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Development of a Cutting Stmulation System using Octree Algorithm

Kim, Y.-H.* and Ko, S.-L*¥

ABSTRACT

Oclree-based algorithm is developed for machining simulation. Most of commiercial machining simu-
lators are based on Z map model, which have several limitations to get a high precision in 5 axis
machining  simulation. Octree tepresentation is three dimensional decomposttion method. So it s
expecied that these limitations be overcome by using octree based algorithm. By using the octree
maodel. storage requirement is reduced. And also recursive subdivision was processed in the boundaries,
which reduces useless computation. The supersampling method is the most common form of the anti-
aliasing and usually used with polygon mesh rendering in computer graphics. Supersampling technique
is applicd for advancing its cfficicncy of the octree algorithm.

=31:

et ey

Key words : CAM(% 1), NC Verittcation{NC

aF

=), Machining simulation(2.2) 7}, Z map(Z ")

Octrea{Qctree). Antialiasing(2He]olzlo]4)), Supersampling(-FHYZ)

.M 8

CAM AT ojo] A} A EH= NC Codeol] ZA)&
= ARG @H7REAL AEL Ay, B wE
ol #4448 vHA e drt. &3 A2 7k 71e9
W2 gde] st s I8k 22 33
A& olFo® AAE AAS) wjRe) A
Hate o) wisls A E #ot olue} 24 7)Ald% A
w2l AAE st ok weky 22 A

(Material Removal Rateys QA3 2| 3P8A] 715
% ;‘1535} Rol mj§ F a3} o] o)FE CAM
el M de] 7R $#883L5L, NC Code2] o}
?r#"%‘ AEee 716 oA BE o AX A
= Aot
NC dllojele] ZE 5 713 Algyolde] o] &5H=
EHQ 22 Chappelol] 2]8le] Aetd Vector
Clipping 7180 v}, o] B4 5% 7kg Al gdlo]
o) 7V vector®] HE ZojRRE} A2l n)

*ShA B 4l A=) B 7] A A

w8l 7| A8-5-5-, Center for Advanced E-System
Integration Tochnology

- 2004, 07,15
- JdArekR el 2004, 10. 20

147

Az 49 gAlo] 7hzsltke Aol YA vk HF:
2E el Solid Mode! AXo] B7Fgsta A
normal vector W¥ke| F&61) Welks K-F 72l
RAskA] Helthe A4S Zheth Vector clipping

712 Jerard®, Nomie™ 5ol )81 ZL 7]%5¢] &3
591,

7He-Ee] BAIE-S B} e olZa}r) st
Pero =z CSGU B-Repell 713 Solid modelina 7]
ko] Algae]d Alaglel Al ot £F 343
o] EFEFZ A Azt vlR e ] ALE- o] F243)
F7hete 2R/ 71 2487 drks o] gl

Andersonol] 2]&] ANE Z map HEE2] A8
CAM System2) NC Code 75 % Algajo)lAal A}
£93 9} Z map2 ARFZ l H—rf‘é-# AAPO
2 o\g}c:i ;t“)\} _r::r:;} m}j; = - cv] 7}_)&0]
yojdoz vrpe AU 3z am EERE LD
2o S HUEE FolV|7h @ wie) &
H 7helv 2& gt 3] vhgake] vl g 4
Fole & Qa7 WPTH: A7} AR, EE%L
5% 7By AlEdeld 5 33k 37k Bl g
&l el B Aleke] upEc)

o] gl Z mapol FAshs rxAE RS B
7] 1% kgt AFol FalEo] 2o} Wang"e Z



108 AR I L

02 M9 e 7e AL ¢18-3h= Extended
Z mapS Albeiaich, opebay 3339 -“7}"3 o] B39
Fdel R4, 55 7V AEHA S8 7S
A}, Van Hook™= Wang®] 2 ‘-’L}@’“Tﬁ‘:}
3], Lee® & o] A Enhanced Z map HHE
Hal A E o)l FR ALEHT antinliasing Y-S
sl vlRe) A2 SuA) AT PFURS
42 7hssiA ST

