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Device Database

Basic Information
Width {mm)
o
Shape
@cirde ORacetrack
Type
@ Device O Connector

2nd Identification Criterion

White area ratio (%)

-»> B

> D

Mouse Action

@ add

ORename (O Delete

* Left=Terminal, Right=Region

[2% 3-2] tjulo] 2~ dlo]guo] 2~ <=3

Buzzer RGB LED

Accelerometer

20~50% 50~100%

EUESIEEEEE

,17,
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1.2. 4732 A4 AdgFolx AF

B ATgNE AHEATL AsE MRARE EEHOER AAY £

QT 37 A 1 el Ag el F s
HEE AAS A A duelze HPe Ad A%e

tutol A HolHHo]A7E FAHESE stlon whei dHE F3

i x ek Frel AA e v dES T ol Folxiv. AA
Qa3 gnto]l 2o ¥JE ol Z¥(Point and Click)Z} Y3t= ¢ X 29
z#1 d =%F(Drag and Drop)s B3 Hth H@AHo=z rulo]AE
gAY ool HiAE = dem v WA S A
tjufo] =9 2bA| 7} 7153 e
Aol Al o)A Fa3 FFHS A= et devH e
tuto]~e] wix] AE([1™3-4]), = wigo|th. tiute]=e] FHx7}
g Ee] kil stolete tiuto] o] wiEke] wel date] HEE A
EA Wspgt 2 ATtelA JpEg sedA IFH o] o=
tute]l ~5 w1 $ w2 329 g€ S wE tuto] 9
glde] sttt dAES AdsE ARV AAE Fox tnfolse
33 o]Fol IhsatH x2AH} FAl @xE ddste ARe
AT E o] vupolxo] s B A WA wel FE
Zzto] dodhA] FEF FYuh o9k o] WA 3 AHo] o] Fof A A
ool M7l ow FEEHA & AEIF AAEE dEe FPFS F

A FeFES it

- 18 - S el



Device Angle

[1%) 3-4] tubol = wx sl Ao
13. A7 B2 AA
AR AE o&s AFE FI IA2E AEy] fEiAE
tufolxel debs AAs= 8 2E] X (combine  stitch)9} 7<)

58 e A=A A2E 4% 42 2 A (path stitch) F 71

FRO 2EA7 AASEG AUHE RS 95t AR ko] s

2= Agakst ¢ QA ®@H(Buechley et al, 2008). ¥ Ao =

[27 3-6]3 %ol <dAI Holo ©d ZEAE 2 FH

A2 Z A (running stitch) 3+ Aoz A olsk¢dth

o 5 4 & o8t



[28 3-5] A0lE o] & rjulo]l~ whxte] F32

Combine Stitch

Combine
Stitch

|

2 X

d 3-6] &%

[

ol o thee] F=IL

I

g

Al

vhaolu}

-
R

Aol A

CERIRE)

s

stitch)

(satin

]

)

2~ F

il

ﬁo

zel

b
</

,20,
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W2 (Ankhili et al, 2019)& Alg&3te] dd &
HA= d=2¢9 Husts 2gHXA9 o] XEA Alolg diZtdo=
el

>

re

s zEAY xfFom oFold Qor Hust xEAe
ol (width)s) A (pitch) & 2do] Zbsath. Ad ~EAY

[ 3-7]3 %t

Insulation Stitch

pitch M Electric Circuit
| /

Fabric

HE i

width

DST(Data Stitch Tajima)@2lo 2 H3l Y]
2715 Aojste] AANE g AT 5 A ok

-9l - 2 A -S| &3



A 2 A sAdude HE

2.1. oW A 572 A& R oA & AH A F

oA EA S Tl 7I7IAE sk WARA Vles sy 9

ANE @4 dolEe oA s dgHen 5a o] Fasih o

rob
o
m
ﬁd
1 o
fr
4
oX,
)
2

30,
JL

o
AolA omAlE =71 = A=s do. "AL onA 9
Hol = CCD(Charge Coupled Device)?l #|ZA} Canon?l EOS M &2
of AbgHEAoH AF 24 7leol A= 52mme| EF-M @ =7} 485
ATH vlg I CCD A= Alol o] A AT = 41.2cm o1, FH3HE o7
A o] == oF 4507 PJA(2592 X 1728)o]tf. 22 A=A RAMI
o]
o

