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‘ Machining by Laser Photopolymerization
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expand _feature_curve(halfedge start)
vector<halfedge>detected_feature
for halfedge h € { start, opposite(start)}
halfedge i’ < h
do
use depth-first search to find the string S of halfedges
starting with 4" and such that:
e two consecutive halfedges of S share a vertex
o the length of S < max_string_length
o sharpness(S) < ). .cs sharpness(e) is maximum
e no halfedge of S goes backward (relative to h")
¢ no halfedge of § is tagged as a feature neighbor
h" « second item of S
append /' to detected_feature
while(sharpness(S) > max_string_length X T)
end // for
if (length(detected_feature) > min_feature_length) then
tag the elements of detected_feature as features
tag the halfedges in the neighborhood of detected_feature
as feature neighbors
end//if

end // expand_feature_curve
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expand_charts
priority_queue<halfedge> Heap sorted by dist(facet(halfedge))
set<edge> chart_boundaries initialized with all the edges of the surface
// InitializeHeap
foreach facet F where dist(F) is a local maximum
create a new chart with seed F
add the halfedges of F to Heap
end // foreach

/| Charts — growingphase
while(Heap is not empty)
halfedge h < e € Heap such that dist(e) is maximum
remove h from Heap
facet F « facet(h)
facet F,,, < the opposite facet of F relative to h
if ( chart(F,,,) is undefined ) then
add F,,, to chart(F)
remove E from chart_boundaries
remove non-extremal edges from chart_boundaries,
// (i.e. edges that do not link two other chart boundary edges)
add the halfedges of F,,, belonging to
chart_boundaries to Heap
elseif ( chart(F,,,) # chart(F) and
max _dist(chart(F)) - dist(F) < € and
max_dist(chart(F,,,)) - dist(F') < € ) then
merge chart(F) and chart(F,,,)
end//if
end // while
end // expand_charts

O4.10: 0000000000
(Lévy[49])



4-16

T
s
L

i
Fiep
-y

e

i
o T
i 1

Pt
FORAATATE SO0

A
raATAE
AL A
e
s

&

!

Ty
£
AT
ELT

P
%

a b

O411: 000000000000
(Ub0000000b Gooooboboooo



4-17

452 STRIPOOODOO

gobooooboooooboog STRIPOOO0OO0OOOOOODOOOObOOobOOODO
gobooboobooooooboobool1oboboobboobooboobo 100 STRIPOOO
googbooboooobooboboobobooboobobooboboobobo
OoDDoOOOO00OoOooooooo STRIPOOOODDDOOOO

gobooboooboboooboobobooboboobobobuoboobobooboo
gbobgboobobooboobobooboobobooboboooobooboon
guobobooobooboboobobbobooboboobobooboboubooo
gooobboboboboobooboboobobooboobobooboboobobo
goboobooobobobbooboobooboood

. Jbodbooboobbooboobo l1obodboboobooboobbo
d=1000000

2. 000000000000 DO00bOO0bOOO0O0ODOO00bOO0d0bbO0o0bboOog
Oddd+10000000DOO000O0ODDODODOOOOODDODOOOOODO

3.4d000 10000
4. 2000000000000

gbobououoobobo4i1200b0boboobooboobobooooboobon
gogod

0412 0000000000000

gobooboobbobboobobob STRIPOODOODOOODOOODLOOODOO STRIP
ooooooo STRIPOOO0ODO AO0DDDOOOOOODODOOOOY nAO nh+l(n=1,2,...)
gooboooooog STRIPOO0O0OO0O0ODOOOOODO ROOOODODOO STRIPODO
gobooooobooboooboo STRIPODO0OO0O0O0OOOO0OO0OOOODLOO0ObOOODO
gobogbogob STRIPOOOOOOO0ODOOODLOOODbOOObOOObLOOobOODbDO



4-18

gobodobooboobooboobooboobbobboobobbobbon STRIP
goobooooboboooboooob STRIPOO0OOOOODOOOOD STRIPOOODOOOO
gboboboooobob STRIPOODO0OOODODODOObDODbDODbObLODbDOn
guobogbooobbobboobooboobouobouobooboobbob

04130 000000000 STRIPOOODDOOODOOODOOODO0O0 Uubooooon
gboboboogboboboboobobooboboobobbobooboboobooo
gooboo @GUoUb 12000000000000000 STRIPOOOOOOOOODOOO
OO0 (cpb0obboooooboobeobboboboboboobOobboobOobDobbDOoDbO
googgo



4-19

-

ol
i)
)

=
DR,

N
LT
) 0

gy
il
L

vl el
Do
S

SRR A

i R
AR
DR B

0413: 000000000000
(0000000000000000 ()STRIPOOODDO
(0000 STRIPODODOOOO0O



4-20

453 0O0O0OO0ODOOOOOO

gbobobbooboboboobooboboobobooboboubobooboobon
gbobgboobobbobobboboobobooboobobbobobobobooo
STRIPOOUDO0O0OO0O0O0ODOO0ODO0OOO0OOOO0bLO00bOooboobooobooooboog
guobogboooobobbooboobooboood

gbhobobobobooobobob STRIPODODO0OOODObDODDOODODLDOn
gobooSTRIPOOO0ODOOOO0OOO0OO0OOO0OO0OOO0ODOO0OO0OODOObOOODO
41400 000000000 (@O0O000 STRIPOOOOOO0OO0OOO0OOODOOOO
oooooboooooobobboo0 uobboooooooboboooooobo

gbobobboobobooobooboboobobooboobuobooboboobon
ooo415s00b0o0oo0oboobooo0ooooo0oobooo0obobooooobobooo
gbobogboobobbobooboobobooboboobobooboboobooo
gboobouoboooboobooboobobobooboobboobbobbobbon
gooboooboobooobooogobboobo STRIPODOOO0OOOOOOAD3DO0O 1000
guobgoboooobboobooboobboon

SIS

7

Y,
N

§:"§
\AY,

Ay,

7AN)

7

=TT
L]

.

£
i

A

N

77
57
Ty
WL,
AV

y=

Ny,

727

L7
7Y

Z

AN
o,

bz

Ay
ﬁ'ﬁ'%%‘%‘ N
N
\Q@;@%ﬁﬁ}%\‘

i
<

=

AN/

\
N

N
N7
\\\\N <

~
Ay,
AVAN

Iz
L1
G
<
A\

/7

-

!

0414 STRIPUOO0OOODO0ODOODOOOOOO

(R

WL NN

U INNNSESS

gy SN NN

SN “'A‘m NNN
S VANSNN

N Y

<1

0415:00000000000000000000O

gbobobboobobobooboobgobgooboboobobooboboobobbon
goobooooboboooobobooo41e0b0000bDO0O0OO (@ OOOonD STRIP
ggooobooooooboobobooooooobooooobobobbooooooD ooooo
gobooboobbobbooboooo



4-21

goooboobobooobooboobooboboobobobobooboboobon
oo 41700b0o0o000ooboobooooobooooooboooooboboooooooon
goooboooogobobooo 41e00bbOo00obobobobooobbboooobbooo
guobogboobbobbooboobobobooboobouboubooboood

AT TN
M5
NN

T
AoEa T
EESAINEN

)

A
4

R

(a)

0417:00000000000000DOO0O0O0O0



4-22

goboouoogoooouooon

goooob41700000bobbo0o0ooboboo0oooooooooboboooooDo
googd

goboboboboobob22b00boboobooboboobobooboobon
goos3ggoooooooboooobboooobbooooboboooboooooobon
gooobooboboobobbobooboboobobboboboboboobobo
gobogboobbobboobooboobouoboobooboubbooboo

1. 000o0000oobboo0ooooooooobo FOOODOO
2. FO000000O0O0DODOO0O0OOODOOOOLDOO0OOO

3. FO0b000ooo0 Logoboooooooboobboooboobbooboboog
UFO0000O0 LO00O0O0O0OOO0O0bbO0ubDboobooubL coboguoo
Ooobbobo Lboooogboboooobboooobobooono4a8b 42000000 F
ggobbobooogdboboooooboooououbbooou Lubboogo
oo Lo oooou Lobboooubbuooooooa
gbdb LrLgbgbobuoouooooogn

O0100 L0000000 Logoob1oooooooobob 20000 L0000
good4.1800

OO0200 LO00O0O0O0O0O 04190000000 L0000O0DOD2000000O0
gb100b00 Loogoooo 419 00bobobobooobooooon
gbobobobooooooob20b0b Lobobon

O0300 L0O0000000 04200 )OO DOOOOOOOOO LOODDOO 20
gb0obob 1ocoooobboooo2b0 L0b0boobo420c0oonon
gob3dgobooubooilobooooobooboobooooboo2n0000n
Logoogod

4. FOOOOOOO3. 000000

)

0418: 000000000100000000



AVAVAY
W I

O419:000000000200000000

7\ ) /. /AL ‘ Wi .

