FI0EFE 12M O % M Vol. 10, No. 12
1099 4% 12 H JOURNAL OF SOFTWARE Dec. 1999

FIENRRRR P HRIRE
B OERE 2ER A

G K% CADRCG ERESELRE MM 310027
(TR ATEEHRA MM 310027)

E-mail: tang_m{@netease. com

WE ATreRER 28GR EED, RAMRENY & RELY I 8 RE A 4% —~R7 A BE, R
XAREERHBEA A NATHEETHRBED, AL L THENFTFRAEEEATLE, A RER
FoHRE AN MR SRR LGB FN AR EEY ARG LAY, BN RO AT
NUFH6ici8 ¥ &4 GS-CADSS F 5 8.

XD RN CARBE AN @K, FHE

hEES %S TP39L

REE R BT AR B R R AR TUTE B A0 i SRt — 4 . N — R B 5

MY CEUTIL-FEZE T HE"

(1) & T Z M AR 2, T6 3500 00 b A A 4R (R AT & 8 8 T U0 S 1 o Y B2 ol 1T O
(2) SRR FBIEA AR R A AR R R R FUHNMESHE B EAMRERF TS,
(3> JLATFERR B T LA /i L ARAE L i T A Sy TE 2 4 A B ML S BT BB R T B R E TR

SRR

(4) AT SE RT3 8 58 R A I JR B0 A R 1R ﬁﬁﬁ%ﬁiﬁﬂﬁ&ﬁﬁﬁ]ﬂﬁﬂ.
HTHRE ST EEORANRIFE TR0 REHT R 0TR A E RS s SE 5 LR,

FOCHEHEIR T E LA R R oy TR 88 . WSS AR R A 8 —SH AR SRR
ERASEEIHE F#or, dal T 2R, y THASSRL SR, BER RN R RS
M TSR 32 A B T A DM IS L FAE B (KRR, Bl 2P T I BRI B R WAL
35 S BRBRE A L O R LU B8 i T 5 e 1 ] 5B Aok 2t Y ] .

TR RN R MR T BRRZEH Ik REA® S, —JrE 3R 35 IE WA o g im b B &

HHRER; S EREATETEMNNRAESRETEREL AT HETA4HREHEFITHREZM &
9 F L) R o B T — B R AR AR AR 0 E 43 B A L W7 LA of 0] T 2 R T e 2R
GR.MAEEEMERMERSZ, AMES 7 RENTHEE B XRERETRER ELART LR
LR AR R G IME B R A AREY R R TSR R A TLA I R, HID R R R AR 3, T B T IR AT R
e rT i T AL 2B A T 5 A Y B S8 28 K O

1 FFENRIEERT
AR E WA ), — AR S R BT R SR R — IR R — R E RN —

v RXHRSFER ARFEES . EHF 563 BHET BB MEIIAY CARCS HEH ST R FiaE & R

E M, 1974 4R L 0 BT, SRR A B EIB S SE IR, LT L WA, 1045 E 4, 28, 14 I,
FEWRAH IR UELS S CAD, £ B A S 05046, DBMS. FRH, 1970 F4 L, T, T EH KM A CAD,
RHE SR BT, ARRR, 1923 4 HEF B0, FEHESSL A TR .CADRCG, B 5 F TR,

ATERBA AN BN 310027 BRIT K 1549 (H
KL 1698-00-11 VT ), 1990-01-11 BT R

© HIERRESSAHIIFTR  http:/ www. jos. org. cn



— 1282 — o8 $ R 10 %

MERN—HETR WEFEEER LG —-ER FFLSHG AR M EEN FTFEERN _HER
BN TR0 LA~ R KR, ARG FRR T A, - MEREN N EEN R AR TR,
BREMATHEERIET R L~ EFER, #Tﬂ@Lﬁ'—iB@Tﬁﬁ WA

BT ENEEEROREES HTE LA

mmn Soid __m‘“@ J‘b‘JHT%E&E‘ﬂHﬁE?HuM,Elﬁf#?‘ﬂiHﬂiﬁ*ﬁ%ﬁi&
: ma— SC@‘: BT ol WET. B MERE b i 5,
T e E L R R AR B RS S 5
i Peint -—| . . . o
R, R A — R B . L (B
i ] || e n m e s
(e Qa,y ‘ HRAR.

