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Critical review of human face reenactment methods

Liu Jin'?, Chen Peng'?, Wang Xi'*, Fu Xiaomeng'”, Dai Jiao', Han Jizhong'
1. Institute of Information Engineering, Chinese Academy of Sciences, Beijing 100093, China;
2. School of Cyber Security, University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: Current image and video data have been increasing dramatically in terms of huge artificial intelligence (AI) -
generated contents. The derived face reenactment has been developing based on generated facial images or videos. Given
source face information and driving motion information, face reenactment aims to generate a reenacted face or corresponding
reenacted face video of driving motion information in related to the animation of expression, mouth shape, eye gazing and
pose while preserving the identity information of the source face. Face reenactment methods can generate a variety of multi-
ple feature-based and motion-based face videos, which are widely used with less constraints and becomes a research focus
in the field of face generation. However, almost no reviews are specially written for the aspect of face reenactment. In view
of this, we carry out the critical review of the development of face reenactment beyond DeepFake detection contexts. Our
review is focused on the nine perspectives as following: 1) the universal process of face reenactment model; 2) facial infor-
mation representation; 3) key challenges and barriers; 4) the classification of related methods; 5) introduction of various
face reenactment methods; 6) evaluation metrics; 7) commonly used datasets; 8) practical applications; and 9) conclu-

sion and future prospect. The identity information and background information is extracted from source faces while motion
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features are exiracted from driving information, which are combined to generate the reenacted faces. Generally, latent
codes, 3D morphable face models (3DMM) coefficients, facial landmarks and facial action units are all served as motion
features. Besides, there exist several challenges and problems which are always focused in related research. The identity
mismatch problem means the inability of face reenactment model to preserve the identity of source faces. The issue of tem-
poral or background inconsistency indicates that the generated face videos are related to the cross-framing jitter or obvious
artifacts between the facial contour and the background. The constraints of identity are originated from the model design and
training procedure,, which can merely reenact the specific person seen in the training data. As for the category of face reen-
actment methods, image-driven methods and cross-modality-driven methods are involved according to the modality of driving
information. Based on the difference of driving information representation, image-driven methods can be divided into four
categories. The driving information representation includes facial landmarks, 3DMM, motion field prediction and feature
decoupling. The subclasses of identity restriction (yes/no issue) can be melted into the landmark-based and 3DMM-based
methods further in terms of whether the model could generate unseen subjects or not. Our demonstration of each category,
corresponding model flowchart and following improvement work will be illustrated in detail. As for the cross-modality driven
methods, the text and audio related methods are introduced, which are ill-posed questions due to audio or text facial motion
information may have multiple corresponding solutions. For instance, different facial poses or motions of same identity can
produce basically the same audio. Cross-modality face reenactment is challenged to attract attention, which will also be
introduced comprehensively. Text driven methods are developed based on three stages in terms of driving content progres-
sively, which are extra required audio, restricted text-driven and arbitrary text-driven. The audio driven methods can be
further divided into two categories depending on whether additional driving information is demanded or not. The additional
driving information refers to eye blinking label or head pose videos, which offer auxiliary information in generation proce-
dure. Moreover, comparative experiments are conducted to evaluate the performance between various methods. Image quali-
ty and facial motion accuracy are taken into consideration during evaluation. The peak signal-to-noise ratio (PSNR) , struc-
tural similarity index measure (SSIM) , cumulative probability of blur detection (CPBD) , frechet inception distance ( FID)
or other traditional image generation evaluation metrics are adopted together. To judge the facial motion accuracy, landmark
difference, action unit detection analysis, and pose difference are utilized. In most facial-related cases, the landmarks, the
presence of action unit or Euler angle are predicted all via corresponding pre-trained models. As for audio driven methods,
the lip synchronization extent is also estimated in the aid of the pretrained evaluation model. Apart from the objective evalu-
ations, subjective metrics like user study are applied as well. Furthermore, the commonly-used datasets in face reenactment
are illustrated, each of which contains face images or videos of various expressions, view angles, illumination conditions or
corresponding talking audios. The videos are usually collected from the interviews, news broadcast or actor recording. To
reflect different level of difficulties, the image and video datasets are tested related to indoor and outdoor scenario. Com-
monly, the indoor scenario refers to white or grey walls while the outdoor scenario denotes actual moving scenes or the news
live room. As for conclusion part, the practical applications and potential threats are critically illustrated. Face reenactment
can contribute to entertainment industry like movie video dubbing, video production, game character avatar or old photo
colorization. It can be utilized in conference compressing, online customer service, virtual uploader or 3D digital person as
well. However, it is warning that misused face reenactment behaviors of lawbreakers can be used for calumniate, false
information spreading or harmful media content creation in DeepFake, which will definitely damage the social stability and
causing panic on social media. Therefore, it is important to consider more ethical issues of face reenactment. Furthermore,
the development status of each category and corresponding future directions are displayed. Overall, model optimization and
generation-scenario robustness are served as the two main concerns. Optimization issue is focused on data dependence alle-
viation, feature disentanglement, real time testing or evaluation metric improvement. Robustness improvement of face reen-
actment denotes generate high-quality reenacted faces under situations like face occlusion, outdoor scenario, large pose
faces or complicated illumination. In a word, our critical review covers the universal pipeline of face reenactment model,
main challenges, the classification and detailed explanation about each category of methods, the evaluation metrics and
commonly used datasets, the current research analysis and prospects. The potential introduction and guidance of face reen-

actment research is facilitated.



$Eo7H /59 /2022598

XUs8, BRES, EFE, REK, M, HEt / AXKEDZEGERR

Key words: artificial intelligence ( Al) ; computer vision; deep learning; generative adversarial network ( GAN) ; Deep-

Fake; face reenactment

0 5

i1

F I RO R B B AR L
PLE U, TR AR — DR R SR R 2 55—
AP L BT 9 R 3l | 3h 4 9 IR Sl
VRSE TS T U S R G 4, R R T A e sl 1
YW PRI, GG (AN BR T 45 W B sl 7 (R
) KPR ARG, BRI, 45 72 IR 145 03K
B K A PR iz Sl IR A, T 760 R 30 A SR UK B
I B TP SR 25 T B B IR b 5 LR £ 1
Bl i KRB R, Wl 1 R, g A
iRiIE ez PN N SRR WN AU E= g7 g L3
YRS TR B AR S, BEE PRI KR, F
FISCA SR PR O A 3K S 75 BT b i T T
T,

