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Facial Blendshape Generation Method with Virtual Edge Constraints

LI Han-Chao SHEN Cheng-Ze LIU Xin-Guo
(State Key Lab of CAD& CG, Zhejiang University, Hangzhou 310058)

Abstract There is an increasing need for creating personalized digital avatar as the explosive develop-
ment of AR and Metaverse applications. Blendshape based facial animation is a de-fact standard technique
for expression synthesis of the digital avatars. A facial blendshape consists of a set of models corresponding
to the typical semantic expressions. However, the blendshape is traditionally created by experienced artists
using professional animation tools, which is time consuming and cost expensive. In this paper, we proposed
an automatic facial blendshape generation method, which takes as input a set of template blendshapes and
transfer the blendshape template to target subjects. It processes the model in the template blendshape one by
one, and takes advantages of the deformation transfer technique to generate the personalized expression
model for the target subject. Model penetration is a common problem incurred in the blendshape transfer
process. To address this problem, we propose virtual edge constraints to prevent the penetration for the de-
formation transfer equation. It is noticed that the penetration is the result of self-intersection and usually
occurs in the thin parts with two or more layers of surfaces, e.g. mouth, eye, and ear. To automatically de-
tect the parts that are prone to penetration, we examine the geodesic distance and the Euclidean distance
between the vertices of the target face model. If a pair of vertices have long geodesic distance but short
Euclidean distance, then the corresponding area has high penetrating possibility. For such vertex pair, we
create a virtual edge, and add a soft length constraint to preserve the length of the virtual edge with the aim

to prevent penetration. The length constraint is implemented as preserving the transformed edge vector. We
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use two threshold values to control the distribution of the virtual edges. One threshold is on the Euclidian
distance, by which we excludes the distant vertex pairs. The other threshold is on the geodesic-Euclidean
distance ratio, by which we exclude the vertex pairs that have low geodesic-Euclidean distance ratio. For
detailed face models with densely sampled vertices, there will be a large number of virtual edges connect-
ing a given vertex, which maybe redundant for anti-penetration purpose. In this case, we keep 3—5 shortest
virtual edges but discard the other longer ones. Once a virtual edge is formed, the other vertices near the
edge ends are excluded for later virtual edge selection, in order to further reduce the number of the virtual
edges. The modified optimization energy function for facial blendshape generation consists of two parts,
one of which is the deformation transfer energy, and the other is virtual edge preservation energy. The vir-
tual edge energy is weighted by a super parameter. In this way, both the inner surface and the outer surface
in the multilayer parts are constrained to deform accordingly to avoid penetrate each other.We conduct a
number of experiments to demonstrate the validity of the proposed virtual edge constraints in our facial
blendshape generation methods. Experiments on different subjects, including scanned and designed models,
show that the method can efficiently detect potential penetration areas and properly constructthe virtual
edge constraints. When generating blendshapes with complex facial expressions, such as cheek contraction
and pout, the proposed virtual edge constraints can effectively maintain the inner structural features and
avoid the surface penetration. Compared to the previous volumetric deformation methods, the proposed
method demonstrated advantages in terms of efficiency and the ability to handle complex meshes.Finally,
we show a combination of the virtual edge constraints with the example based facial rigging method, which

demonstrates that the application ability of our virtual edge constraint method.

Keywords facial animations; facial blendshape generation; deformation transfer; facial expression
transfer

2023 4

il

1 3|

BEE TR HLEOR B R, e i Xk 26 2
ARAESBIRIES, AL H AR AT AT
HRRIE I SRS ER 2 E 20 T ZARZATHE R
PEERRIETT . Hod, AR shm /=3 T
MOlb AT 75 e EAT B A PR T A X — 3R
AT ALEOR SR ERCR AR T, Wty T
WFFEE MR SRR AT Tr 8. HATA MOk AT
220 T S S 9k T DISR T, (B  T  BE Y RY
XITHFREI B IRZ . LA BRITZLSL . B SF A r
BRI — S L AR AR S B BRI PR 11
AL AN A B HRY, #RS T, LR
BT JETC o BT RO R B 14 THT 0 2 175 0 e A A
FIH AR,

e NG 2l ) VR AR v, R T A A R
SR RGeS AE AL AR S b 51T CG fA
@O AR — D EEARZ R, KRN — DU
RIESEAZR G T LAY BB AT €m0 SR 15 ok
RS o B, P a] LA 259 2 8 e B0 T AR

