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Catmull-Clark Subdivision Interpolation Based on Vertex Normal Vector Constraint

LIN Chuan-Luan

(Computer & Cultural Innovation Department, Fuzhou Melbourne Polytechnic, Fuzhou 350108, China)

Abstract: A new scheme for constructing a two steps Catmull-Clark subdivision surface with the vertex normal vector
constraint interpolates the vertices of a quadrilateral mesh with arbitrary topology. Firstly, the new mesh is generated by
the modified Catmull-Clark subdivision. Secondly, the new mesh is adjusted through vertex normal yector constraints.
The two-phase scheme makes the limit surface interpolate all vertices and normal vector in the origi;xal .mesh by applying
the progressive iterative method and the Lagrange multiplier method respectively’The experimeﬁial examples are given to
show that the method is effective both in interpolating initial control points and nbrmal vector, the limit surface has good

modeling effect.

Key words: Catmull-Clark subdivision; interpolation; normal vector; progressive iterative; Lagrange multiplier

Bl A R4 AT ) JL AT 90000 0 F ), 26 S5 A
T 41 23 B AR 2 1 LA B J LR % 11 (Computer S T 38 i 5 0 7 4 B, B

Aided Geometric Design, f&i#8 CAGD) Flit 5 HL K
. " " AN TR T 2 7 Dy S A AR RS T . MR A 440 o TR A
2% (Computer Graphics, fij#X CG) HIHF 78 &, Z 7R ’ " =

M EE T LT AT, Ry POBE R R T A LS N 7 K, 4
J T Ly R AT 3 FORT TR 4051, S0 TR0 43 1 1 R
s A MR TS KRR U RS, AR el

O B4 H: mEE HRFHERE S (2010J01318)
Foundation item: Natural Science Foundation of Fujian Province (2010J01318)
WS T 2018-04-09; FE XU []: 2018-04-27; SR A [A]: 2018-05-03; csa 7£4k HH I [8]: 2018-10-24

Software TechniquesAlgorithm FX AR H% 211

© EREERREST  hup/iwww.c-s-a.org.en


http://www.c-s-a.org.cn/1003-3254/6624.html
http://www.c-s-a.org.cn/1003-3254/6624.html
mailto:cas@iscas.ac.cn
http://dx.doi.org/10.15888/j.cnki.csa.006624
http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

20184F 55274 5111

PEELF, AR T a8 I R A0 4y, A7 B 2R 2 3 D) SR A PR
TF 36 3 D a6 42 1) DR A, AEL Y T AN Qi ar B 40 4y LY
() 25 T DU a2 T X A 18 I B 4E r AR A Catmull-
Clark'41 53, A= B A% B i T 7 R0 A5 4k C7 S 4, AN
TR s b ¢ . SR A B A AR R A A
404> 77 1% (Butterfly Subdivision), J& & X i Kobbelt
ST Dt G AR 43 5 T T ATEAT = P -
SCEL C . R AE RGN 43 J7 VRS B AAR BR il T B AR A
oWk, (R AR R i v] g AR AN B Al I FHLXY
BEATEAR T LR 4 SN BEURK, 25 5 77 AR RO FUBLE I
T

SR N FH 24 SR R PR i 1 R DLE s
AT A, G e] A= RSB B T B S L, SR S B4 ) 4
it | [ 198 S plinka o e o R =TI DA 7 4 W R
i, Hod Hoppe!”!, Nasri™, Brunet® LK, Halstead' "%
2414 4 R D R i 1 R 20 A T 25
IUHFi1, Zheng A1 Cail' 2t — Pl F #525 Catmull-Clark
453 J5 iR s A AE T, b T R SR A LR T
., SR s ) A HE DLAL B, B B A 2% i 2 itk
IEARIE I (Progressive Iterative Approximation, f& K
PIA) J7 ¥ AE M I 40 ) F 78 J7 T FOET, Chen 25242 1
1 Catmull-Clark 475 B8 i2F 25 AR 7%, Bk J73:
/8 BE IS B A0 ) R 2. Lin A Pan 260 1
ARG TR T B T IR AR i 4 AE 2 Loop 4H
43 A1 Catmull-Clark 414Y, Guo 25" H 3 T k45
f¥] Catmull-Clark XUIEAZ4H 73 /NS R, 73T 1 %

