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Abstract  Most of current facial animation algorithms are difficult to be popularized among common
users, because of the disadvantages of using expensive capture devices, depending on preprocess
of expression data and needing special operator. To solve these problems, an affordable and
convenient Kinect was chosen as capture device, and a non-preprocessing capture algorithm of
facial expression was proposed in this paper. Firstly, the facial feature points was extracted from
the RGBD data which was captured by Kinect, and at the same time the relationship between
low-level facial feature points and high-level expressional semantics was built using geometric
measurements. Meanwhile the sample group of geometric measurements was established according
to the weight strategies and compensation strategies. Secondly, the distribution of sample was
analyzed automatically by unsupervised method and then the range of expression unit was
inferred, so that expression parameters can be extracted in real time. Finally, the universal
Blendshape basis, which were generated offline, were driven by the expression parameter to
generated real-time facial animation of reflecting users” mood. In this process, in order to improve
the accuracy of the universal Blendshape basis, the paper first introduced area of influence of

control points to restrain the Laplace deformation algorithm. The results demonstrate that the
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proposed algorithm is a simple and convenient method to generate real-time and robust facial

animation without preprocess of expression data collecting for every user, even in these case of

appearing many people simultaneously and partial occlusion. It is proved that high flexible collection,

easy operation and reliable real-time performance are provided by the method. Therefore, it is

worth to generalize among ordinary users.

Keywords

1 5]

[l

B G AT RS O 2000 AHLAE B G R EE 1Y)
B S TR 2 15 2 i AR B AR R S A i Rl N
ZHR T T R EN L RN B A AL R TR 2 4
38§, o S T R Bh AR L R B W s T 5
L LLE A 3D Rk 52 (R BR R 2 11 2 1], i
5 TP 1 T SR Bl e TR B R R
AT 511 L S T AR R A L SR S AR B TSR ALIA
T8 B K TR 32 THI R R L O o A B 20 Ok
PRAE A= B T FR 2y 1 5 1 S T R I — 2. Rt B
Wy B3 T 8 2 155 2l i AR i A v 3 3l A AE LR 3 AN
ME (1) S PRUE Sl i i #0058 B2 L 7 28 B B R AR IR
75 T Ml 50 Ak B AR L A ST R G T
1K (2) T S 0 AR AL N & A% TR AN TR
FH P 1018 28 22 [B) A7 76 25 ME DL ] PR AL g S PR 22
S5 S BOR) R B A T R R Bl A A0 S A E
FEL A B 5 (3D N ZROR AN 0 512 1 T 3508 2 17 I 5 SO X
A B 5 S R — SR A R AR L Xk
PRIME (s 75 52 T — A LA L S T 38 2 1 3 1 A
SR B R i P

S T v MR b A PR TR R A L T R
Sy A A A% 0 5 . [ P A A 5 A TR
TR 3D TR A A AR Oy ik i AR AP 3D
2 T marker S R G U ARR A TER
L5 E R G T EUR I SRR A S T R A
P 0 5 vk 3 3k ;R T A A A SR A S VR AT
A DA ARAS w8 T 1 R AR A (R LR 4 B B L
A% I HORREIRAF S iy 25 2. Horp 3D 1 H75 3%
T FRAT I O T AN WA A E R AR AL HE R
BEEMANE; 5T marker S R 55 N
I H A Ry B30 (H N AR A 41y
[N ok marker a5 A0 %505 A0 B T4 20 5 & R AER
NETT B REAR T X A B 2K A R 5 & B R

Kinect; face tracking; Blendshape models; face animation; performance-driven

O B SR 8 Ak 1 52 e ARCORSE T OK B8 1) T4 B
I S P B — ol . o SO R G
AT 3 251 3D A (H 2 78 I [a] 23 B 3 AN
BT marker gAY HE RS AL [0 43 HER O
it 3D HHE R RO B TR T BRI Sl
PR H T A AN R L AR R NS T AR Bl
] A R AR 8 = T e AR R O T 3 A S AT 8K
PRI S8 AR A A Bl S B SR AE A B0 H
J2 AR et Bt A SR 4 845 O SR8, O T T
MR B L. 2010 A R T — Fh RGBD X &
Kinect g8 1 50 (1 % % 4 7 2L 3 1 S8 i i
TR 3hmi A4 B HE R A & . Kinect for Windows
AE LAAEFD 30 Mot i) 33 2% [R] 20 2R 4 ¥R B2 JER AR (5 ]
B, Ho SR A RE 5 R 4 B B i 40 em Kb 4 4 1 TR
JEAE B AR R E AR — R R G RS AR
o (RIS A AR I rp HRAE TR B O AE )T B 2 R
P,

FEXF B A AR SO T —Fh LT Kinect #Y
T M TR PR A A A AV JR AR S B B R T 5K
A 1 9K 2 104 T B . 3 B0 Ol TR LR B 2R
AT ST, B AR 15T 38 ] Blendshape 315 4 1 4
B SRR G AT AR ) A R i DX A A ok 2 R
P A I Bk A L 3 W 7 55 S I T PR 2 17 2 1
8 A B s H T B 03 R AIE AR S I AR IR 2R 1 S B
FECLL S KA S A i 3 AP Be. 58 1 BB, i e
F K-means B8 %) Kinect 52 B 28 15 1 ¥ )3 &
G HEATE SAIER A5 2P T X s o s AR e R
I A P T ) THD 7 A s R AT Sk R B R L P il
B A e T A5 (Tterative Closet Point, ICP) & 2 4
T2 F Y Sk BB A #E T A 3D 3 Bl b U AR 7Y
(Active Appearance Model, AAM) 3% I\ Xt i 1 %
o EZR T SR IBOH PR TR R AR AL 2 2 BB BL B —
W B AR A 1) T 78 5 Ok A g i A o AR R T R 1
5 2 4 (Facial Action Coding System, FACS) & X
f 1% BT (Action Units, AU) ICRFAE 53 32 UH



2480 it "

Hl

L
¥

B 2017 4

O 1) LAY JRZ 2 (L 5 PR AR 30 A AL i R £ 55 s 45 JL
o] JEE AR AR TR 2 AR S AEAS B 5 B X AS Wi BT Y
FEASE MG B (4975 3 A 3l 23 B BEAS 20 A 3
A AU AR AL D] 35 2 i AU

0 28 T g 5 75 3 S i R 1 S 5 3 B B AL
SR S 50K 8l B 26 2E W i F Blendshape £
15 3, A S P 215 R AL A THT T 2l L B Y T 4N
MEZRUNIE] 1 7w

1
1
U R R A g =
. HIEBH i
SRR : i
5 i 0
E Blendshape :
o A AR wfhaE i
h2 ) 1
<! 1
= ! Ef?ﬂn Qé Qé Qé | e
; s il i h ] Ao
¥ : i
W2 7 I
Wk B
BT TR o i A R HE I

5B B T B S Tl e B AT P R
175 PR A TG 22 P EL A8 4 Ml R0 A T 8 0 1 A
BB AR SRR R R WA (D F
T2 S T L] B B S AR TP RR A AR
JE A L Z A K AR O 78 e By Bk JLAeT B
FEAS B 70 A 1 OUREAT B 320 M AT AR T P 69
T ¥ 28 16 5 B0k UK 5l 8 T 19 Ak AR S P 3R
AL F8 T ¥4 2l 1. 33X b B3V TG X A 6 T Y R A A
P AT PORAE L HA B 1 35 35 A 5 TR 5 (2) A
SCBET Y T 70 Bl I A BB AR R T T A ] R
X3 (Area Of Influence, AOD) {4 #F 2 3k o 3 4E i
Blendshape 21 5 1 137 2% £ 1 42 8 00k otk s 1y
TV RE U8 AT RO 50 28 T 3 AR B A R v a0 A
FH T Blendshape 21 56 19 A= UK B2 L 75 21 1)
TE ¥4 5 I B AT N R XS 1 22 S O 1 5K [
B 1 3 R 5 K S PR R A 2y L OB IR AR A AR U
Lo Ze NIl B 4545 B0 1 & .

