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Abstract: With the exponential growth of the Metaverse, immersive virtual reality (VR), and advanced human-computer
interaction (HCI) paradigms, audio-driven digital human generation has rapidly emerged as a paramount research frontier
in both computer vision (CV) and computer graphics (CG). This transformative technology aims to establish a robust and
seamless cross-modal mapping from one-dimensional (1D) speech signals to three-dimensional (3D) visual video streams.
Unlike traditional motion-capture-based approaches, which are constrained by expensive hardware and rigid physical set-
ups, audio-driven methodologies offer a highly scalable, cost-effective, and interactive solution. From a cognitive psychol-
ogy perspective, human speech perception is inherently a multimodal process. The classic McGurk effect demonstrates that
visual cues, such as precise lip movements, play a decisive role in deciphering auditory information, especially in noisy
environments. Consequently, synthesizing a lifelike digital human requires not only ultra-high-definition visual rendering
but also millimeter-level, time-synchronized alignment between auditory signals and visual lip dynamics to prevent the noto-
rious "uncanny valley" effect, where subtle unnaturalness provokes discomfort in human observers. Despite the prolifera-
tion of extensive research and rapid algorithmic advancements, generating photorealistic and real-time interactive digital

avatars continues to encounter three formidable challenges. First, bridging the immense semantic gap between distinct
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modalities—specifically, translating semantic and acoustic features into complex spatial facial muscle deformations—
remains fundamentally difficult. Second, the trade-off between high-fidelity rendering and real-time inference latency
poses a critical bottleneck.  Achieving pore-level skin details and realistic hair rendering typically demands immense com-
putational resources, conflicting with the strict low-latency requirements (often under 100 milliseconds) necessary for
seamless live streaming or real-time conversational agents. Third, zero-shot cross-identity generalization and the expansion
of driving scope—from isolated talking heads to full-body expressive agents encompassing co-speech gestures—demand
robust structural priors that current isolated models struggle to provide. To systematically deconstruct this complex domain,
this comprehensive review first proposes a unified "encoding-mapping-rendering" technical framework that encapsulates the
majority of audio-driven digital human architectures. The framework initiates with an audio feature extractor, utilizing state-
of-the-art self-supervised foundational models (such as WavLM and Whisper) to capture rich phonetic, semantic, and emo-
tional representations from raw audio waveforms. These acoustic features are then fed into visual geometric representations,
transitioning from sparse two-dimensional (2D) landmarks to sophisticated three-dimensional morphable models (3DMM) ,
which provide an explicit facial motion space. Finally, a cross-modal mapping and rendering network translates these spa-
tial configurations into final visual video frames. Following this structural foundation, this paper meticulously reviews the
evolutionary trajectory of audio-driven rendering technologies, categorizing them into four dominant paradigms. First, early
2D image-based generation methods, predominantly driven by generative adversarial networks (GAN) , are examined.
While these models excel in achieving rapid inference speeds and fundamental lip synchronization, they inherently lack
topological constraints, suffering from severe structural degradation and texture stretching when handling large-pose head
rolations. Second, the integration of neural radiance fields (NeRF) introduced a paradigm shift by leveraging implicit volu-
metric representations. NeRF-based approaches successfully resolved multi-view consistency issues; however, the heavy
computational burden of volumetric ray marching restricts their real-time application, while their subject-specific optimiza-
tion nature limits broad generalization. Third, the recent breakthrough of 3D Gaussian splatting (3DGS) has revolutionized
the field by combining explicit geometric primitives with highly optimized rasterization pipelines. 3DGS-based models
break the real-time rendering constraints, easily surpassing 100 frames per second (FPS) , though they still grapple with
dynamic consistency during extreme facial deformations due to their discrete point-cloud nature. Lastly, diffusion models
represent the current pinnacle of visual fidelity and generative diversity. By iteratively denoising latent spaces, these mod-
els synthesize unprecedented skin textures, hair dynamics, and micro-expressions, although their inherent Markov chain
sampling mechanisms introduce significant inference latency and temporal jitter challenges in long-video generation. To
facilitate an objective assessment of these diverse methodologies, this paper synthesizes mainstream datasets and rigorous
evaluation metrics. We detail the utilization of large-scale in-the-wild datasets, such as VoxCeleb, alongside high-
resolution benchmarks like HDTF and emotional datasets like MEAD. The evaluation criteria are multi-dimensional,
encompassing lip-sync accuracy through SyncNet metrics (lip sync error-distance and lip sync error-confidence) , visual
quality via Fréchet inception distance (FID) and learned perceptual image patch similarity (LPIPS), temporal video con-
sistency utilizing Fréchet video distance (FVD), and identity preservation measured by cosine similarity (CSIM). Finally,
this paper provides an in-depth analysis of open challenges and outlines prospective future research trajectories. We
hypothesize that the integration of multimodal large language models (MLLMs) will fundamentally redefine cross-identity
generalization, serving as powerful world models to decode audio into structured motion commands. Furthermore, transi-
tioning from purely correlation-based learning to causal modeling will be vital for decoupling authentic emotional expres-
sions from entangled acoustic noise. To address the theoretical bottlenecks of long-sequence temporal consistency, we pro-
pose exploring state space models, such as Mamba architectures, and flow matching trajectories. Concurrently, as these
generative capabilities approach indistinguishable realism, the ethical implications, particularly concerning deepfake mis-
use, necessitate the parallel development of robust forensic detection and defense mechanisms. Ultimately, this review
aims to serve as a definitive guide for researchers, navigating the transition of digital humans from mere visual replicas to
fully embodied, emotionally intelligent interactive agents in the digital era.

Key words: Digital Human; Audio-Driven; Talking Head Generation; Neural Radiance Fields (NeRF) ; 3D Gaussian
Splatting ; Diffusion Models
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Figure 1 A general framework for audio-driven digital humans
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Figure 2 Overview of the development history of audio-driven digital human technology
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TR DX SRR AT S A T B 52, U S BE T R MR
AR AL E E o

{H 33K 8675 AT IR TCHE i RAR A [ T, 3= 24 T
R 254 ) R v P LA 2 8 IRIHE , FLAA T 357, 2D ik
TR R el S BOA T L DO B4
IHEAh 15 0 X i T e IR SO+ SR T A X B, GAN/ U
JER 4 (U-Net, UNe) B8 255 77 HE NIk
2.5 AFHEXESHT

