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Abstract Recent advances in computer vision, natural language processing, and generative arti-
ficial intelligence have significantly enhanced the capabilities of digital humans, enabling their
widespread adoption across education, healthcare, entertainment, e-commerce, and customer
service. With the Chinese Al digital human core market projected to grow from 33. 9 billion RMB
in 2025 to 93. 6 billion RMB by 2030, and the global market expected to reach 1. 92 trillion USD
by 2035, the rapid proliferation of digital human systems has outpaced the development of rigor-
ous evaluation methodologies. Existing industry standards and academic metrics suffer {from criti-
cal limitations, including ambiguous attribute weighting, insufficient fine-grained quantitative in-
dicators, over-reliance on subjective evaluations that introduce individual biases and lack repro-
ducibility, poor adaptability to emerging technologies such as large language models, and the ab-
sence of unified frameworks integrating multimodal quality and content assessment. This paper
presents a systematic survey of digital human evaluation, covering technical architectures, indus-
try standards, quantitative metrics, evaluation frameworks, datasets, and future research direc-

tions. We first delineate the four-layer technical architecture of digital humans(perception, deci-
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sion, expression, and extension), establishing a theoretical foundation for targeted assessment.
The perception layer receives and processes multimodal user inputs including speech, video, and
other sensory data. The decision layer fuses multimodal information and generates semantic un-
derstanding, increasingly leveraging large language models for reasoning and response genera-
tion. The expression layer converts decision outputs into natural speech through text-to-speech
technologies and generates visual representations via 3D modeling, binding, driving, and render-
ing pipelines. The extension layer augments basic functionalities with retrieval-augmented gener-
ation, digital watermarking for copyright protection, and multi-agent collaboration capabilities.
We then critically compare major industrial standards. including those from the International
Telecommunication Union, the IEEE Computer Society Standards Activities Committee, and the
UHD World Association. Our analysis identifies persistent limitations across these standards:
unclear dimension weights preventing comprehensive scoring, insufficient quantification for cross-
product comparison, inherent biases in subjective evaluation including personal preferences and
question framing effects, high labor costs limiting scalability, and over-simplified objective met-
rics that fail to capture authentic user experience. Subsequently, we review objective evaluation
metrics from two complementary perspectives—quality and content. For quality assessment, we
examine video quality indicators including full-reference metrics, reduced-reference methods, and
no-reference deep learning approaches, as well as geometry-aware methods specifically designed
for 3D digital humans. For audio quality, we cover traditional signal-based metrics, perceptual
measurement standards, and emerging no-reference methods leveraging self-supervised and mul-
timodal models. For content assessment, we analyze appearance fidelity metrics measuring simi-
larity between generated and reference identities, lip synchronization quantification for audio-vis-
ual alignment, prosody evaluation capturing pitch and intonation accuracy, motion naturalness
indicators for head and eyebrow dynamics, action consistency measures aligning generated move-
ments with driving semantics, and multi-view consistency metrics for 3D digital humans. For in-
teraction assessment, we cover automatic speech recognition accuracy, intent understanding ca-
pabilities, and safety evaluation. We also present prominent evaluation frameworks that move
beyond single-metric approaches. These include zero-shot no-reference quality assessment frame-
works combining semantic, spatial, and geometric features, intrinsic faithfulness benchmarks e-
valuating physical plausibility and commonsense reasoning, disentangled frameworks separating
aesthetic and technical quality dimensions, and user perception-based models incorporating func-
tional, emotional, and social values. We survey relevant datasets including those focused on head
quality, talking head video quality, full-body digital human quality with subjective ratings, and
various video quality assessment datasets, while identifying critical gaps such as predominant fo-
cus on heads rather than full bodies, artificial distortions failing to represent authentic generative
model artifacts, and limited audio-visual paired data. Finally, we propose future directions for
comprehensive digital human evaluation from two core dimensions—quality and content. For
quality assessment, we advocate multimodal large language model-based architectures integrating
video, audio, and textual modalities through unified encoding, followed by multi-stage training
strategies incorporating human preference alignment to produce objective scores that correlate
strongly with subjective perception. For content assessment, we highlight the need for dedicated
anomaly detection to identify generative artifacts including anatomical inconsistencies, identity
and clothing temporal instability, as well as specialized metrics for motion plausibility and speech
naturalness. We emphasize that unified evaluation frameworks should move beyond simple aggre-

gation of single-modality metrics toward holistic single-model assessment that captures cross-mo-
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dal synergies and outputs human-aligned comprehensive scores. Collectively, this survey provides

a structured reference for researchers and practitioners, identifies critical research gaps including

limited full-body datasets, insufficient generative distortion coverage, lack of explainability in

evaluation results, and the absence of unified industry standards. It outlines pathways toward ob-

jective, human-aligned, and comprehensive digital human evaluation systems to support techno-

logical iteration, informed user selection, and sustainable industry development in this rapidly

evolving field.
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(19 2D W15 2l A 3D [ 2l i BEAR TN R R
TR AR B2 T TR e 2 1R T iz Ak
B, H . AT M 22 A T3 1 G 1 8 A 9K 5l = 4
R, ) 40 . 3 T BB B Y Streaming Talker ™' |
A& S VE 28 UniTalker ™ #1 FaceDiffuser-™"
S o T AL RE A 2 I K S T 12 ) R AR I b R
P RIESESHEL WA BFANLHAARKLE,
Lou S5 N5 AT B ] 25 9 B R RS TR A D1 2R 5t
— K A G ALy B AR
SMPL-X 4 B 235, ff e 3K 3l p i IR RS 5 A | AR 7]
. BT e HREE Y — S SRR A R
JITRPLF , 221525 Rl 5 BIK 31328 5 B 5 5 )

Ve % 2 4R N A A 0 = 4RO AR Sl i i
AL 20 A AT B REURE E SR KUA%

Y 2 PR SO 5 i i . TR T G
P ST B ) SR 1 Y B R B I 17 L) 3DGS
R R AR . 3DGUT™ ™ 3l i JH G 328 25 6 85
RAZ G ) EWA (Elliptical Weighted Average) Splatting
SR A PR A S92 IR T e 8 A8 A ] I 7 O i 2R S R
IRAABL TR B 145 A Lotk e AR LA AL DL K I 33/
Pr it 4 ZROCLAB B . Gao S AN K
SOOCR RN N E (=4l (B[] (48D T A 7 )
(4O L m o, 5 IRE R —HERR N g —
A2 [a] JLAT | ) 8] 2 25 FR A A0 A0 W
2.4 FRE

TEHCF N S A SRR o, 30 8 22 2 X B0
AYRE R SR, B TZEN T EMERZ,
RSO H a8 B #4741 . RAG (Retrieval
Augmented Generation) £ A J& — FKs 21 5 115 K
R 5 KA AR B ARl & IR & 284, B AE
fift DR T N R GEAE TR 52 B b il A AR E Ak S
FIAELI V), BEE 2R RAG HEZEM 5T A,
BeE N T LA E 18] 28 AT 55 vh A7 RO A 0 A
5 Y BT KB A 22 4 2R TR T
NHAT TR R, 40, 76 805 N B Bt AT 6 1
IKEPB A BIEE 28 7 3D/2D 2% B de it B AE
TERUA A AT AN 3D & 38 2 J0ORT 2D T 4t 4 b al
FERICT AR Y B B A K ED T L) B
PR A B PR 25 A8 RRASL o JFR5 AR G 8T R SRR A0 B T 4
WO T AR 2L DL AR R 2 4
TG 97 236 T LU N 22 8 R K B A 5 28 0L A8 A1
FHY S A0 45 Ty T AT BT DA s e N Tise .

