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Guidelines of 2D Pattern Development Process for 3D Fitted Cover of Character Toys

Heeran Lee'

Dept. of Clothing and Textiles, Chungnam National University, Daejeon, Korea

Abstract : The industry of character toys is increasing and new characters are constantly being developed. However, the
development of 2D cover patterns for toys is time-consuming due to frequent pattern modifications made through trial
and error. Studies are now underway to obtain 2D clothing patterns from 3D body data, however, little research has been
done on 2D pattern of character toys. This study suggests efficient guidelines to develop 2D cover patterns with a rea-
sonable accuracy and processing time. Twwo 3D models of a dog and rabbit were used to develop 2D cover patterns. Inde-
pendent variables of this study are set as 3 levels of triangle area (small, medium, and large) that influence the efficacy
of 3D and 2D pattern development. The determination of the appropriate triangular area was based on the area and shape
change of the 2D pattern. A medium or large triangle area was shown to be suitable for a character dog with a smooth
curved surface. However, the appropriate triangle area was small if the characteristics of the curved surface are com-
plicated as in the case of rabbit. The head of a dog (a double-curved surface) and the curved forepaw of a rabbit (a tri-
angular area) should be small when the characteristics of the curved surface (such as the hind leg of a rabbit having a
large convex surface and a small surface area) are complicated. Grouping by 3D surface characteristics could be a suitable

guideline for the triangle area selection.
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Al AEHL oM (Lee, 2014), 33H] 27, ZR I3, 3D
NYEl= 718 el AgS A B ope} o =y 5o F43 W3} 37 3D Iatelyt JlEH °1ﬁor+
v 8 AFE] ARUACIA &8 A VRIS 2 ohFs e dEe] AR B Azt o] FoiA A 3
e EAS 7T 7] dEol(Kim & Chung, 2005), (Lee, 2015)
of2] ZofellA A2 7HEE H%‘Ol ALHOR o] FoIRA| XL él:mﬂb o], 221 711 ‘°ﬂ gske iYEuY 2

Slom, o5 T Wo R &88larrt sk At o] Fo]
A3l Jth(Han, 2017). 53] zk A% ] AGAA A ol = ]
o ZHA|e] BAA (identity) B/, AR} A9 ZAle] 24

3= 93 shue] wkte g XY AYEE A|F sl o, A&
nAelA & 9 Azl S 8 e d 9 A
Zate] 71N HE F JEE AL BARIES /9E

o] Fhisl AThKim & Chung, 2005; Lee, 2017).
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7F? Anderson(2005) 3D <UAIHOIHE E-8-3F o] &y
o] 7P & AHE Aol e HHg HES
Zlo|2kal slRA] o Akglell E-8-57] flsir= Fojokdd A
o] Bk st & LectradlX= 33 vlolHE 71+ 7
H A Z ol AFESH7|E 8192, OptiTex, PAD system, i-
designer, TC? SollA= 21A] Rdo] H/HAS Y7 o2 oF
HHo 2 NS & e thdst Z2IHEE st e
35} tHAnderson, 2005). et o}&71A] ARIAeA o]E
283 3D RIS ls] ARREL QUA] ko BA ¥
T MEE Ee] 2R E 98 ke ZokE & glth
A7 F&E YA DY A= o] R
Holl &t Zlo g 3xk JAAbleHE Fall Adutala) skl
o] 22 HHIARS MNdske A7 Bol o]Fox it} 3
A4 QA RS ZRE 22 SIS {55t s
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=y
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o X iy

et ¥
AU TER

7NaFslA Lk (Watanabe et al., 2000), 33-) QA AZSS
71F 22K RS AAElaL o &S] =47k AL st
of ES WA= d7F JAYH7 = SFATHKIm &
Kang, 1999). %3, 339<¢ TAste Az N5s
simplification HOZ Fo o] 22102 HHglsle] 221
8-S W= (Jeong et al, 2006; Kim et al, 2010), Auto
CADE ©]-g3te] 32kl Hlo|ElE HHsiAyle d7E 3y
ATH(Yoon et al,, 2007). HZoll= L2k QEW ol o{E
oIzt ool HpAY A HEA| 5 3R dAE|olH
E 283 ohdt EE9] 3D oFIEle] dFHIIE SFict
(Jeong, 2006; Jeong & Hong, 2010; Lee et al., 2017; Wu,
& Hong, 2012).
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32k AAElolHE FHsket F e Azt 234
el 3D oF HES JHE AYATA A= AAFHES