Nt UN

IO ) #4% y ik
A B A
Pl 1 91 R R

Fig.1 Examples and illustrations of face reenactment

T P8 VA AR 22 B ) S PR A i A
R B AR fi A b AL T 5 5 A A1 [ R R 1 7 D T
(Prajwal 55 ,2019) i 1 X} J7 52 A Wy 14 T 318 o 9 ]
VETEP I 1) S AL ZUE U ( Lee , 2019 ) i a5 X FL 45
23U N 0% T S B A T 2 OIS s 4 ( Wang
45,2021 c) | E AR B LIS Y 3 4k N A
(Nagano %5 ,2018) 5%, RAEHHPE AT 12 M LR
IR ST AR A HTE Y 8 3, Yo & mT LAl
T R AR M N A A R R A,
30 3 A0 R B 11 9 At N AR B R A A2 AT
HRAVE A I TR AR AT R VE S 2 B
A BETE AT LLA B 2 H 145,

SN P D T 2 S i W S A1 19 R S
AR R DG THT 4 e ) £33k A 72 R TE TR B PR 3 A
ZEIRTh DATREE fh 3 i N 25 3 B ( Ly, 2020 5 Tolosana
4 2020a,b; Li 4 ,2021b; Mirsky Al Lee,2022), &
S A G T TR ¥ VA AR B T A A 4 T S
BB W 1 REUE SC T 2R IR S PSR
o W A SCE EREAR SRR GF I #h 72
ARSCH P BAERL N 2 7R, ARG DK {5 B A
SN[ K S 73 Ay PRT AR 90K 5l T S T B
R B0K 50 T 4 T 9, A PRI K 5l T S i P AR A
IKBIRFE IR AN [RI A T AL RE () 4 25 b ik, LA
T, A SO T 08 o Y A 1R ) )y kiR AT, B e Xt
[ R R ST R B sl | Ui 8 VI o7 < D BT
PRI R RPN Fa br SR S #4781 28 (1
B, foe e X AR AT A T S S R B PR ST i A
PRI AR AT 1) TR R & T B0 SR 55

H wwmiosees |

A e

(o

H miesmaiems -

FFzshyHi

e

T ICAIRE)

‘[ SRR 28 S L
FAIEFIRS)

K2 ASCEENFHER
Fig.2 The framework of this paper

]
]
]
J
J
]

1 WEHEPEEFGERE

2R IR N B L BB 45 S, ThT R
TEE L A SRS IO P NG PR AR sl A g B
RESS INERl VN YL Ui YN PVOIE il P RO VAL
TRV T R AR AT Ak R
LI B RS A R a R — 2

2631



2632

PEERRBEF ik

JOURNAL OF IMAGE AND GRAPHICS

Vol.27,No. 9, Sep. 2022

ﬁiﬁiiﬁﬁﬁé%%ﬁﬁﬁmﬁl 3 Fﬂf/%o Gt fih 2t A
DN PR U 1 1 BRI, AL

;u:a
EJ/'?\

'l

PR OB IR ) 5 5 rb $ IR 3l 5 B 3R 3k, e
FIRIEN L AR B R 28 1) o B AT 151

AR
NG it el

KB 5 RAIE

!

—'{ Al H CIREES

PR3 o R

Fig.3 The flowchart of face reenactment model

L1 ARFHERIE

IR R T SN B (T e WS E= 4 oy
ISR 5 B AER I PR

B 0315 S IR 18 A 1 S L ) 2 4 A P
HER PN SR A B AR 4R BURFAE | o7 2 i
PR G G i AR B 5 2 . B s
SFRIRTTIERIA) /NS, AN (5] e o 0 i 45 28 11 3 52
AR T IS 5 SRR g Rk T7 3

IR 2 {75 5 il R A 1 0 R P R OC H BE
o HE S PR 5 A 5 AR Bl {5 5 41 B 4 T 3 5

E)sES

ER S . B4 JBAR T ARIKSE B FRIERER, H
rHTE AR SR B TR B A TS SR R OT A BT Y
£33R (Martinez 45 ,2019) . % H13K 8 15 B RAE T Bt
(ORI ERTRWN 5 7 SRR S U N TTR S P2 K (T |
3 YEFEASFEARY (Blanz A Vetter, 1999 ) &5 [i] & 48 ¢
A R [ T ¥4 228 2 ) NG R A A 28 TR 4% 8 Sy A ]
FRAE . N OGS R 4 35 48 8 SCaF By 62 T T A 5
JER MR | S5 RN L0 A5 00 67 8 A5, FH B3 1 K B
KR, THERH A A Z i@ B 7 2 B, 38
F-3IBs &R 4 R LA FE B Xk, 40 b R RS | B G

v d

3DMM
%’;ﬁ?ﬁzﬁ'ﬂ

g % ok &

N E % R )

AU4 BB T
AUG [ %

I FREh R T
El 4 (R E K

Fig.4 Samples of driving information representation in face reenactment model

A

NIRRT

AU9 L2
AUT7 RIS
AU23 B A Y & |

BRBREA



$Eo7H /59 /2022598

XU$R, BEMS, EFE, (GBS, B, HED / AXEBPEESEFR

£
ARSI E 2k 0 2 A A AR Y B S S Y
3 YEASTRY R R AT IR ) A IR A AR B R
el 3 AEIE AR 24

1.2 EEREEAYIEE

T #4086 e g R e i AL g ) RN A 2 4
15 it g P — B N S A — B
Py BRI

1) Byt AT 49 e 3 ) s SC AT R T A
TS A e 245 21 1) J i R R T S AR R 2
W R —2, B 5 B Y SR ER—2, S
T8 i o v PR A T B AR R B
B IR RTE TR BEA RO B I3 5 5 i
B A S5 8 R R 2 By e A s B T TR
i LI i DR 5 VA LA X B B 15 5 2R AT R (1 4,
2021 ) 8¢5 R AbFBR 37 B RIS RHIE (Liu 55,2021) .

2) PP AN — 2ot T R R RS A Y A
PGFAATIRG R | 525 i S AT 31 4 A ), e o
A AT B2 7 Az D5 4 Sl sl A ML Y Sk ER e gl
S XMPIE OUPR I P A —EE X R B R A A A
TN GRITE A UG R R EE A T 200 T % ]
QI PP B 2 RORERASE 0 UL AR A DR 5 ¥ R A 8
FHAE A b 25 0 2 33547 25 1% ( Suwajanakorn 45,2017 )
A it 27 B AR AR U RS T, S i 2 25 5 %
JEZE LM I B Y — il ( Huang %5,2020) .

