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Abstract:

3D Geometric Modeling is an important aspect in computer graphics, CSG(Con—
structive Solid Geometry) and B-rep (Boundary representation) are currently the
two primary representation techniques in 3D Geometric Modeling. In CSG, objects
are represented by a CSG-Tree, the leaves are primitives. The internal nodes of
CSG are Regularized Boolean Operations. Object is created by the primitives
through the set operations of the internal nodes.” In B-rep, an abject is repre-—
sented by means of the combination of two kinds of data structure : topology
structure and geometric structure such as vertices, edges and faces. Both types
of modeling have their advantages and disadvantages. While CSG involves less

input data and B-rep is more convenient in computer graphic applications.

In the past,there are many algorithms providing the set operations of poly—
hedra and primitives to canstruct more complex objects. The purpose of this
thesis is to present a similar method, not only has the capability of the set
operations, but also provides more information in the definitions of polyhedra
objects,which in turn provides more information in objects after the set opera—
tions for rendering, such as shading, texture,

Because ¢f the CSG and B—rep have advantages and disadvantéges 50,cur method
uses CSG to produce the primitives,it means to input geometrical characteristics
such as sphere center and radius, and B-rep to perform the internal operations.
By combining the respective advantages of both types of modeling, it is hoped
that a friendly user interface may be produced.

This system is designed on VAX/750 and EsS PS$300 graphic workstation, and
applies the vector processing and realism image representation capabilities of
the PS300. Because the primitives are all simple objects we add the superquadric
method and the sweep construction in the primitives generation to creat primiti—
ves which are fundamentally more complex.As the parameters of superquadric meth—
od may be adjusted to creat similar objects with different shapes, and as the
sweep construction is an important technique for producing objects in 3D Gecmet—
ric Modeling, so this system is more interactive and flexible.
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1.1 & A~

R, RRAWE T AP EBRBARNGR S, &
HE BRI A TSE, Ao BT AR R Y P
Arerde i g AR s '@ﬂﬁlﬂ&-éﬁﬂﬁlﬁﬁﬁifc_, Plda 2 BrE%
~ SRR, TAS AL IT (CAD) . TAS shd ¥ (CAD
~ BB TR, SRS, W B3R I AR AL (
Scientific Visualization) %4, 4 £ @ 18y B &Y 1l
E o

B S, 35T o e R SRR,

.= 2 ATH A (3D-Geometric Modeling)

2) . B 4SM (Image Synthesis)

3) .1 Bl RS-0 B 2E B A :(User' Interface Hanaée-

ment System)

4) . T AS s ¥ (C-c'amputer- Animation)

!

(—) =% 28 T2
S AT R A CAD/CAM o @ B9 46 8 < % — {5 % 2.
Gy AR, M TTE AR T8 R CAD/CAM # %%, Ivan

Sutherland (1963} A X Fagays R sd, A A,



H U F &R X (Representation) #i% 11 3?-0

B AT SR 28 T R &Y FH SR & 359 © CSG (Constru-
ctive Solid Geometry). B-rep(Boundary Representat-
ion}. Sweep Representation. ZM3I+H (Spatial Occ-—
upancy enumeration). ZA MM A IR (Primitive insta-

nces) F7L 55 (Cell decomposition) %%,

&&ﬁﬁ@ﬁa%%a%iﬁz%ﬁﬁﬁﬁ%%ﬁ&
A —3%s3& FL Y-SR W1 (Synthetic Image), :Ea}is.l:_, *3
1 EoR Y W T IL A A R A A, BLBE FL 5 Mo A S
M # e 4 (Optical Process), 12&sk83 (Light
Propagation) #= 3 Z 7k Al 4 2230, R Ak Wab ML, A 2R
¥ AP ) A %ﬁﬁt%%ﬁﬁﬂ&‘ﬁ’ﬁ%%@%ﬁ:%&iéﬂ%%&&c
B M8t . BWAH B EHRERL,

Bl #7 % %8 B4 4% 2 R E.96 Scan-Line Algorithm
- Phong Shading\:"Cook"—Tor'ran-ce Sbac;ling\ Ray-Tracing
= Radiosity #, A 2 Ray-Tracing #= Radiésity B
#e A 2k 3 AR38 F A AR
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FEARL 5 AT G AR R T E T B A R4 P
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» FRb o, WX RAE ST — S FBHIRE, Pz A
- RESD I B U Ky AR, DA RIS R T 4 A A A
W RILIF 3 AR T T Mk e o A Y

2 RS ITAL — 12k FHAAET R AR,

1.2 FFTsers
AT — 1A Z A (3D Object)ad, K IPI19% 2 —a
TR, SRR, WaSUR S N R, AR
ERAREAL. M SAIEAE Y S A A% User Interface)
BIRLATEL S 5 BRI R SRR AR — e T, Tk
WRALYA CSG & B-rep [ReV, '82]1, [ReV, '83)1, {22
ﬁmmﬂw3%Rwiﬁﬁﬁﬁﬁﬁ%i%ﬁ%%ﬁﬁ%
35 Ve R B R ISR RS, A, B
AR LA IREL, FAVA, A RGP 2R A A SRy £

o, IREPIRS R R4 (Hybrid system) » TR AR

# GMSclid System [Boyse, Gilchrist, '82) ; ¥ 5% = 2
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i%%iﬁ%%ﬁ-ﬁ-%é&ﬁﬁﬂﬁdu T B 4a B 1 K
PRHRAZ AR S, EABEE CSG #rd T i 2-3rah & 2%
#AZ Pir YA P, Zet¥uc Mo R 9 SRB7 22 e BE T R Bl eg 6l B
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1-5




Local Upef‘ation. THEAFE BB AI CSG a9 % 25 ; B~rep
T Y PR REAR A T VAR SR He AR A SE H- (operation) , 42
HE B-rep RAAR-THMMEBIR, AL, W 3deR) 1 &Y
PP R LR B D), BE AR Ak, LS B
A 1(a) ~Fe4im, HH-X 1(b) FH.I-9M, %%
— {ETR BRI 89 £ A
7 C3G, APA—1RE CSG-Tree &UMEIR 443 X

