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The approach to automatically construct animation models based on
3D facial geometry and texture features recognition

Xu Ming"*, Qiao Ningbo', Wen Zhenkun®, Zeng Xin’, Cai Zhenxiang'
1. Information Center, Shenzhen University, Shenzhen 518060, China;
2. College of Computer Science and Software Engineering, Shenzhen University, Shenzhen 518060, China;
3. Information Visualization and Design Center, Central South University, Changsha 410083, China

Abstract: Considering the work needed for constructing muscle models artificially, setting their control nodes, and
adjusting their computer parameters, we present a method to construct the muscle model automatically and to generate the
model calculation parameters for 3D facial animation. We developed a robust facial features recognition algorithm to extract
the geometry and texture feature vertices. In the geometry feature recognition process, we adopt synthetically several
constraints related to the Gaussian curvature and surface normal value to extract the candidate vertices. In the texture
feature recognition process, we use the Gaussian Mixture Model of CrCgCb to exiract the feature vertices. Then, clustering
procedures are applied to gain the final feature vertices. Finally, using the 13 geometry feature vertices and 8 texture
feature vertices extracted by the recognition algorithm, we automatically construct the muscle models for the real-time facial
animation. The experimental results demonstrate a matching rate over 90% compared with the landmark vertices made by
an artist. The application work indicates that the process of automated muscle model construction based on the feature
recognition algorithm fit in with different human head geometries very well. On this basis, we synthesize a group of
characteristic facial expressions and mouth shapes with higher realism in real time.

Key words: facial animation, facial feature recognition, automatic animal modeling, automatic vertex tagging
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Fig.2  The recognition process based on the

adjacency propagation algorithm

RS 3 YE ARG M I AT R 4R 3 B, T
TETHER] (4 58 B b, SR TOURTT EL 0] 19385 BE Ay SR
KR b, (LA F AR R 0]) , Z (R T
VR Bl SRIG AR B TR i) A K S 56 iR
PR B DX LA 5 2, 0 S Ze A T s JE L A
Wk SRR T SRR 7 B SR E U T X

X F IR , ABERR - 50 e, 7E AT A2
JEIRI P, SRR A K ATk B A UG T TR
X TR AR R B TR, 3 i A i 1) B A g 30T it
R B0E 3 4E NI LR AR e T o AR AE T 6L
FEWIJTTH - B 5, THAZRN 7 SR AR 45 RS T 1Y
BANEA I S A P S AR Q8 B 3 1A 4 25 )
HOR, 24 3 e AR AL ROR, 22 ) YRR T LT 22

© v [H R BT AR BT A



512 1

RO, AF R TRAEBUR R 3 4R AR SRR [ S i 1543

S BEIT , DA A 2 50—~ AT BE A T LA 4R A Ao i A5,
X IR0 A 1 e 30 i 3R, ARl v 3 il R A4S A
A, 5 IR T LA AR AR AR B 1, i S — 5 25

B0 ST {08 A S NI L L e~ Y [ E 7 €| BT TP =
AT, 1R b iR e, BB A
FRPEAREE IR e, A5 2 U RRIE i a5 2

XFTSCRARHE , SR AR R 38 R 073 6 Bl &
PR A TR AT SO A3 BT, B A S0 PR i 1E A
SO T RO AR 1.2 T e B A Ok X
—FAE AR R W T 8 — T T L SO £ X S A
RI RS, 45 G 60 SR, 0 0 2 T Ak 7 2 28 (1]
fan , ISk A A, SR AT AR B A KA 2Ty
S, AR A T AT 1% 80 B0 € 1 28 e g PSS T8 1Y 3
1A, R 1 E B XA S B AR 1 5, DB
T R AR R SO R i B, 1 R R
DX 35l ) SO RRAE A B 251
2.2 BRERREHE

BT LT R st J) L/ IN DX 3y T ek 5 A AR ALY
JUfATARFAE , 38 2o S0 30 A A48 2R 07 VA AR B R % RRAE o
FfERE BAR TS ARG To N b ARG S A AR R 72
AN[E], WAS R I ACH AL Erg 4. Brlh
EARIAE KIS S, R T B & T
PEATALIRL, DS -HE SR 4 0 FH A B, SR B A o
B RRIE R

