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fo=Yen wi(X): |46, (X)) (2)

Z T,
S (X)
TS, (X)
sy (X
Qk(X)=tan (E%X—;)
6, (X)+6, (X)
2

w(X)=

Agk(X)=6k(X)_

Jo=k-1,1, =k+1 (n, =n_, n =n,)
Jo=k=2,1, =k+1 (n,=n.y, n, #=n,)
Je=k-=1,1, =k+2 (n, =n.,, n =ng,)
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m+n-17? m+n+l m+n+2
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FRDELOANENDRY MV EZRTEREE X-VZO 78IRS EED
RIE DOBAERENY M n(X)D X, YRATH 5.

ZIZT, WIFHEBEROHKEHEB.2. TBITHHHEHE 1), G)RUEOIIHERT
RIENEREN D120 DFEHEB.2. 12 ‘H%%’J%’\J%#Z&Zﬁ?v), (MTE =M TH
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Op-le0, 0, 1-l® TErEB RO A mE, LEEEIRO LD n@E
@ DHFE, TO THERKNAERH] TXDOm+n
7 AR O BTN AORBRERET 5T RTORBEDEDEA,

2Coma B N, ,CITHAEINS.
4.2. BIGE
FWHEER EOR ¢ ETWHEBREDS p EOHEM [, 2EEZLT BT EL
=(L;;)ETBHE, BAMEEIEPOEIORI f2ORTRDS. F/=, £RS
N =ATBAHE OBAIEREANY MVOR{LERICL /AR OEMEEK £, 2QKT
Kvd, LT, BNEROUKEZBEIGESL, BHELE

1
f =
fl fv
flave " fvave

( frave VZHWIEFDEED £ DFH1HE)
(frave ZHHIEFOEAED £, O FEH1H)
ELTK®DZE., TIT, a, FEORZDORMEICHL TOMET, EXTH
5. ZOOFMEEZYMEMTOETHEBIEL TWB DL, ZD0OFBEOKES
WRERENHBDGETH, KENBEHTEDLLDICTHEOTHD. 2T, «,
BIEARIZBT S ag, BoELATOREZRNH S.
a B
Ky =—"—, ﬁ =
" flave ’ fvave
4.3. BIR, XE, TAZER
BIRFEELT, —L v FEEEZ AW, —HRXX, —HERLTREZT-7Z. B
RPRAEEG EITLOFRNEHZHmE LR Bo7286, JEERTFELE.
4.4. HELEBT7NITY XA
RERERDZD QTN TROE EMEZ M < FTELEIT, KOS RFENT
EiEL TW5.
Step0:T—YDHAAAEEREBDE.
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(1) ETWrE AR O L8 D FEER D 5t H3A H.

Q) EFWEHROSHEOHRADEEZRD S.
(3) % s EBE D G E K U751 L DIERL.

(4) = AT AR ORI R v & HEF75) C DIERK.

Stepl : #HERDOERK.
StGDZZl@rth:ODu-}'ﬁ.
Step3:ZER.
Step4d : X¥X.
Stepb : BAREHR.
Stepb6 : BTUH.

55 15 0 BE D E AN E O AR EH S s i AUEE T

F20E, BAREENBREEITELZSKT.

FNLANIE, Step2~RE5.
4.5. GADBRBRMHEDIKRET
4.5.1. MEa, BLEHFKRELDOERF
AFZETIE, ZDOOHHEBEKDONE ¢, Aid, HRIECTRETRE/NT A—
ZELTMBEITTNWS., 2T, BEEEKICBITLIME ¢, FEEERITHR
FEINDEHRREOBEGZMENZFEZS IR LE. ZOEE, RXEZE 0.2,
ZCRERR % 004 &L, £UT, BEMNICE, T THRABROR 4 &, L#
BERIROHE 24 HOBEITDWTHNAZ, AL E 20000 B &L, mEESE
M 5000 OB TEHINAN-> R EZITUEEKRTIAHZEICILT, &HITO
BNEZROEHREZR 4I1TRT. o 3ERES ORI L ORK, gEMIEOES
M f, DR, MaxFit 3 GA TORMBWBRREEINEDCETHD. TDD5, a)
@=0.0, £=1.0, b) @=0.1, £=0.9, ¢) @=0.9, 5=0.1, d) @=1.0, 4=0.0 DFHE DFEHR
IREEZ [X] 8 IZ/RT . _®t%,ﬁﬁﬁé@®ﬂtﬁéﬁﬁﬁé& FIEFREDOE S
DT —HFMMENZDIZ, mEBEISEONRNEN N> /2. £z, TORRITENVTI,
(awi,ﬂﬂm)itihlolx90$®*#@ﬁ,ﬁ&%ﬁ“@&ﬁot.

