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ABSTRACT
Multi-scale design can presumably stimulate greater intelligence in computer-aided design
(CAD). Using the style-holon concept, this paper proposes a computational approach to
address multi-scale style recognition for automobiles. A style-holon is dailnole—it
contains sub-styles of which it is composed—as well asraof a broader style. In this
paper, we first apply a variable precision rough set-based approach to car evaluation and
ranking. Secondly, we extracted and subsequently computed the each car’s characteristic lines
from the CAD models. Finally, we identified style-holons using the property of a double-
headed style-holon. A style-holon is necessarily included in a typical vertical arrangement
with progressive accumulation and forms a nested hierarchical order cailedrahy of
styles We adopted an interactive cluster analysis to recognize style-holons. Our results
demonstrate that car style depended on each brand’s individual strategy:is a form
endowed with some structural stabilifhe style-holon also demonstrated that the evolution
of characteristic lines should preserve the propertyuattional homeostasigthe same
functional states) as well as the propertynomeorhesigthe same stable course of change).
For many car companies, stable brand recognition is an important design specification. The
proposed approach was used to analyse a set of car styles as well as to assist in the design of
characteristic model lines. A designer can also use this approach to evaluate whether or not
the strategic requirement—style alignment with the style-holon of benchmarked cars--is

satisfied.
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1. INTRODUCTION

CAD modelling of vehicle morphology is an essengiait of engineering design activity in
the automotive industry (Vignesh et al., 2007).sTtype of modelling integrates quantitative
and qualitative criteria in order to abstract, difgpand formalize data. It is also a process
that generates multiple views of the final engimegdesign and can therefore incorporate a
range of design perspectives, from customer reaueings to production system prerequisites
(Stjepandt et al., 2015b). Indeed, an engineering view ofrtf@phology contains a model
that represents only those aspects of the camatlkatelevant for the corresponding phase. In
many situations, a change to one view of the mdggyomodel may conflict with other
engineering views, such as the types of conflltas tften arise between industrial design and
engineering design (Gudem et al., 2011). In thggest of situations, the morphology model
of some engineering views needs to be adapteddardo provide consistency across all
morphology models.

The history of the automotive industry demonstrétes car morphology evolves over time
while simultaneously preserving the strength oidradentity. Overall, vehicle modelling is
subject to a strong pressure of competition. Thigsigners endeavour to both innovate a
morphology while also adapting it to a novel comtedMorphological features play an
inevitable role in the representation and perceptiba car. These morphological features are
recurrent, identifiable geometrical and topologiedments that integrate the subjective
design world with the objective design world.

A morphological feature is also a means of expoesstommunication, and integration.
The relationship between morphological feature llanguage and utility (Ostrosi and
Ferney, 2007), as well as the relationship betwaaguage, utility, and the ease of use by
designers are just a few of the problems that glaga CAD vehicle modelling process. The
semantic frameworks, formal aesthetic, and gestatiries established at the cognitive level
indirectly incorporate formal aesthetic principlesjch as geometry, dimension, texture,
material, colour, graphics, and detailing (Ali ahgém, 2014). Understanding which car
morphologies are successful in the market allonsigiers to understand the tendency of
creation, evolution, and destruction of morpholagfeatures.

This paper focuses on car style because it is ort@ant expression of car morphology.
Car style is dominant among the geometrical andsiphy properties of the car because it
often comes out of the fundamental property of ¢he Customers first encounter a car

through its geometrical and physical appearancetyde, and this appearance impacts the
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customer’'s emotional response. Emotion plays arnoitapt role in motivating people to
interact while providing internal guidelines fortiomalizing their actions (Fukuda, 2011).
Emotion can also play an important role in providgeneral customer satisfaction for a car or
car-related products, also known as a product so¢teikuda, 2016). Today, as performance
rapidly transitions from functional performancedamotional performance, it is important to
take this into account throughout car morphology arodelling.

From a structural point of view, a good style acpbshes both social and functional goals
(Shelley, 2017). Knowledge-based engineering fraomksv (Stadler and Hirz, 2016) or
ontologies (Cheutet et al., 2008) are used to rategcar styling with engineering
functionalities while also supporting the conceptiesign phase for the car. This should also
preserve the automobile’s brand identity (SarehRadison, 2009) through a signature style
(Chan, 2000). The relationship between the matheaiatlefinition of the style and its
qualitative definition, based on data coming frosewinterviews, has revealed a significant
relationship between geometry and emotion (Luctthile 2015). Some recent research has
also attempted to locate methods for quantifyindestlifferences and identifying unique
design elements (Hyun et al., 2015). The styldsis eonsidered as an incremental, and not as
a radical, innovation factor (Calabrese, 2011). &asnstylist Giugiaro reported that a stylist
tries to compress the form and make it streamlifiéé. streamlined form therefore represents
a well-balanced, elegant, and refined unicum withfmuced superficial gloss (Giugiaro,
2007).

Perception, according to Thorf1988a), is a discontinuous phenomenon in a cootis
background. This discontinuity, which presupposes dontinuous, is the first experience in
all reception of phenomena. Uniformity and ruptofeuniformity are the external elements
that stimulate perception. Latency designatesdbiginuous background, all that appears, all
that is possible, and all that can be perceived.tl continuum, there is a discontinuity
determined either by the salience of the car othieypregnancy of the car. Salience is what
distinguishes the car from others or from the emiment. This salience is built on the
identity of a strong brand. Salience is then thengetrical and physical form of the car, which
distinguishes the brand from its competition. Thenf's pregnancy is closely related to the
intentions and the concerns of the human. It is they form of the car that every human,
from user to the stylist, can see from his or heinpof view. The pregnancy is thus a

cognitive salience. A stylist designs both theesale and the pregnancy of the brand. Given a

! René Thom (2 September 1923 — 25 October 2002icRrmathematician (topologist) and philosophe. Thom
(Fields Medal in 1958) is the founder of catastefteory.
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set of different cars, a certain brand will be esatliif it can be distinguished on the basis of its
geometrical and physical properties. Thus, the g#noal and physical salience of the cars,
designed by the stylist, plays an important rolthesuccess of the brand.

Knowing that recognition is regarded as a basidbate of human experts, features
emerging from feature recognition can be considasedne of the first “intelligent objects”
introduced in a CAD modelling (Fougeres and Ostr@8il8). This paper contributes brand
recognition of the style as an important step tom@AD modelling of the morphology by the
stylist. The hypothesis of the paper contains taxs First, the car style represents a specific
geometry that can implicitly integrate cultural @nsions. Cultural dimension implies that
styles can be necessarily included in a typicaltic&r arrangement, with progressive
accumulation, and form a nested hierarchical ofolea culture (Hall, 1989; Hofstede, 2002;
Minkov and Hofstede, 2011; Trompenaars, 1996). Sacthe distance between the car’s
morphology allows for recognition of the self-embaw) of car styles in a given context. The
holon is a very interesting structural concept floe description of the property of self-
embedding of car styles and for overcoming the inanus-discontinuous distinction of car
style.

The holon is something that is simultaneously alevaod a part of a greater whole, which
contains elements, or sub-parts, of which it is posed, and which also provides its
structural and functional meaninddolons are complete by themselves, and hence ean b
treated as a unit. However, they are also partlafger system. Many applications have been
proposed using the concept of the holon, such &micosystems design (Valckenaers and
Van Brussel, 2005), holonic manufacturing (Valckensaet al., 1998; Van Brussel et al.,
1999, 1998), manufacturing control and schedullregtfio and Restivo, 2008, 2006), holonic
assembly (Arai et al., 2001; Hsieh, 2008) are semgineering applications. The concept of
holon is also applied in product and system degigashemian, 2005), design for
configurations (Issa et al., 2017) as well as cexpldaptive systems modelling (Honma et
al., 1998). All of these applications are charaeégt by the double-headed property of the
holons, meaning that holons must be included irypacal vertical arrangement, called a
holarchy.

The holarchy can represent progressive accumulation and ndstdrchical order of
styles. The architecture of holons can show both ‘thorizontal” and “vertical” self-
similarity of car styles. Horizontal self-similaritelates to self-similarity across different car
styles on one level of aggregation while vertiadf-similarity refers to self-similarity across

multiple levels of aggregatiohus, in order to analyse and capture the self-efdivey and



self-similarity property of car style, this resehnntroduces the concept of the style-holon.
The organization of the paper is as follows: Theosd section presents the state of art for car
modelling. In the third section, a CAD approachgtyle recognition is presented. The fourth
section demonstrates the application of the mettodhe final section, conclusions and

future developments are proposed.

2. STATE OF THE ART

A style is a specific aspect of a stylist's expssn a product, which integrates brand
identity and strategy. A style acts as an integsrbétween the product and the customer. This
interpretation or communication is realised throdgisigning the salience and the pregnancy
of product. Computational methods are used to gé®egood products and develop an
understanding of what constitutes good art objetleese methods can assist in the style
design by providing explication and easy justifisatfor interpretation. In this section, we

provide an overview of these issues followed bysaugsion.