SRR B e R E v, BLET A R SR T

AR AR 2 ], (BT 0 42 ol UG v A7 8 2R
BTV 5, 473 o S R A 38, P 6y 2 55 B
gEAwmEm Ny

Ik, Catmull-Clark 443 FE 4R J7 7% 1 B ok
2 . Bénard 5" R ] Catmull-Clark 44> S2BL 1 it
S LA R G A N I e TS . Wed 25U TR T IR
JE AT R YR Catmull-Clark 24043 7732, Bedk 1 /i
JRIERAFAE. Wang 25U R I 250K B Bezier 2E i
{H 7Y Catmull-Clark 404y i T, SEFREASE R, 4145 fh i
(TR AR F28 il e o B LA, vk ) & 0] DL A IR SR R A
R FELEYI AT RFAE, A2 i AR ) 1 LR &R, Mk
SRR e Bt g T PR IR 35 4 %5 22 L 3, Halstead!"”

212 AR H 1 Software TechniquesAlgorithm

$EtH T Catmull-Clark 4053 F T sik a) & RTHE 7%, N
TSN FH T R AR T VR AR B Catmull-Clark 41 45 i
1T BOE B S B0 IR 1 1), SCRE A VR ) &, AR SCATE X
BR[19] R 28 filh b4 H — P 25 T00 0509 ) 1 24 SR 11
P25 Catmull-Clark 407 4 {5 5032, 46 1H H An 245 € —
AP B 46 1Y 30 T A% MO = (V,E), v T s
e E NN, HI TS AH B 135 T BN = {Ny,Na, -,
Nyb, A2 BRI B it TS BT 463 9 s g0 Fp (1 T R 4R VA

MBI BN, N
1 0 I R sk 1

VST R PE T A 1 DU s L 1 Catmull-
Clark 205y, JUA B B SEAEL0 i A o 7 2 395 T
B BRI A F 5, BN B, BTV A, &
VRT3 PRI TR A T N B0 0 e — 3
9T AT T A RSB TR, 51 N A ok
368 R AN 1R, 4 R T A I 1A T 5 L
(111 4 AL ) 400 86 2 v SR P A Ok AT 2
=N, Vi = (el b, i f VIR R -4 T A
YL A1 51 R, Vi Ay R 43 T A R AR 914
B, VIFTRT Dod I Vgt ia RS, J R FES A Catmull-
Clark 4045 e: Vit = §,Vi o DU i T 19 % 201 7 1A
ISR HISIH Catmull-Clark JA%E1ES 44

o 3333 1 11 1
2 2 2 2 4 4 4 4
6 6 10 1 1 00 1
61 61 01 10 0

s,=l6 0 16 10 11 oL

61 01 60 01 1|16
44 40 04 00 0
40 44 00 40 0
40 04 40 04 0
44 00 40 00 4

A 3 i B W] DA IR R ah 45 1 T s A A
Pl oy i B, R, AFTE—ANS fE VI =5,V i
T T8 55 K, VEF A B o T

Halstead i i %} Doo-Sabin 4l 53347 53 H7 3k 1541
Gy FEBES 5 A% B TR 1 S5, mT RAHEST $] Loop 404y
5 Catmull-Clark 455, RN 45 H TS, ZERHE R &
AR IR 2 1) 2 P O 3R, AT AHE - HH 00 R T % 1) 2 1 o
HITE.