(a)
\;\ \
‘ - :

0420: 0000000003 00000000



4-24

goooooo

gbobobooboboobobboboobobooboboobobooboobon
gbobogbooboobobooboboobobooboobobooboboobooo
goboobooboobooboobooboon

Ooooougbooboog STRIPOOOO 4210 00000000000 000O0DO0O0O0
gboboboboboboboobooobonooooooo42ippoboboboonog
gboboboobobboboobobooboboobobobobooboboubooo
goboobogbbobboobooobbooboobooboubooboobd

gobooboobbobboobooboobooboobogob

. 0ogooooboooboooobogubooboooooboboobooobogoo
goo

(g UO0ODODLDODODODOUODO LODODOO

() LOOOOO0OODO1000000000000O0O00O00000O0O0O000O00O0OO
O (delete_vertex_percent) 1 000000000 0OOOOOOOOOOO

() 00000000000 (000000000

2. 00000000000000 (mindist_from_outerloop) 10 0000000O0O0O

00000 delete_vertex_percent 0 1 [0 85% U0 0O 00O mindist_from_outerloop 000 40
0000000000000 0D0000 421(c)00000D00DO0000O0ODODOOOOO0O
odooooooooooooooood

0o0ooooooboooooooo 4170000000 STRIpPOOOOOOOOOOOO
0000000000 00000000OoOoOoDODOOOo0g



4-25

P
o
ey
mja;;@ue«» R
el e\ Gy it AT
e e ey iy
CEEREN B
Ay ara i Ay
ik e AL
St b
FIhY
=
7 pFdd
AN S P
R A e
e iy T =
T v e
AT on T ATATS
AT S oyt AT
ARy ST
B
roge it Sy
04y D eV,
i TR
Sl Uy
ey i
e A By, ey

R iy

£ Dt ey
KA
AR

e
P A
e b

TATTNE S
R

e L ¥ .3

!

T e Lt et i
B i R

5
ik R
A R PRl Al
A AR e Rl
"‘I#{%"és":“"i A s

=
EngATE AR

iy L
AR
B R
Pl A MR,
e e
sy B
LRE Do

i
LRt
e e
A
R

L

7 R IR
PN e r il
s R et
e e ) AR A £
g e A
e e b

il I v Ik

R ] s

o

5
&

e Tt A P
B L E ey U [
AL AN
R
L myw n f TATATE

e ST ST
A o
polri i e

i AT o
Ay

P Uy
G
SRR

h R BT,
e P T cayw 4B M W Vi
A AR
Rl R R,

s
o

0421: 000000
@STRIPOOOOOOOOO (G)ODOOOOOO STRIPODOOOOOODOOO cpbOOO
god



4-26

454 0OO0OODOO

gobooooboooobo STRIPOOD0O0OO0OOLOOO0OOOO0OO0OO0OOO0OOOODOO0
gooooboooog STRIPOOO0O0O0O0ODOOOOO0OODOOOOOO

goboobooboboobooboboobobooobobooboboobobboo
goboobooobooooboooboobbooboboooboooooobo33nooood
Ooooobosteitd0dooooooooboboobooooobooobooooobooo

gbobobboobobboobobbobobooboboobouobooboboboobon
gbobgbooboboobobbobouobobouoboboobooooboobogan
goooooobooboboobooboboobooboobobooboboobobo
200000000000000DO

goooooo

000000000000000000 42200000 4220000000000000 1
000000200000000000000000002000000000100000
000000000000000000000000000000000000000000
000000000000000000
000000000000000000000000000 42300000000 (200
0000 (DO0000000

)

0422:. 00000000000



L
4 l“h"'i-'r P nﬂ;ﬂ

g, v Yl
= ,j.m%umm
r_.._'r'-r_ Ej.'r‘.f‘l %%‘:t&"#ﬂ E‘-
""‘?ﬁﬂi‘&#}h‘iﬁi%d i
AN Y
gﬁ,-,*m T DA
h Pl a
fr 1~ ﬂ.ﬂ.‘!
.i‘l'iﬁll;‘

i

'lh- »
‘““i X T .#.E;ﬂ-

T_-"','i‘i‘l. .Euu'- nr T

e

'1

.’ Ay
o &
i.'-ﬂi A i) r ﬂ"’h‘ | "ﬁ‘éﬁ#ﬁ‘# EE F&, ﬁﬂ‘ }T ﬂ :#ﬂrﬂh

i R T o
2 mr# I
l\-q'.‘! Ll L

0423 0000000000000000
(00000000000 (00000000000

“T.,_acdxv‘rav"" j_| $
AT s
AR
b A

-rJ"'.nr'q ""‘r‘-.. o AT AL A g
n- At l‘?‘:‘?ﬁﬂ"‘ﬁ }T"-;m#::m

g T g.%v.m “‘im ;,.*,ﬁ -‘1;;1,;
A
i e
NI i S L vt L

sty ARG St

4-27

N, PP Ta T
d-:;}ﬂ‘:ﬂﬂﬂh
A e ﬂ.‘!ﬂ-‘-—

ST -1.1;“-

nﬂ'ﬂﬂb

o ‘h‘aw:"'

.,-.-gnmw;,




4-28

goooooo

gboboboobooooobooboboobobooboboobooboboobon
gobooboooboooooboooooobobooboooobobooooooobooboboOon 410
Ooooobooooooboboooooobo e3ooooo

1 (S
pn+l[l] - an[l - 1] + Epn[l] + an[l + 1] (41)

000 pl(l000000000000000 pli-11,pli+110000000000000
0200000000000042400000000000000000000000000
000000000000000000000000000000000000000000
00ooo0oooogo

0000000000000 000000000000000 TOO0D000000000
000000000000000000000000000000000000000000
00000000000000000000000000000002000000000
000000000000000000000000000000 4250000

pli-1] plit]]

