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Abstract

This study aims to propose a prediction model for the drape coefficient using artificial neural networks and
to analyze the nonlinear relationship between the drape properties and physical properties of fabrics. The stu-
dy validates the significance of each factor affecting the fabric drape through multiple linear regression analy-
sis with a sample size of 573. The analysis constructs a model with an adjusted R?of 77.6%. Seven main fac-
tors affect the drape coefficient: Grammage, extruded length values for warp and weft (myarp, Myer), coeffi-
cients of quadratic terms in the tensile-force quadratic graph in the warp, weft, and bias directions (Cwarp, Cwefts
Chias), and force required for 1% tension in the warp direction (fu.rp). Finally, an artificial neural network was
created using seven selected factors. The performance was examined by increasing the number of hidden neu-
rons, and the most suitable number of hidden neurons was found to be 8. The mean squared error was .052, and
the correlation coefficient was .863, confirming a satisfactory model. The developed artificial neural network
model can be used for engineering and high-quality clothing design. It is expected to provide essential data for
clothing appearance, such as the fabric drape.
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Wore u) Edlo|mE A o] WAL ALGOR o] o] TS B 210)0] U gl el Zo] 0
F o] A th(Jeong et al, 1999; Pattanayak et al., 2011). ©] A 17FR Q) M2 25 2 5t F3319] ou]E 714
T 7)o R FolE o]§3te] S std =4 o] 3L I ER(Park, 2016).
LS AFE Y ou|A] £A4& Foll S5t
o] =2 /\}B—E]j_' SlTth(Jeong etal., 1999). = o] i #| lifu>=0
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o|F of g Tt s WA, FA T oA 1Y UTh RE 0]-§-5}F0] &4 o) = neuralnet, nnet, rns 2}
wojop gk @ 910 & 1=20] 5] 31 Q)th(Collier, 1991; Col- 2o 97| A7} &2 AFE-E =T, neuralnet 3 7] %] 2]
lier et al., 1989; Morooka & Niwa, 1976; Siile, 2012). o] 29l t}& HA EZ o Al v}l 1 el 3} 3] B A o] A
qgo| Safo| g olsty Byl Al Baksh M wol AMgE 0] X3 9lrkMatusiak, 2015). th
H] A g & EA4]-& el t(Pattanayak et al., 2011). HAEZ O] g &l E]~£ WAFElG 9] Kitof &35}

=
4 54o

v Ag 1) AEZ Q) et o gl 3}

gol o197 'ﬂdfoﬂ 715——4 A% A ”o“ﬂ

= mga]-r:]—(Taleb et al 2018)
71 dolE o #AE & 4= gl AL

T BRI 0T
S o AFE7}53}cH(Matusiak,

2l AR HES BN GAYS

f84

2015).
s dlo]E 2
glol AFE L 22
O‘E}(Kim zozo).

) S
TAZGS

i)

F

o

?}ﬂnlx
H:]_>E.rlrru[ol9.
Wb ooz 1

i

-
o
m}nr_;g
F
[y}
S

ﬂé

s
o

EQ.

4 o2 nH(E (et kN

-
iy

TREHN SYRE, Al
A of Al e -2 A of| sl Fstch(Park, 2016). 5}
o] A s 2t ‘%‘J kol 7k 215 Fste] ot
S0l A=l Al ZS o A o] Fo| 2= ALt 7 5& BT
8= A o] B 3} <=7t B th(Park, 2016). 0] S A &)
Ao 2 UEY ¥ <Eq. 1>3 2} 5huk o] A B A 2=

- 979 -

w(Park, 2016), &7 A1} st dare|Eo] h#4
ol Strel 34E 2 27131, A AL, =
FAEH 44, BR 27 B SEEE
H ex}gho] 3o apH Tt
th(Park, 2016).
%53} geistol )
£ AR5 93 w4 458 F2
i3t A -(Rolich et al., 2010), Q1+
W2 AT o 2E/m 2
AS EF A o & it ﬁ-_rL(Demiryﬁre
2009), 2 E2] 5714 A &S Y3t AF4lA
o3t A -(Matusiak, 2015), t}oF
A= WEA oS Al 348
JH(Kanat & Ozdil, 2018), Q1-ZA1 A&
QA}e] A 2 o 23 o E(Admuthe & Apte, 2010)
o] gleh. Edo|x gl Qg o] A AT
A 2= Ed|o] i Al 5=2] o & 3] A Ll 7 Al
e o] v wEAof tf gt A GL(Mitraetal., 2012), 2]
o] Edlo]z g ou| x| o A R FAE 5
AL(Bietal,2018), 123} 5 2 =g o] o] uj7j
W 248 QJ%F A 4(Yang et al., 2018) 5-©] Ut}

o= o]