SAKRE BT 2D MR & RS 3 5 0 &
AR AL E T N SO PR B g v A
T2 ] e 8 AR Sy A e DR BB A T L
RO DL 3AE T S BAS AR 4 2L 3 B P | B8 1)
fiX. LA Wav2Lip AR T HESh TR IE W20 1%
AE MY 1 2 P2 71, LA DINet MACRAY ik T 75
Oy PERMETRAN T R B IR . SR, X — PRI
ARSI AE T e 52X =4 LT 5P 29 5, Rtk
TERES MR 5 T 55 R a A
g 5 AR o

e F 2D J7 ik AZ OISR 1 28 2544
SEARTEA L MR Gk = 02U = 48 J LA 5 0 P A
LY AR RS IR R B e TS Y DX AR
L] SR o e e SLIE T LA IR F RS DL i
WS TER PP A A P R R P IR 22 S BT R,
EU A — 2k TR I IR S 5 INIR R . AL
Z N R 2T NeRF 1 B a0 =4k 4w 54 3 07 1k 5 ik
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T 3D v S 4 s LA e e T il i 5 A = 2
— B, MARAS B2 T RS Z A
A SEF R E PEIRI R, DRIt , MR A S 2 I 55 1) )
KF 2D 7k HIE A S ST N R G
R Can PR IR TE [R) A5 JRyld 1 X k52 i
ERSER U ) , TME LU 1B SR i R B = 4 — bk S
R B S MR Bl ) e A RT3 . BT, 2D
2 AE TR 5SmSR A A, E
HRK Y K S fa H4 s n] BB 5 3DGS 8Ly HR i
IR I AD - BRI iy 2D BRI i 84 7] 22 5 e i 4 1
i, = el 2R R 1 5T A R A — e S
PR ELAMILER X

3 ETHEENZHEMRIEFA
AR

FF 2D EMGY AE B 1k FROSR T T T RS T
KL H B2 = 4L i) e X295, A
PRATAE R A BE S 3032 ol T AR 2 H B SCHR L il A
PAEIR . Mildenhall 25 A (Mildenhall %%, 2020) #2 i
() NeRF i i MLP [ 3 7R 17 5% ) (A FH 23 1 A 20
0, ST BE R G B R A, S kLR )
AHRAL T B . AR S A NeRF 3
JEE 5 A5 K 3 Y 3h 245 NeRFE, I3 51 A SE e e 32
TR BE F1 B S A T = AN B LR M S R R
3.1 FEEHFHHBESRHRER

¥ NeRF I FH T Ud 18 A BURAZ OBk 7 T
SEE MG S SRR Z B R . Guo 5§
A (Guo % ,2021) 2 i 19 AD-NeRF J& 1245 sk (19 JF 1L
ZAE ST ERRIE S S T S S S E N A
By N 3% 1 B PSS NeRF R 25 b, 0 1) 4 5 0
YL FB YK T . AD-NeRF 14 K SE 3L T 35 9K 3 Y
T PR =SS B D T 2D 5 i i Sk R R A
(A, JS4E AD-NeRF &0 e , {H F I s A4~ ™
TR« — 2 1 B 2, T AR TE U (volume ren-
dering ) (1ALl 5 S50 A ot it Yo T B2 A 1800 740
M LLSERB AT s RSk SE AL 1 DY, h TSk A
UK 20 TF AR, 35 119 328 ) R D R 5 0SS X I
BB S BOR . % B BE Y NeRF J7 i DL 4
P PR SEEE BTk B B R TR R TR
Rt 2 e RSk o

3.2 ZESHEESERFHERMLMN

T P NeRF i BUBCR AR (14 ) &, J5 ZEAk
85I AT 25 (6] 43 f# R s 46 5 (hash encoding) £
AR, 38 3 P % TR]45 i ) ) SR S8 35 B T 1 T e
RAD-NeRF (Tang %5 ,2022) 5] A T 3 T P A% (1) 2 4
i R o ARG = A2 ) 43 i 2 AR 4E T
T, ) P A0 0 ) 3 - T 1) Js e, e i 17 R
JZMLP B BT HA, s S8 T S HfERL . ER-
NeRF (Li 55 ,2023) W it — Al 1 23 (] e A S
ZAEGEFE TR AN DX 5 A3 ) o 7 e A [
LR 736 B, A S 1k ), P 42 Hh T DX R
(region—aware) B S5 EPL , 45 A = S A 2R
(tri-plane hash representation) , 7 Pk 5 f4 EL 1| i 1)
[, S0 T m O I 2R S HERE . BEXT Sk B0 8
Y DEE , SSP-NeRF (Liu % ,2022) 5| A T 1 A
B, R AT I 5 | 5 B A (AR5 0%
T S0 T A ER 53 (4 T s SN AR A o
3.3 ZUMEEDEFERER

1L GE 1) NeRF J5 12530 4 5 2 EH X ReE HAR AW
) — B KA Gl 6 Ko 3 BT I 25, s = 85 B 1
HIZALRE T o Afn] SE /D FE AR (few-shot ) £ 22 LA
7 (one-shot ) 3K Bl & 1T P AE [ BF 58 $4 5o

DFRF (Shen 4% ,2022) 5| A T A5 %5 6] 5 A2 1B
G . R o] >3 HT A TR S5 5, 8 i I
T A R 2y 1) LM AR T ok S B RE A SR A TR AR
HE N . GeneFace( Ye 55 ,2023) 5 7 ff DL Il 2504
(5 U ) 55 D B (LS ) =[] iy el 2 5
BB T AN S A il R R & -
JRIEEHEEE 0%k, T 2 HBR NeRF i, 3%
PEm VAR Wt i E A E R . BT, Gene-
Face++(Ye 55,2023) 15| A T H RPFEMELIHE bR &
e R TR ST L #E— 2D R T T A R E
P£ o 1 #E One-shot 3 5% T, Real3D-Portrait (Ye %,
2024) F BN 25 89 3D S, S 1 AUE— ik I
BT A= ke 22 00 £ B U 3 AL, B R MR T NeRF
JrE T
3.4 SRERTHFERET

1 NeRF [ 28 ixt 2 0] 7 fift -5 W6 A i 15 5 fie =2
PRI , WSS HE R Ih DA BT AR B ) 2 A
FARATAE" , Hh s OGO )2 SR JE Tl B A e
PSRRI

H1 T NeRF H. & 1% 2 n] i Y = 4R AL, |
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) P L A 8 o] 217 2 1) B g R S 3 5 T
()3, A b 2D R R AR L AN B 7 AR SRR R
Peng %5 A\ (Peng 45 ,2024) $8HH B L K F 9 4
IS Sy BB O B RS TR AN TR AE 1) R, Al
$& 19 SyncTalk 5| A T —AN TS [R] 25 45 i 2%, 425X
by 24 ST S AR 5 A X S OC &R L R AL T
TR S ST

