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Abstract

The core idea of subdivision surfaces is to repeatedly refine the initial polygon mesh and obtain
smooth limit surfaces. The Catmull-Clark subdivision surface is developed based on the bicubic
B-spline and is suitable for subdivision and fitting operations on arbitrary quadrilateral meshes.
Combining the subdivision surface with the boundary element method, spline interpolation is ap-
plied to both geometry and physics in numerical analysis, which ensures the geometric accuracy of
the analysis model and improves the accuracy of physical interpolation. In this paper, a Cat-
mull-Clark based on subdivision surface method and a Catmull-Clark based on acoustic boundary
element method are used to establish an extremely smooth spherical model, and the model is used
to analyze the acoustic scattering response when plane waves are incident to prove the accuracy
of the CCBEM method.

Keywords

Subdivision Surfaces, Boundary Element Method, Acoustic Scattering

ETMsimma R T EN B E S

BH#H%, k B, BEE
{ERRIRTE B N 5 AR TR 2ERE, WES {5/

Email: chenllei@mail.ustc.edu.cn

Whs H R 20194F12A3H; FHAHEM: 20194F12A16H; KA HM: 2019412 423H
wm E
204y i O BARR B N W 2 A AT ER M, HEIDEIEHRR#TE . Catmull-Clark4d4) i

XEFIF: BV, Sk, &S AT L Rk A SN]SR, 2019, 7(4): 175-182.
DOI: 10.12677/0jav.2019.74020


http://www.hanspub.org/journal/ojav
https://doi.org/10.12677/ojav.2019.74020
https://doi.org/10.12677/ojav.2019.74020
http://www.hanspub.org

SREE

HRHE TN =KBHEFARRERN, BRATIERNLFMEEITHESMPSHRIE. Ko thm 5UR
TURGEER, EHEMTRIUTSYEARAEREE, RIET orRE K UTEREE, Ry
BIEE AR TR . 2GR BCAZET Catmull-Clark 1404 B A RS S0 7 0vk, B AR REE
RRIGARRY, S AR AL 2 A 78T TR\ 5 B BRAR LR T A P S B2, BUIE A CCBEM (Catmull-Clarkid
FICR) LR ER .

Xiid
oy, HFTCEE, PR

Copyright © 2019 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5|15

FHEGT NURBS (AR 51 #E B FE2&) B, 4175 il H @ B (e S o Aase , 5 S8, JF HiEA 15
BN A5y i A SRR R X W 4G 2 1T A% G 4k, EeAAUA i . 45y i R
AR, AFEXNRAMERSCE, MIRES B[], 405 i) S e 2 R TR
HIE. 3D FTEN. S AT Rk S A

1 F 0 SR ROR 58 SO SRS, AN TR B ) B, B TH R v A A T
Mtk si[2]e AR ICIERARARLR LRI R, 22388 2 R AR Lt U0 R X SR 4y, X AR o3 7E 77 7 A
FEA SR ) A e, DR SR g AR A AE R HE[3]

Koy ih i AL S CTREE A, REARYE AN [RDRS X 40 0 )2 2 R 110 LR SO B2 R T, 48 Z5 i ab s
R (1) B A B IR P o A SCA4H T FE T Catmull-Clark (194045 i T 532 A1 9E T Catmull-Clark (1) 7 2430 %t
ERITEL TR R, A, S A T R BRI AR L T I NS P P A R R, AR R R P S S U
PR A AL, UER CCBEM SUL A R AN IER M . ASSCOIHEH L CBIE (1648 fid SR 4 7 FE) 4l
4 Burton-Miller i1 547 73 77 F8 B F T B SRR A BUE v B, I LU Fh 7 AR BB T3 R R A
RIFET CBIE MIHUE L RAETE LR AW S AR, (HIET-2045 Burton-Miller 1 58353 75 R 1) 45 A0
fEEdT il ) LF—3.

2. EF Catmull-Clark 9485 I /5 3%
2.1. Catmull-Clark 8433

CC (Catmull-Clark) /&K AE & DU T R R 40 23 S DU AT DA T PR O SR [4] o k s 47— IR ALK
ST 1 BRAG IRS AR S B TR IR A TR Vs 2 FEAT R Y34 TR B T i A L B rh N E THAT
3. (EAERIUILIE R ITH e B F T A =Tl RGBSR 5] (&l 1 poR)

1) VTR ARAR A

. a \4 \i
Xil\(/ = 7Xil\(/ +_Z X;i—l,iv +£Z X;i,iv @
Via Via
3 1 ) e §
azE’ ﬁzﬂ’ 7/=1—06—ﬁy XZi—l,iv *D xZi,iV j‘j*ﬁ%ﬁm)ﬁﬂé*ﬂ%

DOI: 10.12677/0jav.2019.74020 176 R 5RE)


https://doi.org/10.12677/ojav.2019.74020
http://creativecommons.org/licenses/by/4.0/

[ PEEPE e

2) E" TS AR
a 3 1
Xt = g(xlk,ie + X;ie)"_E(X;ie + X + Xgjo + Xg,ie) @)

Xlk,ie ’ X;ie ’ X3k,ie ’ Xéll(,ie ’ Xé(,ie ’ X(li(,ie ?y?{‘ﬁ?ﬁ]ﬁ,ﬁﬁ‘]éléﬁo
3) Y i hr
it = %(Xlk,if + Xa + Koy + X ) ®)

XKoo XKoo XE XK RPUIEIT AR .

k k
X, X,
k
x2 X
k k
xl x4
m 1/4
(o]
y 1/4 <
k k v ok
x2 x3 x2\/'*1

Figure 1. Distribution of edge point “E”, midpoint “F” and vertex point “V”
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Figure 2. Initial mesh and multilevel subdivision meshes: (a) initial mesh with 24 elements and 26 nodes; (b) 1 level of sub-
division surface with 98 nodes and 96 elements; (c) 2 level of subdivision surface with 386 nodes and 384 elements; (d) 3
level of subdivision surface with 1538 nodes and 1536 elements; () 4 level of subdivision surface with 6146 nodes and 6144
elements; (f) limited subdivision surface with 98,306 nodes and 98,304 element
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Figure 3. Comparisons between numerical and analytical solutions of sound pressure at a point of (10;0;0): (a) Real part of
sound pressure as a function of frequency; (b) Imaginary part of sound pressure as a function of frequency. The frequency
step is 0.1 Hz
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Figure 4. Changes in the real, imaginary, and amplitude of the sound pressure at point (2; 0; 0) with frequency: (a) CBIE is
used for numerial solution; (b) BM is used for numerial solution. Black solid line denotes the real part of sound pressure with
CBEM,; Dash line denotes the imaginary part of sound pressure with CBEM; Dot line denotes the amplitute of sound pres-
sure with CBEM; Three different types of scatters are used to represent the solution by CCBEM
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Figure 5. Distribution of sound pressure and surface error on limited spherical surface:(a) Real part of sound pressure at 50
Hz; (b) Imaginary part of sound pressure at 50 Hz; (c) Surface error at 50 Hz; (d) Real part of sound pressure at 100 Hz; (e)
Imaginary part of sound pressure at 100 Hz;(f) Surface error at 100 Hz
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