Z map SWol zh= dhAjof] tigh Tite = Voxel,
Octree?} 7+ 32 Decomposition B3-S M3

%+ 21t} Decomposition 2 H-& F7Hde] 33}9] 24
Z cubic?] o2 T3 WAoo g B3t

I:J‘o Ll J}{.’! o -

3k B9 objects A C® RH 7}_° Stk A4
& 2tk Voxel'™o] £d3 7]2] cubicS &

objectS FHdh= oot Octreers 37 £3 W
2 dajdto gy AH o s Objecrel] BR3 vlR
218 #9d. w3 3a8t LAY ASH gAbt obe
3171 tlZel| Er) g2 g-gata AAEAQ) HejA
T £8%492 =9 90 Udh Wk Octrees FHH
TRE 20l S8R0 CAD, Y ERtof 5 ulg- tekst

2ol 339 BAel £ EH/O2 Be)
5 e,
eh £ el 4 29 B9 Ocuee 3

S A8 B3t Ocree B HS AL 7}
1% HolHE Visual C++3 o83l N3z, 4
%“1" d%% SasIATh A o] izt AR
22 A3l Ocrec 2o mtiuhasing 718E
2 3_]'3— M3, Agael e Sk Y5S
Aestd, w1k i@ 220 #4A Z mapH Z
mapl} antialiasing 71'8-S 74-8-"'# Enhanced Z map
pdzte] vlnE Filo 2 A5 AF B

L
T

>

L N R LA )
1o,
r-‘l

N ok
: (3
U

2. Octree &N2|&

21242

Voxeldt 22 F2b 28 7](Spacc Subdivision
Techniquey 32H 4o EAlE Y 2719
Aiee)E2e] JPL 8 malgsl= Flojr). Edsld=
A7t 3H A 2h Jopd 5e) Here 4
2} 7o) welr) AR 2 Yo 3717} L4 F
HU me MRS zh A ey AN EE Xo)
71 $lsA Ao} 2718 SolAERA ANt =
2] A ge] FrEsAl "Hvke @3] i SRSttt

Octree FPY-Z ol B35 5317 S8l &
948 zHzf g2 217])e] A2 RS d#Eske W2

FHHCAD,/CAMEF] =#3] 4108 423X 2005 49

©
£
e
El

xdst J‘} e EAe A AT L
25 2 B9 kA voxel

Nza] are ALt A7 £

> 5?/1"5?“6' F3e] e}

= 2

2 8
e
4} 1o of

2.2 Octree2] Mojo} B QIR F

Octree® P45 AlsAE Fig. 1)+ 2ol B
starzl she 48 3] SeMe FJHAE I
2)git}, o] HRHAE Root Octreet} ). Rool
Oclree s 87019} $AF 27)9] A{/AAZ F-e3ir}
o] gle] FUF 2719] 4 SRAE Octam} TS,

X
(a) Depicts the octant subdivision

(b) Octree Object

0 Q Partial
[ ] Empty
. T

B Fu
Jhdddmme mbmbddo

(¢) Octree Structure

Fig. 1. Octrec representation,

Octree?) =S8 3714 typeL R R H3ITL ¢ Black

(Full). White(Empty) 28] Gray(Partial) =X, T
o] P zhrpe] g FAAEle] H3

‘75} A} Bhs object = =8 5] RSl god
Black(fulh2, d-13F2 U7 2™ White(empty) 2
objec} Y2202 FG3t U GrayF B3
t}. ©] F Object/} FRI L2 =8 H{3pL ?Jv:
gray nodedll AT A A o2 Fgho] WA H

B FEXRAL WA 47 . c»M~ L]
7t objectel €Ja) @8] HE w7kl 2 Black
node7} & A4 ¥-&o] FRFLZ, OB i ﬂ
FE A7)0t octanee] 22717} AolR|= A4 2
o] 3¢}

EE P¥o| FE3IY Fig. ()9} P2 ET &
g 21 e, o) E|Z child node®) 7H7} 870
o] 7] wWj&o) octreed} FH}