WeAN BB TSI iR e AR H {5 B o Emo-
Gene (Wang 55, 2025 ) K 175 J8 i BE A A 451 21 1 428 1l
A5 A NeRF, i 15 4 il i 0 AL REXS 1 8L,
i B8R A8 5 0 ) 17 SR R SR I T TR L PRAR AR R
15, HESh T E NN RR HILA ) 1 B R 21k
3.5 ATLHEXESH

hy ik — 2 B S [6] NeRF 5 325 78 SE R 72 1k
AEJI 5 AR R SRS RIS R, R IA
W R AERYE TAEIEAT TR . ATRUE
NeRF B%£k B9 0F9¢ L i 45 o =2 . 55— 25 LA AD-
NeRF AR, 5 i = B — 2 — S0H: P ek 4 2K
#4575 L RAD-NeRF \ER-NeRF K143, il id 25
(] 53 it 55 S 3R s ok S I 52 v e, 2 X i )
A& H. NeRF £t F N FE 9 J7 w5 55 = Z5 LA Gene-
Face++ . Real3D-Portrait % L, REDHEASZ
TLBE ST, B TERRAR B 0y A WA T 42 TH i85 B 3 3 e
e N . SIERY, SyncTalk 5 EmoGene | 2475 Yt
BRI ANE A B it e, WIF I8 B RO R 5 10 [) A0 AR
P51 SRR AR A A T i JR U SR, DT 4 T A
RITEE S LIS . NeRF BLFEZILEE T LY
PO SUE T HAAL B bR o T MLP 45 fiit[n] T
HH R B 3 1 e AU T P AT B X G % 2 P 2% A
HH, 3SR E (dentity ) 55 12 B4R 1E (Motion)
e =Yg s M b B2 g, 45| NS (Out-of-
domain ) I 7 & AR SO B 3K BN, 128 B A2 XEL
S5 R 58 5 14 AR TR A B 7| A A I 3 R 3 AT Y
HERCIRS CODATIR %18 vV} 8

MAEAR IR FABERTE  NeRF 7 i R 1E =
e — ek 7 T B B HAZ IR ST A e HE
PRAEIR 55 505 AR« B A 05 Ay Gt % 5 2 (8] 20 A 3R
WEINEE T, NeRF ATy A THF AR o3 i A, 76 v ) 54
ISRy 5 T ME LLIA B AR E s W s [A) I, NeRF 18
W SR R By AT AR A U A SR
AR EJE T Y g, I Es 5001z AL Re 17588
AR, FIRBRGI O 5 25T AU i 5 e

A £ 09 3D T IR S (3DGS) )5 (Kerbl 4 ,2023)
DGR SE T LR, BT, NeRF B & &
T8 3R 20— BOPE 552 A o A 25 28 s S s
A AT 55, IR TEA K AT HEAE h 3DGS 59 s #U K
FH) =YL By HER B R R LA T A B
FRs AR .

4 £ T 3D 5 il 5T 8 &F I 3h £ =7
AR

FIRIET NeRF #Y 5 i 7E L & o & B IS
TSR AR AR T B B A B 2SR A (volumet-
ric ray marching) Fl [ K ) 2 J22 BN HL (MLP) £ 37
5 U LA X L SCR s B AR . B —
#1, Kerbl % A (2023) F 2023 442 H 1 3D ey r i St
(3D gaussian splatting, 3DGS) o 1% H% AR H 4 1] 7+
PERY 3D = B ERAE A S UM Ui, 255k T I e i
JEMMEAF LR, S T 100FPS LA (1 52 B v e i 3 il
W gimi it . 5 NeRF B9 2R & faU3on AT, 3DGS
0 J A L B 5 T AT LA AR A ]
WM, AR A o e 380 v 30 D o 10 e e (2
Tk AR AN E W) A8 AE B 8 T4k NeRF Z )5
B N ECH T T s
4.1 HEESHBERSI/LAENEAM

TESEBLE MR BN 2 /i, P58 B SRR T e
BT A5 5 9K 3DGS, S ik N A g it 1 oG
() JUART S 6 0 2R S

R T R AR N B R AE R, I 5 1 T
# 3D @ 5 FLAME 5% 3DMM %5 2 04k W A% 45 5 o
FlashAvatar(Xiang 45,2024 ) i 15K 55 7 i A 21 B A%
2 1M1 (gaussian embedding) , F1| F A% 5912 A8 47 5l ey
W43z 31 ; GaussianAvatars (Qian 55, 2024) W H AT
%%ﬁggﬁi%%(rigged gaussians ) W&, SEEL TR TS
A o

Xk B H A E A A ME 25, MonoGaussianAvatar
(Chen % ,2024) il PSAvatar(Zhao 45 ,2024) 43 i
ok BT R R ST SR R B AR S R TR
B AL AN B LA HE AR P o Deformable 3DGS (Yang
45 ,2024) Fl Rig3DGS (Rivero %5 ,2025) W) i — 541
16T AR A i 1 B B, (A5 507 AN RE S Ak
PRI J i THT R AT o

HEAM , HUGS (Kocabas 45, 2024) ¥ & 301 ik 2 9
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Table 1 Comparison of representative methods in the NeRF paradigm
Tt
ik BB B R4 AR B T
#
AD-NeRF  SHKFONRFAFFIREN M5 F  [GHERe Sk e Ress 1ot S H00h i kA s
R A AD-NeRE
RAD-NeRF i g e s EADNRE i g et
] e b g e
BR-NeRE BN+ Triplane Hash i o 010 BRI g g g
DFRF s A b CH AR R ATEE . DR, 5
GeneFace BUNREICs + NeRE -,y g RESXIEERBWE e o g gt v < 2
i A
Concbucens B B o g TVPRERIR I RS R e
P e
Real3D-Porasi TIESDIRI Oneshot o FSNERS BB R RB B G
1R 5 " B T
; b5 I 5 Sk Bl
SyricTalk BRFBEHRERF b RS ERIE KSR Wﬁ”*ﬁg;{ Rl
e ¥ N e )
BmoGene  WEERIHEBINGRES b b kw0 e TESI

JEeZ A By \ARER, BUR T2 B ikiz gl (0 Ab
B SC AT RASIE B AW Ry R 2 B i Ak sh S it T
[FR
4.2 S 5IR B A B i A AR I 4%

FE LR JUAT 5 SR 3 Atk L, 305 79 45 A 10F 9 T 05
Bl o) sk i 38 i 14 A - e ST AR TR 2%, Ao PR R
TE T UM FE AR — HEZ5 AR RS 1 R, S PR HE Y
JEFE R i B s A

T B R IR s 22 2 S B AR A M T s
B R IR . TalkingGaussian (Li %5, 2024) 8 i1 T
3DGSTESNSF A 2 o th LA A — S ]t
T — PP g5 R RE APE (structure-persistent ) 56 %, 4
T ¥ 70 i D i AR NS S A 0 32, WE AR T T Ul iE
B} 14 T B s o GaussianTalker (Cho 45, 2024) #
BT SRR T VR A B T R
I PR R 22 , 7 O U e PR 5L 1 o 4 () s S B T A
R FEIR . Gaussian Head Avatar(Xu Z£,2024) F) H
B 785t 0 90 295 A PR R ALAN Y, k2D AR T T R 22 A
R SCHR I AR