BEXT 3 4E2s B T SRR, gy — AT
IEACHS ST ) RS LT FR o SR X AP RSy
e, X TUT R A 8 A i EA T AR B, Pkt th e LA VR
FRIE R o HARVEIL & w0, ek i 48 T P W &
— AR — A R G RS 2 1]
HIRKPLIE S . SRJ5 , FERKR B B /N F 45 9 B 0 7
MEG B IR —DHES  BEAITEHREAWELD,
JEHE . Z R BB BE B G Z IR, &
B R, HRFES BN BORBAR LR A 1k
BT, AT RS A, W AR & TS B 2 1 T4
GAE LRI AR , 5% 48 510007 B e 3 1 Tt
SUSAE U H ) J LA RRAE £
2.3 RAEETIERRE

ENRERIR /3 ety b, o FHF LA s s 2
FEIEAS I A JLA B a5 SO E S, X TR T
JUATHFAEAE R B 0, 78 AR T SR F 4B 45
A AT R 4R B 19 B A T AT JL AT R AR 537,
PRBN— Mgt s AR o Xk s AT RIS A0t i

AR o AT T SO AR R AR 1 5, 78
A P XIS AT SR AR SR A 1 X B e 4R 31 A 1
DU AT SO I, 45 3] — e s B o Wik
PEAT— U227 00 T T R K 3T 5, W e 5 0 %
MERE R St i o BEA T S SORFHIE S U RE Y
TAERAEAIE 3 iR

| AR, BT |
|

JLFTRE T 5

SR TR

MBE KT LR
AL AL
VBT TR AT
[y, K, HL 2

v

I o W 3
i 2
fikik AL ik s

RFEN

| JLETHEAE R |

3 T AR K Y LA B S AR AE U B 1 0 A

Fig.3  Flow chart of the geometry and texture features

o 3L

ORI AT

recognition based on adjacency propagation algorithm

3 HR#EERBEIhHE

AR AR B2 AR s ) ARG 1 iz 3 ) LA 32
B A NLANFE LWL R . Waters 55 A T
P, I EAE LG 3 1 B S AT i B2 7 1 =5
[, WL BT 5K 7 R I i B2 3 P9 T B 2 s 3l 5
R PR 24 WA 3 G BT 22 3, DL 11 A8 L R
FE T JLR B e R 26 415 T, A DX A TR 1) Ao a6
HEA U o AR SRS W2 LA B A
i A SR a0 E HAt RSB Tk,
3.1 &MENAZERENEE

LML TARRER K 240 e 4 frs "™ K
KEETAESBAARNP R AV, ATV, LA
KA BRI SE KLV o VA BCHEFAE I8 T 1 £
6o ARFEU H B9 LT AFAE SO SCBRAAE 3, AT LA
SRR, AR E B B2 AR AR 7 &
SEIE U 4 BOFRENASA A R A RTS8

AR NS im0 A 5], KRAIE R L A £
S S AR v R IE A5, AT LA N7 I 2 R L PR AR

© I B R BT AR ST A



1544 hEE S EIE AR www. ¢jig. cn

17 %

PAhai Ry, JFRf e R TR S AR B AR AR
RAE AL LA AL 5V, OIS A R A AR R 1%
PRI AL 50V, AT 1 53 S A0 A1 P S TR 3
FROE KLV, BRI, BRI (B B f) Sl Ay mi e =S (0] ELER V)V,
5V, V, IS, THZA R A K 2R 1 R0 s A 7 JT R
LV o TR R HFRTTIE R | ViV || =
c | ViV || Herb e S B, SR S 98 9 7 1 X
(LA 47, AR AR SRR Y 8 BERT JiE B S, T DA AE ST
Pl A Bz sl A UIL ORISR L JIL AR AR 3 b
45, I R A TS S0 AR U Hh ) S 3R
SRR K, AT U S7 478 1l S 382 2l 1) S LA £k
PENL PRSP Ml AL, I 0 SR R T 2 5