FEo® e F 7t FEskE ¥WS A7A 40em’E U
ol 238 A AUnrt =2 oE @A sk 583
Al: 5% oluS AAIE 4 vkl Baskal UtiJeong et al.,
2006; Kim et al, 2010; Lee & Hong, 2005). ¥dS &g
she AR 29ete] 23k AW RS sHEE A 5
T FAL B AR NGt BETE AdEE F
7FeIARE S|l Rl A8 E= AIRE A A STl Ee
A& AMdoltt. olefet Ehs IEste] B o, E BAIQ
Qo] 739 =z L] EA4o] QIAekE ulg- TR w2l
Q 7o) 40em™Z Bdale Ao HH o] WAL o}
7 HASEA ket E3 AEE ¥ B A
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Yz} cfehsae] £, oplst F& BHIH A, frokdsE 5 ok

W3 IREF H ABEF 282 T U A= A7
2. 917 w

21. Mgl =2EE

2 AFM = 32 B9 tlo]HERE 23k HEg A
3171 913 Fig. 19] +AER A5 stk A HA=
Geomagic Design X program(3D Systems, Inc., Koreays A}
£3lo] FE(Mean curvature)H3}E 3D Rdol| FAIE & o]
o BATARIEIS vEst] 33k RS st
g 3% WHslE 2D el AYS WA= vwal] 9
3 +gskd 3D B FHAS S5

T HAR, 33 FHe] 5L 71 3 KA A
NGl AHAR FHES AFAdslok stoksimplification). ©
o] A ML HAe oYl o] HEE Yrlolyrt 4
Aok gt} AHEsst YAE EYslal olE 2o R ¥
Helsl= A2 2C-AN Program(Jeong et al., 2006; Kim et
al., 2010y ARE-SIITE 3ak) ®HS HHstalr] lsle] 474
WAL Holo] o]F V|FoE 33 FHS Ao g v
<t o] W Aztxzte] WA o] AEE AzFR | Jigrt wol
23w} 221K SiEle] AUwrt U8 "ok olef], & A
ToAE TSk FHERE AR NFE v 2
A3l fl8te] Azt WAS &, F, g9 3WAE A%
Slal ol& HyHdIo® A3t

A HAZ, 2C-AN Programol|A 138 o7 3 B5x7)
5< Yuka CAD System(Youth Hitech co., Ltd, Koreay A}
gst] 371 xddste] 22k siRle R skt A
AREE 2R AgATA ASE WS ARSI
(Jeong & Hong, 2006; Lee & Hong, 2005; Wu & Hong,
2012).
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Independent Variables : Size of
triangular area (3 levels)

———

A-1(precise, small triangle) —# of triangle : high

s ~|
A-2(medium) — # of triangle : medium

A-3(rough, large triangle) — # of triangle : low

Programused  Experiment process and variables
3D models
Geomagic i
Design X
Segmentation
Progr am of 3D models
Triangulation depending on the
area of triangle
2C-AN
Program [ Planarization }
(Jeong etal., of triangular pieces
2006;
Kim etal.,
2010)
Block formation
of triangular pieces
{ Pattern development ]
Yuka CAD
Program KT

Dependent Variables:

: Accuracy and Total time of
pattern development

Guidelines of 2D Pattern
Development Process

Fig. 1. Experimental process (ex. 3D dog model).
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22. A0 MRS El 3K mEt tHol

2 AFeM s 33 Bd F W4 o2 Adet At
HAG ARbslaA}, AAHA ] T Folx] Rdx E7] 29
< Againh. AUErF =2 olEuiE A Al 3314 AR
Aol tha A2z AS oF 4em’E BFE Zlo] Ehe A0
A3y AFt(Jeong, 2006; Lee et al., 2017)0l4 AZFEAo =R
o) Fwapr] gIstel 300 =l Ft o4 =" Size
Korea, 2010)3} ¢ B8 F o tish WA mRAd, 3],