0424:00000000000000



4-29

ek
o
2 e

FE i
AT
e e

AR
AR,
ErA L L
PR
BT LA
IRy T K
X AT B e
SRl RO
T FAVATTO e i

2
i

L ¥
Sl
g‘m‘b‘"""““““‘

£l

P
SO
) ;
Y
o A s e ey A 8
A s g
5 A aRAIng Al A, & N R 2
v A w oy a8l P A [5F Ay
R AT ERE AR & Tavir et WA DR
ey e s At e A Y e S
e e S e S SRl S ok
S W RO A o
RN N0 et Ty S "
I i, e T
o Ry iR AT e
GrrCin S SR e
FEs e E A S A
e T E DR B T
U AT BT .
5 R s
IF x
ELAT
4
AT
TR
o > ik ‘gi‘hw‘.uu

prLYaTay

ST -
K AT A i) AR A,
Gl =i VT NS Sy T Lk Hiv W
R PO HRE

R AL

0425 00000000000
(b0000000000000 )OO OoOooOoobooobog



4-30

455 0000000

oooboooooo STRIPOOOO0OOOO0OOOOOOO0O0O0ODODOO STRIPOOOO
gobooboobooboobooboogbobobo4s3gobooooooooboonon
oooooboooooobbobooog STRIPOOOOOO

goobooobobooboob4300b0oboooboooobooboobooooboobobn
O00o0o0o0oooob0obo0ooooooboboobD0DUbO0obD Garland D [541000
O00000b0DO0O0O000 Edgecollapse 0000 O0DOOO0O0OOODOOOOODODODO
000000 Edgecollapse 000D DODOO0OO0OODOOOOOOODOOOOOOODO
0000000000000 boDo00obo0obo0o0ooOnD Edge collapse DO OO OO
gooooooooooboboobbobbobobobbbbobObObOOUbDUUbLObOUbOOo
O00000000 Edgecollapse U0 OO DOOOOOOO

O0000DDO0O0O00000bDDO Edgecollapse OO OOOO0ODODOOOOOOOODO
OO0 Vertex decimation[64] D O OO 0O0O0O0ODOODOOOO0OODOOOOOOODO

gooobboooobobbooogob 42000000000 0O000ODOO0OODODO 32300
ooo

gy

St |
E%ﬁm;

Ui\

0426:0000000000



4-31

456 UO0O0O0O0ODOOOOOO

gobooogooo STRIPOOOODOO0OOODOOO0OOOOOODOOOObOO0O0O0
gobooboooooboboobooobooboogo STRIPODOODOOOOOOOOOOODOO
gobooboobbobbooboobooboobd

Ooooobooooooobob 427 00000onobO Oooooobooboo STRIP
goobogbooboboobobboboobobooboboobobboboobobo
goobooobbooo@bobod b0 STRIPUOOOO0OOOOOODOOOODOOO
guooggogd

goboboobobooboobbobobobobooobobobuoboobobooboo
STRIPOOO0OO00O0O0OOO0OOO0OO0OOO0O0ODOO0DOOODbOObOOOOOooD3b000o0oo0n
goboboboooobob STRIPOODO STRIPOODOOOOOOOODOODLOOOOU
goboobooboooogos3s3gbgoboooooboooobooboobooon
gobooboobbobbooboobooboobooboan

gobooboobooooobooboboobobooboobuoboobobooboo
gbobgboobobbobooboboobobouoboboobooboboobooo
gobooboobbobboobooonon



4-32

(©) (d)

0427: 00000000000
(000 (O000000000000
()0000000000000 (00000000



4-33

46 UJ0O0OO0OOO

gbobobobobob40bbobobobobobobobobobobobon
gbobgboobobbobobboboobobooboboobooooboobooo
gobooooboog

gobooobooobooobooboobo 490000000 (AD 14,1760 000
oog @Go 1199000000 Cuuoobbobooooooooon

ooogobOg428004340000000000000000O000O0000O00ODO0ODO0OO
gobogboobobbobobbobobbobbobobobobooboboubooo
gobooboobbobboobooonod

(a 00O0ODOODOODOODODOO0ODOODOODOODOODODODDOODOODOOOnOO
00000000 (mOoooo (A)0.060 (B)0.070 (C)0.10 max_string_length O O (sl)
00000 30 min_feature_length 00 (fH)OO00O (A)120 (B)8O (CO)90 OO OO

(b) 000000000000 0O000O0DO00O0O000O0O000O000DO0O0 eOOOO
distance_to_features 10000000 (A)(B)%D (C)}LDDDDDDDDDDDDDDDD
00000000000000000 (A)2%0 (BY(O)5% 000000

() STRIPOOO00DDO0O0OOO0ODDOONDOO STRIPOOOOOOOOOO (A)110 (B)C)10
000000000000 STRIPOO0OO0OO000000O00000 (A)2500 (B)(C)80
0ooooo

() 0000000 STRIPOODOODODO0OO0OODOODOOODODODODODOOO
000085% 0000000000000000000000 (AXC)60 (B)40000
0o0o0o0oo0oood

(e UOUOUODOUODOODDLDODOUODLDOUDDODODODOUDODDODOODOD 200
gododbgbobobobobon

(h booooboooooobbooooooboobooog

(g STRIPODODOO0O00OLOOOOODOOOOOOOOOOOOOOODOOO0OOOOOoOD
gobboobooon

(h) OODOO STRIPOODOODOOOOOODOOODOOOO

() D0O00D0DO0oDO0ooO0b0obO0o0oDAfOD0OD0ODDOODODODODODODOODOODODOODOO
gododboobobobobooouoobooboboob30bo0bobonDo



4-34

(a)

=i
Erie

L
A
%Y/
i

BN
BREEE
R
B R SRR S A
RpRR
EEE
g ey i i
vl AR ;
NN
L5 s g i o M A R N R
SR N7 NI NRNR R
L, Eezzunis it
S R A RS A L N R R
e R R T A R R 4
R P T GRE
R R Lt AR A R R
N P N
NGy =R g T
R A
i

ANRERY
AR
RN
BT
i

(b)

7y

SR
i
i

)
K] Fay
1 Sy
i 1§§¥§5
nr T
] CEREE
IR LR
o s
Bl

o
]
e

=
N

=

s}
)

<1
=7
=

L=

<5

i

JR

ITEEY

IR

AT R
S

Y

TN
S
sl
avvs U s S N
s b
XA R
Saviav At oY)
SRS
SAX A2
e A
i

il
4y

&N,
o
X
=
e

Y
g
Sy,
g
:

iy

T H
s
r’:ﬂ“'

AR
A A&",‘
i

N
i

i
il
o]
SR
dﬁ“‘é
)

Ty
e
g

a\'gwm{lj’lﬂ,ﬂ,%

Ly
AR

Ferok Y]
S it
N
R X T A7)
e LA
o i vl

‘mmﬂ' \
LB
gl

0428: 000000000000 1
(000000 (b)00000 (¢)STRIPOO OO D



4-35

(d)

¥4
5
17

EORRSCY
4
i P R S
S ol
a»fé‘”ﬂ?%??"ﬂ#ﬁ%ﬁ? FUTR SRR
A T
iy RSP TR o
A«ng@%’i%%%%555?,%*!&‘%%?“?5&‘&5&%;;mma‘n‘g%
e IR ‘qmmnag',42,4muarmv.g,‘1“_ it “'N“Nggnm‘
e R e e A N TSR
e, SesCEemEe A i SRR
SRR sgﬁgﬁ%ﬁ%qﬁ%‘}‘ﬂﬁﬂﬂ"‘"“‘\\“‘Nﬂiﬂ‘ﬂﬂﬂlgﬂl
e GRRESECE AV T
3 KR A A A AT S
.\;»‘n\ﬁii!ﬂl’##r ““%’5—35::%5;?3%?"‘1 SRSl

ARG
N
LA
0 N
A
FATA

2

i
A
AT

el

B

Ry
ik

AT IS T

iy ”

N TSR e
TRk,
IR ey e
A D A R N e N

A e e S R i R

o gt et L AR SR AR

AR SRS A R K N R R R

et R R L

aa s R O I e
e s ' SRR SR Sanail
e T E A Ty \\“‘“ﬂjﬂul\ i
e AR e

AT N
T, A
e

0420 000000000000 2
000000 () 0000000 (H0000000



4-36

(h) v&\[jf“wfﬁ

0430: 000000000000 3
(9900000000 ()OO0 ()0000000



4-37

%'-::eil‘w‘\\""‘
AT

e
S e i
e draven i i
g Yivi i ‘Hllﬁ“
el e i
R A
TR MR A
SRS el

V.Y,
fes

2
v
g
L0t

AT
—

(a) (b)

i EELER i s
{7 ] TNy ) B! LR
gy gt g A
E fy,‘l/’@rp,ﬂ“_ 2 1 lﬂ"‘\v‘l\‘
i e R el
Hifiia ST L i
g et B TR A o o
e S Wiy Y (e sesrnm G o E Ny
% PRV e AR R A Ao
: i,y eon \ SRy s
e i A oo R OO
e A O SRENRNNRRRRNAL oo ST R
i Sl e e T
SRR S N -