ke

EEurA 2d RM-PB40400] We ¥tr] 24do] 7la3%k 24
T NE AHESA T

1‘)4

- 22 - SEAP K



[19 3-8] XE ¥ A=

[1¥ 3-9] XE F =

,23,




Fhelet e FgE on| Ao W= FA, AH 2 oF T O
sk g Qlofl ol AAe of3to] AT Weng et al, 1992). #AIB] <]
A olmA BAS 23] A HHE nE oz A9 AHojE St

2 AR7k HE ovAt AAE A vt o] Fasvl, u
A shvebe] oS wAse Agneeld wgol ByHol ¥
FAAE T ggor Ausks AAE J1FOw o] o2 #HY
g ol el A;Esh vhdel WA AL k] wAE o}
goto] AT udlol 8 F A3k tHZhang, 1999).
ATl Ae mED o[mA tino] 2E 7}
EHG v Aol th, ofux BAL ML tutel sk WEA AR )
ol Aok SEE o)X FeA Az we] Gie AW Folok
dulel 2% Hm@ SohsiA B & ek (19 3-1019] ()% o] 4
A A FFu)7} olu A9 w &3t FAREE S Yol 5 ARE
& & arh mebd dyel AbgE oluAe wgd FAE 30 29
Ao 2 S wjA g HF:Hoz 7t2 167, A= 17709 How

d
=

i
o3
1
f
r>~
ol
ol
il
)

o]FolA glom 7t WEFo® 26mm, AlE WEFOE 16mme] Ao
2 ol i E = AAZE P Ayt A=A

(2) (b)

[2% 3-10]1 A=t A ] FH| e} ojn A o] 7
(a) &9 111 (b) Z31] 3:2

-4 - ! .£c1 -ii—l;]] &

'|_ =

I



AR [273-11]19] ()9 2

),

Kol
=

ZA2E O

A

A B ol

I [C2E3-111¢] (b)e} o] FHjojm Az o] X3t}

=3

S
=

thresholding

Thresholding ©]

el

3

Al A

HARE

-
T

7} =

9]

715 & & (Russ, 2007) <12l =t

s

=g

o

A A% threshold &

ok ATellA =

|

(o]

M

o

—~
file)

ol

=W

~

I

&
ol
Hel
B

<
o
)

ol
=
vzel
!
W
a3
ol

=W

~

B
o

ol
K
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(a) Original Image

(b) After Thresholding

(23 3-111 AAA o|m)A]

,26,



Thresholding g %3] ©]x3}l¥d o]n#|e] component labelingS %
gstel ddd HAAdS she Hoez A4s=EE k. Component

labeling= WHE A4S T3] M2 Qs JAd e ghHls Hoslo

E Aeom wddshd [19 3-12]9F o] 8T & Aok 4 (D] X,
= HFH o2 F3aLA s componentol &EEteE H T stUzE AR
Aol s At [2¥ 3-12]3 o] FeEATh [2¥ 3-12]

Arkel el == He feelH Y labelinge] =50 s)
el aaw QAE He Holth Xo& AlRom A (DI 22
S WEHo R FY5 labeling F [2¥ 3-12]9] " wpA 9 =3}

o] Xps} Xx—10] Zow Axs Fodtth 99} 22 labeling ¢id]E

d

AW o]0F B omAe AL el AL How AF @

A T
gom AgE A AA AW £AE Folste] wWEd gL 5

o7 J’—'! k._l 1_'_“ 'c‘_J]I_ 11



Xe= X ® NG, k=123, ... (1)

Reference point

Xo Xo®D S

P

ol

X =U(,® SNnG @S X=X D SNG Xo=X,=Y

[23 3-12] Component Labeling®] ™ = (Beyerer et al., 2016)

Labelinge] €1 % 2+ A& AA A A= JEsta A43s+4
(29 3-13]17 #& AZAAE M3 % jsoparametric mapping(Lim &
Kim, 2011, Ko & Kim, 2013)& &df =¥ dA=e] el A A
& AR ZREY] HAE =E3H =E5E dAAS F53 oluA 9
AgatH olm Ao HxFS AA AZHN dASA BABD F A

