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ABSTRACT

As the apparel production system evolves to utilize virtual clothing, apparel companies—including vendors
—are increasingly replacing the prototype sample production process with three-dimensional (3D) virtual
clothing. However, in clothing manufacturing, stitches are not limited to simply finishing seams, but include
various functional and decorative stitches that appear on the clothing surface, such as topstitching, reinforce-
ment stitching, and overlock stitching. This study selected 19 types of stitches from six classes based on the
stitch specifications according to the international standard I1SO 4915, which conforms to KS K 0029:2021. A
3D explanation drawing of KS K 0029, a cross-sectional explanation drawing based on 1SO 4915 standards,
and photos of actual applied stitches were utilized to analyze the structure and appearance of the stitches,
which were compared and analyzed with the digital stitch produced by CLO. The findings suggest that most
front stitches were expressed very similarly, although it was confirmed that some back stitches were repro-
duced in an inverted state from side to side. Moreover, some stitch types had limitations in changing the
properties of multiple threads. Furthermore, differences in the digital stitch representation —depending on the
stitch representation method (OBJ) and the choice of texture—were observed in details recreated by sewing
fabrics of different lengths, suggesting an area for improvement. Additionally, some stitch types had limitations
in changing the properties of multiple threads. There were differences in the expression of the digital stitch
according to the selection of the "OBJ' and "texture" stitch expression methods in the details reproduced by
sewing fabrics with different lengths, suggesting that improvement is necessary. The accurate reproduction of
digital stitches is expected to not only improve the reproducibility of virtual clothing, but also serve as basic
data for improving technical design work capabilities.

Key words: 3D virtual clothing(3x-€ 7}°¢¢]#), 1SO 4915, KS K 0029:2021, stitch(Z~El A]),
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{Fig. 1> Shape Features by Stitch Unit
(Choi et al., 2007, p. 68)
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{Table 1> Types of Stitches by Class(KS K 0029:2021)

Class Types

100 101 102 103 104 105 - 107 108 - -
201 202 - 204 205 206 - - 209 -

200 211 - 213 214 215 - 217 - 219 220
301 302 303 304 305 306 307 308 309 310

300 311 312 313 314 315 316 317 318 319 320
321 322 323 324 325 326 327 328 329 351
401 402 403 404 405 406 407 408 409 410

400 411 412 413 414 415 416 417 - - -
501 502 503 504 505 506 507 508 509 510

°00 511 512 513 514 521 522 - - - -

600 601 602 603 604 605 606 607 608 609 -

(KS K 0029:2021, 2021, p. 4)
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{Table 2> Calculate Thread Thickness by Unit

A R

Units Tex Metric count(Nm) Denier(den)
Tex 1 1,000/ Tex Tex*9
Metric count(Nm) 1,.000/Nm 1 9.000/Nm
Denier(den) den*0.1111 9,000/den 1

= % 101, 103, 301, 304, 401, 404,

406, 407, 408,

503, 504, 505, 512, 514, 515, 516, 602, 605, 607<]
2EXE AFsiH, 1 ¢ F7F2 Bartack, But-
tonhole, Overlock, Pickstitches, Single, Zigzag 2=

st H2EIX7F A4E HWe Wk 2™, dAe 4f A& Add F# de WwEsE At g
Ao W H2EA £ /M AA, 83 3D 2B 28] 7hsste S oSl
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20 SO 49152 7)1F0 8 oF At 2= Aste] dehe] kI HHE ZF A A A=
AFLEE 1959 AEXZ 20 go|lHyE2 e e dEkdth ol 101(1&9 Az 3
F239Fig. 2. FAACRE [S0Y oA = ), 1020229 FAAE FA), 103(1&9 A=

ISO_ 101  Single Thread_ Chainstitch
ISO__103__Single_ Thread__ Blindstitch

ISO_ 301 Lockstitch

ISO_ 304 Zigzag ILockstitch
ISO__401__Chainstitch

ISO_ 404 Zigzag Chainstitch

ISO_ 406 Two_ Needle_ Bottom__Coverstitch
ISO__407__Three_ Needle_ Bottom__Coverstitch

ISO_ 408 Two_ Needle Chainstitch with  Cover

ISO_ 503 Two_ Thread_ Overedge
ISO__504_ Three_ Thread_ Overedge

ISO_ 505 Three Thread Overedge

ISO_ 512 Mock__Safety  Stitch

ISO_ 514 Two_ Needle_ Four_ Thread_ Overedge
ISO_ 515 Four Thread Safety Stitch

ISO_ 516 Five Thread Safety Stitch
ISO__602__Two__Needle_ Four_ Thread_ Coverstitch