2.1. Style and brand identity
Brand identity must be the foundation of any desgategy for a product. These design

strategies drive the aspects and constraints ofutilfe products. Indeed, the design and
development of a product proceeds from of a cohafbe and distributed process.
Distributed designers work and interact activelythwihe design and development of the
product according to the aspects and constraintthe&if domains. The evaluation of the
distance between target design parameters and design parameters continuously
characterize the design activity (Choulier et 2015). In this context, an important design
constraint of a brand is to create a strong prodientity that differentiates it from other,
similar products. For a strong brand, designersl neeonstantly innovate new ideas that also
align with the brand’s history (Fanning, 1999). Aamhd identity is fostered through an
association with the physical quality of the pradaicd the experience and appreciation of the
brand by the final consumer (Cagan and Vogel, 20B2and associations form through
personal beliefs, values, and emotions (Abbottlet2806). The brand identity should be
focused on a design process tailored to a spestifiing that can be clearly recognized by
customers. The specific form of the product of bdréits style) is often defined throughout the
early stages of the design process (Cagan and V2@6R) and establishes the interaction
between designers as well as the interaction betwtbe brand and its consumers
(McCormack et al., 2004).

The modelling of a car brand should also repreemicomplex link between both the car
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components and the broader brand identity. Intedratith this modelling, the styling has to

represent and reinforce the brand identity. Wethkn brands in different countries rely,

amongst other things, on their expertise and tkeaw-how gained through their history. A

car should evolve prudently, satisfying a conséreaevolutionary style according to the

history of the car model (Randle, 1986) in ordemimimise the impact on the customer and
their cognitive process. In fact, each brand shéulgw the elements of its very core identity
(Kapferer, 2002).

The heritage (Karjalainen, 2007) and cultural idgraf a specific region (Bluntzer et al.,
2015) are implicitly represented by the stylistairvehicle’s design. The French heritage for
Peugeot, Citroén and Renault, the German heritateMwlkswagen (Bluntzer et al., 2015),
the Scandinavian heritage for the Volvo brand,Bniésh heritage for the Jaguar brand, the
American automotive design heritage for the Cadlibeand, and the Italian heritage for the
Alfa Romeo brand (Karjalainen, 2007), are some gtamof country and cultural heritage.
However, an important issue is how to maintain dtability of a brand’s identity following

globalisation and the unavoidable dynamic of ddfercultural perspectives.

2.2. Designing the salience and the pregnancy
A successful brand develops a strong relationséipréen the design and the customer (De

Chernatony, 2001). When the customer is in a condtthh a product, he or she attaches,
consciously and subconsciously, specific functiarl symbolic qualities to the product and
develops expectations of how it is supposed to,lée&l, and function (Karjalainen, 2007).

The style's pregnancy is closely related to thenitidns and concerns of the stylist as well as
to the customer. The pregnancy is designed threlglhstyle of a product to express some
ideas to the customer. Product styling is thusi@arout to create visual attractiveness in a
product (Fenko et al., 2010). The Audi brand st#tas more than 60% of its customers base
their decision to buy a car on the overall styleéh&f product (Kreuzbauer and Malter, 2005).
A brand should also have a clear and precise phlysadience. In this context, the notion of

brand styling is the subject of work in many fieldsich as art, marketing, innovation, and
product design (Hagtvedt and Patrick, 2008; Macki@]ll; Person et al., 2008). Visual

elements or brand signifiers (Warell and Young, 0&re important aspects of salient
designs. Physical salience is designed by usingctedng features of the product’s brand.

That means that the end user can recognize theigitedrand by these features, which are
carried over or slightly modified from the previoteration. The visual references, which are

embedded in the design features with the intentonbe immediately perceived and



recognized, are defined as explicit referencesjé@@nen and Warell, 2005). The perception
of the feeling provided by the product is consides@ implicit reference (Karjalainen, 2007).
Visual perception varies across cultures (Segadll.etl966). “Circular cultures” use curves
and are not impacted as much by the types of lfoaad in “straight and parallel lines’
cultures” design. More generally, an individual'embership in a community, whatever it
may be, entails the possibility of specific factofsognitive salience (Landragin, 2004).

A study with European engineer students from ergoop design, and mechanical
engineering departments, demonstrated that cara tleir home continent were easily
recognized, whereas Japanese cars were diffictdctagnize, and some cars coming from the
USA, such as the Ford F-Series, were somewhat necdge (Bluntzer et al., 2014a). A
similar experiment considering the role of desigeeflom and brand recognition for
automotive designs from four brands found that hitand recognition is highly dependent
on the manufacturer, some brands develop a stregative relationship between design
freedom and brand recognition, suggesting thatethesnufacturers face a significant
challenge when evolving their brand styling (Burnap al., 2016). In addition, an
investigation on the influence of aesthetic featedrand recognition of vehicles using a
specific car decomposition (Ranscombe et al., 2dl&frated the importance of the design
saliency and pregnancy for a product.

Design saliency and pregnancy through exterioinglydnd other aesthetic elements are
critical to the buying decision as well as to coso satisfaction. Applying formal methods
for quantifying the consumer’'s form preference inutllity function can help product
designers to conduct early market research in aim@mus design space for finding high
utility product shapes (Orsborn et al., 2009). Hegve an important issue is how to represent
the design space with the least number of attréowtaile still capturing the fundamental form

changes that consumers find important.

2.3. Computational styling methods
Computational techniques for product aestheticsigdefias been developed so that

customer perception can be incorporated into prodiesign in a more systematic and
intelligent manner (Tang et al., 2013). Computesisied procedures have been developed for
car style design based on extracting curves fratialirsketches (Lin and Yan, 2004). The
definition of a perceptual space, built by a muttidnsional scaling, and which lead to the
definition of interpretable perceptual dimensioiss,used in a computational method that

integrates customer preferences for a car’s hd#dilgodelled by Bezier curves (Petiot and



Dagher, 2011). The Fourier coefficients of a closedve are applied in this method to
represent the information on the curvature vanmegtio

The most widely used computational modelling mesha@te shape grammars, first
introduced by Stiny and Gips (Stiny and Gips, 19A13hape grammar is a set of rules, based
on the shape that is used to generate design thrawgries of rule applications beginning
with an initial shape (Stiny, 1980, 1977). Shapgmgnars have been used for understanding
and describing different architecture styles. Fgample, Chinese lattice (Stiny, 1977),
Japanese tea houses (Knight, 1981), Wren’s chur@eslinckx, 1993), Wright's prairie
houses (Koning and Eizenberg, 1981), Queen Anned®(Flemming, 1987), and geodesic
domes (Shea and Cagan, 1997) are some applicaticst®ape grammars. Shape grammars
are powerful decomposition and generative formal&oause they possess the topology and
geometry-handling capability (Ostrosi et al., 201Zhape grammars allow analysis through
decomposition and synthesis through productionsru&hape grammars are also used for
producing car styles (Bluntzer et al., 2015; McCacket al., 2004; Orsborn et al., 2006).

Evolutionary Computation is another applied techridor the exploration of car style.
Genetic algorithms are used to synthesize carngtybased on appearance for design
exploration in the concept generation (Hyun and, l2848). Interactive Genetic Algorithm
combined with the Fourier decomposition of a 2Dfipgds proposed to progressively sketch
the desired side-view of a car profile (Cluzel ket 2012). Interactive Genetic Algorithm is a
special class of Genetic Algorithms where a hunsaenibedded within the task of selecting
individuals. A combination of Fourier decompositiand shape grammar is used for the
evaluation similarities and combinations of carlestglements (Hyun et al., 2015). Genetic
algorithms embody powerful general principles favgessing information. However, they do
not process knowledge and do not always providenedge that can be exploited by a
designer. For a designer, the genetic algorithnbsnofemain a black box that provides an

answer however they do not provide explication @easly justification for interpretation.