o] o] UH] Zo U)dt FJHE Table 19149} 7o) 1)
gt

AP BRER o] ol 5m? A RS
A oF 4em™E o] SRS AAsidETl B AellA] ALg

3 97wl S o] dpulsie] HaH o Azt W

S A A-modele 0.444]91 1.8cm®, B-modele 0.02
il 0.1cm*©]ATH(Table 2). Z&u} o213k A2+ WAL 3}

a7} epe] Aol g FAAE % Bo] 9o

ol AEe] oapslEol TFeete 7eksle] 97 Hulel

A Az Agekn o 43de Agsia,
AIEZIRA L 4.0om’E AFBle] 1 BAE Sem’
2 277 12.0cm’, 20.0cm’2 A512.0™, B-modele 27}
Z7PAA S 025cm” 71202 05em™ E7HA1A, 0.75em’,

1.25em* % A3} CH(Table 2).
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Table 1. The size of the 3D models used in the study and the size of the average korean model

Type 3D human body model 3D model used in the study
Size (Average Korean female in their 30s) A-model (dog) B-model (rabbit)

Surface area 14996.07cm’ 6614.46cm” 268.39cm”
Volume 54401.31cm’ 23160.48cm’ 235.28cm’
Height 160.03cm 60.63cm 13.71cm
Width 68.35cm 68.67cm 7.79cm
Depth 26.11cm 20.88cm 7.66cm

3D model

——0em

Image 1. 3D body model

Image 2. 3D dog model Image 3. 3D rabbit model

Table 2. Size of triangle for triangulation of a dog and a rabbit compared with that of average female

Type 3D human body model 3D model used in the study

Size (Average Korean female in their 30s) A-model (dog) B-model (rabbit)

Total surface area 14996.07cm’ 6614.46cm” 268.39cm’

Size ratio between 3D human body and animal models 1.00 0.44 0.02

Size of a triangle based on the previous studies 4.0cm’ 1.8cm? 0.1cm’
small - 4.0cm’ 0.25cm’

Triangle size used in this study medium - 12.0cm’ 0.75cm’
large - 20.0cm? 1.25cm?

3. &zt A =9

3.1. Hx{HsiEn FEjo| ME 7 TR MEE

3.1.1. A-model(dog)

339 A-model> Geomagic Design X program® 2 Fig.
2(a)9} o] Mean curvatureE ¥AISIF o, o]} tizlelEel
< 7331 Fig. 2(b)ellA 2 nkel 72o] 331 mdS 3
skttt FEEE e 3R] 2452 Fig. 2(0)0X Be
ule} 7ro] =ZA BERE(Back & Belly), U] (Forepaw
& Hind leg), &) (Head & Neck), Y52 Muzzle)oE
o] 22k HES ARk

Table 39= A-model®] =53 Tie|iEe] £8y FE=
33 mdlo] ) WAL WA AAI(BD model area)slal =
el 22k Alsie 2ZHAEE 33k BHS U
< o =T AE M)t o8 24k dEeR %
AE o AEE WA (area)Z Yl HA th¥] WSS (AR%)S

AABIACE st A Al 7] FHLdel w2 sEskE 1
goz Yehhct. Table 30 WA H3E 5% v|vta} Heje)
& 2] e 5 e Ao dxzbeEs AAs)
o] 3o ®AEAT)

FEiarolAe] WA Wskes AWE A} S 1(Back 1)
Me 7P 2 AE200 A7 A 9] gl=o] oF 5% u|vk
07 A ARge] 7FsEIdth S2(Back 2), Bl 1(Belly 1)
3} wi2(Belly 2)2] 7ZA-$olx= WE H3le-S AunE A7
ARgo] 7V, viE HeHsE B He A 21 A
ol A-3E AMES T dfFo] Al B3] dFo] 4Tt
FEL v, 5271 whbe F9)9) o] mF o] FolxwmA
£ WPt Agh FRo|AY w2 FE3} 7do] o] wha
Zow Yehls B3 ot wlghd 52, wil, w2
Bolx] AM7FsE HUZFEAL 12.0em™] el A29<
A3t

g R R My H3le-S AuE A3} 5% oo #
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Fig. 2. The segmentation of 3D surface considering the mean curvature of model-A; (a) Mean curvature plot of model-A, (b) Segmentation of surface

considering the curvature, (¢) Naming of the separated pieces.

