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Recursive Subdivision Methods and Subspace Classification
——The Application to Identify Areas Bounded with Curves——

Kew Morivorot and KazuNorr Yamacucurtt

The complexity of operations on surfaces and solids in advanced modeling is increasing
perpetually. In order to cope with this complexity, various space subdivision methods are
proposed so far. The proposed methods are defined as the combination of classification of
subspaces, subdivision termination criteria, and generation and simplification schemes:
These methods are valuable for it provides ready-to-apply algorithms for specific applica-
tions. However, it provides little insight in the nature of classification, termination crite-
ria, and generation schemes, and is less useful for investigating the foundation of the sub-
division methods. In this paper, we proposed an approach to the foundation of the recur-
sive subdivision method by discussing subspace classification, termination criteria, and gen-
eration schemes separately. Following the approach, we developed sample subspace classi-
fication independently of other schemes, and applied it to the problem of determining the
areas bounded with a set of curves. The result shows that, in the application, a method
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based on our classification is superior to the previously proposed method.
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Fig. 1 A classical quadtree.
(a) quadrant numbering scheme, (b) example
quadtree region decomposition, (c) its tree
representation.
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2.2 face quadtree
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Fig. 3 Region boundary approximation scheme
of FACE node.
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this paper.
(a) self intersection, (b) ovlerlap
with positive length.
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Fig. 6 Example subspace configuration by
recursive subdivision.
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%* 4 HESV 4% & HESV+r SEOBE
Table 4 Relationship between HESV and
HESV+r nodes.
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Fig. 11 Local determination of area on S node.
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Fig. 12 Local determination of areas on V node.
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Fig. 13 nV node examples.
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Fig. 14 eV node example.
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Fig. 15 Possible node types resulted by
recursively subdividing eV node.
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Fig. 16 Example recursive subdivision
of eV node.
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Fig. 17 A case showing that local determination
of area conflict with global one.
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Fig. 18 A case showing that locally-
determined areas of adjacent
quadrants are consistent.
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TLB3IEENS.

BT &I ORI A 21 1T R T

BRBAHROD, Z0Os4 F5 Y MEBY AREOK

 — WML A F5 Y FOBRFKEERILLBENFE]

iR 24 F7 ¥ P ORMEY ML BSOS T2

B 19 HESV 4¥& HESnV S¥0BRFR
Fig. 19 Relationship between HESV classification
and HESnV classification.

HESnV 43 HESV+r 58

PSHHE

£ 20 HESnV ¥ & HESV+r H¥OBIG
Fig. 20 Relationship between HESnV classification
and HESV+r classification.

.

P Vad
B2 PR 2

21 ElT & FERE OB

Fig. 21 Number of curve crossing.
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AR R IS, C ORIIRRER AR, HRRE, BIOENB. ZTo, face quadtree DITEIRHBEEE

BFHic kY HESV AR 6 DX S ICRETX 5. 272 ¥ Y FETTNZ EWHBEGBIONG LD
P boEZIHIc L DRI, — FAMEL, WHH IS

EET-AER 22, F23, R24iCRT. ¥, £ HESV+r TR, AR ETHLE VDT face

3 EL A, - K /—\ .
NENOBAD/ — FRAKRT, &S, RIICRT % 6 HESV /— FAE

Table 6 HESV node classification by curve

6. =F i crossing.
face quadtree CiZE 25 DERD & 3 ICWAKIER Rl | shs | SRR AR | HESV AR
2/ - FHX5IHEL TS, HESVA+r Vx| 0 0 0 H
TiRE 26 OERD LI, ZTD XD IEEKLHE%E 1 1 0 5
2 1 0 S
— 2Pk 1 v
x®7T 208460/ - FH§
Table 7 A number of nodes for the result
shown in Fig. 22.
HESnV #3%| / — FE HESV+r 53 J— F¥
BLACK 3
H 3
WHITE 0
E 0 END 0
SEGMENT 21
S 21
EMPTY_SEGMENT 0
VERTEX 4
nv 4
EMPTY_VERTEX 0
B 22 41 e — FE 28
Fig. 22 Example execution 1.
B - 37
= N r
nae NN R
_. B
< \
=y f
\\ )
B e 1
I - 3\ ]
T N \ \\ /
B 23 ESH2 24 RTH3

Fig. 23 Example execution 2. Fig. 24 Example execution 3.
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£ 8 N2BoEasD/ —FH
Table 8 A number of nodes for result shown

