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Abstract: Objective Currently, the speech-driven 3D talking face generation technology has considerably matured, par-
ticularly with recent models based on vector quantized variational autoencoders (VQ-VAE) , which achieve highly vivid

facial expression generation by quantizing facial motion features. However, existing methods still suffer from limitations in
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facial reconstruction accuracy and emotional control stability. On the one hand, the facial detail reconstruction capability
of VQ-VAE models requires further improvement. On the other hand, emotion guidance strategies in existing models
remain relatively simplistic, failing to fully utilize multimodal information beyond speech, resulting in generated facial
expressions that lack realism. Method Inspired by the structures of conditional variational autoencoders and VQ-VAE-2,
this study proposes the DecTalk3D model, a hierarchical decoupling method within the VQ-VAE framework. Facial fea-
tures are decoupled into high-level and low-level features. ldentity vectors and descriptive text are introduced as external
conditions to decouple the high-level features. Afterward, the decoupled high-level features are used as internal condi-
tions, working together with the two external conditions (identity vector and text) to further decouple the low-level fea-
tures. This hierarchical decoupling mechanism aims to improve the facial reconstruction quality and the stability of emo-
tional expression. During generation, speech and text information jointly guide facial generation in different ways: the text
is encoded by the CLIP text encoder to leverage its rich semantic information for holistic expression control, while the
speech is encoded by Wav2Vec 2. 0 to precisely control lip movements and other subtle expressions. The model generates
accurate facial motions by integrating multimodal information at different levels. Result Experiments were conducted on the
multi-view emotional audio-visual dataset (MEAD), 3DMEAD and TA-MEAD datasets and included quantitative evalua-
tion, visual analysis, and ablation studies. The proposed model was compared with FaceFormer, CodeTalker, FaceDif-
fuser, and ProbTalk3D. In terms of overall facial reconstruction accuracy, the proposed model achieved a 5. 9% lower
mean vertex error (MVE) than ProbTalk3D—which also incorporates emotional input—demonstrating that explicit emotion
modeling effectively enhances geometric consistency and preserves facial structural accuracy , particularly for complex emo-
tions. In terms of lip motion accuracy (LVE), the proposed model ranked second, with a 16. 7% gap compared with the
top-performing FaceDiffuser, while still outperforming FaceFormer and ProbTalk3D. The limited improvement may stem
from the hierarchical decoupling approach, which, while decoupling emotional conditions, offers restricted decoupling for
the mouth region, affecting detailed performance. In upper-face dynamic deviation (FDD) , the proposed model signifi-
cantly surpassed traditional methods even though it is inferior to ProbTalk3D, reflecting its ability to express emotional
intensity. Moreover, the model showed notable advantages in distribution-based quality metrics: it achieved optimal mean
estimation error (MEE) and coverage error (CE), with MEE 4. 1% lower than ProbTalk3D and 58. 4% lower than Code-
Talker and CE 8. 2% lower than ProbTalk3D and 61. 6% lower than CodeTalker. This result indicated that hierarchical
decoupling enhances distribution concentration and coverage of real samples, making generated facial motions close to real
faces. However, the model had the lowest diversity score, highlighting a trade-off where hierarchical decoupling ensures
semantic consistency but constrains variation—beneficial for emotion accuracy yet potentially limiting naturalness.
Although traditional methods showed orders-of-magnitude differences in MVE and FDD due to lacking emotional input, and
ProbTalk3D excelled in FDD and Diversity but lagged in accuracy, the proposed model balances high-precision reconstruc-
tion with superior distribution estimation through hierarchical decoupling and multimodal modeling. Conclusion Experi-
mental results demonstrate that the proposed hierarchical decoupling-based method produces accurate and stable facial
reconstructions, excelling in maintaining facial geometric consistency and expressing complex emotions. The model’s key
innovation lies in its layered feature decoupling within the VQ-VAE framework, using identity vectors and text as external
conditions and high-level features as an internal condition, which significantly enhances reconstruction quality and emo-
tional controllability. This framework offers practical value for HCI, digital humans, and animation. Quantitative evaluation
shows superior performance in MVE, LVE, and FDD, alongside stable MEE and CE scores, confirming the model s ability to
effectively integrate multimodal information for generating realistic expressions. Ablation studies validate the critical roles of the
hierarchical feature decoupling and the synergy between internal and external conditions. However, limitations remain: generated
lip movements are less pronounced compared with real speech, the current two-level feature decoupling is relatively simplistic,
and the diversity and subtlety of emotional expressions require further improvement. Future work will focus on improving lip-sync
quality, exploring finer-grained decoupling dimensions for differentiated guidance , and enhancing expression diversity while pre-
serving accuracy. The source code is available on GitHub Chttps://github.com/chen114514sheng/DecTalk3D) and archived on
ScienceDB (https://doi.org/10.57760/sciencedb.j00240.00095).

