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Triangulated BRep using Linear Triangles
YosHikl ARAKAwAT

BRep using arbitrary polygon faces has as its main problem the fact that it requires
complicated data structures and algorithms, aggravating robust processing. A triangulat-
ed BRep, the simplest among the BRep models in terms of data structures and algorithms,
overcomes these drawbacks but may still result in poorly performing algorithms, suffering
from a rapidly increasing number of triangular faces as Boolean set operations are carried
out. This is caused by the fact that the division of a triangle causes its neighbouring
triangles also to become divided. We solved this problem by introducing a so-called Zero
Triangle, a triangle of which the three edges constituting it are collinear. A new al-
gorithm, presented in this paper, performs Boolean set operations on Zero Triangles, that
avoid the division of neighbouring triangles and that unify triangles locally. The proposed
algorithm performs substantially better than previous algorithms, due to its ability to re-
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duce the number of triangles it processes extremely.
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Fig. 8 Deletion of zero triangles.
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v0 = t->v0;

vl =t->vl;

ax = v1->x-v0->x;
ay = v1->y-v0->y;
az = v1->z-v0->z;
v =v0;

for (; t->f == ZERO; ) { — (1)
v2 =t->v2; —_—
bx = v2->x-v0->x;
by =v2->y-v0->y; (2)

bz = v2->z-v0->z;
d = ax*bx+ay*by+az*bz;

f(d<-E){t=t>12; v=v2; } — (3)
else {
bx = v2->x-v1->x; —
by = v2->y-vi->y;
bz =v2->z-vl->z; (2)
d = ax*bx+ay*by+az*bz; —_—
if (d < E ) break; —— (4)
else t=t->tl; _— (5)
)
if (t == NULL ) return NULL;
Rotate(t, v ); _ (6)

)
if (t->f == ZERO ) return v2;
else return NULL;

B9 DEFEABERTVTY XA
Fig. 9 Algorithm of searching the vertex
on a side.
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(3) db<da

(4) da<db
B 10 3R

Fig. 10 Connection of two triangles.

v0 = a->v0;
for (55) {
da = Length(a->v0, a->vl);
db = Length( b->v0, b->v2 );
if ( fabs(da-db) <E ) {
a->t0=b;
b->tl =a;
v=a->v];
if ( v == v0) break;

W
05

3)
a=NextA(a); Rotate(a, Vv );
b=NextB(b); Rotate( b, v); : (4)
if ( OnLine( a->v0, a->v1, b->v2 ) == NO ) break; — (5)
Jelseif (db<da) {
t = Trialloc();
t->v0 = b->v2; t->vl =a->vl; t>v2=a->v0;
t->10 = NULL; t->t] =b; t->12 =a; t->f =ZERO; |(6)
a->t0 =t;
b->tl =t;

a=t
v =b->v2; (7)
b= NextB(b ); Rotate(b,v);

} else {
t = Trialloc();
t->v0 = a->v]; t->v] =b->v0; t->v2 =b->v2;
t->t0 = a; t->t1 = NULL; t->t2 =b; t>f=ZERO; [(8)
a>t0=t;
b>tl &t; —_—

b=t;
v =a->vl; %)
a=NextA(a); Rotate(a,v);

1)

B 11 3/EELETLTY XA
Fig. 11 Algorithm of connecting two triangles.
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G bdv0 v ERZEHEhEFNEET S (X5
y7F4).
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Fig. 12 Unification of triangles.
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Fig. 13 Test objects.
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Fig. 14 Two methods of splitting a triangle.
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Table 1 Processing time and data amount of the test objects.