BT Az R AT b DL R JR I 4 3 AR [R) A5 31
AT T S AR B HLE] . SyncGaussian

(Liu 5, 2025) BTt T — i J 7 0 ) M 0 2 R AR 1Y
[F) 2, 300 3 4 5 R IE 5 W 3 B0 (8 X 5
fift ok T 82 B N Y LRI UL R) A, SyncTalk++
(Peng 45, 2025) W 7E [0 P i B dilt AR AL T 2508,
I A G AR IR 3, AR AR 5 FPS B[R] 52
BT SOTA 2| 1Y JE IE [W] 2L K5 FE . SynGauss (Zhou
55,2025) W 1 TEFR A 5 WE RIS BN I A R SR e
A R R 90 M o oA 7 W s 1 S | S
SN A SR

Ry T 2D A R AR O B T S T
EGSTalker(Zhu %5 ,2025) 5| A T i 28w A2 TR A e
(efficient gaussian deformation) , K IE I /D> T I0A =
i AR . EEXE 3DGS FE R i X I 7 B e A Bk
PR Y 1) B, Zha %5 A1) PGSTalker(Zhu 45,2025 ) $2
TR 2O 45 1) (pixel-aware density con-
trol) , 7 &L LAk T 2 1 A1 Sk S5 K5 40 X I 1) 301 %
R
4.3 ZUM5REEEMMNED
1L 58 1) 3DGS J5 ¥ 1 i 7 2 AT X R Al
Y5, BB I B B 0] 5 B 0z A TR A TE L AR A
K.
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GaussianSpeech (Aneja Z: 0 2024) Fl GGTalker
(Hu 4, 2025) F1] B 25 1) 3 FH 25 9 2 56 (general -
izable gaussian priors) , SEH 1 (W7 b i Fi 4 L 2 IR
sk R BRI AT SR AT 2 B0y AU N A R AR T
LT IAE

SR T SRR i X O A 1 T LART R S e ST S 1Y
e B TE Yo B IR, MeGA (Wang 45 ,2025) #2H T —
MR AR B 20 o AR TV F2 A% O X
E T RUE AR NS - LLB7 1 KRG T 2544 i
I, [ PETR 171 P A A AR M ELXE L) 9 A& AL 11
DR T 3D e 0 HEAT AT 1S o XA ReE B AR
AN R G S, DS JE FLRE T4l 3DGS
ZRHE Ty 7 1 v BT R R Y R, IR Ay 3 ) R — A
HIHF NN RIS RZ —.

4.4 KTITEX LD

FF 3D = TS (3DGS) (Y # A5 9K 3h & Ay
T2 i i AU S5 5 UMM e G A 2 S 1 =k
(1) = 4EF K, AR LL NeRF AR 5 2 B3 00 A4 T6 2% 5
2, 3DGS TEHE R I B A A% 1 35 [ AR TE gL TT 4 , DA
TEDRE 22 WA — Bt 5 s DR LA WL [ i B 25 55 51
PIHE B, 5 NeRF Bk L) Bk g 5t sl B0 & Ry
K i R TR, 3DGS sk 8 B U4 M # 8 5
AT G sl LR AR B 2 1 O Bl e o S AR BLAE
PRI T s — 5 T, SR NSNS U] L i 4R
B RE R AR AT D, B R T T
WY S RGE ] BREAE ; 5 — 7 Gl T A S
[ RN 2 A T e [ I ek Y SN
REMSTE LR IR A 1 — BRI T ST =R A5 5
ksl A2k, O K S AT S5 AR T OB AR E Y = 4
AR,

SR 3DGS JEME 1 ¥E Ye il B, (B AR 5 J R 1
(AR MR BE 5K 1) R A 3 288 — Bk ), AR IR AE T
oAU B R B R L B A A
(mesh) B IKJ2 @ PEFR D2 45 = sk e 52
HFURRAIE B Sh FEAT AL &5 P 7 22 BT, R S TR iR I
78 DI (AN s 14 58 Ak ) 2 A ek JBE 3 4 BAS R DU 3
A TITE A5 b7 A AN i 4 202 5 25 R
iz

by i — 25 B 3DGS [ 4R 7E sh A5 JE AR BR s B
JE 55 S I A A A I OC RR L R 2 XA B
At TAESEAT TIA9 %t mT LA SRl
3DGS EHIR SN 5 i KA TG =2 55— 2K LA

A5 3DGS 0 S A | 3 L AR A 9 B Bl ) 45 B8 )
TEAR ST G AR AL, HAG SEB B T YR i
R HE S —BE S KRR e AT R 5 55 — 2%
i i 2GR CAn M AS e 4B AR 3 ) sl #8084 2
LM 3DCS #AR, E KBS S KIFING T
FLA S (0 5 A R T L XY o B S A
1) F2 0 7 5 5 = 2Rk — 2B B AR 2 LRI E S
CANF A I Bl XA S50, FE LR UE W) 25 1 1 ) e 4
TET #h ARG T, MHWFFE S5 R R % A3 )
“EIART. BRI S, 3DCS LR AE e 22 7 5%
P A — S0P Dy T LA I B g, UGS T R A
A GO RS IMINE e B 3775 o8

SR, NEE AR I ER U5 # B KR, 3DGS ik R
B ELAS S VE Yo A B (R A O BR AT S R A B 3
—EME 5 AT g R T e RS e T T
Fon, BB B PR S IS TS A
ANRE B ) BRI LA ) T [, TR = 10 XA 2y
REMEDLR , B 28 el (IR iR sk 11 4 15 5 100
P9 S 88 ) AT ME AR eak o KA, 55 NeRF A L,
3DGS 182538 T AR v 9 0 A1 14 7 5 5 O Ak o
Tt TR i o AR b sl A i 4 B A B ] i o 3
MBS . BT, 3DGS B2k TS AV Ky T [ 52
B 52 B = 450 A0 KR | Tl NeRT [ 28 78 15
Lt EEESESRE I RA R ARE
A BE Y R AR P AT B L AR - DL 3DGS 7 $H 3% s
Yo 522, DL NeRF ™ BB 78 $2 418 /&5 o it S 30 5
05 R4, DT RS A ELASOR 5 SR 5 40 9K 5

5 ETHaRENHF AR

FEALE SO BE 45 (GAN) Fl NeRF £ S50 F AL
R B, AR AU A3 0 DA e o A 18 i) 22 FE 1 5 e
HJE ., GAN % 5 B AL AR 15t (mode collapse) , T
NeRF 7EALFRAE NI A (AN K 22 AW ) )it 3
W KRR HBORATR (DDPM) (Ho 45 ,2020) i it
B 7 Bl A e ) R b B AR S e
3oy Mg P B DS PR o s ] e A ) M DU B
B o3 A o X LOR Y A G A R A
i FEB T GAN, S ECFE A A nUER AR 1R 1
AREEAE o SR, JEUAR 4™ BB A B R A8, It
VCiE (flow matching) (Lipman 4% , 2024 ) #i8 k Jin ik

