensory
learning tool about human skin (Figure 10), where the learner gains knowledge about the elements of the
skin and how it works through tactile experience, observation of the skin’s parts and the application of
augmented reality (Smaraglia & Suli¢, 2021). The research starting points were microscopic images of the
skin and its structures, descriptions of the functioning of the skin, which were interpreted for the target
group of pupils in the first triad of elementary school.

Figure 10 (part 1): Multisensory didactic tool for elementary school; authors: Matic Strgar, Sinja Stres, Simeon Peric,
Jure Sulic, Celeste Sanja Smaraglia, mentors: UrSa Stankovic Elesini, Helena Gabrijelcic Tomc, Tanja Hrkac
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Figure 10 (part 2): Multisensory didactic tool for elementary school; authors: Matic Strgar, Sinja Stres, Simeon Peric,
Jure Sulic, Celeste Sanja Smaraglia, mentors: UrsSa Stankovic Elesini, Helena Gabrijel¢ic Tomc, Tanja Hrkac

4.7 Animated presentation

Animated presentations are probably one of the most commonly used multimedia content for showing
technical procedures, scientific phenomena, etc. Their effect on better understanding and higher learning
outcomes is proven in several researches (Mayer, 2001; Rias & Zaman, 2010; Principles of Multimedia,
2016; Hari Narayanan & Hegarti, 2016). Each scientific and technical field must be treated individually
when transferred in audio-visual and interactive media. Figure 11 shows an example of a virtual
classroom of a printing lab and an interactive pdf learning material where printing processes and parts of

the printing equipment were exactly reproduced from the technical documentation of the machines
(Perovsek et al., 2018).

Simona Peroviek

Figure 11: Virtual classroom of a printing lab with 3D educative animation; author Simona Perovsek, mentor: Helena
Gabrijelcic Tomc

4.8 Modelling and reconstruction

In addition to 3D scanning and photogrammetry, modelling and reconstruction are used to recreate
digital elements. They are used when 3D scanning, or photogrammetry are not possible or to
complement them. The results of 3D modelling and reconstruction are generally more time consuming,
but usually contain less detail. Figure 12 shows an example of the 3D reconstruction of the ancient city of



Petoviona (today's city of Ptuj in Slovenia), where the only possibility of recreation was modelling based
on scientific hypotheses about the possible state of the city (floor plans, archaeological research, actual
buildings do not exist) (Sotlar, 2021). 3D reconstruction of the ancient city is implemented in virtual tour
(Burger, 2021) that allows the participant to experience the exhibition with greater engagement.

Modelling

3D reconstruction of Petovio
ancient city

Figure 12: Modelling and visualisation of ancient city Poetovio with the virtual tour through exhibition, author Jerneja
Sotlar, mentors: Helena Gabrijelc¢i¢ Tomc, Tanja Nusa Kocevar, Aleksandra Nestorovic¢

Figure 13 presents a 3D reconstruction of a sacral building that was never realized according to the plans
of the famous Slovenian architect Joze Ple¢nik. The monument was dedicated to the Czech military leader
Jan Zizka. The 3D printed model was created while taking into account the features of hand drawings,
architectural plans and a photo of a 3D wooden model of poor quality (the wooden model has been lost).
Here, it was necessary to introduce a lot of knowledge of the architect's style, references from scientific
sources into the process in order to achieve a certain adequacy of the printed model. The 3D printed
model is exhibited in the Ple¢nik House in Ljubljana (Skerjanc, 2019).

Source: Pleénik house, Ljubljona

Figure 13: 3D printed model of reconstructed sacral monument dedicated to the Czech military leader Jan Zizka,
authors: Anja Skerjanc, Helena Gabrijel¢i¢ Tomc, Matej Pivar, Tanja Nusa Kocevar