Hrr, BT RlG R H (Blendshape ) 1Y I #2175
SRACHE AR QMR TR PR 5oz, M
HAOSBALTT i, FlE RS SEEORSR HITU e E LY
AR A 8 SCT BB D 2 BB R (Y Sty o it
B A A R SR AR A (B gl A A 2
SRR, R FE R0 oo A A T T A AR
HEE 2000 W B AR R TR 3, X T gl
KU B A B YR SC, AF T gl pg AR .
Hb, FERFPRERE L, Rl FAR BB W] LR il 48 2
EEiNETE Rl ST RO DN A VRS L (MY B U )
TR B IR AL zS 6], BRA) T #AEE AT A BN
BBAE. ZH AR RE T LA Py BRI AR 25 51,
PAS i I

Fil e RAT BRI LIZHAR BN T A 5h
I V7 Y STV 22 5T RBIVE R R e B, T A
A0 A 5 S ) b A A RS T 8 28 17 28 JU) 2 — 1> 1oz
HORHI R ZE e g ) 8. EEXERRIA S, A2
Mot 7 AT LA R NG A 3 17 e —— ] DL it
22 FH PR W 1145 0F 2 AN ) SR A 1 ST i — At
R, A o A 64 75 1 A A R R A 5 B



114 ZR iR A Al R DL 24 R T S A R A A T 1 2455

HE Y AR T BRI T — B S AR ME R HE Y
B AE B A AR A B T A el 2 5 L, SRATRH
N I B A 4 R 5 Tk I — BT b 48 B R
FEUOHorh ) BT R T IR R (R B AL, N
M)z, (AR BEERNE, R B s AT
LRI, AT RE 2 PR AR 5 0] R 22 8] B 548 22 57 T
SPEOB R B R H A B AL

RN 252530 15 1 2 = 4E PR AR A8 LA K2 5
AR, AN TR AR A5 A 2 (8] A A TR AR S R B AR
IR AT RE S HEAE R — RO B A R 454 (AR R
FE T AR T ) ZI), L n] B8 K AR e AN [R] W A 22 ).
XTI RIRS T 5, PRSI A A A A% A AL
JRESA AR (ANTDETS O, SRR ), T
T BB R ARGEE , 7 RS T AR Rk N AN [l 2
T, 2B IR T RE Rl 3 — 45 AR AL i i
A D).

(a) "PERE AR (b) W& 15 Joi ) = 1

B R AR A% A B v 2 1 L I n] fiE
7R AR Y 2 T 25 375 1) et

BEXTX — T, A SCER X EAT A AR TR A %
SEAFAE R BEE , BT — b o A TS AR B )R
R XA AR A DA R &R (LU FREEA ) ok
B 12 B 7. A SCTAR PRy, ARSCE S
SE T EAAR A S AN, A AT Z A
FEATRANH AR, AT 20 Fp b PR A% £ A7 A
TR DXIERI 73, e R T 22 18] A 00 e B R
PRI BRI Hh il RE & AR B I 254, JF 32 s
IR, I3 — AR AN T A LR B AL I
BRIk, A 2R AR AR A8 i R RE B B
WL XUZRZEE e e R 27 a2 . i 5 AT B
FRYPCRTE 25 B BORPEATXI LG, A SCIEM 12071k
TETHR R AT I A T, A AR IR AT % 07
TEAERTE Bk BN SF KT, IF BAERCR DAL AL BT
UMY RE ) B AN &5, RSO —8
TERAHE TSR PO R AE 2 b, XA SR T
i IR AR I R SE A R AR 5, RSB
NI Z B TR 5 AR N HERLRYEE 23R, AR
B Y PR i S A7 R A TR i TR T HE SRS AT A T B
82 1T 2 25 [, (AR AEZRAE AR A 254 5 IR )

WEETEE T OGN T s T A & A 3R 25 5
2 FxIME

BT ZAAPURE R A 0 B A AR A S — R
GARE T ARG L, WEFEF AT T U 1 LR
S AR AR R A% 2 o T R R R, 2
R 4 )y A b Ay =4, 2 )5,
TEME A 1 X SE A 4 i 45 R 2 — A i b —
BT RAGHE. Lee S5 AR T 3T H P H
1, TEPIHHFN—BU =TT RS 22 ] 58 i R A A2
WS, , it 20 PR BRI T RS A —
BOF B AR AE. Alle S5 NUPHEI T —FpsEF =
AR AR AR A A B PR AR B R A S, i i A
B 3D BRICHE AR SRl 45 R T B SR B A
PRBERR A b, SR R R TT LT AR W] AR T 1)
B A . Amber S5 AR T Al IR G o B 9k
(Non-rigid Iterative Closest Point, ICP), i E X —
MR AEWIPERCERE S, IZAES AL 5 1CP
BRI R T ARRIMEIR AR RE b, AR AVE AR
FrARNIPETE AR 1 [ I3 1 f B TCP SR AL Sk
Yao % NUSHRW T —Fh LT 45 T & A&
BERARWIPERC e A, TR S E AR, HoR
S SEARU I Welsch bR OB 30 i A6 0, 10712 0
HE T R VR A O gk 3

