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DEVELOPMENT OF AN EXPERT SYSTEM FOR
CLOTHES STYLE SELECTION BASED ON KANSEI ENGINEERING

This research is devoted to implementation of the expert systems for rapid change in production of women's
outerwear. Factorial analysis and the cluster analysis are used for the structuring of the subject environment.

Analysis of the emotional component of the garment on the basis of KE can be achieved through cluster analysis. Such
an approach will identify models of clothes based on perception and emotional needs of the consumer.

Thus, the main goal of the study was achieved by forming decision-making rules aimed at solving the sub-task of
selecting ready-to-wear models based on the Kansei Engineering methodology. The analysis and identification of the formed
database of photos of ready-made clothing models was carried out by means of cluster analysis of intergroup relations using
the Euclidean distance, which allows for the identification of conditional groups of relatedness of products by design attributes.
The obtained final centers of the clusters together with the information about the color solution of the clothing models allowed
us to build a product model of an expert system for choosing clothing that meets the formulated wishes of the target consumer.

The object of the study is the women's fashion dresses in spring-summer 2023 season. Thus, a general collection was
formed which amounted to 66 photos of fashion dresses for subsequent questionnaire. Work with the software product takes
place in the form of a dialogue in the form of consecutive system questions and user answers. The developed system can be used
both for the selection of ready-made clothes (for example, in stores, including online stores), and for the selection of a prototype
for the development of a new model of clothing that meets the aesthetic needs of the consumers.
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KVIJIEIIIOBA CBITJIAHA

XMebHULBKU# HalllOHAJbHUN yHIBEpCUTET
PO3POBKA EKCIIEPTHOI CUCTEMMU J1J151 BUBOPY CTUIJIIO OJSITY HA OCHOBI KANSEI ENGINEERING

Po3pobaeHa komntomepHa apximekmypa ekchepmHoi cucmemu nidmpumku npoyecy adpecHo2o0 npoEKMy8aHHs1 00512y 8 06010HYI
«Rapana», sika micmums mpu 6a3u daHux (dusaiiH-ampubymie modesell 00512y, 306padiceHb Modesell 00512y, du3aliHy i koabopie weeliHux
8upo6ig), 6a3y 3HaHb, MexaHiam ausedeHHs i inmepdelic cnosxcusava.

OcHogHa Mema dociddxiceHHs 6yaa 00cs2HYyma WAsXoM GOopMy8aHHs npagul NPUuliHAMms piuleHb, CNPIMOBAHUX HA GUPIWEHHS
nidzadaui eubopy modesieli 20moso2o 00512y Ha ocHosi memodosoezii Kansei Engineering.

AHaniz ma ideumudpikayisi cpopmogaHoi 6a3u daHux gomo 2omogux Mmodeell 00512y BUKOHAHA WASIXOM KAACMEPHO20 aHAAIZY
MIdiC2pyNnosux 368’°s3KI8 i3 3acmocy8aHHsM e8Kkai0080i gidcmaHi, wjo do3804s€ sudiasimu yMOo8HI zpynu cnopioHeHocmi 8upo6is 3a dusatiH-
ampubymamu. OmpumaHi KiHyesi yeHmpu kaacmepis y cykynHocmi i3 ingpopmayiero npo KosipHe gupiwieHHs modeell 0052y do380auu
no6ydysamu npodykyitiHy modesb ekcnepmHoi cucmemu 045 8ubopy 0dsi2y, wjo eionosioae chopMyab08aHUM NOGANCAHHAM AOPECHO20
cnoscusaya.

Po6oma 3 npozpamuum npodykmom eid6yeacmucsi y ¢popmi diasnozy y suzasdi nocaidogHux 3anumaub cucmemu i gidnosidet
Kopucmyeaa. Po3pobaieHa cucmema Modice sukopucmogysamucsi sik 04151 niobopy 20mogozo 00si2y (Hanpukaao y MazasuHax, 8 momy 4ucai
OH-/1QlH-MA2a3UHAX), MakK [ 043 eubopy npomomuny 045 po3pobKu Hosoi Modei 00512y, ujo 8idnosidae ecmemuyHuUM nompe6am cnoxcusa4d.