4.9 Interpretation and stylisation

Every operation of creating a presentation medium of scientific knowledge of greater clarity involves at
least some simplifications, interpretations, and stylizations. The latter depend on the purpose of the
presentation and the target audience. Interpretations and stylizations are judiciously planned design
(including also artistic) interventions that, considering the meaning of the starting points of scientific
results and the essence of the source information, introduce design elements and techniques in the final
product with the goal of facilitating understanding of the meaning. Figure 14 shows an example of
interpreting the incorporation of wooden cultural heritage data (wooden statues) into 3D animations and
useful jewellery (Ucakar et al., 2022).
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Figure 14: Interpretative approaches and stylisation of the digital data about wooden sculptures in 3D animation and
jewellery; authors: Jernej Kalin, Kaja Bakan, mentors: Tanja Nusa Kocevar, Karin, Kosak, Helena Gabrijel¢ic Tomc,
Andrej Ucakar, Andrej Iskra, Deja Muck

4.10 Augmentation of the physical realities and extension into the new reality

As mentioned earlier, extended reality technologies (XR) have emerged as one of the most promising
ways to create a multisensory experience. Whether combining physical and digital reality (augmented
reality, AR) or creating fully digital realities (virtual reality, VR), the participant is fully engaged in the
experience, so that cognitive, affective, and kinaesthetic processes are guided by the content of the
presentation medium. There is still some research to be done in this area to optimize the experience and
the general use of these technologies (headsets, cybersickness), however we can say with certainty that
these are technologies that open up new insights into science, technology, nature, people, etc. Figure 15
shows a virtual walk through a culturally significant and protected building Montanistika (in Ljubljana),
whose floors and walls contain priceless geological heritage. In addition, the image also shows a mobile
augmented reality project with educational cards, where the bodies of selected animals and their
movements were captured, stylized and visualized for the purpose of educating about animal movements
and behaviour (Vrhovnik et al., 2020; Bergant, 2022).
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Figure 15: A virtual walk through the building Montanistika and a mobile augmented reality with the presentation of
animal movements, author Marko Bergant, mentor: Helena Gabrijel¢ic Tomc
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5. CONCLUSION

Although multisensory graphic presentations are not new, with the advancement of scientific data and
their presentation new insights into the involving of somatic, perceptive, cognitive and affective
processes in the experience keep inviting us to redefine the design of these communication media. The
presentation layer is the surface level of interactive media, which we use to stimulate sight, hearing,
smell, and taste to draw and hold the user into the experience. In an age of information overload,
incorporating ethics and empathy is the key. To ensure that science and scientific data remain accessible
to more than just researchers and consumers of scientific publications, their dissemination through
media channels that are accessible to a broader audience is crucial. Perfecting graphic expression,
incorporating the possibility of actively shaping a story on the part of the user, and understanding the
dynamics of a multisensory medium are just some of the principles that go into planning, designing, and
producing engaging multisensory graphic presentations.
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COATINGS IN GRAPHIC INDUSTRY
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Abstract: Contrary to the negative predictions, the graphic arts industry keeps continuing its growth. The
modern world is transferring information through digital platforms leading to decrease of the serial
publications on paper (newspaper, magazines etc). But on the other hand, packaging industry is increasing
its revenue by high numbers. In the same way as for the whole industry, many predicted that paper use
will also decrease, as for a long period of time (still partly present) paper was thought of as being killer of
trees. Today, along with new findings, paper is becoming more popular with EU Commission banning
single use plastics. Paper as a substrate is becoming popular in packaging industry, mainly due to being
suitable for both organic and material recycling.

However, due to lack of some functional properties, materials are often coated. Coating as a process
includes covering of a surface by another substance. The coatings processes are present in various
industries and are intended to enhance properties of the base materials. In the graphic industry the
coating process is often called varnishing, due to the resins used as a coating material. Varnishing is used
to improve rub resistance and provide varnished material with special effects (combination of gloss and
matte surfaces). Applicability and functionality of the coatings is achieved using various materials, among
which are nano-engineered materials. Results of various researchers show benefits of introducing
nanocomposites in the packaging industry by improving prints’ resistance to degradation by UV
irradiation, improving barrier to water vapour and enabling packaging surface to inhibit microbes’ growth.
To conclude, coatings development and application plays a significant role in the material development,
as it can provide common materials with improved properties, as well as enhanced aesthetics. At the
same time, application of coatings could present some obstacles in both materials and organic recycling,
and for that reason development of coatings should include evaluation of recyclability of the coated
product as well as the characterization of coating’s functionality.