A& 7

=
e

o

>~ M oAe

]._9_



st=20|25t 5| K| Vol. 45 No. 6, 2021
ATAATE 5o Edlo|= ASS oS5t gl theYF FUo) 8 ANAOR S/ HA =
= AF7E AR E o] grov kA S Heket o 29| S dlolH 9 FEAMNS SR
A7k 98 2 bh7E glek(Niwa & Seto, 1986; Pattanayak H, 20| Alg=of tiet A&7 d S ghelstarat
etal,, 2011). E3h 22 50] glo] & & 7|HFO. = A} shleh b2 Al zof| ti3t S HEAIS AT AAY
7holFojFong tofet AR 50| Fastt = F@sh=t Agsittal Jasto], 2 Aol A=
(Matusiak, 2015). wetA] 2 Ao A= 3] HAEA S neuralnet 3 7| ]| & A3} ch(Park, 2016). & A
S8l =0l Ag5 S5kt ot 29 & AN FAE Y A2 <Fig. >0 L2 HAE
Aotar, o 7]o A =& E 8 RS o] &3 s Al Tl A= e, Y 9 &8 M4 <Table 1>
A eheE Tl AER 29L& =& A 5k et Ath HlolE = T2 &3 golee A5
o} o] & S8l 57379 Al=m o) Ed|o] Ay oehA glolE 2 sk e, gold F 70%= &d H o]
EA4GE o] &3 A A dhg2 $5ho] AT AAY Bl 2 30%= A5 Hlole = &gkt 24930l A
Y2 At g, wele] B4RHE 98 2 A AE G2 AT
Bt Al oAkt A g Blu s Sef AAE
1L A E Y QA B Sy =S Hrratent.
1. A2 §Y m. Zzt 2 0
Aol 54 Hlolg et 3 F7H A 2E AR 1. Eglol=Mo wee 0|xe Fos H&y
5lo] & 573F 9] A &S o] &3} th(Kim et al., 2021; EMOIX} BA
Kim et al., 2020). A 742 1SO 3801:1997¢] u}z}
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Variable selection for modeling