ARIORE I I 6 ARy A C TARER 2 £ %
A 24T AR T2 0 1 R A R AR N A gl AR
JACA s T B Y T PR SR A L B T AOT By 3RS
A B R 3 D) SR S T R Bl 1 AR B SRV B A% L
T A0 1 3R A SCHY BT 1 R 7 1 A0 5 S50 4 2R b
TR 23 22 20 S 0 25 R AT X F 3 BT A B A SR 1k
AT 0 PR BE S BT 5 4598 3R 2 BVAS A SCOTER (1T
TR A R ARG I T — 2 AR 4.

2 HEXIE

H 1972 4F Parke' ™ 8 — QM 1 2 HUfL 19 N K

RS LIOK , I 2 17 2 i A B AR — B AR R I b 4
fR T A 3 ) B AR R IR AR ML R 5K
AN T] A AR B A B A S5 0 - 23 2R 0L, B 2 2 i 2 )
P TR S R I AR B B AR A B A 0 TR R A IR AT
Koi A SR 05 R TS AL DY % 512 9K 2l i 0 £ €4
A B B A A — O R L AR X — AR
Jir D) S5 B ) T 2l 1 AR e AR 7 S B 5 I
RGN 5 RN 2 m A A

(1) T ¥4 22 19 il 12 30 5 75 2R SR R &5 ok S8
FE 5 A AR 5 o A A S T AR 1R (marker) £ 1
TR R G B NG R G TE
P& 1 1T B 5 A B AR marker £, 8K 5 R S E
(132 Bl 4 1 & B3 R BUX 28 marker 51 =407
B T IX e marker g3 20 78 B OC HE A R At
TR AR AR AR fb T A B e ARG 2815 19 28 4k 38 5 4K
HUE| ) marker 1) = 432 3l 5 8] % — 4~ W00 o 4%
B 1) TP S R A 78 08 B AT LA B A AL 15 Bl
. %28 R GE A Sy B R A L H R T
marker s ARG B, 23 5 SO A A9 R R AL
IR 2 TR) 43 B, DT 2R 25 7 R = 6 A% T R 4 T
TS 2 Ak BB P AE WL 23, 2011 4F Huang %8 A™ 3
77 ek 32 H T F ] Motion Capture F1 = 4k 43 4
AL TR PR B 5 0 33k 28 O e B AR AN T = 4E
FACE T B A 3 F marker g0 T B 1
P& 2R Gk UL, 25 8] 53 B R 8] 23 B R E A 2 . (H
B TR B B LB MR AT O AR ME A A ]
[ . BR M Z A0 i — R 25 H 6 R e vl LU
SRAH IR R RGR DR L B ]
i 05y DA T8 5 30 o AR AT 224 i B 1 O B 54l  {FL i



11 4 o ARAE . AT LA JBE S A4 TG A S I T 2 sl I AR B v 2481

& HRER L 3 S p N T R R 5 A R RE A A
SRR o PR R . 5 2R
B Z ARG R AS R A AR LK
T HAR B TR AR B 7EAL B |] B IR R
17 2 FHAIL ] A7 405 BOHE W7 1) % 8 5030 AN 8 v 1
SR A SN B ROR. B Kinect 55 2 H B4 19 4
Hh o R BRI B — 2D b W T BT T R R A P A
A, 2011 4F Weise 2 A" & R FIH Kinect 1EH %
B VA S L 1 S I T B A A £ 1Z 585 L Klinect
KA A TR BE UG AR @ IR AR D fan A5 230 A1 F A MY
P TCP 53 vk 1 Ak T 45 84 1% O Ui v Ak 2 I 32 0
R KU AR J i R A W% 32 43 43 BT (Mlixeures
of Probabilistic Principal Component Analyzers,
MPPCA) B AL 5] A 21§ 3l i 56 56, H & i &R
B Al ¥ 46 S — A B K5 B Al 7 (Maximum A
Posteriori, MAP) [a] . {H3% 77 15 7 B4 X AW
F NG B AT TUR AR W e A BR T 0 vk A HE ) A
P GE = ARARGE B T VR 22 SN Y TR SR A R
GEANJE T BREH RGBD 1 Sy iy A 515 D
G IR A 53 B A B A Sk A D R R R
R N /3y 7.l 0 JE S 3 52 D e S 11 1 % 3
EBR R AR AR A W Al . B T NIRRT
AT 56 = 445 B, PRt ik 3558 % (o A L
P18 T ¥ 1 A A 2 B A — g 2 TR iR PR 3 36 T
J— P R SR 08 AR B B SE I B IRC A
M2 ALK 7 A e B g B k. Horh SCRRE19 145 3¢
HRL6 1349 3R FH % i SRR ML R AR B o, i T AN RE
BARAG IR BE AR 2 BT 5 75 R 5 S TR 4R ] P R 1 4K
P RN R X5 A [\ /9 3D B IR [ )7 &% 5 J5 0
ity SR FH P Y Bk T TR SN ke € T P Y
Jr i 0 PRASEARY 3 P31 b 4 A AN AR 9% B[] L B
BT B A R o 0 A B 2[RI TR T
AR SEHRT R G . R A SCHR M Y T R R
RN ML T2 A LT BB
BAEPRT LRI T TR A Sl i AR A A o
IA B TAE L R v 4 ) 1 .

(2) RN 3l I A 2 46 ) 5 BIL R s AR A
S A TR A TH A 3 Al gy 2D )
I CAn 50O A 3D 2 i Can = ZE R, 3B B A O
S M R G E AP AEWISE 3D 21 3h i Y A iL.
NI 132 3l 7 G T T AR LA Y 32 3l o 1 5
FEERM TR T AR NLA RS 1981 4 Platt A
Badler™** F e i s 3 RGN AR 1A TAE Y
JULPAASETRY Fhr 33 ol 7 32 s T S B R A e A A Y