SIE 11 7 P ] W R g0 1 AT — T v, % T

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

20184F 55274 111

http://www.c-s-a.org.cn

i H AR SN A

w1 -ATE T p B S VDL B AR L P S 38 4 43 RS
B SBI TR sv® = 1y« VL, [ &S, ERFAEAE N 1 4y
FE A, A0S 0 2 LR 254 (1) HE BRI RN R AR
HIRA T W, (2) FEBERA 07 AL E; (3) RefiEAE
JBA =12 =3 > . T v 7E 40 53 il i b f £ PR
ROV Ab T A BN® =CoxCy, H PG =6V,
Cs = Ly« V5, LAY R 4053 55 RES R AE M A R A5 11
FERFAE ) &

Catmull-Clark 4f 7} H 40 73 56 [ S, 1 32 R5 AE
Ay =1, MR 2 REAE D = .4, 4,101/
[n(n+5)], N

n2v+4Zej+4ij

0o _ J J
Vo= n(n+5) M)

VI, Y y: 4 An Ja 2 =
RERHTAEA = A3 = ’;—6, PR B Y A )

27 %2 2
™ oo, A, CO8 en

2
I, =(0,A,,cos —H,An cos
n

2w 22 22 2m%3
CcOS — +CoS ,COS +cos IR
n n

2nxn 2nx(n+1)
+cos

Ccos
n n

2 2w *2 2
I3 =(0,A,,sin—7r,Ansin ™ o+, A, sin TN
n

2 22 ) 2mx2 . 2m%3
sin — +sin ,sin +sin S,
n n

. 2nxn . 2mx(n+1)
sin +sin

n n

Hoha WSy 09 E,

w/2>k(9+c0s—) LR

2w b8
MA, =1+cos == +cos=
n n

oot

+sin 27r(]+1))fj}
2

. 2nj . 2nj
X{Zj[Ans1n7]ej+(51n7]

2 5 Catmull-Clark 4053 4d{E /7%

Wi+ Loop 4734 {E J7 VA8 SCRR[19]H 58 — IR B 3
A SCHRE H 0 5 T3 2w — AN UE T I R MO, ST
PP Catmull-Clark 41734 77 75045 A2 155 A AR B H T

‘Wﬁﬁ?W%ﬁﬁﬁﬁvﬂwm~~ R R ()32
AIEN = {N|,Na,--- }. BB Catmull-Clark 44y J7 7%
¢%~ﬁ%ﬁ@%h%n%Wﬁﬁ~aaﬁ@
Catmull-Clark {8 41451753 B3 (042 14 M, AJ=
S ST 092 1) DO e 2 AT B T TS ©, R 30 T  or ,
A7 ) T e 70 565 A0 2 R RS 0 A R T 5
234 L E WA Catmull-Clark 4843 7] LA B!, Hod i
ST T A2 9 T S IR (00 42 0 TO1 50, 0 i 5
R RN T ST i it o ki 2 24
B — BRI Mk =1,2,- )29k — oo, FFR ith 1
S R 0 T RO b ) 50 5V R [ BN L 2
Catriull=Clark 4 57 #0016 55— 25 5 oW B8, 55
I R 4 ) R 0 AT R T
Catmull-Clark 378 41475 B (04240 1 K D1 B 1
$— B

1) RN 545 58 1 Catmull-Clark 204y 77 AR
FEAAR;

2) JUATTHRI b, 3971 R £ 545 45 1 Catmull-
Clark 214 J7 HARHE RS 3T A (B 24 A

vi= 0+ (1= D[eE + (1 -a)F) 3)

Hoeh, ER TR BT 1-4T080H 45 T e (0 5F 2 B

E:%ZL . Fjj]ﬁ)ﬁvo[iﬁl ST L 500 A 4 1

mﬁf%$ﬁwF— z:j;ﬁ¢%ﬁa—mﬂ3u
KA =(1/20,1}.