3) NI S — 2L, A% 58 B0 T S A 1
IR FH B A2 S0 = 5 N4y, 5 et —,
H BN s, HEE VoxCeleb 1 VoxCeleb2 EUHE4E
A ), ELS 3 5T BY T B2 B O, Y
SISk AR st 35 55 B 1Y A2 iU 2875 18
3 J] B 284k, R 7% I R 0 B AR Y 25 7 R NI 5
TR AC FUAL I IR 3 T BRIt s R s
5277 1 Ak RN R AT 5 Ry 28 Bt AL (Siarohin
2019b) , ELH TN B €5 S5 Y B VR B S 2R AT S
b PR 2 ke 5 s 22— ( Burkov %5 ,2020)

4) B0 BRI . A% e 1 T S o v R A 7R A A
SRt UG BEATHEWT I, HORB4E 32 S 2Rt A ) B9
Y1 S Oy O IR R 3 b B ) BELAS 1 T 40 9 A 32 Ak
PE W29 7RSS B b i R HIYE Rl 20 R 7E T
FANBA A 10 AR RS I 03 7 B AN 5505 B
MRETT . FEW TR TF IR 5 T 2200t 22 T ¥ e it P
W 5 P AR B [ 5 45 T B 3 BR o), 3 %>R 8

BRI B 7 8 A ) 263K ( Zeng &5 2020) /NEE
AR 2] ( Zakharov 45 ,2019) DA K 3 4E AR ( Yao 45,
2020a) FE 7 I
1.3 HEMEERNSE

T 40 B VAR AU W] DU B B A AS 3R Bl {5 8 Rk
T3 A FNHERTI (4 B 0y BR 155 3 Jy kAT 432K

AR A T S e A AR SR S RS B[R] T DL
T 48 73y VL5 BIK 5 1 TR 5 R 125 A8 2 T S o
T, %0 1 T ) K 3 B Sy RS BRIVl
FHRRSEL 147 B BK S T AR E G, 5 =2 AR I F) 2
RS T S o v, R BR S AS 45 8 R SO B A
e R A T S 7 TR RIS RO R B A R TR A S A
XoF 7 T 1R A A i 285 T B iy % B [R) B 2S5 B =2
] P X I DK 2R e e R 28 T 40 ek Y o ) ) A

HRE 3R 315 B 21K 7 AU AN ], AT Lo 1o o
AL I3 R BT NGOG R 7 ¥ BE T 3 4R AR
()75 T2 3l 0 4 7 1 R T REAE A AR 1Y)
Jiik o FET NG R R A 7 R IR SRS S BN
I SR R NI 5 P N T R SV BT A5 1R A A
IKBNF B FRIR B R T EUR B A g 6 T
TR, BT 3 AR Y T i IR B P
3 Y NI AR RY i 5 AR S 9K Sl ARk, Bl fd I pf
SRRy T UG N\ S AT A e SR A
gy A B EE R . BT s s i py oy
5 BRI E B ARG vh S 4Rz 3l 22 A5 B B
Ji SR SO T 08 S RIREAOE HH i A A= 8 A Ay T R
T, BT RMEARE Y 7 2 NBK S 5 B rh S O [R] 1
S (] P AFAIE ] S VR SRS AR 3k

R A 4 O P A7 0 B 53 PR A, T LA T 48 e A
TU53 R AT B 5 B A A58 R T B 0y BRI A 7Y A
By BRI AR AT LA AE U A ) %) o v R B
P 5 TC B 153 B ) F) A5 2 DU T LAAR B 5 PRI AR Y 4
A IS Tl B A3 10 B Y R B

2 BBREHREERERRE

VL {5 K 5t ) T 0 T 32 416 7 T Qe A P G 3K
B A BRI R e , 3207 1k Al L LR
RGBSR ARESFR 82 AT,
{5 SR Sl T 78 B 3 T AR S A 9K B 15 B ik T7
YA [ HEAT AR B (9 28, A 438 2 1 N O B
W7k FET 3 4R D53k T sl Wi iy

2633



2634

PEEREEF IR

JOURNAL OF IMAGE AND GRAPHICS

Vol.27 ,No. 9, Sep. 2022

TR TARAE AR T 12 . AT T A AR

TS LR, 328 1 X ) R AN ] 2 501 7 92 A 0T 5 B

AR R IS A [ o 28 14 ] 5 0K s T 0 o 9y vk

AR AR T 5050 LU AT o

2.1 ETABRXESNEBERLE
TN S B A A T R 9 Y A HE SR AN ] 5

PR, ESEAET IS A3 B CHE A5 B, B i

Al
»

LI N4

FHIE G (R EUGAT DR A B B 6 A s P 4
SR ICHHE BRI AR S, S 28 A s 14 il s B Ay
HTE A NG PSR, TR RN I 2R A al A R
AT LT A HEIRT A AT LAA= JCRE RE B 03 3 Rl ) A
PR AT e 07k WA By B R, AR SCMHR
SHEVBTT IR A G B 03 BR A AT 702, 20 531) B R A 5 14 T
FRELIHT I

C  FHEGEE

NG

St
v ! / v
T TR

) e FRE o b O e s Bl O LR

AT

EXREIN; 4

5 TN SC B e A T S F 8 7 V2 ) HEAS U A

Fig.5 Basic flowchart of landmark based face reenactment methods
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Fig.7 Basic flowchart of motion field prediction based face reenactment methods

2.3.1 kiR

AT L ACR Tk Wiles 48 A (2018) $2
%R AT LR AT 3 T R U A5 A T S
[EP R o T A R ES RO T L VA PPN T4
18z UG T 5 R FIR A i 2540 (5 BB E B,

W6/ ol P A AR 28 X 238 T B S 5 2 000 A 2% ) 1%
R BB BIHLIN S, % o SL R AR FEAT RIG A h #
VERIAT A5G 2 fe & A F 3 G, AR A0 % RO T, 1%
T T A A A A BB R R LA
B, Frp B At S s A5 R e s [ (R AT A

2637



2638

PEEREEF IR

JOURNAL OF IMAGE AND GRAPHICS

Vol.27 ,No. 9, Sep. 2022

FG VR B MR AR IR, LAdse/IMERRAE 22 8] (R B S

h T TS Sl U A TR P AT IR
1% 5K UG AT 22 1, Bz sh35 00 B 3% T
T 1 A= Bl 5 B 1T F EE 9, Siarohin %8 A (2019a)
W [ B R TR B 4548 12 Bl O, R i
Sz e 51 AJE AR SO S . BJS , Siarohin
ZEN(2019b) it Bk vk T — I R R
FE1 12 2l b7 T o 38 7 32, it FH DG B BRI 7 5 5
AT AT B AT AR, AR AR 40 B T U 3
PHHER | 7E TH S G Ao g | A RIS S iR R
N5 S AL i