A e Hl FES AshH, ] 1&2(Forepaw 1&2),
Sthe]2(Hind leg 2)91ME A371A] AlMgo] 7Fsatom, oF
the] 3&4, St 19 A-271A] AMge] 7Fssldt). old B
t}e)29] 9ol A-3S ARSEE A Baidoe] wiEHo 2 1}
Ee Bitet mHo = sjedee] Wyt A7) wiie] A2
£ Agsisitt. Hrkeg] 39 Agole HAWsES 1Ese
A-1E AREE = 9lom, Sitte 49 Aol HAREES
B 5% vgho|lon), FepHsbt & AL AQsd, A-1S
AHgBh= Aol A -sldth

oluf, e HrjAzpHH oz BIE Zz7tEo] FTHAS
WS ) A Tl Ak e g 7)) ool B8
H 27 A o] 22 Ao Ha 4l oo AzE7te] o
ofok siEe] ejgEil Wsht Ae-g & AUTh

A-model®] ™2]9} YJF-0] A= Table 40 AAIEIR2H
, S8 & e Fu AR4mAe Agel] ses B4
SIch wE] oMol WA wWsle-S ATE Axt 5% ol
HHo] ZEAY o= 95 AlQlEH v 1(Head 1)
A-12 ARESRE Zlo], M2]2&3, ENeck)lIME A-3S AM8-3}
= Zlo] st ey #E]2&39] Agolle 2 HH

A B3] wAow ekt W ohlel Hlsh & Fwow
5% We] Folwa T8 s}t = FWoZ FHle)

H
Fefo] Wyl 2 A5 & 4 I WA HE2&39] 75
o= alzbHZ o] 12.0em*] A2E AMEER= Ao] A}
Yrore] FHe BIo] Mo Ll ® ok

ofh

o

A o] Fol| WA FEo| Wy} 2 o] o
T oublhe), maba 5% o4 WAo] ZoJEAL Souks
$= Adeh, Y2Muzzle 2PIHE A-12 AHEEHE 0|
H3ick. WA, J1olM= A-19] Bol= 5.5% HAe] 7F
281917] WEo) AZRAL 4.0cm™Er} T 2] ke Zlo] £
o wAEslo] 5%l Bol HojukA] eksky] wjEe] A-1
o] Alge] 7Fsd Qo= AzkE

ueh Zolx] B3 Fewsyt 4o kel Agols
Azhze] & el Eake 12.0-20.0em™E ARESHE Zlo] F
on, ket wa), QlREa o] & whare] FsWst
A3 BIue] wiEA o Uehhs JHe] A, AzHas
A7) (4.0~12.0em%) 3R Zo] A AL 98] T2
% & giich

2 ood

3.1.2. B-model(rabbit)

32H) B-model Fig. 3(a)2} 7©] Mean curvatureS A
slglon, ol Bgsle] 331 mdlS TIEEIATHFig. 3(b)).
TEERE 32 2SS YoM (Fig. 3(0), A B84
#(Back & Belly), t2]¥-3(Forepaw & Hind leg)2 2 7
o] 22419 SEE Aok

B-model®] HAH 2214 FHe] WA, WHe] wigg 2 1
HEl& Table 5 AAEHAom™, HARs-E2 FejolFS o
gate] 388 e Hujo] AR AHEAE o F T4
sidch. Bl Ml LEFE A (Belly-right & left), &
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Table 3. The area of the original 3D surface, number of triangle in each segment, 2D area and its change rate compared with that of 3D surface of an
A-model depending on the area of triangulation, A-1, A-2, and A-3 (Body and leg of dog)

Variable 3D model A-1(4.0cm?) A-2(12.0cm?) A-3(20.0cm?)
Name area N Area (AR%) N Area (AR%) N Area (AR%)
Back 1 265.9 66 266.0 (0.0%) 22 262.9 (-1.1%) 11 263.1 (-1.1%)
Back 2 389.9 97 391.3 (0.4%) 32 402.9 (3.4%) 16 412.0 (5.7%)
Belly 1 68.5 17 69.1 (0.9%) 6 714 (4.1%) 3 69.9 (2.0%)
Belly 2 3714 93 371.1 (-0.1%) 31 371.8 (0.1%) 15 372.1 (0.2%)
Variables