BT AL TR i T AR RS LA i A R AR
ES LR ERE e R RN R e NIy
9, PR RR A RN ROF A — e 8 B fa sk i
MU AT, FEET RIS B, X e
i3 i Ra o AT B3 1 B S A oS DR SN T
55 T SO B, B HE ST 248 2 14 T 740 1 4%
. Sumne FF AR = RS TR AR TR B
T 77 58 B Ok 220 T R A TR A, IR IR S AHAR = A
PO s LB TR AL L A P A T A T A% i) T ke
SR FRAACT S FEFE R 22 (8, 2B ZE R
T HPRRAE . Li 55 NP7 EERE R T —
FlkT B TSR AE AR WO, B SIAS B LR, &
PSR A i BLTE SCHERSR HE RN 28 2530 R RE ) Y e DL

2R RARMIE LT . 15T EITRN
TR AR A S h, i S AL R TR Y R
B 1T 2 B AR ), Saito 28 NPV T R £ A
WG 7 S5 P L AN N A5 ) R DL = 1 TD R A 3 o
1 e B PRVBCT T X SR ATEAS . Zhou 28 AP0 Hr
TRASERLVA H AR A TOUS S0 A MR T AR, (BT
IER A B T bR A AR AL Y J LA 4544
AT 38 6 1 2 T 27 4 55 ) J. SiPY1 45 A4t 1 — il



2456 it A

2 4 2023 4F

H 3l ok JUA B TR AR ol DU TR AR 28, 38 s ) g DY v A
A BR 24 R it RS TR S T 2 47 () AL {H 52 4 JL AT AR
TR A A R 28 3R 7R 2 W R b 18 o 155 5k 1) SR f o
i, MR AR AR,

HUH T ER R G IEA L RV BRI RAN, 1
B AL SR T S8 BT R 5 0 A At 2 R
BOE BRI, Weise 45 APRKE JLfa] Fn 2 B i o 55 151
Sl s S L e A A — R 5 B T ER R i
TSR ; Cao % NPT RGBD HINUME T —F&
S T AR RS 21 A BE % 5 Shi 26 AN POT S
B~ P WU 31 R DA R ) TR AR
WS ASTINYE 1, SRS (0 ARSI 21 ) TR RRAE 45 &
LM TR R 2 A S RIS DL S TR Oy S
fill, Garrido 25 A\ P72 H (O AE 28 0] LAAE 45 5 — B8
H FHAILR 5 21 0 i AR 1 0 ke g 58 4P
1 3D A AT AR A

3 WREMBARNEBPRFEEEN

SHERAR P T TSRO EAR B L R TR
R ERESE R, 2 TR BT Fr i, O =2 ] Y
AR S R WA T RIS R . 2 = ARk T A A
AT H I B BUZ SE R, 3K LEE5 R i P SR P A
FAE EAHGEHOCR, T H A B A 45 K08 7 A2
HIBAE, Y AN R R A B AR, S —
My i A BEZIE AL, it ] BEAE TR A8 A il 5K
P I B T 20 1 R BT SOX AR AR AR
TR b A R 2 B B R 3 1 5 175 1) DX IOk SRR IX
B 3X TR AT L A 7 SRS (O A ) A L S R
FUIEREIC R, I HE 00300 249 S ] 4 0T PR 0 1) 45 4
FAL, DT Rt b e 1 T 253 9 [ L e B OB
AN B S A S AN HAT 1R 120 45 R AR A S 3 114
/SUN

P 2 7R 1 A SCHRE Y 1o T S 2 17 i 2 U 2 )
BMAORZIE . ARSCR R P T BRI — 4
TSGR ) B T A AR O A, HESL S i
PRUE A ORS B = AR R, B WOHR R i A R
15 P ST = 4E RN 5 it 3 2o T R A B AR
B RS, W, I X 15 1R X 4 M A
PATIB B EBA I, R R R, IS
eREE L, LHRETETRE.

4 EMBRMEE

XEF B RIRS I, T RE B 10 2 B A 4514
erPAE e . HE AL AR SCBETT Y A Shds i

089

WHEA AR AT

B JLATHER AR
P 2l R DL 2 R THT R R R AR SR B R

T 8 25 375 DI AR A T, 30K 26 DX 79 000 % 3 T3
AT A 8 AR L 3 Sy 0 s B g i R e
i, WP 3 RRERR IR BRI R, i TN M BE RO
BEAE Z [A) TCIR I BT AL 5 S Sy B g 0
JiIr LA 2 1 B8 7 n] RE 2> T BUS N R KA
L.