P4 BN TARRIE R S H0E X

Fig.4 Linear muscle model

3.2 FEAMALAZERE RS
FEANUTARREAY R 280 SCANEL S Js, o
BB AR Xl 5 A8 7 25 A i s DR, T S A
MR A AR, ol X LA i ST . R
PO ) LT AR AIE o B SCRRRAIE A, AT LA H B it
SEAR AW R AR | A 3550 5 AR 1 25 (] ES LR o7
AL ANEL S BN LA S S R R S8 R T
2 T MR AW 78 3z 3 09 45 20 LRSS BL, DL 1 B8 I LA
151) , ARAE U HE R Y — X B A R AR A M 0 M, LA
KgIg e b M, ELQNZ T390 € (M, +
M i) /2 FEANBKINS B 1, = || MM, || /2,
FMSEON L, = || CM,,, || /20 FIFERTTIE  ARGE )
EE AT IR A ARRAE A5 AT AT AR L MR I 42 ol A5 78 (TR
L

K5 RN AR K 2 H0E X

Fig.5 Sphincter muscle model

MEWL) 1952 3 Hpo s AR Sl i 322 5 A Y il 7 1) 48
K, AT AR RIIRAE bR oD LS, T80 IR AR
PRI A ZE R RS
3.3 ieHEIHEREIHEE
N3z Bl ik A 475 5K T 52 HR g 55 X 1 A hl

R BIERz iz 3o AR A9 LT R AE £, n]
VAT RE e 2 v R o X Ik, DTG 3l 3 57 e
s sh Wi iy, Bh— 20 @ 2455 T I R R AR
AT R ) DX SN A T ARt H ok o TR e 7
SR AR BRA AR R 5 i, BOX el o A 5 A D 1
R AL TR AR A AR 38 K LA o7 B A A 4 ] X
RN Y TR AR R T AR IC . PRk Y[Rl i
HRARE B T 5 P SR BB H 3T 3 A
Ho LUN Sz s il o 0], M3 22 A HAR T SAL AR
fiEsi M A M, BE T 58 MM SRS , 12506 5
ARSI , 47 1l DX I A8 ) 23 D7 vk I < M A M 5 531)
P45 F X R AR VR LR, IRl i MMl if 72
(1 15 SR T AR S, MU A2 LT X3, A 4
FARFOE SR LA A9 DXCIOR I P2 ] DX dl . ARl
JUATIA S, E Sl ) DN BT B T0 s, 5F g —
TSR T AL AT, X T IR AT TR F,
AR T A 9 ) e a5 M W R 6 A T
M, W LA S HOT BN w, = || MLF, ||/
MM, | . 0sw<l,

4 SLIERNBNERR

4.1 JUAIHHERTRZIZFIE R

BB 3 4 A 1 A v 30T R R A T LA 4
TEARE TS O, EAEAE 3 4 ARG A% L atE 47 v W1k
N SR TN P =2 N A L = i e S IR RS S 1
THEAE O AT ROR , T b s B it 2858 1E s R
S SN B RTINS AN < i VLUK (N NS RE=13 1y
oY 23R A 268 0 A, DU I 23 ik . &1 6 () H,
AR (1) A B0 1 T 45 T00 8 A e 307 il R0, 910
T 5 4T R A A X R 1 B RN R VR AR B, 4
il B = R A SR E . I 6 (a) AT UL, A
TIPSR AR IE RIS 2, ASF) T Ab B
DALt , X T ¥ 25 TO0 o 1 v 0 il S8 (B i A 0 BT 349 1y
ALER 6 (b)) R B S 2 2 A B B T AL R
S P H A A TS felE P % 0 2 L TR Y A s 1 v B0
i1 R, VR AL 0 B TS T 4 v 467 T8 AR (IR A
HAR BB AL, JUTRRAE € 2, A T 3EA T U Ak

© I B R BT AR ST A



512 1

PRI, A6 ST RAE U 3 4R G Slimiis Al [ sl ik 1545

H 6 () BN T 2% T B 05 1) A2 AR 1 0
LA AT RLAR R, Al DL, 78 A B i ¢ X
SR TG ) B 3% 1] i AR A 2, 2 JLART A A A I
—MAEBIERR

(a) w3 A (b) HT BT R IR BOR (o) i AR SR
6 i 25 L RAAE AT ML ICR
Fig. 6 The visualization of geomeltry features based on