Body
Image 4. Overlapped pattern of A-1, A-2 & A-3 in back and belly
Forepaw 1 1253 31 124.9 (-0.3%) 10 125.0 (-0.2%) 5 123.6 (-1.4%)
Forepaw 2 140.2 35 140.5 (0.3%) 12 139.5 (-0.5%) 6 137.1 (2.2%)
Forepaw 3 46.5 12 48.7 (4.6%) 4 48.5 (4.3%) 3 33.5 (-28.0%)
Forepaw 4 483 12 48.7 (1.0%) 4 49.5 (2.6%) 3 54.9 (13.8%)
Hind leg 1 176.8 44 173.7 (-1.8%) 15 172.1 (-2.7%) 7 166.2 (-6.0%)
Hind leg 2 142.1 36 139.9 (-1.6%) 12 146.3 (2.9%) 6 138.9 (-2.3%)
Hind leg 3 50.9 13 50.7 (-0.3%) 4 53.8 (5.7%) 3 54.2 (6.5%)
Hind leg 4 109.9 27 110.3 (0.3%) 9 112.8 (2.6%) 5 106.6 (-3.0%)
Variables PO i
Leg A-1 s
----- A-2 ;
—=iwe—s A-3 )

i

i Hindleg 2 | Hi
Wl ;" |

Image 5. Overlapped pattern of A-1, A-2 & A-3 in forepaw and hind leg

N: Number of triangular pieces
(Area of variables —3D model area) |
X

AR%(area change rate)= 00

3D mode!/ area

QE%} A% (Back-right & leftelle] B2 wshe-S 2wl ARSEE el o] gf=o] HeiSint. 53] ol2et =2 FEHE

2 B-1, B2, B3ollA 2% o3 WHo] ZolEAU & o] nkeyt Sitke} whimA mHe] Folxn FEdsrt
ofube A9 (7] Wi B-37KA ARl hsdiith 2 A)E Bt el e webA Bl
ER S ARTFSS HoliEAe 0.75em™) WM B2YS & 5 9l
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=
E
E
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T
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Table 4. The area of the original 3D surface, number of triangle in each segment, 2D area and its change rate compared with that of 3D surface of an
A-model depending on the area of triangulation, A-1, A-2, and A-3 (Head and muzzle of A-model)

Variable 3D model A-1(4.0cm”) A-2(12.0cm’) A-3(20.0cm’)
Name area N Area (AR%) N Area (AR%) N Area (AR%)
Head 1 52.3 13 54.9 (5.0%) 4 422 (-19.3%) 3 39.3 (-24.8%)
Head 2 108.8 27 107.1 (-1.6%) 9 110.6 (1.6%) 5 110.9 (1.9%)
Head 3 211.5 53 212.0 (0.2%) 18 210.5 (-0.5%) 11 207.5 (-1.9%)
Neck 81.2 20 81.4 (0.2%) 7 80.9 (-0.4%) 4 84.0 (3.5%)

Variables

Head
Image 6. Overlapped pattern of A-1, A-2 & A-3 in head and neck
Muzzle 1 52.6 13 49.7 (-5.5%) 4 33.6 (-36.0%) 3 27.7 (-47.3%)
Muzzle 2 23.0 6 22.1 (-4.0%) 3 20.5 (-11.1%) 2 18.0 (-21.7%)
Variables
A-1
_____ A2
comme A3
Muzzle

Image 7. Overlapped pattern of A-1, A-2 & A-3 in muzzle

N: Number of triangular pieces
(Area of variables —3D model area)

AR%(area change rate)= 3D model area 100
Art. S AR 79 AEHElE0] 5.1% s, ol |y
Shrie)iolae] WA tﬂﬂ%—% AR Az} 5% olgel W 848 s18aAI9 5.0%sh 2 Rjolrt §7] wE] B-19] AREo]
A s Bl HES A9sh, drleE]-2-E8% 1 (Forepaw-right 7FsEe & YTk wWEkA B-modele] HTiEFROA AL
1), &rhe]-91222(Forepaw-left 2)01]&% B-17HA] Al&o] 7158} 27158 AOAZEAS 025em™] B-192 & 5 AT
o, shthe] -5 1 (Forepaw-left 1)°l4= B-27FA] ARg-e] 7} S FEAdlA 5% olde] WA s Bl s Al
e 2y due]-9E 19 Ag IHe] FEo] F W 3P, Ste]-Q 2% 1&2(Hind legright 1&2)°14E B-271A]
ofue} FHe] wWEHdo] v A HE o] FolAl= FEo)Y] AMgo] 7hssi e, St -1 B-37HA, SuE]-2%2=

wjo] AREsl A% 9j2o) Asled Barrke B1e] AL B-17M) AMge] Aiseldint. Tei stk o) 9ol o
go] AAFS ¢ & YTk T Wrh)-LBERIE Bl ZPFe] FBo| L Frel Yol HHA W] &