By AR, CSG—Treeg %9 Leaf Nodes B — 4 4r# (Primiti-—
ves) , St Al WL — 2 A R GG M AT, 4o ¢ B
(Sphere). W#x## (Cylinder). B##¥ (Cone). #SEE#E (
Ellipsoids). HE#®# (Torus) ¥ %, wE Internal
Nodes % Resgularized Boolean Operation (% 4%, Inter-
section. B3, Union. ,éi:ﬁ, Difference) & Motion (
ke BEME. PAEE) fﬁa’}fﬁﬁ‘?ﬁi%ﬁﬂ Leaf Nodes #Yat
A Mités@E Internal Nodes #yHESEH A ;3 & B-
rep, -—4@#%&%%&%%3&:&@%@%‘%@.& 1 —{EH e
B, —1EF Vortices. Edges. Faces A RELAE, ey 5K AT
sk, |

LA AE A N, B AT B AR £ RE, SRR N F TS, CSG

P Brep v, 1AM 96 A A&, A B-rep i




TR R,

BRI AN T ARITR A EIEB F, e VAX
/750 . E&S PS300 # W Lg% %345 SUN WorkStations
, A &S FsoAL A Ultrix, 9FB UNIX &4, H
B, S A EZIEMEAE UNIX b, AEM®A C Language
BBxE, 5 P AT —4 USNA  Aras Adh % $w CADIG/

ANIMATOR, #L393285-¥ (Shad ing)_ ~ & (Texturing)

R, o AT IR E R AN E Sy RE, RS T AEA
A L R — AR

$%K%ﬁ%%i%&ﬁﬂ%iﬁ%ﬂéﬁ%%@ﬁ
ﬁ,%3%&%£$\W$\ﬁﬁ%w%,%ﬂﬁﬁﬁx
7?"7\‘3*3‘&#] A X #H- (User Friendly) &y 2, FAJ%&J#;@’
Wk AL, BEIEE B AL TAE R AR & A TR
E, MIPF LR F4E CSG 4 B-rep #44EEE, b H
HLEE IR A RO d X, Bb, AZRMHNES T, L
CSG ¥ oy Rk (BF i bt 6y MATHAE, o
res, FmR), %E%%ﬁ%,ﬁﬁi, A 2 B—Eep a2
R E,

B, dFh—A2 CSG 3.5 ik 5 20 a0 B A4 A

A S b S ATH A, deBR. oy, AR, s




L BEREE. RS, AR A EANBITR, ATH e
P 2 23R b M A i B SR TS AR, FE 1AW R AT B A AR
B, BHb, XAt b, Mo T A8 ok ay e Y
2 7% (Superquadrics method) [Bar, '82] #= Sweep %
%;é%ﬂ:k&&%ﬁ%ﬁ%m%ﬁ&&wam\&)
2 R R A An i T R At Y, ¥ Sweep TR IR
i&%ﬁﬁ@¢ﬁ@ﬁi%m%i$fﬁ,%m%&%$
%ﬁ%%ﬁ%ﬂﬁ%?ﬁﬁ,@ﬁﬁﬁ%%ﬂﬁiﬁﬁﬁ
s R |

AL LT B SR, BT H— AR, B
LA RSN RSB, 5 S FAGIL YA R AR IR A R B
orh. P RA N NIE, W RAT UL AN a R S

W, B ERFATV AL R R GG F &,
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2.1 #&EW¥X

BALSE GRS R Y — 0T R G ITET, AR A
F PR, PRABEER —Hdp i 3t BRI kR, H ¥ R8s
5 B S B AR L P AT AR IR IR T, R T UL g 3t
H- A 1T (Computational geometry) [FAR, '74] 2 & & A%
27 % AT I (Computer-Aided Geometric Design) ; # #
3 By AP A 2k BRI B B TR R 48 2T 2 K Ao A
MW, 3 E W Bk AR AR S RE, PRIR L —EE A AR A
‘ﬁ%%ﬁ,ﬁ%iﬁﬁm#ﬁﬂmﬁm\m\5&%&%'
## % 3 (Parametric s'ur‘faces)-o |

ATV § ALY S SNy AL T TE A D AR 6 BRI AR A
ﬁmﬁ,i%iﬁ%m%%ﬁﬁﬁwﬁﬁﬁ%%ﬁﬁ%ﬂ
A B R ALE TR, IEAL R A RS B A R YR (4o
DIUAA. WIS, 2RI, EE L BAAME RN ; FHE
%%ﬁﬁeaﬁﬁﬁbéiﬁzﬁi [BrC, 821, [PaR, '77], #&drdoay s
VAR, $o— TN, 40K FHBWH ; Levin [Led, 78

1 #&H5T 2 A Quadric surfaces 89&L-5-3X HF ; Carlson

[Car, '82] Al T & A Bicubic surfaces #92a-&-3%




R AR B Wr o

2.2 ARG HEE (Modeling Primitives)
AR B, AR FTTIRESH = EF X,
1. #3FRFH X (Wire-frame representation)
2. A FFH X (Surface representation)

3. HEHE -T2 X, (Volume representation)

2.2.1 ﬁ-%ﬁ":ﬁﬁ:‘ﬁfﬂ (Wir‘e_-—fr‘ame representation)

BESEDT R F, Mot {5 A A By SR, B
%5 (vertices) #vi% (edges) ;ﬁ{r’:‘, It IR AT M 3 G0 Fo e A
BYFRL, AR R W AR MR, RN A 3
R TUT T Ty

AR A T SR B S R X AL T R R S A 2 A e
LR EB G R Ay — B R Y R KA e T S ) 8 i
ﬁﬁ-ﬁ&ﬁf; 3 .

