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Nomenclature

G Discrete basic geometry
x,y x,y coordinates in 2D discrete space
N Set of natural numbers
R Set of real numbers
c RGB triplet of a colour
C 8-bit colour component
S Basic shape
S Universe of shapes
T Transformation matrix
GDPV Generalized Design Pattern Vector
Y 2D pattern
X Relation of the emotions, moods, feelings
ε The value of the aesthetic fit
Cv Target value
B Basic Geometry
P Pattern Space
r Basic Geometry: uniform scale
e Basic Geometry: non-uniform scale
n Basic Geometry: number of sides of the shape
rot Basic Geometry: rotation
A Pattern Space: amplitude of waves
V StS Pattern Space: the distance between the rows of the pattern
dRng Pattern Space: dynamic range
dS f t Pattern Space: translation

i



Nomenclature

dScU Pattern Space: uniform scale
dSnU Pattern Space: non-uniform scale
dRot Pattern Space: rotation
I Input of the system
ID Dynamic dimension
ISt Style dimension
IO Orientation dimension
E ID Elegant extreme value
SpID Sporty extreme value
KISt Classic extreme value
FiISt Youthful extreme value
N IO Feminine extreme value
FeIO Masculine extreme value
s Weight number
Ã Antecedent vector
R Rule
B̃ Consequent set
x̃ Input vector
X̃ Input set
ỹ Output vector
Ỹ Output set
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1. CHAPTER

Topic description and objective of the research

I desired to research a topic, which results could help produce custom products, support pro-
duct designers’ work, and take emotions into account during design. My goal was to examine
the relationship between formal appearance and emotion, which will allow designers to create
a more aesthetically-pleasing design, especially with regard to the geometry, shape, and pat-
terns of the product. An emotion-based pattern generator - created for practical applicability
- can be a new tool for product designers, as the system connects geometric elements with
emotions and can be used to create the most aesthetic pattern based on specified preferences.

I deal specifically with patterns, as there has been a lot of research on the mood effects of
colours, but there is less information about the meaning of shapes, and no research has been
done on the emotions evoked by geometric patterns. Patterns are used in many places, such
as packaging, textiles, decorative items, and so on. However, emotions are not associated
with these patterns. It was necessary to narrow down the range of consumer products, and
eventually, the industry chosen for the application area became the automotive industry. This
is because more forums claims that the study of the mood/impact evoked by customers has
become more and more important in the car design process, which fits very well with my
research goal. I would like to deal specifically with the patterns found inside the car, especially
those that appear on the decor elements. When put into practice, the buyer would be able to
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1. Topic description and objective of the research

enter his preferences already in the car dealership. The user does not have to define here
that the pattern consists of, say, triangles, and they are arranged in a wavy way, etc., but it is
enough to specify what the interior of the car will evoke from the passengers. As a solution,
the system gives you a 2D pattern that will be placed on the decor element or elements.

To design the aforementioned system, I first had to establish relationships between emo-
tions and patterns (psychological studies), and then the algorithmization of pattern creation
was completed. The mathematical model connecting these two functions must be able to
handle human factors, linguistic tools, words, and soft boundaries, for which fuzzy logic is
appropriate, which is one of the methods of artificial intelligence. The steps of applying fuzzy
logic were completed in MatLab, during which, based on my research results, I specified
- among other things - the input and output parameters, the membership functions, and the
fuzzy rule system.
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2. CHAPTER

Preliminaries, research methods

Studies have shown [8] that product customization is important to reach more customer satis-
faction. For example, Deloitte found out that one out of five customers is willing to pay 20%
more for a unique, personalized product [9]. This is why it has become a business strategy in
many fields, from shoe design to vehicle features.

Besides the importance of customization, product designers should pay attention to many
design methods and principles, such as the product life cycle, the sustainable material choice,
the user experience, the practical and user-friendly design, and so on. This is why design
education is about to face interdisciplinary challenges [10, 11], where the continuous support
and development are necessary.