STEam=E 2 T MM ]
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Forepa\w—righl 2 | Forepaw-right 1

- T 6
Hind leg-right 1 Hind leg-right 2

Forepaw-left 1
D

Forepaw-left 2

.

ck—lcft ‘,‘Bac'l‘t '

S E—— 4
Hind leg-left 1 Hind leg-left 1

Fig. 3. The segmentation considering the mean curvature in model B; (a) Mean curvature of model-B, (b) Segmentation considering the curvature, (c)

Naming of the separated pieces.

olR= FHE 7+
31-—Luﬁ2—4 Sl B2 Mgsgion,
Qo= = Hdesiglth. =, gElske] Zgo)
Jﬁl&ﬂ&F AP A S 0.75cm™) B2E AMESRE A
o] Zom, Tgo] Zx, Fwle] ko] HlFEA o] F
oAl E SnE-eEE&UZKS HdHo] 1 Ze
(0.25cm%) B-12 ARE3H= Zlo] 22 Wb o|git).

rlu
palt}
&

O

3.2. 2&F THEIHE AJZH

32k ZElERE 221 dEe e o) sjde) Fekee
Azzzre] WA o] 2 &g TSI Y, sfellde] A8 EE=
AIZRe S7FsHAl et w33k 7okA] B9 (A-model)}
&7 2d(B-modelyS 22H1 el o= s S8 24 &
A7 245810 Table 69 A8}

I A, A-modele Z7F WAL 4.0cm (A1 A-1)E R
A% 31280] A28¥9lon, 27} WAL 12.0em’(H A-2)F
tre Zfolle 225802 87| REHUTE vhH 27t HH
< 20.0em’(H2 A3 LHE ASolE 20150] AaEe] ¥
Q1 A2HTR= 24% T5EQl0H, HE T@5E AtETE 4
Al &= AT

B-model®] Z-$ollE 27} A< 025em’(HS] B-1)E Lhe
74%- 29380] 2gEgon, WAL 0.75em’(H2] B-2)E Lhe

Ao 197222 96ite] TEEQLh whH 27t HHE
125em’(H2] B-3)& Wie ZA9elE 181302 B¢l B2rt)
= 168 T=HA

B AT Az shte 339 AL AHS Ashe 2
£ A7 oF 357 AER o] A7 71E BAAE de
Mol AR ole) o) S BB glole
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Table 5. The area of the original 3D surface, number of triangle in each segment, 2D area and its change rate compared with that of 3D surface of an
B-model depending on the area of triangulation, B-1, B-2, and B-3 (Head and muzzle of B-model)

Variable 3D model B-1(0.25cm?) B-2(0.75cm?) B-3(1.25cm?)
area N Area (AR%) N Area (AR%) Area (AR%)
Belly-right 19.3 77 19.2 (-0.4%) 26 19.4 (0.6%) 19.5 (1.1%)
Belly-left 15.1 60 15.0 (-1.1%) 20 153 (1.2%) 154 (1.6%)
Back-right 22.1 88 22.1 (0.0%) 29 21.9 (-0.8%) 21.8 (-1.2%)
Back-left 22 89 222 (-0.4%) 30 222 (-0.1%) 22.5 (1.0%)

=y Variables

Back-right :

Back-left

Belly-left

Image 8. Overlapped pattern of B-1, B-2 & B-3 in belly and back

Forepaw-right 1
Forepaw-right 2
Forepaw-left 1
Forepaw-left 2
Hind leg-right 1
Hind leg-right 2
Hind leg-left 1
Hind leg-left 2

56 2 5.7 (1.8%) 7 53 (-5.1%)
6.0 24 5.7 (-5.1%) 8 6.4 (6.5%)
6.2 25 62 (-0.4%) 8 6.4 (3.5%)
73 29 75 (2.3%) 10 7.9 (7.3%)
8.7 35 8.7 (-0.1%) 12 8.3 (-4.3%)
8.8 35 8.8 (-0.2%) 12 8.7 (-0.6%)
135 54 135 (0.2%) 18 13.5 (-0.2%)
85 34 8.4 (-0.6%) 11 7.8 (-7.6%)