A%, TR T 7 18 UL PR 7 W80 4 58 0 VB - Bk
A o DT T 50 X A A8 T I A R O T R R
(¥ 547 T 55 ) #LJ5 EL, Terzopoulos 48 A 7E i 5E
iy 1 AR AR AT 10 A 50 2 2 4 SR T — i = )2 R AR
TE W A% A L TR (H Rk S O YA T B R R i Wy B 2S5
SR oy TR e, Waters™ ) ] Big A5 S8 % , £ 7 1)
Eix i SUDOWN oINS o = i ST S o 1
JIT 4R R A Sk O BCRICR N AN 5 DRI 2 Oy i
A% T 2 AN RE T A TR0 R 5 2l i AR AR I AE S
AR 7 | PR 5 3T AR F A LA B RR ], 34
A VFZ W98 & 1 Parke™ S50k ARG A5 A0 1) JE ik I
HEAT RO S I BB AT ] 2R 15 A1 wT LA G o A T 3R
1% B 2HA AT AL R GR L BRAR 1R A R . o
FLAH R T PCA (LR ERIR 1 3 JA R 357
fAT B AFUZ T PCA 4 B 11 PR 7F 22 35 A ) A {4 7]
(21 22 5 i 3 R AN 38 JL4E 3£ T Blendshape fy
TR AR AL B Ry AT, 53 F PCA 9%k
PERETAA LL , Blendshape YR £ 850 784 ) W] L A1) o —
() —2H HR A AN RN 13X — 5k 4038 60
BN RN 5% B 2R [F 09 A €5 1. SR 1 Blendshape
R ey R e 1 O 2 B O R B R AE 5l
(9 A UKL, A X A i Blendshape 2216 JE 1 i
LIRS A Tk 5 AT S 2 X CAOD
oK v IR AR T 2 AR 5 B A Jm 350 S5 A A 11 1) A 4 5
T 08 2 1% 8 1] A= B3 3k 1 o 0 e R R

3 THREREBRIEHE

A1 B 2 A% il 4 — P2 1 AR A P 0 TR R AR AR
S T T R AR AE A5 S — B AT A Ao 5 A B R A A
AR T AR BT S 4 AF R R R B E R A
K7 . AR BT AS [N T S A A 25 5 [ il
PRI R A )t 2 15 80 07 B AS [ 1 R AE s B0 88
PRI M 9 5 B i — 2P o3 i T AR R AR AR o B P
R 1 1T BT A A5 B RLEL A 1 S — SO 9 1 B R
TR A I S I R A kT K £ i R
R 51 B0 1 JEL S T T 25 R 17 0 43 A T o 56 4R
B 53 D)2 A 4 B i 2SR P A s — R A A R
FNG ARG DIk B R v 2 ) TP AR DG i R A R
B, 3Ty — A W 2 2T T vk R R A
TE T B P RC A U5 DI 25 5 AR B Mk R I
LT D AR L 3k o ] B SO T 2 Ak
1) 28 G0 0538 PR R0 5 F P AR 25 . A Mgt i3k A4 ) A, AR 3
P T 0 TG W B o TR AS R R A o A O



2482 i+o;

Bl

e 2017 4

L
&

RTTIEAN T B WA A P 2 AT AT A S
g5 » 32 WU ERAFAE A5 )5 AT LA 2l 52 B0 PR i R
FAES A FE T A 7 3 (9 52 i 1 R A AR AR 4
Ay USRI B B 38 3 AN S PR AR B OROR
P,
3.1 T EBHFAE = Y SRR EX

T ¥ 4 A i 388 57 T TR 08 S B A7 48] At R
Ve N N S T B Vo S o o 2
1738 Bl . 33 28 57 7 Bl e Bl 2 8 Ak, AT — 2R84k
J& TARNIPEIZ 3l . 20 & T TR R R e — 2Rk
JEF NIz S, 25 TRk RAFE. Bk E ek
FHP K TRk W 202 Bl Al 18 5 SR e AR HL TR A A
W PRI Bl ok S R B Yo T Kinect TR &l
TR S AR 2 T Kinect R (4 [&] 42 B ¥ 4F

fik 51
.11 SR

KA T Ry T Sk A XS AL
()1 % F0OE B BLA 5 R B R o B R E
A S EEER PR, #1757 KER
BT WS T s LA (5 R FRATTI T i
TR T 7 TR B T e 48 R M DX, R L B 8 5
g IDiER75 S IR CIEEFSRWINITE =Pt R &

TR KB R A ER R K-means %
FEBW Sy B S e W T S AT 50 AT A5 21 280 3k
B DX T A 52 B A R R 6 A — AT A R A
R e ERR A 2 5 22 %8 A H A A 8k A X
TR Z X — MR R S A R B
AT DIKE A5 21 i) T X 0 B = e S R
ek SRR A IR T =i n
] UE i, Weise &8 AU SR A W 36 AR 3530 o5
(Non-rigid Iterative Closet Point, Non-rigid ICP) %4
125 DT TR 05 79 T 7 1D A 2 o 32 5 TE N A BE 5 15 F)
M Z E M ISR R IR BETH I 1 A = 2Z 1] 19 3 W1
Peiz ). SR Non-rigid 1CP 553k 5 2 i 2% A UL
Z TSR 23 LR S N T R R R . FRAT
X NSk BB s Sl R AT R 4 i IS e BEH: v i )
PRz 2l i 325 H AL ) B 348 & BT P T 7E AH 4R PR
it 2 18] 9 I W gl A 2 i T RIZL. BRI, oy 1
P AT KL R AT RIPE 2% Qi s (Tterative
Closet Point, ICP) 55 1:5" 3K fif 15 4> 3 2 [] 14 A X
B e R

Bk 1 WIPEEAUROE SR,

KR ILE AP iz 2 30E 28 Gl Cs .

LT CRmEANSGE G R FHREREEMNA. G

FE C i EOE SR IE R Co L Cofl Co i) S AE —— X B
ES¥
2. WED I MG M.

D PP A A
M= HZ«,Z, CoL)T(Coy—Co) s

+

1 1<

7 ~/

Cop=— § Cyy Cpy=— § Cois
n n =

i=1

3. XM IEFT 4 5 {1 4 (Singular Value Decomposition.
SVD) :M=UWV";

4. IEBEEAERE R AR m o

R=UV"', t=C},—C,,*R

5. R M B C, I EE Bk IR H RISk

117 FH P T8 B E 56— WA =4k R 2 R — A s o
BRI HEAT DL iE DAAS B L P W 4h Sk i B 2. i T
Kinect ¥ B B 1E— & B 1R 22 » BRI 56 T IR B 181 1Y
BB R DIRAFAE DR 25 AE— G OL T XA
REME S AW 38 BV 5% A e A7 A6 £ 3l 19 3L
ST -3 O 125 AT B DA R R T R 22 A Ok 1Y
AR,
3.1.2  HRAE AR IR

LA Kineet & & BHMRAE J ki AL R F 3280 4b
WAL ( Active Appearance Model, AAM) & 3%
P& IO R I . 78 Sk TR R AR e B A 00 L 2D
AAM B35 0T DL L %58 o i b 44 JBCTAD ¥ 48 A A, AR T
S B 0 A R P AN T B R 2 AR 4R Sk S 1B X A B A
&R SRR IEE 3 2D AAM FVEFRHIE 552 PR K
JE 23 MR AR, R4S 19— 4k Ak bk 0 TG 15 1E B iz ke
LT AR OC B A EL S AL O R R Dy TR IE SR
TEJH P 3K B8 & A e 1 1 0 T AR 9K BE 6 68 Ak b SR K
B R TR R AL A T 2 2D AAM R 3
3DSYL I 3D AAM B3 o 58 B T8 R AIE A5 1 3R
. 3D AAM AE T 2 Y Sk A A AE R i L
BORHRIE AR IS = 2 1. 25 1N 1 R 3R 15 19 722
oy — R IR AT AT e T — FRARER A AR A2
TEALHINE — R 5 2D [ 58 R 5L A7 = 4 gD
X ZRIE PR N iz 2k 52 AR M = 4E 4544 55 % (Non-
Rigid Structure from Motion, NRSFM), 7] DL A %%
b A0 ) MR R R BCHE N K 3D 45 v T A 1 5 ).
FEXS 150 Wiy — 4 K R 1% 7 91, $2 3 68 S HRAE
M EEAY 3D A RCR N 2 B,

2y 2D AAM Bk AR IR AR s #8A] LASR
TN —DEEARFEAR 50 Ml — RIVIE R EE s B9 PEH
B AR AN ER T DA 7R R B A P Ay () 5 —
HAMHEE A () LM HE .