11
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Table 2 Comparison of representative methods in the 3DGS paradigm

TR 3
Sk Bo ERENG SEEETR M BT FERER
$ y
oS s ERRIER R B N & g AEdekads (T
e .
75306 + W3 BANDGHWHE ABW s AT K P 5)
o o A S T s
B4 30GS (K R EHEE ISR LR R
o o p i Wi S R AR
07 Bt o o2 ) -
Do CEAL e mmeiias VPRI N i e o ki
YAy R
52t 3DGS N s A %*M*’i’ﬁ”ﬁ%‘%
UK IDGS Ao ik PP IR g e s e
e s
BRI TR 3DGS B AR AN R B e m”“iﬁj”ﬁ B g g X ﬁﬁfﬁmﬁ”?
3DGSs A1 A 4/ 3DCSHLELLEH S - L RGE R
s, s 2D/3D 4i 5 £ 4= H = HK

Az st AR R TR A B SR S A A A A O A
AT, W35 DD T OoRFE B, BN MuseTalk 55 J5 2
S N () E P A

5.1 ESMIRENAITIALERSER

L A B HORE Y 224 40 DiffTalk (Shen %5
2023) , FEOCUE THHIBAEY HB AL (LDM) bz A
I g, {ELATY Ry R Sk B AS By T PR ] . B £
AR B G, I O] T Audio2Video S 21 i 4=
B, B TEM TR AR R I .

Tian %5 A48 H ) EMO (Tian %5, 2024 ) S22 4% 15,
IR T AR B TS 3D thial &R (40
3DMM 5 G HE A ), T 422 > i 0 2 R4 ot 1 i St o
EMO 5 AT i 18] 3 5 0 ML R B 4 i 2, (454
F N RE AR Ha B 315 23 77 A e B2 1) Sk S 2 il
WEEE R LIRS B K S 1 A% 48 J7 ¥ R AR Y B
G o FXT A AL B ) — SCPE [ A, B X A A
A P ) — SO MERS, Hallo 2R 9 3647 T #5222 48.
FLI R Hallo 51 T 43 J2 ¥ 9K 2l 405 5 s e LA
SRAL R IE G |, BT Hallo2 38 2k B[R] %o 5518 6 56
B A o BT 2 AK O SRR BT o i
T Y Hallo3 (Cui 25 ,2025) T 52 91 1 2244 BR AT
WIS A T M AP B Transformer (video diffusion

transformer, VDT) o %2844 38 iF I 25 3 5 AL Y
2R B E ST T BT NAER Zs 3 (AR R
JERE S PR ) T W sh AR BB 5N E DU, AR
] T AE G U-Net RAGTE R 551 b 2t BEAY Ja) BTN
WS N

AniPortrait (Wei 5, 2024 ) W & FH 3% T Referen-
ceNet [ 2244, F| FHl CLIP [ 15 4 i 5 $2 I = 7% K144
B S BARRE , 45 A Motion Adapter i #2 I 1E , 76 - +F
Sy oy —FOPE R RS2 T 28 LA TR B0 1
5.2 HEEMERMBEMMNL

JEAE R BT R A e, RO B ) 2k A 2 MR AL
TR HUIE R R, ME LU TS S E . 2024-2025
SERIIT ST E AR THT O — RO

MuseTalk (Zhang 4% , 2024 ) 38 i & o ¥ 78 25 1]
BB, SEBL T 30fps LA L A SRR 12 54X
Xob 35 X 35k (1Y Latent Feature $F47 B2, i E 4 K A4
A, TEARIE 5 [A) 25 2R (SynceNet 543 SOTA ) (Y [7] iif K
R AR T IHS P44 . VASA-1(Xu 45,2024 ) i i /¢
TETE 25 [B) AR Z W 3D 2228 F B O FRAE , SEBE TAIG
R Y 22 B . Wang 55 A2 189 READ
(2025) MIFE—2LA0H, Bt 75D B, RirE
HTURFAE S IS AR il A S 2P 6T, R T T
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i 1) Sy ) A I
5.3 BRFEEXE

AT B I SN SR PR T Sk A AR G, T
B SRR T

Dream-Talk (Zhang 55,2023 ) £ X 9 #UA AU A
AR R IR, 5 ) AT 15 A 42 i i, (A 2 i rry
Sk BE % AR 41 18 i 1 R R R TG IR 5 55 A IR
R

EchoMimicV2 (Meng %5 , 2025) % 5G F] % 1“4
A Az 27 0 R R R BK Bl E Te e i e 2 ok B
(semi-body) 22 H. o ZIFEAHTEMLG | A T &40 -4
A 51 AL (audio-pose guided mechanism) , AN
{CRE AR I 18 2 F A A B A2 1 F AR B T3 e [R] T 34
(co-speech gestures ) , i REHf PR T35 5 THIH R AE 7 AT
2 L S S 4L S 4 s BT
B2 HIFEE T A5 . Emo2
(Tian 75 ,2025) WG T AR S AT 4551 FHLH, i
FHPORG f 47  85 7 )T BB 0000 0 Sk 3 1o, 1 i
THFENTE M G55 T ERE T .
5.4 AT EIESH

BE T RO (%) B 30K S B0 N il ot 5 K
UREY WL A T E 75 PN 783 @i E R E RN B = R
51 2R, NP GAN 2807 5 BRI =X
Bt 5 R E b s Rt TR R B8 . 5 NeRF
5 3DGS 85 = 4E R R R R I U — B, 37
PSR BT A0 B T2 o e AR R o A AR R
ARG AT, AR 43RG (R 22 R
PR XS — S0y TR B S o

SR, A BB R AE A o o e b BUAS ( 3540
o, HAE AL ML T BOEIRAE IR K, 5k i 24 55 i
LH A% O, [ SRR AL, A
TS AE 25 [ 48 52 AL A1 (50X W 38 DX Sl ik A7 i 2y, St
30fps LA b 1 SIS, O AR A4 e [ 20 32 114 [ 1)
8 2R TR 5 A 38 2o A VAR S (R R S L =
Y255 B FHE S BURAE R S B A . W] DR
W1, T BORSE A [ 1Y) O B 5% A T AE DT e R LA )
ORI AT R UL R R 2 TS Rl S
AR AR P =

PO AE A B A ARSI 5y ) B By,
A0 R ASAIL ] U PAT 7k 7 ot ) e s 3780 g B L 1 o
BLA (4 it (8] 73 2 3 PLH (temporal attention) 1 9K fig
FE—EFERE L P 3 AR AR T (HAEDR 2 B as (R v, & 05