Thread

ISO_ 607 _ Four_
{Fig. 2> Tvoes of Stitches in CLO
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{Table 3> 100 Class Stitch Appearance Shape Comparison

Type sh Sketch Real stitch Sketch in CLO Digital stitch
ape front/back front/back front/back front/back
T — 1
101 {/
—
SN AN AN | SRS
103

Shape : Images from KS K 0029(2021), Sketch

Real Stitch

: Images from AMANN Group(2015), Sketch in CLO

Digital Stitch : Images generated by the author in CLO
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. Images from Beard(2019)
* Images from CLO
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Real stitch

Front view Back view Front view

Digital stitch(Outline)

bbb S Y

Digital stitch (Internal Line)

ATTTEETETTRRY . OOAISASNNSNNY

Original

Placement flip
placement

Back view

D Real stitch images taken by the author
Y Tmages generated by the author using CLO

{Fig. 3> Comparing the Real and Digital Appearance of 103 Stitch
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{Table 4> 300 Class Stitch Appearance Shape Comparison

Sketch

Type
p Shape front/back

Real stitch
front/back

Sketch in CLO
front/back

Digital stitch
front/back

ereaenss JREE
AV /A
R WY

Shape : Images from KS K 0029(2021), Sketch : Images from Beard(2019)
Real Stitch : Images from AMANN Group(2015), Sketch in CLO : Images from CLO

Digital Stitch : Images generated by the author in CLO
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{Table 5> 400 Class Stitch Appearance Shape Comparison

Type sh Sketch Real stitch Sketch in CLO Digital stitch
ape front/back front/back front/back front/back
B =
404 -
h =
B =
408 -
Shape : Images from KS K 0029(2021), Sketch : Images from Beard(2019)
Real Stitch : Images from AMANN Group(2015), Sketch in CLO : Images from CLO
Digital Stitch : Images generated by the author in CLO
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Table 6> The Real Stitches of 406

KS K 0029

Real stitch front

Real stitch back

406

Real stitch images taken by the author

(Table 6)<> 406°] AA| ~E|X7} 2§48 AR
S AA8E, (Table 54 A|Ztg 406 tAE
ZEA S Hnd w, SHelM dehde ZEA
el zeolE AT 5 Uk CLOAA A4 H
tAd 2EA e S el CLOY 2EA v

l‘l

Zu7|NA AAE g A oF e} F, 406
3 4072 AA 48 YAE 2R JH g
& FAgeEN B AFs ~EA A THs
A & Roew s

500579 ZEAE 43 AFAS AW 2
v ol A (overedge) ’\E]Z]i gurhg oz OHE
2ERE Y 4ER FHAA gl o] AEAE
A A (serger) Bl &4 ZH BEoA A=Y, 714

o] Aol mel 2~57k1 A& FAlol AMEEhd
FHtKTable 7). FZ& d9& FHstd 1
H&Eo] YA 2 A T A N2 A4
o] & sty o) BAMAZE 9] 7hAbE

§ WAT F2E YT, AT 439 24

N
i
>
o T
o
T
<
(m
[
Y
Lo
N
3
P
&
il
_>;

5035 504 91g A FHUE AU 3
o, 2ENE FAHE
Stk 503 A=

1%
olFol4 o, que &7 RRIA AHT

3 (interlooping) 3te] 22 wlES WEHA A
strh, CLOE 999 gy siHe £4& b=
A A4 & JA=s AAEY 9o, 2& A9
A AHEA WA 4+ A 2 ok 2y
503 ZEJR9] FxAQ 5% BASEH, oH
of A 13} a] Aol AAH HEHE S 2l
g 4 ok wEkd CLOY 503 2EXE g
2dE JeHE st A9 £48 F /HE
AEstafop st SlHoIA HE&H e &g
Sdol 449 13 A 4T F JEF 2EHA
o FZE RBFOZHN, 503 2EAY ANEAHS