AR
i
Vi
LA
e

SENE

e
e
o
BT

W

";‘ g,'.r,.l.

oy,
VY

0,
f

(©) (d)

0431: 000000000000 1
(000000 (b)00000 (¢)STRIPOOOOD (000000



4-38

BN
A 3&th§}$‘§
’ﬂlf ‘uv‘,*gg‘.
it gt
ey ik
N et
g
|,

.;1,
)
Vi

oA
iy,
A
it
AT
S
A4

ik
WX

AT

R
ja)

VAVAVAYATA®
VLYY

rar

TATAVAYATE)

g
g
i
i

A
=

i)
5 i

T
AT
#
o
e
(VY
%

7
2
e
2

s
s
o

- ‘hm#' L
el
NS
VA

TN

(e)

7
L&Y

PV

(2

(h)

0432: 000000000000 2
()0000000 (HOID00000 (900000000 (hOODO



4-39

N

i
=

A T A Ll
i o s A s

S

Fiy * R ;
ks Pkl NS
vﬂ«» Dt o Sk Ty LriEri] L

o
iy
s

e m-lb A ¥ b
ey

(S =
e e
WAL

mASEETR R A i

e =
= RS e

)

(

)
)

a

(c

(

00000000000 1
(000000 (b)00000 (¢)STRIPOOOOD (000000

0 4.33



4-40

(2) (h)

0434: 000000000002
()0000000 (HDOOOOO00D0 (»00000000 (hOoOoOo



4-41

47 00O00O0OO0O0OOOO

gbhobobobooobob STRIPOOODOO0ODODOODOObLODbDObDODDOD
gbobgboobobbobooboboobobouoboboobouoboboubooo
gobooboobobooboobobobobobooboobobooboboobLobo
gobogboobbobbooboooboobouoboobooboubog

gboobo33gboooooobobobobobobobobobobobobobon
gobogboobbobboobooboobouoboobooboubbooboo

33obboooooooboooooooooooooooboboon

Ctotal = Wcut_straightLcut_straight + Wcut_curveLcut_curve + Wcut_stoitN cut_stoit

tWhai fcutLbreak + (Wbreak + Wbreak_stoit)N break
+WpasteNpaste (42)

goboobooboboobooboboobobooboboobobboboobon
O STRIPOOO0O0O0O0ODOOOOOOOOOOOOO0OOO0ODbOO0OO0bOO0O0DOOODO
gobooboooooooboobooooboboooboooooooboog STRIPOO
gobooboobbobbobooobbobbooboobog

e JSTRIPOOOO0DOODOODONDODODOODONDONDODOOONODOOOOO
000000000000000000000000 Way_creLewrcurve 30 000 Low curve
00000000000000000000000000000O steit0000000
000O0oooon

o JOU0OOUODOOLOODLDUODLDUOUDLUODLLODbDUODbLbOUbLbOUODLDbOOD
gooodoooooooodooooooobooooooobooooooood
oood Whalfcuts Whreaks Whreak_stoit goodgooood

e 0000000000000 DDNDONDND0NDNONDNO0NONDDNDNONDNONONDONNoon
0000000000000 00000000000000000000000000
000000000000000000000 1.5em000000000000000
0000000 Npage = Lpaye/1.5000000000000000000000000
0000200000000000 Lpege = Loy/20000

gooboooooboobo4200000000000000O000O00ODOO0O STRIPODOOO
gobooboobboboboboobbobbooboboboobooboobg

Wpaste Lpaste

1.5

0 43000 Weyr_curve D Wpasee 10 33000000 3500000000000 We_curve =
1.I,wyywe = 7.700000000000000000000000O000O0OOOOO00
00000000000000004.1000000000000000000000000
00000000000000000000000000S5000000000000000
000000000000000000000000300000000000000000

4.3)

Ctotal = Weut_curve Lcut_curve



4-42

gboo3bdooobobuodbobooobobobouboboboobobooon
gboooobobuoobobdooboboobuoobobuoboboobuoboboobobuoubo
ggobbogoobooonboooobooubbooobooonbboonboooon
gbogooboboobobdooooboobuoobobuobobooboboobobuoubo
bbb oouoooonboouoooouooon

041:0000000

Lcut_curve Lpaste goodooo
aog 802 | 401 2942
oo 871 | 435 3193

goooooooooooboSim[Ss]1000000oooooouooooooooon
gos340b0obooobooboobooboobooboobooboobooob 4200
4300gboboboboboboobuoboboobobobbobobbbobobOobon
gobogo STRIPO0O0D0O0O0OOOLOO0ODOOOOOOODOODOOOD 2500 30000
goobogbooboboobobbobooboboobobbobooboboobobo
guobogoooobobbooooo

googa2so03o0oobooboobobooobooboooobooboboobobn
gbobgboobobbobooboboobobbobobbobouoboboobooo
gbobgboobooboboobobooboobobouobobooboobooboon
gobooboobbobboboobbobbooboobog

042:.00000000000000000O0OO0O00O00O00O00ODO

gd
oo

00
oo 11478 S5T77 3470 2869 2299




4-43

48 STRIPOOOO

gbhoboooobgoog STRIPOODOOOOO0DLOODOODOObLObObDODDbDOD
OO STRIPODOOOOOODODO455000000000000000 GarlandO [54]000
O00oobooOo0ooobbboOoOog STRIPOODOOOOOO Garland O [54]00000O0O
gobgbooboboobobooboboobobooboobobouoboboobooo
goobooboobooboboobboboobooboobuoobooboobon
gobogobooboo42600 STRIPODOUODOODOOOOOOOOODOOODOOODOO
gbobogboobobboboobobooboboobouobobouoboboobooo
gd

goboooobooboooboobooboooobobobooo STRIPODOOOOOO
gbooboboobooboobuoobobooboboboobobboboboobon
goboobooooobooboboooboooboobbooo STIRIPOOOOOOODOO
gbogbuoobogoobuoobooboboobooboobbobbobbobooobo
A550000000000000 STRIPOO0OOODOODOOO0OODODDOOOO ed Edge Swap[65]
ooooo43500000000b00000000 STRIPODO0O0O0OODOOOOOOO

i

—_——

@ (b)

O 4.35: Edge Swap

bbb bouboouboubbouooo
gbgbobobobuoouoouoobooboboan

l.eO0OOU0OO0200000000600000
2. e0 EdgeSwap U U OO OO0OO0OO 200000000 00000

3. <o00000 2.0 EdgeSwap U000 0O0O

o000 43600000000000DODODODOD2000000 1500000
goooooboooob440000000000DOOODOOODOOOODOOODO STRIP
O000000000DbODO0b0O0Db0O0 Edge Swap OO 200100300
20000bo0o0oooooboobooobobooobobo0oobo0oooboobboOoboboboOooD
gbobobooboboobooboboobobooboboobouoboboubooo
goboooboogo



4-44

044002000000 1500000000000

EEEREEE
000 | s02| 176
= 462 | 246
m’%}ﬁw’/‘ & /# %%\Wf/f“-
S it AN = Ui, <
X WAR "fm%w%&uﬁ%&%ﬁmﬁ"—%ﬁ&’ﬂﬂ\\\\i

(a) (b)