2.4. Discussion
A style is a specific aspect of a stylist's expi@ssn a product. It acts as a carrier of

various symbolic meanings. A style is a way totttd@ morphologies and put them into a
meaningful structure, which we can call ttaling structure The telling structureis a
sequential representation of functional or non-fiomal morphologies. We can define the
telling structure as a structure in which th#ability passes from a possible secondary role to

the status of a regulatory principle, which becoragsriority while communicating with a



customer. Theellability, in a given context and in a given culture depesrdsome attributes
of designed behaviour (for instance, aggressiversggstiness, etc.) and their representation
by the topology and geometry. It is the break oégularity, which often forms the structural
sequence and establishes the narrative abilityhefpgroduct. Therefore, the car’'s design
results from designing both the salience (physgadience) and the pregnancy (cognitive
salience). However, car designers should alsofgatisltiple engineering constraints on the
specific form of the product, as well as the traission of the brand identity to the customer.
Though some research shows that it is the desigoérto generate design alternatives while
fulfilling brand styles and manufacturing requirertee (Thomke, 2001), the trend
demonstrates that car design platforms are coldiverand distributed. Interaction is thus a
central key to the success of the design (MovaheahKet al., 2010). In most cases, the
obtained design needs to be consensual in ordee taccepted (Ostrosi et al., 2012a). The
recognition of style morphology is an importantpsteward seeking the consensus in CAD
modelling of the morphology. The successful carphotogies on the market allow designers
to understand the tendency of creation, evolu@mal destruction of the morphologies. Being
aware of the geometrical and topological similestiof the style, designers can also
demonstrate or highlight their innovation by designboth the salience and the pregnancy
and defend their intellectual property (Stjeparatial., 2015a). However, a unique style in an
absolute sense does not exist. A style is designacultural context and sometimes becomes
a form of design identity (Bluntzer et al., 2018Hpwever, there is an embedding relationship
between styles. A style, as with a holon, shouidtesimultaneously as a self-contained whole
in relation to its featuresalled characteristic lingsand as a dependent part when considered
from the perspective of the influences from onenore higher level style-holons. This paper

analyses and tackles this issue.

3. RESEARCH METHODOLOGY

A computational method is proposed to recognizéeint car styles, called thstyle-
holon A style-holon is defined as a whole that is a jpdra greater style whole, which at the
same time contains sub-styles, of which it is atsaposedFigure 1 shows the architecture of
the proposed computational method. The three nfzasgs are as follows:

Phase 1: Evaluation of carsin this phase, car designers evaluate a setraihinearked car
styles.

Phase 2: Building car — characteristic line modelin this phase, the relationship between

the set of benchmarked cars and the set of chasdittdines, represented by their geometry



and topology, is built.
Phase 3: Style-holons recognitionin this phase, the style-holons are recognisestyke-
holon is simultaneously a part of a style-holond #ncan be viewed as having styles of its

own.

<—>[ EVALUATION OF CARS ’
Cars

/” BUILDING CAR — CHARACTERISTIC LINE MODEL ™\

CAD

\ [Extraction of characteristic lines for cars]

1 Y

/ DISCOVERING STYLE HOLONS \ [ Interpretation
Ty
S (" Definition of distance measure
Distance Selection of distance measure
S __ Computing styles distances
A (" Definition of linkage rules
Linkage Selection of linkage rules
Rules Discovering Style Holons

Figure 1 Architecture of the proposed computationathod

3.1. Evaluation of cars
Anytime a new proposed style is conceptualizeshduld be benchmarked against existing

concurrent styles. The stylist should analyse amdpare how this new style is a conservative
evolutionary style and how it is competitive witther brands. Since a style-holon both
contains and is contained in other style-holonki-directionally influences and is influenced

by these style-holons.

Today, designers pay more attention to the valueredtive experience (Fukuda, 2017).
Thus, knowing that a style integrates aestheti@temal, social, and functional goals, the car
designers should judge and evaluate the benchmackedstyles. The evaluation of
benchmarked car styles should flexibly handle thbjextivity and vagueness during the

decision-making process. The variable precisionghoget-based approach handles the

10



subjectivity and vagueness during the decision-ngakirocess. The variable precision rough
set-based approach (Zhang et al., 2017) is appéesl for car evaluation.

The first element of evaluation is the group ofigleersG:{ai,aQ ql,} the second
element is the set of ca\r,s={v1,v2 \4} and the third element is the set of evaluation

criteria S={§ 'S ks} . Designers may have different cognitive vaguen&ss car

evaluation for a given criterion. To express thgrde of cognitive vagueness specific to a
designer’s judgment, a factor of variable precigfois defined in[0,1]. If the individual
certainty is increasing, then the range of vagueisesdecreasing, with the decreas¢ oand
vice versa. Three scenarios for the definition le# factor of variable precisighcan be
distinguished:

1. “F = 0" means “no vagueness.” In this scenario, the desg) judgment is
completely determined and its uncertainty is equalzero in respect to designer
cognition.

2. “0< B <1” means “partial vagueness.” In this scenario, tesigners’
judgment is partially uncertain.

3. “B=1" means “complete vagueness.” In this scenario, designers’
judgment is completely uncertain.

Let us give a criteriors(] S. Every designemaG judges a cav[JV according to the
criteria sC0 S. In order to formally compare cavglV according to the criterios(] S, it is
necessary to formally measure the designer judgné&orr this purpose, a numeric function
p €]0,10] is used in terms of the designer judgment. A juelgimsetP,  with h ordered
judgments, following the relationship ordey: < p, < --- < p, can be formed (1):

Pys = {D1,02, - Pn} (1)
Letp; € ]0,10] be a judgment in the sBf ; andd the distance aoP,, defined asl = p;, —
p,. The designer’ judgmemt under uncertainty can be expressed by the roughbersn
Rough numbers can provide flexibility and accuradydesigner’s judgment. The rough

number can be calculated by using a variable pogcisough set method. The lower

approximation@ﬁ(pi) and the upper approximatiﬁﬁ(pi) of the judgmenp; can be
identified as follows:

Aprf () =V {p; € Pys|p; < pi, (pi — p;) < Bd} (2a)

—B
Apr (p) =V {p; € P, |p; = i, (p; — i) < Bd} (2b)
The judgment sets (2a) and (2b) can be convertiedaimough number form through the
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calculation of lower approximation and upper appr@tion. The judgmenp; is then
represented by a rough numii(p;) defined by its lower limip} and upper limip/ as

follows:

R(p) = [pf, ] 3)

where: pl ’ HXL]) pl ,’ Hyl]

wherex;; andy;; are the elements of the lower approximation4set® (p;) and the upper

approximation SeA_prﬁ(pi) of p; respectively, and andr are the number of elements in the
two sets respectively.

Thus, for every factor of variable precisiBnthe judgment set (1) is expressed by a rough
judgment set as follows:

R(P,s) = {[pt, {1 [p5, p2 ], -, [pF, PR 1} (4)

The judgments of designemsG for a carvOV according to the criteriors(] S,
(Equation 4) can be evaluated using the concepbo$ensus. Consensus, first mentioned in
social and sociological sciences (Susskind andkShaink, 1987), can be used to compute the
degree of agreement among all the designers' di@uéOstrosi et al., 2012a). Group
certainty reflects the consensus in a judgmenPggt Group certainty is higher with the
lower distanced and closer to the individual judgments. Therefdte deviation degree
between each individual judgment, represented dydbigh numberR (p;) = [pF, p/] and the
group judgment, represented by the rough numi8y, ;) = b5, bYs|, should be as small
as possible. To represent the group judgment, ghrieast square model (RLSM) can be used
to calculate the rough numbR(B,s) = [bks, bYs] as follows:

Min Di = X0y (bhs — pF)" + (b5 - p)) ()
s.t.pt < bys < py
pf < bU <pp

whereDi is the deviation degree between each individuabfjueht and the final group
judgment,b} ¢ andby; are respectively the lower limit and upper IirrﬁtR(B,,_s).
Thus, the rough numb@(B, ;) = [b5, bYs| measures the degree of consensus of the group

designersG ={a ,& ,...a} on the evaluation of the cafJV with the criterions0 S. The

group judgments on the ca&flV according to the set of criteri@= { ,g} can be

expressed in the form of consensus rough set:
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R(B,s) = {[bLs b¥]Ivs € S} @)
Similarly, if importance weight is associated teempy criterions € S, a consensual rough set
of importance weights can also be obtained asviaiio

R(W,) = {[ws,wi'] | Vs € S} (8)
wherew! andw? are respectively the lower limit and upper linfitlee weight rough number
R(Ws) .

Then, overall group consensus on the @ can be expressed by rough numkér) =

[ML, MY]. The mathematical models are formulated as follows

. Ys wgbk
ML = min (ﬁ) (9a)
U _ ZsESsté'
My, = max (—Zsesws ) (9b)

stwi <wg<wl,vseS
Finally, a non-deterministic ranking method is useddentify the preference relation of cars
represented by the rough numbe&é&v) = [ML,MY]. Let noteR(v;) = [MF,M!] and
R(v;) = [M},MY] the rough numbers representing overall group cwseon the ca¥ and

vj . The preference relation between caysand v; is defined through computing the

dominating degree between their corresponding rawghbersk (v;) andR(vj) as follows:
1 if M < M{
d(R(v),R(vj)) = -1 if M{ < M} (10)
M +Mf =M =M/ (M{ =M} +M] —M})  others
where d(R(v;), R(v;)) = —d(R(v;),R(v;)). The preference relations can be classified as
follows:
If d(R(v), R(vj)) = &, v; dominatew; distinctly.
If [d(R(vy), R(v;))| < &, v; is indistinctive toy;.
wheree is the indifference threshold that is used fornidging the preference relation

between carg; andv;. The result of computing is represented by thefepeace matrix
D=(d;), d; =d(R(y ),R(y ), (i,j)OlpxJp, 15 ={1,2,...,0 , Ip ={1,2,...,5 . The

rank of the cars according to the estimation daterakes it possible for the designer to select

the cars they are likely to analyse for the style.