B3 U X EARRIE R

BT RX—FFIE, AR T —F0 [ 3h iR U
DB IS R LA Y35 A PSS HUE N
RGN, 53 ol TR LB g R 7 R0 3 P 855 G
PRI RS LAY BR(E 7 .

AR SC AT A, 2 18] 36 o 120 A i 14 o S A g 0 0
I L B X T AR AT, Bk DL Fr
DAy AR A TOU A 22 1] A 000 B 2 R R e
BT T BT R AR B BT T AT R
BERLI , A0 RN AT X G 0 0 04 3 Has ST A 2 1R
K, PRIEAS SR T — Fift 0 A6 Sl 23 SR s BEA T A
AR B8 LA R D JEUR SRR NG PO s A4 4 b
FREEAT IR E, AR B B AN [R] DX A 2% it
Bt s, X TR v, BIEE e LS
FEMRERE B R T B g RO TS, 73 B TS AR Fi:

R =1{v; |dj <z4,vj eV}



114 ZR iR A Al R DL 24 R T S A R A A T 1 2457

Forpr, oy S TOU ] RO BRR TGRS, VO RIS TR AR 5
BE S, PRI T0 A ] 00 b B 25 5 G P 8 ) L i
Frat—2Lifiik, (75 ER T BME 7 -

9
Q:{W d

i>Tf,vj € Fi}.
ij

Forb, gy S TOU ] A 0h 00 M e s . A AR 40031 119

PRI AnSEEE 1 s, BT R AR N & 4 B,

(b) BEE LA i e 45 R

(a) DB 1 i 0 24 2R
Pl 4TI MO TS 5 HA 0 R A0 320 P ) 7 2 i R s R

S X —dBIG, A GRS N TS AR5 T
MV A E BN IR, BEORRY IR, AT
VAR By H BRUASE 50 3% i 2 375 1) SR DX I AR o
I 4 P B T P 0 1 AR A0 XA A B Ty %
FERNBER T shidE, ERMARRET, M (ER
(a0 BARAEE, @ AT 2; A TRRICHE
B, HR AR A e RCRURR DX S 0 ) — X T
B 2 30 T A I 8 D e A R 1 ()
RERT LA B0k Sl AR 0 f) o A RS R e Kt
FIAREE, AN SRl A Fpl e 2 AR s AR
Frifs.

i AP BRES AR, AR — TR AT 0l A5
FOBC X TR, Ul 32 O AN A R DX P T 2R
H—TEAZ W REFMRILEN R, LK
HERGH B AT HEY , SO PR G 2 3 F
5 AT HEAT B AU A AR 0.

R SCERE AR 3 T VB 3 A AR IR L
R SRR S e . A, B kAR R
PN B Pr LT E P 5 A R T R
INHEAUIL, T3k 22 A8 14 JE U030 2 R A i 2%
M EROR I BOXESE . N, ASC Rkt T
Xof HE AV BE A P R T RE , B o — D TS AR N K U
M1, —E T LA A LA TO S A 2> B RA S
PAPE RS Y 3 . NS, Rk e it
AT & AR TR — Ui, g L
JEPE I I RCR AL 5 R,

BOE L BBk
A MITUGES Y, BIESE .7
ity AR D

v
(a) A5 B B

wh v
(b) (c) %55 &
B 5 il AL 00 2% DL T A

Divide Vto V{l’“"g} according to octants;
for each V'do
for each {v; ,Vj} eV'do
d; = EuclideanDistance(V;,V; ) ;
g; = GeodesicDistance(V;,V;);
end
for each v, eV'do
F =1{vjldy <z4,v; V'Y
G = vj\&>1f,vj e]-"i};
o
D {e=(v,v))},v; =min(G) ;
end

end

5 REMIAARTHREETH

TEFRAS T HUR I L A S, AR SO X
SO ARG TR R g R, DU R
TE 75 BRI i H 0 A A TR 3 T 55 1) AL AR SC T
BT R AESR T = A S TR AR B Bk O
HFBIRMEL, ZE R IR S TE AR R IR R N
VRS B = AT A B S A B A, T S AR 4
AIAE R 00 & T = fam H AR i AR b s R A O
] BRI AR AR B A AR Ak BRI Y A D Y
AR R BIER B HARMAS b, X T 28 e
FE PR A% 22 18] 38 32 A T2 19 A e R Ot e 5 56
RINES M:

