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Abstract: Speaker-independent visual dubbing aims to edit the lip movements of talking face videos according to
speech signals, ensuring high audio-visual synchronization and natural fidelity. This task not only requires accurate lip-sync
performance but also demands consistent facial texture and identity preservation. However, existing methods often suffer
from texture inconsistencies between the restored and original facial regions when natural head movements occur, leading to
unstable generation quality. To address these challenges, this paper proposes a cross-modal semantic enhanced and 3D face-
guided motion-texture synergistic generation network. Specifically, we adopt 3D morphable models (3DMM) as an

intermediate representation and decompose the task into two submodules: cross-modal semantic enhanced 3DMM
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expression coefficient prediction and 3D face-guided motion-texture synergistic rendering. In the first stage, a cross-modal
attention mechanism integrates Wav2Lip-generated semantic image sequences with audio features, significantly improving
synchronization accuracy and geometric consistency. In the second stage, a 3D face-guided rendering network leverages
multi-reference faces and reconstructed 3D geometry to enhance texture consistency under head motion, while a multi-task
learning framework further refines visual fidelity between the restored and real facial regions. Extensive experiments on the
VoxCelebl and VoxCeleb2 datasets demonstrate that the proposed method achieves superior performance in generation
fidelity, motion robustness, and synchronization compared with state-of-the-art approaches. On VoxCelebl, our method
improves peak signal noise ratio (PSNR) by 7.76, reduces learned perceptual image patch similarity (LPIPS) by 0.08,
increases structural similarity index measure (SSIM) by 0.11, decreases landmark distance (LMD) by 1.10, and improves lip-
sync score (Sync) by 0.20 over the baseline. On VoxCeleb2, it improves PSNR by 7.12, reduces LPIPS by 0.10, increases
SSIM by 0.11, decreases LMD by 1.10, and improves Sync by 0.15. These results verify the effectiveness and robustness of

the proposed framework under complex head movements and diverse identities.
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,ﬁ\*,ﬁ%ﬁ%wz‘mf%%@@%%iuEﬁ@”%%%‘f FEo-F o (Mo S W,.T,. (22)

BN 56 2R, (R UERE WL A 5 S 25 20 1R R LA — B s<fiin

Tk, NG S8 AME 5B 2 S e 2.
TMN : 75X 57 R 1, B FEG |, TMN 5 A =4k 5
B Ly, BB A2 25 B S SCAN T . R 2% 6
R C, R B IR A, DL b R SO AR E o, T
Jr A (15) P
(CodpF) =TMN(Z, . Iy ) (15)

IR FH T T 7 Bk e e R AT in AR L
K (16) R
I]=4,0C,+(1-4,)01,,, (16)
ZLFRAE PR AR LA — BOHE 9 R B34 5 T 4015 %38
fE1 . SULFEIE, TMN B @RS 283 fe 4 TR ST A
2% [6) [ 3 W 23— 46320 (Spatially-Adaptive Denor-
malization, SPADE) , A{H 7E A= il 72 Aol = 4 5656 4
LA 6] [ 3E I 0 5 TR AR, 838 30 5 Sr i il
B I —BCS5 R4 . A2 AR R F RS SR 1BE By
BRI T 0 i T A SO L X LY F, RN RS
BRHE, AT LU 2 N REWR AT DR — RE RS8N T
BUGRTTE XA [ R AR X 4
RBFIN: LU AS AW 1, = 2E 5 A 1, 357
NI 1., A B2 TMN His i 1) F SR A T0I00 25 €2 48 A
SR, = (17) PR .
(C.4,) =RBFIN(1pp. Lypo Loy Froy) (17

FEE B R LS R LT, I (18) R

[[=4,0C+ (1-4,)0L,, (18)
TE fif 1 oy B, w5 k2 R D R AR A
F, e RO NN FE X 37 R B9 SO T g FL2.
BEAh, SRS R AE 50 )2 FF 5] A SPADE, RA%S 8] 38 1 (1Y
75 2O TUART e 56 2% 1 T8 A B 28 it A, AT 42 T 2
S5 I — B0 . N SCE A A RS AR SRR R
it vty £ 1 22 ROBE [ 38 I il A A5 B (Multi-Scale
Adaptive Fusion, MSAF). B Joxt FUO YEAT £ KRB 4 1
AR, an=C(19) i

T,,=Conv,, (F¥). s€3,57 (19)
SR AH R (20)3155 Softmax JH— B A5 21 X AN R -
exp (7. )

W, = W, =1 (20)

exp(yk,t) S
35,7}
A 1 x 1A FBURN Sigmoid JE A2 B2 (8] 1] 45 HE B
=21 frs

Mk:g(Conlel([Fk, Tiss Tise Tm])) (21)

IxH x W,

M, e (0,1)

