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Abstract

Almost of the pattern nesting for materials cutting plan, in footwear cutting process, is
dependent on worker’s experience. Thus, it is different from the real cutting results in
degree of worker's skill. Therefore, it needs to develope the auto nesting systems that are
easier for novice to use and fit for the domestic circumstances.

This paper describes the development of auto pattern nesting system for optimal cutting
yield of footwear materials. The system developed in this study is composed of interrelated
modules for materials information control, nesting simulation, utility and the architecture of
system, the functions of each module, and the information processing procedures of each
function are discussed.
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B ATH2,3]. 282 BlG(Nesting) L2130 #3 dF2E Ismail [10], Qu ¢ Sanders
[11], Chung® Hillman [14] 5ol ¢3ld o]Fojxm o} oA & MEAFIY AL ZE
A2 AE3F CNC(Computer Numerical Contro) A&7 -§ o2 F2 HF 2 fxel Eopol A}
SHE P4 2T e #F Aolrh wEr B dFe BAHL dIHn 2] de
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ARATFH L ARAZFAEAHA 7P AP e TP AP gloid e vny €
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<2Y >N & A7 Faddel He TR AMd 3 AFAATAS 2ygHy ¥
oA A7lME A2AdE A% A2AGHT ALEAY HEANEAT REXLYEHY
Ad7beFe A&se AT 22 2HEAFT Fdeee 47 A8 ADY -F(Piece)
¢ Fei(Pattern)€ ¥l ENesting)3t= el P2z o] FofA3] AMHHL Adsn
A st F3d, AeEE 5 At o] olyx JEEU( IE AF  BF TE)Y T8
FECoR (REAVIVF vE & ) Add 9@ ADAY(Cutting Plan)& FA3}E Ao
B, 9L 71 43P &8¢ F P USRS JEEN F-E(Piece) L% ¥ Hl(Pattern)
& FTol2 WA FEH ez wgate AoltH4l @A ol 2 FAAME FYEH o
Aold sdd HYAE L2 3v], olelF ZAUH 2@ AT ADAYL HA ATdH
AA FAol7} ¥ ol FFHER £dT WA F&8 e E o] A vEdrt wet
A 2 =EddMe e EAE A7 A A THEH ASTFE DT vE7)
TR olY} Hule&e T Arlse AddE AF FHE A=de Nesad
R

2. Az Eel AA

ARAEFA A e MG o8 A e ¥ 2 FA HEH(EE 7
Bt Aol Fol itk 7R AejdA AYRYPe FEEIE A3 AP (Paper Pattern)
€ ZCet)dE Yste AN, 2AERES AFYPoq At FFEHE XYY Fo
o & A A1l 2 7 Bol7tevtE ALEE A ALY, REE ¥ V&
e AAstd A8 H¥oz AT BYE, 23 7EHE V€ELE AY U EE 2
Ne Bokes ¢AdE sl FPAAYPE UEAA WAL A4lste fd =2 2Y(Parallelo
Gram)¥ o] 7}4 Bo] @853 UvH234]. & dFoAE Ay EAo] 2 F43E &
Ag AH837] HEo] wldaarte] B o] vs &3, AZ2HFe w2t g¥E HA R
= AL JFow 22 aPe ALsig

AtZEAAe aAd D] AHEE FFHolu g Fojx Holet Zor ALdE AAYew
A ea, FEER AY Folo FL A AGPURol Hoe £&& FE A )
de FPFOIH AL § ' FFY AFE AMSE FHoltH3 4] AAALHLE A4
A28 %S A& GUNAA Wyoln, A2 ol &3 A EH|AS A3 HiAe ulE
zgage AFud ¢adFd Ad28FE A&y AT AL AdeaneEe] A
g ¥z TAET AAEEE 9% n AT M T4 ADLFE AAY FHZA w
2 AAEHY. A §3ge] FAL RGN o] FoiAol AAAAL G Fo] wrgE H
gol STt A FHE B3 WYFoET Adse HADH, 45 9o AN
22 Agde AAADY, R W¥go g Auted AFATEYe] oy, yirE REL
AARYE S A A GAA g e g8 2

faeE Arzbiat
/% P : Pattern (%)
R(0,0) : 7]&A, 93, Relative axis
Z : Zone area
n: 1 &of AQ% = pattern 7|4
S : Rectangle area
%/
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Declare Gap, Length, Width, Units
Set based point loaction R(0,0)
Loacte P1, P2, P3
Compute Z(P1, P2, P3)
n = pairs(P)
case
At :
rotate @1i=0° or @i=180°
compute Si
Apdapgt :
rotate @i=45°
compute Si
ARR-2Y L
rotate 0° < 81i<360°
compute Si
end /% case %/
Minimum(Si)
end /% AFZ}R|AL %/