There is no one rule of successful design, however, there are some facts about the most
successful products, which could show that besides many factors, beauty and harmony have
a massive impact on us, as Donald Norman said: “Attractive things work better.” [12, 13].
Other studies [14, 15, 16, 17] also shown that the factor of beauty is an essential criterion of
the quality of design.
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2. Preliminaries, research methods

In the past few decades, many branches of product design examined and utilized emo-
tions. One of the first was the Kansei engineering which was invented by Mitsuo Nagamachi
in the 1970s. The Japanese people are using the word Kansei for the feeling that users think
of the product; for example, when they say that their car should be fast, easy to control,
stylish, and so on. Kansei Engineering aims to develop or improve products or services by
transforming users’ emotions and needs. It creates a link between physical and psychological
responses and product features [18]. In the mid-1990s, the user experience (UX) expression
was introduced by Donald Norman. It means the effect of the product on the user. An emo-
tional interaction that is practically determined by what people feel and remember after using
the product. The purpose of the UX is not only to make the product beautiful, but also to
provide experiences by using it. Since the experience is based on the emotion that can be
associated with psychology, it is hard to predict [19]. The emotional design expression was
also introduced by Norman in the 2000s [20]. Studies have proved that emotions that affect
users play a significant role in decision making and information processing. Marketing is
also extending to user emotion, since “emotion can stimulate buying interest, guide choices,
arouse buying intentions, and influence future buying decisions” [21]. Furthermore, it turned
out that customer needs are shifting into the direction of aesthetic design instead of functional
capability [22, 23, 19, 24].

This research is dealing with geometric patterns because, according to literature studies,
it can be seen that, while many industries are about to use patterns as an aesthetic feature on
a product, only a few of them (for instance, textile industry [25]) use patterns according to
their effect on human emotions. For example, in the field of interior decoration [26], jewelry
patterns [27], package design [28], textile, and clothing industry [29] research are patterns
on products; however, they do not connect them to emotions. Although studies have already
been done to link emotions and geometries [30, 31], there is no example of a general descrip-
tion of pattern generation and emotion-driven patterns (regular structures made up of simple
elements).

To assess human factors, I conducted focus group interviews and questionnaires from the
research methods used in psychology as well: focus group interviews were conducted 3 times
in total, with the results confirmed by questionnaire surveys involving a total of 688 people.
Subsequently, to validate the completed model, I performed an eye-tracking study with the
participation of 33 people.
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3. CHAPTER

Visual representation of pattern in 2D discrete space

The dissertation presents the industry chosen for the practical applicability of the new theory
of pattern generation and a potential mode of application that requires a 2D representation
of patterns. The grid points described in the mathematical approach to pattern generation
are interpreted as pixels during the visual display of patterns. This type of approximation of
geometric shapes is called rasterization. The detailed emotion-based pattern generator takes
real numbers when specifying parameters and then displays the final pattern in discrete space
based on rasterization rules. With this conversion, we realize the transition from the set of real
parameters R calculated by fuzzy logic to the set of geometric elements N. In this case, the
pixel whose center is closest to the given point is coloured. The process is illustrated by the
Bresenham section drawing algorithm (Figure 3.1). It can be clearly seen in the picture that
we always choose the pixel with the smallest distance of the section from the pixel center [32].
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3. Visual representation of pattern in 2D discrete space

Figure 3.1.: Bresenham-algorithm [32]

The geometric definition of the bounding sections is given by the area filling algorithms
(Figure 3.2). This is preferably happening in horizontal lanes. After horizontal scanning, the
intersections of the edges of the polygon are ordered by size based on the x coordinate, and
then the pixels between the points are coloured. These are the interior points that intersect the
polygon boundaries an odd number of times by holding to the infinity. [32].