£ 51 % (audio guidance ) Xt 22 MBI O/ N B 22
B, T30 A TR I A AR Y ke = A%
HOE7BL BTS2 IR EQUR TN ¢ EUPNEEE SR P
A ST 0% i R P B G 2 XA

T 1o 208 SCAR ) 5 22 17 T, 4 BUBR A IE 76 A
YLIE Sk Az iy e B B /e S5 15 RS | HEsh B
NA MR Z T [ 25 1) B 3 2 i URIL S 22 |
P il 0

2E4 KT 2D NeRF . 3DGS 5 Diffusion VU 4% 4%
ERA T I TR R RG B — P AR E— = o — 3
— LI E—IZ AR RE 37 Z R A T R TR By . B HE
TS AR BT % v () 2 B ST 42 v 1 e BEASR
5uF Ry — 2ot AR R B E 2 8 s i # A 5 57
P BAEROE  H A B BRI 22 A R MELLTE
U I BB TE F Z5  SE B R St 5 [, 4 R 724
FEGZ B3 =4 U 2RI LT, 15 40— 2k
55 PR RE AR 7E KRS A s K P
B A B AT T i BRSSO R o AR T
TR R B AR T S AR SR e R B T
L5 XUk 6 R 7 %) 4 M SIS AR AT 55, R FE R R
AT BEAE N AR Sl AT N FR G0 P A e o A e
5,5 3DGS S ST = 4EF R L E AR : B 1 3D Fom
T RS — St 5 2 L, P B AL 6 3
SRR A | SCHA 4 XUk — Bk, DT e
HACR B SRE rTE Ve B T AR RAEZE

6 HEESTMER

6.1 TMHEIRE

BPE A py i AR S 2R R E TR
NAE AR P RE IR . R IEAT 55 R R AN [|)C4n
ZALRE 32 | e R L e A i A ) A Y
AR AT 3 AT =28

1. RELBLEF S5 3 4E (in-the-wild datasets) iX
FRHE AR R AR B LS W 2% PR BE (4N YouTube #
W) R TR R Sk RS AR DG IR AR B
T, FEH T INGRA R & Het FZ AL RE ), 4i1)
J2 FF W1 2k 90 - TR [R) 28 ) 51 (4i SyneNet) o

VoxCeleb & %1l: VoxCeleb1 (Nagrani %5 ,2017)#l1
VoxCeleb2 (Chung 45,2018 ) J& 1% 98 i H 52 0 1 1)
Bn A . R H A HER AR AR B RN H
AR 18 250 G B Ry T 5 07 3 AR ) 1 3
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Table 3 Comparison of representative methods in the diffusion model paradigm

i g

A ’ wm T kg
ik Bbgs BB e - éﬁt . TERR

Difffalk  BESEOURTERIER  EMERIE 1T MR o AR AN, KRR R
- SR Awdio2Video  FCRCEMRM o SRR EAR TRFIIE R

e 551 ' Mk
Hallo RS AN EEERIE (E h-R B e, BTk
Hallo2 BRI, BRI AR B B IR SRR

A i ransformer R . o . ..
Hallo3 B ﬁg S former b ME B B BURBLEA AR s B A A
JAS— ReferenceNet + Motion 275 LUK Z 1L o a XIBEBEB R KBS T2
niroritrar Adapter ﬁ A\ E1) %{5}‘@2}2
Sy E h'.] . = J B3 i

MuseTalk  ZSTBRERMIEE  REELWE B b o ;?’é“ R 2 RERSLHRR
easan MEEMISBECIG o RS SR VR BT

A B

A i (4

READ A B AR b m"f{;’;ﬁ’*% o el TSI A VD HOR BEAER
Dream—Talk  WEAMETES B FRTERS  -h b EOSE) R SR 5 SRR
FchoMimieV2  SHI-BABATIS  CFSMBAR 8 b A igfﬁm'r%”ﬂz"—ﬁ*%‘*@H
Emo2 KRBTSR CREEAR IE b OGS B R R SR
o, £ BT HA VoxCeleb E- A B 1E 1 048 /A A1 5

LRS3-TED: £ X} ¥ 52 1 & L 51| (visual speech
recognition ) E 45, LRS3-TED ( Afouras %5 ,2018) ¥

R4 ERBFMBHEBF ABIRESS L

Table 4 Comparison of mainstream audio—driven digital human datasets

T A F1 Y LRS3 FAT )2 T PPAG A A
JEIE R AL HERR L .

BiEg BRI SRS PR FEH®
U A 57 AN e AR AN S s s > 5 i
VoxCeleb 1077+ utterances; 1251 £ YouTube E”ﬁl\ﬂu W EER B ,Hﬂlﬂfﬁt,wﬁlﬁ Z AR ‘ FetEae ] 5 7l
ARG — FB HIER
VoxCe A . YouTube BEFRANIAL, R By s BRI LT ZA NG S tEE > T
leb 2 100 J7 + utterances ;6112 £ {5 G PR N4
LRS3- N ] L AC RSO B SN A =5 A P ol B Do By
TED 400+/N 5 5594 Btk 224x224, 25 fps P VSR
FIaS . A e 3R B A i
HDTF 362 B3 15.8 /Mt 3300+ 4K 720P/1080P; & H 512x512 Eﬂﬂ&’i’%z’ﬁ% “ﬁ/‘ém’NeBF/3DGS Ul
5E 5T
% . TR SR 2 1B IEROK Bl s R EAR Z A
L Y 5 I 5
MEAD 281400 J ;60 44 i 51 1920%1080, 7 #Lff, 30 fps PR e
- . .2k PRy . I 5 S
CelebV— 35666 1Bt ;15653 £}y ; 29 65 i\ Ds12 S s S 5 1 B b mf%/\iﬁi,‘?ffﬂwl[ s R
HQ NI i
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2. 5T PR E @I 4R (high-resolution Datas-
ets) B NeRF 1 3DGS 4 fft 281 Ye 1 R 1245 , 1%
Gt HAIG 23 Hr ARSI B O 0 il JE K 22 90 A0 1 1) S A

HDTF (high-definition talking face) (Zhang % ,
2021) : Zhang S5 NAE 2 H i 5 1] A RS I A At
HDTF $cdimdl o ol T H SR, HDTF 2 30 24
Hif NeRF #13DGS 2875 % (4 ER-NeRF, TalkingGauss-
ian ) PEAT R DR EL I 4 10 B e R

3. IS £ 8 M EUE 4 (emotional & attribute
datasets ) 2y 1K 0 AT 9 1) 26 B A AR TR0 1
SR A ERL L TR U ) el A 1 SRR T B AR e S

MEAD (Wang 2, 2020) - 1 2y 5 o 2k 1) 17l
PSR A |, HCAE ™ R 128 1 10 18 7 3 BRI T it il O
St T Z A EOE 2 B TS R S T Sk Y
DRI