Ve e AR ) IR
=] = \UNAY V7 .q‘-~‘-’4.""\ -“

O 4.36: Edge Swap



4-45

49 0000O00OO0OO0ODOOODODOOODbOOOOO

gobobooboobooboobobooboboobobooboboobobobon
gobdoboooboobobgobobooboboobooboboouobobouabooo
gboobooboobuooboobooboobooboobobooboboobon
goboboobooboboobobbobobooboobobouoobooooobooo
gobooboobbobbooboobboboboobooboobog

0437 0000000000000000ODOO0DODOOODO0O0ODOObO0bO0ODOO
gboboboobooboboobobooboobobouoboboooobouboon
gobooboobooboboobobooboooobooboboobobboboon
guobogbouoouobooboobooooon

0437b) 0000000000 0O0OO0OOO0ODODOO437c)0000000O0O0O 4.37(d)
0000000000oooooooooooto

goboooobooboobooboobooboooobou42uboooooon
googboobooooboobobooboboobobbobooboboobobo
gooobobooooobobbooooobbooooobbboooo4270bb000obooon
g STRIPOOO0OODOO0ODOODOODLOOO0ODLOOLODbDObOObLDObObOOO0bOobLOn
goboogoogobbgn

goboobbo0oboooooobooobbooboono STRIPOODOO AOODO 427000
gbhog20bb0b0boobooboobo438bonoo438pooonoooonoo
gboboboobobboboobobouobobouoboboobooooboubooo
OO0 15em0 0000000000 0O0OO0OODO0OODO0ODOOOODOOODOOD 198800
goobooobogobobooz204bb0000b0ooboooboobbobooooooon
gobooooboog

gbobobboobobooboobobooboooobobbuobobbobobbon
gobogboooboobood

o JUUOOODUDDOOOOODOOODOUOOUOUDLbOUOOUOOOULbLObObObOUOU
gbdbobobobuoooooobobobobooa

e D ODODODLOOOODODLDUOUDUODODODLDUOUDODLDDOOOLDOOOOn
gobooboooo STRIpO0O00OO0OO0OOOOOLOOOObOODObLOObLOoODOn
gbobooupoobobogbuboboboboboboooooooouooobood
googd

e HOODLDODODLODLODOOODLOOUDODLODLODODLODLODLODLODLDOD
gbobobobobooouooooboobooboobuobobobobobobob
gbobbuooguoooboobobobuobobobuoboouoboooboobogn
gbobobobboooobobobooooobobobobobobobobon
goboouoooubgboobobobooboooooooooobooooboogd
googd

'0D000000000000000000000000000000000000000000000000
gobboooooooobbooooooobbooooooo



e 1J00ID0ODDUODODODODODOUODODODOODOD B6eHODODOO
gobgobooboobodbbobouobbuoobuoobooboonboooo
gdbooubooboouboouooobooouon

() (d)

0437: 0000000000000O00DOOO0O0O0



i

0 438: STRIPOOOOO 20000000

4-47



4-48

410 OO

gbobobobooboboboobobobooboboboo STRIPODOODODO
guobggbooobbobbooboboboboboobooboyd

gobobooboboobooboboobobooboboobobbobooboon
gbobogboogbooboboobobbobooboboobobouobobogboon
goboboobobboboobobooboboobobboboobobboobobo
gooobooooboooooboooobobooooboooboobbooo 20000000
gobogbogbbobboobooboboboboobooboubooboood

gboboboboooboobobobobboooboobobobooo STRIPODOOO
goboooogooog STRIPODO0ODOOO0OO0OOLOOOOOOO0OODOObOOObOOOOO
gbooboobooboobooboobobooboboboobobobobobobbon
gbobogboobobboboobobboboobobooboboooboboubooo
goboobooooooboooobooo STRIPODOOODOOODOOOOOODOODO
goboboobooooboobobooboobooboobobooboboobobo
gboboboogbobobobooboboobooboboobooboboboobooo
gobooboooooood

goo STRIPOO0O0O0ODO0OO0OOOOO0OOO0O0OOO0O0O0bOO0ObO0bObOO0DbOODO
gobgobooobooooboobobooboboobooboboobobooboon
gobobooboboobooboboobobooboobobooboboobobo
goboogon

goooboobooooboooboboboboboobobooboobobooboo
gbobogboobobouoboboobobooboobobooboooobooboan
gooobobgobo STRIPOLOOOOODOODOODODbOODLOOOOODOnDO STRIPU
gboboboobobbobooboboobobouobobooboobobbuobooo
gbobgboobobouobobooboboobouoboooooouooboboobooo
gooobooboboobooboboobobooboobobooboboobobo
guobogoboouod

gbhoboboboobobobobono STRIPODODO0ODLDOOODODOODLOn
gbogbgobobooboobuoboobooboboobobbobobobobon
googbooboobooboboobooboobbobbobboobboobobbon
gooo STRIPOOOOODOOO0DOODLOOODODOOObObObOobDOoOoboOobLOon
oobooboog STRIPODOOOOOOOOOODLOOOOOOO0OOOOODOOOOODO
gobobooboboobobooboooboboobooboboobobooboon
gobogboobbobboobooobobobooboobooboobooond

goboobob 1oboboobooboboobobobobooboboobobobon
STRIPOOU0OO0DOOOO0OO0O0ODOOOO0O0OODOOOO0OO0O0bOOOOo0OooDbobooboOoOoOoo
gobooSTRIPOOOO0OOODOOOOOOOOO0OOO0OOOOO0OOOObOOOobOOODn
gooogbooboboobobboboobobboboobobooboboobobo
gbobobooboubobooboboobobboboobobouobobouobooo
gobooboobooobooboobn

goobooobooobboobog Lewyooooboobooobooooboooobo



4-49

bbb oobbouboouoooobooboon
goboboobobbooboboboobobboooboobbD AlllezOOOO [66]00O0OOO
bbb bbooobbooonboooon
gboobooboboodbobdooboboobobobuoobobuobobobobboobo
gbboobobobobbobobi1obobobobobobobo STrRIPOODODOO
goooooobooboooboobobobooooboobobbooboooobon STRIP
gobooboobbooobooboooooo STRIPODOODOOOOOOOODLOODOOODO
bbb oouboobboubooun
gooobooboobooobobobobooboboboobooboboboobogo 1ooo
bbb bboonboooon
gbgbobobooboboboon
gogtdbboguooounobooubboooobobooobooobbooobobooon
gboboogbobgobo STRIPOOODLDODODO0ODLOODODbLOODObDO0bObOoDOn
gbooooobobogboboobobobuodbobuoobobuobnboobobuoubo
ggtdbboouboooobooobboooubbuooobboobbuooonboooon
gbgbdgbobobuoouooobobobobobuobuoboobooon



4-50



LS50

Joooobgugn




5-2

s

Joooobobggn

gobooobooboobooboobooooooboooboooboeobobbOoonDn
bbb bboonboooon
gbogoboobobobbobooooboobuoobobuoboboobuobboobobuoobo
gobooboobooobboob oouooooboooboobooboobooboboboobo
gbogoboobobbogoobodooooboobuoobobooboobuobnboobobboooo
oo booubbounbooon
gobooouogoooo