Katouosi cnosa: ekcnepmua cucmema, Kansei Engineering, nompe6u cnoxcusaua, Modeas 00si2y

Problem statement

The clothing industry is quickly becoming a high-tech industry due to rapid advances in technology. High saturation
of information environment and the risk of making wrong decisions increase the relevance of information technology as a
means to support decision-making. Expert system is one of the most active and productive research in the artificial intelligence
field now. Today, scientists in the world successfully implement elements of artificial intelligence and the expert system (ES)
at various stages of designing clothes [1-9]. Kansei Engineering, which appeared in the 1970s, is committed to quantifying
customers' psychological needs and transforming them into product design elements [1]. With the development of
society and economy, consumers’ needs become more and more personalized, so only to meet the needs of consumers
can they occupy an advantage in the market [3, 9], especially in the clothing industry. Only by understanding the
aesthetic needs of customers can precision marketing be carried out [10-13].

Analysis of the literature

Kansei Engineering can break the limitations of traditional methods and fully consider the psychological
demands of consumers. With the deepening of research, scholars try to combine Kansei Engineering with other
technologies to explore the potential needs of consumers better. At present, with the help of the method of Kansei
Engineering, some scholars have studied the field of personalized recommendation [3,], functional design [6-9],
women's suit vest design [2], e-commerce fabric retrieval [4], and fabric comfort [5].

The studies above transform the aesthetic and emotional needs of consumers into consideration elements in
the process of fashion design or sales and achieve the purpose of improving customer satisfaction and meeting
personalized needs, which can increase the competitiveness of clothing enterprises.

Aim of the work
The aim of this study is to implementation a prototype of the ES of the choice of clothes models based on
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the assessment of consumers’ emotional impressions using the methodology of Kansei Engineering (KE) [1, 2, 7, 8,
9-13].
Presenting main material

Analysis of the emotional component of the garment on the basis of KE can be achieved through cluster analysis.
Such an approach will identify models of clothes based on perception and emotional needs of the consumer.

To perform the procedure of cluster analysis as a function of the distance between clothing models p(Xp, Xq)
Euclidean distance is selected. Euclidean distance is usually represented by the formula of the traditional distance
between two points, in this case, between two clothing models.

Then, if we take the notation of the set of clothing models — X, and each of the two clothing models — Xp=(a,,
Ap2, - - Apn) Ta Xq=(aq1, ag2, - .., gn), were a; = CS (Casual — Smart (clothes)), a> = RS (Romantic — Sports (style)), a3
= CA (Classic — Avant-garde (style)), as = FM (Folk — Modern (clothes)), as = RO (Rectangular shape — Oval shape),
as = TdTu (Trapezoid shape (long base down) — Trapezoid shape (long base up)), a7 = MP (Mono colour — Poly
colours), as=BS (Bright — Soft (colour)), as= LD (Light — Deep (colour)), aio= WC (Warm — Cool (colour)), a1, = MtPt
(Mono texture clothes — Poly texture clothes), a1, = MS, ai3 = TN (Transparent — Non-transparent (texture)), ai4 = S4
(Symmetry — Asymmetry).

The formula for calculating the Euclidean distance will take the form:

P Xo) = 1)

where Xp, Xq — clothing models with conditional numbers p, g;

Aply Ap2y -, Apn (A1, g2, - .., agn) — key design attributes of clothing models with conditional number p (g).
According to the formed bipolar scales [10, 11], the code of the each clothing models of the studied set should be
represented as a tuple of 14 variables: X=(CS, RS, CA, FM, RO, TdTu, MP, BS, LD, WC, MtPt, MS, TN, SA).
Accordingly, for further clustering, the set of X clothing models is represented as:

X=(11, 12, 135 fas /5. 15), #)]
were fi=f(S4, CA); A=ABS, LD, WCY); = CS, MS, RS); fi=f TN, MtPt); fs=fFM, MP); f&=f{TdTu, RO).