Horr, o g nl 2 o] 4 0 2R, YT 087 S R AR A e
AR AR . A AR ARG AT S, AT e B
YRR AT E . TRk 22 IR T A o, P25 RE
% 7E AN [) o B 1 265 b 42 1 19 S A < 24 0 SRR IR
R, orfHi ) 1S IR BTR s 24 00 SRR Ol e e 4 %
B, o 23U 55 2 e, DA T 3R S vk RBAR AL . AL R IE T
RBFIN 7EAH 151K 52 5 A MR s P Z [ 18 Bl 285
3.3.2 #KREHE

SRR BT AR LA K, PR A 45 4 — Stk 5 SR
HE EERGYERe A SCEEE MGl B rh 5T A
22 IGUA 2R R, ISR 20 B B AS i S i A 7 i 381) 9 0
b . B AR H bR 2[R I B LAR XS 55 4 S 448 240775 £
BB B T AR 5 G R .

A SR TR ERRERGIART L
B R, DL HAE RS B bR EHR Z 1 Y 22
St [mEF, A S5 AR RUPEFE B (Structural Similarity In-
dex Measure, SSIM ) {4 31F 4= J&) 25 ¥4 — ok, in = (23) fn
X (24) PR :

Lli'ec: H[t_[i* ”1’
1 . (23)
Lio=—— > I11(x) =L (x)],
o | xeQ,
Ligy=1- SSIM(I,,Ii:), (24)
Lignu=1-SSIM(1,.1;)

o1, EARER 1717 480 o 5 5 o 4 p
g5

AR R WGAN-GP(Wasserstein Generative Adver-
sarial Network with Gradient Penalty) VE Jy X5k Pr 4t 2 R
B, A RO A N B ) 265 1 I R PR AR T A
PR i LS, N (25) T«

Li.=—E[D(1)].

(25)
Lon=—E[D(1])]
Hrb, D () s O Hre R (26)
mng[D(],)} ~E[D(1;)]-E[D(1])]
2 (26)
—Angi( V.D(x) 2—1)

o f=d+ (1-€) 1, I, e 1]} e~U(0,1) Fl 4, >0
SR BE AR ARA . IR R R G R AR E
BRSBTS A AR

AR Jr k5l — g (Correspondence Wise
Loss, CWL) R EZ R IEAZ N EIR 1, 5 HAR A &5 1,
Z I L E R 2, i (27) P -
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L= | CUN=Cl) |, (27)

Horpr, € () s N R i S w50 4 25 s 2ok e — 2
PR ST AR A G B bR AR R Z 8] (1 — 2
PESCAR , HEMTER TR L 2% 1) B 1

TR IR R« Ay e T A B PG A o S S
FRIE b — 20, 51 AFETF VGG-19 FR1F RN #6 2%
X (28) s

, 1 *
b= lezi CHW, qul([i ) _§01(1,)

1

(28)

1 X
L;: z ClHlWl H(/)l([e) _¢1(1t)

Hdr, ()N VGG-1955 1 Z R ELST, (C, H, W) %
TREFE Y 2 FE S50

AN, Rtk — 20 ORI R P SO g R 7
BE N EE 1T Bl AFET Gram H 19 KU 5125, 4N
K (29) s

L;Iyle = 12 ;

Z(cHm) a(e(1)-a(s(1)], @

Hoh, G (F) =FF" 24 Gram FEFF , £ 8 6 R FFAEJZ 4R
B AR B A AR A A 1 5 R S T
TR A B .

PIA T 9 465 59 0 Ak H AR 2350 45X (30) R (31)
JoR .

1

Ligw =L+ AssuLssin+4,L,

total — “rec ( 30)
i i
+/1 style L style + /lwgan L wgan
e _7Je e e
Llolal_Lrec+/1$SIMLSSIM+/1pr (31)

+2 wgan Lyvgan A con L corr
2% T YL 4 R AR R e SR (32)
La=¢Liy+ (1-¢) L5, (32)
R T ARUE N Gk 3 i R o, ZE I 2R 3 I 2k
SFM F1 TMN, 1 I’ 4% Il 25 e 22 J= , P36 5 U1l 25 SFML,
TMN Fl RBFIN. BEEYIZRET, e 76 I i 72 v 43 B B i
FE AR RGN Bt i e =0.1, LA B shii 10 2- ]
BRI E R e=02, UEEE AKGBE
Sk .