6 AR R S T BB,
WL T SRR AT, 3 i 5T
FVIE Catmull-Clark 4143 5 O BB HT_EAH 260 505
VL, Bt (1) A (3) 7

P+ Tnf4v' +8, ) el + mm}llf

1
© nn+5)

ﬁ%m:E%%J S G B RIS A0 L8

ﬁﬂmﬁWEWWﬁ¢ME%ﬁmMEV—¢Jﬂ_
A B 5 P D T 0 R 5 385 T 5
vl = vl dd, kB, el R R A MO . 2
S Kk — 0o0) VT i3 AR A 1 AR B B T 370 £ - T4
i PR, 130 R Mk + 14140 AR

1%

Software TechniquesAlgorithm FXPFHE AR % 213

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

20184F 55274 5111

(nz/l+zn)vk+1 [n(l—/l)—o §] €k+l (1—/1)—"' ka+l
JF =0 _ k20 4 13 2 13 4
e n(n+5)
7
20+ -n|d*+|n(1-2) — 1-)— d*
_dk_(” +4") e )13+2 4 )13+4Z "o
- n(n+5) B

B R A A e R I S, YR e A LR
KT AR . p I AT, TR A 0 PR )
RS TR S 1-AFU M AR TR e 0 10 T v A A
ABERITI 5 5%, BRLUE b MO L A BT TS,
= X'JI L) H7 1A RAel (= 1,2, ,n) FH0 T S fNG =

L) HB I b —ANE M G, ef = e + 6 LA
f fH@J% el LA B IR M 3T
BRI BN, BE N G T 45 A N, 0 2005
HUE 4 14 2 [ &6, tzuﬁﬁiﬁx%rﬁia Y AE2 3 WikAT

8. 1
"

3 AR VA AT

FHERASE 2 WA AP Catmull-Clark 4143 K14

QRFR I T Rt v 1) B A A, gl A o 22 ) Sy, AT 3R
T 0055”4008 2 (el 46+ [co0s 2T

={0x*v +Z,: [A,,cos (ei+6l)+(cos . +co

L 2m .

{O*V +Z [A s1n— e +6) (sm7+sm

= {C2 + Z?:l A, cos %6,]} +(cos ? +co 2ﬂ(l

= (C2 + Zn_ aiéi)x(C3 + Zn_ bi5i)

R B35 T R N AT T4 52 A [ RN,
PR M FHE— T L (3)), diB] B 1 T
%,ﬁﬁr%ﬁ@@rmmwalmm&mg

N% szcz,ﬁﬂP >
el 2ri Tl 2r(@i+ 1)\
Cz—zi: [A cos —e; +( . — +cos " )fl
i 27T(l+1))fil]
n

’ 2
C3=Z; [A Sln%g +(

Horb, TRV R BE, e AT v -4
TH v AT T b S50 AR AR T A5
SEEILAT] G 1) T st ¥ 1) L 1) B 2 1 A P A
MO e FUBTTH 5 fL, AT site)] FUBTTH A2 0
—ANIE Y2 ) 6, 49 B IR RS p IR T s v )
EAN, R (2) 1

AR BT, 1R

27r(z+ 1))(f 6)]}

D) (11 +0))

i
) {C3+Z [A sm—6+( ﬂ+sin
n

2n(i + 1))5;]}
n

—Z [A cos — ( 2n l+0052ﬂ(i+1)),bizzr.l [Ansin@+(sin@+sin2n(i+l))
n i=1 n n n
“
SRR T N, 2N = N i (4) min ) 6%, @)
0, B 2 s.t.
(Co+ Z?:] a6)LN" ®) (C2+ Z:‘; aidi) *N* =0 ®)
(€3t ) bid) AN (©) (C3+ )" bio)«N=0 ©)