11 4 & ARAE . AT LA JBE S A4 TG A S I T A 2l I AR B v 2483

2 NRSFM & F AR E

s:.s0+2pis, @D
i=1

A=A () + D 0A (D) (2
i=1

Horp o s= (v sy s s ey Do v A RS
E AN TR AL SR 2 Fy ABBR o0 J2 AR AR A D
A RE p RRIEIRSEL « FoRTEAR s PRI BT
ABREAFRR « WIPLUEEED.

SR T IR A Ak BESK AR A = 4k iz g, A 7y 2
2D AAM 973 3D AAM. TE i f v, i 56 %
ARG 2D AAM BYEEARTE IR s TR AR EE s K 2 4%
AT AR AR % 100 T 5 AR AIE s 1) 4 A b 1 A R B
WK o F A — 2 2 9 25 - 2 51 1) L LR AS 2
{14 9 0 5 WV ) PSS R 8 T AR 4 fe
WA WO S 4E TR A RS S 5 1R LB A B
R 1 3R AR H o 45 5 I 114 E 5 Mk AT R Al 1 3R T
NG TE 5 WA AF T 67 2 552 BSR4 P S TR
fift th ) = 4R R B S AT LR AT PCA 23 fiff it 5
Hh I 0 = 4EFEASIE AR A AR L.
R,

W=RS= S (3)

Ry

5 2D AAM H ik A — e A H] . 3D
AAM AL A AL 3 g A TR AAM D T
HE 2 I Y R 22 T L, T AT X R 3D HE R
W2 B W T 3D AR AR th 2D B IR AR 4
NRSFM k4 R - 15 = 4T AR 2 80 — e 2 4R
SR Z AL —— X R. Ik 3D AAM 5k 3
BEA A A 6 AT R B KAk EM Sk B AT X
AT AR

WK 3 PR 254G T K ESF L 3D AAM
B AT AR AN [ 114 Sk 90 228 25 R i 350 AR $ R
E A5 F A3 B LU A v

3 TR AR BUSCR

3.2 EHRESHHTHIKK

A1 XA S R S B A5 B RRAE 5 A
G 218 500 PR I 52 15 3R B 36 1% 2 B0 O 2 R
Fe AR Bl R S B A Y TR R S BRI
— B A P R 4 Y A A P2 3] e B
P DLSZE ] P Sk 30 4 25 R T R R 1 A R RS A
W, 5 VR A G PR 2%, L b B R
T BT B G SE naR. T R W B 2 u H
FA) TR 21 04T S B A AR 00 O 3% s B R WA R AE
FAS TG ZLXF R A P 1 A5 AT ] B =X i I L
i SR 2 B B T B IRCH R P T R 2 L
X 5 7E 3 Atk SR 0 T s i A R vk B
T L e 1 32 3 P 0 R
3.2.1  JUA] B iR AR 4R

1A 3 1% 4% & 48 FACS B Ekman %8 AW F
1978 AF 4 Y HEAR 48 A 45358 20 UL A B RE B4 A [ g
T 5 2% 1 R 40 oh 25 TS A L ST R R B o AU
i o Ve BOAS 5] (1 e A% P oc E AT 4L - s o] LA BN
[F) g 4. AU BT LG 2o T 360 AR AE a5 22 [ 114 o7 B %
R UEATRE . DRI 3k TUART B e {EDRE TR RRAE Y
A BRA E AT FACS (98145 500 AU JCIGE Sk . T
FE AR B TR RRAE o5 R0 R0 1 L Z (a4
1 3T 2 AN TR L] R R A W R . T W R
25 WEETE I L LT WE IS KT BE R IR JE IR 2
(e A B R IR B 8 22 (A2 A7) L SUHR P AR £y i)
5 B B L P R A e B 22 (28 ). Nk SR 8 TS
R B 15 22 K 3k BB RR A A5 18] A 4k B R AT H— 1k
43 BER LASUIR IR Ff 11 BE . o' = g /w . Hirp g KR I
A JUAA] FE R AE o S SUHR POHR A TR (LT 4.

B4 JLpa R 2



2484 it "

Bl

e 2017 4

2L
-

¥ i AU Hh B ot ST X 7 1) LA B (R A
T B — A~ JUART BE B FE S 5 I B — Wit Jir X 87 19 L A]
JE B FEAR GEAT R T R A 4R TR R 1% 2 80
SR AR BRI A3 A B de . i % R A A B )
B — T AAM B — @ iR 2, B
B ARIE TUART JBE B AR 100 v . A R 22 AR A IR &1
FEAGE 30 A 2 2 77 AR U S 5 58 AR AR R
P A 1) B o B A T 4 A7 B I TR B 2 R I B
2 G REAS (P BE I0 23 (45 27 2 Bk R A L (HU2
FAF At 223 10 1) BR A o a1 SR AS e S A7 it R A 1) B L
RS KA R A,

BIXTES — A~ 1) 8, 4 0d R S50 W 5%, & B
AAM B3 TR T R AR 57 1R 25 A A — T
T+ 2 1 0 A I X M AL L B 8 35 A A R AE A A R
TEPERR AT S BB R 22 AR /0N s B A T AR % 8, 58U 5
AHHLRE B 3 B i, 150 25 3 W 1 K. PR I, AT i
TG TR AT AE B 52 25 K/ S O 10 UG L A AL E
R AR 25 5% [ 2 2T 2o 04 67 T 52 . 15 R A AN
N WA o=, wp K o - FREAE , o, e
WE A

w=1—|t.—=2, | x0.2 (4
n,.0))" 5)
L S XY T A ML A BE B =, kT S AH BL
18 B A B S Sy TE S 4 T A9 A7 325 1) s m Dy THT
TE X AR AL S B BALASE 325 ] i 5 o Ay Jid e AN EE 5 Ol TR .
I3 I 2, = 0.5, a=0. 5. [A] I, 51 A FMEFEAS 1) 1
& H S R IR A R A B S A IEAR 1S B IR
B AR 1% 25 Sy e 307 1R 25 5 R AR L S A AR DA U T i
SR LRS5O A G A Ry T 25 1 i 39T 43 A
oo~ NQry0®) s Horrs, , KR WMAE Ry v AEH
AIREA R LS p=0, 0= —Inw. BHARE o<1
BF o D IZEARE A L0 (L 1 2 A 0 00 % BB — A M RE A
il A (1 —w) /2, 88 J5 W #MERE A — & i A 3
FEARSE. BEAMEREAR NN o R o/ ((1—w) /2) =
FCo)/ 0D Hem £k i T 43 A I HE S B R AR
IR B AR O . E S A S, SR
AL w<1/3 B fMEREAS 1 AT = F LI A A 1Y
FOEE , FLVE AR 2 22 50 K el JCASREAS 5 2 A B