Moveabs A -—— #5 #]—f@#f &y 1n

Jineabs B ~—— SMASIEE Z IR T —i AR

HF A Fe B AR <X, Y, 2> KO K ey

13, Plka n&ﬁi:év#éﬁﬁﬂﬂB?TzAétﬁaﬁ%=

Moveabs <<3, 0, 1>>

Lineabs <<B5, 0, 1>>, <<8, 0, 5>>, <L3, 0, 1>>




<4,3,6>

<6,0,5>

<3,0,1> <5,0,1>

B 2 &R

M 3 ERE LRSS




» <<4, 3, 6>>, <86, 0, 5>>
Moveabs <<5, 0, 1>>
Lineabs <<4, 3, 8>>
— AR R B, ARIF B A R AR B 3 A TR 4 o N e
» Habll 3 A, AT KEYEREE,

2.2.2 #& @& 7K (Surface representation)
R B AL SR A G0 B R A 28X, — AR IR,
BAIESS MRS, T DR MR R ¢
——-—E_E? F O Ay KA R A
— 1R 8 (Algebraic surface) #23 X, 23k
——~d & 8 (Patch) 2 3Bk
j;%ﬁé?éﬁﬁhﬁﬁiﬁﬂﬁﬁbﬁiég#%ft(Chrvéture properti—
es), FAVTIRA P § IR AL 5 B S, Moo T
Ekﬁﬂﬂkﬂléﬁﬁﬁétﬁﬁ(Nonplaner surface) £ H -+, WH T
BT NS, TIAH SRR A F AR 2 X,
AR D VR P TR T KA, B3 — AR
BAAE ; MMTTIRE S K =48 A 4.5 35 -
1. #A14:#% & (Ruled Surface) :
*=FE#¥ (sphere) . M4 (cone) - W AEH#® (cylin—

der). 2 $%% 3@ (revolution surface) %, &2k




8 VT PA1E Al Sweeping &3 H525 5 R

2. $§§c:ﬁ_ﬁv (Par‘ametr‘ic Surfaced) :

VAR TF 8o &Y N Rk
X = XU, ¥)
Y = YU, ¥)
Z=2WU, ¥

3. =% AR KT (Free—Form Surfaée) ’
:kbfi‘iffi‘:ﬁ:ﬁﬁiﬁsﬁ_ﬁﬁﬁxfﬁg%ﬂb:ﬁ%kgﬁﬁﬁi%ﬁ
ok S Y 5 TR W Al &Y Piecewise Bicubic
Surfaces, Pi%= : Bezier Surfaces, B—spl&ne

Surfaces #= Beta-Spline Surfaces,

2.2.3 #EMFE-FF X (Volumes/Sol ids Representation)
HEAN AR AT N LR LM H T R) R 22 H
B R My WAL S aY | TS T B -G e BT A AL AT 7

e LR E :

-

r

1. &b%ﬂé‘z%’é\z‘iﬁ'—f&ﬁﬁ A3 ik ey i
2. FZ T ayF X (ke 1 AR (Octree)) ¥ A
FrHAE 1B 3 (Ray tracing) 893 37,

AT WA AR IR Y B AE, SR TRy

M=% (Space Decomposition), CSG(Constructive Solid




|
|
i Modeling) %= B-rep,
2.3 =GR (Solid Modeling)
2.3.1 =i iregR IRy ik
RBFTaG S F 38R H N T WM M e F iAo dE, (2.2
ﬂﬁﬁ&%@‘iii%%%@ﬁ%%ﬁ:ﬁa— (Wireframe represen-—
tation)
1. ZAHiRHAR (Primitive instances)
é. ﬁi’eﬁ@-]-.’;;li’-'-. (Spatial Occupancy enumeration)
3. MG (Cell. decomposition)
i 4. Sweep F 73 (Sweep representation)
| 5. CSG (Constructive Solid Geometry)
6. i F& 5% (Boundary Representation)
‘\ % %, %-&iﬁﬁﬁiﬁ%ﬁiﬁ-iﬁv Free-Form Solids
i » Varady #= Pratt (1984)&%\ Free—-Form Surfaces #%
Build Solid Modeler %, & # 3% B-rep &Y
{ Ferey |
@ AT AR BT A Ay A T i CSG . B-rep %o

Sweep A ik, i, RAPISEIE = 50 H oAk — LA

| 2.3.1.1 CSG

FE CSG A<, H—EE AL it g Half-space




LRE R Bt I RABETRAIERw Py Half

—space

; 43R, (instance) ¥ &, {t#}%ﬂ‘mé::&zﬁ-%ma&gaﬁ
MR B RS R AR Half-spaces K. fma
BT R E AR 8 Half-spaces.

FA CSG BT A A 8997 X0 A F 16Y CSG—Troc
LAREAF

<CSG Tree> ::= <Primitive> |
<CSG Tree> <Set operation> <CSG Tree> !

<CSG Tree> <Rigid motion> <Motion Args>

H-F, <Primitive > A AN, R Syl
- BB A E TR R B ALK, 5 <Rigid motiond> Al-Z P45
I ; <Set operation> Eﬂ;iﬁﬁﬁix A, A o

——

=]

CSG ¥, &— 102t LR 2 HAS E° 894 F g
#&  (Bounded point set of E°), #4053t 7 &
SR T, FP2 CSG BAIRIELAT F IOty

%Gﬁk%ﬁ&ﬁ%%%ﬁﬁﬁﬁ¢,#%%$%ﬁ
BUREON, BldeFRAE, R B SR bl A o AR A A ar
TRR A2 ARy, L B X AR B R T X, A 2




S, EAS A CSG R AA, BL IR EIRLE M
CSG A7 bl 2 b i # 58 ¥35.L B3 R-set, Firvd, 2
CSG ﬁ%;ﬁzﬁ-ﬁ‘b%ﬁﬁ% R—set 8F, 4E£1PT CSG-Tree #3L R—sef

By -E ik F T 5 CSG & 665 A BO ™7 Al 89k A d ¥ 4L &

Ay AT R AR, & CSG FEEF, AAREFRFEM

(Bounded half spaces), #5558 ¥ Al : & a3
E M e 3 1 P& (Planar). HE$E (Conical), HAEH (
Cylindrical). = (Spherical). #=EzK M (Toroids) #

o, B 4 L —1E CSG~Tree #9918 M-F,

Bl 4 CSG-TREE

2-8




2.3.1.2 _B-rep ##

B-rep HtAlL I 4% dy i Y 2 50 B 3 — 102 Ao Y

> LB W A E R A F S AR 3R R R —fAd R,

A H 3 & &% (Hidden line)#=8 & (Hidden surface) &%

o

B-rep Bt &Y EHAS R —AL 7T 2255 Polyson—-Based

., Vertex—Based #= Hdge-Based :

1.