I CROICH IR CVR VDY

Horbr, (s,4) 2 H AR RS BTN & S5 IR RIS A9 A5 5
JERT AR, ENTRA —EAR IR AR A e L DL X sk
WS 5 A I AR T R R TR, 3l i R
P LB T A A T A 15 T 2 T 11 5 2 oA 42 o 5 I A
5 HARF R AL — 2L

M|
min IS, =T, [ (1)
i i

O SR AR IS4 TR IO A T

Do, TR oK A ) A 4 AR R RN B 22 H
P T A SR, PR b e /NP BB 2 0 119 2 P 3 T T



2458 2N N - R S 2023 4
REWEL, FHER L ESEH AR, X—id A BRIV T T N [R) £ B Ak
fErp, RIS E AR A RA R, TS

0z B 2R BRI A 3 2. i B AT LSRR O — A
RIFLNER GRS L

min || c— AX |3

Horp SORRMIEAZ 5 TR A EL, ¢ A0 35 PR IMAR 22 i
TR, AR ¢ SRIBE R Y R BY i B AR
T TR DU R Y SR A e A 3R T 5 )
A, 5 B R AR D stk R ek A 5
(DTSN HE AL 2T
M| 0

min 3 [IS, =T, [P+ lle -S& I’
o i=1

Horb g )2 BIE R W e, & JEIE AL i AY R 0L
a e SR, P e 2 SRR SR A AR b i
R

ARSOHS IR S A5 2 B4 RE UL 29 RO AR TR
ARERS RS AR, AR A i R (R 2 S R A 22
IR ARG BAE, LLROE AL A S MU0 £ B AL
T AE P U DR A R E By L T A 2 1 2 i
R, FEREAPATRCR I 6 FR:

WE 7 s, FEFBERTESCT, B T A
LI Y A T R TR T LA A BT R AR B A
R IR ZF B BGE, A AR PP 24 R JU
T2 U 2T RN 1 Jfs A K A 25 0

)

R
(a) JCHELih 2 (b) ¥ HE L34 24y 3k
K6 AICEPIIAR AR RN
6 SRWERSHH
SIS E
S UG T R 1) T 3 2R 1 FE TR LA 23 686 /T
M, A RS s T 158 A4 (F—A
PEFRAE ) . A URESEE I A A TH ML R SE 5 bR v
HLES, BT CPU A Intel Core i7-12700K, NAE 32G.
AR SR I T AN 22 5 0 0 09 IS B S Rk
B 5, AL LSS B A GRS R
RV B EE AR, K 7 pos. 3414
I3 X6F UL N I B RTHT R L 240 ok T S T

6.1

'.. E S | . | L1
@ O © @ (©) ®)

c

K7 S R

IR 5 2 56 T d B AOR LA B B 3% T 20 1 S5 SR
GRS, ATE LLBTTRER hE SRR, EEE
Je LU ) BERR I 2833 Ry e bR, R DA IX
SRR B ( f IR AR 11 5 B8R X 45 T A 5 55—l
F14) F 30 T A5 1 B 2 28 A1 0 T BHE AT A ) e
SRR, R TTAR SR X URR DR R 1 PR R i
6.2 RERLIR I E LN

ARAP LY SURINIIK 7 N @ {2 N i L DN 2 78
T R AR DX R TR A A T R L I ) 3K
W, nE 8 fiR.

[l 8

ENGLEELESY S URAYIIEY €S

P Hp g e v RIVER TS B AU, Wl LA 3
AN RS U R E | SR DA R 11 S SURR X
S, A DX SR A0 14 T ) 42 50 S o U4 A
ANTR) A HG FRASEY I, R DL S I AR AR AT LR
A RE A AR o 2 B BURR DX SR G e 0 A ) 8
MR ERBEAT TR, Sk T LATE A W AN A
JRIXI, AN DX B0 T8 Tk 00320

TERCRTT AL, AR SORE BB L A8 ISk 18 1748
IS5 FBh A AU A T R AR E AT T XF e, A
RN 1 PR, A SN L R A H T Eh bR i
AEW D ARBCRIES, W TARGIER, A3
AN A RN 18R] 5 1R 7 — 73 A

2 3HT T AN A AR 1B AT RCR L
BRI I AR R AR RE D B0 . i & 2Rl , iR
J3E 1) KEE A0 320 [ R W LA ORAIE A B8R THT 2 1 AN A
RIFE, HIERIFRETIZZMAK, I HAE



114 ZR iR A Al R DL 24 R T S A R A A T 1 2459

®1 EBORMEES FINRMTEREI

w8 AR SR EAERS F IR ket
HETY A 443 s £ 15 min
R B 66.9 s £y 18 min
R C 28.6s 24 12 min
iR D 43.0s 25 15 min
iR E 28.7s #E3d 20 min
iR F 10.5s 2 15 min