XSS AR, 5 H A SR A SCE &
FeAL B BT REARTE N I SR AR AR A B T ik AN TR] L AR
SCAE I RE A 01 3 s ok sl B A Ui . 3R I T LA
PRFFREA BB PRIERE A S 1Y B TR 52 3% Rk 1 JF
RE B8 S I S Hi AR A 7Y 20 Al %5 . DU A — DT AR AR
st Qo) s ARE A 4 o 48 31 B 1 5 O AR R AR

wp, = (max(n, *

52 (v 5 05) »Hﬁiﬁ/l\ﬁzl—‘%#ﬁ s3 (vs vwa)%&ﬁ s, B
AL Horps

v W)+ v, W,
Us —
W, +CU2

w; =w; +w,
3.2.2 B/ R AE S B
R A 4R 4 U 1% 2 B0 T W B T 6 1 4l
PR B0 T SRR A AR R AR i AR Ak S )
AT T o SR 5 X0 T 3R 18 2 8R4 . WL 4 B A
ME RN RIT AU A5 S0 3R B IT R B T B ) AR
PRI A7 S 81 G sk g | PAT I 5 T A 2 28 17 B2 70 DU A% B
R 1) AR A AR S 51 0 95 R R 6
ENEESAEVES S SO Ny S e 28
B[] 2 PR TG Y AR Ak X ] ER A G B T
TE 3 A3 Qoo T Qv Qe 3 75 1 221 HL T AR 9 L
WA R w=0; guu RN ZRIEHITE B I K
WL A R w=1; g 20 <O, 1 TRIZEIE
BTG ] 1 B K AN DX ) R TG AL R 5 g A
G Z A 0<Teo<T1, 3% A~ X AR 3R IE 5 3R AE 5 e
A w>1 40K T 5 5K RN A0 5w R A5 T
AR X B A& 5 FF 7. X B ) 26 4% AR Ak X[ (9 4 31
A TR HZE AP RAE Qi T Qo FEAT AL T
T 58 R A A v fie 22 VRE AR I B (U 1) A 4 4 O
B A AHSBREA IR B R TR AR L T8 B 1 000 MBS B
ZEMI P REAS I 3 5 1500 A 508 2R A 80
kY0 B E A M REAS BRGK B m V0, W2 R B 7
YRS S S AN REAS SRy DX R) A2 A7 R v i
L 110 5 36 A 40 422 00 e 11 RL 1) %5 B 0T R ARk X
(] D0 ey =S SRR AU 7 5 70 I Qi ~ Qo T Qe
Gres TN L TN HICR WG A A R w=03 guin

, ,
| |

(6)

D

KA w00 | EEEWHO<w] |

Bkl
S ROAKIR

5 B A AL X fi]

Emin Brest 8max
> o
i G| 1E[H] 1EH]
Fik KA 1EH R A IR SikR G
w< — ' —1<w<0 ' 0<<w<1 ' w>1
FRFR TR lE RREN
w=—1 w=0 w=1

Bl 6 XU A AR X ]



11 4 o ARAE . AT LA JBE S A4 TG A S I T 2 sl I AR B v 2485

FR B 1] FAF FROTIR B KR B A R w=—1;
Guax 27 1E ] R AF IR B e RIEE. H A R E
w=1;gu LM w<—1,%F W 17 1] 55K F1E ;5 g M
Gre Z A — 1<Tww <0, XJ W 4[] IE 5 R A 5 Qrewe F
Gunax ZNAIA 0w <1, XJ N IF ] 1E B RN 5 e £ NN
w>> 1, XN IE [0 5 5K 208, B A& 09 8w R4 B o0 AR
FEIXRIAN ] 6 7 7. % X [ & 15 42 Ak DX Ja) (9 Ay
FH TR ZE AT 3 A9 BUE Guin ~ Grese T Guuan AT
fliit. 1T 2 7R A Al T ME A g . Bk
T BEAE VLR = AR R X 0 X 6] A4 Y AT A
i (D FEARRETRT: (2) g A AN £
(3) SR FAG . FEAL T 2 v, S W7 b X o 3 4R
HEARFITEIF HEFT 3 A

A A T BB A2 S AT R AE (4 43 A X, B
AR AU A A R B w. T 58 F T3 2 1
SO BRI o B ] SR AR 4 =X (8) T AR WL R
AR E 2 () 15

w= &£ Zmin ( 8 )
Bmax — &min
J§°j§“, 48
w—= max rest (9 )
8 8rest
— J < J res
lgrcst_gmin ’ & Eres

4 ETFTAOIWRBFEER

S Hef T S 2 I A R AR R 21 Bl i A R AR I Y
SE Atk T E S B e R0 9K B0 A T o i B L 3R
5 1 IO ot Al R O B BB 5 A ) 1 B i A
Jo B AE BURCR . BT Blendshape #5810 — i 4k 14 5
R, FLAT SR AR 7 08 O /)N 5 T A 4 TG G AE A
ROAREE G T RIE AR L 3 5K 3l DL G
FAL S5 N 1 % & R L, R ] Blendshape #5755
TR RS FACS 45 H.IC/E N Blendshape
FNG B X T — > B ARG 19 = 4RI RDR U 8 R
SR IE A e AR i Blendshape 2% 5 (N & 7 7).

U
F Atk
7 Blendshape 1% £ & K
=N SR AL AN = RN TR PP Sl A LY e
. DASE = A s ] COL 1L 8) 5o J2& A H i A

Tjﬁ\,avvi%v E@@BE]}?)&(@* i:1v27"'55>9u VU;
R S A = AR I8 B9 AR N 2 I O e #
Bes M 1 FRIR T v WL 30 A A, A

[=> w,(v,—v) (10)
i =1

For o, il o £57 BRAN 735 %F IO THU A A BEKC B A2 o+ AR T
w, 3T N

w,:%(cotaHhcotﬁ,) (11)

<>
/N

B8 =AM s 1)

T BRI SIS S SR AOT KRR
] AZ T » DT B 3t 900 ) A8 T 2K L AR PR AR o 2
— PR A A RS Bl I 52 H R R Y XK )N T R
55 4 ) B B Bl B CAE B 67 T S ) s B ST ) T
MTEAETY s 23 U3 U 9 Jrg 8 R A T G 1 47
) A A T U AT LGRS SO 14 Jm R A PR 0k
W ) et 83z Sl AR O 7 A TR AR TE Y 7 i e A
U3 A T30 I s ) A 7 A T B A o G 5 ) X
A0 d AT v AEASTE A2 RS L P A d I
(H R HALAL AR S o BPIE N 0. 38 v KR TR 0
(I A 408 T At o X A 42 ) A oA i » 3 ok — YR 35 37 38
AT LA TR o 87

Dlwid, /L

D/
H 1= [v—v, || » o T 5 A9 AT X 45 il o5 fifi
AR IR , AR ] A R 30/ N B ACER 5 DA o i 45
] ASORT I 3 Tt A s e 4 R (R B 3 S A TR A
AR T 0, =min(|d, 5|, 1) % H F KD
A TS AE AR TE v R SR FRAE I AR AL FE S AN FE AOT
T L IE A T R 0, 40 F AOT H i T 1 T8 A%
R FAEAEL0, LB P % = 4EBIRY o AT AR B N
F 5 RO A 45 3 = 4E R AR TE AR JH B D