3 HFEANTIIRE

Bl A N T RE AR 1 K e K AT
REAL 2 REAL Oy AL D7 T A% 2 T AR R E AP D ik
W22 S5 A A, 4 I RE 4 T
Ber NI ESSPERE A F T R 8 B 1T 80 A
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L
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i 2026 4F

MK T m . G, MO 20N T PR IE S A ATk
it A JRE R 7 il R B A B £ 1 T AT M AR UE L B E
THEENWVE 4 B, T A A F AT bR
HE IR T A AR UER A
3.1 ITU-T #= AR

ITU-T F. 748. 14" (e B — 4 B AB7
NI R GE B SR FNVPAG J7 125 ) AR i R HE 22 B
FRiE”) 5 ITU-T F. 748. 157 (K5 AR FH R GE 1)
HEZRFNFE B ) o AT W PR RGEARUE") 348 [ B HL A
B B WL (E A5 E AL 3B 177 (International Telecommuni-
cation Union-Telecommunication Standardization
Sector, ITU-T) & XJ 87 N & 58 il /& 1Y b5 B IE .
%P IR N R o 30 K 2 A e A/
G W THTF N RGN E WAL 5 5
FMIEAG IR IR AR, M T ITU-T F. 748. 14,
ITU-T F. 748. 15 YEh 3 H T 0T A 307 N R G0 0F
AR, PE— AT &1 X = 4807 N B9 PFEAG 15 B
DL R A8 HALBEAR AR bR . BEAh , Hh G AE AR o AL P
23T 2023 4E KA TATME AR #E YD/T 4393. 1—2023

CREFUEC 7 NAB AR ZE R FVEAL 7656 1 384y . S % HE
)5 YD/T 4393. 2—2023¢ i L8 7 A 45 bR ok
VAL 256 2 340 2D BLATE S 284 4 A ), 3
B WS TTU-T il 0 LR bR A — 3. 7%
P58 5 e 2 0 AE 3 AR T B T BT N T
3 Y (] RIS R, LA 2 B L T 9 L B I ik ot
T At T v B R B G, R R RO L b ofE
FEl 58 = HEAST0 % fy B 2 o1 T OQ TR 1Y [l AL, ek 55
FASTY SRR R I Y R SR Y e D &
HABBEIRRE DL . “ RGARUE" S — L0 FE T 0 BEPPAL
e b o RIORS 4H & 5 i v £F 35 ¥

Forb R 20 B by 6 = 2 AR R DA F8 B, LT
S i A A TR K00 L TG0 240 1 L T 0 A R 45 4 S AR Sy
PR S S HURTE XS L 43 HT 5 1 1A 38 2 & T WP
i FG b, F T 2 AE P Xt 85 A I T ) U 3 ka2
FRIE . %A AR ELARINDT 5 32 S Wi FH P 3 2o 2% o
TR ST U FEPE A3 VA3 N2 R P X AR S 0 A
] AT P 3 31 2 A (R R T A 25 SR PRl 1 & 5
3 3 R I M S5 22 BN IR A A5 0 TR LR 2.

®2 EGFEEEIWESMM

PR 4 I7) B i i 5 4 3 2 1

3 L PR Wk vk A BT 2 S R=De T E — i LB AR B TENER
FIAR 2 K R R A Ak IS NER/S LA A & E-XNEES LB A 8% EEE U NEE S
B 52 PRIEBEZ XA mmA RS dEwIEE I — % A SEEANEE

TTU-T A W9 505 9 75 15 3 7 T8 19 48 B8 43 0 - 1
HIEORR B AR RS A SR B EROR
SEFREUT AR SOR G ORI TERE . 1R B IR AL
SRR RS R IRANE AR R . iRk
BB ] E o an N A A

Rpw.:(l—%)xwo%

w

Jo R, B MR ERR, E, F8 % FHR
SR, N, FR R
) 2 5 T O M L AR AR5

(D

E
Ry == X 100% (2)

H, R, Ry & IEMR, E, £n K TR
B R R B R, N, R B B,
PR RE I, o & S RS A, BERIER
RRWRGIET S WRYERE A AT .
A, =% X 100%
Hop, A, BHEIES R, N, J&E o 45100 B A 5L
i, N E AR A 1 BB

3

T BT 3 B T A G g T A R i AR
UGPSR PR . AR b [ RE R T AR A D U
FEAREOTT 5 1 T 1 AR — B A 2k AR AR
B AR BT 35 R 5 AR [R] AN 15 55 47 B ok

2y A48 S (9 15 b5 20 b S A 3G 5 0L T Y
SVEEFERE . b, 1 32 T B N B
V5 IR BT A VT RO BE , HOPPAl 75 25 6 5 55 W s
JE B VMR Bz R MR B 25 10 07 1) 8 A 3R B (A3l A, 1 i 5l
VEts [l I 5 08 35 5 B M O0T 238 B9 1 45 A DR DD

FESE HASHRTT I - o T R GRS HE I P 7 T A
T WA E S AR UE Y A DGR L T S0
XU RGEbRUE" AT 41 . SCH AL B T WIR T AR
FANZHSIA BB R E B HE SOR R
KGR il ve . P 4 J& S B A8 br i 23 2, Hoh 2248
e 1 PR IE 5 3 L 23 Dy S i) A AT RO IE 5 R

[ =Ny I e ) =< i T B <G = 1 A
R, =1 E“’) X 100% 1)
wre — _Ni 0

Ho, R, O PRI E BGRB8 B BRI B9 R
R, N e SR, 2 Y AR AR
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A AT | 10 T LA S 5 A D I R A e 2R
B, Hr RT3 T 2 7 T TED 4 O 0 AR 5 1 T
TE T 23R4 [ ot 5 A0 A0 r 1 T A o 0 R B2 BRI i g
AN EE IR T IR S A A R B R A D T
JE 3 A R N S 0 T A N 1 RD
BN 2 B VE BC R bR S AL i SRR R RE A
e 55 FHL. &5 M VR (Virtual Reality) 25, I
PIRE 2 ¥ R iR A (N ORI BT R NS NN 5 R 2
PR E SR AL B () 55t A0 8] 79 EE AR

22 AR
I
S S S S S S S
B Wl
- 1? i 3!3 o lié %z 4
ik “3 ; I i & it it
n g ik I i b ] ik
* Ijj ﬂ? i # ?‘J 1 #

K4 22 H AR bR B9

3.2 IEEE #{F ARk

IEEE 5 #E15 5% 51 2 (IEEE Standards Activ-
ities Board Standards Committee) F 2023 4E KA T
(TEEE #p #E . A 5 N 28 ot 42t i HE 22 ) (TEEE
Standard for a Framework for Evaluating the Qual-
ity of Digital Humans)"™ , % bx ff 3 B X8+ A B
PEAG 7 A8 KL SE PPl HE 2R T WA 5 %
WLVEAl AR 255 19 07 2

FE OO0 3 A S — A P DR B B AR
% TR Z T 07 5 X BUF NS5 B AT PR A, B
W7 AL HE ) 4 1 L HE 44 0k VX BT L o ok K
PRk, Ho, a5 vk 0y 8 B Bt [ S8 507 AN i
399 3% L B8R PR IR TT PRI N B e VRS T T
VA B0 N 5T B9 18] 3 73 A 1] BR TR) A 55 0 o0 TR) 4
28, A7 BRI 4 1 R H AN TR B R AR T R A S I, D
43 5] 45 W) SR FH 5 40 Ak 19 97 43098 X B 1~ 5 43l 5
0~20%~40%~60% ~80 % ~100 ¥4 1 B ¥ 43 Lt il .
HE A 1R BERVEI N 5 3 F X A N0 S B AR 56, %o 27
TYERE R bR AT O0 5 HET . X LB I TR
P F AR R R bR, R as
APPSR O 2 AR P 4 BRI 5 b 28
Fic Xef 2 438 1140 A - 95.B:85.C:75.D: 65, F:0; H =
HIE R 53 3 1207 R RIAR 2P 23 B AL A
7 55 5 W WG A B 28 5 % 187 3 S 436 491 4n i 3y
100 23 R 0 43 s H = g o3 BV 43 s BEIA
BUPE 0 2 100 43 A8 DX 1] N B4 R 1Al e R 0 1 70 280
PRI AR PRI N D30 5005 N PN 2 o R AT il i