<> A e T LT — S B B 32280 )

H G| PREN—K© LHS AR XN T BEH R
;o HEUEHESI LSRR T RN SR

L RASILEREN R B — AR AR,
L) A TR T S R PR R JLAT (5 B

T it — S H W L RATA B EH Bezier
FE1 jEEmeﬁﬁﬁ@%ﬁﬁﬁfh PG, EREMHER .

3 S lwaViuBr (9B
Py =258 (0501, 0Ke ),
> Ew Br(s)B; (1)

—0 =0

BB V= Gy vz N BIE R Y4 TR yB:"(S);( ]:1} S (1—5)"" 4 Bernstein EWHR, FGL.OFFERAER

18] (5o I E) MR RS — PR B RS O e R B R AR . B R
Brif g, FEEW R 2L RITAS R LR O BARS SR AR R, B E S8 TH A HE S g Ly B0
EATETRER E—ERETHABRLE UM LR, B8, R XS HELHESER EH— A Ak

? WEE

¥ EIE RS R S R SE L R A - = B

(1) sR3c Rl & 565t B8 ARG LT I0 B o TR s R TET, B £ B R 0 G40 2 1 0 0 e B A An i
BL IR AT BE AR R TR R AT

2y fhm RoRAEF 4R g, S TR SR 0 iR i o BB M B R BT AL Bk R EATILA
R ZF, Bk Vertex-Vertex, Vertex-Edge . Vertex-Face ,Edge-Edge . Edge-Face, Face-Face 1K F X B R H b4
9 —BtE. oA T 8 R 2 R R R AR TR TR B A A AT A BT O 2R S S SR R AT IR B R .
RAZIT R 55 SR B U AN, IR E S S E R SR SRR IR FIORET RS,

(3) A KM LR BFS A RIRIENF AR B, L3 B0 T AL R EAUF L —
AFIFTE, B TE R R 4 A i A FER . K 284 51§ R A A T A — TR inow X &2
FREARPARR . EEE YN RBHRECRTEIT RS SRS R

CAE 2 o (B8 4 F o B BT 8R4 A B, e sE BEF T AR 3SR, TR 1) FTREHE 2 i Solid A I RTT- T H Solid
B Ry (B, 245 #EAT B SR 32 M4 . ¥ Solid A 1 Solid B 5} $1204r PP 4 () (I (d) , FF TS
K842, 4% Solid A FRE T Solid B B &S (2)F Solid B % 4% T Solid A W17 45 (o) B K, IE TR EH
SRR,

© HEFRES SIS http:/ www. jos. org. cn



12 % B BT EENHABEAGE REHS — 1293 —

/_ (a)

THiD
/ < - % .
i — b3 \
§ SolidA E i ; }
% % ﬁ () § é
B~ (a)+fe3
éﬂ ‘/\‘ / i o
SolidB

B2 BN 7 He ) A fF Ay 7

3 EE RS E

31 8%

BT AECHEER. & Bezier BIH A G A BRTANACESES TR KEH,. A
St S L B A R R A SRR B AR R T REAR ST B I, SRS 1B AT AR M A BT . R A T SRR R
WMREFAMHEFFHE T2 EPE, e IR B, R SER S S EE— A B, W AR
MZE RINEIT Seidel WAy EEME IS Bk WL BB RT3, 3R ATI0F T /0 %0 TTHE A5 32 Y T 2t
52 BEBEREHTNR

SYWEHABHMERER T EIENEBZERVTER RSy EWRE, e R KBt T
AR, BF AR BAr A F A0 R B ARDS T aRasUs gt s Uo7 s s 1), iR R
BT ARSI SRR ST