5-3

50 00000ooooon

gboboob213gbgbooobob3pgbooobobobobobobuonoon
goooooobooooo3boobooo20b0b0oooooooobooboboboboon
goboobooobooboboobooboboobooo3goboboobooboobo
gbobogbooboobobooboboobobouoboboobooboboubooo
gooobooboboobobbobooboboobobooboobobouobobo
gbobobooboboobooboboobobooboboboboobobogboon
gbobogboobobbobooboboobobooboobobouoboboubooo
gd
gobogboobbobbobooobboobooboobouoboood
goooooboooboboooboobobooeotg 1soog 3eooooonoooboon
goool1gbobooooobooobooooooobbooobobboooobooooobon
gooboooobooooe7esiuuboogbbooooboooobooubboonoon
gbbooooooboooooobobobobobooool1ooooboobobeounon
goboobooboooooobooobogooo)bboooboooboobobooboobo 180D O
gooooboooooo aeouo)oboooogooo
gbobobboobooboobouobobobooboboboboobuobooboboobon
gobooooooobobobobobolgbobobobuoboboobobooooon
gboboobobobobooiloboobobobobobobbobob Rjoboon
gbobobouboobobooboboobooboboobobouoboboobooo
gobooboboobooboobooboobobobobooboboboobb 1oood
gogoobobooooobobooooboboooobobooooobbooooooD 1oL bOO
gobooboobbobobooboobbobbobbobbooboboboboboon
gogs2nbogogoeoboooobboooobbobooooooboobooooboon
ggs3ooooboobooooboooboobooboobboobooboooobooboo
goboobooooobooboobn
s40000b00oobooboboboobooboobooboobooboobOoboboooboog
gobooboobbobboobooboobooboon
goosstogboooboooboobboobbo ooooooooooobooooo
goboobooboobooboon



5-4

52 0000000090 0D0DLO0OOOoOooOoDO

gbobobobobobobostboboboobobobobobob eccooo
gbogbooboboobobdooboboubobobboobobobobobobuoobo
goooboobooboboobob pCOO0DbDODOODO0ODbDO0ODbDO0ODOODO
gbogbgogooo

52,1 0OOOOOOO

0000900000000 300000000000000000000000000
000000 51(0000000000000 ()0000000000000 (b)0 (d)0
(e)0000000000000000000000000000000000000000
00000«0d0000010000000000000

a+b=c+d 5.1
00000D0O0b0O0obDOo0ooooooon
a+d=b+c (5.2)

oobod ®Gobsigoooooooo1boobooboobobD oo s20b0dgn
goboooobooobooboo@uoboobobooboobboobobD eobooboboobo
gooboooobooobboooobobooobbooooboosiaos20bdda=ceb=d
guobogbooobbgobbooooo

at+b#*c+d at+b=c+d a+b#c+d a+b=c+d

¢ a+d=b+c a+d#b+c atd#b+c a+d=b+c c

0s1:000oooo0ogoon

Os2000000000000000D0 @UO00ObobO0®GUOooOooDgooeo ooodg
gbogbuogbobooboobooboobooboobbobboboooboon
21j000boboogbobooboooboboboo0oooobboooobbooooboooobobon
gobooboobbobboobooboobooboobooboob

ooooobos2a@uoobobbobobooooobobooooooobboboooooooon

522 0O000OO0OO0OO0DOOOOOOO

gooobobooos3sggooooooobooooboboooooboooobooooooo
goboboobo ccubobuoobooboboobobooboboooboobooobo



(a) (b)

0s52.100b0o00o00ooboobooooooboooooon

goooo [ejoooobboooooobooooobbooobobbooooboboooobon
gobogboobobooboobobooboboobobooboboboboobobo
gooobooboboooboobobooo s3po @uuoboobboobooboobooonoo
gooooobobboooooobboobobooobobooobobooobboobooooo ca
oooooods3@U euibobioboboboooooooooobobooooboDo
goobooooobooooobbboooobooooboocchooobooooooobon
goboooon

z z
o o
X X
Y Y
(a) (b) (c) (d)

0s53:0000000000b0o0000

goboggogd

gs300o0oooobooooboobboobobooobooobbooobooboboOo 100D
ooo:1,00:0000 x,y,zO0 3000000000

cell[x][y][z] = {0, 1} (5.3)



5-6

ooboooboboobos2ubboobooobooobooooooobobooobooon s3d
gbgbobobobuoooooobobobobobobuobon

cell[x][yllz — 1] = 1 and cell[x][y — 1][z] =1
if celllx][yllzl=1(x>0,y>0,z>0)

cell[x][y]lz + 1] = 0 and cell[x][y + 1][z] = 0
if celllx][yllz]=0(x=>0,y>0,z>0)
5.4

ooooobooooo s4b0b0000ooobbooogg

gobooouooooood

gooobbooooboooobbo0oouoo s3(auuobooooooooooobon
gobooboobooboobooboobbooboboobbooobooobooo 211oogoo
o0booboobog S4a@U )oooooooobooooooooooooooooo
g

(a) (b)

0S54 0000000000000

0s54000000000000000DOOOO0OOODODODOOOObODDOOOOOn S.30
goooobboboooddxzOOOOOOOoooOOOOOOoooDOOOOoOooobDoD10O0
ooogob:,oo000 x,zO02000000000

isHole[x][y] = {0, 1} (5.5

00000000000000000000000000000000000000000
000000000000000000000000000000000000000000
0000000000

000000000000 54000000000000000000CG0000000
0000000000

000000 (eellli][jIk) 0000000000 (cell[i][jl[k] = 1 and cell[i][j + 11[k] = 0)
00000000000 OisHole[i][k] = 1000000 cell[il[j- (k—h) + ][/ 000000



00000000000000 55000000 A0 isHole[il[zZ]=000000 k0000
0000 z0000055w@0 (b)0O00A=00000000 j-G-h+10000000
O000000000000000000000 [{k-/10000000 5.5b)00

z

nnpnn
L/

(a)

O—=—=0O0OO

isHole

y

z

(b)

isHole

gss:gobopooboooooooccuonon

523 0OO0OO0OOOOOOOO
googgo

Oooobooooopooose(ioboboooobobooooobooog se(cbbod
ggbbboouoboooobuooobbooubboooboooubbuoobbooon

guoboogoogo

gobooboooobogb 1booboboobobbobobbobboobbobbobo
gogoose@U bU«ioobboooonoboboboooobobobooubobbooooa
0101000000 (a0 gUl0D0000OOoO0O0obbOOo0ooobbObOoooDbboboog
goooooboooobboooobooooboooobooob ooboobooobooooo
gooboooboobooboobooobooobooboooobosaobooooobooo
gobobooboooobooboboobobooboboobooboboobobo
guobogboooobobbooooo

051:00000000000000

oo

90°

180°

270°

HEN

g

o

g

goo

HEN

guobogboobbgobbooooo

gbobobooboboobobboboobobooboboobobobobooboon
goboobooooooboobooboooooosJooobooboobooboo

gooogon



5-8

1 e a

] f | ||

k g |l | o
1 h o |

(©) ()

gsedoopoooooogon

0s7.000b00000000000

Os5S7@U0i0b00obooooboobooo0 uoobooobooobooobobooobo
gboboboobooboboobobooboboobobbobouoboboubooo
gobogbooboboobooboboobobbooboboobooboboobobo
goon

gobdobobobooboboobooboboobooboboobo20b00obOon
ggoobobooooobboooooboooo 1ocooboobooboooobobooooobobooooobo
gobobbooboobobooboboobobooboobobouobobouobogan
gobobooboboboobooboboboobobooboobobooboboobobo
gboboboobouobobouobobooboooobouboobbobooboobogon
gobooboobooboooboon

. 000bobobooboobooouboboboboboooubobooboo

(g JOOUDOO0ObDO0ObOODO0ODLOObDODODUODODOObDOUODDLDObDOUODbDOn
gdbootbbooouboubbooubooobbooonoo