VRO ISR AEAR B 1975 1) 5 TE s A

Z WL VT T PR B i AR AR A VAL O i B
K HI I A% 0 48 B A0 35 45 A4 AH AL P 48 £ (Structure
Similarity Index Measure, SSIM"*) 5 8 75 8k %) £
BE 25 (Fréchet Inception Distance, FID7™), % W1F
DUASAS At XoF 505 N T T 174 40 o S Jre O 2% 4% [ )
WX ECF NBIIE G a1 S5 4 R A7 DAL

IEEE 5 B 8 7 %5 N PF Al B i Bk P
B < A 3 S e T 5 B O 37 5 PR AL H R B
NN SEIERE B s Bl 5 25 6 £ W5 B WA 7 %
VO IFAL HE R, I Sy P S8 VP AG J7 ¥ 43 BC AH B AL
I g A 43 S 0 4 5 T =D S B Be s 0
i 3k I J /N A T Ak DA 55, W AR PRI N SR Y R
DS A5E s T 18 TE AR ) R A A6 700 3t A 5 1 =X
T B B 1 5 10 5 A (R AF P ) B SR T S O
PN 5L IEX AT P 5, e R 2, Rk A
T WAl 5 % WG B T 0 () i A R ) R
I3 M B AR A R PP A A
3.3 UWA#F AfR#

(3D B7 N s o PR AR RO A B
15 A =l 6 B (UHD World Association, UWA)
T 2023 AERAMM R T =4 N 280 F ANt 5
SEH BRI R . Z S A RS 0 5
1], K = AERCF N RITA R JR R0 53 S i R LR
BN H B PR A R S 4, o, sk
AR P AT R BT B RARRAE 32 5 L
5T 5 PR R W 5 P 1) % A 3 TR P &
Ab 3R AR PR RA L BE T, BT G o i R SO
PR A8 A TRl 38 17 28 TR0 o Tl 30 6 48 s A A
ERSIP Y S rd S G NS Dl Sl = e = e B D
T35 AR VPR 48 b A 455 X 37 52 B 58 U R AT A IE
B RN S IR A R A, 5 RO T S4B RN
VO 4 B BAR AR bR

B Nt

[ I
e

TS )

Bl 5 UWA =450 A AR
TR A PEA 4 BE K38 AR

3.4 HERENTR
Wi & BT N R R A TF DU A5 o A RE
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Bl

e i 2026 4

SR i B FE A B R, EUME LA 4 i LA A S e AS ) 5
FANTE A Z R PERE2E . X —BUIR 3 BUE5eE AN
FHTE b 5 AR AR i i L ¥ 5 = UK Al %
DA XU AL BR W A7 8 ) S A 7 15 2 BT

e AR R E AN 2R T
BLR AR A AR T A% O ) A H— R I A A
J& TR S 255 VR R B AR | b TR AR R[]
o P X R N A BE R s L e = A Ak i
R bR S G — Wi R 5k RECR R CE N 2
[ X A JR A i) Xof LY 43T

FVR B A o 3 3k SR T 0P M O vk, Ho
IEEE #5 #EJC 0 2 37000 N 5% Ay 32 00 2 L, 3 B 4
FEOE R A TS B M. REBFA
MRS X AN, EUE W HAHEEZNSH N E,
1 =5 08 28 L 1) SR 4 ok R A TR BH B R S W L B 2
WA Z AR 2 T8, 6, WA 538 A A 4
2 LR O R N LR 7 R A T 4
RIIA R G 22 5 PP ) B 1 36 38 9 25 5 HE B I
Jo ] REXF PN B 55 P H ik 57 0 7, e ¢
SR T 45 SR B A M L b Ah L FE PR A B S T
PRI RS 555 R 5% ) H AR =
AR OB R S8R0 N i ) R R T L R R O 7 2k A
SRVPH 7 1 B AH SR 45 DU R B0 0™ a1 0F
il 92 R AR S K A .

I Ja AT o bR HE R T & OULEE AR DL AL
I 285 SR ARUAH DG 48 A 14 31830 7 0k o T AT Ak, M D) S
J R P 0 S o ol AR 56 . [ B 3 s o AL
I B S N R S B N 28 £ R
BB AR 5 B T 5 R BN 2 R = R 6
(ol S £ 5T fi B . R AOLAn ok, & O F8 b 1 o
BT SR T R i A REAS (R AT s v A X R
AR 1) B FASE 55 40 A i B A R L i — 2B R T
FOL DT 25 SR 1 ] S 5 AT

4 BFABEARERSTFNESLR

Y FAT AR HEAE LT N S R T A
JE o HOH TR T I O ik 0 & RS A R B
Z R ICHS BBl BB N S Y FE R R L e 2 I O
ARG PEAN J5 vk SRR S B0 48 - LU R 807 N7 i iy
VAR S BRI AL S H K4
4.1 BFAREFTMNIEER
4.1.1 PIBHE bR

P AE S B A5 B Y SR E g B

YHEAf ) PR B BT St 2 T R A A S g O B TR I
AR SCE P 0BT N RV BE A A R TT B i . AR
i =i A1 B U WS E RV - IS K-S K =L AN DN S

LG AR PPN ST AR W S 45 5
(Mean Opinion Score, MOS) 85 3 W15 4> 4 =
(Differential Mean Opinion Score, DMOS), H F
T AR O N ) 5 I ) AR, H i AR BT
K ZMKH T TN B . Fine-VQ ™ HU¥ 4
5 6104 BORA Bl i 5 HAER LT R
HE B W 2 R S MRy R A BT
80 J1 2% EWLI 43 G R /MR S/ Ph 52 /M /I T/
PRNHEARLEE MOS FRit Je 12 28BS R BAR %, A
FoAL GEA B — 5 73 B B T SRR RS R I R L 2k
FLE S R TE S % VQA Bkl 4 5170 .

B WLTE bR A6 K 4R T AR AR BT R T AR 4R
i o HOAT HE PR B IR O T 5 T4 — B R
B — PR I UE PR 48 AR L A R BRERAE A O A&
%% (Pearson Linear Correlation Coefficient, PLCC) .
Hr B2 IR B % g tH ¢ & # (Spearman Rank-order
Correlation Coefficient, SRCC) |, 1 18 /K 45 2 A1 56 &
# (Kendall’s Rank Correlation Coefficient, KRCC)
N J7iR 7% (Root Mean Square Error, RMSE), H
T, PLCC T 355 100 205 2R 79 42 4 A G 4 5 SRCC
S5 e T 45 SR 1) B P s KRCC 35 51 G T 00 45
I F — Pk s RMSE D2 53 1000 45 53¢ 14 1 3 22
St BRI

D o= (p—p)

PLCC = - . (5)
D G (p—p)
N 5
6>, d’
SRCC=1—Z+ (6)
N(N’—1
“72(N(;_ND)
KRCC == <)
1 < ,
RMSE = WZ(.ﬁ—pJ )
=

() (6 (B, s Ml p, G BIRARS @ ALY
ESRUN IS o G- SUNTTS % SIS e o
I 5t 3 AT 49 08 R0 & 05 a5k 4 B3 N ROR
FEABE: s d, 3R 0 DO 30 BT i 0 BHE 44 5
BB M. KD, Ny Ne 2305
TR —HOS T —ZO 5 . N R,

% LA s R e E X D s O A4 R A Ty
Y73 42 2 18 b1 (Full-Reference, FR) \ 2k & % 35
Fr ( Reduced-Reference, RR) 5 J& & % $5 #5 ( No-
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Reference, NR) . HiHr, 2= 2 25 450 78 | D AE A 119 1)
R AR HEAT A IR 5 SPEED-QAY 4,