Polygon—Based Boundgry Model

AT B A IR R F oA A (Polyhedra model) .,
Sk 7 < o AR L 24 P55 (Planar surface)
&8%,, FEEF55-L A% (Table) 34 ¥ 7 (Link-
ed list)#97r RX ALEA — 10 M, FodF o
iﬁ%ﬁ%t%@&ﬁ%#ﬁ*oﬁ#,iﬁ%
oy R A Bl Fr#r BB & suel ~F 1 B 9% 4545 (Graphic~

al metafiles)o

_—

.Vertex—-Based boundary.Hodel

St AL Polygon—-Based A E X R, AEFhHo

2~ Vertex, L3474 Vertex #13-E Rk

=, HEitdH F T Vertex &y F4RAL, HFFik

A 5, H~F Vertex £ URIFEEYF N B Hh 7




¥ 5(a) —MEASZHEdoi

verler  coordinaées

i 1 Y2 face vertices
vz Iz Yz 22 fi vy vy
.U3 I3 Y3 23 X ) fr_;_ Vs Ug Uy ug
04' T4 Y4 24 f3 Ut Uz Ya Ug
Us T3 y3 25 fs vgususug

H Ug Is Y5 Zg f5 s vy vy Ug
v7 T yr 27y fe v urugug
vz Tg Yg 23

B 5(b) Vertex—Based #& A




AR5, WAT D IRA F IR H IR A0 A A
., PlhafdiR. MREEYIHS, E 5 &9 2 -F R A

s T1. f4 #= b AR DM EAR R IR %5,

3) .Edge-Based Boundary Model |
4o @ FA W Brep MEAXTEIE, 3% (Edge
) BB AL AR AR IR AT R AR A A A, HH e
By Rk 73 o 30 ST BY AN (W 32 S i 68 36 B ]
TR AR W AT A B, HhA AR A6 o i e 2 AT
(Closing sequence) X M#MAH2HE (Loop) k7=
—iRGm eI, HITE Vertex X Ar4mdyid o4k §
kR, AAFASRALE 6 . |
Edge—-Based Boundary Model = <=3 31 —#& fr 2§
&7 Winged—edge data structure, ¥ #&A-#h4s i-
LR Baumgért [(Bau, '74, "75]13% & H., -}i—ﬁé;-ﬁ?ﬁ'-.
AW 7.,

2.3.1.,,3 Sweep repr;sentation
Sweep ﬁiﬁﬁ}‘%ﬁ‘j:’%ﬂ&;&:i{%%——‘f@%& (Path) 3 & %t

W (Trajectory) #5 #5 —fE XL, AR A & oo ; = B

FPLA, Sweep HZFFHET EBRHMEBE, — A% A5 £y 64 My R




edge  wvertices

3] U1 U2
| ‘ &2 Uz U vertex coordinates _
“ T oea vy Uy vy z Yy 7 face  edges
: P Uy vy Uz T2 ¥z 22 fi erenesey
es vy s U3 Z3 y3 73 fa  esegey g
_ ¢s U2 v uy T4 Ys 24 fa  eloerezeg
3 er U3 Uy ug Ts Ys Zs fa ernegeseq
5 S€8 | uvgug . g %5 Ys Zg fs  eineseqeq
! ¢g Us Vg vy 7 Y1 Zr fs €12 €11 €1p &9
€10 v U7 . vg Zg Yg Zg :
k| | €11 yr Vg
| ] €12 ug vy

] E 6 Edge—-Based A3

edge  wvstart vend new nccw

£ Uy g en s ' :
L€2 . uz U3 €3 €5
g3 ts Uy ‘ ¥ U ;7-
[-¥] F vy €1 £
55; L% Usg &g (¥}
cg vz Us €10 €1
ey .Us vy €11 €2
cg Vg tg €12 €3
; €9 us Us gq ‘12
! €10 Ug ur er g
. €1 vy vg g €19 |
" iz us. Us es €11
H vertez coordinotes
' Ty 2 face  first edge sign
1k U2 %2 Y2 22 i €1 -+
| u3 T3 Y3 23 fa €9 +
vy Ty Yy 24 . J3 ¢s +
Us Zs Ys zs f1 €7 +
i Vg Zg Ys Zg s €12 +
vy 7 Y71 277 fe - ¢o -
vg T3 Yz 23

. B 7 Winged—-Edge Data Structure




i
5
;
£
%
}
i
1
¥
x
]

PP H ARG PIE ; AN T PAA eh AR | A SO S S i
B, I AR R T LAY 25 R ; ¥, Generator &
A {EIE R, FPEL, K F 5w ;5 Director A AZIrEx A<
BEAR KR YK ; BB 8 & —1E SWQEP i%'}?‘?“}i-é‘}'ff‘l?‘o
Sweeping ﬁﬁ?fﬂﬂ'ﬁ‘;ﬁv“i‘fﬁ;i‘(Translational)\ B
#% X, (Rotational) . —-'a‘b’i:ft (General) =% ¥ X (Animation
method) E
| 1) .Translational. sweeping
M S S9EEA G P ESSNER C, &
He1F T Be—FEX d, %= O Mav o eI
AEE8-F80 Po AMAEEA T30 (Base plane),
SEd d &yFE P, AMABEBF® ( Cap
plane) |
2).Rota£iona1 Sweeping
e AE N A AR A M R R 36 d FE K A ek —im—
. HLE IS AR Ak 5 AR E RS A XE B
$a 35 2 % #% (Radius Function) P(s), #=8 10 |
Frots 5 — AR 3 33 5. Sweeping AT A 69 AR
AL 3% 2% X 7 ¥ (Revolution Bodies), 3EAFdrig-