4 LS
4.1 HHERSENLIET

ASCRT A A I AE AR 3B 4R I 2R A
i LRW™  VoxCeleb1P il VoxCeleb2¢, AL A
FH LRW 48 46 11 2k 00 S 56 MR Rl & 19 7 2 B0 3D
NI R0 ZR B 4, 4G 5 SR (2 1A [ A 781 Ak 2 et
i, A Wav2lip! 7 R 48 2 15 5 A U6 I 1 1 IR
FE3I] . A SCHE VoxCeleb1 il VoxCeleb2 Flll 4542 A 56
355 | T A 2075 2 PRI 9 T YL 2% . VoxCeleb | B4 241
22 496 1 D\ Y ouTube #UA 1 5 SRS 15 35 A AT , A

SCEAIE SCHR [ 37 ] rb il iR A8 Ak 38 0 3%, 8 Tl b 3L S
421 420 77 5k A UG H T2k . SRS, 6 Deng 25
NPT GRAE A 3D G F B AR R 2 BRORT R A9 3D A 3R
B, 8 FHPUCTE YL 5128 Pytorch3D 7 e X W /) 3D B A
G A, A7 ) Bulae 25 A5 B HH A9 A G 4 B A 00 25 A
NG S A5, I OpenCV 2 i 255 A X 8 75 3]
T N . VoxCeleb2 4l £ I & 6 112 224 A, I
GRAR AT 5 994 (N BEAE #, MR AT 118 iz, T4k
Ja K254 2 000 77 5K K5, 115 VoxCeleb 1 AH [F] 1 il
A5 AT 2R R A4 2 59 T 3D R A

SEIRAN Y AR SCAH H Ranger P4k 45 U1 25 200 56 5
TRl T FI0I 3D A 1 R BN LS . Ranger J2
— 254 T RAdam'™ F1 Look Ahead " 1) 3 [ 415 1L 7%
7~ F 1r=0.000 2, B 55 56 FH R 93 7 B0 3D A
6 215 R B 4 SR AU T Y N AR iR
batch=16, 7E LRW £(4li 4 EUIZRAERT 1 X . ffi ] Ranger
Peb 5 I 25 22 N e 9 515 04 4715 S0 3 58 75 3% )
2 B 2] KA 1v=0.000 1. 1% W 45 (1 A 7% 45 4 R
Unet 2544 , 225 NG EGF 3D 5 83 ARG R /N JH 2
192 x 192,35 B batch=2, 1F VoxCeleb1 Z{E £ I 25
TE Y 2 FE T 3 K, 7E VoxCeleb2 $ 5 45 I Il 5 155 Y
P 25 FE I 1 &, B A3 AR AU PyTorch S8, ff FH 14>
24 GB Geforce 3090 GPU iJI| £ .

4.2 EXEAFENEEERMEMER

kA T VPAL T 4R DT VA MR RE L AR SR T 2R A
A AR R UETE A A O B AT % L . MakeltTalk' ™
DLEL R AR R A R AR Bl 0 A DG B e
I, 38 3 A T T I 4 T 2 A 6T IO Y 1 T A A
A, & T ML g BARE A AR B 5 5 Sad Talker ' 38 F = 4
NI S HGRRL K8 0 LT 22 3DMM 1% 5 1838 R 5L,
IFEG = YR NTE Ye e B B A AR SL Rz 3 i Ul ih
K 5 Wav2Lip'® 44 2 25 B A XL A AESE , 5T A R
B TR) 26 40 531 5 LA S 7R 249 o A5 A A ) P e — B
SR R HE (1 10 2RI 2 5 IP_LAP SR TP B B 44, 45
EUNITES IS APV T (RUATPNG W S
PE T O 5 LT [R5 P B 5 Diff2Lip! > T4 s
R A S A 55 R R X E G B A .

PEAG S AT - A8 SCfdi ] SSIM A {5 152 L (Peak Sig-
nal Noise Ratio, PSNR) 3 3¥FA5 A K &M% i &, 6 FH 2 >
JE& N T A5 He AR L JE (Learned Perceptual Image Patch
Similarity , LPIPS ) R PFAl A SO R IR 5 B S K B4
2 Ta] A AR, A B 568 o5 8 25 (Landmark Dis-
tance , LMD ) PPAf 138 JLAATARBLEE ™, i FH B 03 A% 5% A
RLEE) (Cosine SIMilarity , CSIM ) S 3FAR £ 453 AH BLEE | ffi
JH 5 i[5 2 3743 (Lip-Syne score, Syne ) Al 18 F -1
B 1) A (1 o A ol S 249 2 15 B 5 (Average Ex-
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pression Distance, AED )t ‘E&ﬁfﬁﬂmﬂﬂ A £ 15 25
FELSE R 21 R A ) 220

FAIMIFE 24 T AT EFE VoxCelebl 5 VoxCe-
leb2 MR A2 BIFAS AR . P e al I, 524
ISR 1) 3 3K Sl A A T A B, A T AR A% T
fEbr AR UL S RE R I . 7R BMR BT A O
FEARJT T, A D5 1 7E PSNR (SSIM A543 F R A Tx0
Fb 7735, 10 A JHC A T 3 0 B o 5 00 B T T L
A S A BURE T 5 £ LPIPS 5 LMD % Sz /g i — 24
PE5 JURS BE 936 05 b, A7 BTN B R 8 22 , &
AR 1R 728 55 TR LA — SBovE T T B A mfa g
PE. RN, 76 B O OR35S 3 A0 [0 PR 4 bs (i CSIML 5
Synce) b, AR 77 VAU AR X RS B = A5 03, Bk 1 ST A
[ 3D Z5 Ky S 5 5 Z2 U545 B RlG HLH X T4 T B W)
SEEZSA BT ARAER] . SRR AT
AR T HUS T8 R A i PERE AR I, U AR
TR MR Sk FB iz 3 5 2 A R A 2Bk i 5, AR L
S5 TETETE R LA — B0k A ) 25 M 58 55 O 1hn ¥ R
FaE L Ul B BT 4 0 HE 2R RR A 1E 2 b S5 00 T DR 45 R AP 1Y
AL S SN,