ANT] T A VR B 2 > AR A 45 B T 4, —
IS | AMEG R N BB IR BLE s 15 B
Averbuch-Elor 25 A (2017 ) X 55 #4511 4 — 4> 0K
SRS 5 0 B3R S5 #9158, Delaunay
AT IS IR 2 4RSI AR 1
FSCRELA B2 [RIMA, B I A= g 38 DX 3 g G LA B s
i BE AT (5 B S8 E T, Geng 55 A (2018) 119
T3 P Ak N D R 0T 55 4 UG i A= Rk
PG, ik AN ] 9 A g 43 o 5 Ak P15 400 15 R A
WA

SR T A s R AT RS R R
1oL, AR5 25 R SR SO 2t 2 A ol A 8 0L A i 2
FAHE T MG 0 A T o, B A A3 o A 7 ek
Zhang 55\ (2019) 42 i — 5L 720 K 1 2 RO
BT, DR EUR AR B MOAFAE [7] 22, DBIR 3 E R 4
Wy A s ORISR R E A | 128 20
Iy BN R A B A e A5 2 RUR R ARG, e 5
1o VLG fh 5 1) 0 NG 38 e R s o A gl 5 15 30 e 26
AR B F 25 . Gu A8 N (2020) £ th— Pl i 2]
Uity (14) 35 - S50 PR P15 4 i ) 0L T 40 o 3 D) 4%, 3
1L S TN 2 B3 A PR | I AAS 2 h
NI, 5 — S 00 67 357 A e DTE ARG v TG v 3 el
HNER S EITODN 4% 55 i o L R s - S B U 1
TINAL A & BRI A5 2 Fe & B9 T 78 A, Zakharov 55 A
(2020) 451 T AU 2 G A 5125, ol FHSCRR AR 13 )
LIRS L BT e N DS A AR SR A, AR AR
EARSCIRAF B, , RS HET B B S 4 A5 B AR U
KAz 5137 18 sl i seH th sO8AE B I 2%
ARG b e A i R RS, T R
A TR, Yao 25 A (2021) 2 H ey A s it Ak
(R 5% , R BBO I TI0 AN LA 38 Sk R | S et 45

PSS 18 S P A BT Sl Y A T T
2.3.2 /NG

BT 18 S I 4 I 2k s ORI T T IR A
(0 S A LN A5 L, PRAIE 1 — 5 179 THT 4 S0 3 4
TR AR DL SRR e, SR BT
18 BN TN 4 T A A AR SRR R R A 7R
FE 3 A P00 8 B A A T R A B, P LA
ES NI E AR S i R N AR L AT
B ORI, O HAz b 7 ik 220 1 IR K 2
G F BRI, 2538 AR B EUR A9 B AS DL e
b1 I N A e N EY SRR 2 W A U E= S X SN
FHHCAT 22
2.4 ETHIEMBNEIDERS X

BT R AR 0 TE 08 B V6 3 AN | A LA
AR DG B S B T PR Sl A LT AR A5 A A L, T L
R AR S 0932 2h AL B 03 05 B 34T 1 2 5 A
P o TR A (7% TR S 8y 1 ) AR G AR A
K 8 fizn iz AR B F Burkov 5% A (2020) Y T
Yo AERBIBIYIZRIN , B0y G A% i 4 WO 1 iR T
KGR SIS TS 0y St BCF R R 0 B
DYRFAE . 25285 i A5 45 D) e SO T I ) B 3 A\ &
%, BB RA SRR AR 45115 5 15 319K 3
FROE, S FRERBR SRR AL G S | 8 o 2% )2
HEATPHE T4 A B AR s Hh o R R Y AR
TEA AR B I IEIE A 5 2 0 AR S el Jy vk
SERE By AR S RFE

B TR A R 0 TE 08 Y6y vk AR A T B 3 PR
T, PSR I 5 R0 4 DR 1 4 B0 1 5 A 8K 3y
NS SO R UNE €/ e EHE RSN G EA
BRI
2.4.1 Jrikttik

AT K T i Zakharov %5 A (2019)
P, O H A TR IR R b 3R B O 4R
) B, IR S 5 S SO SRR AR [ R S SRR
HRA B LB Oy FRAEAE S i A B A= it h A 38 e 4
8o TEVNER B Bofdt AL S8 10 A s ) a4 2k | E
A R IR AIE DT JC 451 2%, AT LA 2% 43 il DA BIK 5 [l
ORI G rh B2 SRS AU I 55 A RR AL, B IR T RS 7Y
AL TTMERE 42 T 1 0 1 IR ARG B 1 7 oK
TENFERE |, Burkov 58 A (2020) st T 3R s {5 B
AR IR, i 1 7 T e s ) S A5 4 R 1 R MRy Oy
2, 00 R Sl AR AT B B ) A O BN Y 4



$Eo7H /59 /2022598

XU$R, BEMS, EFE, (GBS, B, HED / AXEBPEESEFR

Erdmithes

O 00000000000

g
o O]
% 3
YA
145 B

-+
&

Sty

(OO0 000000000

47§%mm%

AR

ER0UNI

P 8 TR S S ) T 8 B 3 0 P A A

Fig.8 Basic flowchart of feature decoupling based face reenactment methods
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TENPAT 5, 1277 4 JRUAS S B ) e
A SRy SC 1) 08 O B ) B SR, ()BT38 n T o
L A58 T AEE B ERUR . Fried %A (2019)
i T S G R R AR ) Y T AR SR
(A b P X U P S EA TS I R 40 R B
Vi 17k R A E B XTI, T HRE
XTI N A AT IR A8 2, A1 sk bl R b 3 b 1 A
RIS A . RIS, AR B BRI, A5 A0 5 AR ) 2
FECAT O il L AT R 2 Pk fel e T H P
B R B, R 1 T AL 1 % ) b f L %O i
TS PR AL 1 15 R MR SRR B SOARE
AR U 53 A2l B3] I X R R g g — o
AT 3 E NS EE A, SRR — M S RS S,
RSB R HE T (5 B EHERE S48, R S
YRS P25 A T S5 B8 M E T, Yao 55 A
(2020b) HE—2P R T Lk ik, 5l AS % A&
B AT R R R [
PRI EE R AREE  EH LI ASHLESRIES
HE AR ARG SO A, R R Z )
(AR R S5 NP R AT $2 5T TR A 25 A 7R Y B 4y
FRL 30 A3 Ao S 7 s B LA 11 L 3 3 et
FEBEHR 4> B AR, A 80 T RS A B 25 R, (HIA
A B SO R BRI T A BR A5 i HL T B K
TR R B4, AE(F A A AR KRR EI, Li % A
(2021a) [ 5 72 BEARR T 6 W5 NS 25040 ) 0 o, i 1o
5 A5 [RDG) 554 08 SCAR B AR S 3K B 45 L, 43 931
TN Sk RS T 21 A SRR 55 8, b5
FHENNG 3 L AR (8 T AT A Al gt 2 i i 8 o 7
3.1.2 /NG