#4 MEaBEGADOUBEREFDL)
@ |8 | MaxFit fi fr

0.0{ 1.0| 206381 3552.8/ 0.0129
0.110.9] 7.9050[ 3449.7| 0.0129
0.2/ 0.8] 5.3493| 3449.2| 0.0104
0.3|0.7] 3.5631| 3450.1| 0.0155
0.4/0.6| 28713 3449.2| 0.0104
0.5/05| 2.3011| 3449.9| 0.0145
0.6/ 0.4] 1.9837| 3449.9| 0.0145
0.7/0.3] 1.6720| 3450.1] 0.0170
0.8/0.2| 1.4967| 3457.4| 0.0258
0.9/ 0.1] 1.3200| 3452.1] 0.0291

10/00] 1.2236] 34515 00386 o) @=094=0.1  d) @=1.0£=0.0
B8 fNEEFEMIREED 1)

b) @=0.18=0.9

Y SO o

AR S Ly
,‘}~ : ks \
Ly, R
DS TEO W
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*5 MEaLE GADUNHEHERED 2)

@ |68 | MaxFit fi fv

0.0/ 1.0/ 13.0200 7269.2| 0.0211
0.110.9 6.6971 7305.7{ 0.0169
0.2/ 0.8 3.8317 7271.1] 0.0254
0.3/ 0.7 3.1185 7305.7| 0.0169
0.4/ 0.6 2.4811 6878.5| 0.0280
0.5/ 0.5 1.9349 7258.1] 0.0266
0.6/ 0.4 1.6937 6700.1] 0.0499
0.7/ 0.3 1.5412 6871.1| 0.0351
0.8/ 0.2 1.4379 6538.7| 0.0440
0.9| 0.1 1.3909 6075.8/ 0.0668
1.0/ 0.0 1.3165 5946.7| 0.1391

*6 MEafLE GA DINEEERED 3)

a | B | MaxFit fi f
0.011.0 2.5746 3098.4| 0.1787
0.110.9 2.1867 3067.9] 017711
0.2(0.8 1.9693 3061.9] 0.1794
0.3} 0.7 1.7314 3090.3| 0.1933
0.4/ 0.6 1.6779 3047.2| 0.1786
0.5/ 0.5 1.56543 3067.9] 0.1771
0.6] 0.4 1.4356 3047.8f 0.1777
0.7/ 0.3 1.3833 3047.8{ 0.1777
0.8/ 0.2 1.2608 3051.9| 0.1776
0.9/ 0.1 1.2178 3046.7| 0.1794
1.0/ 0.0 1.1463 3031.2] 0.2536
x£7 ME alE GAOUNEBER(ED4)
a |6 | MaxFit fi fv
0.0/ 1.0 2.9382 6003.8| 0.1492
0.170.9 2.3819 6001.9| 0.1507
0.2/ 0.8 1.9801 5746.2] 0.1772
0.3/ 0.7 1.9086 5660.2] 0.1568
04|06 1.7635 5610.3] 0.1581
0.5{0.5 1.6220 5261.2| 0.1795
06|04 1.4532 5556.1] 0.1583
0.7/ 0.3 1.3964 5305.0/ 0.1813
0.8/ 0.2 1.3295 5115.2| 0.2073
0.9/ 0.1 1.2647 5170.4] 0.2139
1.0/ 00 1.2545 5003.4] 0.4252

- A

K9 E&EEHRIREED 2)

a) @=0.06=1.0

¢c) @=0.9/4=0.1 b) @=1.0 £=0.0
K10 MEEZHERIKEGEDS3)

¢) @=1.06=0.0
K11 (EEEEKREEDY)
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KIZ, EREPHZH L REHEEMEL THAEEOHEL T, EBEEIRA X' &
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ABSTRACT

GENETIC ALGORITHM APPROACH TO GENERATING
THE OPTIMAL DEVELOPMENT OF A THIN-WALLED OBJECT

Masaya Toyama Shigeyuki Tomita Yasunari Yoshitomi Yoshihiro Harunari
Miyazaki Prefecture Maiyazaki University Kyoto Prefectural CyberTech
Industrial Technology Unwversity Corporation

Center

This paper presents a new method for generating the optimal development of a thin-walled object. The
design of developments of thin-walld objects such as ventilation pipes is very important in the industry,
where many complex development patterns are required. Although many CAD systems have been developed
for this purpose, none to date has been able to satisfy this sort of practical demands because they are only
applicable to limited patterns. For example, researches based on the flatting technique applicable to some
developable figures have been reported.

This may be the first report with respect to the optimal selection of bending lines for the development
of an object. In this work, GA is adopted, where a new coding method and a fitness function are introduced
that pool the experience of experts in the field and take into account all physical aspects of this domain.
Additional conditions for generating only feasible developments are also considered. The phenotype of each
solution 1s expressed in the form of a 0-1 matrix, which describes the conditions mentioned above, and the
genotype is expressed as a starting point and a zigzag (right and down) path in the matrix. In addition,
an “Alternative path representation” is proposed for the coding of GA. The fitness function is made up of
two objective functions, the first of which describes the total length of bending lines that link two sample
points surrounding the entrance and the exit, respectively; the second of which describes the smoothness of
changes in directions of normal vectors of the generated side surface.

The coding method of “Alternative path representation” is effective enough for speeding up the calcu-
lation. It has been confirmed through several experiments that the method presented here is sufficiently
applicable to the generation of a variety of development-patterns required by the industry.
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