Then the formula (1) for determining the Euclidean distance between two clothing models of takes the form:
- 3
P(Xp)Xq)— \/(fpl _fql)z +(fp2 ‘fqz)z + (fps _fq3)2 + (fp4 _fq4)2 + (fpS _qu)z + (fp6 _fq6)2 ®)

where Xp, Xq — clothing models with conditional numbers p, g;
Tots Jp2s J035 fots Jo55 fos (Fa, fazs Ja35 Jads Ja5, fas) — set values of key design attributes of clothing models with conditional
digits p (g), respectively.

Thus, according to the results of factor analysis, 6 factors (components) have been identified, in which all pairs of
design attributes that reflect the consumer's impression from clothing can be combined, were f; —composition feature of clothes
style; f> — characteristics of clothes colour; f3 — style characteristics by the situation of use and functionality; f4 — characteristics
of clothes texture; fs — clothes colours; fs —geometric symbols of clothes shapes [11-13].

Visualization of differences in clothing models belonging to different clusters is presented in the form of
spider diagrams. The analysis of the diagrams indicates the adequacy of the performed cluster analysis, as all cluster
centers differ from each other. As a result of the cluster analysis 25 conventional groups were selected [10]. In each
cluster there are models of different colours that are in separate cells. This approach allows to detail the search for the
desired models in a common database of images, the results are presented in table 1.

Table 1
Belonging of clothes’ models to clusters (Cl) (fragment)
Cluster Colour Model number Photo from database
&

1 Red 1

3 Black 51,57

1

According to the results of factorial and cluster analysis we may form a productive ES models for choosing
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clothes considering the wishes (opinions) of a consumer. ES model of production presupposes knowledge of the
relationship between the concepts. The relationship between the concepts is presented in the form of ordered sequences
Cl=(i, foi, f3i, f4i, f5i, f6i) and M = (Cl;, colour), where i is a model number.

The ES illustrated in this paper is based on the expert rules. It can help customers selecting the most suitable
clothes among the abundant apparel according to personal condition and increase customers’ satisfaction. The
structure of apparel recommended ES is shown in table 2.

lemn. Refreshing. Dynamic

Table 2
The structure of the expert system «Clothing model selection» (fragment)
. The answer| Scale . .
Entr Meanin Comment Figure
ty number SD g g
1 2 3 4 5 6
Garment consists of relatively equal parts. It displays an|
. idea of the traditional forms of various types of
Vertical or . . . .
1 3 . clothing. It is associated with such words as follows:
horizontal symmetry| . . .
static, proportional, balanced, respectable, rigorous, and|
elegant.
[Evaluate the level 2 2
of symmetry of the 3 -1
model of clothing
. : 4 0
that is under design,
1 - symmetry, 7 is 5 +1
not symmetric at all 6 +2
It is common for the avant-garde style. It strikes with its
Vertical or unusual appearance and reveals the fashion trends
7 +3 horizontal ahead of time. Garment that consists of no equal parts.
asymmetry It is associated with such words as follows: expressive,
dynamic, exclusive, charming, creative, extravagant.
S=0+50%, B=59+100%, H=0+75°
| 3 Bright light warm | Tt is associated with such words as follows: festive, |:|
Choose the colour refreshing, dynamic, easy, transparent, soft, dazzling,
characteristics of fun, cheerful. 0
the ...
required/fashionabl¢]
qcolour ot S=0+100%, B=0+13%, H=220+290° 1
p 7 3 Soft dark cold It is associated with such words as follows: deep, -
colour matte, intellectual, heavy, classical, conservative, ]
chic, official, reserved.
et T o R e L ey e e == 2
Answer options ~ 1.Bright light warm colour (1] Claster
? ;::ﬁ“lpz.’iik-t:nr( :':I:Tl.l‘ll:: ;75.'&?.1 or horizontal symmetry © 2. Medium bright, light and warm colour [ ml
T asymmetey i fhe e cnit 1 R ek gt eat clowe [ acter2
5 Slight dominance of vertical or horizontal asymmetry © 4. Dull clean, warm-cold colour b facter 3
b Significant dominance of vertical or horizontal asymmery factor 4
 7.Vertical or horizontal asymmetry © 5. Weak bright, dark, warm colour sy
# 6 Medium soft, dark, cool colour Hﬁml =l
Depending on the situation, the garment may be considered as B © 7. Soft dark cold colour i
classic as well as avant-garde clothing. L Meaning [ =
t “ S=08100%, B=14827%, H=18082208; 290G55 1= L. Casmal sports style clocbes
Tt is associated with such words as follows: intriguing, creative. Brght Pure c :I H: ::‘::"':“:;: T::.::;T::::\ :

