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A Method to Eliminate Redundancy in Polygonal Patch
Generation to Express Polyhedron Based on Half-space
Primitives
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YOSHIYUKI KAWAIt* and MINORU OKADA

In this paper, we propose a method to transform solid expressions, defined by CSG (Con-
structive Solid Geometry), into polygonal expressions. When transforming a CSG object into
polygons, the existence of geometrically redundant vertices and edges, generated by the set
operations, becomes problematic. By eliminating these redundant vertices and edges, and
unifying the connected polygons into a single polygon, we aim to generate the polygon data
without any redundancy. The combination of this transforming method and the method of
dividing the best suited convex polygon makes it possible to achieve an efficient rendering.
In other words, if applied to other modeling methods which transform CSG expressions into
polygonal expressions, such as ray-tracing or beam-tracing, and of course polygon-patch (sur-
face model) rendering, a high speed rendering would be expected. We applied the proposed
method in this research to the issue of outputting the VRML source program when inputting
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CSG in Half-space primitives and have confirmed its effectiveness.
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Fig.1 An example of redundant vertices and edges in
“OR” set operation.
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a - g Primitives

@ Required vertices
O Redundant vertices
— Required edges

— — Redundant edges

(a) Original status.

a - g Primitives

@® Required vertices
O Redundant vertices
~ Required edges

— —Redundant edges

(b) Result of performing Step 1 to eliminate
redundant vertices.

a - g Primitives
@ Required vertices

- Required edges

(c) Result of performing Step 2 to eliminating
redundant edges.

M2 CSGHH: (and (anda cd g) (or b (and e f))) IZ
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Fig.2 Example of Redundancy and its elimination of
(and (and a ¢ d g) (or b (and e f))).
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Fig.3 A vertex generated by 3 planes.
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Fig.4 23 vertex patterns generated by 3 planes.
(a), (b), (c): redundant patterns, (d): significant
patterns.
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Fig.5 Edge elimination by edge tracing algorithm.

(4) CPICEHRL TVABE,rbER1 EMA %
WA HIRT 5.
(5) CPICERL TWABHE,rOER 2 ZWITH
WEENL, BEREHLT 5.
(6) ROFEHEIZLYRD CP % ERT % (CP=a).
o ROBRERS 1 RORFET BHE . %
O#ME, CELT5.
o ROBHEMMP 2ARULTFET 28B4 &
F212XY, CPE2HFLELTCERSH
FHE ) DJRICHEROREL TS, WDTE
F1ZW-THREERNE CELT 5.
(7) AZ—PEICEGET S T (4)~(6) 2k
nET. E
ZOFMETIE, BT BT HE, Step 110X o
TERRSNTEOERICERL TV A2BRORE (B
%) 2T RTRREDS S RELBEE T THBRL T
w3,

3. % B

REEOFNEL DT B72012, TERES - B
MOHIERE L bR IR T ERFELBRE L Dk
bR VERFEOEREL B 72, EBIEZ=ms Y
ITATERHVTYHRE SRKICL > TEHL 72 CSG
F—sIDE AHELTVRML V— X A% HH
SFLILIZE>TIFo 7.

ERIZHWARRELTYHRA (10HEEK: 71U 3
FA4789), B2SHEE: 7UIF1+7828), C
(T4 TR : 7)) I 7 178 70) OEGERGIZ +h
thEe, X7, M8IIRT. ThFhot—7 A
EFVICE BARMEOEEE LK (a) 10, T2, &Y
ROTTELTES - BRICOWTHIRE, BIR%RO
Z&E (b), (c)\IRL7z. THE - BROHERD DI
TAX 7L —AFREFToTV 5.

RUIRSNLTERY, BREBLIOCRIT Y B0
HIBRRT, BIBRBOZED S 2N ERKIBICEIR I N7



3314 TEHSLE SR IGE Aug. 1999

(a) Rendered image.

(a) Rendered image.

