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Abstract

To address the model segmentation problem in current volumetric parameterization model con-
struction, this paper proposes a quadrilateral decomposition algorithm based on regional parti-
tioning. First, a planar multi-genus geometric domain is defined. A background mesh is generated
within the given domain via Constrained Delaunay Triangulation (CDT). Utilizing information from
the CDT mesh, connection lines between inner and outer contours are constructed to transform the
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planar multi-genus domain into a collection of zero-genus subdomains. Each subdomain is then con-
verted into a convex polygon. Subsequently, quadrilateral decomposition is performed on each con-
vex subdomain. Finally, Coons interpolation is applied to all non-empty fully quadrilateral subdomains
to generate parameterized surfaces. Volumetric parameterization models are obtained through geo-
metric operations such as extrusion, sweeping, rotation, and lofting. The results demonstrate that
this method provides a highly robust volumetric parameterization solution for CAD/CAE integra-
tion, effectively supporting the isogeometric analysis requirements of complex engineering models.
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1. 51§

B B REdE IR FE R, BN Bt (Computer-Aided Design, CAD) 5 i1 KL% B T % (Com-
puter-Aided Engineering, CAE)— &4t LA S it W TH 5 7 BRI AL B OCBEHOR B8 12 A i 40
FIRZ O SRR, & J LT 23 (Isogeometric Analysis, IGA)IEIT R 4 —IRESLBE %L, e AT
FES A BRIT AT AR LRI Y 5 5 A28 ) B A P57 o SR, M4m0 Tl 732 R FH 13 94 7 (Boundary
Representation, B-Rep) 5 #4it 244 J 7] (Constructive Solid Geometry, CSG)Fi Ak DL B 4% 37 #F IGA Wi FE[1]:
TEHET WA B HL % G0 CAE T2, LTRSS B 1) = 53 RS Ak B A Vi FE LY 80% 1) e vt Jl TR 1), FL7E AR Y
1 SEEHL FE R 5 51 R A E B E R, MM 22 2 i s R 0% .

JUE TR 214 2 B #£4%(Non-Uniform Rational B-Splines, NURBS) [{J4& 2 ¥tk £ AR v i@ it 2 B0
WU SEI CAD 5 CAE WJog% (2], Haebr N AT KEEATIN: H—, HaukERAASHb
TR SRR N T 5 1% (Genus-Zero) P b 451, MELARAE B A W FLIA S 5 AR AR IR SE bR AR AR AL
Ko, MgdBERAN LT Sm R 5S 5 E, SEEENCRIET. 40 Lid @, Acigd—
P T DX 4l Kl 2 DU 03] 3 (A S B R R 2 0 B0, B4R e A B B PRkt 4R Ee, I 20 s
57 P = fA1# 43 (Constrained Delaunay Triangulation, CDT) ) X 3k 7 i 75 ik i AT R BR 0, 1531 5 K50 BT
XL H, AR T XTI #4645 & DY) 73 Bk A A DU % NURBS T
FHE: RA&ET ) UTEREREIAS BT . SEI R, KT R T gk &R SHU 3 b
L9, WSCRE R AR R N EREAE R LT AL, (RIS 2 B I B I R AR ZR AR ST R 32%. R A
B AHUREE A F S AT T 3R 0 7 i T, X SEa B Rl P i gt - i — b R S TR
B

2. £F CDT WX SR

AL DA€ BRI SR AN, i B sl 5t 2k DL OGS B Bk U7 295K Delaunay = £ 44(CDT)
KA R SR [3], AR 5 5T T S XA A 2 P A BRI R 2R 4] -

Step 1. K5E B 28 B B N — RIS BT B , (8 IX 28 S 1S 14T 203K Delaunay = ff1{£(CDT),
MITFRAGE— N SR . %0 5P ANM 2 Delaunay = AL JLATEE, SEAREE T IR GG%E BT i 28 (3
FRAt. Bl 1@BR TR R ai R, bl S Al St 1A BR H 2R IRk .

DOI: 10.12677/mo0s.2025.144308 546 e

i
<
:—[,
/:+


https://doi.org/10.12677/mos.2025.144308
http://creativecommons.org/licenses/by/4.0/

R

Step 2. 7EA3E|[) COT Witk h, FAIHLE B AL BA = MHB = MBI =ML HRIT, HHARC
NVIEI =T, AR R . IXEEIE] = f A SN B B BB 0 DX A 2 TR IR A AN R 2 T e 2
A RRIX I o XA PR DA TR X I o7 S A B B A R R R, A B A (I R B AR AL X . ] 1(b)
TR T IR E AR R X S A B R AR

Step 3. fieJa — B RAE L B ERIAE I SN IME B XA AL i N AN AR B AR A o I X RN A ] X
SREAT 0 AT, FRATAT DR B SR AR RE R T 58, B IR A MR R Z IR IR P I I X — DR RUR 31T
R A IR AT Ry, I (o) FR . IXEETER A Rt W AN ERE N — 1, TR T — A 5E 2 10
JUfTHREAR
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Figure 1. Connection line generation
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2.1. AR Delaunay = A#EY =M