3. FEH 44

Ao 2E AP AT AYPeoln FHE 2FeQle FFAYIE FELH, 2FFUAL
B-2=d(Spline) Adeln, A¥Y/vA Y (Uniform/Nonuniform), 2/ M (Quadratic/Cubic)2]
Aoz BEHEQ7

E AEA 2ol M E - (Vertex)] EH(Surface) 54€ EFE F e dAAES =
el (Knot Vector)& 773 (Normalized) A 44 JE APALY o] 2d¥€E Y 94 B-
A XU (The Uniform Cubic B-spline) Z4[6]& AH£-3t .

E dF7d9A9 e o)A elo]l A (Pattern Digitizing) H¥-& YukAQ #EL ALgsis 2+ B
Fd Ve A=E HYARE o wgA RFAF0] LolFHESE s, FHWIHY
2](Pattern Data Format)2 DXF E¥ IGESTY 3 (Format)$l SNF(Shoe Nesting Format).2.
2 HBHEE 3Hh. 4 AEB(Entity)2 FA, 9, €3 & o] 43t B A2HId: g &4A
A&AF Y] Z2ed(Poly line)d 2~E2 2 (Spline) A&t £ BFgFigdo] Y& £
Ag AU YeudA AL E AFY & A Fdon, AAFAd we Fols A
g e FHd B4E Jd92 =3EHEE Go2A HA AdA AvdY FAZ A
Y7t EdEE AL HAGES Y. A& FA4 SR FHeAE e 2.

7} 2EHATHY 54

o AojHe Ao &3

3¢ 4 o} (Global Control)

B2 Eg(B-spline blending function o} @ Ao do] Al

a single piecewise parametric polynomial curve® AA3E &4

A3 B3I A (Uniform B-Spline) : =4 ¥ &) (Represent Closed Curves)
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U, A A BFHY EF4(The uniform cubic B-spline®] blending function)

Noo(d) = §F [0<<1]
N = %‘(-Bta+3t2+3t+1) .............................. o))

N2,3(t) = %(3t3“6t2+4)
Nis() = %(—t3+3t2—3t+1)

o} A¥ 4A B2 8 d2(The uniform cubic B-spline®] matrix formulation)

PAy=g[F 2 t1]|”
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Subroutine Uniform_Cubic_B_Spline()
/% m+l : the number of control points
pi ! i’th control point pix, piy, piz are
the %, y, z coordinates of pi
*/
Begin
for i=0 to m do
read control point pi
endfor
for i=1 to (m-3) do
for t=0.0 to 1.0 insteps of 0.05 do
X=pix*NO(t )+pi+1x*N1(t)+pi+2xsN2(t)+pi+3x=N3(t)
y=piy*NO(t)+pi+1y*N1(t)+pi+2y*N2(t)+pi+3y*N3(t)
Z=piz&NO(t )+pi+12zaN1{t)+pi+22sN2(t)+pi+3z4N3(t)
// NO, N1, N2 and N3 are Knot vectors
if ((x,y,z) is srarting point on curve
then move_to(x,y,z)
else draw_to(x,y,z)
endif
endfor
endfor
return
end
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Hg e Adgide] dii-E FaAA4E Jhd addL Zetste] Hxeo ddd s|E o] o
s 71 diY PEE o] F(Move), 3 A (Rotate) A1 I FA & Fejde HAL AA
(Checking)dll W& Wy e= At

W A=d A
L LA &= A4

¥ el u} € (Pattern Nesting) AZEH ol Ay, ujAYPo PJoz wElz 2399 =¥
FoI Fquidte] 42 7hx Az wel wHEEE FYAIE Z2aPo|tHs]. Yl
A wd AZEHoE 371X 7S FAHLE T4 gl W & 7S FFYYRE,
Hd dxEF, 71A Q8 HolX( Machine Interface ) REE o] FolA JUtH9). 53], iy ¢
1FE AFLAS gy on TG + gz, aIAFY JEAE w ANy
ded 2 9% vixA 80H[10). & dFNA AgE ASEGAN2PEL <Y 2>9 o)
AARREEE, g AEHM, FHBEY 3 7FR ME AAges FAHY glow, APz
HE < 29 3 >3 4,

AARREY MBA2EE AAPRY 99, B 7152 T4 Jon, AAdolE
e, BE FAT, vde] Bad AAHEE AFAIE 98L FP3). 6g A EGolA
MEA 2 AR g 2AHBE Yol AFud SudFd 98 HH3d wg
S T F AYE FFY A5} AHSHEH Y &L AN At fdEE AEAA