(b) Before elimination process.

(b) Before elimination process.

(c) After elimination process.
6 Witk A FoFEE A
Fig.6 Object A: a concave polyhedron.

(c) After elimination process.

7 Wk B: #EOSHEMAR
Fig.7 Object B: a curved surface by a polyhedron.
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B s ]
(a) Rendered image.

(c) After elimination process.
8 WkC: »HoY
Fig.8 Object C: a building.

YR CIZBWTERRM, CPUBRE L2
BERIDIS D o TV BDS, ZhiL, WEESRICHWSS
AP TH Y, 3HEREFME Step 1 IZEREOKE
EFHELLTWAIEHNHBEL TWa,

Pl %EBRIZiE Silicon Graphics 1 Origin 200
(R10000, 180MHz) # f\v /.

HEMT ) 37 4 TICEDKSTERFERD -0 DS ATy FERI BT 2 TTEREIR 3315

=1 A, BEER RV HOE
Table 1 Change of vertices, edges and polygons.

HIBRAT | HUBRER | HUpR=E

Wik A THR# 24 16 33%
(10 Mtk) BRI 44 24 45%
RYT 22 10 55%

1k B HE 115 35 70%
(28 Wifk) B 230 56 76%
BT 114 28 75%

Wk C THR 3582 958 73%
(794 THA) B 7164 1618 7%
DRI - 4384 794 82%

4. ¥ &

KL T, FHERBEOOORBH LK) T
Ny FERO—FHEL L ORAENICTESEAB X
UTURGHEREHIRT 2 FELIREL 2. AFFEICE
D, CSG CERIN-ZHEOTHAE, Bt
IERIRANI L 72, $72, ERICBWTRRY T
& 10 HRT 55%, 28 HAT 75%, 794 AT 82%
HIbRCT X, SHEEF RIBICHEIEE 2 8%, K
T EOREE OB oy FEREITZAI &
RSN,

CSGIZBWTHERESN AR YTV REL 25 &
L= EBL AP LET ) 727 Lk
HEWTH Y, £ SN A2YERRF 2 —FDERIT
55DTHH0E IPICELL TEF Y V35T 5
CEVEETHD. ZOLIRBEIIBWTIAFET
RL7cE ) FERFRO BB ERIIEELHETH 5.
AREFFETIE, #5112 VRML Y — ANOEHREE % ol
EL T 724, AR CSG BRIy ~OLH
PRLEELBFE GRIVITYNyF54, € —L4 - b
L= 279 ete) 12, KEERBEHTUEL V¥
) T OEBEAEIEETE B, BN Bk
LU TS AR A RET L EELD
na,

KFEEIVoABASN L L, RFEL 2w
RO GRS BT 5720, REEZEOY +—27 A
V=L EWBWTAMTH S, B, KFEOHES
&, 7VIFAT7E WL On®) THB. Zork
DEFRERDPS DDA LT 37 4 7HmNT
BIONTEIERMTEMIIENT S, 200, 4
BOBREEL L THERLHIRT 5720 BRTIENL
BWUBEERS. £/, MEWE~OWIE, R#E% N
ZABTERENEHT 5N S,



3316 TEMIL I F RS Aug. 1999
®2 HHECBTLEAHEREL €O EENR [sec]
Table 2 Comparison of calculation time in [sec].
TLEMHI | WElEEE | 3/EFREFM | Step 1 | Step2 | FUITUIEK
Wik A L&zwv 0.004 0.00143 - - 0.00108
(10 THifk) 5 0.005 0.00143 0.001 0.0002 | 0.000135
WK B L&w 0.077 0.0440 - 0.0149
(28 THifk) ER) 0.122 0.0854 0.015 0.001 0.000122
Wik C L&wn 16.671 7.652 - - 4.318
(794 Hk) 5 16.543 8.321 5.406 0.338 0.215
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Fig.9 Listing up of the vertex patterns.
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