Key words: 3D face generation; vector quantized variational autoencoders (VQ-VAE) ; Transformer; feature quantiza-

tion; emotionally controllable
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BN S A 5 ON I R AE il A A — R, DU 2k
Transformer )72 > FFAIE . 38 320 % 22 FAS [ il 5w
I 38 R AT HL 5, DecTalk3D f 2% AR N5
HHSReAH & 17 BRI .

TEAS RA 2 B ER , B0y o] & s il ok — T
R P 28 (feed-forward network , FFN) ¢ B {5 i 55 /2
S, A5 B G I 0 B O R R S0 SO ¢ WU
IFil 7 A ) CLIP SCAS 4 8 b — S35 FEN 1)
SCAS WS 22 5 IR 4t , LA 32 53 R ] CLIP Y AE 25 [] 1Y)
FE/IESUF R 1B G 5 0 SCARFRE T s 7
N4 X0 I il R ) N IR R AR AR 3R, 52 BEAS [m]
EZ R RG o FENS )=t e mla 2 b, N2
Q. FCil i TZE—JRZ FRAEJZ Y eI ] 24 2 i
JE 2 5 N JZRHE F,,, I B2 AR — 3, 15
TN BE T FEN B T00Z WS 2 G, 5 i 5 9 50
AN TEMRRSER AL G )Z T, Q) F1 Qo G531
A TR FRAEZEFC)ZE FoRAEEY e [A) 45 22 1 K
JE B i A BN IGARAE F s TR 4R B A K B —38, Q.
P38 A8 002 W 55 2 Gt R, B S o P A AR N . AR
SRAF G R 2% il 2 B R B R R AT AR

S = FFN_(s)
T = FFN,(Enc,, (t)) (6)
F, =SXTxF,
Flo,=SxTXx (FFNmp(Uplop—bmmm(olopl ) + Fl)ollom)
Fl.=S8XxXTxX(FFN,,(Up,, (Qu)) + UPpuion (Quoiomi )

(7)
K, FEN () R B2 | Enc,, () 7R CLIP SCA G
8%, Up () FoR FRAE#RAE
TS 1y B A A I 25 ok 5 e, S 0A 0 8 2
Lo FLAE 44T 53 - THUZ i AL AR I R R L, IR
JE A ALK L, R SR RO EL AR
L., X FHiZ40,, WEEBKL,, -