S ANzde] BHAHAHEA T2 aPg AHEE 1 H88 EF2 T Qioh

A% g AaY
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2. AAR AT AMEAZH

Agel AL FFH9 Yeol gt EFYeS FFEel ogEr] WE 2 AAE
g A2¥o] gasuE] A2l ME A4 A% Hu@e F£EE Yot #ld +
Pol Yo F AARR TPl REQFY AL MRA2HE TSI

of MEAAHA A TR AARFY 71EH AAEAH W HEAD AARE
& AHgeA Bk @AAAE AANEE AL Add o AAE A4t FELE
AHGEAT 71N E St Aol Fol we A%, 27, FA, FHALF T FFE AA5H
o] Zgso] AEFEh FAUFAE 24 AYol datq AAelgozk 23 AYIAH
REQOEE gt AAME AYE £ JAT A2 o] &Y AARAFEANE FESA
FEE ool Hasith 1N ALY AAel8Y FTHE TSt AAdH 4HH
A4 5¢ 9% & A AT AAAFERE ARA2HL FAdARES AABVY &
A REE ol AdBAREdE FAAY7ITHR FLHA7 5] Jen, AAER R
A4 REAE Heoled 37}, 4], 49 3 7tA 7l%el Ytk & RES HF ARUELS
&3 A

7t e dHRE

RURAREL Y2 & AARY L BANIE FYBENEH 71&9 54& 71 (Open)
A7E 5oz A gtk AARYL iR AAdolHRrE TR 3, AT
¥ OIS( Order Information Sheet )¢ #HWEE& Xi’éh‘]'?ﬂ Ho, AAd ol e Fd2Ed
of sty MBEAAY] HRE AFstA Ak AAFREEL A HY, 949, Hd T2 T
B3, A9 ol E A4, @9, 54 5 AAY Ao B HAEZ o] FA Ut
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Y. A483 # A =E

Mg AARLAA ARAFEA @Y FEE BASGE 715F AAZLES 4 F47]
& AT AARRY BeE MEL delHE dYNF &£ UE F77F, BF
T AXE A9y Ed83A A8 #A7)F, AAd HolH H4V|TE FAHHA
o A4 2 Y98 < 39 4 > o

TS T

MOL522~129K22-34- 81

<3y 4> AAA 2 B A9

3. Mg AEE 1A ABRAXH

HEr1ee TP 9ol 48E AWE G Bo] viIAI Y] AT S 245,
PeHE A FojR Jodo FARH L NEANSE V5 ol5HZ, ¥4 FH(Rotation),
©] ¥ (Translation), ¥kAH(Reflection), &tl/%2:(Scale Up/Down) 715 §o] BE3dE 71¢& 42
=o11]. gy Y4r1&¢L g GuYdFNEEA EFJrieS g2 EFY Ao wed AT
Adss BES WHEE shs WY AF5ad dnEdEH ARV vhA] RS T8 uld
gxol wHwgAd g 4z 7ive & FAY FYY & e dFY qddnFe
HE £ UATH13) & dFo0AY uid AEHolA MrAAgE AYNY HFREFH} AT
d ZEE FAHY ot widFYe] £YHE Y YeE g0 EY HYEFAAHLE AR
F ild #P21& AEAERE Yol BdYHz AR} AFES YA doh
Z 2EY AEAYE thg3 Zr.

7h 9End AgRE
HIEE 2ELE YYUolBHE MNIAN2HNA ALE F AE Aoz A74%E FHe

2A 9EAdY E4E AAsz, A2 fH WA ALY 5 UESE AL @
iAol A ( Digitizer )ub 270u( Scanner )ot &2 UHFXNE T3 YHE #FS 4
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o|E} & PCX, DXF, IGES, BMP, DGT, IUA, DAT 5 o} o33 249 Ad= AFsEs A
oltH12]. Z7) TFd AR 4 A& ML AxHlodAes FLELE AHNE F gleEr ¥
AddlolelE MAAN2HY WRP2o2 HBAA AEFoEA o' JRPHAE 2 FE5HA
U TFHL ATE £ A drh B3], CNC AD79 dAE 35 doley A 44
Z( Numerical ) §4°] ¢ Fas=z &5 Hel( Vector ) &S F28 4 It DXF,
IGES, DGT, IUA, DAT %9 #d82¢& 25 4% Agelrt dstd Fejvlolel= Y
2}(SNF : Shoe Nest Format )& ztAl sn}, 944 2]2E( Linked Lists ) +&& o]Fo A&
g gdnelFEe AlgET < 2Y 5> g vde 585 o