W& S-S Imm 3 570 FAE gsHe

ot

B 4 A=t st



(29 3-13] AAA +4

2.2. Yulol = AX I 3= ATAH

A er AEsts 2E TS M dA e dEAdS
S rgfoF st weba el H &t A S vpofsl= Ao] vl TS
Uh tnrbol 2o whate] #HFE = vulol 2ol 91| 9f wjgke] MAHW F5
Aoz MAHERR AHAfdlre eSS s Hutelxo] wjAE
Alofsto] @ate] A S of= Aol Aot AdyATolM = Hutol
22 WH3E 2 AANE ASssien A= A (Linz et al, 2006)
2 AT = oln A S Fl Hubolxe] HE ol wids AT
24 tulol o] v Ao wE= whabe] oA WIS wEA detsi= A
= SR ovh 11 elA Ak npe} o] fojy o] 2o =
o]2=¢ FJ& VlFor I RE WA Hxo FHo] AAE Ut
uepA trfo] 29 FRe} AFES Ve R §F yulelxo) #HE tnt

Oofr
bl
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oo Mg olnA AL Fd A4sm oj7)e] wolEjulo]xe] A

Ao} Qi WA ARE A44SR HEF BE WA 9Ae FEE &

i

e & ol QI F W Atolg SRaE H F MY
2 Qe HHS (17 3-UI% 2ol wED F AHo] wAsE FL T
=

Foh A5E] FH AYSHE o A FHOE Hol FF 45 7
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[Z1¥ 3-15] #}
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g o s turlo]xe EFE AAE7] Y3t ojvx] EA S S35}
gom 1 58L& [29 3-16]% #Zt}. Thresholdings %3a o]z 3le
olujx]o] HFZ component labelings =&t tnufe] =9 A &

e Mol AAHo] Qe tufolze] A FFo] oHg &
=

flo

d 494 94 9L Fxate A2 AN o] A4S Ba A9
= dutol 2 oA AAVL %e wek GAeA el no AAE F

Z3lE Zo] 7Fsal ¥l Component labelings ©]&3fo] "gtol Q&=

o] MEE 27 T e Culelzel 93 2

Dilation { Area
Comparison

P ; H kl T}




kol A AT, Hubol=e] Fiok HHE7F LA H o= Hupol
of wjgkel wheh whAbel 9= WEtgth webi] Ao A= Hutbol

o gaelZel ARHch WEY WA 54 BAL 98 WEw A

AHlsitt= 54 o] YA RH(Huang and Pan., 2015), A2 dloly A&

= AHe A 7lEoltH(Le et al, 2020)

ATl ek okary tulo] 2 o] E o] 2o FHE o
A S HEgloz dlo] I A4z g F dEZgle] Uy Jdx
Hupo] 2 om A o] HAAM Fo] ME dXst=A5 HHIFoRA tu}
oj~e] ZAAxE ZuA stvh. WA [2¥ 3-17]19 (a)oF #2 dlolEH|
|229] oA & "lZglor dta, AAYE FIA JIS A e o Ao
[ 3-17]1¢] (b)e} #Zo] ml~FA(mask)E &3ttt mpa=Ag 749
7o) He FES Addte VIHew, tdd vl KoM TiE F9
< A 3= AER wAIHo It [1F 719 (b)ok #Eo] mp2
g5 "HEE onAE Hulol 2] FAAE VIEom 1°4 3ded

1

b= dEs “Angle’ 1S vd ¥ sd(B) ghS AAYEta, o] ghol
min D"Ht} 28 F$ 92 “Device Angle’o] o] wje] “Angle” %k
S Asta o5 GAE dojzith o] W “min D7 ¢ %7]%t2 RGB
Sl A E=AE e A Hd@ 4428 Aol dag]Fol
aL, “Angle”®] gko] =71k 04 3600 2 wj7}A]

- 33 - S el



1 7Riksts AA AAks wEESTE HEFH o2 “Device Angle’ol = #)

Z3l Wl g9 sdB) el HAY wle] “Angle”®] el AFEA @

(®)

[19 3-17] |1&3 o]u| X9} “Angle” 2149

Rotate

Angle = Angle +1

sd(h,)
]

sd(B,)<min D ?