3.2. Building car — characteristic line model
A car’s design is the result of the work of largarms of talented and skilled designers,

many of whom work for two or more of the major antibile groups. The work of designers
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is highly influential in the automotive industrya€Cmorphological features have the ability to
preserve the property of functionebmeostasisthe same functional states, as well as the
property ofhomeorhesisthe same stable course of change. These twoniespeepresent the
evolutionary view of cars. The most striking chaeaistic of car morphological features is
not their quantitative complexity but their qualiva stability. A car can be seen as a set of
characteristic lines. The characteristic lines arerphological features that represent the
silhouette of a car. Figure 2 shows the silhousdti@ car during the creative phase of the car’s
design in a real-world automotive design experie@eracteristic lines are specific forms to
which designers associate certain attributes arsifyleknow-how. These lines ultimately
influence many phases of a car’'s engineering demighmanufacturing process and can even
impact customer perception of the final producte Het of characteristic lines is what we
consider the car’s genetic endowment.

Table 1 shows the description and illustrationseifen characteristic lines (Bluntzer et al.,
2015) and the comparison with the primitives (Orabet al., 2006) represented in Figure 3.
Because of its foundation in topology and geomehs,proposed approach is qualitative and
guantitative. Indeed, car style exhibits some lohdbcal regularity that allows customers to
distinguish these seven recurrent identifiable el These recurrent identifiable elements
have the property that Thom calls “structural sigti(Thom, 1988b). These characteristic
lines are recurrent, even though the circumstafaesigner, brand, country, etc.) that produce
those features are not the same in quantitativensterThese characteristic lines are

gualitatively repeatable.

e o

/ Z N\ ~ =
P ) / Q—\

iy = /\ 10 i\ / ]

Z L’ 5.4/:‘ Y iia ~ =<{{/ N /_/
| Ny "'5 ANy ———>X RSN f,( ———

Figure 2: Silhouette of a car: 3/4 front view (&)4 rear view (B); Front view (C); Lateral view (D)

14



Table 1. Seven characteristic lines of a car

Name Description lllustration Projection Primitives
plan in
(Orsborn
etal.,
2006)

N

>

upper lateral 7,11,13,9,
Cy profile K/\ l_ 14,10,15,8
lower lateral
C profile CY__ (Y [, saa

N

<

N

Cs door profile l_ 19
X
z
C roof profile — 14
4 p Y_l
upper grille £
Cs profile . Y—l 11,12
lower bumper z
. 7
Ce profile b * J Y—l
right (or left) z 19,18,6,5,
C7 lateral profile Y_l 3,4
F S R
(e 14 9 __
o\ = — T\ S \

9) \fo 9:—{/7—/ 18/ \\ 20 N 19 |8
ﬁﬁ ) e —f s @) — 18
Q3 A = AS) 20| B —av 4|6 15 Eﬁ'
1 2D 11ﬁ,_1g, ' 77__3:‘ [ T ( — L "f

/ ' /—\\\ \ / AN V'\.\ 8 ’1" 8
’ ‘ \‘\\7\_J1 (/ [/ 1 \j ‘ ' L ){I’ ( 2 \: / .L ! ”r
1 NS S 17 \ s S
— 7] —=z

Figure 3. Comparison with the lines in (Orsbormlet 2006). The circled number represents the piies
of characteristic lines found in (Orsborn et a0g)

Discontinuity and qualitative change occur in tleegeption of cars. Each car has its own
design describing the necessary perception forstability and the manifestation of the
meaning of the concept. In this way, there is ati@hship between a set of cars and the set of

characteristic linesrepresented by their geometry and topologkis relationship can be

represented in the form of a matrM(C,)=(4 ), (i,])0ly >y, Iy ={1,2,...,n} ,

NV ={1,2n’} , Where each ling, i =12---n, corresponds to a c&, i =12---n, and each
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column corresponds to the coordinate of a ppjritx;,y; ), j =12---m, belonging to the

car's characteristic lin€, kK¢, Kc={12,...} .

_[X11 Y11] [X12 Y12] [le Y1j] [ X1m Y1r]1_
[X21 Y21] [X22 Y2ﬂ [ij Y2j] [ Xom Y2r]1
i . : : . . 11)
M= [Xi1 | yir] [ %2 | Yiz | [ % | Y | [ % | Yo

_[an Y [Xn2 ¥Yed = [ Xu Y] o [ Xem  Yod

3.3. Style-holons recognition
The general question facing the problem of styt®geaition is how to best organize observed

CAD car characteristic lines into meaningful stures. Indeed, designers should have to
organize the different characteristic lines of darsuch a way that a meaningful description
of the distances between the styles of the cgrassible.

The adopted approach calculates a distance for aictof cars, which can describe how
similar the two cars are in terms of their chanastie lines. A car has been characterizedjby
parametersd = 2m, wherem is the number of points). Then every car can peesented by
a point of realg-dimensional Euclidian spa®¢. In the Euclidean spad®, the distance
between two cars can be given by the Euclidearamlst (2-norm distance). However, a
designer can define other derived measures ofndistthat can be more meaningful to the
designers. Table 2 shows some distances (Anderth®it; Everitt et al., 2001; Gan et al.,
2007; Jambu and Lebeaux, 1978; Kaufman and Rouss2€09).

Table 2. Distances and their characteristics.

Distance Computing measure Characteristics

City-block q It is a distance of dimension 1. It is the
(Manhattan) o(Vi % )= Z‘,uij — K ‘ average difference across dimensions. It is
distance =1 the simplest way of computing distances

between cars in a multi-dimensional space.

The effect of single large differences
between cars is dampened because the
cars’ dimensions are not squared.
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Euclidean

q

It is a distance of dimension 2. The

1/2
. 2 o .
distance OB FLZ(MJ ‘Mq') J ;I:?egfggzzfedmance between cars is
=1 '

The distance between any two cars is
not affected by the addition of new cars to
the analysis, which may be outliers.

In multi-dimensional  space, the
distances can be affected by differences in
scale among the dimensions from which
the distances are computed.

Squared q 2 The designer can place greater weight
Euclidean o(Vi % )= Z(,uij — K ) on cars that are further apart.
distance. i=1
Minkowski q 1/p It is a distance of dimension p.
distance - — . |P Differences on individual dimensions as
oL\ ) {JZ:H'U'J M<J| J overall differences between cars are
controlled by the parametpr
Chebychev (Vi V)= Maximurfy, _M<'| It is a distance of dimensiow . This
distance v U ™1 distance measure defines the distance
between two cars as the maximum
absolute difference on any one of the
dimensions. The designer can use this
distance if he or she wants to define two
cars as different if they are different on
any of the dimensions.
Power This distance is used when designers
distance want to increase or decrease the

1/r
q
3V W ){Zlﬂu —M,-ij
=1

wherer and p are user-defined
parameters. If andp are equal to

2, then this distance is equal to th

Euclidean distance. H=p, then this

distance is equal to the Minkowsk[

distanc

progressive weight that is placed on
dimensions on which the respective
objects are very different.

Differences on individual dimensions
Sre controlled by the paramejerOverall
differences between cars are controlled by
he parametaer.

Then, the matrix of distance$=(d; ), (i,j) 01 4xJ4, 1,={1,2,....0 , J,={1,2,...} is
computed using this distance measure on the mdi(, ) =(4; ).

(311 Opp - 511‘
Oy Ogp - 511
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The matrix of distanced =(J; ) is analysed to recognise the style-holons. Thedadouble-

headed of a style-holon implies that a style-hatamst be necessarily included in a typical
vertical arrangement with progressive accumulatidnholon styles with respect to the

distances in thevl(C, ) =(4; ) (12). A nested hierarchical order, calletiadarchy of styles,

can be formed. A hierarchy of style-holon is thusotarchy. The holarchic model can be seen
as an attempt to modify and modernise the peraeptad the natural hierarchy of styles.
Since a style-holon is embedded in larger wholéediglons, it is influenced by and also
influencing these larger style wholes. Thus, aeshdlon can be considered as a whole style
that is a part of a greater whole style, whichhatsame time contains sub-styles, of which it
is composed. Style-holons can be complete in theseand hence can be treated as a unit.
However, they are also part of a larger style-holdarizontal self-similarity relates to self-
similarity across different styles on a given lesEhggregation. Vertical self-similarity refers
to self-similarity across different levels of agga¢ion styles.