LR ZEREsIMERZ, X BT ENRMAEH SR
INEIS;, R E &3 (5) A (6), F I HR/ANA R
i) &t

214 H AR H % Software TechniquesAlgorithm

X HLSR R B H 3R iR Al Bk R, 51N
AN B H IR T 01l wa, w fllwp #NFR . AR B AR

http:/fwww.c-s-a.org.cn

© TEREBIK R


http://www.c-s-a.org.cn

20184F 55274 111

http://www.c-s-a.org.cn

i H AR SN A

n n
F= Zizl5,’*5i+a)](C2+Zizlai5,’)*Noo
n o0
+wi1(C3+ )" bis) N
dF
ib— =0, Bl A:
e i)

dF
5 = 25k+w1akNoo+w2kaoo = O,(k= 1,2,--- 1) (10)
k

KRG
5k=—%(w]akNoo+wzkaoo) (ll)
B 1) AN (8) A1 (9) 15

2C, * N —w; Z:’:l aizNoo2 —wy Z:‘lzl aib,‘Nmz =0

2C3 * N® — w1 Z?:l aib,‘Nmz — w72 Z:L:I bizNooz =0

T S i P4 B DA T A 1 1 Catmull-
Clark 404y, 0 W b AN T50 0 19 35 = 4, BRI SEE =
ERBIIEHEH: D by =0, S th:

2C,*N®

w1 = 7
L
i=1
(a) WIUEMIE (b) Catmull-Clark4H 73 2 7

2C3 %« N
Z" PIN®2
=1t
13 B2 AR T A 1 22 A A
1| 2C,*N* 2C3 %« N®

= ai +
2 Z” 2 77002 Z” 2 77002
i:laiN i:lbiN

4 SIS 550

ASCHIH Visual Studio 2012 Al GSGL SEHL 724 F
T3 B 240 5 Catmull-Clark 404945 (5 977
ASCE T 4 NPURIR TR SO 1 61 T, A T A
TRz ) B A A = 0.7, 3 e b0 40 (4 T A )
BT R R T 91 1 M IE 75 RS, S 5 LR 1,
51 2 T A, Sess 5L 2, 01 3 [ HE Y
W, SEUOSE LI 3, 19 4 R IE 7 VR SERIE, S804 L
Kl 4, Bl (a) oW 1E 6] A, (b) &7 Catmull-
Clark 404} 2 X, (¢) Fngi& Y Catmull-Clark 44>
2 W, (d) FRASCET TR A R AR P Catmull-
Clark 4047 2 V. N92B 5 S, A SC4 52 007 T 1
F 1 T 0 0 X e 8 2 (0 B, 7
1 1T i R R B AT

w =

O =— by |N*

(c) B 2 Ik (d) VAR 2

AT T R AR P Catmull-Clark 41548 (5777 (IE 77 469%)

(a) BIUGEPIAE

(b) Catmull-Clark4H 4 2 X

(c) BUERY 2 K (d) HEAIZHRA 2 3Kk

B2 BT Ik &AW Catmull-Clark 47316 {5 757% (HIHIE)

Software TechniquesAlgorithm X FHA S 215

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

i E R SN

http://www.c-s-a.org.cn

20184F 55274 111

(a) W1 W% (b) Catmull-Clark4H 4y 2 ¥

B3 TSR EL RS Catmull-Clark 4073 118 772 ([E4EH)

(a) HIHGEPIRE

(b) Catmull-Clark4H 5y 2 ¥X

(c) BuERY 2 X (d) IXTLIRAL 2 I

\

e

(c) BSIERY 2 1K (d) LM HA 2 IR

B4 BT AEELRP DS Catmull-Clark 414168 757 (E 7 55k0%)

5 45

ARSCHR W T — B T TR0 ) A R R D
Catmull-Clark 4073348 7512, %07 1EAES0E 8 Catmull-
Clark 4073 F 0 E Al b 255 0045 1] 0 sk 1a) & 1 4
LI Catmull-Clark 404> AE B8 il T (946 AE, 51 A HE
6 B H ofe 7oK afe 1, AT 3R H 22 1 R SE I A AR V%
[ea) 5. 1% 7 V% (R IR FL AT TR DR U 2 4 V2 1) 8 P A
PE, FE T Ay G B TR I ) T vk AT A