ARERR T RAE R HFEME F AT E EREEE L B RN —RRECTE 2R
. REF RS SR R4 IRER B U EE BT B R TILITE . A RS R AR
FHETT LI FERR R B Bt ) o0 47 R AV TR TE AT KR I A b 15 3 0 48,

BT R R 2T LA ESHE LA FARS AmME 3P I/IM LN TRR. ELRASHEARE —
MEEEEET R BRRAR AL T LA H Edge-Face KT HEY Al TR AH R, R AT TR 4
B (9977 4 2R AL B 3T AR il Hohmeyer B ZET Gauss EW G IE BT HH) RSN E# T T 0 B HE
b B R . R AT LU R B B B Face Face R R 478 i, TRT AR A TLBE SR AR EZ
HAT I

B3 IR, O L B F B4 S AMSANES KREHREFRES
%ﬁﬁiig{lﬁ%ﬁpﬂﬂ: Pa#PnE% Coﬁsu ﬁ%‘PF*‘ﬁ

© HEERERKLEIF  hps/ www. jos. org. cn



— 1204 — & 4 F H 10 £

.3 BERR

R BELRNAFMETEECEET X Bl EREE RPN EZREETERM RTS8 R
BT E R X RHNERORZE. fif, —tES 5 -t EREWERER T EE5E UMY
BTSSR B RENERL 225K RESHSEMRERE  MREE TR ESREEY
R AL T T BET R B A~k A 4 FOoR IE S, S 5SS, R GHR ER R C K
58 RE,HREIRZEE PFEPLSEMEC W S HEF—8 BR.BNEATERRIWEE BRT
# B Vertex-Vertex 3R % | Vertex-Edge 3¢, Edge-Edge K M Vertex-Face 3K 28  Edge-Face 3 37 Face-Face
REEH U #EAT. T 40 5047 X AR 0.

(1) Vertex-Vertex RE. MM AREE S, EE S, I IS8 Vertex-Vertex, Vertex-Edge il Vertex-
Face K32 1 3.

(2} Vertex-Edge K32, {0 L BB SRRIBE B 35 70 iR 2 75 B oy, W\ 39 T A0 4 34 TR IV AR A DA
BAES, FAFSMESRRE, WHAFAS NG SR Z,

(3) Edge-Edge RXZ. HEWFNMWAERELHNZE T RS EHALSR FBH-FR A ES IR
BEhn 5 4 oR 28 TR 7= H Y 1 5 h ) Ak R g

(4) Vertex-Face 5R32. 5 T s 4 1R 22 1 B P9 TE B 10 b 28 1) _E /%7 2 4 B 0 PO PR, 0 I T A0 0 3 T o
AHE S

(5) Edge-Face 3R3. B Tl BT & O 83817 T Vertex-Face KA, BEMEH N 0,1.2. 8N 2, MEH %
BEFT i 2R A0 B A 0, B A AR .

(8) Face-Face R #ATSRM T A R 28 FEC AR BLE USR] A AL AR 88 A2 SR 3 A\ T 3
. .
3.4 MRS

TELEFFR M T Face-Face fIZHHEZAMBME, RITFRA T ERBRESFHARR B T2 REH
i PR LU R A T MR B AT BB T LT S B M A R SR A L (R A BB L R P g i B
ETRENR S MERE RN, AT A REI R RITRE TRRR N /B EHE S 28 F %R
SHTEN, T 0 T JUME R AR R L& d b — R el 5 BFR.

B L PR IAGK AT A 4 (8,,825.052.8' 0.

Wi 2 FIKIMAREE AT B (S'5,572), (87,8%).