Figure 3.2.: Area filling [32]
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4. CHAPTER

Summary with the presentation of theses

4.1. Thesis 1

The new generalized pattern-generating mathematical method can produce arbitrary basic ge-
ometry and transform the geometry and handle the pattern’s arrangement through unique ge-
ometric spaces. The steps of the algorithm:

1. Step: Choosing the basic geometry: The pattern will be composed of a chosen geo-
metry.

2. Step: Defining a design space: Basically, one dimension can be defined by a parameter,
and by specifying the measure of this parameter, it is clearly possible to characterize the
position within the dimension. For example, by selecting two geometric and one colour
dimensions, this can be described as follows:

Def.: In 2D discrete space, the discrete basic geometry G can be described by the
coordinates x,y, the set of grid points of which clearly designates a shape:

G = {(x1,y1),(x2,y2), . . . ,(xm,ym)}, where (xi,yi) ∈ N×N (4.1)
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4. Summary with the presentation of theses

Def.: Colour vector

c = (c1,c2,c3), where c1 ∈C, c2 ∈C, c3 ∈C, C = {0,1,2, . . . ,255}, (4.2)

c is the RGB triplet of a colour.

3. Step: Defining the basic shape: The basic shape is the basic geometry and the addi-
tional properties together. Staying with the example above, this means:

Def.: The basic shape S

S = {(x1,y1,c1,c2,c3),(x2,y2,c1,c2,c3), . . . ,(xm,ym,c1,c2,c3)} (4.3)

here it includes the discrete basic geometry and the same colour characteristics assigned
to the grid points.

Def.: The universe of shapes S is given by

S = {S}, where S ∈ N×N×C×C×C (4.4)

4. Step: Defining the Generalized Design Pattern Vector GDPV : The elements of the
Generalized Design Pattern Vector (GDPV ) are the functions of the transformation
steps, indicating that how element “m + 1” is derived from the “m” element.

The geometric transformation is closed for the set S:

T : S 7→ S (4.5)

The transformation of grid points in space can be described as follows:

T (S) = S′ ∈ S, (4.6)

ahol S′ = {T (x1,y1,c1,c2,c3),T (x2,y2,c1,c2,c3), . . . ,T (xm,ym,c1,c2,c3)}. (4.7)
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4.1. Thesis 1

Graph representation:

The nodes are the basic shapes, and the edges of the graph are the operations
(Figure 4.1).

Figure 4.1.: Graph representation

5. Step: Transforming from the design space to the product space: This transformation
may vary depending on the chosen dimensions. In the case of geometry, the pattern is
applied to the final product by a coordinate transformation. However, for example, in
the case of colours, transformation occurs from colour space to colour space.

This thesis is detailed in Chapter 5 of the Dissertation. Related publication [1]
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4. Summary with the presentation of theses

4.2. Thesis 2

A new automated pattern development method was developed called Emotional Pattern Ge-
nerator (EmPatGen) that creates connections between emotions and geometries. With this
system, the consumers can give emotions and feelings as input parameters, and the tool gene-
rates 2D patterns based on these preferences:

Y = Y (X) (4.8)

where Y is the 2D pattern, X = X1× . . .×Xm is the relation of the emotions, moods,
feelings.

The system automatically generates the pattern, which method belongs to an area called
parametric or generative design (also called algorithmic design). It can have a great future
because the designer can provide customers with personalized, unique pieces by using it.

The developed method that is applying a new scientific method that connects emotions
to geometries could help designers to create the most aesthetically-pleasing pattern according
to the given preferences:

ε = ε(x1,x2, . . . ,xm) (4.9)

where ε indicates the value of an aesthetic fit of the solution. The target value Cv of the
pattern Y is:

Cv = max(ε) (4.10)

This thesis is detailed in Chapter 6 of the Dissertation. Related publications [2, 3, 4]
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4.3. Thesis 3

4.3. Thesis 3

The developed Basic Geometry and Pattern Space Functions can modify the basic geometry
and the arrangement of the pattern, with several types of parameters (Figure 4.2). The Basic
Geometry

B = (r,e,n,rot), where r ∈ R+, e ∈ R+, n ∈ R+, rot ∈ R+ (4.11)

correlation shows that the uniform (r) and non-uniform scaling (e), the number of sides
(n), and the rotation (rot) of the shape that develops the pattern are all part of the Basic Geo-
metry function.