Key words: packaging, coatings, varnishing, nanocomposites
1. PACKAGING

The contemporary world is more focused on a quick and widespread information transfer by means of
digital media, which led to decrease in the graphic industry focused on the material information transfer
(newspaper, magazines etc.). Nevertheless, the printing industry has continuous growth of revenues
(LeBlanc, 2019). This growth is mainly related to the packaging sector. Packaging plays different roles,
from protecting the product to conveying information to users and facilitating the use of the basic
product (Kirwan, 2007). An increased awareness of human impact on the environment is pressuring the
use of environmentally friendly materials in terms of their biodegradability and recyclability. In addition to
user awareness, the European Union recognized the importance of transforming industries and has set
regulations and development guidelines (EU Commission, 2018; European Partnership under Horizon
Europe Processes4Planet, 2020). These regulations highlighted that although various materials are used
for packaging purposes, paper and paper-based materials are highly involved due to good printability,
possibility of biodegradation and recyclability (Rastogi & Samyn, 2015). The predictions for paper and
paperboard products were very optimistic (Global Paper and Paperboard Container and Packaging
Market to Grow by S 102.51 Billion During 2020-2024, n.d.), but due to the obstacles in the global
economy (COVID-19 pandemic, war in the Ukraine), these estimations lowered the numbers but are still
not in recession (Globenewswire, n.d.; MarketWatch, n.d.).

The packaging is often classified as primary, secondary and tertiary. The primary packaging is in direct
contact with the goods and can sometimes have printed outsides (e.g. various chocolates). Secondary
packaging in majority of the cases comes in contact with customer, while tertiary packaging is used for
storage and transport. Examples of packaging types in the pharmaceutical industry can be seen in
Figure 1.
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Figure 1: Example of packaging types according to its use (Types of Pharmaceutical Packaging — HVAX | The Pharma-
Engineering Blog, n.d.)

Roles and desired properties of the packaging vary depending on its type. Primary packaging is intended
to enable protection of the goods from mechanical and, more importantly, chemical threats. Secondary
packaging provides mechanical protection and more importantly communicates with the costumer
affecting it’s purchase desision (Hurley et al., 2013), which is also important for branding (Grundey, 2010).
Tertiary packaging is intended to provide a protection during transport and storage. In order to enhance
some properties of the packaging materials, the substrates are often coated with other substances.

2. COATINGS

Coating is a widely used term, described by Cambridge dictionary as “a layer of a particular substance
that covers a surface” (COATING | Meaning, Definition in Cambridge English Dictionary, n.d.). This can be
applied to vast variety of industrial applications. The coatings are almost always used to provide or
increase some kind of functionality of the basic material, for example; coating of the metal to enables
anticorrosive behaviour (Li et al., 2018; Wang et al., 2019; Zhang et al., 2019), applying coating onto wood
can increase its resistance to irradiation and humidity or as a flame retardant (Chen et al., 2022; Nair et
al., 2018; Teaca et al., 2019), etc., fabrics enhanced by its waterproofness (Bramhecha & Sheikh, 2021;
Luftinor et al., 2022; Pongsathit et al., 2019), etc.

In graphic industry coating process is usually related to application of the overprint coating or a primer to
the printing substrate. Printing on a paper substrate often presents a challenge due to paper’s porosity.
The porous surface enables absorption of the small particles into the paper and diminishes their
functionality, for example. conductive ink (Agianniotis, n.d.). Therefore, primers are applied to provide a
paper substrate surface properties with good printability, i.e. primer is a coating which is applied onto the
paper surface planned to be printed on (Havenko et al., 2020; Khadzhynova, 2020; Mendez-Rossal &
Wallner, 2019; Moric et al., 2019).

On the other hand, basic roles of overprint coatings are to provide surfaces with some aesthetics due to
the high gloss or matte finish and enhanced rub resistance. Although there are many overprint
varnishes/coating present on the market, they are usually divided into three groups depending on the
composition and/or application method (Hook, 2018). In offset printing, varnish is applied the same way
as is the ink. In that case the applying is performed inline and can be spot printed or on the whole
surface. For the aqueous or water-based coating the presses often have a special printing unit which is
designed for coating. These are often used to cover the whole image. Both varnish and water-based
coatings are curing without additional drying equipment. On the other hand, UV coating is cured by UV
radiation. The UV coating is often being printed off-line, due to the fact that majority of the printing
presses are not equipped with UV drier. Additionally, there is a strong movement towards UV LED
technology due to the lower costs, environmental friendliness and shorter starting time (UV lamp need to
heat up before curing process can start) (Milmo, 2020). Nevertheless, UV coating technology can provide
higher gloss values and better rub resistance. On the other hand, although coating is intended to be
transparent and should not change colour of the prints, previous research have confirmed colour changes
(Hoffstadt, 2004; Simonot & Elias, 2004).