Yes

Device Angle = Angle
min D = sd(B,)

Angle

No

[18 3-18] Device Angle AlAF )& &A%

,34,



G Fl A WEUA A oA fAS el ge A

2 - 5% Bl ARtk 4 2& RGB &< Al A9 Fom i A
FAIA AT AT G mex) el e BE oviA 4 ¥

AEoltt 4 3% Bal A FaAA] mx) Wl e Bxe P

TAe Tetal A 4, 55 Fd 4 Ay FASA Abele] iEHA

The point set P of m(x) is the set of all image point of area user defined

Ry
P em(x) PB,=|Gn 2
By
1
Iyn_ R
Re\ [nh=t't 3)
B 1
¢ EEE=lBk
(€]

d(B,) = +/(Re — Rp)2+(Ge — Gr)2+(B. — Bp)?

2

sd(P,) = Zd(‘Pn)z ( Zd(p )) (5

A9 Trhe] 29 WA HE FEE BJ HW %7
go v N E A Aol GNE MAFORA HPH ARS 9

3 Fzel APl s

,35,



23. 9% 3= 42

tjo

L
¥
L
lo,
e
oo

(o]

| 7 Aeide A2 e Iz dd A

F&ststs Aol Aoty B Ao e 32 P A4 Ao i
s dall Ay dE T3 AR Azt s AYEE skt
7198 = A& dmmel ol [2¥ 3-19]¢F &t vnfo]lX H o] E ul
o] ol WAE o Hnpo] el o] ARgALZE A Ao wj|ete] A

S

Ael &g 5 vk ZAdE = Ado] Badk Fro woko] ujxsto]

Ab-8-Fht.

Device Database

Basic Information

ot o
-

Shape

(@ Cirde (O Racetrack
Type

O Device @ Connector

2nd Identification Criterion

White area ratio (3%)

po J~fo |

Mouse Action

@ Add Orename () Delete

* Left=Terminal, Right=Region

[ 1]

[2¥ 3-19] tute]& dlolguo] 2ol 558 74

- 36 - o M 2t



AdEE d4dste AR5 EF37] fg AYHe QAe [
3-20]¢F Z2 A4S F3 olFojXth. dAstazt st HRe e
AAEe] A7t guE d¥ Y AYEHE TEFAE FE oln A He]
B2 A 9% oA = thresholdings &3 SwlojwA &= Wed
o AYE = dRek AR AZAE f8 283 Zlojug v A=
o} kol J=d o7l AdEH 24AwE FE357] 9 erosion IA
< AT Erosion kA H Al gbgkol gl HA A S &1 QkA
o® A%ste] 240 HAS =

AdE s Azzt gl A= Adel HAAg ARs AAT & Ak
[e=] st
= -

B
ol
-
rr
N
L
A
=
jan

wn

|%2]

[\~
S
(]
J
S
of
E)

5e)
)

o}
)
o
o
it
>
o
o,
r']I',
ull
ftlo

erosion %ol dilationg 7 X

ftlo
of
__Oé

AdE o JAS HES 4 9l U2 2 component labeling
A o] U3 e 84=E FE5te] AdY AAR A Gsoh

AdE s AL v Fole g sbtold U AYEE A

of
-

= AZE AYAE Bk YA AT AdHY FAS /FOE

454 ke ANE Abole] AelE AsL b Atelel gl A

o FHe AdsE 9L PP WYY AHe AR 2EAR A
H Q.