In general, whenever the designer needs to orgadiéa into manageable and
meaningful structures, cluster analysis is of gutiity. When the matrix of distance has been
established then the numerical methods for finding defining clusters based on the distance
measure are termed cluster analysis. The requitethana car style should be able to claim
the membership in a style-holon, which in turn didae able to claim the membership in a
style-holon, and so on, led to the use or the @gveent of the hierarchical cluster analysis.
The hierarchical clustering algorithms yield a stmme of data characterized by self-
embedding and self-similarity. Joining algorithmtige typical algorithm for forming the
holarchy of stylesa nested hierarchical order. The applicationhef jpining algorithm is to
join car styles into successively larger style-inglousing the distance measure. The principle
of this algorithm is the following:

Initial Step: Each carvV represents its own style-hol®i] S. Therefore, there are
singleton style-holons S characterised by their preference rank, which
depends on the factor of variable precisfn

General Step Repeat until only one style-holon is left:

- Find a couple of style-holons that is closesind(s ,$ .
IVJ

- Create a new style-holog, from the couple of style-holofs; ,§ )

- Removes ,5 from the set of style-holons
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- Add the style holorg, in the set of style-holons
At the initial step, each car represents its owedholon. Then, the designer relaxes the
criterion of the distance between two style-holdrige designer lowers its threshold regarding
the decision to declare two or more car style tartmnbers of the same style-holon. As a
result, the designer links more and more cars hegedind aggregates larger and larger style-
holons of increasingly dissimilar styles. Finallg, the last step, all style-holons are joined
together.

There are various possibilities to determine aeskyilon and the closest distances
between style-holons. For instance, a style-holan be represented by the centroid of
contained substyle-holons (Bluntzer et al., 2014bnkage rule determines when two style-
holons are sufficiently similar to be linked togethThere are numerous linkage rules that
have been proposed by researchers in cluster @alable 3 shows some linkage rules,
presented to the designer for the choice, fronerdbfiit applications in clustering (Anderberg,
1973; Everitt et al., 2001; Gan et al., 2007; Janalmd Lebeaux, 1978; Kaufman and
Rousseeuw, 2009).

The hierarchical tree, representing thelarchy of stylesjs the result of this type of
clustering. The higher the level of aggregatioe, less similar the car styles in the respective
style-holons. The structure of the car styles istbharacterized by self-embedding and self-
similarity. Self-embedding and self-similarity atbus defined by the chosen distance

measure.

Table 3. Linkage rules.

Rule Characteristics
Single linkage: nearest The distance between two clusters is determinethéydistance of
neighbour the two closest objects in the different clustéms, by the nearest
neighbours.

This rule strings objects together to form clustarsd the resulting
clusters tend to produce long chains.

Complete linkage: The distances between clusters are determined éygthatest
furthest neighbour distance between any two objects in the differémsters, i.e. by the
furthest neighbours.

This method forces spherical clusters with conststigameter. This
method usually performs quite well in cases whendbjects actually
form naturally distinct cluster:

Unweighted pair-group The distance between two clusters is calculatedhasaverage
average distance between all pairs of objects in thesaetss

This method is very efficient when the objects faratural distinct
clusters. It is less affected by outline

Weighted pair-group This method is identical to tineweighted pair-group average
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average method, except that in the computatiores,sthe of the respective
clusters, i.e. the number of objects containedhient, is used as a
weight.

This method is used when the cluster sizes areestesp to be

irregular.
Unweighted pair-group The centroid of a cluster is the average point ime t
centroid multidimensional space.

In a sense, it is the centre of gravity for thepessive cluster. In
this method, the distance between two clustersetsrohined as the
distance between centroids.

Weighted pair-group  This method is identical to the previous one, ektleat weighting

centroid is introduced into the computations to take intonsideration
differences in cluster sizes, i.e. the number gédb contained in
them.

Thus, when there are or one suspects there to bsidevable
differences in cluster sizes, this method is pedfler to the previous
one.

Ward's method This method uses the analysis oawvegi approach for computing
the distances between clusters. This method attetopninimize the
Sum of Squares (SS) of any two (hypothetical) elissthat can be
formed at each step.

In general, this method is regarded as very efiicibowever, it
tends to create clusters of small size.

4. CASE STUDY

The automotive industry in China will pay attentipnmarily to the Chinese car design. A
French-Chinese project of Complex City concernsstiitng of Chinese car3.he question of
the relationship between the car’s style and thienal identity of a specific country is one of
the topics addressed by this project. Country &dgeitseems to be a key concept that links

some reoccurring features to the feeling of beioipé (Bluntzer et al., 2014a, 2015).

4.1. Evaluation of cars
Cars are both utilitarian from the engineering pahview and symbolic from the social

point of view. The modern car retains a strong aoebcation. A car can communicate the

social status of the owner and translate a cedaltural distinction. During its conceptual
design phase, many benchmarked car styles existai of five designer& :{al & a,}

is established to evaluate the benchmarked caeseTbxperts are from ergonomic, design,
marketing, and engineering departments. A setiaf @ selected and examined by the team.

The study is focused on mid-range segment carsleTalshows a set of selected cars

V ={w,% ..M} . These five members judge each car using thefsetteria S={s ,s}:
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(s1) aesthetic and £ssocial emotion.

Table 4. Cars for the study

Car Id Picture
BYD F3 Vi =

BYD L3 V2

CHANGAN V3 e

CHERY E3 Ve

GEELY CK Vs

GEELY EC7 Ve

GREATWALL R

C30

LIFAN MOTORS Ve

620

ROEWE 550 b

ZOTYE Z300 Vio

FORD FOCUS AL

VOLKSWAGEN viz

LAVIDA

BUICK EXCELLE A
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CHEVROLET Via
SAIL

VOLKSWAGEN M
SAGITAR

Vie

VOLKSWAGEN
JETTA

V17

NISSAN SYLPHY

Vig

CHEVROLET
CRUZE

VOLKSWAGEN V19

SANTANA

VOLKSWAGEN V20

BORA

A judgment seP, ; = {pllpz, ...,p5}, with five ordered judgments is formed for eaclhige
(car, criterion). For instance, for the car BUICKEELLE, the judgment set (equation 1)

based on (1) aesthetic and (2) social emotionriaitge respectivel®,;, = {6,7,8,8,8} and

Pi3,=1{7,7888}. The lower approximationﬂﬁ(pi) and the upper approximation

A_prﬁ(pi) for the judgmentg; € P35, computed from equations 2a and 2b are shown

respectively in Table 5 and Table 6.

Table 5. Lower approximation for judgment 8gt ,

Judgmentp; B Aprf(p,)

p1=6 0
0,5 6
1

p2=7 0
0,5
1 6 7

ps =8 0 8 8 8
0,5 7 8 8 8
1 6 8 8 8

P.=8 0 8 8 8
0,5 7 8 8 8
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6 7 8 8 8
ps =8 0 8 8 8
0,5 8 8 8
1 6 8 8 8
Table 6. Upper approximation for judgmentsPif ,
Judgment p; B Aprﬁ ;)
pP1=6 0 6
0,5 6 7
1 6 7 8 8 8
P2=7 0 7
0,5 7 8 8 8
1 7 8 8 8
ps =8 0 8 8 8
0,5 8 8 8
1 8 8 8
Ps=8 0
0,5 8 8 8
1 8 8 8
ps =8 0 8 8 8
0,5 8 8 8
1 8 8 8

The judgment sets (Table 5 and Table 6) are comdento a rough number form through
the calculation of lower approximation and uppepragimation. From the equation 3, a
judgmentp; is represented by a rough numBép;) defined by its lower limip} and upper
limit pY. The judgment set is transformed into a rough fuelgt set. The rough judgment sets
R(Py3,) is computed from the equation 4 for three valdeb® factor of variable precisigh
(Table 7).

Table 7. The rough judgment S&EP;5 ;)

Judgmentp; B Lower limit pt Upper limit p?
pi=6 0 6,000 6,000
05 6,00 6,481
1 6,000 7,354
pr =7 0 7,000 7,000
05 6,481 7,73
1 6,481 7,737
ps =8 0 8,00( 8,00(
05 7,737 8,000
1 7,35¢ 8,00(
ps=8 0 8,000 8,000
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0,5 7,731 8,00(

1 7,354 8,000
ps =8 0 8,000 8,000
0,5 7,73 8,00(

1 7,354 8,000

The degree of consensus of the group desi@er%a_L & %} on the evaluation of the

car Vi3V with the criterions; [ S is computed using the equation 6. Table 8 shows th
degree of consensus of the group desigﬁé@al) for three values of the factor of variable
precisionf . The degree of consensus of the group desig@e;{q,@,...g} on the
evaluation of every car(dJV with the criterions; [ S with the factor of variable precision
B=0 is shown in Table.