N LA ) A B S SR 3 i) e AT 55 )
R il 0 A S 371 PN 25 1) B, PSR SO B A
F14) TR i, i SO IR 2l A T T Y AT 45 RO R A 4
SR, B A3 T S0 0K 2 A T 50 2 T 4T3 Ah - 2%k
B BT R SCAR S A B FE BP0 R B
L] b B SCARGR SRS (R 4 A L Al SO B p
PRIV AE B4 S 4G S 10 S 3 AR B, DA B ]
TN SUASAR S 3] RGOS () 16 R RT3
3.2 ETEHRIINEBER

FE T UK S 11 T B Y i SO BIR B 1 T
TR — R AT R RS E ), OIS
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EUGIES AR, TC AR BEIZ IR A 2 S M RAE 515
B BT AR A Te A o0l Bl PR 25 0K g 15 24 ik
T AR S TR R R S, TEAIANK B R
(R 77 v AR DG R 2 P e 2 A A P HE TS 3
3.2.1  JCHIHNIKSAR S 4K S i S 3

IR TAEH Chung 55 A (2017) B
WA o I B — I R G i e A HBCE A ) A
TEAVE Riz a5 B Al 1 3 T 45 B bl 22 1) 4% 1) P14
Tt P B RS A AR AR R B 045 2, B PR AR A B
A 5 FH Pl A bt 25 A ok 1 i s 1 A R,
Je A U BB 25— A RO e LR T [R5 o
i, PR RO 2T AU T AR T
LIRS

Chen 45 A (2018 ) % T A F 5, B AR pi e
HARETAEMIE , 8o Z AT 51T 5 AT AR i
A G G i , 23 P BOE UL R P 9 B,
3 2o i TR AR AR BLRE 1A 1T B8 i o v AL ) 5 A )
—FPE, Song 5 A (2019) 51 AT HI 5 &5 $2 7R
J et 3207 A A [] £ 2 ) i £ JBUIEE P A5 AR 5 3
B RHE , B RRAE2H 5 I 1 D 106 B 4 28 R 2% (re-
current neural network , RNN) &:4~7 S W5 A, B 5
AT R T S PR A B 25 A i T R [
KT 288 53 0 7 5E RS R S AR R
Il B B A B 1 RIRS 57 5 45 Zhou 45N (2019)
TERFIEZS (R HEAT 5 AR, 5 A 5 A o3 S A 10
FAXSHUIN R BT H A % A R L B (3 4P AR 2 1] B 156
PIZS AR 25 (1], Il B G 07 7% 4 i 2 DA IS A5
B AR IBUGT N )RR, SR i K T AR DF 4 S 3%
AA AR AT HE I, Prajwal 25 A (2020 ) {5 754K
Pa Ik 18 PR — SR , A 5 A8 AR 25 4
e FES ) A i A IR rp AT A il A P R PR B
Sl A %) 5 AT — S S s B A

b IR AT P 2 B s 5 BBURFAIE 7] 2 2E
o I R B I A B IR A8 ke B e 5T AN
AR A5 B 3 e T S A A S AN HER . PR E
FEE ST IA NG SR BN K S5 B Rk
TR 9K ) T S i 0, AR T4 Chen 55 A
(2019) #2 H #J AT-VGNet ( audio transformation and
visual generation network ) , ZITE A LT RG A
IaUATINES P e O R K DN 7 S i)
LSTM [ 268 328 it A= B A JI: G S8 A, i s it O B A
BRI Az B 2%, 5 AT 38 ) #8548 U5 4]

PRI O R A B VS 19 A BRI AT AT-VGNet
IRGIAT BT A B 5 s, 78 0 ) 3 A v s
T EURE AT 55, 43 500 40 0] R G0 R Am 9 50 1
ELSEE MR BRSO T ] T A% G 0 A s L)
fr R DL BB R I AR

Suwajanakorn % A (2017 ) F1 Jalalifar 5 A
(2018) F A U 34 T4 i A0 14 8 A9 51K 5y 1o 8
T TR D ) TR A, 3 g IR Bl A
BB ARG SCEE AR T8 a2 i P 25 45 B0 7 A B
EL S RSO, - im s A4 2 R A At Ak 0 LA %
VR e JroRe Az R W T R A 2 J5UA AT Song
SN (2022) W T A rh B 345 B R %0y
ETAL I E AL, 2 BR B 5 BT 4RI 3DMM 1)
FAGFRAAE 55 PRI b B9 NG 230 B AR i R 28 25 AR
ARG T 3 AT g, B 36 A TE % I 4% v A
R AE R, RS BRI b AR BUEIR . Zhou S5 A
(2020) $2 11 1) MakeltTalk 4527 [ £ & 3 F %5 415
ST AT T B T B A5 S — B r
FFRE T o 25 TR A PN 25 4 5 0 Ay S )
3 SR XoF 7 > HiG Ay B 1Y) P A AH DRI B 3 AH DG
AR S B AL B SE S, IR 38 T b o % it fin 381) 952
PRGN Rz 14 DB o b 3 3 PG AR B e ak 3] 35 R
WIBCHERYRCR . Wang 45 A (2021a) $2 H1 9 Audio-
2Head W51 AT #5015 B 3 28545 B A WL e
fdiFH LSTM Bl 285 F50I0 & 45060 17 1 Sk 77 24 285, i 1] ik
Tz s WO Y Az B AR AT A SIR B T
Wang %5 A (2021b) 7E24 > B B s 4l H & 0 215
BULSIRNLESAE BT il 7 2 R E AW
AR A W B Y DR C AR B2 A = HAB YIRS, B
Je A TN SR 58 R B9 A2 i, HeAb, Zhang 55
N (2021) T o3 A B AR 2y T S e 5
TIVEIB IS 3 eI iz shig i 5 kA& it A
AR 25 3 o BER U AU T 25
3.2.2  ARHMRE(E S K S IS