AR AT AR R N
L = |58(Z o) = Quut | + B] Zos = 52(Q0) |
Lyt = [ 58 (Ziont) = Qo | +
B Zim = 58(Qriont) | (8)
|- | R TIT R, sg () o5 IR 4R B =
0. 25 -4 ) A 8 SR AR E MR A
R R IR K5
Logi = - 9|
Ly =10, -0, " (9)
PRI, B A4 2 7T LA AR
Lyer = ALy + ALy + ALy, + AL, (10)
b, WK RN E S BOE WA, = 2,A, =
1,A,=6,A, =8,
2.3 £HSISHMIETIESNIDIRIE AR ER
TEER 1 Y BOSE AU AR R R e Ll |, 56 2 i Be
AIREUAE PR a MR WA o T TUZ i e 0
O JZ G i A5 -5 00 R N R THUZ S i i L RS )2
i 1% #1145 K 2R AL, XA AE TAE L T 4 Trans-
former JZ2 B9 2B 5 HE 1 L8 AN, FEEEIR)Z
25 A 4% T 38 0 T 40 & HUBERT YN 545 8 78 4 Y
T i e R I i ATE & o RIS I RRAE A
(7] 5 R T 8 25 A2 R P 38 S i S, A B o T2
FRIE A, FNE S )2 FE A, T 5MR A& —R
By AERS 1y B G O ] 8 AR 9 4 A g R A £
i SEIBEE NRRAE F ., AR R 55 2 B B p s 2
SEFAYIRint B2 an ] 2 B o
h T AN G R AR E , 7R85 2 B BB AL I 24
(R RTEST , A= 2R 1 I BeRsE AY [f] i A S 45 B A X B
W TUZAFE Z,,,, KR EAFIE Z, o TPHEX PR
TES5 2 B BEA: WA X I 15 TOUZASAE Z,,, FIE IS
JERFNE Z, 00 BEAT X HE , S5 2RAE S0 55451 2 50 A B
Pk, PIN TR E GRS a0 Z,,0 1 Z,, 0 TS
1B Bel RS A €, I C,,,, AL, 15 B S
B9 Qo T Qo » P A T 5 S L 1 A % 5 15 281 A
BB AR F,,0 F,, TTELRA Rt Sy )
KRSz, T A AR s i ok
55 2 By B AU Y B AR I it FE A 3D AR A B
AT LAFRIR N
A = FFN, (interpolate( HUBERT (Re,(a))))

1111111

Amp = Downmp (Almnnm ) ( 1 1 )
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QlopZ = Qua’ntwp (Tlop2 (Fump (Se ta A’[op )) ) E‘JEE&E’\'% Ljawz ’ ﬂﬁ‘{zli%%/j—:\‘j‘j
QbouomZ = Quantbulwm (Tbullum2 (Fub()ll()m (S’ L, QlopZ’ Abullum )) ) l 2 = ” Zt ol Zmp2
( 12) bonomz " Zl)mmml - anunmz || ( 14)
Fgen = Convdec (Tdec (Fudec (S, L, Qlop27 QbullomZ ))) ( 13) - | l/’ — lﬁ" ||
A H, interpolate(-) TR NVENG(E)Z , HUBERT (1) £/~ ) " 0 -0 (15)
J,Jw Jjaw jaw
SEial|
HUBERTRA. PR, B P 7T L
E*”zm&ﬁﬁﬂﬂﬁﬁllﬁﬁﬁﬁz*,ﬁﬁi?ﬁiﬁ%hwgez 2= AsLyy + AgLys + Ayl ) + AL 2(16)
stage top! ottom exp jaw’

F1 4503 A8 0 H DUZFFAE RS SR L, S b B AR E 2 R P i A, = 0.2,
JEJZFFAE AR TR Ly IV ABVR L, 10, A =0.1.A,=6.1, =8,
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H L topl H H
v : E
JJ— bR L :
ABA’_._AE B -l'---.l bottom2 :
’> ’, ! U i
U P i
ln E E E
{%ﬁ%%ﬁ H b L 5
TREE ﬂ!A’sz:' Transformer 2 z,, : E
é v
R 2 ;
E H

EpE]
) >l éﬁﬁ%%ﬁ GADEE > GupEe e
11 %gﬁﬁg" TORAESZ Hﬁﬁnf’ HTransformer}i—' Z,.