Table 8. Rough judgment set$B;; ;)

Degree of B Lower limit b% Upper limit bY ¢
consensus
R(B,;)
R(By31) 0 7,40 7,40
0,5 7,139 7,644
1 6,908 7,818

Table 9. Rough judgment sets for the set of carerding to the first criteriR(Bv_l)

Degree of B=0 B =0.5 p=1
R(m) e GpnerLower  Gpper Lower  Gpoer
by by by by by by

R(By1) 5,8 5,8 5,450 6,120 4,950 6,503
R(B31) 4,6 4,6 4,458 4,729 3,665 5,283
R(B3;) 4 4 3,717 4,249 3,420 4,488
R(By4,) 6,2 6,2 5,851 6,522 5,720 6,623
R(Bs;) 4,8 4,8 4,452 5,114 4,337 5,222
R(Bs,) 6,6 6,6 6,600 6,600 6,349 6,833
R(B71) 6,2 6,2 5,851 6,522 5,720 6,623
R(Bg;1) 5 5 4,684 5,286 4,629 5,332
R(By ;) 6,8 6,8 6,648 6,943 6,205 7,287
R(B101) 6,6 6,6 6,600 6,600 6,349 6,833
R(By14) 6,4 6,4 5,668 7,020 5,380 7,213
R(B121) 58 5,8 5,800 5,800 4,958 6,438
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R(Bi31) 7.4 7.4 7,139 7,644 6,908 7,818

R(B1a1) 5,8 58 5,454 6,117 5,341 6,228
R(B151) 7,2 7,2 6,853 7,523 6,724 7,625
R(B161) 6,8 6,8 6,452 7,122 5,962 7,509
R(B171) 7.4 7.4 7,400 7,400 6,826 7,856
R(B1g1) 6,6 6,6 6,219 6,953 5,876 7,224
R(B191) 6,4 6,4 6,018 6,752 5,714 7,041
R(B201) 5,4 5,4 5,134 5,641 4,895 5,813

The consensual rough set of importance weightghertwo criteria is shown in Table 10.

Obviously, the group is consensual on the equefithe importance of the criterig ands,.

Table 10. Consensual rough set of importance weRtW;)

Degree of Lower limit wk Upper limit wY
consensus

R(Wy)

RW,) 0, 0,
R(W,) 0,5 0,5

The overall group consensus on the €@V expressed by rough numhbfv) = [ML, MY]

(Table 11) is computed using the mathematical m¢@&bgl and (9b).

Table 11. Consensual rough set of importance weRtW;)

Degree of B=0 B =0.5 =1
co;s(igsus I_Ipw_er U_pp_er pr_er U_pp_er vav_er U_pp_er
imit limit limit limit limit limit
ML MY ML MY ML MY
R(vy) 5,4 5,4 5,085 5,686 4,429 5,497
R(v;) 48 48 4571 5,007 4,629 5,332
R(vs3) 3,2 3,2 3,059 3,325 2,141 2,611
R(vy) 6,1 6,1 5,787 6,388 5,436 6,503
R(vs) 43 43 3,049 4,612 3,331 4215
R(vs) 6,9 6,9 6,727 7,062 6,724 7,625
R(v7) 5,6 5,6 5,267 5,004 4,629 5,332
R(vg) 4,6 4,6 4,442 4,743 4,037 4,346
R(v,) 6,6 6,6 6,524 6,671 6,153 6,629
R(v10) 6,6 6,6 6,600 6,600 6,349 6,833
R(v11) 5,1 5,1 4,558 5,564 3,331 4215
R(vy2) 5.9 5.9 5,743 6,044 5,633 6,335
R(vy3) 75 75 7,369 7,622 7,350 7.834
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R(v14) 59 59 5,588 6,186 5,436 6,503

R(v45) 6.8 6.8 6,627 6,962 6,153 6,629
R(v46) 6 6 5,826 6,161 5,037 5,349
R(v47) 6.9 6.9 6,768 7,021 5,903 6,816
R(vyg) 6.6 6.6 6,409 6,776 6,349 6,833
R(v49) 6.5 6.5 6,300 6,676 6,349 6,833
R(v30) 51 5.1 4,793 5378 4,337 5222

The ranking method is used to identify the prefeeerelation of cars. Table 12 shows the

ranking of cars for three values of the factor afiable precisions.

Table 12. Ranking of cars

Rank B=0 B=0.5 p=1
1 Vi3 Vi3 Vi3
2 Ve Ve Vs
3 Vi7 V17 Vig
4 Vis Vis Vig
5 Vo Vig Vig
6 V1o Vig Vo
7 Vig Vg Viz
8 Vig Vig Vis
9 V4 Vy Vg
10 Vie Vig Viq
11 Vi2 Vi2 Vi2
12 V14 V14 Vig
13 \'%4 V7 Vag
14 \1 Vi Vi
15 Vi1 Vg A
16 Va0 Vi1 \%4
17 Va 2 Vg
18 Vg Vg Vs
19 Vs Vs Vi1
20 V3 V3 V3

4.2. Building a car — characteristic line model
In this phase, the model for a relationship betweams and their corresponding

characteristic lines is built. Singularities areedigo identify the characteristic lines in car

styles. The selected and evaluated cars of diffdremnds, with their specific styles, are used
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to identify and extract characteristic styling pities. The approach for building a car —
characteristic line model performs in four steptufBzer et al., 2014b). The stylist space is
used to identify the characteristic line of a sfiecstyle based on the observation of the
styling process. Then CAD space is used to exttactcharacteristic lines from a CAD car
model. In the first step, the car CAD model is em@nted by its respective blueprint. For
instance, a car and its four views into the CADcspaf CATIA V5 are shown in Figure 4a.

An extracted profile of the lateral view represeatkteral blueprint (Figure 4b) of this car.
Considering the singularities (Figure 5a), the phug is decomposed into primitives of

characteristic linesfor every car (Figure 5b). The CAD procedures é&xtracting and

representing each car’s characteristic lines isvehny the schematic chart of Figure 6.

Primitives of a
characteristicline

Singularity area

a) | b)

Figure 5. (a) Singularity area; (b) primitives bétcharacteristic line, called upper lateral peofdf a car.
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Figure 6: Procedure for extraction of characterilties for a car

