P g B

Eiﬁg\ti; ﬁli%‘f‘ﬁ'ﬁ 21t T A lﬁh 34 VEE S e l~’1/__ T E

BoaLEL il B MET B BEEE T

iR
T AP A RBIER) 0 0 H E RS L A b R T A Y
NE AR FARR 0 s BEE R R E R T o Ak

Reredr » T A 22 P L5 - B A BEFa A o

REE G en P )% e 1 AR PR BB A RN i
B RF R 4 BB TR 2 0 & BT LA HM FEY o KW
¥ % (Slicing Algorithm)# & & 52485% » 14 p & FFB~ LA AT S

ARSI BT s AR B A YA b s R 2 - B eh 3t Ml

T~ #5812 %5 (Fuzzy Theory) » 14 4 45 3001 2 Eefy crgd e F AL 5

ﬂ’l‘
ho R AR K - (Analytic Hierarchy ss) A 1T M KL 0 7
PHEERBMafpitfEE Rl a2 diE 2 h o FHEBT QLB

2 BT o 0 SN ERE T N AT T L LR R R TR
TR A 2 E W B
Bl4Es t e 17~ Bk R AL R B AT



ABSTRACT

The shoe lasts are the first work to produce shoes. They not only
show the shape and the fashion of the shoes, but also directly affect the
comfort as people wear the shoes. The shoe last must be designed and
manufactured by the anthropometry which is concerned with the shape
and the function of the human feet. Because of the difference of each
one’s unique feet, the shoe lasts which are designed within the standard
specifications would not completely fit them. For the purpose of the
research, reverse engineering scanning technology is used to obtain the
outline data of the shoe lasts and the human feet, and a programmed
system of slicing algorithm would be developed to automatically capture
the feature data which is needed for the shoe last design. Besides, there is
a fuzzy design relationship of ergonomics between the shoe lasts and the
human feet, so the fuzzy theory can be used to analyze these feature data
of the last and the human feet. Finally, the weights of these features for
ergonomics would be found by Analytic Hierarchy Process (AHP).
Through the searching and ranking with the data mentioned above, a

optimal shoe last will be found.

Keywords: Reverse Engineering, Shoe Last Design, Slicing Algorithm,

Fuzzy Theory, Analytic Hierarchy Process
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(1). & = BEFAETTEHrERYEF):

TR ERZBF XL BT FREEAS YL (X,Y52) ~ (X,Y,,2)
(X,, ¥5,2,) > o i22 Bhor % 4 T 5 = f258 2 4 8 5 ax+by+cz=d > #

®asbrcrdw B A#cz @0 402N 32a~32b~ 320~ 3.2d
a=(y, -y )z, —2) (2, 2)(¥, - ¥)) (.20)
b=(z,-2)(X,—X)—(Z,—Z)(X, — X,) (3.2b)
C=0 =X)(Y; = ¥) = (¥, = ¥)(X = X)) (3.2¢)
d =ax, +by, +cz (3.2d)

(). d A HEE2 GRATTEF XY NZER 2 - TR LY F)

ZEY ERARF LG BFEAERS YL (X,Y2) ~ (X,Y,,2) 0 £
PTG e sax+by+cz=d o Flptasbrecnde B aBZ BT

d TR R E
c T FEIZgho FlPtw Bk #c2 B oo it 33a~3.3b~3.3¢~3.3d #ror

a=y,-Yy, (3.32)
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b=X -X, (3.3b)
c=0 (3.3¢)
d=XY,—XY, (3.3d)

c T EA X o Flptw B i #cz B 4oV 34a~3.4b~3.4¢c3.4d Hror

a=0 (3.42)
b=2z,-2 (3.4b)
C=Y -V, (3.4¢)
d=vyz,-2Y, (3.4d)

e T FATY fho Fptw Bk B2 B0 4o 3N 3.5a-3.5b~3.5¢~3.5d #ror

a=2-1 (3.52)
b=0 (3.5b)
C=X —X, (3.5¢0)
d=Xxz,—-2X, (3.5d)

3). ¥ - e (X,Y,2)E- 2 F» £ (a,0,0) e skt @) :
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1.STL = & 84 &2

STL # ;' @] A5 4% % [Chua,2000] % o
BF= & Tq

SR T R TR L
™

o
HERIEN L R RS E RN E S PR
#8 — #AE_ASCII =~ F #3% » ¥ - #8 7| &_Binary =

TE—IV'*)‘;;}\‘ ° j‘ﬁﬂ ;‘z‘
Frfe B2 B KA A BE TR 5d = ARt
STL #% % k5 v
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4o o B 3-10 3 ASCI én STL fa 58 2 ¢ — B = & T 5 ene b i -
Normal Vector

Vertex 3
n (nx , ny, nz)

Pt3 (x3, y3, 23) facet normal nx ny nz

outer loop
Vertex 1

vertex X yp 7
vertex X, ya 7z
Ptl (Xl . yl , Zl)

vertex X3 y3 z3

Vertex 2 endloop

Pt2 (X2, V2, 22) endfacet
B] 3-10 STL = 4 %42

1—1—/

Ll

facet normal & -

Tt b T a gy Enx ny~nz> @ g ¢ N

‘= BEEEZ XY Z B &
PRSP BE S F L - EesE - B AT G o BB 2 AT
S R Rz B gk
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Bl 3-11 = & BT g g2 8 5F