A ERHNIK S5 S0 AT Sl TR T R T
WS E AL, b5 ARz IRPRAE SRR E
BT R 0 Z MBS, AR TAE R
Zhou 55 A\ (2021 ) £ H i PC-AVS ( pose-controllable
audio visual system ) FEH ZARTY Sy B R B Ak
BRI R IA 1) Z2 B B S ik 51 AN 2 25 0
VE RS BYSRENAE ., H 8 (5 A= ui 1% 0 38 A 4, 75
SR, B B i a2 S 0y 15
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B2, BEJE (R SG T 0) T BB A5 I 114 045 e
SEITC B O35 B B AE 25 (8], SR J5 B % FRAE B S 3]
VL IH PN 2825 18] RN 48 A5 R AE 25 18] | [] B85 49 [ A ke
SRR P BEIE N A2 0], e MBS E R B E
SR P 2 A B8 A 7 T R

Zhang %5 N\ (2020a) & 751 A T HZ IR 15 B RSB
2 B NI USRI | A S |z B AR 2 RN Sk 3 4
BAF B TR ARG A fish | A e 2 A BN 56
e N SN ey A T EE T LS EUN
J: (R EEE PG, AR BCIEAE B, R T e A e Y B
UyBRH , Zhang 45 A\ (2020¢) $ HH 3 F [ 18 I 45 B
T ST s T R AR A KA R I IRAE BN Sk
P AT B L AR B e R 2 A i e 4 A
HATH R,

Wang %5 A (2020a) Fl Ji 5 A (2021) &AM 51 A
TEREEE, A& 5 ABIMY IR LS Y
PG MR PEARAS 8 2o S5 A I 45 28 B0 AT 20 1
UEIE NG 5 3 TR 0 s b b oy 25
ARG (G B 1% G o A U g | A
e SRR TR I B AR A 21 P 25
23 (BRI 25 18], 4R J TN ARG SC B SO kAT s H

3N EE, BREE RENSHSH HER
s ZEEIPNITE UL JE I ONEY  Er s Ik S P
BRHEEESR,
3.2.3 /Mg

LT AU S 1 T S T A Ay T S R A 2
HIRMAEE T — D8RR EA . i TA &
WAE B T WX I EF5E 5, BT LA i
o —ER AR U NI Ay o T35 0 IR 3y 1 40 9 e
HENERTB, T 3T UK o) T 7 5 Y 18
FLFRE  CHATHY 7 EEAE TR TR B 2UUs 1
P m e, st R 5 I T
AR T SV ) s 1, B 1 U R i 828 iz R A
19555 5 B AN B BB

— R B ) T S 9 7 5 7E VoxCeleb2 £
R LRSI LN FR 2 FoR , #8 SE B 45 A 5
FHA Wang % A (2021b) () TAE, Ho PN ir
B SRR K I AE R ((cumulative probability of blur
detection, CPBD ) | A Ji 5C 8 55 #5 25 (landmark  dis-
tance, LMD) | ¥ #1331 {s #% 72 £ (audio visual offset,
AVOSff) Tl & WAT — BUE % BE (audio visual lip-sync
confidence , AVConf) Z5F8Fr .

x2 BHRIEHDERTELR

Table 2 Comparison results on audio-driven face reenactment methods

ik FID | CPBD 1 LMD | AVOff—0 AVConf T
Chen % A\ (2019) 67.6 0. 061 0.382 0.20 4.30
Prajwal 25 A (2020) 20.3 0. 541 0.273 -2.92 6. 65
Zhou % A (2020) 23.0 0.55 0. 482 -2.83 4.38
Wang % A (2021a) 22. 4 0. 532 0.314 0. 50 2.47
Wang % A (2021b) 19.4 0. 564 0.252 -0.08 6.98
Zhang % A (2021) 21.2 0. 559 0.283 0. 491 4.54
Zhou 5§ A (2021) 27.6 0.514 0.251 -3.00 6.83

TE L FAFOR S B R ER, T FOR BB, | FORMEMUINEUF , —0 FOR{EBE T 0 s,

M 2 AT LIS, Chen 58 A (2019) 42 H 19 7 ik
B — SRR ER i T HAE R T A R X
WP DL RIS T i B 25, 5 A L, Wang 5F A
(2021b) $& M 1% 5 451 3K ) 11 50 5 3 vk AR R
U — B L EEUS T R RICR
3.3 N

TR T ORI RS 3 R, SHESERY IR
HEAH LG, BRSO T S AR S  BK 3

R B BIINSCAS B WA, 4 16 A [R) ) 4 Bh 3K 3l 5
B IRz MRS 5 Sk A 2 25 DA K NI 3R 1 55 5 7R A
RIZEHR L, RIREAAS T 2t 55 25 1) AR F 4 Bl i 45
MEERTIA,

B A8 25 T 0 L QI TS R RO A A
ISR R B T — , HOR RS E TR & 2
LENEEFSSUPNInZ R TV E T S s e S ILTN DRER 3
Ml 7 [T (55 IR S B A A L — Bk B PN 4R A, )
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Table 3 Summary of face reenactment models