FIANL F A& Aotk

504 37Hel wbsE FAEHC 129 FAbs 2
o] FHAE P Iy 5033 5049 <
Ao dE ey SlH e FElE Aolsith 505
=189 Ak 289 £HALZ A ZEH, 5039
gHy FHoA Hol: o e EUd
9, 506 F 3%E FAHE *E} 1

w0t 4
2 AR 492 B2 29, 29, 5
5035 EUsA Au oo o) S4B
A

512 289 WALS 289 FAE GA o]
dgel  Welx 3ERe] de] #AHM, sive]
AE 120 F2 7450] Qof HFOE Qs 3
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A 223 FAA 180 2FH Bk PET 22 PAst FoAY 4L B BRFE

[¢]
CLO¢ 5128 A& Al 7K F322 UrdAT 5 Ho] glo] F71H < AlEsE 278 Slde

{Table 7> 500 Class Stitch Appearance Shape Comparison

Sketch Real stitch Sketch in CLO Digital stitch
e Shape front/back front/back front/back front/back
RRRRRERE
503
RN AR ATATATATATATATAT
504
RARARAARRAN
505
TTVITTY
MR | e
512
SN | CYrYry
WAVAVITAN |
514 |
CRRRSRE e
515 - . )
516 - .

Shape : Images from KS K 0029(2021), Sketch : Images from Beard(2019)
Real Stitch : Images from AMANN Group(2015), Sketch in CLO : Images from CLO
Digital Stitch : Images generated by the author in CLO
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229 AAtel 2&9 FHALZ AzZEH, 5128 2
& vhett FoAbet FaAg FEQl W, Slde
A& whs7bA FHAF a7t F3EOl FAE A9
of Asts de siHE WAk w o4
2 WTgel Heoluk HEe] v &7
3 g A AF AREET Slde F 449
=2 74 e, CLOMAE ¢

¢

O

Mo —
1O>
o o

el

=

o{n

Fl

SRS
AR A A R FAS WA F Q=S A
Sol gith. et Gwol 3ERe AL, sin
L 13R9 4¢ 44T £ dE dRE AN
ga4el gtk

515 & A 2EAA 4017 289 ¥
A 2EAQ 503 A AH&ste ZEA oM,
516£ 4017 39 oW AR ~EIXQ 5047} A%

2otk 5159k 5162 CLOYIA & 4=

488 ¢ ARE AY 54 g Reaae
b, 99 3% 59 2R F 5% A &4
W7E ATk & Bl 9l

al

A% 7 ~EAs) 724 53
wejsle] UAY 2HAR £
5

i

5005wl ZEA AHE Al Agslop & 24
F stue (ZHA) vlarelth 500 T AEAE
de &71 o sASAT CLOYAM = 7+4
Ue 022 AT A ZEAV FEHeE 2
gle A7) 2 st Table 8). °l& Hs}7]
M= 2E A Ak bRl wiXste S 7F
Ak AA A 25 o=2A AR ok 2EA 9
Ahs AT F vk (Table 8)ollA &1 ¢
Aol CLO= 2t Z2HA da A" 712 Y
HIghs 7122 o Lbmm Golx §1A]o =¥
A7F AR RS Ak A&tk S14E Al

A
& Uex 2EAE 1dmm AER $£39 9
Adol AR GowA 7Hg TibE A

ek Zeth SMelA Mels e /%717 8 ﬁ WAT A% e
AA G dF ZpolE HolER o]d Uit FH 0] gAE AT TS Y F UE A=
olFo Xt UXE 2EX 9 AMEAAY F AL o gH o
gl 714 ACE ZidEty =9, 5159 516
9] CLO £HZA vFr7] ouAol& L7/7F &
(Table 8> Offset Values for Proper Stitch Settings at 500 Class
. 503 with offset value Stitch Offset
View
set to 0 types CLO Suggested value
e 503 1.6mm 1.4mm
Front 504 1.6mm 1.4mm
505 1.6mm 1.4mm
512 1.6mm 1.4mm
Vvvvvvvvvvvvvvvvrvvi
514 1.6mm 1.9mm
Back 515 1.6mm l4mm
516 1.6mm 1.4mm

Images generated by the author using CLO
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600552 ZEXE dWHA O 3& o F
APR FAEH, FAARE A GHolA 7Hg
v 2 g YXste  HES £ AR T
A& 73SAA 400 TEe AW XEXEG A
Zgoltt, FoAls £7] HAFA BAME A
2 WA wabE BAbE Y RIeA g
AFE A o] ZEAE FE AIFAC] #HY
G &7l AHEEH, UE AER AR w9
EdE 9 2EHAR e 4T 53], UE
glol 2, gAg et T2 FopolA EI] LS