S5 K KR R 1 45 % (SSIMD 2 LT (1) 42 5 45 F
HONFEE X B RE S &5 A8 = A 4k B s 9 R P AR 4 A
RL P R T IEAL . i 46 AR BE AT FH A 2 B e PR ) 2K
LA R A T B R ) ) A LR L
{8 {5 M2 I (Peak Signal-to-Noise Ratio, PSNR™) i
T B A R R AR A 1 25 5 ok A R LR
) BT 7 FH T R AR U PE G tede . R R3S bR 3y
BT BRI S B0t AR R, B A T i R M
PR B4 AT 07 T 80 N0 B A S (R
TH I AE — 5 Jm BRAE L ] . SSIML TG ¥k 3 I A
B 46 i e A S A 2 L T PSNR A PR A 45
5 MR B B S 3 RS2 A7 76 D 22

YT R A G IR BRI T — R
G AF A NS8O 1 46 b . FID 2 Hp 2z —,
PP A R S A E R Z R 2R . 555
e bn AL FID Ik B3 BUR REAAR B i 24 5,
7T 2 388 A 76 P I 1% R AIF Ok A o 2% 5, 38 R SR
Y251 R 2 S B, ELR G

d* G s X )0y s 20 = g, — e 17+

Tr(X, +2,—2/2,3) (9

o, g, T, 43 02 B S2FE A R AR BURE A R AIE 1)
e, Y, MY, R, Tr R mEEmE, | - |
Fon ) B 5% . FID ZEMEPEHE 45 . 1 FVD
(Fréchet Video Distance) ™" & 56 T A AL 7 1% 1 A9
STPTA HE B - W R 1E 2 B D) 4% 5 e g AR AR

5 FID Wi B A7 L, LPIPS(Learned Per-
ceptual Image Patch Similarity) ™ [a]#f 2 3 T4 1F
R 2S% b, BT EME TS AL
PR BN AR T, LPIPS % VGG™ | AlexNet ™ 45
RIZ R AR B R 2 2 R AE . 7648 br i 5 B
B, T SR B R RRAE UEAT A — AL b B, PO TS AR R
fERY L2 BEE, 5 o i ok % 4% 2 BE 5 B 4 16 45 3
W) LPIPS #5451 .

T SSIM 2546 5546 % . FID.FVD & LPIPS
X I TR 2 2 A SR R 7E 2 AR S B T
PERESETE . Hob B E BT TS AW
SRR — R 2% ) AU BB A5 MURE A Hp 4 BT
Y B RFAE DT B0 S N R R SE R . O — T
THT » L AR TR T P10 ) 5 4 2 B Sy R T X 44 1A
AL G AG R ME LA SO PR 1Y . eAh, BT IRE R
4 A5E 7 L 2% T 5 1 7 AL B8 0 L A S AS T A B T 3 5
3 o o) A5E AR A AT R B RT R T G b3 T 3 o R

SR, BB TE PR A 45 SR A vERA . Shi 2 I 3
TN 0 T3 1] 3 P AL, $at oK A ot ] 5 v R
T 07 1o 3 R v A =X B D A O A TR AR AE , O
P BB 0 Mt 2 (L 1Y) 8 IR 5% 72 48 R A (Discrete Co-
sine Transform,DCT) LA R AL B8] (92 1L, 1525 F
Xof B ()RR 5 25 (R RRAE 9 00 A i 1, 88 A A i 33
BORR R AR T, B2 % kI S % 0,
TAREVEM UM A B W L BT i, M TSR =ik 2
TR NEBXE LRI S AR, Rt TS % Tk
RS A TP B A S & . BT, T2
oy Ry T AR K Bl B L TR B A Tk

SRR B A L85 BT & PE Al (Video Quality As-
sessment, VQA) M T T ¥ i+ 47 fiF . i& H T K 48 .
REOR) S5 A% 8 B, b 2 Oy ik i LIRS A (i
CPBDM™)F 21 22 41 & . 2010 4FJ5 tH B
TLVQM(Two-Level Video Quality ModeD) """ 45 4%
R E55 GEiH R E AT 1004k . RIS Iy s B
THARCR R ] R R R A LS B T TR
SRR E GE T AR SRR B Ry T B S B e Ak B
RE KA ZACRE 855 . H 5 A28 FUUERK Y
AR, FEE R ORI K, ™
48P B A0 I T AL BT T AL, SO 8
PI-40 8RR G M I 2500 T J90 TRL K Bl %) 400 0 ot i T Ak
Peo BRI, TR SO AU 0 TR B 2 ) A0 A
=G .

3N THAMBMBETIRESXIN LS H
PR DAL (VQAD J7 ik, 2019 4F, Li %8 AW 9
YR T2 96 3R 550 (Gated Recurrent Units, GRU)
P 28 5] N3 G, T AU 200 i 1 < B R i S K
JO7 7 I3 3k S 2 e e S Al R AR o ) £ [ 4R 0 G
# ., 2020 4F, Chen % AR FH WU 25 ) 45 55 2 i)
G I AL FOR B B T SRR IR, LR 1 2
VQA J5 03 T ¥ A5 5T 32 9 4% S5 1, 41 4
STONR"" ¥ T 25 10 265 5 B0 A0 3 SCAREAIE 5 1% 2 2%
GiiH R HE AR 45 4 s STDAMYY 5 A K 5 #3012 ™ 2%
XF B S FEAE AT R A .

R Tk R R I A R B UL TE R 2 L
Transformer Z5 (82 I H#E Sl T VQA S0 38 PE BB 19
FF. Xing % N5 1 0O T T HLE 51 A ZAT
% B StarVQA Jr i, i i B 25 0 T g A% 5 ) o
o] =1 453 2 PR R, Ak T K B e A 1) AR A 4 RIS
AL VQA WFFE AL TG O PR Be 46 b, 38 75 £ T+ F
3R, FAST-VQAM™ R H W A% /N B 5% B 5 s
A WA 97,6 94, [ B 38 Ao 171 46 A0 X607 B g
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P AR 25 56 2R LSBT RS T S R0OR 1Y -1 i HRE I = AR AR AN ) JL AR R AE  BE 08 48 5 BE N A9 £ TT

T, ZEREEIE B VQA A ) 3 T
fea) o I Ao 0 SR 5 0 R 375 S i DAL E L 1
RECL BRI A28 BT 43K T-. MaxVQA! " it 1L
15 5 & 1% W JIl 5 (Contrastive Language-Image Pre-
training, CLIP)"™ 45 38 48 BU (4 i R iF 5 FAST-
V QA i B A S FRREAE M R A R AR B 4 T
U T4 5GP RE. COVERM! N 7E 22 4 25 B iy |-
E— 5] A FEE AR, 43 538 #F Swin Transformer
PR ICH AR RFAE A5 AR 25 9 2K 418 S 2 AR Al CLIP
PO SCRRE , Y Hi & 92 SR kPR RE  IX W ENIIE T £
LA Rl 5 E UL I £ DA v i FE A