®2 TEEEELGDBK BRI ARREFSR I EE

1A 300 2 Jela) b lia] B 4 /N lia] B e K
R 20460 1008 456
A UFE A 1632.81s 1240.33s 1198.01s
2N 1.93 2.05 2.04
WA I 19.3% 20.5% 20.4%

T R Y R AU A R s AR, s
i, RPEIEAERA A Fgibaa). Hd, AR
PREFHOR 8RR AR A B4 101 i - T S50 19 0 22 5 A
AAE O, HE A5 i I 25 3 e X o 2R A 7 3 A R T
Hg—N 10.
6.3 FTEEGIARMWEDRBEEERE AR

R iﬁ?ﬁﬂ‘]ﬂ’]ﬁﬂi_éﬁﬁifﬁjﬁﬂéfiﬁﬁiﬁi
RS rERER B, FROTTEM AL BT RS Sk
£ WA TE RS SR R T RE B Y 2 ij%ﬁE)ﬂZ(Example
Based Facial Rigging, EBFR)S =P A T 40l 2
HHEATIART . EBFR Bk iy F 2R IR, fERAE
A R EEAE b, T8 51 AR 20 RAR A
S, SR P TFE A URY T  R E  R A e
W B ARG REENESIENSH, ZRERE
ST P8 R 17 R I BRI HE v R R X T I B AR R
IRUERARE , BT AR RSO . SRR K i 2P
BR A3 R oK fif 3 AR DU S AR AR BB 4, JF il
Tk AL s ASCK B ALGAAE B 91 AT I rf oK A 1
PR AL WA B ER o v, JRIRIE T A SO R
N RAEA R AR TR 5325 T S HA By 1 3R 1 %
i% (1) RE

WK 9 Frs, YANE RIS AIEDRIR | o5t
PISCEETE SO ZERR S 1 s DL R 5 s S5 Ao 7 A A
Y210 2 375 ()RR, I A R 401320 24 TR T 3 17
Az U AT DU SO ik B R A7 O G5 AR R AIE , AR
I A AR AR H AR Y 3 1A 2 37

10 B SEE0 R, e L0 29 AT LLFEAS [F] T
AR T R SR R B R BURR DRSS M VR, AN
R MO T RN

P9 B A N AS A B A B 22 BUASCR 18] (22 B S R s
REAUHAR, A BRI T AL 2R 4551

288 8

(a) = MA%IE AT B Ak
BL10 AN IRV IR 60320 24 SRR 1 45 R 1]

u’i‘

(b) EBFR 8.3

6.4 BEEXTELSLIE

B E R A BT A1, AR S K B R ot g o D g
AR A 25 24 of ik e A5 100 3 T 2 0B L P (DU fRTAR
SCAFBT ) #E47 T Xt Eb A SC R FH DU v 4 X 4% A= B
7 TetGen* Vb BR TSI AL PR A AR | U 1 A b B 2%
WE PR, I8 Tk SR O ke 7
225, HIERIEARREN L, ME—miE, A
VAN ) A 78 g A (] 50457 1) e e DX sl ) B8 58— 81
10, FFGIT IR AR RG2S AUAH [ 14 F-20E
AR,

W%3%ﬁ Tm%%%% SER TR R 2E
BOAE, XWAEERTHIANREFERL.
ammTEmﬂ%k%ﬁ%Tﬁﬁwﬁiﬁ%%
K, HREFEASEHERI S X528 %F IR



2460 2 N | R S ' 2023 4E
TP 5 300 B L A A AN 50 O &5 FERGENGETE
VRS SCAFBT  DUMHEI{AMME  ASCHE

RETS ML I 55 B fig fit fit

SR e AL S W RES F3h A3 H 3l
L AL BB R fi% [ ik
REE AL BT A RS BEAb B N AEAb 3

A N FUL 48 R RE B >10min <Is <lmin

A LR T YRR R 8.4s 29.6s 10.4s
JERiN V& ik rh [

B 11

TenGen 5715 Y HE AU 45 F A ORI

®3 TEFEHETIREILL

pRE N VA LT SCAFBT ATy
HR 3 6.01 1.20 0.7
Bk 5.22 1.35 1.32

I P o 9 9.57 2.90 1.45

4 JER T ARINE BRI, A SCR A
HEANE LR B WAL AR TR 51k, TEAL PEASE Y 25 i
)AL 2 D A B TR 2 AR e AU 245
P4k B R 28 B MR 7 vk, A SCRYSE i Tkt
SCELT REAUAAY [ SR, FERRECR LA ERER
P