CelebV-HQ (Zhu %,2022) « 51 % K A 5 14 B
A RS R T SRTT  H o HE R I S A T
COMIL B R IEOARTERASS & A H A I s T
PO A (diffusion models ) 8R035 A= Ji B0 1 (1) BRAR
Ptz
6.2 TFNIEER

N TR A A U N R B, R ST
T B S RIBREL A K 5y — Bk i 2R
BN

TEJEIE W) 20V J7 1, % IS IE ] 20 I 4% (Syne-
Net) 7345, H A 8 ] A945 #E2 F) FH SyneNet (Chung
85,2016 BIBLHEATITAL T ALE A T U
B FS AL 1 P ] i o oA Al i ) 20 P A
oA BB R AL R 22 B fF JE (lip sync error-
confidence, LSE-C) 1 J& JE [7] 20 % 22 5 & (lip sync
error-distance, LSE-D) . H: 1, LSE-C & 7~ & FLAU XS
IO G B Y AR B B(E B B s LSE-D Ron H S
H BYAFAE 2 18] (R R B, (BB o X P IS A
B 45 1 4 S Wi 355 5 W 3o gl 22 ) R ) S AR E
& YT UL TE Sk AR AT 55 b B I () 25 1 f
b5

TE L 58 5T 5 T, 5 >0 R R B AR DL R
(learned perceptual image patch similarity, LPIPS)
(Zhang 55,2018 )il o TH 2R il 118 5 S R AE
TRIBERAE 2 6] 1 BE BT, SR A R 8 R ARMLEE , L&
RYARR LT A AL M ARK . Fréchet inception
distance (FID) (Heusel 55,2017 )t /2 H 77 85 WY
Tabr , T AR R S LS R AE SRR IR 2 A L
() 22 5, BRI 28 s A s SR B i LS 0 AT
AH EE A% 52 19 15 {H {5 M LE (peak signal-to-noise ratio,
PSNR) . 25 ¥4 A1 I (structural similarity , SSIM ) S84
RPIRHR, FID HERE S Af Jl 2 2R 1) R AR L LR
WA T4 1) AR S AR ABIESE iz R

*£5 RFMFHEAE HDTF/ MEAD-Neutral SR IEFSESXTLEE

Table 5 Comparison of identity preservation and synchronization of representative methods on HDTF/MEAD-Neutral

i X317  HDTF HDTF HDTF HDTF MEAD MEAD MEAD MEAD
= FID | FVD!  Sync-C7T Sync-D| FID | FVD | Sync-C1  Sync-D |

SadTalker A 22.34 589.63 7.75 7.36 36.88 132.27 6.46 8.07
AniTalker A 51.66 583.70 7.73 7.43 68.01 941.49 6.76 7.64
AniPortrait A 17.71 676.30 3.75 10.63 42.43 379.08 2.30 12.38
Hallo A 17.15 276.31 7.99 7.50 52.07 210.56 7.45 7.47
EmotiveTalk A 16.64 140.96 8.24 7.09 53.21 207.67 6.82 7.43
PD-FGC A+V 67.97 464.90 7.30 772 121.46 353.75 5.15 8.77
StyleTalk A+V 29.65 184.60 434 10.35 118.48 197.18 3.86 10.74
DreamTalk A+V 29.37 263.78 6.80 8.03 105.92 204.48 5.64 8.69
EmotiveTalk A+V 16.09 120.70 8.41 7.11 50.84 153.71 6.79 7.58

e 95 9% ¥F f J7 1, Fréchet video distance
(FVD) (Unterthiner %5, 2018 ) % I i & A= i 4% 45

AR IS o — S5 PE 5 REA FORE S 7 B R 5D T L AR 5%
AH L (cosine similarity, CSIM) i % F] | ArcFace
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(Deng 45, 2019) A G RURIASE Y $ H A= 1t -5 0 141 45
FRFAE 1) &, OF 35 0 2 Z ] Y AR s AL . T
i o 2R G RS IR N Wy TR B 43 AR R , (L
UL B Oy DRG] D7 i AR R AR L
I J5 P 8 S P R Ay — B8P 2 IR A7 AR A A

DU B — TR AR FIWTRR B 55

e ZAR IR, BT ANED IR AR BRI E N
G2 0 0 S KA Sl g3 e A B A R A D T AT AR
285 , AN SCHT B B A 25 3R 352 T SCHRZ A 1)
B 5 SO AT, AN ST — S 5 U LT 87 A

PRIl 6 T A S 2 MR I A TSR S e ANEE AR

*6 RERMAEFE LRSI benchmark FHEHER

Table 6 Quantitative results of representative methods on the LRS3 benchmark

HDTF HDTF LSE- MEAD-Neutral MEAD-Neutral MEAD-Neutral
Jrik HITHFID | CSIM 1 (o) FID | CSIM 1 LSE-C 1
Wav2Lip 11.21 0.8184 7.46 24.11 0.8432 6.74
VideoReTalking 10.93 0.7989 7.70 26.82 0.8380 5.82
TalkLip 17.61 0.7898 2.29 45.28 0.8509 2.07
DI-Net 7.27 0.8154 6.17 26.34 0.8274 4.40
MuseTalk 6.43 0.8225 6.53 13.42 0.8662 5.15

7 BREERERE
7.1 BHMZUSDERER

LT A 5 AR Sl Y R AR T B X R H A
NP AT YN G5, 33 R A 1 A RS R
HR RGP

14, NeRFFaceSpeech (Kim 45,2024 ) 1] F A= %
Jely , e — K S5 KRB OL T SE 8L 1 3D Ul
Sk BIA R, P T One-shot N A 22 —2 . GAIA
(He 4% ,2023) W kD AR 1 IOMUALIE FH A B35 A
HENAHESR  JB7R T Zero-shot BB A E KW J1. Aok
(9 4% O PR SRAE T 10 4e] 52 I ZEAEAR (zero-shot) B /D4
A (one-shot) [ = - ELAK B .

AN, GEMES B iz AR ) AR B AR, TEANT]
A 1 5 22538 REE 5 BEAY (multimodal large lan-
guage models, MLLMs) 1 8 #EAH 320 . 5 00 4%
G H A AR 3 A (embedding ) 152 8 E AT
LR AR B R S AN R, R ok B 9z Ak 78 0K B
MLLM W) H ¥ . AT S , MLLM A7 B24E g 48—
ot SRS G, B A W i 2R e
N E SR E B . AR HOR AR
RGN TE SR + 2t 20t YL bt pg A0
FRAEHE - BRIV Pl 285k e ) MLLM $7 50K 35 430
HEERIAR 3D iz Bl 45 2 B i, P 0 A

Pty

NeRF 5% 3DGS H E47 =5 80 i TE JLad Ji o X A
H EMBRA i Zero-shot 52 T 19 E 1 52

MERT
7.2 EREMENBLLTE

WA BYECTF N R 2RI AV B R LA, Gt
Z X Th AU B R AR R . HAER RS B
B N0 24 B 1 BB RE T

EmoTalker (Shen 4§, 2024) NV B T[R4
G T I AR AL R, A5 AR R TR R 15 RE
R H 2 01 ) 1 B % e A= 28 4k . CodeTalker (Xing
4, 2023) W) 38 i B 1B AF 58 5 (discrete motion
prior) , i P T AL GEJ5 1k v A i B2 P T A IR fd
FRlE s AR S .