B2 202 [ B s M Al 2R AR

Fig. 2 The model architecture and training pipeline on stage 2

BESEG, A KL Rl P PRSI AR SCIUfE HT MEAD %%

3 X I§ Y AE o 1 R BRI A
3DMEAD 3444 %k | EMOTE i 3¢, 3£ T 2D %
3.1 #iE&E FIA B B 42 MEAD (Wang %5, 2020) ¥4 £ , i i

AWEFE L AH 3 A KOs 4E - MEAD (multi-view  FLAME 7 @ #4535 3D A 240, 3DMEAD #¥i
emotional audio-visual dataset) . 3DMEAD I TA- LR A S E W B, ¢, 0} e R N 25 Wi/s, £l 7%
MEAD , LS I ZRAPTA HRIEIRZE B e R RIESH P e R THSH

MEAD Jj& — 4~ 2D & #4020 48 48 (Wang %, 0, e R RS0, e R ARUP5EEAH
2020) , f 75 48 (AR [ FPIEFIVE B 230 i eiE PIERES g MRS, IGREEEL, Az i 1wk
A RS R 7 R R (DR 60 i SRR A, RAS S IR AR S R B A& Jey Sk S 4
TF R POE BTSSR N 3R 0, AR RGE BRI, 2R Sk i S R
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FREE, Fh3E, KREX
5 Bfi##E5| SRYERAIE VQ-VAE 3D it iE A B £ i 77 %

0,100 VEE N 0, AT AL 5200 4514

TA-MEAD %4 4 % 5k B TalkCLIP & 3C (Ma %,
2025) , & —A~H T MEAD #5215 5 3)
VEBY SCARHREE . TA-MEAD 44~ AT 4 it — 41
B ML AL A B A A 38 SCA, SCA A% X [ (SUB)
(EMOTION) speaks with (AU) ], HiHf' (SUB) %7x
iR x4, (EMOTION) /R BB AR, (AU)
FOREFBNVENE B o BT (AU #4028 B 1
SVEAE B N AN BEAIL , 25 52 M AR 8 2 5] 55 74 J
it B YRR E M, AR LS R (AU F AT B S
AL R T HEGA R, LS S AR s 1E R
it K
3.2 XWEE

¥ TA-MEAD $d 4 v 1) SCAH 48 5 3DMEAD
BN 3D A S0 MEAD B4 118 5 B 4t
[ H PR A N2 o R P A B 25 R AL R
XTI AE AT T AL B B A A 1 SCAS 3B A
3D ANB: S 80—— X B, IF¥ i A 3D G S 8503k
B [ XoF 55, B 2 A BRSO BOHE B 6 1 46 (37 323K 1)
19 371 445 . Ab P58 B s 4R 4% L 91 B AL )
a3 RN ZREEFIRAE , o, 80% I TR A1 I 25 , 8l
A2 20% TR 5 PR, ARG RS R (472 1L fig 1 9F
PEFHPEREIEAS 1 AT S

AR SCHR AR TR FH B K NVIDIA 4090 GPU E4T
IR, 565 1 B 25 800 % , FEIF 25 16 he 45 2 By
BRI 25 200 5, FEIT 29 18 ho SHIGTESR 7 1
AR, DecTalk3D 5 i 4F >k A & 1y HoAfth 3222 3D A
J6 A SRR AT T 6 e S5, AR AR 3D G 1)
R BE I BRI 1 VB 1 B 22 A e 5 Dy T ke A 7 3
T mAEPEPES o A T 1A, DecTalk3D AS[RI 41
XA SR A SR, AR SCHEAT T R I ()T RS 565
3.3 XJLbsEIE
3.3.1 ErSHr

FEFE AT R, SR FH 22 436 bk a2 o PEAR AR £
o RV R R . T R 22 TR T
SR ZE ARG Bh A 25 55 T RS REA H EREL H
TG E R AR A . PR 2E R
W MEZFEVEAE Z A IR, TR R
R PER A (R HE