Convert

DXF -> SNF

Y
Mgz Aol no z34n
&, 24, el 3t
4

A, eia
Axt

A

Ay i< ——no — | 7FHEA R4

y
i AL

<Y 5> Exde 58=

W Aseld 28

A5E ZEANE MEAA ANrE, AAAAIITl B #Aol HE rFolt. WY
A AN 71%5e 2 AY AHN Pl gl wek MdAHe A} SRR A%
AR TFF A B Hage ZE A4S 24 20 Yod R AAs &5 2
ol NFFoz HFAATH4]. NFA (x, yO& 71E2E Ye8 o|FF (dx, dy)T LA ¢
of el YFejrt AA e AAAHE WEALSNA Ho, o2 g2 F FI(
Cycle )& °|FuA PwEudoe] @t =3 uldAXe Feiel Ao, Hagol A Az
AAWF e F gone HA AXNG AUt chol wdd AL BAAANE AP}
of HyeElgh He) Aol AMAARE HAET F ohF Yo vid AAE AxAsA Erh
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AE MES AA At FAA HALE F387] s A" WP ( Transformations )7] %5
o] Futxofol atm o]F, FHAH, WA} vFo] EgfH o AfEHo AFgudE s Hrl
o] 7I%5& EY Wy adS Fdste vl FIiEHo EgH R ALgdT. AFuld
9 3 HAAQ AFud dnEEe ey 2

Algorithm Auto-nesting

/% F : Frames, $4¥EF gAE
EN : Entity format Number
F' : ZAxIgAtzs g|lAE ®/

read DXF or etc
while F ¥ null do
/% convert SNF format */
loop
/% AP ALS entity 8 FEIIT} 3/
case
EN == 112 : Spline
EN == 124 : Transformation matrix
EN == 102 : Composite curve
end /% case %/
end /% loop %/
/3 LePAE AAY Yoz HE v/
F’ = Make_shape(F)
end /% while %/
compute Sheet_area
compute Pattern_area
while Pattern_area < Zto] Sheet_area
compute A}Z}JAr with F’
/% [FIITHLE 24 A E wiX| A7) #/
Setting(x,y,F’)
/% BAZRANE B3 cthy vlEgelx] 23 v/
if Boundary_check(Fi-1,Fi)
then x=x+dx, y=y+dy
end /% while %/
compute ¥ fAHA3, A&
end /% Auto-nesting %/

azx AFHE 493dEe < 19 6 > # 2o
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<a¥ 6> AFHd 4934

4. FEE HHALY

FdelE AEA2de FIERYHAYRETS S 2HARERZ T JoH, A=Y &
3443 Z2a9& A8E | £88 =72 240

m 2&

B dAFE A7 FAAFAGE7 9 Adas dAE & i, FE3FHo Yol de
e, 718447t A8, AdaA fJaAAAALe] AFEA 2] A AT AolH, £ 4
FAAE 71& B4eAFY ENER AAEFY AFAPAY A4 L FE3] U
Aol g A2de AEsinz =#ago =3 B dTFdAE CNC Ad7] Agde 4A
Ag n83d AFAGE A V2 AGHARE AT 5 A=F ALsgloen, v&(Piece)
HYRES MLFoeA 4 REFE A d¥Res 4 FHE FJ2 ¢ AR}
FedtEE ). 53 ALYHE ElToe(Fe ¢F)NF-2, §8 BRARE, #J}H&E[Back
counter( ¥ EX)]FE, FERE LA (Sole)F-£9 5 7HA @Fe &3 Fo2A QAL
HE7l AHIFAoE o]Foid v Y PAYoE EFsT, 4 HFo &3 2F F
AEAL =23 g mEHsA FozA wd 2ZEdA @] He AHANNEH
I ulgde &AL Ho|EE gt B dFRdA EdE A2 A9 w¥Ad # Ad
(Cutting) %< AT HIA757 H5&L ndd Ad75E ALsd, d2d HFH
dx E¢xez 75d F gt E2E 7EAA & X, d2¥YY F9 & JHY
TBP(Toughned Paper Board)$} Z+& AlE(Sheet)® 9l Ao W3 A&A & (Cutting plan)<
EGA ATz APRANAA Y AEFE 4A FAE F AEE AU
meta B d3dse 74y AGAaddadn Aade dz, £dFARY TFddss,
JAAn 9 E7, APBA AN, FAFY Bl 7149 § Jov, =5 G 2% oty
A&71% S RAROE AUide, £F8E 5L e 2EF Ao 2Rez Ao
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HAsetelet AREY & AZEAY BYe FUAWARAE AR & Ue VD ol o}
b Agadel AR AT HFE RoE FUB,
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