WEF T 5256 O I RAOR,, 38 W] LLK SRR 5840 23 RS P

8
B EH

1 ARG 3113 30 A P sl TR 3 2Ry YR A 5 8 [
AL IC]. T Hl IR A, 2008,

2 Hassan MF, Ivrissimitzis IP, Dodgson NA, et al. An
interpolating 4-point C2 ternary stationary subdivision sche-
me. Computer Aided Geometric Design, 2002, 19(1): 1-18.
[doi: 10.1016/S0167-8396(01)00084-X]

3 Shi Z, Lin SJ, Luo XN, et al. Interpolatory and mixed loop
schemes. Computer Graphics Forum, 2008, 27(7): 1829—
1835. [doi: 10.1111/cgf.2008.27.issue-7]

4 FEE, ERE, SRR, ENEB LSO bt w5
A kAL, 2001.

216 FHfHARH % Software TechniquesAlgorithm

5 Catmull E, Clark J. Recursively generated B-spline surfaces
on arbitrary topological meshes. Computer-Aided Design,
1978, 10(6): 350-355. [doi: 10.1016/0010-4485(78)90110-0]

6 Kobbelt L. Interpolatory subdivision on open quadrilateral
nets with arbitrary topology. Computég Graphics Forum,
1996, 15(3): 409—-420. [doi: 10.1Lll/cgf.l996.15.issue-3]

7 Hoppe H, DeRose T, ‘Duchamp M, et al. Piecewise smooth
surface recon;ﬁétion. Proceedings of the 21st Annual Con-
f:ef\ence on Computer Graphics and Interactive Techniques.
New York, NY, USA. 1994. 295-302.

8 Nasri AH. Polyhedral subdivision methods for free-form
surfaces. ACM Transactions on Graphics, 1987, 6(1): 29-73.
[doi: 10.1145/27625.27628]

9 Brunet P. Including shape handles in recursive subdivision
surfaces. Computer Aided Geometric Design, 1988, 5(1):
41-50. [doi: 10.1016/0167-8396(88)90019-2]

10 Halstead M, Kass M, DeRose T. Efficient, fair interpolation
using Catmull-Clark surfaces. Proceedings of the 20th An-
nual Conference on Computer Graphics and Interactive
Techniques. Anaheim, CA, USA. 1993. 35-44.

11 Zheng J, Cai Y. Interpolation over arbitrary topology meshes
using a two-phase subdivision scheme. IEEE Transactions on
Visualization and Computer Graphics, 2006, 12(3): 301-310.
[doi: 10.1109/TVCG.2006.49]

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://dx.doi.org/10.1016/S0167-8396(01)00084-X
http://dx.doi.org/10.1111/cgf.2008.27.issue-7
http://dx.doi.org/10.1016/0010-4485(78)90110-0
http://dx.doi.org/10.1111/cgf.1996.15.issue-3
http://dx.doi.org/10.1145/27625.27628
http://dx.doi.org/10.1016/0167-8396(88)90019-2
http://dx.doi.org/10.1109/TVCG.2006.49
http://dx.doi.org/10.1016/S0167-8396(01)00084-X
http://dx.doi.org/10.1111/cgf.2008.27.issue-7
http://dx.doi.org/10.1016/0010-4485(78)90110-0
http://dx.doi.org/10.1111/cgf.1996.15.issue-3
http://dx.doi.org/10.1145/27625.27628
http://dx.doi.org/10.1016/0167-8396(88)90019-2
http://dx.doi.org/10.1109/TVCG.2006.49
http://www.c-s-a.org.cn

20184F 55274 111

http://www.c-s-a.org.cn

i H AR SN A

12 Chen ZX, Luo XN, Tan L, et al. Progressive interpolation
based on Catmull-Clark subdivision surfaces. Computer
Graphics Forum, 2008, 27(7): 1823-1827. [doi: 10.1111/
cgf.2008.27.issue-7]