REPRXT L M RNk 5 B, A i o i 4
B So it ZON GBI ] (A MR A AMIN X 23 ), {H
NI A A HR B A7 B 2 s, IR 1%

x4 TRFGEMEI

AR R SCAFBT ATy
TR AL 2 375 i) Joik A B CigPeas: CIgZeas:
MRS ¥ FahbriE A 3hasm
Ny)IEUN E2 = iny 7 >10min <lmin
AR R 2 K BUN R/

DR R . BeAh, SRR AR AP TR A Y RN
ST AT RE & AR R 2B Y IR, T A A AL
T T AT 23 TS I D T AR 2540, ok (A5 BT 3 114 K 0L 25
PR A R T AR 5. XTI 44 20,000
FIRBEARL AR SO VRO I ) HE UL 0 /N T 1,000, 17
DY T A &85 44 DU 2 7 88 241 200,000 NG H. S,
1 22 1 FiE P25 4 2 (A5 SR oK A R T N &2 2,
T FEARR Ml e, St gl R R, ARSIy
AR Al A B 258 ) LAY vk, N T #RE R AN
SRR AR AT L3
6.5 WEBIBARMEBFEERE LS
LIRS , AR SOW T R 5L AR A R
ZERIMA BRI T AR AR Z TR, 725
FEIHEZR T S8 T AN R AR 2 18] A i 8 1 i 7
T 215 9 1T B 1) Fe & 45 R — B s B £ 15
B, AMEERSCRER, HIASCEERC T A ay L
T A5 78 AS [F] AR T AT . il 12 firs, i
ARSI F G TR HEZL AT L) Ry AN [] f9 A J A 7
SCELFANE TR R T b 5 SR A T R i L
FE B - AR AR AR S B R VR AR X R ] 12 TR 2
KB F— AL H UEEE, T d B A R
KR BE ARG, AR 55 AN SR T — B 155 50l ik
PRI B B I B ik, Hogs R mE 13 iR,

B 12

AN TRV AT AR S 10 24 SR 14



11 2R A Y P 24 oI T AR kA B T 2461

(a) ZEUIT A

(b) T A i1 iy (c) HIJIIRIR

(d) WERAT D

(e) 1Mk

() SR

13 o ORMR 2 i S RS 2 2R 1]

SCU W], AR SCHY NG B A T T REAE D A TR R
PR A SR R 38 38 175 1) 2 17 22

7% I

BRI T RS T AL S A% 5 0k B4 T PR 15 R A T
aE R BRI T E LR A R, AR SGE
TR A S i ek LR i S 20 R 26 T LA
WAL RS SR A i X P2 AT, ok 1 KT 5 B
). R DL TR 0 505 BB A% AR 40 TOU A ] A 00 e B
XA TG g o 3R l) L T A A A R 25 1 VR A
DXk, I —E B X S) A I L. AR EE T
[ & F) Ak BT 2 I M) AR 00k, AR SO 5 i i
X — AN PR R A R i R R AT
ANTHAR, o5 T RAECR. IS R 2y
AT LA AN [R] (A8 T B S TR AN G 5 e B LA A 2
BRI, FAEE T RIGTHAERR IR
AR, v 1 RE AR AN [ R A AR Y b P
ARSL I 5 REAE D O s B8 A P T 25 A 1 PR T
I, A ST R SOAE +T7 LB,
PR INGEE BB A7 AR 22 BB . )R 82T
Ve ol 25 8o i A% 22 70 B R EOR S i Sk AL B
ZRPIRERRE T, HEAN, BEARFRANGIT AR HE SN A xR )
R RS EAL LG S AR A7 — L35 A B
MELER, BIANPE Iz IR | 2 ok R R . RSk
X RNGSHAN SR THE— LA, DR THE
ZUB AR

2 £ X W

[1] Sifakis E, Neverov I, Fedkiw R. Automatic determination of fa-
cial muscle activations from sparse motion capture marker
data//ACM SIGGRAPH 2005 Papers. Los Angeles, USA, 2005:
417-425

[2] Parke F I. Control parameterization for facial animation// Com-
puter Animation’91. Geneva, Switzerland, 1991: 3-14

[3] Tickoo S. Autodesk Maya 2019: A Comprehensive Guide. Cad-
cim Technologies, 2018

[4] Bradley D, Heidrich W, Popa T, et al. High resolution passive fa-
cial performance capture//ACMSIGGRAPH 2010 papers. Los
Angeles, USA, 2010: 1-10

[5] Fyffe G, Jones A, Alexander O, et al. Driving high-resolution fa-
cial scans with video performance capture. ACM Transactions on
Graphics (TOG), 2014, 34(1): 1-14

[6] Zhang L, Snavely N, Curless B, et al. Spacetime faces: High-
resolution capture for~ modeling and animation//Data-Driven 3D
Facial Animation. Springer, 2008: 248-276