BEH A 98 AerlE A 5 e A dolHE W
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el B
&, L
Original s P
®
Thresholdi e
resholding iﬂffﬁ
Cmeet T
| F h_ - .
o ™ 08
Erosion s -
- | ]
. L. -
-
| ]
. [ 1
]
Dilation . ”
. [
[

(218 3201 AAYE A4 9 ojulx) B4 maAs

,38,



A4 AT 28 2 2

AldALAZES N8

2o AT S AZEo o V|EAQ A [1E 4-1]19 2
om AMXE o= SNU-ECD(Electric Circuit Designer)® 8 &} %1t}

ZE9 o] Embarcadero C++ Builder 2010 (Windows &)< A}-8-3}

[28] 4-1]¢] AE tlupo]~o] wjx|e} Awe] AMA o] o]Fo]x= &
Jddoltt. B tulel~ dolgulo] AR “Add"$t “Delete” W& %
E3ta AHAE 4 9tk Bel tiulo]2 dlo] B H o] 29

A P8k tutol 22 9 E Al F2(Point and Click)ata Al 249
#

A7 “Hupelz AbA” “Am g7, AR FAT, AR AAT7E A
D= fubo]=o] Q1A S 98 ojmAE RESta oA £4& ¢ 9
g HE sty tute]lx A3 Ae QTS HEE F de 9
oty oA EAE AF FHeprHE AFEAA YRS F UAEFH
AAERN e J83e [27 4-2]9F £u. “Gray Level Threshold’
ojm|#| o] o]zlstE fld] RGBE o]Folx AMAgS 5 e Hom X
at=d AAATE = golth “No. of Dilation”2 o] X slE o]n] =]

&
rlr

-39 - A L) ¢



dilationS A €8 345 Folge doltt oz 4 3 #F, -9
oAMS AATo=H EAT A F9S5 AL F Jdon mAge=
“Minimum Object” WlwE &3 tnlo]lxz Q1A A 3k g4 7))
T HxwEs AAste] 2> JAl e FA A Ao =A tnt
o]z 2129 &S =Y Ex tF 3EY AZAE AT olnA 4
o FerHE Y€t d9ol HES S8 AYEHE A4dse B=E
of S HWHET & Uk

A

(29 4-1] AZEgo] 71Esd

,40,
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Parameters for Image Processing

Gray Level Threshold
No. of Dilation

Left Margin {mm)
Top Margin (mm)

Right Margin (mm)

Bottom Margin (mm})

Minimum Object (pixel) 250

Cara

[ 4-2) olmlx) ¥4 shebuly el

1.1. "ulo]x to]lgHo] X

2utE o ffolo] A&& 9 "= ofFo]x(Lilypad Arduino),
o = o] L FE (Adafuit), EFelYE ] (TinyLily) & Ut&st tnfo]~E o]
AkEo] gtk & dAFolA e AA P ReF o AREEAL glom
Aol 7hsd  Fele] PCB(Printed Circuit Board)?l ==
olFolE Ao ® 3 aL(Buechley et al, 2008), L <o t}&

2 AFAA AFESHA 2 6719 fute] ~(Lilypad Arduino, LiPower,
LED, Buzzer, RGB LED, Accelerometer)S dlo]gHo]2o] &3l
A= [29 4-3]13 2ok (29 4-3]19) (@), (), (D] A$ tlnfe] 9]
A7lek 71eketE FE7F dAxsteg Al 29 & 7 7}

77y 2~40%, 50~100%, 40~50%= =¥ As 2l = Aok

o
T,

EEL

=)

AN
-
4

41 - ) ,H *_ 1_'_]'| &



Device

Database

Basic Information

Name Liypad

Width (mm) 50.0

——
Shape

@cirde (O Racetrade

Type

@Device O Connector

2nd Identification Criterion

Whita area ratio (%)

Mouse Action

@ Add QORename (O Delete

* Left=Terninal, Right-Region

Device Database

Device Database

Basic Information
o
et
Shape
@ Cirde O Racetradk
Type
® Device O connector
2nd Identification Criterion
White area ratio (%)

Mouse cton

®add ORename O Delete

*Left=Terminal, Right=Region

(b)

Basic Information

Name [0 ]

vt (o)
-
Shape
Ocide (® Racetrac:
Type
@Device O Connector
2nd Identification Criterion

White area ratio (%)

Mouse Action

®add

ORrename O Delete

= Left=Terminal, Right=Region

(c)
[19] 4-3] tjufo] 2 dlo]EfHo] 2~

,42,



Device Database

Basic Information

g
et
Shape

@ cirde O Racetrack
Type

@Device O Connector

2nd Identification Criterion

White area ratio (%)