13 AR &, 7 H . —FEE T Loop 404 1T b 4 {8 7 725 48
IR 2R (A AR ER), 2014, 30(1): 18-24.

14 MRARZE, W AR, RS, 45, B TIRARSE S 140 23 ih T 1) J=)
T HEEAE 7. LRGN, 2015, 24(7): 104-110.
[doi: 10.3969/j.issn.1003-3254.2015.07.019]

15 FRAEYE, ZRITIE, Fh-F. 2 TW k46 79 Catmull-Clark XX
IEST A0 3 NI S LR . T SR BT 5 BT 2 2 4R,
2017,29(6): 1118-1127. [doi: 10.3969/j.issn.1003-9775.2017.
06.018]

16 Bénard P, Hertzmann A, Kass M. Computing smooth surface
contours with accurate topology. ACM Transactions on
Graphics, 2014, 33(2): 19.

17 Wei XD, Zhang YJ, Hughes TJR, et al. Extended truncated
hierarchical Catmull-Clark subdivision. Computer Methods
in Applied Mechanics and Engineering, 2016, 299: 316-336.
[doi: 10.1016/j.cma.2015.10.024]

18 Wang JZ, Cheng FH. G2 Interpolation for polar surfaces.
Computer-Aided Design and Applications, 2016, 13(5):
610-617. [doi: 10.1080/16864360.201?5.f‘150705]

19 ARIGE . 55T = £ 90 R J0T RIGHG7 ()4 i 7 32 [0+ 2 4r
6501, A : RT3, 2014,

\

<

Software TechniquesAlgorithm 3 FHA S 217

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://dx.doi.org/10.1111/cgf.2008.27.issue-7
http://dx.doi.org/10.1111/cgf.2008.27.issue-7
http://dx.doi.org/10.3969/j.issn.1003-3254.2015.07.019
http://dx.doi.org/10.3969/j.issn.1003-9775.2017.06.018
http://dx.doi.org/10.3969/j.issn.1003-9775.2017.06.018
http://dx.doi.org/10.1016/j.cma.2015.10.024
http://dx.doi.org/10.1080/16864360.2016.1150705
http://dx.doi.org/10.1111/cgf.2008.27.issue-7
http://dx.doi.org/10.1111/cgf.2008.27.issue-7
http://dx.doi.org/10.3969/j.issn.1003-3254.2015.07.019
http://dx.doi.org/10.3969/j.issn.1003-9775.2017.06.018
http://dx.doi.org/10.3969/j.issn.1003-9775.2017.06.018
http://dx.doi.org/10.1016/j.cma.2015.10.024
http://dx.doi.org/10.1080/16864360.2016.1150705
http://dx.doi.org/10.1111/cgf.2008.27.issue-7
http://dx.doi.org/10.1111/cgf.2008.27.issue-7
http://dx.doi.org/10.3969/j.issn.1003-3254.2015.07.019
http://dx.doi.org/10.3969/j.issn.1003-9775.2017.06.018
http://dx.doi.org/10.3969/j.issn.1003-9775.2017.06.018
http://dx.doi.org/10.1111/cgf.2008.27.issue-7
http://dx.doi.org/10.1111/cgf.2008.27.issue-7
http://dx.doi.org/10.3969/j.issn.1003-3254.2015.07.019
http://dx.doi.org/10.3969/j.issn.1003-9775.2017.06.018
http://dx.doi.org/10.3969/j.issn.1003-9775.2017.06.018
http://dx.doi.org/10.1016/j.cma.2015.10.024
http://dx.doi.org/10.1080/16864360.2016.1150705
http://dx.doi.org/10.1016/j.cma.2015.10.024
http://dx.doi.org/10.1080/16864360.2016.1150705
http://www.c-s-a.org.cn