in 70 % of the v
1ansparent, Delicate

|EI; Tt might be considered at an evervday outfit at well as a festive one

5. Festive clothing that has elements of romantic stvle

i a0

noticeable, independent, emotional, spectacular Impressions
" Light Color ©
"

|6. Festive clothing of romantic style
=l T:.:‘.:ﬁ — 7. Festive clothes for the special occasions such as weddings, anniversaries il
’ N o g 3
* Accept ananswer | «Stepback [W At first X End | Accept an answer | 4 Step back | w At first | X End K
a b ¢
I - o4k m “ o4 > m

Entity | | Entity [ = Entity [ =
|_|1.colour |_|1.colour |_|1. colour
|_|Cluster |_| Cluster |_| Cluster
|_|Model |_|Model |_|Model
|_|factor 1 |_|factor 1 |_|factor 1
| |factor2 |_|factor2 |_|factor2
|_|factor3 |_|factor 3 |_|factor 3
M factor 4 = |_|factor 4 = |_|factor 4 =
| |factor s ] factor 5 | |factor s
[ factor 6 1] || factor 6 = [¥ factor 6 ]

+ - a + = a * = a

Meaning = Meaning ] Meaning j 1
|_|L. Transparent, mono textured |_|1. Folk clothing |_|1. Trapezium with a base down
|_|2. Almost transparent |_12. Folk clothes with modern elements _|2. Trapezoid shape with almost equal upper and lower base, rectangle
| |3. slightly transparent Ju || 3. The dominance of the elements of folk style _ [|3. Trapezoid shape with the base down and emphasized waistline 1
|_|4. Semi cransparent and multi-textured |_|4- Design of the modern outfit made in folk style |_|4. Devivative shapes with clearly defined waistline
" |5. Shightly transp textured or multi d 7|5, Modern clothes are slightly stylized to look like folk clothing P 5. Trapezoid shape with a base up and emphasized waistline
6. Almost apague, mona textured or multi textured []6. Modern clothes with elements of folk style 6. Trapezoid shape with a base up (reminiscent the oval), oval
|17, Opaque, mono-textured or multi-textured 5 [¥] 7. Modern clothes. One colour prevails 1] 7. Trapezinm with a base up

' OK 0K ' OK
d e f

Fig. 1. Dialogues of ES prototype of subtask of readymade garments’ selection based on the methodology of KE: a) - the choice of the
symmetry model of designed clothing; b) - choice of outfit’s colour characteristics;
¢) - the choice of factor 3; d) - the choice of factor 4; e) - the choice of factor 5; f) the choice of factor 6
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Prototype of ES of a subtask of models’ selection based on the methodology of KE in the shell «Rapana»

provides a dialogue with the user as a series of questions and answers of system’s user.
Experimental

The object of the study is the women's fashion dresses in spring-summer 2023 season. Thus, a general
collection was formed which amounted to 66 photos of fashion dresses for subsequent questionnaire [14].