T FHIEFRIA (RPN Ry 11y
i ke wi et s - L SIS WG BUE AREARE
ReenactGAN ( Wu 2§ ,2018) AVZEE VAR VY E1% 14 Voo— 256 x256
Vid2Vid( Wang % ,2018) v - - - - - -V AT - -V 512x512
AFR-GAN(Ma %5 ,2019) vV vV Vo oo - - - -V - &% - Voo - 512x512
VS-GAN (Liu %,2019) vV vV Vv -V - - - -V AR - Voo— 256 x256
GANnotation( Sanchez Fl Valstar,2018) V' V' - - - - - -V - Eg/REN el % Voo- 128x128
GANimation( Pumarola % ,2018 ) v vV o -V - - - - - 1% 1% Voo— 128x128
FSGAN (Nirkin %§,2019) VoV oV - - o o oV o Mg 1% Voo- 256 x256
%;;};’ﬁ OIPR-Net( Xiang %§,2020) VoV vV VvV - o o -V o B s F1% Voo - 256x256
FreeNet( Zhang 55 ,2020b ) VoV - - - - o oV o R RS VO - 512512
LandmarkGAN ( Sun % ,2021) vV oV vV - - - - oV o R ER/ S VO - 256 x256
MarioNETte ( Ha %,2020) v vV Vv - - - - -V - % [ Voo- 256x256
FV-NTH( Wang % ,2021¢) v vV Vv - -V - - - - % [ -V 512x512
FACEGAN ( Tripathy % ,2021) vV Voo -V - o oV o EBEERIT B RS VO - 256 x256
HFM-Net( Fu 4,2021) vVoVvovoo- - o - o -V EfRE 1% Voo 1024x1024*
LI-Net( Liu %§,2021) vV Vv Voo - o o oV o Bk % V.oo— 256 %256
DVP(Kim % ,2018) vV vV vV vV -V - o o - WA LA Voo— 1024x1024*
NVP( Thies % ,2020) v - - - - NV - - - - AT P -V 512x512
RET( Thies %§,2015) Y £ WA - V. 1280x720*
Face2Face ( Thies 25,2016 AV VY Rt WA - V. 1280x720*
iéﬁﬂ FacelD-GAN( Shen %5 ,2018a) v vV Vv - - N - - - % E% o 198 x 128
FaceFeat-GAN ( Shen % ,2018b) vV v vVoo- - Vo - - - FasshE 14 Voo- 128x128
PaGAN ( Nagano %5 ,2018) v vV vV VvV - VvV - - - - e 14 Voo 512x512
DNR ( Thies %,2019) v Vv - o o o o - % % Vv 512 x512
MOFR-Net( Yao %,2020a) v vV vV - -V - - - - 14 e Voo- 256x256
BPL( Averbuch % ,2017) v vo- - - -V - V- B % V. - 600 x800
weGAN( Geng %5,2018) A N VA % % V- 128x128
X2Face( Wiles %5,2018) v v v - - -V - - - e S Voo— 256 x256
OFR-Net( Zhang %,2019) vV Vv vV VvV - oV - oV B s 1% Voo- 256x256
g;fﬁ Monkey-Net( Siarohin % ,2019a) VoV - - -V oV o B 1% V- 64 x 64
FOMM ( Siarohin % ,2019h) V2 Y Y = V- 1% 14 Voo— 256 x256
FLNet( Gu %,2020) A2 VAV L VA e < T 14 Voo- 24x24
Fast-Bilayer( Zakharov %,2020) vV v vV - - o VoV o RS EgR S VO - 256 x256
OFR-AAN( Yao %,2021) vV vV - - -V o V- 1% 1% Voo— 256 x256
NTH ( Zakharov % ,2019) Y2 Y VYA, [ VS < T LA V.- 256 x256
ImaGINator( Wang % ,2020b) v v - - - - - - - - FEIRSE 1% -V 64 x 64
ﬁgﬁm DAE-GAN( Zeng % ,2020) vV vV v - - - - - - - E1% F1% Voo- 256x256
CrossID-GAN ( Huang % ,2020) v v v - - - -V V- A 14 Voo- 128x128
NHR-Net ( Burkov % ,2020) v vV v - - - -V - % [ Voo- 256x256
MATV-Net( Yu % ,2019) AV Vv 75 5 Voo- 256 x256
o TET( Fried 2§,2019) vV o- - - -V - - - SCA R -V 1280x720*
I-TET( Yao 4,2020h) vV o- - - -V - - - - A WA -V 1280x720*
WAS(Li 4§,2021a) v vV vV - -V - - - - XF 1% Voo — 512x512
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Table 3 Summary of face reenactment models

EIN FHIER S N SR
ok ik Wi et s IR R W R W R RE
ST U R )
YST( Chung %,2017) v - - - - - - NV - - = e Voo 256x256
LMG ( Chen % ,2018) v - - - - - NV VvV - - I % Voo— 256 x256
S-Obama ( Suwajana % ,2017) vV o o- - - - - - -V - H AR -V 2048x1024*
SFR-GAN ( Jalalifar %5 ,2018) vV o- - - - - - -V - A - -V 128x128
TFG-Net( Song %:,2019) v v - - - - - - - - Byl &5 - VvV 128x128
DAVS( Zhou % ,2019) vV o - - - - - -V - - = 1% Voo— 256 x256
Wav2Lip( Prajwal 25 ,2020) v - - - - - - VvV - - B2 A -V 256%x256
ATVG-Net( Chen 4,2019) vV o- - - - - - - V- A LA -V 128x128
TR EBT(Song %,2022) v v - - -V - - - - = B -V 1920x1080*
MakeltTalk ( Zhou % ,2020) v v Vv - - - - -V - = 14 Voo- 256x256
APB2Face ( Zhang % ,2020a) AVZR VA VR AV = - Vv 256 x256
APB2FaceV2 ( Zhang % ,2020c) v Vv - - - - V- AR E% Voo— 256 x256
MEAD( Wang % ,2020a) vV v - - - oV V- EERE % Voo 256 x256
EVP(Ji % ,2021) v v o- - -V - - -V = GFEd Voo- 256x256
PCAVS( Zhou % ,2021) Voo vV - - o oV o o ER/AR [ Voo— 256 x256
Audio2Head ( Wang %5 ,2021a) vV - VvV - - -V - - - A 15 Voo— 256 x256
AVCL( Wang % ,2021b) v - vV - - -V - - - AT 1% Voo- 256x256

TV BRI, - FORTIIN A, 7 FR I BB A XS, BV 53303 5 5 AU 5 F R AR — L

B SUM AR HLAL . ST T (A0 — AP
4 THIER

T 771 L YR AR D i s 1 i DA PG B B A
K A AR BRI %o PR |9 A B 1 D R T
By RGNS A ) MER R LA T DA

BT UG A iU P R bR i i R T 2
EUGAE SBPPAN 5 , B 45 (B M L (PSNR) (&5
FARALLE (SSIM) (Wang 25,2004 ) | ST HASOH G- AR
3 (CPBD) ( Narvekar il Karam,2009) | FID ( frechet
inception distance) ( Heusel 5%,2018) 5%, FH ' ¥FA
(user study, US) J8 FHl F9FA, G A i B &, US 48
T SR HUAN [ 118 B30 ol FEAH I] %) ATz RS i i 4 7
T, A2 AR SRS ] ) E e 2 R A 15 R

WA R B S R A 55 AR R T — S
XA S A AP HE AR o T 790 R A ) K
FUGR LR T IR R A B 0y 5 B ABK 3 R Y 22
RIEFSNEAE B, Ha 55 N (2020 ) 1 U7 1] #B 5
S5l T 3 FhON 1R TE SO ST PP AN 48
B, 53 50 R s B 0 R AIE A A% s% AR ARLEE (CSIM)
TR B £ FE B 2 07 1R 22 (PRMISE ) | T A )i/ 5.5
AU EL I ( AUCON)

CSIM i # yiif 5 Fn 2 43t 5 0315 8 00 I 45 43
M GRS M 2% Vggface2 (Cao %,2018 ) 45 HL
NHEARRAE o) S e FH 1) 2 ) A4 A% 5% AR RLE A A Ay
febr, HHEN

_ [ S
Jesm = f (9)

/.
AR o, A, 23] D i PR A R PR ) B AR AL
PRMSE FEA 1 i 6 4 55 S 1L sl A 15 B A0 4K
RGN LS 2 R TN

(10)