AG— 118 oty AR 7O - — fE Fe 3 ¥ 360 BLAA A&



B 8 w Sweeping R ARy S B Y

cap plane

base plane




B 11 Cl w2753 C2 eh2% Sween.
a. C1 SR #A4L :

b. C2 = 4%,

R P e S0 P M A I TR T e e T ChES T TR T T A R R A m = Dbt E S alb b s e ks i m e E e O s o -

AT, SR TR R e T T e
v
i
&)




3)

4)

.General Sweeping

% —F¥ F R4 Sweeping F N A MK, Sweeping
(conic sweeping), #PR-P 43X Sweeping, 2L
AT AR eGP (Scaling) 5 ia¥ 32 & Lo-—
ssing #= Eshleman (1974) A58 A3, ALiP9E
AT 6 BEARKEIE AR L5000, 2B
Positional-direction (PD) curve, A.8 11 ;
#® Al PD Curve, #-FfR&FR¥|&9 Sweeping %'Hﬂfm
WA o A,

.Animation Method

A D e A AT Ay B Sy S < A P T 45 B MR B

> Sweeping V¥, @30T AN B8 iR

. o 8 AF By 64 I AL AR A P X B 1 5y T 28, 28 TS

Flah42 R , 3%+ Sweeping & F XN F,dp ity & 2 2
éﬁﬁi?%%?$ﬁ$?$¥ﬁ?ﬂﬁﬁi,ﬁbiiﬂﬁiﬁ$?ﬁ§ﬂ&%§4’,?T
PAZa NG B Rl , MM F AL, AR TR
Eﬁm?ﬁﬁﬁﬁﬁﬁﬁﬂ, T A AN Ay AR, HEeb, 42T &
Z 3T FALSA N, MPTT LT ERAZE AT
Flag oy X :

1.Generator T PARE G-B I 1HE S ———F 42 (Shape




’)\, 123 (Position). 3281 (Orientation)#f=i
. I~ (Size) o
; 7, 2. S FE M N e AR R B — i 2542 (Director) 45
3% Generators
3. A ey, B AIL Az F Gener—

ator &9 Ak

2.3.1.4 Hybrid Model
G, VIR T A Bk S A R,

AP TS, PR — 2 3y S

 1).CSG A :

ﬂ R A R A A, 12 e R T M A ok

= ] 5 iy tis S ) B B R AR A FOFE, 3R AT
SRR, M TS T e $RIRAN FIAE R
KA Ere,

2) .B-rep A ;:

OB Y R R R BLA AW A ey, SRR AR
, e F 0T &Y 20 MFR SR AT B MR R A L
. B F SRR L S B R A, 12, defin

Fr A T v Ao ik iE (Conversion) 8% =, #

i B A AT AR B,




fﬁ%&%,@ﬁg@%méWﬁﬁﬁﬁéﬂﬁa%&
”fﬁ;@ﬁéagé,ﬂ%@%@#ﬁﬁﬁﬁ%ﬁ@ﬁﬁ,
',g%ﬁ%aﬁﬁﬂmm@ﬁmﬁme%wﬂﬁmo

. G AL ) <6 P8 2 S HE A A — A K e
{jmig%iff& B A 55 IR LI Y B Shae
‘5ﬁ¢ R R R AR ke T 12 M, —FER L CSG

A%i = 12(a), B —AEAYL Borep HE, 2L CSG
Hi, 4= 12(b)o

2.4 %ﬁ{.-ﬁéiﬁ!

o H D A SR R S A A G, AP AR TR
RGN TGRSR LR SR RS, WL, WA R &
SATAL @ Fr 25 S F AR TH RIS A R, A K sy
W%@%Mﬁ@ﬁ%ﬁﬁ%aﬁf%i%%ﬁ%%&%%
'ﬁ%ﬁﬁiﬁﬂﬂﬁiﬁi%ﬁﬁ
| Ao B BT \%VAT%%EI&'E—}",,%.

1. &AM iR by A &

2. memw

2,41 FEAMpHeEE

PN A P, SRR AN CSG Bt a3y




CSG CSG Decomposition
interface trees model
Graphical Boundary
interface model
(2}
CSG CsG
interface trees _
Boundary
- moedel
Graphical
interface
Local Decompasition
modifications model

12 PS4 R ey IEA%
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}dﬁﬁﬂ@%kéiﬁﬁ%%ﬁﬁﬁwiﬁi,&Tﬁ\
E S, MAxdY. MBRH., BB F R A S 3% e
T A=K (Supérquadric) 89 #rik [Bar,82'], Ag—
&ﬁ%ﬁ%%%ﬁi%%ﬁi@lS:%%,ﬁﬁimh

Fl Sweep ZRAHIEF A 4 E AR

ERIEE Y, MPILIA B-rep tyRrr R, B
3IF fey R 3R, m"g&ﬁ] Vertex—Based Boundary Mog:l_el ., B
BEGITFE R T aF, MR A ?ﬁ%ﬁ’%‘ﬁi’i-ﬁaﬁr
String

i, n
A, ¥, Z

k, a, b, ¢

H <+, String :%—*?2.93$$, A m @ Vertex, =#r
n & Isolygons, (x,y ;'-.z‘)%ﬂﬁéﬁ, k #& 5 Polygon
w k 1@l Vertex A48, a, b, c :%_Eéﬁ‘:ﬁ%%flﬁﬂ?:,

™2 Polygon &% %2 vuiNad 288l o X, NEF 7 AR, — fE 3y P

LS RETE=




U0 ¥ Rat «




g%,&?ﬁﬁﬁ&%ﬁi%ﬁ%ﬂ%f%z%,%

2 Ao R Attt A E i, RBIET SO

FoK,, 1RT A AP IR PLA RO TE L, S I & 9
S%.75 2k A Ho BN 8 A ok b FLAT IR I .