12)

6, 0 0
Dn><n: O -'. O (13)
0 0 9,

3 AOL Z )5 - 77 Zd AL e 5K g BSG i 3
D A5 TR )7 0 7 0 A b A O . ML, I A SR A
R EE M. ARG RRANE



2486 it (=2 Bl 2 i 2017 4F
HIE 1L IR, JRE I RAE A Can Pk A L A s S LEE B 10 AT LA

L. BB R A b5 U T MUY A5 6 D

2. BRI Wi 4 T A K5 A B0 86 L V7

3. RS R T AR A bR L=MXV g Ly=L;

R S e e

LB LA UL B 0 I 5 B 24 o
RV

(2) HHE R RO R R A L =M X Vs

A LRI Loy B gy /=1

W FIAFRMRIKAHR,L=D « L"+(I—D)L,.

Wk BRSO E R A R A
A T AR R’ FE R A T A A R B R AR AR
Ak, 3% BE T 38 T B ) A A, R I AR
TR RS2 T3t — 2B a0 magk. A SOl A 67 A4
Blendshape 1% 3, #2HL 68 MFAE & . 51 A AOL J5
B Jm AL Al AR T IL A 9.

. L';

INIsASEES
& 9

ZREBRAR AR
FIA AOL J5 B H Rl A2 8 280 R

5 XBWHERDH

A SR IR fH ] Kineet £ 5250 5k 42 3% 4, 1R3¢
#H Windows7 64 {#:/E &5 . £ 40 3.7 GHz. N 17
8GB, it & Intel (R) Xeon(R) % %] CPU,NVIDIA
GeForce GTX750 &2 R & AL L 475200, 5L
SR T o (5 s 71k I I RP R IOR <83 i T
B 1 23 BT DA R 55 JH A B39 1 6 B 3
501 eBMaH

BAS P AE Kineet i J7 7% 3l 3k #8 9F Jé /R AN [\
FENG AR B S s 0450 91 st B e AN AN AT DL SR
() A Sk 8 28 A5 A0 A Ml AT 42 FH P 9 4 L 38 WA R

S B FH P A Sl 215 B s ) AU 2 ] LE
ff 4 VA BT P 19 2 CA IR A 8 0L AR A I A
55 R 2l R ALY A shim L 1D).

A

o AUL: JHENM 3%

—eAU4: AN

=
| e AUIL3: BEfM:
o AU15: M5 T IE
EARFENE 1

o AUL: JHEWM 47 —eAU4: BN

—eAU2: JAEAMI 7
P e AUS: i 4

—eAU9: & B AHY,
- —eAUL0: FHEE L

e AU20: B m1ohhE
—eAU26: FE[A T

4R

10 Sz Wefs 25 1 22 15 3l R

-e AUG: %1 -

*AU12: B )5

o AUL4: Il 5

P11 AT R Sl AR R R

AR SRR R G B A T R R A Bk G
e TR A 3 44 FH P 1 32 1 5080 D I 25 2 30 .
IE7E Kinect 22 J B3R AT L6 4% b b 2 2 24
J TR B e 58 R B A 0 LT 12). R P 38 B e
R B R B K IR R A B 2 R R SR
1oL B4 215 o 1

B 12 Z2 T3 [l i b A T A e 1 A IR



1144 o ARAE . AT LA JBE S A4 TG A S I T 2 sl I AR B v 2487

BRI Z Sb AR Ak ih RE 6 3K S A TR 1 H
BT 8 A S P AR RS R R AN Sl A
ATV ' R A AR 3R Bl 45 Rt A 2 2 B R i (I
13). X HE— A MBS ST 0 2 A Al 4 0 ik P
HA B 5 R

Bl13 ANTR)OE IR R 3RS AN [ B bR A 2 p T A 5 2R

e b 5250 R Al b AN SO RS O 33k 1
B REPEIEAT I, T 0 T AR R AT E 2 L A
14 Fr 7. 5256 S 7 A6 /)N Vi 1B 28 45 1 35 (9 1 O T
B 1 R S I Al 4R T B K4 . O A R S i A A
J3 9 AR 12 0 11 TG R 2 AR Sl . R 2 A A X
WeBE RS i 20 V6 1 T AR AR 5 BB T L SRR
H B R B 25 S TR S 1 sl AN T A Y B2 3
G RAS I R AE T Rl G B R AR A5 Y 2=
KA HIUTBE R R L2 T RAE S H S Bk
WL AT S AS SCHR Y A SR AR R DB IR L 2
PP SRS LT B By i & B kL R ELRE IS I 2 3
S EPRNIbIC R

B 14 B o3 R 1R B0 T T A Sl I AR AR

5.2 SRS

H S SEAS [R] 52 5015 50 T 14 A ot #6 B 22 R Bsf o
R, BEHLGEOE SE AT 1000 Iy Ed - i %55 AR RE B A
B A& 15 Fras , WS RIS iR 2 8] 14 56 & W El 16
FIE 7R« A 1) B KA Fe /M ST B E 1 0 L3R 1.

1 SUENRANNENEERBR

Hrfae m/ME - E R ME
P [=PN 25 35.01 45
SUFERS /ms EDN 15 48. 33 437
YN 21.33 28. 15 29. 81
%/ {ps
e B2/ fps EN 15.79 27.178 28. 82

%100 200 300 400 500 600 700 800 900 1000
LB

15 iR AR WORE I = ] 9 56 &

RIS i =R /fps

10

5

%100 200 300 400 500 600 700 800 900 1000
[IEAg

B 16 TR BB TR 2 ) Y 26 R

B 15 AT 7E 2 N IE LT /Y B TFRE B gt v T
BN B0 AH 28 5N K 3 i 26 S 118 3 22 it PR 7 e
T 00 T E G H AR BT A [R]. B 15 iR /R H 3R FE
AP AR v AR i, 2l TR SRR R P R AR T AR A
TR RN G AR 2% T B fy TR H A AT SR AT DA
IRF ST fy & 16 m] R BN BT BN i 8 AR
PRFFIKE . 2 NIE 00T i34 5 1S 0T 14
I — 20, 2500 P BB R 2 A ) BV it 8 2
B ILIGER A . a0 1 Py o S 00 A9 it 38 FE A B2 7
28 fps FfHT , &5 WiAE I F- 224 8 5 50 ms, ik 3] 7 A
R XTSI B 1 ) 5K
5.3 XfLeS5iEM

A SR Kineet 4 S 38 ok 8 845, 5 4l 13
AR Sk 1 7RISR L 19 10 7 T AR L 1 T 20 4h
PRI 25 LU AT DL A% SR 25 BT RIS 17 AN [ Ol B 1 28 4. [F]
A Kinect i A DLARAS H P 7R AN [a] ol 25 L AR A 00
8 B A5 o (5 T ) St e P P ) T R Bl i A a5 PR
UL 11 ~E 13). #1F 50 44 7 J8 3 X o F W
AN 7] SR A B 2 14 T VS 2 1 A SRV AT ULPE O B
Tl 3 10 43 Hob SCHR L4 15 A SCT5 ¥ 48 1 Kinect
VE R R B v, SCHRL6 )55 SOk [ 19 I8 H 38 i $ 45 =k
VER R AW 4 Tl 7 B0 F 75 40 16 D0 4% 2.