R1 AR FTEMEMIERT AR VoxCeleb ] TRE L

EEERILE

YIRS PSNRT [LPIPS| |SSIMT | LMD | |CSIM T |Sync T
Makeltalk | 28.84 0.28 0.64 | 3.21 097 | 4.81
Wav2Lip | 33.64 0.12 0.86 | 241 098 | 5.28
SadTalker | 30.75 0.21 0.80 | 354 | 098 | 5.14
[P_LAP | 34.42 0.11 0.91 254 | 099 | 526
Diff2Lip | 33.24 0.16 090 | 243 | 099 | 516
Ours 38.31 0.04 095 | 1.62 | 099 | 542

T TR RS, | R R bR AR R R IR
FIRGIFAE PR AR A

R2 AXRHAEMEMERTIELE VoxCeleh2 Wik £

EELERIEE

J: | PSNRT [ LPIPS| [SSIMT | LMD | |CSIM T |Sync T
Makeltalk | 30.47 0.19 077 | 342 | 097 | 531
Wav2Lip | 33.57 0.14 0.88 | 264 | 098 | 548
SadTalker | 30.75 0.16 082 | 284 | 098 | 534
IP_LAP | 34.96 0.10 092 | 246 | 099 | 532
Diff2Lip | 33.94 0.15 0.91 238 | 099 | 5.28
Ours 38.45 0.04 0.96 154 | 099 | 5.62

Ve T R IRIR R YRR, | FORIE PRI R R RS
FR NG PSR A

FEMEZE W . 7E VoxCeleb1 Fll VoxCeleb2 il i £ | Ay
FEPESE RANE 4 FE 5 TR . RIS ROR KR, A
J7 95 A S NI AT AE R B2 Bl L B — B0k B An Ty
W R RIS . 5 RS B SRR A A Bl

(Makeltalk .SadTalker) #H Lt , AS i FEARFF B -0 )
A1 TR, RE A% AE B B 4R 0 1) Sk 3552 sh A A e
B TRT S50 205 ) ol A 1 RS AR AL T B 2 RN S [ 71
Wav2Lip 7558 X S BRI B4, FXT Bt Ak s A AR
R ERAE ML, XE LAAE B 4%k shg o Hh R R S0 A0
W5 R A 0TS RS . IP_LAP TG S A PR B
A RAE SR — B TR R T By — 2k BB H B
VERIRE B PEAS 2, TR 20 9 3R W 5 SF- ¥ . Diff2Lip A
FH 0 2% A4 BB R 4R T 1 A B i S s
B TR ASH EGE U 5o 5e 5, A
RS SRAE TR AN T LA S SRR AR e 5.

M Z T AR D ke il L — S i se O 5 ¥ I
FHE . il Al A e 5 2% IR SRy
it A RS 7 52 22 A8 A A BUR ) i i L 3R
AR E Vi G PN o 0 Y N € S S
B . 3k e AR D7 YA A v O L A R R e M
T EA R
4.3 HBhICIE

K345 T LRW AR b mh e g 25 5% . af
PAF 08 MR AR B BSOS T R AL L AR 2
BRI = 2 35 2 500 00 5 A7 AN R R B 1 42
YEHAT. AH LRI RS | L BT — A & S BRI S
TS 2R 8 AT () A5 P ek 55, 10 BH I S 56 BE A8 1
S8R TSR 45 M 20 BR B AR AS TE AT B T A R
BT S, AR 29 3 AT — 2 iy 11 78 5 3R A 1
JUfA]— bk . SE RS RI AR A T4 b L 35 U R L 3230,
YSUE T Z2 M R % S A RE B T i) E

FAJEIR T 1E VoxCeleb 1 IR - 14 15 Y X 45 314 il
SCERZE R . SRR 38 B - S HE P [R) TR Y I 4% v G
AT HR I X i 2 Y T o ELAT I DUk . AR A A
Bz B R REAE 8 SR AL A AR Rl SR A S P AR
LR S5 R — B0 5 T B A R o A B
R B BRRFIE R 5 X 45 )5, TSR A0 1 1 &2 JR gy it —
S, JR R X SO R IR R 5 B> — B L R
TEOLT , B Mk ) B LA] 22 , JE PR R e PERRAIG
22 RUBE [ 33 7 A3 A B (18] 2% o3 2 1) 55 A A A5 R ) R
FERFAE B RE T, AN T 445 OAE 5 e Ah , B0 43 i Bl
R o TR AT BN RR A , 0 2% 5 5 B A IRAE
RS BRI, e AL T i L — Bk 5 8h
BRI IO T HIE AR , ULEH Z B [F] 51T
550 By B SR e o S e Ye v g HoA SRR .