Processing for normalization

Data split into test sets and train sets

Model design

Performing neural network and selecting initial
configuration

Evaluating the trained artificial neural network and
improving performance

Fig. 1. Steps for artificial neural network analysis.
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Table 1. Set of variables applied for modeling w0l EAH 8018 ARSI pgro] 2.2x107°0
Variable Scale Role 2 .055 o Zro}, GO F 95% oA =& E 3
Grammage Numerical Ardo] FA A& Folsirt= kS Wit 3
Muarp Numerical A4 A Ends Tl 23S o, 72k vho] of
et Numerical 22 WO QI S/ (Chias) S -4 G 1A= HHY,
Nomerical Input 527, A2} 91Tl it 8212 71 2] G Mg Muer),
Nomorioa] AL, SIAF O QA B A (Cunps Coen) D AL WA
- N— 1% Q130 B LT Afuar) HH GG 0] A= 20
- S— 2 Uehiteh. ol A7} el o] vhek =do) A
Drapability Numerical Output 1— kel ‘Z}O]-Z:], %]Eo] =°1 X]? ;-—%J? 270 == A
= om| e} =3 1% Al B adt e 277} A
A AL, wlel Bagt do|7h Aoxl A &2 o A
oty EA& SsHHTR 5h= 4 FA kAt kol AR A A B =g o] 3 Al5=7} A A wimi gl
shalom, Aol & 3 A4S FAsH] S8l o Aol A doju= Z o & s g 4= qlot.
& 23S ARESHTE B E = A S 37
A, et foias)= & ARE AT Al 2] 81A] kot &Etst Al o 2. AZUBYE 0|28 Eoj=d ol 52
o 257 07 77h%) o] X7 i H At hEAE e
oA A, A, ARt 1Akl thgt 22 o A=
T (Muyarp, Muer), 78 A, AR B HEo] o 2 BFgFof| o g AFA QA AFAAY B S FHS W 7] AAsiA=
AA-9 23} S 1 28} o A4 Al (Cwarps Cwets SHS 7o FE S Alo] A viAfoln, B 37|
Chias), G AF Bl 1% 1ol D23 7l (fuap) = 54 o] &Y & AR S Wl T2 A7t o
W2 okl Elo]24de FHUSE st 394 A Y5 wH Y e A gholl whek A9
o S48t e, o] & A} <Table 2> LrEFH 1 B ofof 5kaL, 71 gho] S5 -9 stk & Aol A=
Ch ATt S A5, S dlolEov EAs= & e Wl 774 kA B4 g2 o] 8-sho] =
of gt AW/ 7HA] = 85| W =] o] A8/ o] o ojZAo ' WS AAY RS S5 A7 L, o]
A= B2 3 o] A7} 3171 w2 oll(Park, 2016), ©] 2 £ ol&sto] g4 54 ghe g = AR Sl
SRS 7)o 2 R AAE 3] PR XYl 3 =elo]Z AE AK S5 FHEE A5
1, 77.6%2] Adjusted R*& 53| 2 gt = 7} 2 W a}et i T A A 2SS Agel H At skl ¢
stk 291 Fofl= .05 oAkl ZHE JAAI g A AA = A SF5A7 = B A 35}
Table 2. Regression analysis results for drapability
Coefficients
Dependent Independent Adjusted Model
variable variables Coefficients  Adjusted R? Model Dependent R? p-value
p-value variable
Intercept 4.520 2.682 -16.851
Grammage —-.001 .006 —.008 993
Myarp 1.045 .090 11.869 <.001
Myefi 1.286 .090 14.139 <.001
Drapability 176 <.001
Cwarp 200 200 17 473
Cueft 2.884 1.497 1.927 .054
Chias —-.030 .030 -1.174 241
fuvarp 400 .200 1.893 .059
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Aol dojut Sz o] & o] o2 4] gt7] wjZofl, ¢! 3 &Y o) Al g A Hakh
SAAY T A g0l F B A ol Fod = 3= 2YH T 7O 7270 Q A oA 72 859 %
= A2 Bg& Frhst AT A 2] g2 2 dlo] =EElen, YT o #5882 dAT A5
Bl 9] gko] 004 1 Atolof| QL& sl A+t 3HE 55 ABA G e 86302 EEE U &8 dolE e}
o] Fol Flth(Park, 2016). o] % 4= Fl& T7HA(F 53 glo]E7F Il o EHA S 7HE “i’*ﬁl*
A, Myarp, Myetty Cwarps Cwefts Chiass fwarp) & 3FIL Z 2 Fr & £ 1.0000] ==& 863> 41744 9] gho] Kot Qb4
= EdlolZ Alg2 AAsH3ATh 57371 2] Al &0 T 2 Ql Aiteh= A o] 7hssitt. whetA ﬂ%*yé‘%}
70% Al 2E ok HlolE 2 30% A RS A5 HolH = AHERE Edlo] = Al5=9] o Sdlo] A AdE
2 ARSI O, A 295 wd o 528 AA o FAFSHAl et U= 2 Sl = A3l
shlE w 295 w7 o] Wl IE e 7ok 3y
3l 314=9] H3}E <Table 3>0)| A &2l = Qick = &2 1 n [L_Y UL_Z/
1] A 9] 63,5561 2280 = 34,072 9] of 2] = 1.9 T ,L;( S, ) s, ) Ead.
ouf, o]F 2YZ R 2 2 $7 AYeir ” |
61,6981 9] =3 - 20.90611 2] of| 2|5 3]t} <Eq. <Fig. 2>= 43 w9 582 At ik
3>Z 33l Al4tE] = MSE E3F <Table 3>0f LpebL} §) dlolE Q] Yol A ShsA S o &Y &
=l o714 Fol 1 @252 40170 9] 3t T o] ¥ o] Folth =43} A, et oz FAIE 7719 4 E
et Al e xpe] go| B ', 295 7ol 37191 7B+ Hpol 202 FAIE 2495 W 8709 7
31.615/401=.079°] &4 35 o] 87111 4 stk Pl AR 7]EE o] Q= 22| ZhS A g wfek
o] dloE o tht Bt Al 22F= 20.906/401=.052 MO FAE A i, BN RAH EH5
ojth. 243 o] 370Ql 3k Hlol ¥ 9] Bt Al = 28 = = AT A S 2D > A AL My,
2245k Q10799 Bl sl &4 5 el o] 87 ¢l o5 | Mefty Cwarps Cwvefis Chiasy Twarp 7T 4] & 770 2] QIAHE ©]-8-3F
olE|e] Bt AT AR 0522 6] e gho] el of AFAFY ASZRAL YT 5 UL I
sjolek. wreb 29 % ralo] 7k e A9 o %At
HEeL7E o 2 o] fof Hrhal A5 st rh(Park, 2016).
V. 2 A ZE
— 1 - 2
MSE= o 2 (fimo) ka3 Seols Al4oh ofahA Bl s wisoto] 3
ZHHIAE A o 2 et S aresho], & Aol
S AEA 2 7 - Al 2 A4 0] -&-351o] A= ASA B G E o] &3 EFo| L Al o S
1B EE F7heh7] 2ol (Park, 2016), <Eq. 4>2} A jFstar At sklek. W AEE 95 vhEA 3 2l
ZERZZIH Y cor 45 o] &3t A1AHY & A oA, EYlo] L AlE FHHUSR Sk, 7|, 7
Table 3. Artificial neural network results for drapability according to number of hidden neurons
Dviblevatablos Hidden newrons i i —
Grammage 2 34.072 63,556 .078
Myarp 3 31.615 47,595 .079
Myeft 4 29.388 30,488 730
Drapability Cwarp 5 28.869 28,004 719
Cuweft 6 26.301 49,480 .065
Cbias 7 25277 54,972 .063
fwarp 8 20.906 61,698 .052
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Drapability

Error: 20.90668, Steps: 61,698
Fig. 2. Neural network for drapability.
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