Meuse Action

@®add ORename  ODelete

* Left=Terminal, Right=Region

o1

Device Database

Basic Information

Name Re8 LED

wan
vera
Shape

®irde ORacetradk

Type

@Device O connector

2nd Identification Criterion

White area ratio (%)

Mouse Action

®add ORename O Delete

* Left=Terminal, Right=Region

o1

(e)

Device Database

Basic Information

Name (Accelerometer

vt
e
Shape

@crde ORacetrack

Type

@ Device © Comnector

2nd Identification Criterion

White area ratio (%)

Mouse Action

@add ORename

Opelete

* Left=Termina, Right=Region

o]

(f)
[2¥ 4-3] Hufe] wlolE Ho] X

,43,



2. HHAE 32 AA

2 Ao A= Mg AZESOE o]&sto] 3|2 HAAE T
th 32 MAACE Yutel~E HAA H A Etal o5 uxtE A4
Ard d=s Adsiy g dAe 22 A&
N AR2E AFE volHRE ¥ Hgo] 23ty
%A tiupo] 2~ dlo]E o] 2o FEE 632 tlufo]
H@dete dEul= ofFolxst M-S FFE HE|sl= LiPower 1AL
oo o] H (actuator)e] HTS FPst= HeEdWl= LED, Hd:=
%!

Buzzer$t o= dZA3d = 12719

Ol
o
o rlr

<

Combine
Stitch

Path
Stitch

.

(b)

(19 4-4] 2B A9 25 2§
(a) A= AA
(b) =EA] A& wigh

-4 - S =g kg



HEHog ~EXE dAH ZEE “save file as embroidery data”
do]E 2l dst P2 oz wetET, HEEY] d [

wo Fg Ba ARy AR 2EAY @ Fo Aolgt

ARG AR Al S g s AAEAY. SNU-ECDE o83 & 4

TolA AAG HEE == (29" 4-6]19 2

Set Machine Parameter

Conductive Thread

Division {mm) IZI Knot Count

Insulation Thread

Step (mm) Width (mm)
-

[ 4-5] A%7) sehile 43

I

45 2 A2 tsky



(19 4-6] 3|2 A o
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A2 A 3= A

B HolM= 1 HolA SFE tutol=sdd s AZEg o] AolA
AAE A Estar 1 oA AAg dde] =& 33]o AA ghaA o=
Azetom AVEE S5 bt 3w 2 dr S A=l

3|29 A= A FAF Brotherd A47] NV 2600 R o]
ArgE o Agr)e E3ko] JbEdk 7F2 130mm, AlE 180mm
A71e] Aese] AREHJL HY AFEHEE=s 350 spm AH BE
2E] Ao A AR EF o 2~F 100%2] 120D A58 o] AFSEH A

sk g2 2EHAS 9% QA= ARy o], A

fs
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Abstract

Development of Automated
Manufacturing Method for
Textile Circuit using Machine

Vision and Embroidery

Jiseon Ahn
Dept. of Textiles, Merchandising and Fashion Design
The Graduate School

Seoul National University

This study presents a CAD program for the embroidered textile
circuits and an automated production process of textile circuits using
machine vision technique. To this end, a novel interface for textile
circuit design was developed that automatically perform the operations

redundantly used. For the application of machine vision technique, a

,66,



system that acquires a high—quality image of the device layout at the
point of the operation was designed. An algorithm was proposed that
can recognize the type, coordinates, and orientation of the device from
the image. To enable the embroidery, the conductive path was
automatically modified from the original design to connect recognized
devices and translated into embroidery data. The process of
connecting multiple circuits was automated by the proposed algorithm
that recognizes the connectors from the image and creates the path
connecting them.

Using the CAD software and machine vision system presented in
this study, the multi-stage process of design and production of
embroidered textile circuits could be seamlessly integrated. By
implementing the repetitive production of the same textile circuit and
automated connection of circuits, application of textile circuits is
expected to be expanded. This study achieved the optimization of the
flow of the textile circuit production process through the deployment
of software and relatively accessible hardware. By applying the
proposed system to a current clothing manufacturing environment, the
existing facilities that realize mass production of clothing could be

utilized for the production of the smart textile as well.
keywords : Smart Textile, Machine Vision, Electrical

Embroidery, Automated Production, Image Analysis
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