R BT H B MSAF FAT 2850 , AR ST 2 4N J7 T
TR Rl S « 4 2R B o A B 2 LA B A A TR RFAIE
JUEE B Al S B, N S s . 24 o B2 R 08l 1A,
PEREYINF 2 2100 . o, 0=0 F7m 78 2 Al AR
fENEsE , T8 2 A BPRRAE TC Ik R VR 5 0=1 TR iR
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i o8 4 ARG 5, MARREESI A 2R R A &id
BN GRS B AR E , BRI Y 48 RO PERE . AL Z T,
oV R n] 2 ) SR LSRR RS AEL 0, 1] DX H] A AR
A B IE L2 BCAS ) 23 SR AU, T PR UE I 253
S VB[R] I A 0 T e Bt R LA — B . X W]
JIrf Y 4 18 I A ECPIL ] RE A s T A3 AL BE I A

R

T O TIEANFHRAE R A £ RO [ i@
AR T EL 25 SR, NS SR 0] LUE AR 2 FRAE
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#3 HELRWHEE LHARIBEFWMNID RBEREERIE

WIRES AED| | LMD/ | Sync?
B 0.096 271 455

who. 1 SRR B 0.094 2.64 5.44
who. SRS R e 0.082 2.12 5.81
who JEAR AT HAR I 0.089 2.34 5.66
Full-model 0.081 2.09 5.83

e T FoRIEAR I S PR, | R IR AR AR R A
FRZFNG PR bR AR
£4 7EVoxcelebl H¥EE FFFZ 3D ARS| SHIEH-LUIR L E S

Dk PSNR T |LPIPS | |SSIM T |LMD | |CSIM T
B 37.33 | 0.054 | 0.939 | 1.91 | 0.99
who. R34 HR [ 2% 37.85 | 0.049 | 0.944 | 1.74 | 0.99
who. WP —ECPEASL | 38.11 | 0.044 | 0.949 | 1.68 | 0.99

who. 22 U 3 N R A

stk 3821 | 0.041 | 0.951 | 1.66 | 0.99
wlo. S BEVIZESRIE | 37.94 | 0.044 | 0942 | 1.76 | 0.99
Full-model 3831 | 0.040 | 0954 | 1.62 | 0.99

TE: T RSB M PERRE AL, | FORAE AR B RS . ik
FINVES (i N e IER

RS TEVoxceleh | HIEE FARERERENMEEREHM R o

HRESEL
Tk PSNRT | LPIPS| | SSIMT | LMD /| | CSIM 1
=0 37.33 0.054 0.939 1.91 0.99
o=1 37.94 0.044 0.942 1.76 0.99
o Rl 2] 38.31 0.040 0.954 1.62 0.99

e T R Y AR, | FORIEPRIEIE R IR T
FR LI PR A

ARG LA TURS B AT BR . A LLZ T 7E DR
JZ 5 1 J2 FRAE R B A AR BB, PSNR L LPIPS  SSIM
K LMD S48 bR Y BUS S AR R BE , 2 BH 2 R R AR (1Y) B
HMAETEGRIIE 42 5 250 — Bt i Rl A 28 T T 4n s £
B DT 00 2 0 5 1V e D 2% Fr) S A PR R S RS 1
F6 TEVoxceleb HIEE FMAREARNBHIEREFERASRERIEN

WA EPE RIS

WIRFS PSNR T |LPIPS| [SSIM T |LMD | [CSIM T
{UAEG 2R | 38.20 | 0.044 | 0951 | 1.65 | 0.99
{XHEZHFE A | 38.17 | 0.043 | 0950 | 1.66 | 0.99
NG R0 3831 0.040 | 0954 | 1.62 | 0.99

VE: T FURERRRL P RBRLAS | | FORHE PR (TR R BT AL
FR A TR AR

Pl 6 4 T A [ I 205 T 1 A 2 A 2R A
SRR LA Hh Al A58 B 805 5 pi e 45 X Ik ) ALK £
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Sy AU 358 5 10 SR DAL TN ASE 7R B, ) 4% RE 4 R &
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WY FEERRTRHBIEAE, SO E X sh R
FE AR ) — IR AN . ML Z R, 51 s s
T8 5 SR RE A 27 o 42 SRl E KPR AR | 50N 7843 Fn
AR A S 2% A BURRHE , T E Ds iz 8h
24 K TR SO 3 A 5 T AR T [ SR AT Y A R R
SEUSF B 32 ol R IR 1 5 0 24 7E 45 T 4 )R 25 F e A B
F1 0 TRV, A G 35 38 i T A8 A IO 4% 11 5 BN Y A e
J1 AR T IE A R T SRR e