(AL T RUBIRER —F5 T3, R0 T —Thi)

TRhTY XA JHEIR ] Jiiip~ @ BN % FZNIES
Laidlaw *0.53 262
| Hubbard _ | 1003 84
o Real 0.14 378 668 TTR04x103
AR Real (U) 0.14 84 668 8.04X10-3
ro 0.01 194(75) 190(32) 233
Zero (U) 0.01 84(5) 190(32) 233
Real o 2050 5560 12856 1.40X10-8
e ea 1.01 36 4506 4.29%10-
T Zero 0.30 1248(432) 1344(0) 19.4 03
Zero (U) 0.15 336(0) 1308(0) 13.9
e Real (U) 513 1992 10136
Bk Zero (U) 174 1992(2) 6950(1459)
S Real (U) 11.40 1042 5336
b BT Zero (U) 237 1042(5) 1948(354)
2 Real (U) 81.58 16896 5856
Zero (U) 60.09 16896(0) 4032(0)

TE) R IEHPHSTALTERER. 7 — ¥ 121064, 0.65.



372 WA &k

HEOKASNERFNESRBEDA —r3 -~y ¥
{, F—2EBBIUNEHHELPIOERTESCE
SR I NI,

RE 3AFIcELTIE, Real XU Real(U) TR
WIS D TERBO/NI B 3AAEERLTLES. T,
R T ICRBANIE F - 2 BRI NTORVECD
M U5 EMEREIN TV, ZNICHRT,
Zero BELU Zero(U) TREDLHIE 3HABIIHRK
INY, ¥o SAFICIIRE 8 AR OARBIEAR
H BT EBHRIN.

6. & H b IC

EEED AL FHICKEAL, 3ARTOLEA
/2 BRep 8% L7z. 2L T, o€ 3HAFEH
WHTBREE 7 v ) XA ARRE U, 7 itEgE
Brick b, €u 3AEFITIIRD LD BENIHERD
L EAFEIE L.

(1) BARDEDEEAELTLENTSE, 3HRD

BAEDBDMOSTENTE S,

(2) 72 DFER, NEHEGHEILS. I0T, BRHE
BICBOT 3AR O SERE R HbHEER L &
D5HH, o 3ARREL NEBEORFHALILED
T, FOEEBEEDPBOWHO T ENTSE, 0H
BEO—BLHRAINS.

(B)YRE3AFOAERAMHITE 5.

COERZRERL, (1)ESHBLEE ¥ 3 HENE
MEL OEEHNIE LIS, EIAFDAEBOIE
BEHRTNEZIER S, (2) £AF BRep
EHNBERIICT — 2 EDBDIRY KEL L 5.
(1)iIcELTE, 2AFMMEID T 5 i il 73
v, ZAFEO3HFSENEATELICHR TS 5,5
Er#EZHE, EHESRINEZTNEIEOREAERR
LT, i, (2)IKBELTS, BHADOEE
=V = TERITIERERNCES LT 5 O THHE
LT3,

ULH LS, 4EofoF ks O hEGHE -+
TRIBY., AH%OBEIT, COEBEEEMMoRENT
EFY v IOBREE, X DRARIDDFEMIC LEGRE -
RIATHICETH S, £LTC, COFMRERIBET
L, OAXT v 7FELUT, COFEEN—FY 7
1t - BFMBALLT, U 7T & 4 2MBICTA Sk
WERAZEET H3IHTHS.

Feb. 1995

2 & X #

1) Baer, A., Eastman, C. and Henrion, M. : Geo-
metric Modelling : a Survey, Computer-Aided
Design, Vol. 11, No. 5, pp. 253-272 (1979).

2) Baumgart, B.G. : Geometric Modeling for
Computer Vision, Rep. No. STAN-CS-74-463,
Stanford Univ. (1974).

3) Braid, I.C.: The Synthesis of Solids Bounded
by Many Faces, Comm. ACM, Vol. 18, No. 4,
pp. 209-216 (1975)

4) Braid, I.C., Hillyard, R.C. and Stroud, L. A.:
Stepwise Construction of Polyhedra in Geo-
metric Modelling, Mathematical Methods in
Computer Graphics and Design, Academic
Press, pp. 123-141 (1980).