[7] Bickel B, Botsch M, Angst R, et al. Multi-scale capture of facial
geometry and motion. ACM Transactions on Graphics (TOG),
2007, 26(3): 33-es

[8] Rhee T, Hwang Y, Kim J D, et al. Real-time facial animation
from live video tracking//Proceedings of the 2011 ACM SIG-
GRAPH/Eurographics Symposium on Computer Animation.
Vancouver, Canada, 2011: 215-224

[9] Kozlov Y, Bradley D, Biacher M, et al. Enriching facial blend-
shape rigs with physical simulation. Computer Graphics Forum,
2017, 36(2): 75-84

[10] Ma L, Deng Z. Real-time facial expression transformation for
monocular RGB video. Computer Graphics Forum, 2019, 38(1):
470-481

[11] Lee A W, Dobkin D, Sweldens W, et al. Multiresolution mesh
morphing//Proceedings of the 26th Annual Conference on Com-
puter Graphics and Interactive Techniques. Los Angeles, USA,
1999: 343-350

[12] Allen B, Curless B, Popovi¢ Z. The space of human body shapes:
reconstruction and parameterization from range scans. ACM
Transactions on Graphics (TOG), 2003, 22(3): 587-594

[13] Amberg B, Romdhani S, Vetter T. Optimal step nonrigid ICP al-
gorithms for surface registration// 2007 IEEE Conference on
Computer Vision and Pattern Recognition. Minneapolis, Minne-
sota, USA, 2007: 1-8

[14] Besl P J, Mckay H D. A method for registration of 3-D shapes.
IEEE Transactions on Pattern Analysis and Machine Intelligence,
1992, 14(2): 239-256

[15] Yao Y, Deng B, Xu W, et al. Quasi-newton solver for robust
non-rigid registration//Proceedings of the IEEE/CVF Conference
on Computer Vision and Pattern Recognition. 2020: 7600-7609

[16] Holland P W, Welsch R E. Robust regression using iteratively
reweighted least-squares. Communications in Statistics-theory
and Methods, 1977, 6(9): 813-827

[17] Ham B, Cho M, Ponce J. Robust image filtering using joint static



2462 it A

2023 4

and dynamic guidance//Proceedings of the IEEE Conference on
Computer Vision and Pattern Recognition. Boston, USA, 2015:
4823-4831
[18] Zhang J, Deng B, Hong Y, et al. Static/Dynamic filtering for
mesh geometry. IEEE Transactions on Visualization and Com-
puter Graphics, 2018, 25(4): 1774-1787
Sumner R W, Popovi¢ J. Deformation transfer for triangle
meshes. ACM Transactions on Graphics, 2004, 23(3): 399-405
Li H, Weise T, Pauly M. Example-based facial rigging. ACM
Transactions on Graphics, 2010, 29(4): 1-6

Saito J. Smooth contact-aware facial blendshapes transfer// Pro-

[19]
[20]

(21]

ceedings of the Symposium on Digital Production. 2013: 7-12
[22] Zhou K, Huang J, Snyder J, et al. Large mesh deformation using
the volumetric graph laplacian//ACM SIGGRAPH 2005 Papers.

Los Angeles, USA, 2005: 496-503

LI Han-Chao, Ph.D. candidate.
His major research interests are com-
puter graphic and computer vision.

SHEN Cheng-Ze, master. His

major research interests are computer

Background

This paper focuses on addressing the problem of model
penetration in deformation transfer-based methods for gen-
erating facial blendshapes. Deformation transfer involves
copying the deformations exhibited by a template mesh in
different expressions to a target mesh to create a personal-
ized expression model. To prevent model penetration during
this process, extra constraints are necessary. Previous ap-
proaches have involved constructing tetrahedron structures
and using volumetric Laplacian solvers, but these methods
are computationally expensive and require the mesh to be in
a closed form.

The proposed solution in this paper is a simple and ef-
ficient virtual edge constraint that prevents model penetra-
tion during deformation transfer. Virtual edge connections
are added between vertices that exhibit long geodesic dis-
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tance and short Euclidean distance, specifically in thin parts
with two or more layers of the surfaces, such as the mouth,
eyes, and ears. An extra virtual edge regularization is also
added to the optimization system to preserve the inner struc-
ture.

Experiments show that the virtual edge constraint is
effective in preventing model penetration and generating
blendshapes with complex expressions. This work is part of
a larger project on high-precision facial expression captur-
ing and reconstruction, which aims to parse facial expres-
sions into coefficients of blendshapes and transfer these
expressions to different faces, enabling users to drive virtual
characters with their own expressions.
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