BT A B N A R R = R B
PEAG (VQA) J7 ¥k B 1 T 807 N Bt & 37 B A A 2
PE. SR AL 58 VQA J5 k32 IR TR T 5 A0 £ , B
X = B RY ) JLAT Rk N Ak, Zhang AF
AR R A LR E S % VQA k.
%75 BT N R TUART 19 A o i JC— T £ o 307
R JUATRRAEIEAG TH 58 11 2 8, W) I MY G 10430 b
2 s T 4R G 2D-CNN 8 B0 5 B ) 454 G
it 3D-CNN #2550 , f iR FRAE fl G 5 38 5 6l )3 45
PP EAR M. G 6 TR O R T S 4R
YN B TTE RN =R R S RO RS R S C TR AR R
WL GETH 2 80 (BE T 22 V) K o3 A B 7 2 8K
7 SR 3 A Z 800, 7 SCAR R B & 397 43 A1 280 A
Lh A3 AT 280 LA Al A JL A 7 AiE 5 (085045 AiE ) 43 S
R [E) 7 AIE 45 2 TE)RRAE o JFG e ek ) R A T 4 42 27
NIz gk Bz s A [ 9K AR EY) | i F0I 5
(1) Slow-Fast R50 ™ 1, 2 [a] 45 AF A T 35 31 904
UL B AN M ) Ll 3 ResNet 22 R
SAE BT BLH B BCR AR &k 2 SRR KA S
8 P I R S Ry B B A . %7 I A 1A LA R
FET& T S AERCT N B VA A PR BE L (E AU L o]
Gt S HU R = MR AE AR AN AT, B T
REAEFE LB KR B o i )P ol 2 o 2 A 22 4

WiiE|

B

o i =

=X 13 SN

L

e

EEN )

6 ZHERCT NRLE TUA LB AT ) 6 2 75 PR AE 2L

P o DT B A7 b i 22 G LA
4.1.2 HHER
o OAE BT AR SR B ) — B A H
[ it RS AT N G RO 5 A BT Re S
PRI I 00 0t DA EL AT R . AR bR 2R
fBL 5 0 5Tt 4 A [FRE ) 43 o ERAE bR 5 & A8 5 .
o, FFE bR 9 X5 A 3 LR AR — 3, A T
W GLFT A3 AREL ., & 0% AR A5 0] 43k 42 5 % 48 15
H5XSE R KIS, {5 M (Signal-to-Noise Ra-
tio s SNR) J& —Fi % G5 1) & 30 % W46 45 - T RAEAS
SHERGR 51 R M A E R, SNR BUE
R RUE 5 By G AR T M S 1 L
B JO U T B A . M LG EE DL 3 DL (dB) Sl B
B, HAt AKX .
SNR (dB) =10log,, 5—:
Hp, Py R E95WARIIRE, Py RRMEHENH
HJ2 , 3k S 4% 45 1) & A4 A R FE A2 AR 5 32 00T
A —E ) [a] 8, 11 PEAQ(Perceptual Evaluation
of Audio Quality)™"™ f4& itk T iX — Rl i, PEAQ
i [ PR bR v (ITU-R BS. 1387) % X, & H Ay ME— 3%
WIS LA A [ B b v L FE R PR B AR R T
BN . PEAQ # DB IE 45/ AN 7 B /R 8 i 4
PN T 75 0 B R Ao R ke T B R L
PEAQ FiEM LRI T . & k. B &% H
5 5 R A O PR 2 AR AR 0 B 2 B
VXTG4TSR WA B 5 B RO R
2 BT ) i S A i A B AR R N E A T
R — 20 4R BURFAIE 5 e o 4 R BOAS 3] 1) 22 A A 8
ki A8 & (Model Output Variables, MOV) i A ##
Ze M2 AT AR B G JF 8 W R R
(Distortion Index,DD), %, ¥k H &% DI H%%:
A6 & W BF 4y 43 0 ( Objective Difference Grade,
ODG), Hrf, ODG 5 DI 43 5% 1 /s 2 H A v 45
KA = TN R, —H R AT .
ODG =b i + (b — b)) X sig(DI)  (11)
Hi, b M0, WIEMESE. DI HKER
B, sig (o) NEIH AR
SR, PEAQ 5335 7 52 by g H W ATh A2 7F — 2 S
RELPE | X DA A 2003 160 O v A o B 55 S S B
12 e S B 1 A = S N = QU e o v P s
(TU-DHeH T P. 863 POLQA (Perceptual Objec-

(10
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tive Listening Quality Assessment) "/ 15 3% i 5 i

A E AT 50~1400 Hz B9 35 45 70 [ KX

e T A it 3 R L B 8 4R I SRS T 93 B
DAL 25

R3 ETREZINESE VQAKEEEIEIRA SRCC/PLCO)

S A A4 BRI 44 Bk £ N 03 48 42 PERETE IR
2021 SIONR™ 2D CNN {5 4t 45 AiF —+ B[] £k LIVE-vQC™V 0.7361/0.7821
2021 STDAM PR 25 B 2 i) 3 3 g+ XU K S AE 12 LIVE-vQCH! 0.7610/0. 8320
2021 AB-VQA™ BUGLI 45 FAF fil A YouTube-UGCH* 0. 7710/0. 7900
2021 Patch-vQ" 2D/3D $3iF il & +ROTPool KoNViD-1k™ % 0.8031/0. 8175
2021 CONVIQT™™ W b 2 ) 4 U R A LIVE-VQC! 0. 8093/0. 8478
2021 StarVQAL™ 23 2 % 1 7+ i) [l ) 42k T2VQA-DB"] 0.7173/0. 7295
2022 SWDE-DF-VQAM™ TR BE AT + 22 4 700 e 35 Tl YouTube- UGCH* 0.3621/0. 3949
2022 2BivQALH CNN 5 iE + X2 W 1] 1812 KoNViD-1k% 0.8150/0. 8350
2022 BVQAMH BB 58+ TE 2 % 1A T2VQA-DB™ 0.7390/0. 7486
2022 FAST-VQAMN®™ B TG R R YouTube-UGCHY 0.8617/0. 8669
2022 DisCoVQAH" 2 2 BB B+ IR N R D LIVE-vQC™! 0.8211/0. 8359
2023 Q-Alignt'*™ LLM I Bt A K74 LIVE-vQCV 0.7730/0. 8300
2024 Zoom-VQAL™ CLIPMO™ 4+ = g i 25 45 1l LIVE-vQCHH 0.8141/0. 8327
2024 SAMAH®] LRI & T B R AR+ i A D GAIAMN™ 0.2361/0. 2432
2024 COVERM HAR A+ 382+ L= A YouTube- UGCH* 0.9143/0. 9165
2025 CAMP-VQA™ 32X R+ CLTPL ™ [ 3 o iy CVD20141] 0. 966/0. 964
2025 LMM-vQAL* it 25 FEAE 4w %+ LLM i KoNViD-1k™% 0.901/0. 902

'''''''''''''''''''''''''''''''''''''''' BHEN s >
g1 _‘_p M | :i.,. PRy —» MOS-LQA
P lemmm iE0 il -
s ﬁ_’_ R T O A
’ 8 POLQA FikHER

.....................................................

7 PEAQ & yLAEZRRM

POLQAM™ 53 35 T 18 i1 5 DA 0 A R g e, 3
IR RN T BE R GE 0 T AE ML L K 55 00 5 K 43
R — FR G LI T, 6 B — W AT A S A, LR
A BEANE 8 7R : POLQA B J6l i 3§ I | 74 1f
NORHLARE 25 20 B8 S B0 ¥ LA 5 109 BF ) % 5%, DA 3
TR WU E 5 o S AR Al R AE 25 SR ) R A T X A
BOHEAT EEORFE  LLBA DR PR B Y SR AR R — K
POLQA B %0155 71 40, 55 J8 1 5 T\ 40 6 38 43 5 43 33l
A E I 2 UL 3R 5 0A R VE 2 AT 55 - R A
A P e SR Ry A AN HE W B AL B Y L e e
JEGE 5 DA AE A D) 3 T R B R i % A5 )
b 75 48 AR AR S R0 POLQA {8, I K L ke 5
HERAM RS IR . SR, £ X POLQA 5 PEAQ
SRVE W AT TE TR S IR 4 S 25 U R VT A O
1 T8 A R B AR i = 2 i ) S i, BT
BAENSHHMA R IBAFAE B E R RV, TS % &
AT S A T 0k R R R BT N VT Y T AR R
PE. 3R 4 X LA B T8 2 % VAL O R SR T T
W, TCSH EARPEAL 1k i R I R A IR TR AR Y
T A AT B AR 5 4 5 A 3L R U 3 Bl A Y