(b DOOODOOODOODOODOOOOOODOOOODOOOObOOOOObODOO
gobooboobooboobooboobbooobo



Hﬁ-..
T X X X

~_ |/ X X X

058000000

2. 00000000DbOO000obOooO0 10D o Gbbboboooobooooooo
guobogboobbobboobooboobouoboobouboubog

gbobob0obobobobobossboboboboboooboobobobob
gboobooouboobobobooouboboboboU (b puobobobobo
bbb x bbb bouboouooooog

gooooon

gbobobooboboobobboboobobooboboubobbobooboon
gobgbooboboobooboboobobooboboobooboboobooo
goboboobobouobooboboobobouobobooboouoooboooboon
gobogoooobobobbooboood

gobobooboobobooboboobobooobobobuobobbobooboo
gbobobboobobobobooboboobobboboobobouoboboubooo
gobooboooog

e 00000000000 5.9@) — (b)0



cellli][jIk] 00 0000000000000000 celllilyllz]=10<y< jand0 <
1<kh0000

e 00000000 DOOD 59() - ()OI
cell[i][j]k] D00000000000000000 celliliyllz]l =0 (y > jand z > k) O
000

gobogboboboboboboboboboboboboooboboboooobo e
gboboboobooboboobobbobooboboobobouoboboubooo
ooooonosegd

(@) (b) © (d)

059: 000000000
(2) -~ (b): 0000000 (¢) -~ (d): 0000000
000000000000

cesUOobobobooDbbobbbOobOoooooooon

gbobooobobooboboobobooboboboboooboboDoobO (xy,2)
bbb oouoooonbouoooouooon

X = x
Y = y—-zcosé (0° <6<180°) (5.6)
Z = zsind

gsell 000000 DODDODOOOOOLDODOOOOLODODODOOOOODDODOOOO
gsiogdfoccuouoboobooooboobbooooooooo1obbooooboboon
ovouodooodboboboboboooooubobobobobobo

O510: 00000000000



5-11

524 00O

gboboboobooboobobbobobbobobbobouobooboboobon
ogsiigoob @uoboooooooboooobooobooobooooboooooon
ooooOoOoOoO00000000o0 O @bObOb0b00000000000ooobobn ca
goobooobood b s230000go0ooobooooboooobooo @oobobooo
Ooooooooooobooooboooooooboo0ooboboooobobobogno4o000
gsoubooobooobooboobooboocchooboobobooboobooon
gogo3oooooogd

(c) (d)

Os11: 000000000000



525 0O0O0OO

gooobboooooooooobobooool1oooobooboooobobooooobooboooooo
gbobogboobobboboobobooboboobouobobouoboooobooo
goboboobooooboobobooobooboobobbobooboobobobo
gboboboobouoboboobouoboboobooooboobobooboboon
gobooboobb 20000400

o JUUODDODOUUUUOUOUOLODDLDULOOLOUOULDDLOOUUOUOUOOOLDbLbObOUOOn
joooccobooboooooobobooooooooboooooooobo

e OO WEBUDUDUODOUOOUODODODODODODUODODLOODODOUDOooDooboboboo
gooooboboobbooobnbodoooonbobbooouonbobbbouuoo
gobgbogoogbooboouobuooboobooobobooboobboooo
ool oononoooogo
gbogodgod

ooogooennoboboOoOOs20b000ooboooOon

052:.00000

10 goobooobbooobbobbbooooboobobboobbobo
guobogboobboobooboobbooboobbobbooioo
20 gobogboobbobbobooobbobobooboobooboood

30060 (D0DODODOOOOOOODOODLOODODODODOODODODO
goobobobooboobboboobuoobobbooboboobobon
gboobogbobboobobboobooboobobbobobooon
gobooboboobuooobooboboobuoobooboobobon
gobogooobbobboobooboobogaon

0s1200000000000sS12b0000o0boobooooooobooobobon
gobooboboobobobobooooboo pchbboboooobobobonon
goboobobooobboobobooobooooooobos1zpooooboooboooon
gbobgbooboooboboubobobooooob weEBODOoOooouooooooo
gobogboobbobbooboobooboobooobo

guoboobooboboobooboobooboobbobbooioo

e O OUDOOOLOOOOODLOOLOODLDDODODODLODLODLDODLODLODLOODn
gobooouopoobooboobuooobobuoboboboboboboooobobg
guobggbogobbooboobbobboon

o JUUIUODIDUOODLDDUOOLDUOUDUOODDUObLbULOUbLUOOO

o JUUODOODOOOUDDDDObOUUUULLOUULDLDLbOUOUUOUOLODOLObLbObObOOU
gobgbtbgoboubooboooboobooboobooboobbooooo
bbb booboouboouo



(a) (b)

051200000000



526 OO

gobooobooobogobooboobebobboobbobbobbbouboobo
ggoboooooboobo ccobooooobooooboooobbooobooboooboobooo
goboobooooboobuobooobooboobooboobbobboboobobobo
gobogooobbobboobooboobogan

gobooboobooboooboobooboobobooboboobobooboboboo
gboboboobobbobooboboobobooboobobouoboboubooo
gooooboooooooboboooooooobo s400bobboOon

gobooboobbobbooboobooboobd

goon

gooboooooobooboooooooooobobooooboboooooboboboo3booooDo
goboboobobboboob3poccubooobooboobobbooboobobo
gboboboogboobooboobobooboboobobobobouobobbuobooo
gbobobbogboobobooboboobobouoboboobouoboboobooo
gobooboobbobboobooboobooboobooboobobob

gbobdbbogbobooobouboboubobooboobuobooboboobon
goooboooboooobooboboobobooboobobooboboobobo
gobooboobbobbooboobooboobouobooboobboobooooo

goboboobooboboobobooboboobobbuoboobobooboo
goboobooboboboobobooobobooboboboobobbooboo TvVDOO
gobogooobbobboobooboobogan

Jooooooooo

jpogbooooboboooobobobooboboboboboobDobobobo
gboboboobobbobouoboboobodobobboobobboboobooboan
jjboooooog200bboooobooobooobooobboooobooobobooo
goboboboboboobobobobooobobobobobobobobos3gobcea
goboboooboobobooboboobobouoboboobouoboboobooo
gobobooboboboooobooboboob3bpobooboboobobobobo
goog3guuooooooobooooos3sguo2g0boooooboooooboon
goboogboobobobooboobobooboobooboobobooboboobobo
gobooooood

goboogoooobbogn

gbooboobobooboobooboboubobobbooboboobobobogon
ggobobogooboooobbuooubboooubboooboooubbuoonbooun
ggoob ccuboooobbooubobooooboooobboooboooooobooboon
gogdbbdoobodooobooobboooubbooguboooonbuooobnboooon
gooodgd



53 0J00Ooooooootnooooobooooon

gt boogubbooobbobooonbbooubbboouoboboood
gccUboooopbooooboboooobboooobbboocchooopoooobon
gobos3gpodoboobooobooboboobobobobooboboboboobobo
gboobobobogoobooooboobuoobobuoboboobobobooboboobo
gooodgd

531 0O0O0O0O0OOOOOOOOODOO

Ooooboo0ooobboooooboboOooobD Chend [70]0000DO0OOODODOO
gbooboobobogbobdoooobobuoobobuoboboobuobnbobobbooDbo
bbb ooooboooubboobboooonbboonboooon
Ob0bobOoboooooboboopenGLOODOOO (MO0 O0O0O0O0OO0ODOODOODOODOO
bbb bboonoooon
OO0 Depth OO0 OODOO0O0O0OOOOOODOODO OpenGLOOODO DepthOOOODOOODO
gbgbdgbobobuoouooooooobon

532 000000000 0ODOO0OOOOOOOODOOOOO

oot booubbobooobnboon
gbogodbobuoobobdooboboooobobuoobobuoobobobuoobo
gobooboobboobooboobb U (uouobbooboboo