S| Pl

3. Antialiasing O|&

3 s FRUAMUML aliasing T

3EE U el 7re A HEoe o]k}
2 N el EA s Ao R AL &R FH
ghh. 2bae) UGS Fig 200419} ol Yyak 7t
Ag Al sk ek A FHFolA] LY
zt Mol FPoiw Z&eA gt & £¥skeA
she BAlA e B0l A Mot =8¢ &
siapr} wjiof SAE SR A" 5 9l @)
o ofelgt WA AFYHA HAR}T RAF Fig. 2
o woddvt Ao} Bl Fig 29 1 eir
Ao ERAINE g BN JELE B
He ATy o eapzp ggstA gk ojuf Pl
£A917] elde By Alol=g Aol
=] Fig. 2(b)(c)°!|*‘] H5o] et 26f, 4n)
7He ) Fle] AR 4o, 16 Z1S T AL
sl 9= 712 3 4 Rk o2l Bl
37k ohwelel A A AT F7He ©

ot "I‘

2 ¥ lﬁ' o g x{;-

Fig. 2007 &
2HS Al 5,
A7 " sk 2 '?J°-€-3‘-1L-1 ) Allo]]

@ sl adel €A ARd WAL

WHolM T U
gridsize/29) iitll

siwjo|visiein|e
' ¥ . . * * olsjoislvjo|eje
. .
A einjofo[alele]e
. . i d L
a sjdisitieis o]
“w aleisieininieie
» . * .
v panoonon
. .
sleisieisiaslaie
el o] e]e
sisin|ejajeiaje
4 Detected Volume . I Iy

Exact Volume

Detected vorume
Detected Volume
Detected Volurme

-
Removed Volume

(c) 8X8 grids

-
Removed Volume

(b) 4X4 grids

-
Removed Volume

(a) 2X2 grids

Fig. 2. Relations between resolution of Boolean operation
and grd size in conveational Z map model.

3.2 Supersampling 7184

opgR ) J1EE TR NF R wrolE uf W
S S ALE ST Aol L}E}LH%

e Ay
o olE 3l A4S ahasmgO]L}J’_ g}, elm ) 9] 2

ole 7Rl FURAAE SRQT At e

& o] 83 2t Algulon AlLsie) A 109

{b) Paint Sampling {c} Super Sampling

{a) Primitives

Fig, 3. Comparison between aliased and antialiased image.
Note (hat the square area represents cach pisel,

A7) dephs 2 130
ASELS RUE, HiER) 74 T) b Elf— o] A&}
—? Az @) 5] PR =S Rl
-'?_L}‘ oleigt YA E-L Fopa o on|AE F
sh= ool °§i‘}}4 oA E @ a}gle} A7t
5‘7}‘5"6}@. = Fig. 30l Rl wiet 2ol ¥
S oA AR A #@4gel ki
ojeldlt F-2ME diAs) flsted ot Bjlo)

ARDEH, 7)1RFHS] ofor]o)s mylg Aol &
AolM g FEate Wil 4 ol v :
FHoldoh yA ¥t AeA A
32 A wldo)] HatghoZ whkeishz Aol
o] &k 7|'-2 Supersamplingele} stoh. &, w73 Y 3}
oju|z} Aol F7 MAFS A GAF
J5o2H 'AAV‘"C’ FL3) ghEol T2 7150l
Fig. 4= Qwtzel B4 R&l‘ﬁc’] pomt sampling %
212} Supersampling 212 BT YTt whef EA|

\_

///;

SIS S 2 - . s
/ /IR Ty S
L Ll T y\g&%ﬁ
i 7 S X
LA RN R A
A
Yz ¢
e .j— r » ']
R

(b) point sampling,
100% checked

{a) point sampling,
0% checked

A - d .
{¢} Supersampling,
25% checked

{d) Supersampling,
63% checked

Fig. 4. Increase of resolution at each pixel by supersampling
algorithm. Note that the square arca represents one
pixel (» = grid size).