ZEA otk 6005w 2EAE AAE F
AR AARS] Al 7EA A TS ol&ske] AlFH
H, 2~4 29 JATE 429 ol Fe X
HAatel ekl %o e AAAE wAsHH
FAEE FxoIT 602 2EAE 289 HAL 1&

{Table 9> 600 Class Stitch Appearance Shape Comparison

M
s

o FA, 189 AAAE AgTe] F 42E T
AEB, 605 2EAE 329 WAL 189 FHAL
129 F4AE gl 3 582 FYAT 607
ZEAE 129 A4, 129 R34, 129 A
2 PREE, F 629 AT oRold #ER
FHo A% AGHTY o FFY 2PAE )

1
I FA AAAAE Ad 2EA fFIOE,
= o =

o gux sHozn
JF BA A Tk 2
7+ 191TK Table 9).
602, 605, 6072 A A~E]R] 9IS AHA 9} b
$ Skl EEHAO, SR dehts 2
HA gHE gAe Aes oA 48t
(Table 9. °olo] m CLOY 600559 ZEA

so H

Type sh Sketch Real stitch Sketch in CLO Digital stitch
ape front/back front/back front/back front/back
AU RO
602
ANANANANANANNY
605
607

Shape : Images from KS K 0029(2021), Sketch : Images from Beard(2019)
Real Stitch : Images from AMANN Group(2015), Sketch in CLO : Images from CLO

Digital Stitch : Images generated by the author in CLO
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Aol 488 2ElA Txe 2

o

o] 298¢

pacy
o

500 593 vt 7HAE 6005F AEXA S
433 gds7] Y8 CLOE A4l A4 A<
THEA (Table 1003 7o) £7] oA <F 1.6mm
¢} 32mme] e FEF AAsth CLOA
Age 6029 2EA= oF Imm HES FUS
o £7]19F 7 PHSA mAEALH, 6052
19mm 1AM ALPs b 2R o] FH
A Uebgtth 6072 2.9mm $1Xo] AA s

HAAYGL FAA FHelA 71AF 89l vEd
A, g Ar gy £719 A 2 99X
e oy 246 o8| #wAsit o= CLOY
(Puckering) WI7E 3l H&F 4 AUt} (Table
IDAME AMZ & oy dds EdAY

o BAE A9 dd oA ZHolE

e S ¥t o] ¥4

2
2gA1e] Aol AxsiA vestth CLOE o

AFQl 28 @S 918 OBJE 71egtes 4

Yz o,

Wo5ee BE Mo £4¥A @3 % HAUN AL 2HAS (23]
o I8y 60055 2EAE ddo] d4H 4 gAd 18 FAE FHAsd £ S Aotk
204 AEsEe AFA g2ER) HFrE &8
o] o] FoIX = A7} JLoBRE o] A= Table 11) Stitch Expression according to Detall
A gl HEeHA @3 AdHEs TR # OBJ stitch Texture stitch
S+ A 2EA et 2EHE
Shrink1 K K
(Table 10) Offset Values for Proper Stitch Settings at
600 Class

Stitch Offset

types CLO Suggested value Shrink? i:‘ff ) o

602 1.6mm Imm

605 1.6mm 1.9mm

607 3.2mm 2.9mm

Stretch

3.2 CIH <9 #x=& 4 CIAIH

AE|XRIS E M

Images generated by the author using CLO

ofF AES oY AY TS EFAStT YA
4ol g AR PHoB FHEG o B
Aol FEE UG oje] BA EE AR T 4
2 209 ARE B e AR AR
= otk Mg el o] Zeo] xolrt 9= 2 AT AANEY oR® AL & WSt
wolo] md 2EA A8 A% BAN (Table  UHeF =HE 2E 3AE A SR EH 0l
13 2e BAZb wAsan 44 Qs A" 2EA AR 45, Ad 284
tie] 53wl AR FAA] BAH A =y o] Ao mdS A TAAE AL AMA
o4 WA (puckering) @Al A, ge) I EFSAAA SN CF A =4 2
JINA & B A maEAHE Ao =g ol ISO 49159 53+ KS K0029:2021S 715

o2 CLOYAA AFstes 1959 2EA 9 &
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Azl HEH 2EX 9 AAA Eo] #3 F7}
el A7t B ACE kAT
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