START

L

STEP 0 CHOOSE THE (‘IIV:\R,-\(‘TFRISTI(‘

H

BREAKDOWN POINTS

STEP 1 REFERENCES SHEET EMPTY

H

DEFINE THE NUMBER OF

2
STEP2 BREAKDOWN POINTS

-

H

BREAK EACH CHARACTERISTIC

STEP3 LINE

H

EXTRACT XY POSITION OF

STEP3 EACH POINT

H

( A
CREATE BREAKDOWN POINTS

STEP4 REFERENCES SHEET

._|

Figure 7: Procedure for characteristic point-basgilesentation of characteristic lines
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Xo Yo X1 Y1 Xp Yy Xg Y3 X4 Yo Xs Ys Xe¢ Ye X7 Y7 Xg Yg Xo7 Yo7 Xog  Yog Xgg Yoo  Xioo Yo
0,0Cc o,0C 1,0 0,28 2,0C 0,4 3,0C 0,67 4,0 0,84 50C 09 6,0C 1,11 7,0 1,21 8,00 1,3C 97,0C 3,84 98,0 3,67 99,0C 3,55 100,0C 3,4
0,0c o,0C 1,0 03¢ 2,0C O,7¢ 3,0C 1,0t 4,0C 1,3t 50C 1,6z 6,0 1,86 7,0 2,0¢ 8,00 2,3C 97,0C 6,04 98,0 6,04 99,0C 6,0z 100,0C 5,9¢
0,0c o,0C 1,0 03¢ 20C 0,72 3,0C 1,0z 4,0C 1,2¢ 50C 1,51 6,0C 1,71 7,0C 1,8¢ 8,00 2,0z 97,0C 5,5 98,00 5,4¢ 99,0C 5,4¢ 100,0C 5,47
0,0c o,0C 1,0 051 2,0 0,9 3,0C 1,2¢ 4,0C 1,5¢ 50C 1,84 6,0 2,06 7,0 2,2 8,00 2,3¢ 97,0C 4,07 98,0 3,9¢ 99,0C 3,87 100,0C 3,7¢
0,0c o,0C 1,0 0,21 2,0 0,4z 3,0C 0,6z 4,0C 08¢ 50C 1,0¢c 6,0C 1,2z 7,0 1,4z 8,0C 1,6C 97,0C 6,7C 98,0 6,6t 99,0C 6,61 100,0( 6,5€
0,0Cc o,0C 1,0 0,34 2,0 0,6€ 3,0C 09t 4,0C 1,21 50C 14t 6,0C 1,67 7,0C 1,87 8,00 2,0¢ 97,0C 6,0C 98,0 6,0C 99,0C 6,0 100,0C 5,9€
0,0c o,0C 1,0 0,4¢ 2,0 09C 3,0C 1,2¢ 4,0C 1,57 50C 1,84 6,0 2,06 7,0 2,2¢ 8,00 2,47 97,0C 3,44 98,0 3,3z 99,0C 3,2z 100,0C 3,3z
0,0Cc o,0C 1,0 057 2,0C 1,07 3,0C 1,5 4,0C 1,94 50C 2,3C 6,0C 2,62 7,0 291 8,00 3,17 97,0C 7,48 98,0 7,3z 99,0C 7,2z 100,0C 7,11
0,0c o,0C 1,0 0,2: 2,0 0,44 3,0C 0,6 4,0C 0,8C 50C 09 6,0C 1,11 7,0 1,2¢ 8,0C 1,3¢ 97,00 4,27 98,00 4,2 99,0C 4,2z 100,0C 4,22
0,0c o,0C 1,0 0,1¢ 2,0C 03¢ 3,0C 05z 4,0 0,66 50C 0,7¢ 6,0C 091 7,0 1,0 8,0C 1,14 97,00 4,7¢ 98,00 4,7¢ 99,0C 4,74 100,0C 4,77
0,0Cc o,0C 1,0 05¢ 2,0C 1,22 3,0C 1,65 4,0C 2,0¢ 50C 25C 6,0C 28¢ 7,0 3,21 8,00 3,52 97,0C 8,67 98,0( 7,6¢ 99,0C 6,64 100,0C 5,5¢
0,0c o,0C 1,0 047 2,0 09z 3,0C 1,3z 4,0C 1,71 50C 2,04 6,0C 2,32 7,0 2,5¢ 8,00 2,81 97,0C 7,07 98,0 6,8¢ 99,0C 6,66 100,0( 6,4€
0,0c o,0C 1,0 0,31 2,0 0,6C 3,0C 0,8 4,0C 1,17 50C 1,4t 6,0C 1,71 7,0C 1,9 8,00 2,2C 97,00 6,4¢ 98,0 6,4t 99,0C 6,3¢ 100,0C 6,3
0,0c o,0C 1,0 0,4€¢ 2,0C 08¢ 3,0C 1,2¢ 4,0C 1,67 50C 2,0: 6,0 2,3¢ 7,0 2,66 8,0C 2,9t 97,0C 7,0z 98,0 6,8z 99,0C 6,64 100,0( 6,44
0,0c o,0C 1,0 0,3z 2,0 0,67 3,0C 1,0C 4,0C 1,32 50C 1,65 6,0C 1,9¢ 7,00 2,2z 8,00 2,4¢ 97,0C 7,1 98,0 7,0z 99,0C 6,87 100,0( 6,7z
0,0Cc o,0C 1,0 03¢ 2,0C O,7¢ 3,0C 1,1z 4,0C 1,47 50C 1,8 6,0C 2,11 7,0 2,4C 8,00 2,67 97,0C 5,9¢ 98,0 5,91 99,0C 5,84 100,0C 5,7€
0,0c o,0C 1,0 0,2 2,0 0,4C 3,0C 0,6C 4,0C 0,8C 50C 1,0 6,0C 1,2C 7,0C 1,4C 8,0C 1,6C 97,00 5,4z 98,0 5,2¢ 99,0C 5,06 100,0C 4,91
0,0c o,0C 1,0 0,37 2,0 0,71 3,0C 1,04 4,0C 1,34 50C 1,65 6,0C 1,8¢ 7,0 2,14 8,00 2,37 97,00 6,84 98,0C 6,7¢ 99,0C 6,65 100,0C 6,5
0,0c o,0C 1,0 0,44 2,0C 0,8¢ 3,0C 1,27 4,0C 1,65 50C 2,01 6,0C 2,35 7,0 2,66 8,00 2,9€ 97,0C 6,74 98,0 6,61 99,0C 6,4 100,0C 6,3€
0,0Cc_o,0C 1,0 0,3C 2,0C 0,5¢ 3,0C 0,8 4,0C 1,1¢ 50C 1,4€ 6,0C 1,7¢ 7,0C 1,9¢ 8,0C 2,2t 97,0C 6,5C 98,0 6,41 99,0C 6,31 100,0C 6,21

Figure 1: Matrix car-points in characteristic line




This relationship between the set of cars andeéhefscharacteristic lines is represented in
the form of a matrixM =(z; ), (i,j)01y Xy, Iy ={1,2,...,n} , Iy ={1,2,...,n’} , Where
each linei, i =12---20, corresponds to a car and each double colump, j=12---m
corresponds to the coordinates of a pomi(X;,y;) (Figure 7) belonging to car's

characteristic linéC; (upper lateral profil¢, considered by the designer. The designer can

vary the number of characteristic points. Figurest®ws the matrixcar-points in the
characteristic line

4.3. Style-holons recognition
From the proposed distance measures, the desigisechosen the Euclidian distance.

Then, the matrix of distance8=(d; ), (i,j) 01 ,xJ 4, 1,={1,2,...,20 , J,={1,2,...,20 ,

is computed using this distance measure on thexmistr=( 4 ) (Figure 9).

Vi Vo V3 Va4 Vs Ve V7 Vg Vo Vig Vg Vap Viz Via Vis  Vig  Viz Vig  Vig Vg
vy 0 122 7 856 125 124 124 24 11,7 10,2 456 22,2 16,1 31,2 23,6 19,6 7,82 17,5 22,4 14,1
v, |12z 0 9,2¢ 12,7 6,0¢ 51t 16,2 13, 20,< 7,34 36,4 12,4 8,5¢ 21,z 14 9,5¢ 5,31 8,91 11,7 6,6¢
V3 7 923 0 10,6 8,47 883 156 19,9 14,6 11,2 41,4 18,4 12,1 28,3 19,7 17,4 6,37 13,3 19,5 10,1
v, | 856 12,7 106 0 159 153 5,44 25,6 9,93 13,5 47,9 245 194 32,9 26,2 20,8 10,5 20,5 23,4 17,3
vs | 12,5 6,09 8,47 159 0 3,34 19,9 13,1 21,6 8,51 34,8 11,2 6,32 20,9 12,4 10,7 6,16 6,63 12,5 4,36
v | 12,4 5,15 8,83 15,3 3,34 0 19,1 12,1 21,9 7,69 34,1 10,5 5,95 19,9 11,7 9,18 5,62 5,92 11,2 4,27
v; |12,4 16,5 15,€ 5,44 19,¢ 19,1 O 28,7 11,6 1€ 51,1 27,7 23 352z 29, 23,2 14,z 24,2 25.¢ 21,2
vg | 24 13,5199 256 13,1 12,1 28,7 O 333 16,9 24 3,59 9,19 10,2 3,81 7,97 17 7,48 5,35 10,9
Vo | 11,7 20,4 14,6 9,93 21,6 21,9 11,6 33,3 0 20,2 55,2 31,8 259 41,1 334 29 16,9 27,2 31,6 23,6
vy | 10,2 7,34 11,2 135 851 7,69 16 169202 O 389 15 11,1 225 164 11 5,74 11,9 14,2 9,57
vy, | 45,6 36,4 41,4 479 34,8 34,1 51,1 24 552389 0 256 31,5 19,4 23,6 29,8 39,3 29,2 27 33,3
vy, | 22,2 124 184 24, 11,2 10, 27,7 3,6¢ 31,6 15 256 O 7,44 11,1 2,7 6,81 15,2 59 5 8,9t
viz [ 16,1 8,59 12,1 194 6,32 595 23 9,19 259 11,1 315 744 0O 17,8 8,76 9,12 10,1 3,69 10,1 3,05
via | 31,2 21,2 28,3 32,9 20,9 19,9 352 10,2 41,1 22,5 194 11,1 178 O 10 125244 16 10 194
vis | 23,6 14 19,7 26,2 12,4 11,7 29,5 3,81 33,4 16,4 23,6 2,73 8,76 10 0 8,2316,8 6,75 6,46 10,5
vig | 19,6 9,58 17,4 20,8 10,7 9,18 23,2 7,97 29 11 29,86,81 9,12 125 8,23 0 12,6 8,24 3,62 9,58
vi7 | 7,82 5,31 6,37 10,t 6,1€¢ 5,6z 14,z 17 16,C 5,74 39,2 15,2 10,1 24,4 16,6 126 O 11,1 152 7,9
vig | 17,5 8,91 13,3 20,5 6,63 592 24,3 7,48 27,2 11,9 29,2 593 3,69 16 6,75 8,24 11,1 0 8,61 4,44
Vig | 22,4 11,7 195 23,4 12,5 11,2 259 5,35 316 14,2 27 53 10,1 10 6,46 3,62 152 861 O 11
Vo | 14,1 6,68 10,1 17,3 4,36 4,27 21,2 10,9 23,6 9,57 33,3 8,95 3,05 194 105 9,58 7,93 4,44 11 0