/i PRMSE —

b, VORI SR, A D LS AR R R 23S
WIChE ffy, A )% E AR
AUCON At 1 S 38 141 15 5 9K 5l 1l 45 22 1) i

ETEMIZESE T
~ 17 N A U;cc
T YT (11)

X, AU 3RSl N PEAGRS: T 381 f T 398 2 A BT
EEL, AU™ i EUE R 5 ok Bz sl i (e
AHTE] B T AR SR PR oY B, bR T R A 1 AT
R sl VE B e 4 H OpenFace 1. H. ( Baltrusaitis %%,
2018) kA2
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G G A BE B (LMD ) AR FH 1 27l 3 3 %]
B R HER R IE  THE A

Sow = (12)

S RS RS N 5SS J VALY T Al i A 8
PG S s AR, Sl A DG B A B

T TR X 5 A 285 IR 8y T 0 e 9 19 3 S ), R —
P 2 THI S B A 2R 2 T ) R R R LAY
A 2 At T T 25 1) o A A— B0 531 ) 4% ( Chung
H Zisserman ,2017a) T 451 -5 PSS A9 D B2 i LA K2
NN R S G R U W A B BU WA EDRDN
B IR SRz 3h 1 AR AR BE AR B e 3 U7
THT YT 53 VEH T ¥ B A A A RCR,

5 EHRBNEEESE

T S T AR e P ) 0 0 3 IR B A
FUGEE S AR5 5t DGR B AR AT 43y H—
Gt MR A5 5 Wil
5.1 EfGEESE
5.1.1  B—3g5 Ry ERHR B 4R

RaFD ( Radboud faces database ) 24 £E ( Langner
45,2010 FRfaf == PABLRER A2 T 2010 4R A5
8 040 MR IEME Ik WL = 5, Wi oy —
R B S 67 AW, B AN SRR
A YR TR AR R R AL A 8 Rk
A A 3 R R ER T 1) RSk IR S A
ANTR] T3 1 B AR BILA 41145
5.1.2  BAECN EHG R 4R

Multi-PIE ( multi pose, illumination and expres-
sion) BXHEEE ( Gross 25 ,2010) Hy 35 6 | Py Mg e K
ST 2010 4R4R 42 750 000 W B, H48 3 5t
RS E Yyt AR AL 337 AW, B A
TR B R ORISR AR | Tk IR
1 13 AANE DT 1 A AR AL SE 4R 8%, LAk, Mulii-PIE
BT B A 18 FORTRIRR B A G IR
5.2 WIMHIRE
5.2.1 B35 T RPIBEGE 4

1) DeeperForensics XI5 4E ( Jiang %5 ,2020) HBT
IR T BT A MR A B T 2020 AR A ST, 7R 5K
R IR T, W RO RS R AT
60 000 2 FAAEL 17 600 000 M FEI{% , i 50 000 4%

PRAT Ay FL SRR, B8 A 9 AN AR5 T 100 17
B AN TR JER A0 (T 5% 3 0 AR B T B 180° 1Y
KRS LS 9 ORI G B AR A

2) MEAD ( multi-view emotional audio-visual data-
set) BOHRAE (Wang 25 2020a) i BT 1ARHE T 2020 4
HEAL AL 281 400 DR B, 7R S0 00 & 52 R
THA%E, TSRO R O AT B AR A A
60 AW DL, A T8 FhERE 3 A RIE R SR IR
JEUALL T AT SR AL 48 L Af . B AR 2
A ,MEAD [RIFERSE T ULiE A B 40 fE B .
5.2.2 ARG T REE 4

1)LRW (lip reading in the wild ) #(#&%E ( Chung
i Zisserman ,2017b) . 8 [E 4= e R 27 A wE T LA 26
T 2016 4F %A A T E B, LRW AT
K S ) TR AR E A5 T 500 A [ B 4 4
PR B, B BRI 1000 A0

2) VoxCeleb ( large-scale speaker identification
dataset ) 2% 4E ( Nagrani 5 2017) . B EFEK
PR E JUAT 4T 2017 AE & A, I T U IR
B AL 1251 244 N2y 10 T3 A TR U s MU0
B BRI DRSS H P, VoxCeleb 115
TURIE NS B AR R T AR B 4 T
BAUFSE

3) VoxCeleb2 (4 4 ( Chung %%,2018 ), H 3¢
FEl 2R R 2 8 LA 2H T 2017 4E & A5, VoxCeleb2
P 7T VoxCeleb FEIEFAR 15 T 6 112 K44 A
245 100 J7 AR B

4)FaceForensics + + 25 % ( Rossler 4£,2019)
P 7 [ e e R Tl R e 13 5N TR RE S 0 %
£ 2019 4RGN AL A4 ISR Y 1 000 A L5E
B I SR T B TS ARSI R B, LA S A T 0 o 35
J71:(Thies 55,2016 ,2019) A= U AAEE 2 000 5%,

5) VideoForensicsHQ % 4 (Fox 45,2021) i f
] e 3 W e R B A TS BT T 2021 4F S, 3
11737 AR AR, Her D BT 326 973 4,
FLSAARIT 1 339 843 A, ML b B N6 5 8 Pk
1%, SOV ES R, B OIS DU 0 )5 v
A DVP(deep video portraits) (Kim 55,2018 ,

6 ) ForgeryNet 5045 4E (He 45 ,2021) H A FHE
T 2021 AEHE S, WA T 99 630 A L SE A AN
121 617 A Phsts WA, 2 S5 40 A5 o A Ol 32 400 A3 o 15
RE T AETE, A E 5 400 AR B N
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TEE A 1) PR T WA — 3 3 e 3 oA ) ) i
T AR R A B A5 3] ( Chen 45,2019 ; Siarohin 5% ,2019b;
Zakharov 5 2019) ,

6 HHERNLIRNASEERE

I 5 TP S T Y 40T 88K 1 A R ATVRRARE T 1 P sl 5
BUE A 221 65 1 2600 8k 88 22 0 F P I i 4%
fih 390) T ¥ L YA, A2 A FOR A R B IR R SR,
(] B FE P A1 A AS T ke e bt 2 52 380) T 400 i B AR P i
FH BT R () B7 T 52
6.1 SEBRAZA

Prajwal 45 A\ (2019 ) 38 2 14 5 78 & 20 A 1k
e 5 P AME HLRE H AN 1 A A 5 g 7 R
R80T T RS B IR, Lee (2019) ¥4 15
SN ) TR Y TAC S AT A A LA
T TIZ AP B SR, Wang 55 A (2021 ¢) i 1
AT B A R A T NI Sy = A 2 DO R 4, AN G 2o
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