204 K 5 T ) S B () RO T, RS i
WA T I v B9 GE T RH DG T A 21 % BRUR G
Fo Pln ARG o RO R R M E R E
TER BB, AR BARH AR TOC R A2 I R AE
2 2] Bl 1) DR SR A < G 5 | A R SRABE R X A
FHE SCATE SIS AL 5 AR LA B 2hitf A7 X
AR B A B, ) o B J58 Mg 7 R B 193 A S P i
XA BE IS DR A A L A B 3 BB T A
MR T SCHRBE i A7 U A1 2800 U 1)

7.3 MGk me 58 e R

H A 2R Ao 2 2R th e S AUR TR A

B ABAETT T AR A s, FAR M BUIATE &
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( co-speech gestures ) SRR A8 B G

4> TalkSHOW (Yi 25,2023 ) 38 53 [ [8] 9 ) 2%
T AR A B 0 = RSl W20 S TR A
5P HPE . B EY EchoMimic V2 28 TAEHIT 1R
S TSI EN A A B L

e F7 EARF AT A FH Y B R AR B Y5 B
()4 B AR, i e I (foot sliding ) TR 1R 25 45 1)
LS EIE 2 BRI
7.4 MZHEAEBSREN

TCiB 42 JE K (1) NeRF ) £ 16 JE 153 % 52 1Y Diffu-
sion AU, H A = DR ELACT N R Z AR08 I GPU
55 25 , MELATERS il VR Sk b b SEiTiE T,

AR 3D iy WIS B R A ISR T e R
B HAFAE 85K AR B K . LightGaussian (Fan 45,
2024 ) 38 3 BB ZR IR HAR FF 3DGS BIRBURS 1
IS5 b, % sl R 2 4R A4 T AT RE

AR SR B X BT N AR B T 4 (model compres-
sion) | 1 28 7 Ye ML KT (baking ) A K i 2 P[] Y G2k
SR NS RAG I 2 2 o
7.5 KEIIBEF—EHME

AT B9 BB 5 ) 18] 09 AR g A A 3 A
WA g LA ) B 5 i T I 158 25 SRR I A IR
RIS, ARSI 2 B D B I ALHIE LAGERR
KFERY bR S T o XX — R, Aok B 4R
PEARTI RAE TP E o —  FE 25 A 2 T, 5
ANHA LM 228 H A TOR LT sadics &
YR 25 25 [a] 4R Y (state space models, i Mamba %2
1), IR B 5 A AU BT Transformer , AT 7E

A RS 2, R VC AL (flow matching) HEZE T
UEGZ N TR RUSAN RSB0 i) AN T &
(ODE ) 8 3R fiff =t A v 5 ] A ot [v] 4y B 5y g 2 1 4k
NS IV 2 T B3 A= A 0t 4 BE AL TN B 5 s J ) 2l

hiz .

7.6 {LIBXUFE 5B (Deepfake 16 )

Wi & B T 3DGS 5 4 MR AL 45 i U R (13
Ko, B WK SN AT N AR ) R 18 LB 5 I T i B
P 2 320 W 0 R M A, IR BN X AR Y i 5
Mo XA EE L B PETE R RE R AR A B S
JCTF 1 A8 A FRM N A (AT, o i A T M IR A 12
PRI S5 B Rl 0] RE A A

AR S B A7 e P 3 2 AR AR AR
BELIR , B A T A T AN L S P T AR HE LA 4
FlVES (RP Deepfake i FH ) o X LA T AU EARAL
TN E B 25K, XA i 2 EER
R RN R R T ST B

R, 207 NHAE 1] A 00 Fh 2Z i, ] 20
Y SR U ST B AR R U O A A R T Bl M A
(passive detection) J5 I , A > 1 fF 5 75 Bk i 5 — 119
TGP ARUN 1) 22 AR ) PG DN 3
0, IT e B TR B A I 25 — e S Th Bk
LTI T R S T R AR 2 TR A T SRR A
B AW A A5 5 5 i i A A e At
Z HS KRR By I RO 2 B (PP, 4
TN IR 30 5 O AR A R U b N . T
F 31 Blj 1 (active defense) 77 [, NECHE I Sk 5 26 A
ERIAT T PR KA S XA A5 7R A i B
Sa 1) AT R A AT AN ] WL K ED ST T
DX B 1) P9 25 D IR ASCR A | L B 3 ST 7 8 7
5 TR AR DU AR S L

ST, & AT S0 8 AR AR & AN
REAN Jay PR T Vi G D L B ) B o) G B, T 0 200 ) 7
A - S DB R SERE R OR AT B . FEIB SRR 2
FI T R TRII | WS AR 1] 38 F R LR, S B AR K i
5GP AU BB, 2 i U ] R 22 K SR %
TN

8 HiLSELE

ARSCFR G BT AR B = AR NS B
HORW K e Py #E , WY 2D B AS B 5 A 1, 3]
FET M4 (NeRF) iy Bl = 4 gt , 751 415
FT 3D E TS (3DGS) 54 Hig A (diffusion mod-
els) AR Y 200 8 3 0 2% B BeA% O B L AL
Pt 4R BOP AR R TR BRI, 1T LA Wb i 75 )32 4
Sl 18 A T K s < BBl O A s A T 3 e A
B A AR, 08 SR AE AR A S BB A 3 ) 5
PR ZRTE Ge 11T 0 T 3 557 A B A5 B T17)
SRS HARLES .

I, 3DGS PAH By JUAT IR 5EME 1 S e
G 58 TR, T4 AR A I D5 K08 4 A 0L 5
AE ST 1 AR I BT () R AEMR . SR, B0 L OE
WS R A BEAT B N AT 728 B riz Ak
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4 By Uy R 9K Bl A R 5 i A 2 25 77 i B i
— R

JREIRA, B 2 S AR 5 2 A
TR BE AR BE R, 9 R Bl B AR AN PR BR T X
JEIE S5 R S A AU, T2 1) H a5 SCRRLR |
RIS e Ve R i) B B R RE R E . B A
B AR TC T8 B SE AR, SR RO T — AU
HLAZ H Ry B A R S AR DR AL,
FEAZIRAR MR AN s AR I SR A P A R I
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