2.4.2 HEESERH
!

A B TR P S E RS 35 B (Union) . 3T |

|

F (Intersection)®= # 3 (Difference), Hig45 4T :

BEHE : Setop —-u objl obj2 obj3
A% obljl %t obj2 AWM EIEF, A5R

obJj3.

X JE : Setop —-i objl obji2 obj3
#F objl & obj2 K MIER, RGP

Ob.j 30

# I : Setop -d objil obj2 obj3
2% objl $% obj2 A BIEE, RSP

obJj3,

BT RSN, MAT T, MM MO, EDF
A AER | |




A REEF, 2RI B-rep MM, & ik ay sk
AR, LA ST, WA REA AR RIS —
.




3.1

E¥ RETEARBAR

Ak Ao #8 A & o ik

F BT EAIREEZGFTRT TR =AY X

1.

Pfsolid : 33 USNA s el — 3 gy <3
EAA I A Mk, Moty F XA A CSG
BRI NI, TRIPH A b TR, A ¢ K
. AR, PR AR NS R R o — S A9 Y

, & B-rep ¥ &y—%% (Vertex—-Based Boundary

Representation), A abthi e ds 1 Ky

#¥ (Cube) . Iﬁ]-#i..%t (Cylinder). H <4 (Cone) .
SRR (Sphere). #a#E (Ellipsoid). MEHL (
Toroids) #o | | |
Superquadric Metho'd : &+ Pfsolid ArseInsr
o B AN AR W AT, Hab, MW ANIEREN R
A X, EAFR A N AR = IR A R
A h HFLEY T W o fo i o, I B &8 gy —3E3PE
T S AR TT VAR B i WA LAY TS AR ; ATy
KA Barr A 1982 FAri i, Fa L A RE5

B E B AN, AW hmty AT AT —




B 2 i

. 3. Sweep WMk : AP SRR, WIIWILE, sAE
: A S A A — A A e, B
HrRb Ak B TR M AR AR B, 1R 47 2R AT A
PR, Plie : A F, AT 2k F FeayHET
» PABLF-MIE A Sweep HEMETEISI b B, FAia
WAL E SRR 3 182, 93 Sweep
FARTERES A B Y A, R
I ARG AR R P AR N A | VAT AR B

1 A 6 B A W AR SRR e BT B AR, W AR UTEE

R AR e b Ak R AR R e R S

3.2 A ok ¥ ik (Superquadrics Method)
#t¥ iR Barr 3 1082 ik, A FXEA=TF -

#&F FRIFEAE em &R

f ; o ha(w)

; h(w) = [ ] s Wo = W < Wi

:. ha (w)

3 Fa

] .ma {7)

i m(p) = { ] » o £ 7 < 1y
M= (’7)




AT W AR RIS (spherical product) X=m x h

RFEH{RT —EE T :

m: (7)) ha (w)
x(p,w) = m1 (7)ha (w) Wo
ma () , 7a

Ih 1A
%
A A
5

PARATRIDL, h(w) Z—iFK Pk, oods m(p) 39
AL AT s ma (P) 20 h daeyk.l., B9 m. (=) =T
VABER R SIS 5 n R drdbdrds A 4B, BEIRAn
B, 7 v Ad RGeS, SR g ; ok
A TDT AR EEF a Fek B AP, 2o : A

‘Aaa ma () ash (w)
o [3 ) e [P ]on [
Aa Sall= (’?) azh (W)

: Ai1Ma (’?)h1 (W)
#AZE ®x = max h = [ asmi (7 ha (w) ]
Aalla ('?)

-

| EESHE G Ay A Ak L o BRI A G A, e — fam e
) #F38 — i M ad, 4% &2 —{EmEE -

cos 7
m(7) = {

],—rr/ZSv:Srr/Q
sin »




LB A

COS 7 COosS W <
X =m x h = cos 7 sin w s — T = w
sin »

A Quadric & @eyE A = BB X & FdaF -

Ellipsoids::

(xi/a1)"‘ + (Xn/aa)a + (X:a/-‘éla)sa =1

[ cos 7 "Ai1CcosS W
x(7,w) = * '
- assin as:s5in w
[ Aa1Cc08 7 cos W ) :
= AaCcos 7 sin w -2 = < w/2
\ aasin 7 T = w < ¥
Hyperboloids of one sheet :
(X1/21)% + (xal@a)? - (%a/82)% = 1
’l'
[ sec 7 AiCO0S W
X (7,w) = x
- A=atan o azsin w
[ aisec » cos w - w2 2 5 < w2
= alZsec » sin w s — T =W <
- a3tan =




Hyperboloids of two sheet :

I
H.

(X1/a1)2 - (Xa/aa)z - (15‘{:3/8:.3)2

sec 7 aisec w
x(7,w) = } > { ]
* aaztan 7 astan w
[ aisec 7 sec w
= azsec 7 tan w ]
~ astan »
- w2 < 7 < a/2
, — w2 £ w < /2 (one sheet)
/2 < w < 3n/2 (two sheets) -
Torus :

S (r - a)® = (Xe/@a)® = 1

CHF o= I (R SA)T S (Xa/a2)™

{ a+tcos 77 31CO0S W
%X (7, w) = } ¢ [ ]
\ Aasin » aazsin w
[ ai (a+cos ») cos w - w2 <
= a2 (a+cos 7) sin w ] s, — W= w< w
' @aasin 7

-

AL =R M A B Quadric 5069 AT

ﬁ,ﬁﬁ,ﬁfMi%a&ﬂ&ﬁmﬁﬁ;

=24y sin—cos ags% :