As a result of the dialogue of the address consumer with the ES 57 model of women's dresses was selected from the
formed base of 66 images. Examples of dialogues of the ES are shown in Fig. 1-3 [11].

Decision making (Fig. 2, 3) provides for the implementation of rules 637 and 659, which are involved in entities:
M —model, /c— colour, C/— cluster, S4 — symmetry-asymmetry clothes, BS— colour characteristics, CS — casual, elegant
clothes, TN — tissue characteristics, FM — folk, modern clothes, Td7Tu — dress. The way how the decision is made is
marked with a thick line.

The values for the entity “Model™

; .8 EFpiaine | «Step back _xBackward
a b
Fig. 2. The result of the dialogue: a) - the way of the decision-making;
b) - the proposed clothes’ model

Explanation of the dialog results
Question: “Choose colour for the garment?”
Answer. “10. black™

Question: “Evaluate the level of symmetry of the model of clothing that is under design,
1 - symmetry, 7 is not symmetric at all”

Answer: “ 4. Combination of the diffe types of v and asy ¥
in the same outfit™
Question: “Choose the ch istics of the required/fashi colour palette

Answer: “6. Medium soft, dark, cool colour™

Question: “What type of clothing do you prefer?

Answer: “4. It might be considered as an everyday outfit as well as a festive one”
Question” “Do you prefer a model of clothing with or without transparent elements?”
Answer: “6. Almost opaque, mono-textured or multi-textured

Question: “Do you intend to have folk elements in the outfit? ™

Answer: “ 7. Modern clothes. One colour prevails”

‘Question: “},V!ﬂt"kind of clothing shape is fashionable and/or desirable for the time
eng.
Answer: 5. Tri%unid shape with a base up and emphasized waistline”

- The rule 659 has worked. Subtask: Cluster, KD = “100™
“Cluster” takes the value: “3”

if “factor 17 1s™ “47

and “factor 2” is” “6."

and “factor 37 7 4.7

and “factor 47 is” “6.7

and “factor 57 1" “7.7

and “factor 6° is” “3

Tt is defimed: “Cluster” takes the value: “3” KD =100

- The rule 637 has worked_ Subtask: Cluster, KD = “100™
“Model” takes the value: “Cluster 3, mod. 57"
if “L eolor” is” 10, black " and “Cluster” is" “3”
Itis defined: “Model” takes the value: “Cluster 3, mod. 37" KD =100

Fig. 3. Explanation of the dialogue result

Table 3
Results of the evaluation degree of coordination of expert opinions
IProfessionals (10 experts . Consumers (16 experts .
e PhotolCode ;75T 4( 5 16 )7 s P ol 1B K 5p 6) 7 B 1 Jro i1 iz i3 Jia 15 16 |~ K
CcS Lo |t BB N PP B 8 BBRRIRPRPRPRBILLRPR 1,94 1,87
RS 1 o 1 1 2 o0 p B 1,0p 0 jop o p pp R oo ft R 1§ 088 0%
CA 2B B B B B BB BB RORZ BB BBBBBRLBB B R B B B 281 286
\FM 3B B BB B BB BB BOWPB BB BB BB BB BB BB B B B 1300 B0
RO oOR R 0B 1 B |1 0B 1502 2§33 B 1B R R1TA 0 2 2 R 1,63 |1,56
T7dTu 0 10 [0 10 [0 0 0 0 |0 [0 0,00 0 |0 |0 0O 0 0 0 [0 |0 [0 0 0 [0 |0 10,00 0,00
57 MP 2 | S S O L S O O O O O L O O O O O O T T O O ) O O | A R |
BS 33 F2 2 3 3 3 2 2 B3 2,60 B3 3 2 B3 3 2 3 F3 3 K2 13 3 F2 |2 13 3 12,69 (2,64
ILD F1F3 F3 3 F3 3 B30 2 100 2,10 b1 B3 2 FLJ0 BT F3 F3 F2 13 B3 F2 13 F2 13 F2 2,13 (2,11
wcC 2B B R B R2 BB R B PR60O0PB B RBRPBRBERPRLPB B R B R B 263 261
WMePe 30 R 1 1 1 3 LR Q160 3B B R PN N BN R R PR Tt 1,69 [1,64
MS 23 F3 2 3 3 B3 3 B3 B3 280 2 B3 B3 B3 F3 K2 F2 B3 K3 K2 13 R3O F2 |2 13 F3 12,25 (2,53
TN BB B B B B BB B B BB B BB BBBBB BB BB B B B 300 300
ISA 3B B B BB BB BB BB BB BB BB BB BB BB B B B 1300 B0
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Results