Gaussian curvature and vertex normal value
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Fig.7 The recognition result of geometry feature vertices
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Table 1 The statistics of recognition results of geometry feature vertices

FHIE ST 5

1 2 3 4 5

7 8 9 10 11 12 13

IRER/% 6.3 5.1 5.1 4.9 6.7

5.6 9.2 8.7 4.8 6.8 8.2 6.5 7.7
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Fig.8 The results of the muscle models automatically constructed
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Table 2 The experimental data of the recognition algorithm
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Fig.9 A group of facial expressions real-time synthesized

K10 SRk R R BT A B2 7 A () — A AR RS AR 1A

Fig. 10 A group of real-time facial expressions after the algorithms act on other human face

[ 9] Choe B, Ko H S. Analysis and synthesis of facial expressions with
{5 %i#( References) hand-generated muscle actuation basis [ C ]//Proceedings of
IEEE Computer Animation Conference. Seoul, Korea: IEEE

Computer Society Press,2001; 12-19.

[ 1] EkmanP, Friesen W V. Measuring facial movement[J]. Journal [10] Waters K. A muscle model for animating three-dimensional facial
of Nonverbal Behavior, 1976, 1(1):56-75. expression[ J]. Computer Graphics, 1987, 21(4) . 17-24.
[2] Blanz V, Vetter T. A morphable model for the synthesis of 3D [11] DengZ, Chiang PY, Fox P,et al. Animating blend-shape faces

faces [ C]//Proceedings of SIGGRAPH'99. Los Angeles, USA by cross mapping motion capture data[ C]//ACM SIGGRAPH
ACM Press, 1999, 187-194.

Symposium on Interactive 3D Graphicsand Games. California,
[3] MaWC, Jones A, Chiang J Y, et al. Facial performance syn- USA: ACM Press.2006 : 4348,
thesis using deformation-driven polynomial displace-ment maps [12]

[J]. ACM Transactions on Graphics, 2008,27(5) : 121-131.

Fang H L, Wang G J. Comparison and analysis of discrete curva-

tures estimation methods for triangular meshe [ J]. Journal of

[ 4] Parke F 1. Parameterized models for facial animation[ J]. IEEE Computer-aided Design & Computer Graphics, 2005, 17 (11)
Computer Graphics and Applications, 1982, 2(9) :61-68. 2500-2507. [ F7EE%, T B, = ff A% T B R A
['5] Breton G, Bouville C, Pelé D. FaceEngine a 3D facial animation BB B S0 LI, TR MU B 5 R 2 2R )
engine for real time applications [ C ]//Proceedings of the 2005,17(11) :2500-2507. ]
Web3D. New York,USA: ACM Press, 2001 15-22. [13] Desbrun M, Meyer M, Schroder P, et al. Discrete differential-
[6] Jorg H, Kolja K, Irene A, et al. Face to face: from real humans geometry operators for triangulated 2-manifolds[ J]. Visualization
to realistic facial animation[ C]//Proceedings of the 3rd Israel- and Mathematics,2002,3(7) : 34-57.
Korea Binational Conference on Geometrical Modeling and Com- [14] Kakumanu P,Makrogiannis S, Bourbakis N. A survey of skin-color
puter Graphics. Seoul , Korea: IEEE Xplore, 2001 ; 73-82. modeling and detection methods[ J]. Pattern Recognition,2007,
[ 7] Terzopoulos D, Waters K. Physically-based facial modeling, anal- 40(3): 1106-1122
ysis, and animation [ J]. Journal of Visualization and Computer [15] Zhang Z Z,Shi Y X. Skin color detecting based on YCgCh and
Animation, 1990,1(2) : 73-80. YCgCr color space [ J]. Computer Engineering and Applica-
[ 8] LeeY C, Terzopoulos D, Waters K. Realistic modeling for facial tions,2010,46(34) : 167-170. [ 5k, 1 B+, YCeCr 5
animation| C]//Proceedings of the SIGGRAPH'95. New York, YCgCh i, 23 [a] it Joe ARG [ 1], 38 AL T/ 5 1 f11, 2010,
USA: ACM Press, 1995 55-62. 46(34) .167-170.

© v [H R BT AR BT A



	fm.pdf
	目录.pdf
	目录.pdf
	英目录.pdf

	20121212.pdf