Definition related to the Pattern Space

P = (V StS,A,dRng,dS f t,dScU ,dSnU ,dRot) (4.12)

where V StS ∈R+, A∈R+, dRng∈R+, dS f t ∈R+, dScU ∈R+, dSnU ∈R+, dRot ∈R+

includes the distance of the rows of the pattern (V StS), the height of periodic waves (A),
per certain range (dRng) translation (dS f t), uniform (dScU) and non-uniform scaling (dSnU)
and rotation (dRot).
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4. Summary with the presentation of theses

Figure 4.2.: Basic Geometry and Pattern Space attributions

The parameters described in the thesis form the final pattern, which is displayed visually
along the rasterization method presented in Chapter 3.

This thesis is detailed in Chapter 7.1 of the Dissertation. Related publications [2, 3]
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4.4. Thesis 4

4.4. Thesis 4

Although the people’s motivations and experiences may differ from each other, nevertheless
patterns can have a similar effect on them.

� The effect of geometric patterns is basically can be described with the following for-
mula:

Y = (B,P) (4.13)

where Y is the 2D pattern, B is the Basic Geometry, and P is the Pattern Space, indica-
ting the pattern’s arrangement.

� The dynamic effect of a pattern (e.g., changing the basic geometries’ diameter, changing
the distance of the pattern lines, etc.) should be handled separately since it greatly
impacts people.

� Of the three factors of pattern creation (Dynamic (D), Style (S), Orientation (O)), the
scale of orientation is nonlinear. Since feminine factors greatly influence people, their
weight in the system also needs to be increased. The above result is described as fol-
lows:

I = (ID, ISt , IO), where ID ∈ R+, ISt ∈ R+, IO ∈ R+, (4.14)

where I is the input of the system, ID is the Dynamic, ISt is the Style IO is the Orientation
dimension.

E ID ≤ ID ≤ SpID where E ID ∈ R+, SpID ∈ R+ (4.15)

KISt ≤ ISt ≤ FiISt where KISt ∈ R+, FiISt ∈ R+ (4.16)

N·sIO ≤ IO ≤ FeIO where N IO ∈ R+, s ∈ R+, FeIO ∈ R+ (4.17)

Dynamic can take a value between the extreme values of Elegant (E ID) and Sporty
(SpID), Style is between Classic (KISt ) and Youthful (FiISt ), and Orientation is between
Feminine (N IO) and Masculine (FeIO). s ∈ R+ denotes the weight number for system
development.
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4. Summary with the presentation of theses

The input factors described in the thesis can be used to personalize the patterns, which
are displayed visually along the rasterization method presented in Chapter 3.

This thesis is detailed in Chapter 4 and 8 of the Dissertation.

Related publications [2, 3, 5, 6, 7]

4.5. Thesis 5

An algorithm based on fuzzy logic can be used to connect the pattern generation system and
the emotions, which allows the mathematical treatment of various emotional tones and their
combinations as antecedents, and generating parameters based on emotions for the pattern
making algorithm, which uses fuzzy rules to create a pattern as a conclusion.

The general form of a fuzzy rule with multiple inputs and one output dimension can be
written in the following, so-called Mamdani-form [33].

R : I f x̃1 = Ã1 . . . x̃m = Ãm then ỹ = B̃ (4.18)

where x̃=(x̃1, . . . , x̃n) is the input vector,x̃ j ∈ X̃ j, X̃ = X̃1× . . .×X̃m is the m-dimensional
universe, Ã = (Ã1, . . . , Ãm) is the antecedent vector, ỹ ∈ Ỹ is the output variable, Ỹ is the
universe for the output, and B̃ is the consequent set.

The effect of the patterns created by the fuzzy system can be well-validated by eye-
tracking examination.

This thesis is detailed in Chapter 7.2 and 8 of the Dissertation.

Related publications [2, 3]
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