Photos of outfits, which are shown in the figure 2 b, were assessed by experts using the questionnaire, which
was developed and submitted in [11].

The expert group consisted of 10 experts and 16 consumers. In a survey photos of clothes were valued using
evaluation factors in bipolar scales defined by verbal antonyms of KW from each end of the scale (table 3).

The consistency degree of photo evaluation results by experts using SD scales is confirmed by concordance
coefficients and Pearson criteria. Table 4 presents the consolidated results of the evaluation level coordination of
expert opinions of the first five models.

Table 4
The consolidated results of the evaluation degree of coordination of expert opinions (fragment)
Number of an o for the expert group x2p, for the expert group
outfit professionals consumers professionals consumers
(10 people) (16 people)
57 0.734 0.898 95.42 186.74

Therefore, it is possible to state with 95-percent probability that the frequency of evaluation ratios of KW
pairs in different experts is coordinated in accordance with the calculated rate of concordance.

Since these evaluations are subjective, as a result of the survey psychographic profile of the dress 57 was
constructed (Fig. 4). Each profile is a list of the average meanings of the estimated coefficients of semantic differential
from table 3.

Semantic Differential Chart Semantic Differential Chart Semantic Differential Chart
cs cs [
RS RS RS
CA CA | CA
FM FM
RO RO
TdTu 4 TdTu
& T 2 £
=] -
z MP £ £ MP
5 T 3 =
2 BS a 2 BS
a : + z |
LD
wcC
MtPt
| MS
SA
TN
4 3 2 1 0 1 2 3 4 T
4 3 2 1 0 1 2 3 4 Values SA
——Consumer | ——Consumer 2 ——Consumer 3 ——Consumer 4
Values ——Consumer 5 Consumer6  ——Consumer7  ——Consumer § 3 2 -1 0 1 2 3 4
Trexpert]l - ~expert2  ~expert3  ~expert4 ‘ —~—Consumer9  ——Consumer 10 ——Consumer 11 ——Consumer 12 Values
—expert 5 expert6  ——expert7  ——expert8 Consumer 13 Consumer 14 Consumer 15~ Consumer 16 ——Kf - Professionals —Kec - Consumers =K - Average rank
A B C

Fig. 4. Examples of psychographic profiles: a) - experts are professionals; b) - experts are consumers;
¢) - total results

As shown in Fig. 4 psychographic profile of an outfit visually practically does not differ for different groups
of experts. As a result, clothes’ models that have roughly the same psychographic profiles present each of the 25
received clusters. Combinations of characteristics, which define each of clusters, are to be used in forming the
productive model of ES under development.

Conclusion

This research is devoted to implementation of the expert systems for rapid change in production of women's
outerwear. Factorial analysis and the cluster analysis are used for the structuring of the subject environment. Thus, the
main objective of the study was achieved through the formation of rules of decision-making that intent to solve
subtasks of rapid change in production of women's outerwear and choosing the models of readymade garments based
on Kansei Engineering methodology. In addition, the system can be used for the designing and for the selection of
readymade garments that meets pre-defined customer’s impressions (eg. in the shops, including online stores) and to
select a prototype to develop new model of clothing that meets the wishes of the consumer.

The knowledge base has been developed in the empty shell «Rapanay. It provides dialogue as a series of
questions by the system and answers by the user. User can view the way decision making after getting results.
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