5) Eastman, C. and Weiler, K. : Geometric Mod-
eling Using the Euler Operators, Proc. First
Ann. Conf. Computer Graphics CADICAM
Systems, M. 1. T., pp. 248-259 (1979).

6) Hosaka, M., Kimura, F. and Kakishita, N.: A
Unified Method for Processing Polyhedra,
Proc. 1974 IFIP Congress, Stockholm, pp.
768-772 (1974).

7) Hubbard, P. M. : Constructive Solid Geometry
for Triangulated Polyhedra, Tech. Rep. No.
CS-90-07, Brown Univ. (1990).

8) Laidlaw, D. H., Trumbore, W.B. and
Hughes, J.F.: Constructive Solid Geometry
for Polyhedral Objects, Proc. SIGGRAPH ’86,
Vol. 20, No. 4, pp. 161-170 (1986).

9) Mantyla, M. and Sulonen, R.: GWB: A Solid
Modeler with Euler Operators, IEEE Com-
puter Graphics and Applications, Vol. 2, No.
7, pp. 17-31 (1982).

10) Maintyld, M. and Tamminen, M.: Localized
Set Operations for Solid Modeling, ACM Com-
puter Graphics, Vol. 17, No. 3, pp. 279-288
(1983).

11) Requicha, A.A.G.: Representations for Rig-
id Solids : Theory, Methods, and Systems,
ACM Computing Surveys, Vol. 12, No. 4, pp.
437-464 (1980).

12) Requicha, A. A.G. and Voelcker, H. B. : Solid
Modeling : A Historical Summary and Contem-
porary Assessment, IEEE Computer Graphics
and Applications, Vol. 2, No. 2, pp. 9-24
(1982).

13) Requicha, A. A.G. and Voelcker, H. B. : Solid
Modeling : Current Status and Research Direc-
tions, IEEE Computer Graphics and Applica-
tions, Vol. 3, No. 7, pp. 25-37 (1983).

14) Voelcker, H. B. and Requicha, A. A.G.: Geo-
metric Modeling of Mechanical Parts and Pro-
cesses, Computer, Vol. 10, No. 2, pp. 48-57



Vol. 36 No. 2

(1977).

15) Wordenweber, B.: Surface Triangulation for
Picture Production, IEEE Computer Graphics
and Applications, Vol. 3, No. 8, pp. 45-51
(1983).

16) Yamaguchi, F. and Tokieda, T.: Bridge Edge
and Triangulation Approach in Solid Model-
ing, Proc. Computer Graphics Tokyo 84, pp.
44-65 (1984).

17) Yamaguchi, F. and Tokieda, T.: A Unified
Algorithm for Boolean Shape Operations,
IEEE Computer Graphics and Applications,
Vol. 4, No. 6, pp. 24-37 (1984).

18) Yamaguchi, F.: A Unified Approach to In-
terference Problems Using a Triangle Proces-
sor, Proc. SIGGRAPH ’85, Vol. 19, No. 3, pp.
141-149 (1985).

19) TR REZEMIc S T 3 SiEERET ) ¥
7,9 57 402& CAD v vRYw AR
%, Vol. 91, No. 7, pp- 33-42 (1991).

EHEo 3AEAZH L 3 A% BRep . 373

20) MEEE, FHER: #fEES L 2 EOD
DNy Uy FEF5DRE, SHNESAR
ik, Vol. 28, No. 9, pp. 962-974 (1987).

(PRt 64 6 7 6 HZAM)
PRk 6 4E 11 H 17 Hi%83)

ENL 8 (E2R)

1954 4EA:, 1978 48 FLFE M A28
T2 2R R R 2 2. 1980 £E[H]
KRB TR TR LERET.
- FFRT R () AL 1990 47
 BREBERATEIIAR. B,
R B PEEIR e £ v & — G BB B 52 (T
FE. W - NELEOHFEICHSE, SKITkkeF
Vv SICHIRE D, BTREERMEEYS, BETIYS
REEL