4

a cosce FKAZ (x/ay?” s + _(y/b)”e = 1

b since - T =2=e<dmn

I

hg




2 AT AR T (Superellipse) o

secant—tangenteh 3% :

X = a sec*e KA (x/a)?7 = + (y/b)*-=« = ]
¥y = b tan<e - w2 < e < w2

/2 < e < 3n/2
#5#: Superhyperbola,
EAR RGBT R, HE gL POy AR, Al h3as
Hy L&Y TG AR, 4= (pinch) . HE (round) . #=¥H

(square) :

€ <1 : BARM B F B (square)

€ =1 : IRBKEH  (round)

€ = 2 : FBAREG P (flat bevel)
€ > 2 =ﬂ?%&ﬁ§$tﬂ? (pinch)

| AR SRS L A, A

. AREAIFEME M5 K MBI EK, PER (

’
!

inside) | #M3¥R (outside) #=R @iE R (surface

boundary)
2). #F—18 Inside-Outside si#k, T VA — 1 B

5. FT AR — (R B K,




Plda @ — B IEANEE
cos 7 cos w ,
x(7,w) = cos 7 sin w -nw/2 < np
sin » - = w <
F Inside—Outside F#k 5%
fX, ¥, Z) = X* + ¥2 + 72
f(xo0,¥0,2a) = 1 (X0,Y0,Za) “ZFH e b

if f(Xu.Yo,Zn) > 1 (Xu,Yo,Zo) ;&%ﬁﬁifl‘

+ T (Xo,¥0,20) < 1 (X0,¥a,Za) FE- IR 2 Py

Superellipsoids :

FH MY R 1§ -
r Coper o a:Cw<?
zx(7,w) = ] x [ }
! " BaiS et a S w?
| (281 Cw* Cu®® V' - /2 < p < /2
; = aaCnper 5 ,=2 ] s —mw = w <
! \ ag S et ' ‘

€1 ¢ FILHF GTEY Py Fk
€=z i&?f@%%‘?‘fﬁ'{&
Normal vector : ‘F

1/a: Cop2-e1C 2~ = g

ni(z.w) = 1/a2Cnp2-<1 5 ,2-«2
1/8a Sp3-=1

e e a e e e ————— = "




Inside—Outside function :

f(Xsy,z) = ((X/ai)“”" -+ (y/an)gfﬁﬂ)ﬁﬂ/ei +

(Z/aa) 281

Superhyperboloids :
E MR = F -

( sec®'»p ] [ as Cu=?

b}

x(2,w) = ]
- astan<*z Az Sw**
( aisec**7C w®? - /2 £
= aszsec*?7?S w? , - w<w<
- astan<'z
Normal wvector :
1/aisec 72~ Cw?-<®
niz,w) = [ l/azsec 72~ ** Sw2"=% ]
1/astan »=-%*
Inside-Outside function =
f(x’ysZ) = ((x/a:.)“"“ + (y/ag)n/ﬁﬂ)ﬁaze:. —

(Z/%a) - &1

Supertoroids :
YA E & F ;
a +CO£1 a:l.Cmﬂa

x(7,w) = { } < {

aa St Az Sw*®

|




SR

ai1 (a +Crp*)Cu=2
= [ az(a +Crpe1) S w2
838’751

[
44
A 1A
LN
FANAN
4 4

Normal wvector :

1/aCr2-=1 5,
1/aaSnp2-=2

1/8. Crp2- et C,2- s
n(z,w) = [ 2-<a ]

Inside—-0Outside Tunction
f(x,y¥,2)
= ((x/ai)axez + (y/an'}'.ﬂfea')ez./ei — a_)zze:.

4 (2/83)2/51

-ﬁ;—q’, a = a/y {a,® + az”)

A & torus &4

3.3 O IH R
&ﬁ&%%miﬁ%ﬁz&,%ﬂ@%ﬁﬁgema
ST M — NE M e Y A — R B IR, AR S AR
zlswﬁ#ﬁ;ai-i—“f \4%,_.1’@3{515‘5* :
1. 3%k 591 AR HE M 89 R IRT, IRER G0 K@ X
I Ay 2 B 6 IEAT o
2. AF® ﬁiﬁ%ﬁ?%ﬁ%&fiﬁﬁia& e
A

A, T B Inside . Outside . On o
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3. d A o R &Y REAT I 1 S0 B 6 i T 2252,
drib, ETHARSCETIFMAET DN LR, 2

B, M RAESTE AR R I A AR ]

3.3.1 dpipehic
B, BRI
struct vertex {

Tloat X, ¥, Z3
int flag;

j:—-‘:i:, K, ¥, 2 %ﬁ%&ﬂﬁ

flag & AR50 852 3625 55 — @4l ¥ &4 5

H, AT, KA L

BLELRIR RS — 1@ N2 Py eyIR TR, 3N —mdy

4 e 1) 5 T 0 AR P T B A 1 5 1T

| TG R 5 IE AP R R 4R P B D
.W B2 AT Z A R A ST R M 635, RipLIRET &Y R IR AR AR
| AFSLEP AL, PR AT — ey F B @, &
1340 5. RT3 T s By BTWAR I, or AL 0 3,

; I, IR IR W By EE A
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FIHF A — 2 FIHE AR F R TS P a2 M oL T S R T4
B ATE A F R T AL RN, il B
TG T80 A Y S MR BEBE T SRk b B i 6 P ag 8 P 5
ﬁﬁ;ﬁi,ﬁmﬁ—m§&%$@%%&ﬁﬁﬁ,ﬁ%
B8 % TG T b — R R L — 1 # i B P 0 4k
B, GIHFAEAAAT A IHAEEE, KBS V, #o V.,
AT AN AR, PG V. S Vo sy BARE S S
A%@fﬁﬁ,%mi&éﬁﬁSMMﬁqﬁm&&ﬁh
signl * sign2 > O'=
'iﬁk&ﬁ%am5&%%@<»ﬁ&zm(u$
@ﬁﬁﬂ%Nwm1&$.m@£%%,R@£m
2
signl % sign2 = 0 7
AR AT —BEE A F S P @, 4=
signl <> 0 , sign2 = d
. R va I F M b
signl =-O » sign2 <> 0
AT ve B TR P L,
signl = 0, sign2 = 0