The research of MEGA research group also provided an insight into the colour change due to application
of the commercial coatings (Figure 2) (Cigula, Hudika, & Donevski, 2021).
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Figure 2: Tone value increase (TVI) of coated prints a) black, b) cyan, c) magenta, d) yellow

As it can be seen Figure 2, the water-based varnish has less influence on the tone values of all applied
coating (with the exception of influence on magenta). On the other hand, applying UV varnish will result
in significant change of the tone value and darker appearance of the print. Please note that in this
research, UV varnish was applied off-line with the screen printing unit, i.e. it had thicker layer than
the others.

Beside mentioned, development of nanotechnology have introduced nanomaterials to the coating
industry as well. The nanocomposites include some nanosized compound which is incorporated into the
polymer matrix and give added functionality to the basic coating. There are numerous papers related to
this thematic, for example corrosion protection (Deyab et al., 2021; Kasar et al., 2020; Peng et al., 2020),
UV protection (Nuraje et al., 2013; Zeljko et al., 2021), creating superhydrophobic surfaces (Ghashghaee
et al., 2019; Ibrahim & Sultan, 2019; Sutar et al., 2020), antimicrobial behaviour (Kumaravel et al., 2021;
Nakhaie et al., 2022).

For that reason, the results section will present research covering the topic of nanocomposite coatings in
the packaging industry.

3. RESULTS OF NANOCOMPOSITE AS OVERPRINT COATING

In the last few years, we have conducted research and development of new coatings, which would
provide some additional features to the packaging material (paperboard, cardboard, labels). The results
of those efforts are showed below, with references where the specific experimental details are shown
in full.

For these coatings research team included nanoparticles of ZnO, TiO, or SiO, and mixed them into
polycaprolactone (PCL) and polylactic acid (PLA). This proved to be challenging, as both of the
biopolymers are soluble in organic solutions (ethyl-acetate and chloroform for PCL and PLA, respectively).
For that reason, PLA was excluded from further research as it did not provide better functionality than
PCL. All coatings were prepared by first dissolving biopolymer granules in a defined solvent (mixing in a
closed glass container using magnetic stirrer). In the second step, defined mass of the nanoparticles was
added and homogenized by ultrasonic homogenizer. Coatings were then applied with a laboratory coater
in a defined wet layer thickness. After drying, the prepared print samples were analysed to reveal how
the applied layer had influenced their properties.

This procedure enabled a satisfactory distribution of the nanoparticles within the nanocomposite, and
consequently, on the applied layer on the paperboard prints Figure 3.
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Figure 3: SEM images of coatings on printed coated paperboard: a) PCL-0, b) PCL + 0.5 % ZnO, c) PCL + 0.5 % TiO,

The visible particles on the surface of the samples originated from Ca (Figure 4), which is commonly used
as anti-set-off powder (preventing the prints to stick to each other during the printing process).
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Figure 4: EDS spectra of the PCL-0.5%TiO, nanocomposite on coated paperboard print

Nevertheless, coatings have provided basic prints with better lightfastness and also improved barrier to
water vapour, but had not influenced colour that well. Research have been undertaken on both coated
and uncoated paperboard.

In Table 1 and Table 2 one can see the colour difference AEqo of nanocomposites including SiO,, ZnO and
TiO, (Cigula, Hudika, & Tomasegovic, 2021; Majeti¢, 2020). It can be noted that colour differences are
visually unnoticeable. The results were obtained during previous research (Cigula, Hudika, &
Tomasegovic, 2021; Majetié, 2020).

Black ink was influenced the most, which is expected as prints generally darken when coated, as
previously shown in Figure 2.