2488 it " Hl
x2 EMFMER
REREE DRZER @HAEE Lt Sk
SCik4] 9.41 9. 39 7.02 9. 50 8.79
SCHkL6] 7.99 8.57 8.76 9. 47 6. 85
SCHk[19] 8. 37 9.45 7.88 9.54 9.14
A3 9.56 9.43 9.43 9.58 8.92

2 2 WAL ] Kinect 1R 2 R 42 & 45 19 J5 14
SR B RE BE AT 43 0T = i A R 3 AR Sk AR R
AR AT A R A% Sk E ) 1% P Sk A
AR HEAT Bl A B BEAIR TR A 1Y RS BE L R
B AH XS 8 2% Al 5 3CmR04 . SCHRE19 T 42 1 Y
FE AL FH AT 0 0% B — 24 B P 3R 47 3% 108 B0 0 TR
L LI ZR A5 B 56 50 £5 800 7 I A0 Ee. A Bk AT LA
B TN B B ) R S R S W
Tl 4 VR X P 3R RO AT OR 4. N
WL AR SCE 2o 7 B 0 2k 21 A A RO AT A A
[F] = #fE B 2 143 1] Blendshape FRAF L A7 5 57
P BEAT 05 P R b s A SO 4 A5
g1 e HE— AR WY I B T AR ) A6 5l P R
e S TSy I DALy AR IR T
FRy S Ao P SR L A5 0 A0 D T R S R A
T3 THT » AR SO AR T SCHR019 e iy Oy i E RN
T Kinect $R15 19 TR B 02 22 4b BE (W 38 AN % 52 35 . 7%
T2 LA o R

Y Huang % A" F B35 7 307 248 T g5/ —
T LY T 11 2% 1% Az B TP V5 A L. AR SO R A SE R
LS T B L B A A U I B 3 AR TR 2R L. AR
PRI T 8 S o 4 ) R ) UL TR 17D L 25 R R L

R Xk CAOD f iz 35 iz 397 48 T8 55 1% B8 08 AR 47 b

SR SR B AR TE L L B R M A T AR B 2R B
Huang 4§ A\ 42t 19 75 ¥ 7E B 2§ marker f5R B &
3D FHHAUG W2 T 77 Ak B OILE 17(b)).

S A A R B SCERL6 Jrh S TR P R
S 0 B R 1) 2y I AR R VR AR R AR AR AR A5 IR
BRSNS AR Bl B RO AN B e R
BLRNE Bl . 5 22 A L A SOk AT D A 3
[—25%.25° W I i Sk i % sl AL — 15°, 15° 13 [#]
PR S 30 DR AV T . 7% 25k S i B (DL 18D

WE 18 s, 55 1 51 2k 52 i >R 4 19 P B0
Wi 565 2 81 hy A i Yl S Y SN ROR L 5 3 B R IR
JE Y o B S 0 SE B RO S 4 51 O SE AR Y
Avatar T8 #2215 SRR L B p i 2 R OR B Ly
Tl o FH il B ) 08y Sk 3 2% Bl i EE L X bE 4 B ROR AT
G S AR SR AT D b A S [) A A S v A Sk

T
(b) TAOI
B 17 AOTZEJE R Eb 1A
(B S = RV N I ) T ol E e T3 7 R R
P A S A — 20, 38 G 5 0y 3 AR K TH G B
B L.

(a) ZBJEHT (c) HAOI

6 & i

AR SCHE T — ORI T LAR] B Y TG W SR T
i Sl AR A 1 e Kineot YR JE BHR AIE (4
PG 52 B0 T 1 3 4 i A S A R B AR i R A A
A7 TUAR] B i A7 fifs by JUART B i R AR 4 oR T E MG
(77 =X B 3l a3 B AR AR A3 AT HE DU 45 2206 H T i A2 4k
DX [ o 52 305 B (1 3R 1 S BB . B T R X B — 1
FH P 217 B A7 2R 55 A 25 AR AR B 32 0 1 %
6 56 0 YRR AL BT T & ol B T AR L. B
5 T 3 ) A1 5 I X %) 3 7 0 AR TR B i ol A i
i Blendshape F&1# J& . $ &5 T 3R 16 JL 0K B2 (i 15
SRS A B A T S 2l I S A . S G % SR 2R W AR S
JIT A P %) 2y i A S T LA o S A B R A O
Az G 1 AL 1) 1 2 i 5 A T G S 433 B B



11 4 o ARAE . AT LA JBE S A4 TG A S I T 2 sl I AR B v 2489

% ¢
¢
¢
&
e

P18 AR SCBE vk S I A AR Bl i ROR

WAL O P D A m S s IR H 24 SO (3l e .

JFH P 2 i P S [ R AR TH AT DL TIE 552 SN A SOTEIRATAEA R Z AL (1) JIT ik
H1 T Kinect [ £LAME AR XL BRI PR . FRSRAE DA Kinect, BARIRBEA MR (G B . H
SRAE R0 B A R R B SRR Tl AR AR S R R O A B Ml i B Y SE A B Sk B
ARIPC (8 753 A S5 5 P 0 S O TP B A B RS AR Bl 1 B R A R 1 G i A



2490 L2 I S 1 = SR 2017 4
mgﬁﬁ K] }_JIA E]/‘J 10% ZE/E‘ , E‘Fﬁﬁ]‘%ﬁ éﬂ] 411‘,‘ j_j:ﬁE ( ﬂ[] é’lﬁ [12] Le B H, Zhu M, Deng Z. Marker optimization for facial
éi) E"J%%y (2 H ﬁﬁzl—(ﬁﬁ%ﬁ: %?E )ﬁ?ﬂiﬁﬁ*ﬂ SE motion acquisition and deformation. IEEE Transactions on