ALt U T R A S i S AR A

LY R A5 5 b BLEK B 1 6 2 5 VEAG O ik L 7 T
Jei g K FLAR T Chn A 7S T4 A5 5 A sl
A3 AT AL CAn B B 7R AT AR AL HMM /5 B R A 45 A
GMM) , i i s AL F5 o & 5 1 % 738 5 2 8] 1 D
FETE P ST R VAL . B R A E B L A M A
ITCITU-T) $2 11 9 P. 563 B0kl {8 J& — Fi & 11
T80 HL T AR G0 1 S 1 O TR O k. Rk
B X2 FH R B ) % el DL ) 22 O BB R (L HE iR
W A5 S P T S A Ll g AL B
TIE S 5504 T B J% R e S5 B 70 S5 Ry o B TR R L I X
b IO ) N8 A4y, AF P 563 B HRR
IF £ UL B 1 BE Rl 1, ANIQUE + 803120 5% i
ST U8 I A% 5 R U8 U A AL ROR R AT RR R R IR,
FF T A L T B N AR, AR 2 A B R 4
RO PRy B 2 0 T P. 563 Bk, IbE . ARE
HER MG AR A P 563 FEIEMSE & 1Y
B0 PP AR O i R AR A8 B B T L X — 4
AT ENUE T AR Ltk B A 2 G AN . %
T, A ARG A8 J7 1) i 28 I 4% 7E 3 0 T o=
VPAG AT 2 T )z 0 . TR 2 2 751 S ) i
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Bl

L
&

i 2026 4F

R AR S MOSNet 488150, 322 455 40 5l 5t 45 A
4 ® 2% (Convolutional Neural Network, CNN) #fi
PRI A5 5 B I P R AR 5 JR) &8 75 7 45 4 JF AR B K
VR el v S S el U I SO Tl R (= < W
MOSNet A5 A LA B AT w8 BE AR G 1,
ZACRE 1 S 22 39 5 35 W AR IR TAR GV EAL O ik . (H

FRTE B R e T L& o7 2] T N 3 F W PFAG 73 %K
FA T B TP A 5 % s AR M B 2 T M K, T AR 2
K A A7 KA N T bR . i SpeechL.M-
Score™ 3@ i #1515 5 BLGT B A M R THER
P 2400 FOME A 52 BLTE 3 B PR AN JOR N AR T
PR AT A S8R 1 R B A AR [

R4 ESEFHTENFE

KA LR 44 Bk FARFE W 4l 4R P fig 48 A
2004 P. 563012 Z IR A A N KT ITU-T Supplement 23 PLCC; 0. 88
2007 ANIQUE+ 21 HMM A+ X %l 4% B LA B SR PLCC: 0. 939
2008 Ia] 4y L1220 P. 563 $3#1F + [0 I3 4 2008 Blizzard Challenge!'?] PLCC: 0. 69
2015 SVM 15 1 £ 4 g s 1 ) 4 %) SVM+MFCC 2012 Blizzard Challenge!'?*) PLCC: 0.9
2019 MOSNet! 124 CNN -+ [} 5 g 45 VCC 2018017 SRCC: 0. 978
2022 SSL-MOSH?%] W Wavavec2. 01 Bvech? SRCC: 0. 944
2023 SpeechL.MScore!'?*] )W T 2+ B VoiceMOSH?" SRCC: 0.572
2025 QAMRO Y 35 I HE 45 25+ I AudioMOS Challenge 20251 PLCC: 0. 972
2025 MMMOS!# Lt R A + 2 4 AT 55 AES-natural™**] SRCC: 0. 847

TG W B 2 2] B TR T AR AR T B MER L (HATS
K I GAEA SR B2t El, A2, fl
YR SR & W R S g iR & O S BT
58 JURR RE A 55 A 4 TS B P BB 1Y [R) IR R 25 4R v I
0% . Deshmukh 29 4 1) PAM(Prompting
Audio-Language Models) 155 # , & — Fft & F 3 4l iF:
5 A ( Audio-Language Models, ALM) ) G £ %
O PEAR AR AR . WL 9 s A RLR ] ALM
FE KRS B M- SCAS X b 2 45 0 B 2545 2, 38 i
P T R W A R X P X S R
AR TR SR A S SCAR R A Z 8] B A X AR
PRS2 B A0 o PR Al . R ALM A S — Rl 1
I ZRARE AL 58 o 78 ¥ 3 - SCAS Bl xb B kAT Il
Y5 BB S JF L S SUR Z M CER E &R
554 G o AH DG A 7R A DA B AUV Sy s AT O
KA PAM BERL G| A — X 5% 37 £ 7 18] B T 0
VB BT DA ) R AL R S ), T AN
i P 1AL G5 TG 2 2 A5 R X KR IR R AR A AR i )
RO TE B AT 55 5 VT Al vh s e SR ARG S M RE

—>| AT 2%
ol —>| P 4 A 2

B9 PAM & fE gl

BeAh . o2 % (NRO SR A 2 % 45 B THT
T RS E P 1275 {5 B0 AT 3 G 40 2K ok B 5 OE 2

IRz ACRE 7 o DR RS 3 I A o A B
PPAG 7 1k HL A SR N Y 1. Manocha %1 i
— Fh 44 & CORN (Co-trained Full-Reference and
No-reference audio metrics) B #7 I HE 2L , 5 o BX &
242 2 25 i A0 5 T 2 2 5 100 S I o o o o AP A
ZHERR T 1 TS % BRI AE I Zhid B2 P AR I AR IS %
SR HAMERRAL TS YN 2 i S T 2 2 AR HE 42
T 4 2 2 AR R TS TE 2 25 AR R[] 1) )1 R
P S W2 ZEtly AH i TAEI Rl R A T XS %
R A RORE S T XY N 28 00 B AL L P R R A
AL VIR 2 S F AL, K 10 iR, 25%
o3 3Gl FER AL WAE S =0 52 FHE T -
B R AFRIE e, 5 e, o FEKG I FRAE AT PR 42
J5 i AR R Lk Sk R SRIN B4 s RS H
O3 AU ANRAF 5 o, o HARAE SR HUT 0 43 i
M 52 2% 5 35— 3

L& £ ks

i fE

)
I
|
I
I
|
|
Wik iE [ e | ¢ |axiwm
|
I
I
|
|
|

& 10 CORN %:%ﬂﬁ%“‘ﬁ

4.2 HFARFIENER
AT RO N BRI, 807 AP 2 V1 Y 2
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FE W 25 AL O R FE X U SCHE AT A A Sl L
A 00 R R SR TR VP A . AR SN B N S TE I 1Y)
N4 MNE 2528 B WA YE R I Hod B R 46845
M TR EBF NER W0 AR, E2 A5
TP E AT 5 5% 28 146 bR W 3R A T 8UFE ATE
ZHBEP R AR,
4.2.1 JBEZRAEIR

B AR 480 H TR A SME S
I LA RUE . HEC A2 T O $s b e 1T
FUM MR R BB, B R 46458 T H = % 45
b PPN R rh 5 DL S B A O e, FE R S
FREMRBYE BL T o IR T 38 BORE AS i gk AR B B/ Y
— I 88 T A T R RS

A BEAHRLJE (Cosine Similarity, CSIM) 7] DA AE
N U AAR KL EE A 18 b, H3 5 ArcFace! ™ 5 A
& i) T AR RRAE O DA A %R AL B Bk AR
FEAE 1) £ 1] B BE R, F 7 S B0 A BLRE PR AL . Arc-
Face J& Deng % A7 4 il — B H T A 12 50 14
D7 % 3 A A EE T Ak I b B S B THREAE ) 1 )
IR E U gk, H M BB T SphereFace™ 5 Cos-
Face " Z 5t 5. ArcFace M52 11,
TR AR 10 5 x, $EAT L2 3 —1k, [ HAR
KA HE s, MRAE M TE R s BRIk I,
SR TR RRAE 5 AR 1 2B RIS R A W 2, =
cost); » IS ARTXPRECT R AL 0, = arccos(cosd, ).
W& AR 0, LU ZE MR ES m . 135
0, ~+m . XFREERT L 89K 2 PR 15 25 9 H AR
XTEL R cos(@, +m), BF . N AL, B
T Softmax FRETHERI K KL L -