ST 5 iR 2% (mean vertex error, MVE ) 315 7l
DT P N T A5 55 2 S =2 1) 7~ 35 R ECHE 5, DA

VA TP E YRR AAORS B o VSRR BT A A Y
WAL, %, S 55 WY LS, &, BT, MVE /Y3
S W

(17)

Save = ]1[2” X~ X,

J&5 3 101 45,12 22 (lip vertex error, LVE) 3. it

T 4 Jrs S DX T A 5 L S 2 ) 1) B R L2 4% 22 L 9K

J X i A WSR2, DAPPAS A B0 B Sl AE RS E

N 227 B AT D4R B9 ST, o), R LS MUY JRs

DI TR, 1, 28 705 FOUI ot 14) i 38 X S T3 . LVE 1Y
A

Sive = szmaxu xiip - 92{;}, "2 (18)

= 1 3 75 I 22 (upper face dynamic deviation,
FDD) 354 16 X35k 19 1 ¥4 20 245 22 Ak 5 B SR 1)
2 VPR AT R . A R a4 iy B B
M, FTRELSLM E I X SR TR 5 3, M, FR B
DT ) i DX SR T 65 3, A TSR F 25 4
Y NG T A5 2, dyn () 3w VB T) B9 12 18 22 .
FDD B33 N

S = S oM = donh, )| (19)

S B4l 1t 1% 22 (mean estimation error, MEE)
(Yang 55 ,2024) PEAG AR 70 0 SR AL 43 A I 34 (E 5 B 5K
(BRI R T o X R E A2 i 10 A T3
XEEREA B IIE E (%), FEXT A X3 19 MEE B
. MEE /N 38 - 155 7 58 B8 A3 00 AR Bl 42 30T
SRRz 8. MEE 320N

S = five (2, E(2)) (20)

B 35 1% 22 (coverage error, CE) TPAl 5 1) R A
I3 S B E R T . it 5 MEE 2810 T
AR E 10T S, I 78 BLIEFAE REAR
Z M LVE TR R 5/ MA , F5%F BT A £ s 1) CE
BOF-34 . CE M/INR R AR A% F o8 4y b 38 56 1 3
SRR IZ. CEMTTRER N

Je = min fiy (2, E(%)) (21)

ZBEE (diversity) (Ren %, 2023) PEAG A A= 1
B Z R, 5 MEE Fl CE 2800, X 44 38 50 40 A4
B LOMEAS X585 i B W 2R U 10 M AEAR
3RS S, A FAE TR A FAES N FEAR TR
SRR EGHE B, P T A IR 1Y diversity BT

3023



3024

PEERBEF ik

JOURNAL OF IMAGE AND GRAPHICS

Vol. 31,No. 8,Aug. 2026

Y], Diversity (3 THE =
1 A B
fDiversily = A X B ZZ‘

$ DecTalk3D 5 FaceFormer. CodeTalker. Face-
Diffuser(Stan 2 ,2023) 1 ProbTalk3D 47 %} LY., 2256
ZERMFE IR,

DecTalk3D [ MVE FH% F [R1FE 5 A B A B
ProbTalk3D FEAK T 5. 9%, X & W AR E A9 I 3K
AR RE A AR T 1 R A Y LA — Bk R R AR
FIRG ARG I R T R 2 ) ) MERA M

TE & HRAH S48 bR I, B8R DecTalk3D [ LVE
YA B8 e A 1Y FaceDiffuser 7715 16. 7% 1 22 15
F%E T FaceFormer 4271 T 4. 9%, #1%¢ T ProbTalk3D
BT T 6. 1%, FFHBARR . X 0T RESE T4 2
() 7 2 B AR TR AR AR R AT T AR, (R[] Ao e 5 38K
X 8 58 DX 358 ) fit R 5 SR B ol A 0 DX e 4 1
AR,