F AT Vi Vva BE I BB P E,




FF, RETGYE, HoR
b N cabs S . R AAEFE AR F 1% B P g0 =2 Sk,
DHE T R AEAER S RGP Py,
signl * sign2 < 0

R ARE S PSP G P e A, LR
ARSI 5 TGRS P B AIEE, Hak, B
T R AR B ok TR 38 P 2 R 3
L F iRV, |

MBI S R SR

FEHIEA, 1 AX + BY + CZ + D = 0

L1

MBEFAEX, 1 P(t) = P. + (Pa - Pa)t

; 0 =t=<1l
Al (xa- 1)t + %11 + Bl(ya - yidt + y.l +
Cl(za - za)t + 211 + D = 0 |

: -(D +7Axa + Byz + Cza)
==> + /=

A(Xa - X:.) -+ B(yg - y;) + C(Zn - Z:L)

Lo DEERE ] G T R R R B TR T T
72 Pa

B F iR TG T30 64 T 5 5 RN 6y 15 B T 2RI ik — 1R IR A




B F T T ey — X, SRR sk 8 3R T K, — 3 A —— A
3% BE S ST, o SLATARIC B TS B3 88 2T B S T 22
FFIEE L TH A F B9, LB 14 , R & 3025
e P AP B S AR T $ I I &Y 18 T SO B TR B K For R i e
, BRI ELE L RGN, 4o IR U AR A 1
HAGAHT, R R A 5 EB i,

AR B LA B E ST RE ¢
MBHTHEA : P(E) = P + (Pa - Pu)t
, 0=t =1
MEFALR : P(s) = Pa + (P - Pa)s

», O=s =1

X1 + (2 —x1)t = ®¥Xa + {(x —xa)s f——(l)

Y1 + (y2 —yi)t = ya + (y —-ya)s ———(2)

zs + (za ~z1)t = Za + (2 —za)s ——(3)

d=(y - vs){xa ~ ®:s) — (ya - y1){x = xa)
1 )

t = —[(y - ¥y3)(Xa —x%2) — (ya — y2){x - Xa)
d
1 .

s = —[(ya — ¥y2) (Xa —x1) — (¥ya — ¥2) (Xa = xa)
d




of

P

B

14
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& (1), (2) XEFX t, s s<CAFE (3) K

3.3.2 xpahoHE |

de 3P 85 X M 1 L0 b MR, 4R T VAT EE B — 5,
goR IR F G M A ICEE, R — B B E,
CH T —4@%s, h¥bay flag WITKEE ON , RTE AR
@@L, % 8 ®EsRRILE A § R A — T SIN .
SOUT &9 Bk, HFlE-FEAIDIIFII ; 4oR B R/D
=M ARE, R T USIGN 89 Bik, Rmim, A
B A A AT |

AR B T S AR R R MY R R, AR
BRI BB Ak s ATEO RS, 3 B & T m\sm\swf
WS, Jifk USIGN Syoftrse sk @F@mA SIN HA
mm,%ﬂ,&T%%iﬁﬁ&%ﬁ%ﬁﬁ%ﬁ%%E&
;%h,ﬁ&ﬂmﬁﬁﬁﬁﬂﬂﬂﬁﬁ;#ﬁﬁﬁﬁon
AT EIE, 4=F A AL SIN #= USIGN , KA R SOUT #=
USIGN , MA% % USIGN #y®bes¥ SIN M2 SOUT , 4%
B —BAEFE 5 A R IWITIH M FISRAT USIGN s RSE A
Bk,

YA AT B BEARAT T AR 0GB X R, H—1EiE ey Bk
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AR SRFERE , FHLALAA=TT ¢

3L —1EE L AR ELE V. A= Va, A

Vi Ve L

SIN SIN IN

SQUT| SOUT| OUT

ON ON ON

ON SIN IN

oN | sour!| our

SIN ON IN

SouUT| ON ouT

3.3.3 &SdbH .

R AT Y B IR LIR A ST i, T RS R IAE R R
PR AT R E . (R, WAk, 2R AFAABARBIEY
@A, HARAT SR MR R

-

1. W :

1525 H —iESy R & OBJ1, & — 1@ O0BJ2,
% X, %o = (0BJ1 UNION OBJ2)
-2 ORJ] #= OBJ2 H£3I%, MBI et d

SOUT = ON 5 bhay SEF 762X, , @ H.d& &y NORMAL

P
1




R s ety NORMAL ¥ &1 —3E, R ayilig 3
, R TPABR — R M FRVYIR SR,
IH R R R P A B AR TR AR M S | B g T

PATRE B RLEEL AR, o

bl

AKX, : (OBJ1 INTERSECT OBJ2)
&%Ei%&%ﬁmuomsmﬁﬁ&%&%
AR5, 8 ¥, w7 BLAAP o ah £ i 5 - NORMAL
/R A ¥ NORMAL 48P .

e

=, : (OBJ1 DIFFERENCE OBJ2)

BSLIEH , OBJ1 4o OBJ2 Fi Btk S1ev¥s,
FBMANATAR, ¥ OBJ1 R, Koy R AWK
R IMALARE], PRk ON, SOUT 2% 1% iy X5
AR By B A, M H. NORMAL LR s &4 55 460 1)
;ﬂ% OBJ2 #3., ALk »L ON, SIN B EHey
EBLA S A% 6 % 5%, # NORMAL 3L F e 304y

NORMAL #8k& »
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- PATF W A il Cube B/

P IR A i A A R, A

AT A IFET T ILAT Vertex /B Friskae




FEH =R Vertex S MBASE2 i, RASR 4o F o -
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