- Ceos(O, )
e

L =— N 2 log sCcos(d_ tm) scosd

i=1 e Vi

+ 2::1.],#)”6. t

(12)
CSIM N J& 3£ T ArcFace ™™ 42 Ui & 5 1) 5

TR BN AR L AU, AR .
CSIM=—>"Y _ (13)

Fx Iyl
K, iy 20000 0 5 s N8 R A8 R AR T4l A
Y S . Ak, LPIPS 3 1 T M0 4 28 1 iy A
BN B 22 18] B 4 AF 2 AU . Zhang %6 A
H LPIPS FH-F 0 5 A pl i B R B S NG =22 8] 1)
FEAEAH I

B AR S X H TS A PRI A A o
KB REA MR FANER. Xu %F

il . (i) H exp(f))
FFAE R Y 1 log —
jarccos(cost ) cos(f +m) 1Softmax zexp(f,)
: a 6 +m i
Ik T 28 Rk

e fiE LR
B 11 FIFH ArcFace #1214 DCNN 45 37

NN Y T R ) S I 1B R R ¢
B VE , BE TE A R 5O IR SE . | A X
SO PR BT AR 2 2 (RR) B 074 46 5
AR bR L 42 B 3D JLART I A% 1 DY A 5 AR O AR
fIE CT0 A e B L T A 5 0 o S0 i 3 L B O B ih
FO 2D SUH WA T 48 AR O BE IR B[R] B
R EE D

BoE N B EBARICIE L5 R (H e 5 W
o [7) 20 BE AT R0 THE A% 328 R —— 1 3 1 A [+
A2 X F P T A 2R R e AR TR R 2P
JE TE 2 T 1 807 NS R sl A 5 8 M e e A2 B 1
B4 bR . Chung % AU — RS 6 B 22
W2 Z8 ¥ SyncNet, 1% 4244 BE 88 M TG b 28 H 45 h 27
>J 7 5 W AR AR IR B i ACRRAE T A E I
S S AR 5 TR B R R 2D M O A A o R
e B T Y AT s LA R o, R A
SR A0 A2 i 2 0 (Mel Frequency Cepstral Coeffi-
cient, MFCC) {8 2 fith 2 #4181 WL 52 72 00 >R FH g 38 X
B B UG T 91 A58 78 58 o X bE A % R R e Y
i, B 12 PR BT SR B SO SR R BT A

XA lu—l

‘ fe7 1x1 256 ‘ ‘ fe7 1x1 256

‘fc(w 6x6 4096‘ ‘fc6 6x6 4096

pool5 3x3 pool5 3x3
convs 3x3 512 convd 3Ix3 512

‘conw Ix3 512 ‘ ‘conw Ix3 512

‘conv.? Ix3 512 ‘ ‘conv.? Ix3 512

pool2  3x3 pool2 3x3
conv? 3x3 256 conv? 3x3 256
pooll 3x3 pooll  3x3
convl 3%3 96 convl 3=3 96

1 1

120 1203 12x20x1
# 12 SyncNet gt
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Bl

L
£

i 2026 4F

B A MFCC i, MFCC 2 A H X 75 35 4 R
F18 =l 2 M SRR AR 1 A 38 AR B 11545 L B
% A O 8 A5 5 1 0 2% R E 5 00U Y
AR5 WU DX UK B PR F 51 . 7 TR ) 20 4G
IS, 120 AL A e T A 5 WU AR AR 5 £ 1 FP
BT A URRAIE 22 1) 1) A% 9% BE 2 8 B B 1) e /M
& SCR IR

£ SyncNet' "2 #5815 filt |, Prajwal 25 A
¥ H T LSE-C(Lip Sync Error-Confidence) 5 LSE-
D(Lip Sync Error-Distance) Wi ff#g¥r, H o, LSE-
C 38 128 4% 52RH AR BE 3538 AR % 1 [ 20 A 32,
HHEAKX N

Ves
LSEC = 14
max( v e Tse Y
At + s oL R B AR (T

YN SyncNet™ “ARL, 43 51 X6k A= LA 14 IR 35
D3 AR %o 07 5 A0 B AT A A 2 A A 0 A R A [m]
OFE LR 0 L IR SR L2 Beg, B

1<
LSED =— > llv.—s, |, (15)
N =

Horfyw, N5 AR Be iR s R IR A s, KR
XoF IO AT B R AR 4RO . X L TR A Y TSR R AT
L LSE-C 8 T D1l 745 B2 B e i) o 55 284 %) 24
I AL R ] 20 R 285 40 W7 190 7T SE 2 B8 5 LSE-D W 2§
FE T LR 22 M B UM TP R T OE SR AE 5 Y
HRHIE 2Z 8] 1 S BRas AL AR T . Rt 2555 %5 18 LSE-
C 1 LSE-D A REAT RCPTAG 52 5 1) 35 L 331 ] 21 fiE

LMD(Landmark Distance)J& Chen % A\ 2
tE I T T VA 2R R S AR S R B[R] 0 R Y
LR bR . TS T O B B 5 ] (Histo-
gram of Oriented Gradient, HOG) [f & 4 I #§-1°7 ,
G0 A oS R A T L SRR ) Jes Bl AR A L 43 ilie Sy LF
FLR. AW I 5% 20 A ALAR A1, LMD AR %5 i
XoF W7 AR AR 118 D EG L 42 I R 4 32 0 b B i B8
H—1t, A H

LMD :% X %2 >IILR,, —LF,, |,

(=1 p=1

(16)
Hop, T A [ B, P =20 SRy A b ol B0
HE AR E N R EEYE . My
IRAT R A8 1% 2B MEFCC & — P 2k T 2K W07 52 8% 0
FEVE BT AR B O 2 A O AR AE T o A
IR AR AR 5 1 LT 0 Dl X 3 15 5 B R kAT AR
L SNITEY & TR NN S oI PE S INES R 2 O

MFECC #9315 i e 3 5803 g B4R 5 R Ak 42
WP R B Be . T4k 2 B 60 455 5000 5 | ot S
B AR B ARG SRAE A5 5 1 8o I A B L
R B . FRIEFICHY B iy AR A - E e il il
‘bR T R B A R I R 4 T 1R S B 0 O U
ME 5 B S R BT 45 0035 i A 2K U8 O A 4L, % U8
T MAS = A R R B N R T R U Y
W3R Pl EL AR ARCOT DX R i e 4% 1) B 4 4 4R L TR
A DX 3ol T B 5 1 A 0 B i A & SR AT X
Bz 5, LIRS 28 W 52 8 G0 30 74 6 5 5 119 X 2K
W o7 4 P 5 e I 3 O B IR K A A D i R
B, T 25 B 2% R B )9 AR SG . MK 3 &
oy BT

20 .
MC, (i k) = D)X, * cos [’”(”27005)] an
n=1

X, MC, G k) HEATE S b MRS i SR
I R B, X, SR A B U O 2 0 X K o R
B AT

X, =log{ > | XCom) |* + w,(n)) (18)

Kby X, 25 b A4 ATE T MUK SRS m AR B
R AR, w, On) JE5H 0 A S IR A

T A 2R A A AE) 35 2R B0 i S U8, Kubichek
i )\ DUST 4R T g R B B B ( Mel-Cepstral Distance,
MCD) , 1 T & Bt & 19 & W PEA . AR oy X 81 3% BR
B (Cepstral Distance measure, CD) I i i 7 &,
MCD Filt A1 WF 58 5 G2 1Y AF 22 P 05038 AH 56 R0 —
5 T 5 AR T ek S 208 D A 7 DG C S VT b Y S
PE. 55— T AR AR B CD 353 i — A0 34 1 )
PRI T IR TR A B, R MCx GLk) 5
MCy G k) F3 AR S 1 5 005 i A5 S @ T
55 b Mg IR AEN TS R W) MCD AKX .