DecTalk3D [ FDD 8 #5 i N & ProbTalk3D, 2%
5B LR G B AT S5 E B IR S X 2
Bl E , S AR AR G v PR A 7= A sh A w22, s
TGRSR RSR AR DR AT e TSR S
o R T (AU B TR Tk 2 > W R X A 47
(B 22 TR B VR T

DecTalk3D 7E MEE 1 CE 85 _F Y3k 8 &, A
#F ProbTalk3D, MEE F8 4RI T 4. 1%, CE F5h5kE
fiX 7 8.2%, #H %8 T CodeTalker, MEE $§ b5 [ ik T
58. 4%, CE 8 FRIFAK T 61. 6%, X % B i 5] A4
JE ARG 7 R B A R TH A U A I S o 1
FIN G FE ARSI 18 53 A 4 v B8 DL RO LSRR AR (1 3

(921.1' eS)- (ﬁi,f €s,)

2(22)

R8T, AT A B G Sl B e B ARG .

DecTalk3D 1) £ #£ 4 15 75 fe I, A %% F Prob-
Talk3D il CodeTalker ARFAAE F R 220 o Je ity 432
it RRAE A B i P ARIE T S — B0 Y TR B, X A=
AR ZREME AT —E 2R, X Rt S
Z N 2 R AU A 6 1 BRI 0y 2 i 1 1 FH 75 5K
RIZE QR B IR A M O T B AL 0/F 38 B 1Y sl
Al . — 5 T, T SRR VA B A BEAS (o AR it R
hnnr s 5 —J5 i, 2R 2 e A R ARG 3
I dp 5 R A

M LVE | ZFEPE SRR BOR A R L& MVE  CE
LEFERRINAL T5 R ISR |, DecTalk3D i JH 14 552 5
T 553 2 R 7 TR AE BT A A SR A e 1 Y TR
B, A, 25 X6 A B ELAAR A0 45 A0 A B 1) 22 R 1 TR
FURIEZI . A, S04 o] LG i DAL i vk
5 RAEG A LGS G ok 92 i X 1 In) 8, SF- Al A= 45
JE R S 22 RE: STEREE 0 S35 At 4 ) 5 A B

fE48 )7 s h F e = 1 B A, 7 MVE (FDD 4§

Bhr b IR 22 e, RN AR X 3D A

AR EENE, ProbTalk3D B AR LE FDD Al diversity 1
b R B S, AE 7R A RS 0 o B 1 AR T
DecTalk3D 4 FlF K 6kt . DecTalk3D i# i 51 A 43 )2 it
FFN Z2 RS IR R AT, 7 (R A v A B i e g [l B, 5
BT LR A A TR T o
3.3.2 AL HT

FE T AR A3 AT v B AS [RASE R A ol 1 TS Sl
5 H AL B 3 4E (Ground Truth, GT) #E47 %8
i 1 A (heatmap ) H AN R AR TR A= B i) sl 1 5 2
TIEREAR 1 22 5, I 38 A 05 AR PR % AN

®1 EENWER

Table 1 The results for quantitative analysis

wim M\{E ! L\(E ! FDﬁD ! M]*;E } cg ) dive{sity 1
(X107 mm) (x10™* mm) (x10™* mm) (x10™* mm) (x10™* mm) (X107 mm)
FaceFormer N/A 0.616 8 N/A N/A N/A N/A
CodeTalker N/A 1.624 3 N/A 1.291 8 1.2713 1.290 1
FaceDiffuser N/A 0.488 7 N/A N/A N/A N/A
ProbTalk3D 0.715 7 0.624 5 0.005 1 0.560 5 0.5325 0.3576
DecTalk3D(A<30) 0.673 8 0.586 7 0.1554 0.537 4 0.488 6 0.2547

e T RN S, | RN ML . IR R IR IR TR BB RIS . N/A IR FaceFormer , CodeTalker |
FaceDiffuser B T3 A THEGA , 2B A NS BA BE Z05 , M MVE Fil FDD 35455 DecTalk3D #1122 B K, AT LR
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[ ABE A5 £ o ) A 5 L SRR 1) 2 ¢