Figure 9: Matrix of distances

In order to form theholarchy of stylesa nested hierarchical order, the average linkage
cluster technique is used in this case study. Huknique determines the admission of a car
into a style-holon based on the average of thewdlists of that car style with the other car
styles already in the style-holon. This techniqulienieates the possibility of a car style
joining a style-holon simply because it has a lewel of distance with one of the car styles
already in the style-holon. The tree plot represe¢hé style-holon formation (Figure 10). In

these plots, the horizontal axis denotes the liekdgtance, and the intensity of colour
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denotes the strength of the relationship betweerc#ins in a style-holon. Thus, for each node
in the tree where a new style-holon is formed,dbsigner can read off the criterion distance
at which the respective car styles are linked togetinto a new, single style-holon. In
addition, the variation in the colour intensity icates the variation in the levels of style-style
holons. The structure of the tree is characterigethe horizontal self-similarity as well as the

vertical self-similarity (Figure 11).

evel
evel
 Level
evel
evel
evel

1

2nd
3rd
4t
5th
Bt

6t Level

4t Level
5t Level

Figure 10: Holarchy of styles Figure 11: Self-emttied.

When a car's CAD data contains a clear structureeims of cars that are similar to each
other from the style point of view, then this sture will be reflected in the hierarchical tree
as distinct branches (representing a style-holag)a result of a successful analysis with the
joining method, the designer is able to detect dinas and interpret those branches as holon
of similar cars. From a macroscopic examinatiorthef tree, six levels of style-holon have
been found (Figure 10, Figure 11). The propertgaf-embedding of style-holons is shown
in Figure 11. Thus, a style-holon is a whole, t@itains sub-styles of which it is composed,
and at the same time, a style-holon is a part gfeater style-holon. Figure 12 shows the
multi-scale car styles and the preference relatiboars in this style-holon using the results
from ranking (Table 12) fo=0.5.
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Figure 12: Ranked of cars in style-holons

Thus, the first style-holon of the fourth level cheterizes mostly VOLKSWAGEN cars.
VOLKSWAGEN cars are endowed with a stability of niesrship (Table 13). The second
style-holon of the fourth level is characterizeddays from different brands, also known as a
mixed style-holon (Table 14). The third style-holoihthe fourth level is comprised of only
Chinese cars. Chinese cars and the preferencéorefst cars in this style-holon using the
results from ranking (Table 12) f8=0.5 are shown in Table 15. The fourth style-habthe
fourth level is exceptional (Table 16). This styl@lon contains exclusively the FORD
FOCUS car, and at the same time, this style-hotom ipart of overall style-holon. The
salience of FORD FOCUS arises from its particufgpar lateral profile style.

Since a style-holon also contains substyle-holangs similarly influenced by and
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influential on these style-holons. For instance thixed style-holon is composed of three
substyle-holons (Table 14). Each style-holon emscthe other style in ways that neither
could do for itself. This relationship, in whichfféirent style-holons develop and maintain
each other and co-creatively facilitate a largeolhess, is the holarchy of styles.

If the bi-directionality of style information flownd self-understanding is compromised,
the style-holon can be discontinuously changed. Whés occurs, the whole style may no
longer recognize its dependence on the subsidtgig-lsolon parts, and parts may no longer
recognize the organizing authority of the wholegdod example of this scenario can be
found in the FORD FOCUS style-holon (Table 16).

The style-holon shows that the characteristic litieet make up a car’'s morphology
preserve the property of functiorf@dmeostasisas well as the property bbmeorhesisThese
two properties, representing the evolutionary viefacars, can be seen in the Volkswagen

style-holon, Mixed Style-holon, Chinese Style-hgland Ford Focus style-holon.

Table 13. Volkswagen style-holon (Style-holon Letel 4)

Sub- Rank Id Car Picture Upper lateral profile
holon
B=0.5
1 4 Vis  VOLKSWAGEN
SAGITAR
8 Vig  VOLKSWAGEN
SANTANA
10 Vis  VOLKSWAGEN
JETTA
11 Vi  VOLKSWAGEN
LAVIDA
12 Via  CHEVROLET SAIL
2 18 %  LIFAN MOTORS
620

Table 14. Mixed Style-holon (Style-holon 2 of Lev@l

Sub- Rank Id Car Picture Upper lateral profile
holon
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1 1 Vis  BUICK EXCELLE P /—X

2 Vs GEELY EC7

5 Vig CHEVROLET
CRUZE

15 \bo VOLKSWAGEN
BORA

19 '3 GEELY CK

3 V; B~
2 7 NISSAN SYLPHY /‘ = /_\

6 Vig ZOTYE Z300
17 ) BYD L3

3 14 Vi BYD F3
20 B CHANGAN V3

Table 15. Chinese Style-holon (Style-holon 3 of éled)

Sub- Rank Id Car Picture Upper lateral profile
holon
B
=0.5
1 7 V%  ROEWE 550 '* //\

9 A CHERY E3
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2 13 V;  GREATWALL C30

Table 16. Exceptional Style-holon (Style-holon 4_efrel 4)

Sub- Rank Id Car Picture Upper lateral profile
Style-

=0.5
holon B

1 16 w,  FORDFOcUs ™™ ?AJI /m
L =c = ~ ‘i

5. DISCUSSION AND CONCLUSION

Among the characteristics of the proposed appraaetfollowing are noteworthy:
Quantitative paradigm versus qualitative paradigithe proposed computer-aided car style
recognition approach uses two paradigms: (a) tletpative paradigm and (b) the qualitative
research paradigm. It is quantitative because hlagacteristic lines have been extracted and
computed from a selection of comparable mid-range @AD models. The computational
research paradigm is also used to recognize theelstyons. Thus, a novelty of the paper is to
consider car style as a holonic concept. The @il research has been characterized by
concerns with the style interpretation. Style-hslosre intermediate forms, providing a
context for the proper functionality of the largehole style. Thus, the Chinese style is an
emergent context for the proper functionality ofvhole style:giving an identity to the
Chinese brands through the creation of attractivesnand emotiondt demonstrates how
performance is moving from a focus on functionaifgmnance to a focus on emotional
performance.

Stability: The proposed approach can be used to analysesaC#eD morphologies as
well as to evaluate the impact of selected charniatte lines. The car morphologies are
diverse; a car exists in many styles. From our Mag®ns, the result of style-holon illustrates
how the final car style depends on each brand'sumstrategy. A car is a form endowed with
some stability: its existence is in space and lasts period of time. The style-holon shows
that the evolution of characteristic lines, as nroarphological feature, preserve as well as
the property of functiondhomeostasisthat is same functional states, as well as tbpgity
of homeorhesisthe same stable course of change.
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Follower versus innovatiorit can help the designer to see the overarchiylg-bolon
for a particular style. A designer can evaluate tivbe the strategic requirement of the
membership of car style in a style-holon is satsfor not. A designer can also claim the
originality of the innovation. Thus, by being awaoé the geometrical and topological
similarities, designers can demonstrate, provejgirlight their creation or innovation.

Contextual selectianThe proposed approach has been successfullyedpplia range
of cars and has a broad application to all typesaofbrands and styles. The selection of the
cars just depends on the context and primary dlgsceach designer or brand.

Multi-view integration Characteristic lines, defined as geometrical somblogical
elements, can provide both the designers’ indivicaexrspective to a product while also
integrating external views for product modelling.

Recognition Public recognition of the kinds of cars that @fic brand produces is
an important engineering design problem. An impartharacteristic of a car’'s brand should
be its clear and precise identity. Therefore, fangnbrands, an important specification is that
of stability: the customers should recognize the brand of the A&athe same time, a brand
must confront and deal with the problem of creaaod evolution of the forms. The purpose
of car's design, as Thom pointed out for the s@emcgeneral, is to foresee this change of
form and if possible, explain it (Thom, 1988b).

Future research work includes the following issues:

Emotional design The paper shows that qualitative modelling andngitative
theorizing are closely linked in generating a cansque style. The main focus for overall
design is changing from designer-centric to usetrae (Fukuda, 2013). The relationship
between a car’s style and the style of other prtedtelated with the car, including the city
and the environment, need to be well orchestrateddasigned as a team (Fukuda, 2016).

Continuity versus discontinuitffrhe continuity or discontinuity of style in a giv vehicle
brand is an open research question. Related tasti®, the problem of “control factors,”
which impact the continuity or discontinuity, shdube investigated. Therefore, a more
powerful theory of car style should permit quaiitatpredictions. In doing so, this will allow
the stylist to clearly identify the style trend aitgl discontinuity, ultimately revealing the

social and emotional morphology of the style.
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