X AL, E SR, R K R B Ly, ST Ly, o SIS
(PSRRI MBI, BB MU n,)

n=_" 10 6

HA i ONREARE S, n 5 SRR UL, L ONER SR ERIARKEE . i Bk ik, TR
SIMR R AR IR I AT B8, 19 B LB
AP B, FE COT T 5IA%, JREUN SME B E B A X = MBS {A ) HIRBUR I A
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2.2. ELZREM

FE e % T SURTBRR , 2 AMAEBITTN py 5 PRI TRLAE o, 2 10 B R 57 AT (B A Ay S (R
FEHAMERS), R p 5 o, WETTRL,  p, 5 q, TR
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Figure 2. Angular weight
2. BERE

P 2 X QAR — SR ARIEERRLR |, A BN Py By HAREERUA 5 THE I 2 3((3).
NR@) 7R
em =t (ay, B,)=|cosa, —cos S| (3)
Oi =&imt+é&pn (4)
Hort g, NHG j ARIRERIERLIN P, FTE S s X R BERTE 2 ZE M . 2 R ARIEAUE F /N R [5],
B DR I R A 0 £, 1S BMRIE AR & (1}, IFHRBUTE T {R } » W&l 3 Piow.
B REATIUR , # AR Fok, HAE TN, )55 BT U0 A7 BR A3
3. Y FIENE

FESERAIIE I LT e, JAME R T E T &S (R}, WK 3 fs. SR, #0TEraet s
M, HRARN PR RE S BUS St RNACR SRR T, BUILH kST b3 . i
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Figure 3. Area division
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Figure 4. Interval point
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Figure 5. Simplified diagram
5. fELE

i 1 2 3T T TR R R 1 Py »+ VSRS TR R TR, AR PSR A, A5 M TO ok 1) e
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T S AR AR 3 P 2 AT AT A T, 346 HY [T TR AR A5 T TR AR 15 Pgae o
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Figure 6. Convex vertex elimination
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Figure 7. Primitive subdomain

7. BERTE

4.1. WbEIS

ARSCHR TR DU 43 050, R T Al KO i S5 AL S 0k oy e ik B AL, 0 o s LA
ITVULE Gy, BB UHESES . ST —AE R, KPS RAEN T
BN TSRS L
fdi: VULBES Q
Wi #5 LIRS, EBCUATER R R G I L,
Tl ERA R B Ly s EFTATATHI S REG VY HBUEHT (5 2.2 WIEREELBUE T 77—
WS4y 77 B H m, VIR PR 2 k =1,
4y AT AT PR
#Hm=0, kric L, TikH5, Bl
Ak>m, \EHE T L BT Loy = Lo HKk=k+1.
Ty ALK A2 NURBS M2k, H L, 20 FAPIASET T3 Lgpprs Lempa » JFA L
HFFEER Loy -

)

-

DOI: 10.12677/mo0s.2025.144308 551 5 1 A


https://doi.org/10.12677/mos.2025.144308

FERIR

EE_ViEE

HR TN YA, N Q:

RO HIE KA b, EF LR

AT BUN T T 3, A B o

WA EELSE 15, HE LA, Q.

7 WYy g Ran el 8(a) i, FITA U3y AU 4k, Bl RS Coons fdifE, 19340l
NURBS [fii fv 41 /4] 8(b)Fr 7w

@) (b)

Figure 8. Four-Sided subdivision
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4.2. kSR HRENE

L5 B FESA(NURBS)SETE B FESIOFERE H48n T AUE LS . NURBS MY Zk& T B #E4& 1)
Fra O R, Jm i S A A, R RS R B R s [ 4 2R (B I [ AR SS), X T T e
B RIGTE[9]. B VAR NURBS I 2R ff4% i) £ S FORUTE,  w] DASEEGHASE RS FEIR S A gl ) ), AT
15 B S KGR B LRI R TR

X5 u 7R IRE py v T RIRECH o w5 IRRECH 1) NURBS 44, iRk Uan=(4):

ziloZT:ozlk:oNi,p (N (VN (W)@, 5P
Z?:OZT:OZL:ONHJ (UN (VN (W)@,

HAN, (U)s Ny (V) Ny, (W) 250 KEON ps g r KI2ERRELL R, NURBS & u 71 L5520 i
v B S § wOT T BRSO K IR AL @, ] AR

FEA SRR AR A, B SR 4 DU 8 3 S0 40 38 IR B EAT B B AR BE, AL — il
VAT RS o FEF XA MIME, BATATLAUE LRI B TR, @R LT#eE, WA
R E B AR XTI L DU T 1 P AT LA, e 28T A S B AR . 1] 9 R 13X —id R Sl
AR T AR HA LT AR He A, TR (lofting) FLiE % (revolving) , SieAE A A1 282 1k SRR .

5. el

AT RO DX 3 DU 351 3 SRR SE R TRAE B P O o o 2 TR R 26 7€ 5 297K Delaunay = ffifk
(COT)MIEE TS MRS, RIS $0 AME B A R SR B S22, S o M % 5 A o Ik e Ak . Tl
UL O & I A N 230 e, SR UAE 7 FE e i DAL TR ks R 73, 44 Coons i T 47

V (u,v,w)= (4)
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Figure 9. Construction process of volume parameterized model
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Figure 10. Algorithm example
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