3 o AR PR AT A A [ AS A A il 3D MK TH A
Wiz, 05 B EHE T . E S iys,
M %5 4 “Who authorized the unlimited expensive
account?” (WEFZAL T TCFR 2% FMK 7 2) 48 B 2,
Az L3538 B % L A 3 s o B 3 JROR T A5 A
R B 3D G TS B Y BB R AR o 25, OF 5
SEAE AR B AR AT L TR B R s F 12 3
b s Ron s L2 . WEI3ELLE S,
FaceDiffuser fl FaceFormer H1 T &t = 1 J8H A , 15
SRR, RAEMET AT W 2 21 4F . CodeTalker AJ fi§
JEH T2 A B AR TR AR — BB .
I DecTalk3D 5 ProbTalk3D # Lt , B SR W sh 1E 1%
A ProbTalk3D HEAY B & {H A& RS /E - T H2 3 EL 51

228888
~388888

Dec- Code- Face- Face- Prob-
Talk3D  Talker Diffuser Former Talk3D

K3 FHEshiig

Fig.3 The comparisons on mean motions

P 4 JE7R 1 AN [ RERY A  ) AHK AL33 '?Eik
AL AT 7AW T 1 T A A, HL e o i o
5| N %5 4 “Withdraw all phony acquisitions at once”
(57 BRIR1 B R WS ) 1 Then best radar would
help with this test” (I} 2 s i1 B 8K A3 Bl 3 35 )
) TE R BN B HIRAR . 17 /R TR E i
TP AT IO B — SE S HE AR . AT 4 BT AR
2|, CodeTalker . FaceDiffuser #1 FaceFormer iX 3 > &
T ) AL e/ LS 0 T AR SR L A R X R
A W5 34, 17 CodeTalker WS Xtk — EL7E A -
DecTalk3D A5 B MG WL A7 5 A T 3 2 1 A A
A TR A 1 ) A AR S0 L SR AR Bl
FaceDiffuser , FaceFormer £ ProbTalk3D F) I 3 2 /F
FH L AL S0 T 52 G F) e B sl A, (B S A T

WEER SR IR AN, S BORE HLSE

3.4 HREREIE

R T VAR AR Y AN [ 2 A SR 1 B BT
R, 38 A T S, 2 AL B R AR TR g O B AR ok
3T S AL PR R A S o 31 S 56 2 X AR

5 (B3 ) it s FIOSCASHE A o) DL R AR A5 14 (02
RRAE Q,,, ) HEAT I A, LAt e A6k A B 2 2 A A Al
BOCRBIER . THASCI A& DL P BRI S . 1) 58
AT A5 AN AR DA S B A 1, FH T 3 o X
L VE BRI AR R AR I 275 5 2) TEANR A1 B2 BR
By 1) 4 s FISCAR A ¢, LATEAG ST 4 - A A2 i 22
BEE A AR A 5 3) TN BB A B R T
JZHFRAE Q,,, . AW EE TO 2 R AF A 42 T+ A R i
i 0 AT 4 1 T 9 DR 5 4) TC AR A% A4 R 3 2%
1 < TR A% B A1 38 R0 P 3 2% A, ASAR IS 2 AR AE
Qoo » AVEAL 5RO VE T . B X SE I 1, )
ME T 45 4L X 455 78 1 B 10 2 g, S0 56 45 SR n 3 2
JiR .