WO 3. F IR RASTH 3 A (8,,872),(5,,87).

st %

el |

Sy S, S1 SZT
S

i s
LV ¢:‘ i I ' " J
S 5y 85
DA

i A ' i3
Els BEfEm
EEFRRZWMBL T . FRRREH T4 TR, SRR E R TR AT 5%,

BB BB RIMT
) B (foo [ I B AR MG A WA R B A S £, CSs 1T Sa, MBI TE X G b il UL (10 /)5

© HIERRESSAHIIFTR  http:/ www. jos. org. cn



2% A BFGFEHAKYET REMA ~— 1295 —

(2) WRL IS Ct B, TIBLE (5

(3) IR CH= O C A ek SE B b b, Bk 5% (o), 5, 44

(4) R C, 7 SRE U CEM B P EBARE 4 O, A TN C AT E T3 R iMoo,
BER(6);

(5) MR CEE W CMATRRR R S, B O, A RSB, 25,

(6) R £i, f; FIMTME BHT R B, TH R W Gk, K4

(7) WMABREE X R ot 32, AMRBE X E W BEY (F . £ B 2 FUGEE , R4 Brris 4 @
it

¢ RigHRfBLRALE

K2R R R B2 BIRR A BT T R B A TR 2 2, e GO (b, BT R B 4
(e)fradd. fﬁff]%?ﬂﬁﬂ‘ﬁﬁ%f#ﬁﬁﬁ%iﬂﬂﬁ4@1&&%‘%E@ﬁﬁﬁfﬁf?%ﬂ&%ﬁﬂ:ﬁ%f*%%ﬁ?ﬁ%-
BT, A.B &M RBIER A, !

AUB=A..BRE..A,
ANEB=A,BRB.A.
A—B=A,.BR(E.A)"".

O 2T 4 MR 0 R B A 26 o T KB 8,  Bsh R — TR A 5 A
S1E, M A R FE S — RSB, R 2R,

HE— AR AR EE—MAARE— AR MR BEH R E N S — A SRR TS0 8.
FRA B N R T PIE, TIA SMER. X 0 R BT M/ M B R 30 H B B KT O A o SR . M, i R Y
AIME R T LB E AR 4 S R XA R W bR T L M B R 2. T
PRI EEGE I~ S B L B 55 2 K SR 0 SR AT e, LA N T 5 — A ORAY ) A3 B R . 3 e —
AR EF 64 2R SRR R IR A BB B B SRR O

SBALIFR R A5 A R0 XA M, £ K B E S BN £ SR AR . R 12],
BALTEE 3 S BRI E B S 3 MR A F R T BRSO AMIRIES 81, 7 (1760 300 B8 4T 46 1h 18 47
PERNIR L LA R PR 1 B4 KB 0 A s R R . X D e T T R R R T

5 EWF0LER

ROJELENT PALACESEATHNE SR ELEY ALK CS CADIS B TEHFE by 7ZD-
MCADIT R LR AL T ARG, AL ZD-MCADIL F A 2 2 T AR 4R (5 B 817 B s TR s o L
SO ST B E SR, RAISIA T 4 E RS 35 A, M R R— M EE WS EE. £/ 6 8526 &, 4T
NS TR K S R TE AT T RO AR Sl AR G R T RO A R
WeHHATHE R ITERAHEER. ELr AR~ AT H7 AR L EEN ST ERTNRXE. 1
RREIFER T, %ﬁ?%%ﬁ%ﬂ@%%ﬁﬁﬁﬁﬂ‘,Ez’i’:ﬂ‘lﬁ%lﬁj’a‘ OCmn) ym F0 o 53 B A P A Mook i i T 15 80,
HE M H T R R ) AR IR EREALIR BRI T ERE S O & N ERHTHME KM

Xk
! Hoffman C H. Geometric and Solid Modeling, San Mateo, CA: Morgan Kaufmann Publishers, Inc. . 1989
2 Masvda H. Topological operators and Boulean operztions for complex-based nonmanifoid geometric models, Computer
Aided Design, 1993,25(2);119~12¢
8 Wiler Kenin ], Edge-basec data structures for solid madeling in curved-surface environments. IEEE Computer Graphics
and Applications, 1985,5(1):21~40
4 Stroud I. Modeling with degenerate objects. Computer Aided Design, 1940,22(6):344~351

© HIERRESSAHIIFTR  http:/ www. jos. org. cn



— 1296 — #Oo# ¥ R 10 %

To) #ED RED BOO BB

gy 1] nm 11:16.58

[ 6 4 )