‘sualizati ) 3 fes 50-
%"%‘{ﬂ?é}ﬁiﬁgﬂﬁﬂ%%ﬁ{,[ﬂﬁt?ﬁﬁﬁﬁgﬁk#ﬁ@ﬂ’ﬂ%\% I;;;laluauon and Computer Graphics, 2013, 19(11): 1859
lr%ijjlﬁl Eﬁﬁﬂgﬁﬁ%ﬁigﬁ* ,?*zﬂ]#%%"iiﬁﬁ@ﬁ mﬁ [13] Borshukov G, Piponi D, Larsen O, et al. Universal capture-
%‘:2"%‘?'2{%5%?9!” RGBD ‘Vﬁﬁﬁgﬁéﬁﬂﬁ%z@\%ﬂé%% image-based facial animation for the matrix reloaded//
T 5 28 1% 4l HE A AN 0 T Y L Proceedings of the ACM SIGGRAPH 2005 Courses. Los
Angeles, USA, 2005: 16-26
ﬂ ig:j. %Tﬂ‘j’zﬁi ,%—7. ﬁ,% _% %’ﬁu P ﬁi%_ y;ﬁ );)’T "I}i% h fl"] [14] Alexander O, Rogers M, Lambeth W, et al. The digital
R . Y AL e A b 2 i TAal emily project: Photoreal facial modeling and animation//
=N %ﬁug’LX! @1%*’/—?& );&‘ 2 5(1'7,'&5( J:E_/f/ﬁh] ﬁ(‘ Proceedings of the ACM SIGGRAPH 2009 Courses. New
BRI LF! Orleans, USA. 2009, 12-22
[15] Zhang L, Snavely N, Curless B, et al. Spacetime faces:
%} ?—% X wk High-resolution capture for modeling and animation. ACM
Transactions on Graphics, 2004, 23(3): 548-558
[1] Wan Xian-Mei, Jin Xiao-Gang. Realistic 3D facial expression [16] Weise T, Li H, Van Gool L, et al. Face/off: Live facial
synthesis; A survey. Journal of Computer-Aided Design & puppetry//Proceedings of the ACM SIGGRAPH/ Eurographics
Computer Graphics, 2014, 26(2) . 167-178(in Chinese) Symposium on Computer Animation. New Orleans, USA,
T2, 4/DNI. B3 3D AR R4S & B AR BT 5 4 2. 2009: 7-16
B BT S5 R TE 224k, 2014, 26(2): 167-178) [17] Beeler T, Hahn F, Bradley D, et al. High-quality passive
[2] Huang H, ChaiJ, Tong X, et al. Leveraging motion capture facial performance capture using anchor frames. ACM
and 3D scanning for high-fidelity facial performance acquisition. Transactions on Graphics, 2011, 30(4): 75:1-75:10
ACM Transactions on Graphics, 2011, 30(4): 74:1-74:10 [18] Valgaerts L, Wu C, Bruhn A, et al. Lightweight binocular
[3] Jana A. Kinect for Windows SDK Programming Guide. UK: facial performance capture under uncontrolled lighting. ACM
Packt Publishing Ltd, 2012 Transactions on Graphics, 2012, 31(6): 187.:1-187:11
[4] Weise T, Bouaziz S, Li H, et al. Realtime performance- [19] Cao C. Weng Y. Lin S, et al. 3D shape regression for
based facial animation. ACM Transactions on Graphics, real-time facial animation. ACM Transactions on Graphics.
2011, 30(4); 77,1-77.9 2013, 32(4): 41:1-41:10
[5] Cao C, Hou Q, Zhou K. Displaced dynamic expression [20] Chen Y L, Wu H T, Shi F, et al. Accurate and robust 3D
regression for real-time facial tracking and animation. ACM facial capture using a single RGBD camera//Proceedings of
Transactions on Graphics, 2014, 33(4): 43:1-43:10 the International Conference on Computer Vision. Sydney,
[6] Luo Chang-Wei, Jiang Chen, Li Rui, et al. 3D virtual facial Australia, 2013, 3615-3622
animation for general users. Journal of Computer-Aided (217 Wang K. Wang X, Pan Zs et al. A two-stage framework for
Design & Computer Graphies, 2015, 27(3): 492-498 (in 3D Face Reconstruction from RGBD images. IEEE Transac-
Chinese) tions on Pattern Analysis and Machine Intelligence, 2014,
(B, IR, 4245, 1w 8@ iy 3D k3K 3
. VR LA BB R 2 2R, 2015, 27(3) 492-498) 208 M50t
(7] Parke F L Computer gencrated animation of faces/, Proceedings [22] Platt S M, Badler N 1. Animating facial expressions. ACM
of the ACM Annual Conference. New York, USA, 1972. SIGGRAPH Computer Graphics. 1981, 15(3); 245252
451-457 [23] Terzopoulos D, Waters K. Physically-based facial modelling,
[8] Williams L. Performance-driven facial animation//Proceedings analysis, and animation. Journal of Visualization and
of the ACM SIGGRAPH Computer Graphics. Dallas. USA., Computer Animation, 1990, 1(2): 75-80
1990, 235-242 [24] Waters K. A muscle model for animation three-dimensional
[9] Bermano A H, Bradley D, Beeler T, et al. Facial performance facial expression. ACM SIGGRAPH Computer Graphics,
enhancement using dynamic shape space analysis. ACM 1987. 21(4): 17-24
Transactions on Graphics, 2014, 33(2): 13:1-13:12 [25] Blanz V, Vetter T. A morphable model for the synthesis of
[10] Guenter B, Grimm C, Wood D, et al. Making faces// 3D faces//Proceedings of the 26th Annual Conference on
Proceedings of the 25th Annual Conference on Computer Computer Graphics and Interactive Techniques. New York,
Graphics and Interactive Techniques. Orlando, USA, 1998. USA, 1999 187-194
55-66 [26] Matthews I, Xiao J, Baker S. 2D vs. 3D deformable face
[11] Bickel B, Botsch M, Angst R, et al. Multi-scale capture of models: Representational power, construction, and real-time

facial geometry and motion. ACM Transactions on Graphics,

2007, 26(3): 33:1-33:10

International Journal of Computer Vision, 2007,

75(1): 93-113

fitting.



11 #

o ARAE AT U] B2 ik A TG MR 5 I T o 2l I A B v 2491

[27] Cootes T F, Ionita M C, Lindner C, et al. Robust and accurate
shape model fitting using random forest regression voting//
Proceedings of the Computer Vision—ECCV 2012. Firenze,
Ttaly, 2012 278-291

[28] Bouaziz S, Wang Y, Pauly M. Online modeling for realtime
facial animation. ACM Transactions on Graphics, 2013,
32(4): 40:1-40:10

[29] Garrido P, Valgaerts L, Wu C, et al. Reconstructing
detailed dynamic face geometry from monocular video. ACM
Transactions on Graphics, 2013, 32(6): 158:1-158:10

[30] Abate A F, Nappi M, Riccio D, et al. 2D and 3D face
recognition: A survey. Pattern Recognition Letters, 2007,
28(14) . 1885-1906

[31] Besl P J, McKay N D. Method for registration of 3-D
shapes//Proceedings of the Robotics-DL tentative. Interna-
tional Society for Optics and Photonics. San Diego, USA,
1992, 586-606

JIANG Na, born in 1989, Ph. D.
candidate. Her research interests include

deep learning and virtual reality.

Background

The problem of 3D facial animation is the important
research subject in computer graphics, can be dated back to the
1970’s. It’s the core problem in the field of video production,
game and social networking services etc. Its goal is to generate
3D facial animation consistent with expression of users. In
general, facial animation need capture device to interact with
users. Capture system based marker point is the most common
in the field of film and television production. Kinect and
monocular equipment have been growing in popularity through
online games. Therefore, methods using the three devices are
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consumers. Therefore, it”s still a huge challenge that design
a realistic algorithm of facial animation and expand universality.

In this paper, we have researched on 3D facial animation
and proposes an unsupervised real-time algorithm of facial
animation by geometric measurements. In the first stage, the
algorithm uses geometric measurements to deal with input
come from different users, then build sample dataset according
to the strategies of weight and compensation. Thereby,
expression parameters can be extracted in real time. In the
second stage, we first introduces area of influence of control
points (AOD to further improve the accuracy of the universal
Blendshape expression base. Finally, realistic facial animation
without any preprocessing can be generated in real time.
Experimental results show that the algorithm is more robust
and accurate than some traditional methods. And it can be
expanded to the level of ordinary user.
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