M2 0T LU B Bk By 1) B AOSCAR AR S
MVE #§#5 | T} 52. 9%, LVE 3845 | Tt 80. 7%, £ W]
LT f) T ARG R AR, WA B (5 S SUAR IR 1
2 RO PR 1S N P LA R E . Dy — T
FDD I Ft444. 7%, F A R 9 R A S Ed A T
JE L UEB T AR A R B AT Rd i B X sk i 8 2
1B IL . AL, diversity 3111 33. 9%, I 4 % 29
WIRARW AR EA T#RI . [FE MEE 3 n
86. 2%, CE 4111 77. 6%, I W 3 A Ji: A= 5 %) o i 2
KRR BB TUZHRE S , MVE 845 ETF5. 6%,
LVE #8645 LT+ 14. 3%, 6 BHAS Y (%) 41 15 55 2 g S A7
T —5E R, UEB T2 FRAE A9 i AT T A0 1 A=
WASEE . FDD - TF30. 1%, % B T0UZ RRAE X 2615 3h
YE A B R R B P8 E R o diversity BRFE T
48. 4% , ZZHREME T, s o0 SR SRR AR R A
PEMEEAEH o[RBT BR AN R A AN T3 2 FRAE BT
JIT A5 48 b5 49 35 Fe 22 /KT, U BB U 1 ™ E T
B SE B B MEE [ 7} 95. 2%, CE |71 98. 6%, iiE
S 2 REAE B At FH B B 1 KR R R . FDD
FH A BRTURRAE B 37 5, UM &S5
A A L [m] A) 2 T X e JC I B A2 Bl 9 XL 2 R
B

T T S, B TR TR ) 45 ke B A
BCRE TN FIE . AMERAA B IR T TR RS 5 30
VERITERGE | 02 FRnE s A 2045 5 e 5 sh A 451l
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Withdraw phony acquisitions at once Then best radar would help  with this test

P4 AR T L 5E

Fig. 4 The visual comparison of facial video frames

*2 HEALWAER
Table 2 The results for the ablation study

pom MVE | LVE | FDD | MEE | CE | diversity T
(x107 mm) (x10™ mm) (x107* mm) (x10™ mm) (x10™* mm) (X107 mm)
TR AR Y 0.673 8 0.586 7 0.155 4 0.537 4 0.488 6 0.2547
Tos.t 1.0305 1.060 0 0.846 5 1.000 9 0.867 6 0.3411
xQ,, 07118 0.670 7 0.202 1 0.643 0 0.605 4 0.1315
Jis.t.0Q,, 1.0417 1.079 6 0.5775 1.048 9 0.970 5 0.160 0

T FRFOR B IRARSS R . T BRI, | 2R BB .

T I E AR R S T R RS . I

4, Diversity #4475 MEE fIl CE#5hRf ki e w1, 4 & 8

HE R 1 2R M 5 A S T R TR S,

2 07 AL S A ARSCHR T — R T4 SR A 1 R T 4 3D
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PEHL A B 03 1] £ AR SCORAE AN A, T2
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B o AT IE RIS TS A i A i 1
JET R (R TR B AR RS R EL R L TEA
PLAE B B N 3R A5 O T A 8 A Y R
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SCYRZE AR, B R 1Y U5 B fE MVE LVE
FDD 45 8 #8548 hn LRI 5, HAE MEE (CE Al
Diversity 55 15 A5 H 2 B 8 8 R 1, B E T 488
RIYE S5 BRGA T A4: BLmR 2  sh E I RE 1 .
A T RS, U — AP IR T AR A A i,
002 5 JEC 2 RRAE 19 43 2 R, LA AN 5 N 2% 14
AR TR IR T, X i 1 D A o e 1 A R v L
A OCHAER .

JRUE AR SOy A6 1 IR T 45 3D Uil A A 7
TS T R AFAIROR BT AE — S 1 A U 1 1)
. DecTalk3D A B 14 N 76 W6 38 sh AE 14754 ik
B . ShAE I AH A T B ARG B SR S VEAS S B &
SRV YRR ST 6 K R AE 1 2 J2 AR L (ALY
BT A7 BR b 53 A T0UZ R JZ R, ARk v DLt — 20
PRER WAL A i LAtk L B8 775 BT 1 S BRI 248 32 11
ZFAT T ARG DT G BURHIE I 2 RE P
SR A i — 20Tt
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