;’;i1 |
eé e o

B 7 S A HE 1)

5 Hu Chun-yi, Maekawa Takashi, Patrikalakis N M et a/. Robust interval algorithm for surface intersections. Computer
Aided Design, 1997,29(9):617~627

6 Hohmeyer M E. Robust and efficient intersection for solid modeling [Ph. D. Thesis]. Berkeley: University of Californi-
a, 1992

7 Krishnan S, Manocha D. An efficient surface intersection algorithm based on the lower dimensional formulation. Tech-
nical Report, TR94-064, University of North Carolina, 1994

8 Sederberg T W, Nishita T. Geometric hermite approximation of surface patch intersection curves. Computer Aided

© PEBESHASUR b/ www. jos. org. cn



iz A BF GEENSBECLGFRES — 1297 —

Geometric Design, 1991,8,:97~114
9 Gursoz E L, Choi Y, Friedrich B P. Boolean set operations on non-manifold boundary representation objects. Computer

Aided Design, 1991,23(1),33~3¢

10 Crocker G A, Reinke W F. An enditable nonmanifold boundary representation. IEEE Computer Graphics & Applica-
tion, 1991. 39~51

11 Farin G. Curves and surfaces for computer aided geometric design: a practical guide. New York, NY: Academic Press
Inc. , 1953

12 Seidel R. Linear programming 2nd convex hulls made easy. In: Proceedings of the 6th Apnual ACM Conference on
Computational Geometry, Berk;)_ley. 1990. 211~3213. http://www—tes. ¢s. uni-—sb. de/seidel /index. en. hml

13 “Lane ) M, Ricacnfeild R F. A theoretical development for the computer generation and display of piecewise pqunomial
surfaces. 1EEE Transactions on Pattern Analysis and Machine Intelligence. 1980,2(1),150~159

14 Snyder ], Interval arithmetic for computer graphics. In: Proceedings of ACM Siggraph. 1962, 121~130. http ./ /wwrw.
gg. caltech. edu/papers/intervalabstract, hrml

15 Rossignac § R, Requicha A A G. Piccewise-circular curves for geometric madeling, 1BM Journal of Research and Devel-
opment, 1987,31(3);256~313

16 Sederberg T W. Implicit and Parametric Curves and Surfaces, [Ph.D. Thesis]. Prude University, 1983

17 Sarraga R F. Algebraic methods for intersection. Computer Vision, Graphics and Image Processing, 1583.,22,222~238

18 Farouki R T. The charecterization of parametric surface sections, Computer Vision, Graphics and Image Processing,
1986,33,209~236

15 Bajaj C L. Hoffmann C M, Hoperoft J E I, Tracisg surface intersectivns, Cumpater Auded Geometric Design. 1988,5;
285~ 307 .

20 Kriezis G A, Patrikalakis N M. Wolter F E. Tapolagical and differential equation method for surface intersections.
Computer Aided Design, 1992,24¢1);41~55

21 Krishnan $. Gopi M, Manocha D et af. Interactive boundary computation of boolean combinations of sculptured solids.

Computer Graphics Forum, 1997,16¢3):67~~78

Boolean Operation of Non-Regular Precise Geometric Models
TANG Min DONG Jin-xiang LI Hai-long HE Zhi-jun

(State Key Laboratory of CAD & CG Zhejiang University Hangzhou 310027}
(Artificial Intelligence Institute Zhejiang University Hangzhow 310027)

Abstract To enhance the geometric ability of current modeling system, the non-regular precise geometric
model is used as the unified data structure to represent and manipulate the wire-frame madels, the surface mod-
els and the solid models in the algorithms. The authors present the data structure and Boolean operation in this
pape;r. For Boolean operation» accuracy, efficiency and robustness are the main consideration. As the geometric
kernel of a feature based modeling system, the algorithm has keen implemented in a feature based modeling sys-
tem named GS-CADY8 on NT platform.

Key words Non-Regular geometric model. Boolean operation, trimmed patches, robustness.
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