Table 1: AEqo between uncoated print and samples with applied nanocomposite coating on a coated paperboard

Cyan Magenta Yellow Black
Si0; ‘ Zno ‘ Tio, | Si02 | Zno ‘ Tio, | Si0: ‘ Zno | Tio, | Si02 ‘ Zno ‘ Tio,
pCL 0.19 0.48 0.25 1.43

0.10% 035 | 063 | 095 | 118 | 112 | 054 | 038 | 1,08 | 040 | 234 | 110 | 1.39

0.25% 058 | 053 110 | 058 1.01 | 014 102 | 134

0.50% 085 | 063 | 038 | 126 | 140 | 050 | 057 | 1.04 | 063 | 268 | 048 | 258
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Table 2: AEyy between uncoated print and samples with applied nanocomposite coating on an uncoated paperboard

Cyan Magenta Yellow Black
SI0; ’ Zn0 ‘ Tio, | SOz ‘ Zn0 | Tio, | SO ‘ Zn0 ’ Tio, | Si02 ‘ Zn0 ‘ Tio,
PCL 0.19 0.48 0.25 1.43
0.10% 033 | 109 | 043 | 026 | 064 | 1.02 | 021 | 088 | 024 | 161 | 086 | 1.87
0.25% 1.06 | 1.02 069 | 1.36 1.00 | 0.56 1.48 | 2.65
0.50% 016 | 094 | 060 | 050 | 062 | 158 | 033 | 096 | 050 | 1.52 | 092 | 1.99

An application of biocomposite coatings reduced water vapour transfer rate (initial paperboards without
coatings were 0.52 g/m?*day and 1.44 g/m?*day for coated and uncoated paperboard respectively),
although it was evident that addition of nanoparticles gave worse results that the neat PCL coating.
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Figure 5: Water vapour transfer rate of SiO,-PCL (right) and ZnO-PCL (left) nanocomposite

The second property investigated was the resilience of prints to the accelerated ageing by exposing the
samples to the UV light source under controlled conditions (Cofomegra Xenon chamber 1500e, using
indoor filter). The test was performed on coatings containing ZnO and TiO,, as they were known UV
absorbers (Ghamsari et al., 2016; Tsuzuki & Wang, 2010; Wang et al., 2009). Due to being most sensitive
to UV radiation, the results shown include observing the chromatic change of yellow ink only. Further
information is available in (Cigula, Hudika, & Tomasegovic, 2021).
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Figure 6: Yellow colour chroma change of prints on coated substrate due to accelerated ageing.
Samples coated with PCL-TiO; (left) and PCL-ZnO (right)

It can be seen in Figure 4 that both nanoparticles had performed similar in the accelerated ageing tests
and diminished chroma change. Additionally, it is visible that in the first 15 hours of accelerated ageing
there is almost no change in chroma regardless to the nanocomposite composition i.e. weight ratio of the
incorporated nanoparticles in coating
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Figure 7: Yellow colour chroma change of prints on uncoated substrate due to accelerated ageing.
Samples coated with PCL-TiO; (left) and PCL-ZnO (right)

Opposite to the prints on coated substrate, chroma of the samples on uncoated paperboard is
significantly lower and the accelerated ageing has lower influence in general (probably due to the partial
protection of printing ink by paper fibres). Influence of the nanoparticle’s concentration is more visible on
these samples. At the beginning of the accelerated ageing process, it is increase of the yellow chroma,
most probably due to the yellowing of the paperboard and higher amount of the optical brighteners in
the sample paperboard.

4. CONCLUSION

This paper was prepared to give some insight in the coatings in the graphic industry. Furthermore, some
results of the research including biopolymer based nanocomposites and their influence on some aspects
of the packaging material improvement. These results have proved that procedure for coatings’ mixing
and homogenization results with satisfactory distribution of nanoparticles. Application of biopolymer
based nanocomposites had provided some improvements in the lightfastness of the samples without
causing significant colour change.

To conclude, development of coatings and their application is widespread activity over numerous
industries. It plays a significant role in the material development as it can provide basic material with
enhances properties, but enhanced aesthetics as well. But with all benefits, application of coatings could
provide some obstacles in materials and organic recycling due to the antimicrobial potential of some
added particles and possibly, their retention in wastewater. For that reason, development of coatings
should include determination of recyclability of the coated product as well as the characterization of
coating’s functionality.
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