BROZEAEEBIEMOHE 837

F9 N2U4DESED/ -~
Table 3 A number of nodes for result shown

in Fig. 23.
HESnV 44| / — F¥& HESV+r 434§ /- F¥%
BLACK 2
H 35
WHITE 33
E 6 END 6
SEGMENT 13
S 71
EMPTY_SEGMENT 58
VERTEX 5
nVv 9
EMPTY_VERTEX 4
Wik — N3 121
¥ — N 161

BN b A e A o il N X ()

HESV+r 5348

face quadtree

(a) (b)

25 RBEUHEIDREL
(a) face quadtree Ik % REML4E], (b) HESV
+r S K AYE

Fig. 25 Example curve.
(a) Face quadtree with unnecessary recursive
subdivision, (b) HESV+r classification.

quadtree & H#ZL T quadtree BEE DA RIS KIE
g Nk, T, E/ —FOoEACXDERORE
REW > TORORIRY 2 KT E LICEEL THL
BT&BX2iciinTe,

26 O & D1 face quadtree TIIFERDOMIER
EESBIGERIL TO e 7o DIGEDIEE D X 120l
ERBAERIN DR S - 7243, HESV+r 93
T2 EEICERTAMT % 2 EMB80DT, £
DL IREABES SN D L ST~ 1z,

7. ¥& b

AWLTE, B, BRUMREIHBBLERETS
BEEAZSBEAD/, —FD—D2 D NEHES ML
fo. Fi, FOHEO—DTH b HESV4r 4384

BEROPSHEICERL, / — FOSBIC K 2 R4
EOHEERREL, ERUKL. COFER, #€ko

in Fig. 24.
HESnV 4| / — F¥ HESV+r 3% /=¥
BLACK 8
H 33
WHITE 25
E 14 END 14
SEGMENT 65
S 93
EMPTY_SEGMENT 28
VERTEX 10
nV 11
EMPTY_VERTEX 1
#if s — F# 151
W/ - F¥ 201

FACE éé —

face quadtree

HESV+r 574
(a) (b)

B 26 SIRED X ITOERSEUDORIR
(a):ERED K BOERIUEE AN face
quadtree, (b) HESV-+r 4¥ic k aHE

Fig. 26 Example curve.
(a) FACE quadtree with improper line approxi-
mation, (b) HESV+r classification.

quadtree DIEFREFRICBOT—K & 18 » TR,
/ — ¥ OFER LB DK T &M% ARIS UTHEI
LT 57, face quadtree OFEPUPSFEIDKR TSR
BT X DAL REHEEERL 5055, REOEKE
5/ —FOSEERRECT S EBTE T,
SHOFEL, HEREBRNEZEOREOIRD
HIRAERL, BABELRE IEL OEEITHE LS
BORELZFETLL THOL EEBIIRTIIBYT B/ —
FOBEERTL TN ETH B,

g & X ®

) IAEEER: 2 v2a—2F4 27110 kB
FARME T % [I], p. 193, HFI T X5 HE 4
(1982).

2) IIDELR: avEa—2F4 A7 11CL5
FRME T % (D], p. 218, HR T2 &HE &
(1982).

3) Hoffmannd, C.M.: Geometric and Solid
Modeling—An Introduction—, p. 338, Morgan
Kaufmann, San Mateo, California (1989).



838 BHOEESH May 1994

4) Foley, J.D.: Computer Graphics—Principles
and Practice—, pp. 446-450, 979-986, Addison
Wesley, New York (1990).

5) Samet, H.: The Design and Analysis of
Spatial Data Structures, p. 493, Addison
Wesley, New .York (1990).

6) Brunet, P. and Vinacua, A. : Geometric Model-
ing—Methods and Applications—, pp. 17-34,
Springer-Verlag, Berlin Heidelberg (1991).

7) FRAREE face octree K 7 v T ) X A DFFE,
ABREHEZF R M EMAERIC (1991).

8) ¥ 2EFI: face octree ZF|FALIZV Y w FEF
WFIRT VT Y XL ORRE, AWKEE= 2R
WP EBIRIC (1991).

(ERk 546 A 18 HEZA)
(Frk 6 €21 A 13 H#R&R)

A& B3 (F£R)

1968 4EH:. 1991 EHBARFE=
FEERFEEE. 1993 F£EKE
RETFRERTEHERET. BE
RIS B3R TR 3£k
WAE., aVCa—2057 497

N e (ELE)

1956 4EHE, 1979 EBFTASRE
Tk, 1981 FRGFUASEHE M)
| F. 1985 SFEE¥HEL (REKY).
1989 FEHW RFETFHEW L ¥ RE
fF. 1992 EREASHK TR 53 B
B, AVEa—20574 9 ) REF—FN—R%EFE
WEENGLL, 7 v/ &RicBkAs D, ACM
&8,