H=CAD,/CAME D] =87 A 107 A 2.3 20059 49



7} Fig. 4@t 7o) AT point sampling 4]
AME BAlZF 23R etk 247 A2 9
Toll EAllst7] uhZo)r}, WA Fg. 4(byot 432 $14)
o ¥ode Afole 2 HAL AR B8 e
Falz el ¥tk Fig 4(c)(d)ys supersampling
S AU Mo F3 WS BAFT ) F, §)

vhe] Mo ol o)) AEH-E vhA| sl X F
AEs, FEFE ANAS) HFghE 7 B A
Eg tgsfias= Jlolot o8| 8t supersampling 71
& AgS ezt B da =3P HEn}
g Elo] MAVYE thYPo] ATk k3¥le] F o] ¥
Aol vjA= FEe] THHI AR E B v
2 817] wdoll #a B2 praphic library$} video
adapterol] 7122121 3 A drElEoR f’i—:—&}kl
o] #akzlo] Ao Fig, 3(c)= supersmaplingSr 2
Bt THA =9 ol § HolF QU

3.3 Octree with Supersampling 22

Octree 29-& decomposition W4 224 T4
HE #AH Y Ao TAG T, 2 A
WEE A7] fAsiX e A slee] et &
HapA Frpgh), B3 AR aliasing®]
Hizt Ealjstol Fagk Ao A5 At %/‘R
Ciie

oleJ& decomposition TS #4488 s)A357)
-r]ﬁ}“i Lee!™ = Z map modeloll supersampling '24)

£3) Enhanced Z-map 5245 AlhEiRc) 2

T"°IW = Octree 2ol supersampling 718 3
3 T
)

o

ob ra mlo

199t} 55 object2] A wha)A gt 5!1;} pro .
t;!,'_‘i;/é"% ﬂllo}a‘] /r.:i'ﬁ“—“l XJD] /)I_T"—' ngj

off ol whdsiainy.

10

_‘.2_._

4.5 B

Qctree YEES o] &5 A 9o o2 Y9
HE5L 95t "f’ﬂ* ABEFH)E TIPS Visual
C+& ol gsto] w3t 7ihd 2233 NC
CodeZ ¥ 352 enveiope2 A2 o
Aol gt 27 EE-L 40} A Baeld ARE
IR o S W F7] 91819 open inventors A5t
Aok Fig. 5= 713 &9 Ry £ e
A goll=d g ARRSle] s ARE E‘:‘T?FE
Art,

'7—_,—3}

110 284,544

Ratx Aoty BTN

(b) side cut with flat mill

[ = volty

{¢) groove cut with bali mill (d) side cut with ball mill

Fig. 5. Simulations with various conditions.

Dia

Dia

Fig. 6. Scheme of Simulation.

F3IATE Fig. 62 ST AFH M) NFEE B
ATt ThFs) ce Z7)0M ) Gad] o) Ao
HEE 93 0.5 mm, 0.3 mm 2237 0.1 mme) Al
714 7390l 3 A B0l AL AP, 7 U
S P4 AAE Astd FALF) A
supersampling 7182 3-&3stict.

Octree 29L& 339 vl 7)o} AL &t
Egjoje] g2} ARERAE 249 2= /)9
Z mapite] AeE vlwslr) fshA gntdg) 7
map 29# Z mapol supersampling 7198-S 2831
Enhanced Z map 2932} V)25 5398150 Table
to =8 gk A BHje)d 7o) Yeht Ut



Table 1. Simulation condition

Tool ¢4 Flat Endmill, ¢4 Ball Endmill
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Table 2. Companison of computation lime in simulating by
octree model without and with supersampling

Gnid Size (inm)

a5 0.3 0.1

Without Time | 351 3107 | 22979
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EM With Time | 380 | 2823 | 2164
supersamp. | Eror | 0.221 ] 0.473 | 0.016
Without Time } 531 | 4844 | 39570

Baty | supersamp. | Epror | 1588 | 343 [ 133

Time 1 656 | 5365

E/M With 39635
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