BN B Y Y S

—_
—_

52 (-6.9%)
6.8 (14.0%)
6.6 (6.1%)
6.4 (-13.5%)
8.0 (-8.3%)
8.2 (-7.0%)
13.1 (-2.9%)
7.4 (-12.8%)

Variables

Forepaw-left 2

Hind leg-right 2 Hind leg-left 2

Image 9. Overlapped pattern of B-1, B-2 & B-3 in forepaw and hind leg

N: Number of triangular pieces

(Area of variables —3D model area)
x 100

AR%(area change rate)= 3D model aren

Table 6. Total time taken to develop 2D patterns for two character toys

Variable by model A-model (dog) B-model (rabbit)
A-1 A-2 A-3 B-3
Step of 2D pattern development (40cm®)  (12.0cm?)  (20.0cm?) (0.75cm%)  (1.25cm?)
Total time 312min. 225min. 201min. 181min.
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Table 7. Groupings of 3D surfaces and optimal triangle area depending on surface characteristics

Shape of 3D piece  Degree of Double Tapered off Change in main Total score  Optimal
Name of 3D piece convexity curvature surface axis (Ts) variable
Back 1 0 0 0 0 0 A-3
Back 2 0 0 1 0 1 A-2
Belly 1 0 0 1 0 1 A-2
Belly 2 0 1 1 0 2 A-2
Forepaw 1 0 0 0 0 0 A-3
Forepaw 2 0 0 0 0 0 A-3
Forepaw 3 0 0 1 0 1 A-2
Forepaw 4 0 0 1 0 1 A-2
A model Hind leg 1 1 1 0 0 2 A-2
(dog) Hind leg 2 1 1 0 0 2 A2
Hind leg 3 1 1 1 0 3 A-1
Hind leg 4 1 1 1 0 3 A-1
Head 1 1 1 1 0 3 A-1
Head 2 0 1 1 0 2 A-2
Head 3 1 0 1 0 2 A-2
Neck 0 0 0 0 0 A-3
Muzzle 1 1 1 1 0 3 A-1
Muzzle 2 1 1 1 0 3 A-1
Belly-right 0 0 1 0 1 B-2
Belly-left 0 0 1 0 1 B-2
Back-right 0 0 1 0 1 B-2
Belly-left 0 0 1 0 1 B-2
Forepaw-right 1 1 0 1 1 3 B-1
B model Forepaw-right 2 1 0 1 1 3 B-1
(rabbit) Forepaw-left 1 1 0 1 1 3 B-1
Forepaw-left 2 1 0 1 1 3 B-1
Hind leg-right 1 1 0 0 0 1 B-2
Hind leg-right 2 1 1 1 1 4 B-1
Hind leg-left 1 1 0 0 0 1 B-2
Hind leg-left 2 1 1 1 1 4 B-1
0: Not applicable characteristics, 1: Applicable characteristics
Rough group: Ts=0, Medium group: Ts=1~2, Precise group: Ts=3~4
A 252 didE ALsAl ol Utk =, Rough HE AERzte g Hste] 43 431 HAE 7pLe o, AF
IES A3 B3E %ﬂrﬁﬂ) MediumZE2 AU B2E7H z7te] WAo] Ze4E FHe] Adre ol F L
7] A7), PreciseTwS AU B-1(3R A@)e = o tha ez SRl Adele A2 S71e ok meb
stehe Aol A & Aden, o] Aie F5o Y glo] Auwel AfAE v a8l AR S
Eo] Fej7t sl 2g 7hed Alow AzbEn 2E 9] A7]e} = Fejo} d-ste] A]tetarat siick.
olE 93l A7 LS oA &} A7} FRe ENE
4. &4 e O =2 Mean curvature?} TIRRRIZRRI whe} 334 29
T2 ststslon, +Ystd x7E Hd=x LquX#(small
medium, largeys EElsle] 221 HEHS AT 5HWH

A Tlel=Rele apsiA S, 5, 349 AR
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st e 92 Ao AgxsEse

A}t &
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