(0000000

gooooooOoOoOoOo0obOOo0UO0ObOObO0OUOOU0UDDUUDUUUOUUUOOO
goooooooooobobooobOoobboUbbOUDUUbOODUULOULO O OUOOO
OooooboooOo0ooobooo0ooo0yy000000x0D000000O0DDOO Ero-
sion] Dilation U000 200000000000000000O0 Opening 0O Closing OO [72]
goooooooOD2000000000000DODOODOOOOODO1O00000O0OOOO
goobooobboooboooobobooboobo0ooboboooooooboOoOo3x300
goobooooboooooobooobooobooooobooooboooDbDboooooooDoon
oooooboooooobbooooooboobooo sa3ggon

b)U0o00ooooooooo

(@bb000ooooboooobobboboooubobobobooooobobbooOooooboDsa400
bbb zgboboobooboubbouboooboo

celllx][yllz] = 1 if cell[x][y][z + 1] =1 5.7



Opening
olelelele oloooe
2 ®
ele ®
ele G
e ®
ele ol®
2 ®
XX
olelelele]e eeeeee\
=) ®
e ® oDeleted Cell
=) ® @ Added Cel |
=) ®
e G
=) ®
o ®
Closing

[0 5.13: Opening O Closing OO OO0OOODOO

(00000000

b)0ODOO00O0000b0bODObO000bbbobOOoOg ssHoleODODOO 550000000
gobol1ooboogos23ggboouboobooobboooboobooboooooon
bbb booubooounboouboogn

533 O0OO0O0Ooooo

gboboboubobbooboobobooboboobobbuobooboboobon
gboboboobobboboobobooboboobobobobooboboubooo

% )”

D

Y= Y=

O514:00000000000000000



gobogboccuboobobboobobbobobbobooboboobobobobo
googooboogsis@U ouoobooboooogoooboboobooboooobooo
gidboguboooboooubooouo

(2) (b)

Os515: 000000000000

gooobobooooooobosaistoo 1ogoooboooooooboooooooon
gooobboooooboooooogoosis@bbooogooooooooeobon
goboobooboogobooboboboobooboobos23ogoooooobooon
56() 0000 10000000000 DbOO0bOO0OOO0ObOOObOOOobUoobOOobbOOon
godgobb e, didbbbbodonlIgoobboooooboboo0obboobobbboogdb
goooobo f,ghO00000O0OO0O0OO0ODODOOOOODOOOO0OODOOO0OO0ODOOO0
ocGUUbOobboOobobooboobbooboboobobooobogosieuooooooog
gobooobooooobooboobooboooosiecboobbooooooon
oob0oobooboooobboooogos220b0goobooo ccgooooooonn
goo

z z
A A
(.......
N
. .
— — = -
abc defghi> 4)/- 4)’-
(a) (b) (c)

051600000
D@ OO0 (b),(c)0000



(d) (e)

O517: 000000000000

534 OO

000000000000 0000000000000000000000000000
05170000 0000000000000000000 (WO (@O000000000
000000000532000000000000000000000000000000
000 (0000000 CGOO000000000 (0000000000000 (e)0 (d)
00000000000000000000000000000000000 400000 80
000000000000000006000000000000000000000000
00000000000 25000000

05180 5330000000000000000000000000000000000
000000000000000000000000000000000000000000
oooooQ

535 OO

bbb boouobbooobbooon
gbogoobobbodgooboobooboobuoobobuobobooboboobobuoubo
gooodgd

gt ooooboooon
ggbobobodogoubobuooooobbbdoooubooobboooobobobboo
bbb booubboooobbooboooonbboonoooon



bbb booooubbuoobbooon
gbuoooobobbodbooboooobobuoubobuoboboobuobuoobobuoubo
bbb ooobboooubbooobbooubbuoouboooon
gbogoodbobooboboobobooboobobuooooboboobobuooon
bbb bbuoonboooon
gbooooboboobobdoobobobuoobobuooboboboboobobuoubo
gbgbobobobobooboooon

oo bboooboboood
gbogboobobogbobdooboboooobobuobboobuobuoobobuoobo
bbb bbuooobobooon
gbogodbobogboboboboboobouobobobbooboboobobuoubo
oot oooouobbbbooooooouobobobbbon
bbb uoooboooubooobbobooonbbooobooon
uo



5-20

(d)

(©)

(b)

(a)

(2

f)

(

(e)

0518000000000



5-21

54 0J000O0OO0OOOOOOYYOODODOOODOOOODOO

5200 5300000000000 bDOOo0OobOO0obbOOooLobDOOoobbDOoOoobo
gbobogboobobboboobobouobobouobobooboobobouboon
gobooboobbobbobooobobobobooboobooboobog

gbobobooboboobooboboobobooboboobobooboobon
gooobbooooobobboooooobooooooboos2nbooooeonnbOO
goooobooooooobboogg saasgooo

ooggsobobobooooooboooooobbbooooooos20b0booo0og
goobogbooboboobooboboobobooboobobooboboobobo
gobobooboobobooboboobobboboobobouoboboobooo
gobooooog

1Y i Z L (Pull Off)

@ (Back Face)

[E & (Bottom Face)

B O #(Opening)

0 5.19: 00000

541 9000 0O0O0O0O0OODO
goooooo

521000000000000000000000009000000000O0O0O0O0DOO
0000000000000 00000O00Do0oo0o0ooOoooooDOooooonOoon
O VFace (Vertical Face)[D HFace (Horizontal Face) D0 OO0 O0O0O0O 5.2000

00000 @D)000000 2D)000

gobooboobooboobbooboobobboobbo oboobooboooooog 9o
gogooobooooooobooo1ol1obboooobbooo100ooboboo0oooboboon
gobobooobooboooobooboooboobooboboooboo 3sbpooboon
oob0o20000000000s5210000000 VFaceOUODODO 0000 HFaceU O
g oboobbobboboboboboobooboobooboobooboobobob



5-22

HFace |

VFace

0 520: 0000000000 VFace O HFace

00000000 @D) 00000 2D)000

{an) = X3D) (5.8)
Yep)y = Z@3D) — Y3D)

000000 @2D) -0000000 (D)000

VFace OO O:
X3p) = X2
Yep) = L (5.9)
Z3p) = Yep) t1i

HFace OO O:
X3p) = X@2p)
Yep) = —Yep) tih (5.10)
Zap)y = Iy

ooooo

gbooboobobooboboobobobuoobobuoboobuobboobobooon
gooooobooobooboboooboooobooossg s.iiooboooobooonDo
gbobobOo3b0bobobobobobob2000boboboooDoobooooon
bbb ooobboobbooooboooonbooonoooon
bbb oooubboonboooun



5-23

(2D)
Z(3D) y
A

VU=

> X@ep)

y(SD) X@3D)

Os521: 0000000000000

gdool1gooboooobooooobboooobobbooobob20bb000b0000
OO0 VFace D HFace D00 O00OO0O0OOOOOODODOOONO 590 5.1000 00O VFace
O000¢t=t,0 HFaceODODODO ¢r=¢,000000000000000000000 OAFace
OoDDDOoODOOO0O00000000dooooooboobooD OrigamicArchitecture O 0O O
ooooobos20000 c++0000goboooooobobooo

542 0O0O0O0OO0OODODOOOOO
guoboogoogo

goooooobooboobobo1ocgbooboboboboobobobobobooon
000 5.220 0OAFace.polygon2DO0 0 0 OO DOODOODODODOOODOOOODODOOOOOOO
gobboooobobos230uboopr000b0o0oobbooobooobboobboobognbd
gboboboboboooobobuob mboooboboboboobobob sSoon
oogsiigoboooooobooboooooobooooooboooooboooooboobooo
gobogbooobbobbooboobooboobgan

FIU*F,U* .. .UF, =S (5.11)

oodn v gogoooboooooobooboo 3o edbbbobOoOn

guoboggobgd

gogoobooooooooobobooooboo 1obbooobooooobooboooooon
oooooboooooobobostooobbbobooooobboboooobobboDbDOoO s.240
guobogbouboouboobogoooo



5-24

enum faceType {VFACE, HFACE};

class Polygon2D {
list<Point2D> points;
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class OAFace {
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faceType type_of_this_face;

Polygon2D polygon_on_unfolded_pattern;
};
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