L7 () SEBR 28 5 v LU 2], LMD B2 i 5 51 i
AT S B B B . Sk R AR R B i, ¢
R A T T S SR N, R T NS LA 25 B A R
Pk . X TUAT I sh 3 w25 A B R R S5 4 — BhE S
20T 3 I A RS2 L SR, A A SSIM ) AR Ak #
AT DA H, B 7 DGR A5 B B A O T, A B S
B SSIM (EAK SRR TE 0.96 LU I, BARKE T4 i K S 4
SR AT B I 7 B EICE A DG4 AT R B, LMD 5 SSIM 77 4F
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SR 22 (3G AT g S 3 MR S5 A AL PR A R B L H
BARIRIE RN . 25 ERA I R R R SRS
A Ak 0 A G B U] — BOHE 7 A — s s R
SCHE M ) 7 AR B A S N R SR BB AR e i 1]
1§, U R TE SSIM 8 AR 4E FHF i A ST, Uil
BERILE I2 338 I 1 5 SRR AT R & 1k
etk

SR AR T S 6 5K h Y 22 B B A G
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B AT B R AT T G0 . 441 25430 H
PSR TR T Rl G 1 ST 3G 5 3DMM 261 R 0T
M 2%, 18 L 5| T2 st A I 245 | 12 8l JBA1 S0
PP 25 , A K S 2 IR NI 1B 45 . 45T N4 11
HARBERR PR AN 7 s . l R 7 ] UL B ARAESE S 808
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WA S 20 690 MB. o, iz 2y J8 0 8038 i 1) 4%
S5 UKS AAE 2% B A, 40
&L FLOPs [ 29 45% F136%; 18 L1515 142 3 i S A
W 25 T N AN 29 3% 5 SRS TE B A 1 1E
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FF, %k FEAE TN 4 v 1 ELA SRR

KRR S — R BRYE . T ™
2% FEARB RS W IE S T8, B = XTI PR B
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El6 ARG E T AW A4
Distance vs SSIM (aligned frames) Distance vs SSIM(Pearson r = —0.796)
i ~&— Distance
60t = ssiM 10985 (g9
ESO » 0.980 ponl Sk ok
S0t 0970 = 2097 =i
1%20 ]
S0l 0965 96
ol 0.960
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Landmark Distance(mean)

7 WUFH O G SR RS S SSIM AR DG 434
x1 EFMETEERESIT

) 265 Params/M FLOPs/G Madd/G Memory/MB
PERLASTE BT RlG 1 S SE IR 3 3DMM 21 22 By ) 2% 12.50 14.30 28.60 120.0
WS 38 Bl R 2% 38.68 2.27 5.91 17.9
32 B R SCHL I ) 19X 245 12.53 39.23 78.39 267.2
S IR NIRAS 5 9 4% 37.68 31.08 62.08 285.0
HAEARY 101.17 86.88 174.98 690.2
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B S AR B ERAY . %0 E 1 B A LR E
B S L 5 L SE R B RS R L 3 T LR I
VRS I 2 A = AL 2R 5 5% AR, S

THESkL R I2 35T BORRE B S RN IR 1. LR A
R, B 7 ik A ML) 2505 5 AN [ 1% it
T7 T EAT — RE DL, Xt e T 2 4 e D A LA ) £
FEHATRURAE A .

% 30k

[1] LIUM Y, HUANG X, YU J, et al. Generative adversarial
networks for image and video synthesis: Algorithms and
applications[J]. Proceedings of the IEEE, 2021, 109(5):
839-862.

[2] CHEN L L, MADDOX R K, DUAN Z Y, et al. Hierarchical
cross-modal talking face generation with dynamic pixel-
wise loss[C]//2019 IEEE/CVF Conference on Computer Vi-
sion and Pattern Recognition. Piscataway: IEEE, 2020:
7824-7833.

[3] ESKIMEZ S E, MADDOX R K, XU C, et al. Noise-resil-
ient training method for face landmark generation from
speech[J]. IEEE/ACM Transactions on Audio, Speech, and



3620 H, T

o
==

il 2025 4F

[10]

[11]

[12]

[13]

[14]