TR AR R A (S B OF 4 (a) ~ (b) ~ (o) AT A Y Tt
B FIMFEN B AFRTER LR TR AT EYE TG
MR G AL S BB A B BRI S Ao AT Bhand| BTy 2

PR TS R

(1) ‘F\‘L-;aﬂ:—:— £ T g 2 = 7R «—‘!ivﬂ\zt. p""?"—k)?ﬁ]_l
FHZ AT G2 Z AR~ K TG S A

= FEARE(X,Y,,2) ~ (X,Y,,2,) ~ (X,Y,,Z,)

2k TG 2 felax+by+cz=d

ik ax, +by +cz, =d > plz e (X,Y,2) T 5 o g

4ok ax, +by, +cz, =d > plzzEE(X,,Y,,2,) F 5 o

ot ax, +by, +cz, =d > plzmE e (X, Y,,2,) T L s d o
(2. FEE TR ATE= 4T 52 =3

T RELY EA A BT 2 B AR g T G REAR R SE T
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?;ﬁ'l&‘:‘ ,fi’-';& fgé'}j_*%‘(xpypzl) A (X29y2722)

B¢ —Tq 3 fax+by+cz=d

(d - axl - byl o Cyl)(d - axz o byz - sz) <0 (3.6)
%k SN 3.6 2 o FRAE LT g 2 AR NS i iR e S BRRY 0 Ao B 3-12 Aror e

Normal Vector (a,b,c)

Vertex 1
(X1,¥15Z1)

== mm———— il 7

# Layer Function- ,*
- ax+by+cz=d
¢ Intersection Point ,’,

(X’y,z)

Vertex 2
(X2,¥2,22)

Bl 3-12 T5idiEs Bhz AP 2 2 gt

2, @ N DI 2, SRS A . [ 3 = N ¥ S ool e Y Y
BV EE S QBT o T N L B e

s

238 37a~3.7b~3.7c~3.7d #5F -

2 24 (X, Y, 2)

X=X + (X, —X)t (3.7a)
y=Y, + (¥, =yt (3.7b)
2=172+(z,—7)t (3.7¢)

f d —ax —hy, —cz,
a(x,—x)+b(y,-y)+c(z,-z)

(3.7d)
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3-2-2 A_[F & e Il ks SR B Ok 4 47
1. f§ R & i# (Sense Threshold)
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ks 3R WA IR W F LTS RGBS F L
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TERRE B3R IR BREST)T 2 2R > doo 38 3.8 #5571 o

Bol ko £ A hE £ (F)s 260mm > & % (Fy) % 105mm > &_F(Fg)
L251mm > FR T R R E S EEFE B B AT BRI
3T o BRI EAE 245MM2 3 7 4s kB4R ST T R
Bt 245MM 2 B A (Lo)eh¥e+ S &3 0 “T“f & B 5 (ST’ P 2%
6MM o £ i — ¥ eriplzd e # ME F FA & 242(Lp)~249(Lg) MM # B 2
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Tk S FAER ??*gﬁ$%?é%%ﬁ§ﬁ?£%%%
JRoo #Tri gt A T B E R R 5 249-242=7MM > 42> 30 3.9 1o o

& TM % 55§ 7 e B (ST [#5 4 %,1999] -
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ST =L —L; (3.9)
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2 258.77 105.72 252.32 254.12 248.16

3 259.44 99.53 242.43 244.89 235.95

4 ; ; ; ; ;
5 B} i} - - -
% 5-3b @%l DB A s T2 BB TR

+ R ¥ Fl& * R LR

(mm) (mm) (mm) (mm) (mm)

1 285.58 97.74 253.99 265.34 252.44
2 282.11 98.66 252.94 262.53 253.68
3 287.28 97.03 254.45 264.45 251.81
4 284.08 98.98 255.11 256.25 252.63
5 285.88 95.14 251.70 261.66 248.74
6 286.18 100.33 253.35 263.64 251.49
7 274.36 97.37 244.18 245.60 239.21
8 282.36 93.19 244 .87 261.47 244.69
9 276.15 93.64 238.21 251.06 235.69
10 280.71 96.78 248.02 259.14 247.70

NP A AT TR o B 0 BT R o s

%
@
7/
e
FURS
=

e

FAL 8 A N H RN e PR B A

BT Fa A BHETH TR

—

4Wﬁﬁ%gipfiﬂ’@%

A~

oS ZESET L FRT KRR A 1 405 16 aik

i

-G ol i 10 A REfEAE A ARG WY S B £ o

MEELFEAMMri R E R - FP A il RIRA R F L AR ERS

72



BB R e » i&{i&mm v EERArd 54 417 o

54 R BAE R 2 By ks TR

£ R R ¥ F& Rl LR

(mm) (mm) (mm) (mm) (mm)
1 285.58 97.74 245.99 257.34 244 .44
2 282.11 98.66 244 .94 254.53 245.68
3 287.28 97.03 246.45 256.45 243 81
4 284.08 98.98 247.11 248.25 244.63
5 285.88 95.14 243.70 253.66 240.74
6 286.18 100.33 245.35 255.64 243.49
7 274.36 97.37 236.18 237.60 231.21
8 282.36 93.19 236.87 253.47 236.69
9 276.15 93.64 230.21 243.06 227.69
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tw1127.stl 0.000 0.000 0.000
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