Language Processing, 2019, 28: 27-38.
VOUGIOUKAS K, PETRIDIS S, PANTIC M. Realistic
speech-driven facial animation with GANs[J]. Internation-
al Journal of Computer Vision, 2019, 128(5): 1398-1413.
CHENLL,CUIGF,LIUCL,etal. Talking-head generation
with rhythmic head motion[C]//Computer Vision - ECCV
2020. Cham: Springer, 2020: 35-51.
DAS D, BISWAS S, SINHA S, et al. Speech-driven facial
animation using cascaded GANs for learning of motion
and texture[C]/Computer Vision - ECCV 2020. Cham:
Springer, 2020: 408-424.
PRAJWAL K R, MUKHOPADHYAY R, NAMBOODIRI
V P, et al. A lip sync expert is all you need for speech to lip
generation in the wild[C]//Proceedings of the 28th ACM In-
ternational Conference on Multimedia. New York: ACM,
2020: 484-492.
PARK S J, KIM M, HONG J, et al. SyncTalkFace: Talking
face generation with precise lip-syncing via audio-lip mem-
ory[J]. Proceedings of the AAAI Conference on Artificial
Intelligence, 2022, 36(2): 2062-2070.
WANG J D, QIAN X Y, ZHANG M L, et al. Seeing what
you said: Talking face generation guided by a lip reading
expert[C]//2023 IEEE/CVF Conference on Computer Vi-
sion and Pattern Recognition. Piscataway: IEEE, 2023:
14653-14662.
ZHANG W X, CUN X D, WANG X, et al. SadTalker:
Learning realistic 3D motion coefficients for stylized au-
dio-driven single image talking face animation[C]//2023
IEEE/CVF Conference on Computer Vision and Pattern
Recognition. Piscataway: IEEE, 2023: 8652-8661.
EGGER B, SMITH W A, TEWARI A, et al. 3D mor-
phable face models—Past, present, and future[J]. ACM
Transactions on Graphics (ToG), 2020, 39(5): 1-38.
MUKHOPADHYAY S, SURI S, GADDE R T, et al.
Diff2Lip: Audio conditioned diffusion models for lip-syn-
chronization[C]//2024 IEEE/CVF Winter Conference on
Applications of Computer Vision. Piscataway: IEEE,
2024: 5280-5290.
XIETY, LIAO L C, BI C, et al. Towards realistic visual
dubbing with heterogeneous sources[C]//Proceedings of
the 29th ACM International Conference on Multimedia.
New York: ACM, 2021: 1739-1747.
ZHONG W Z, FANG C W, CAI Y Q, et al. Identity-pre-
serving talking face generation with landmark and appear-
ance priors[C]//2023 IEEE/CVF Conference on Comput-

er Vision and Pattern Recognition. Piscataway: IEEE,

[15]

[17]

[18]

[20]

[21]

[22]

(23]

[24]

2023: 9729-9738.

VASWANI A, SHAZEER N, PARMAR N, et al. Atten-
tion is all you need[EB/OL]. (2023-08-02)[2025-10-01].
https://arxiv.org/abs/1706.03762.

CHENG K, CUN X D, ZHANG Y, et al. Videoretalking:
Audio-based lip synchronization for talking head video
editing in the wild[C]//SIGGRAPH Asia 2022 Confer-
ence Papers. New York: ACM, 2022: 1-9.

SUN Y S, ZHOU H, WANG K, et al. Masked lip-sync
prediction by audio-visual contextual exploitation in
transformers[C]//SIGGRAPH Asia 2022 Conference Pa-
pers. New York: ACM, 2022: 1-9.

SONG L, WU W, FU C, et al. Audio-driven dubbing for
user generated contents via style-aware semi-parametric
synthesis[J]. IEEE Transactions on Circuits and Systems
for Video Technology, 2022, 33(3): 1247-1261.

HUANG X, BELONGIE S. Arbitrary style transfer in re-
al-time with adaptive instance normalization[C]//2017
IEEE International Conference on Computer Vision. Pis-
cataway: IEEE, 2017: 1510-1519.

YANG S L, WANG W, LING J, et al. Context-aware
talking-head video editing[C]//Proceedings of the 31st
ACM International Conference on Multimedia. New
York: ACM, 2023: 7718-7727.

GUAN J Z, ZHANG Z W, ZHOU H, et al. StyleSync:
High-fidelity generalized and personalized lip sync in
style-based generator[C]//2023 IEEE/CVF Conference on
Computer Vision and Pattern Recognition. Piscataway:
IEEE, 2023: 1505-1515.

KI T, MIN D C. StyleLipSync: Style-based personalized
lip-sync video generation[C]//2023 IEEE/CVF Interna-
tional Conference on Computer Vision. Piscataway:
IEEE, 2024: 22784-22793.

GUAN J Z, XU Z L, ZHOU H, et al. Resyncer: Rewiring
style-based generator for unified audio-visually synced fa-
cial performer[EB/OL]. (2024-08-06)[2025-10-01]. https://
arxiv.org/abs/2408.03284.

ZHANG L H, LIANG S, GE Z P, et al. PersonaTalk:
Bring at-tention to your persona in visual dubbing[EB/
OL]. (2024-09-09)[2025-10-01]. https://arxiv.org/abs/
2409.05379.

PAYSAN P, KNOTHE R, AMBERG B, et al. A 3D face
model for pose and illumination invariant face recogni-
tion[C]//Proceedings of the 2009 Sixth IEEE Internation-
al Conference on Advanced Video and Signal Based Sur-
veillance. New York: ACM, 2009: 296-301.



%

10 14

WS R A B T U S SO -1 Sl Bl A S A JC e IE 5 7 1k

3621

[26]

[27]

[29]

[30]

[31]

[32]

[33]

[34]

CAO C, WENG Y, ZHOU 8§, et al. Facewarehouse: A 3d
facial expression database for visual computing[J]. IEEE
Transactions on Visualization and Computer Graphics,
2013, 20(3): 413-25.

DENG Y, YANGJ L, XU S C, et al. Accurate 3D face re-
construction with weakly-supervised learning: From sin-
gle image to image set[C]//2019 IEEE/CVF Conference
on Computer Vision and Pattern Recognition Workshops.
Piscataway: IEEE, 2020: 285-295.

RAMAMOORTHI R, HANRAHAN P. An efficient repre-
sentation for irradiance environment maps[C]//Proceed-
ings of the 28th Annual Conference on Computer Graph-
ics and Interactive Techniques. New York: ACM, 2001:
497-500.

JADERBERG M, SIMONYAN K, ZISSERMAN A. Spa-
tial transformer networks[EB/OL]. (2016-02-04) [2025-
10-02]. https://arxiv.org/abs/1506.02025.

PARK T, LIU M Y, WANG T C, et al. Semantic image
synthesis with spatially-adaptive normalization[C]//2019
IEEE/CVF Conference on Computer Vision and Pattern
Recognition. Piscataway: IEEE, 2020: 2332-2341.
LW, e, S, ST TEALE R R e 2 M 2% ().
L2441, 2024, 52(7): 2393-2406.

JIANG W T, GAO Y, YUAN H, et al. Image classifica-
tion network of gating mechanism[J]. Acta Electronica Si-
nica, 2024, 52(7): 2393-2406. (in Chinese)

GENG D, HAMILTON M, OWENS A. Comparing corre-
spondences: Video prediction with correspondence-wise
losses[C]//2022 IEEE/CVF Conference on Computer Vi-
sion and Pattern Recognition. Piscataway: IEEE, 2022:
3355-3366.

JOHNSON J, ALAHI A, LI F F. Perceptual losses for re-
al-time style transfer and super-resolution[C]//Computer
Vision - ECCV 2016. Cham: Springer, 2016: 694-711.
CHUNGJ S, ZISSERMAN A. Lip reading in the wild[M]//

EEEN

FRIEE 59, 19924F 3 1Ak TldE s X
. AL T AT A A L4 &
SUEI ST . BB 1 S
FIDAEA N AT B
E-mail: 290306@whut.edu.cn

[35]

[36]

[38]

[39]

[40]

[41]

[42]

[43]

Computer Vision - ACCV 2016. Cham: Springer Interna-
tional Publishing, 2017: 87-103.

NAGRANI A, CHUNG J S, XIE W, et al. Voxceleb:
Large-scale speaker verification in the wild[J]. Computer
Speech & Language, 2020, 60: 101027.

CHUNG J S, NAGRANI A, ZISSERMAN A. VoxCeleb2:
Deep speaker recognition[EB/OL]. (2018-06-27) [2025-09-
20]. https://arxiv.org/abs/1806.05622.

SIAROHIN A, LATHUILIERE S, TULYAKOV S, et
al. First order motion model for image animation[EB/
OL]. (2020-10-01)[2025-10-01]. https://arxiv.org/abs/
2003.00196.

BULAT A, TZIMIROPOULOS G. How far are we from
solving the 2D & 3D face alignment problem? (and a da-
taset of 230, 000 3D facial landmarks)[C]//2017 IEEE In-
ternational Conference on Computer Vision. Piscataway:
IEEE, 2017: 1021-1030.

LIU L Y, JIANG H M, HE P C, et al. On the variance of
the adaptive learning rate and beyond[EB/OL]. (2021-10-
26)[2025-10-01]. https://arxiv.org/abs/1908.03265.
ZHANG M R, LUCAS J, HINTON G, et al. Lookahead
optimizer: K steps forward, 1 step back[EB/OL]. (2019-
12-03)[2025-10-20]. https://arxiv.org/abs/1907.08610.

YI R, YE Z P, ZHANG J Y, et al. Audio-driven talking

face video generation with learning-based personalized
head pose[EB/OL]. (2020-03-05)[2025-10-20]. https://
arxiv.org/abs/2002.10137.

ZHOU Y, HAN X, SHECHTMAN E, et al. MakeltTalk:
speaker-aware talking-head animation[J]. ACM Trans
Graph, 2020, 39(6): 1-15.

ZAKHAROV E, SHYSHEYA A, BURKOV E, et al. Few-
shot adversarial learning of realistic neural talking head
models[C]//2019 IEEE/CVF International Conference on
Computer Vision. Piscataway: IEEE, 2020: 9458-9467.

BERE B, 19664F 11 A A Tt s
T SR TIETREALR R 5 AT
B 27 e B i I 27 B 85 2= BF N T REF 592 i
B2, BB RO AR ALER2 ) AR
U

E-mail: xiongsw@whut.edu.cn

=