M
MCD (k) = | D)[MCyx (i vk) —MCy (i k) J?
i=1

(19

A M IR AR R B Al AR R TR 1 R

fEJ7 TR IS AR AZ ARG bR JF R 5 11 3 1 L TfE

Wtk TErh SO E R b TR A R i K

i VR AR R AR SR R A TR
AH I 0 PEAL 48 bR AT AL .

FEM (Fundamental Frequency,F0) & i (5 5

SR TS S (A B =5 A CL RIS SN i . S|

iR A O AMRAE o TE SR IR TR R AR S A B

G E Tz N B AN E A B R S R AT
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G5 X R A R U O 0 £ A M BE PR A L Naka-
tani 28 AR H T bR 0 BT R 22 (Voicing Deci-
sion Error, VDE) 5 3 % % 2 (Gross Pitch Er-
ror, GPE) g AR , HAH 3R A 0 F
Ny 4+ Ny
Forpr, NU7 RN 430 238 T 2 0 A R A R
PR, Nyo 215 I B hilE AL

GPE M IFAS % 7 RS CF Jo & 7)) 34 8 /9
B e A B AR ) i P AN Al R Y B A 2 2
LU

VDE =

2 WL po— 21> 0.2p,01,[0, J1,[0)]

GPE = /
211/\[7)1]11\[7}1]

(21)

Her, p,p/ B2 MBI A0 RS, 0, .0

H1 5 25 R T 5 000 K R R E L 1, 2 4 s R R

GPE #8 b5 22 /R BUI % 5 5 2 7% 8w i 25 85 20 %6
RSN ITORE R A E AR

BT ERPITE RS . Chu 2 AU T FFE(FO

Frame Error) , 485545 & T GPE fl VDE, B 4 [fi]

Ho Al Fo 2B AYPERE . HAOT B A RH
N Nyow + Nyoo
FFE = Y5 s 100 4 Numv T Nveu 500
N N
Nyy

K, N &M B MR, Ny 23 Fo A
TS AR W Sy ek WU, N AT R K
WiT Sy ek WA, Ny A TR K DR S 3 Y
MIE, N pop &0 & GPE 35 55 22 2514 1 i %
eI
Horr, ¢ 2%, o 2 HME.E% A 20, FFERA T
GPE(F m W 22) Ml VDE (K& 75 HER ) 16 K 6 4 4
B, B 24 B gr G VPR AR e L 5N B A
HLA R B S IR RN 5 U TR A B RS A
Pt e P 22 B FE b iy AL, AT A
i RGN E R RS A EE . ik, A
b 3¢ PR T L) PRI 4 R AR SO SR IR A A
BH SR S E— B E M 2 A — ST A A
THEval ™" & — A 807 AVE A HE 42, [l 28 i L A
SREE R A e = K R 8 T ARLE 8 A . &1 X
BN AR B TR IE LRz g sh S AE
B WS HARR, B8 &R a
JE A FIERAE & E W FEr. &%, B Me-

diaPipe Face Mesh""™" $ B & WAL 43 (4 40 45 56 1
Fo FRUR 8 OB R 20 Sl T B I TR B B A4 3 s ot i)
JEIEFE M & s, iR 2WHRfEE o, . &G0
BT AT bm 4 22 OV 24, 45 20468 AR Ly, o BRI

1 M
Ly :M;"m (24)

- 1
O N_lj

A, N B2EWE, 4, 25 Wi AREE,
d,, 5 m B,

kRis 2 s A R A SR E e 5P R i A SR
ShE 8 bR, 1 %6, 38 i FaceXFormer ™ 4 it
o — T S T RS L A T B CARFAND L A A L B VR R
AON oA NN (TR R S RECY 7 WS B i i SR 1
e =AM bR EZE I 0, » IR B0 — By
LI REIE V s o T 0 F

d., —d,)* (25)

J-

T ZPMA VY e o BT RG22 X260 Bl 515 21 3K 30
BN Dy -
DH - (Gungle .Vdmlgle) +V/r‘ml.\‘ (26)

JE T Bh AR 1 A Bz 3h i1 45 28 RE T YA
B AR b a4 AR — WUJE B B IR I 2 R
B I A R bR E 22 VR MR AR D

1 <V,
DEMJN_lZue,,J —d/)? 2D
j=1

L, dl,, Fd, 53 327N B — it JE B 20 IR A ) 3
BRI B I, S E— B R BCE A1 B
YELRP e/ 5 9K 3hiE X VE 8 4R, CLaM ™ j&
B SCAR IR 2 1 A BT T % b T 2R T4k s
SR FH SCA 2 RO 0 3l 1 312 IS U4 B o 2R 4 L A
LLM [a] % i8] F T % 4% 3% 5% 5 InfoNCE (Informa-
tion Noise Contrastive Estimation) 2% pF £ % B Xt
Pz BRHL, SOA R A 11 53 40 1 AR IR F R
AL R A R iE SRR, & — 45 G LLM $ i 3 5
PR 0 S A . B R SR IR T 3D A4k
SR 7 90 5% AL R B FF 3 SCRRAE SR T TR0 25 1 2 T
SFE A GBS & . %7 B B A% O R TR GO E A 2RI
G o SCAS (B AR R 23 )6 5, 408 2R RR ORI H X
1K Le,, M InfoNCE 518 Lyer MALRLE . BiE £
RS R AU B 4 i, JHC 9 K 0 38 SOXT 5 fE )t 9
T LM, Video-Bench' ™ Jg 3 T 246 25 KA
TR SCA A SRR AL N 288 X6F 55 D1 Al 56 o, DAL A3 5% 1
XoF 35 5 LA B 15 PR A 4 BE AT I, sk Ak X A0 A 45
PEXTFEHEAT AR AR AR X 55 XS 228 031 L B A




2216 it =

Bl

£ 1 2026 4

B 55 FA- SCA B AR B — e AT 4T 2. %
5 12538 2ok 22 A5 2 R DR LA Sy S A A L R AR
JRCET Xof 1 1 ) R S SR R ASE B [ 25 O A X B ) 4R
WO HE B, SR, b 3R A SCAS 3R Bl B AR 3
Y —SCPEPEI T X5 P45 9K 31 250 N 19 A G BiF 92 A
TR H AR IT I Z—

SRR N VE DN A AN SOG4 i T A R
B, R A RN A 4R T — . 2L
— AR bR IR RS TR G R FE AR RO TR R AR
2 JLA] TE A P Y Bk B S S TR B 22 A A AR
it T Bl 2E B PR 5 ME . RE@ SG (Reprojection Er-
ror under Super Glue estimation) """ & — Ffr i &
3D JUMT F AP R 48 b, HRS GU7E T 07 2 S0 hn 45
{E 3 A B Z2 AR R S AR AL 28 25 B R]
A DN PPAk AN [) B Ay 22 T 2 75 38 08 L 52 = 4 5[]
B JLATT RN . 4 %%, 38 38 SuperPoint "™ X Z 4 £ Kl
PQAFEAT AR DG B A O i I S A VB
FOREIN 75 30 06 B2 AR AR . HUC B A TR A0 AR 1 G 5
FOHEAT S B VT T, 159 3 85 00 A B DEIC A0 . AR R
35 D E 5 X8 A R AR AL (] DLT = #f1 4k (Direct
Linear Transformation) , Pk & H X} R i) 3D %5 [a] /& .
WK ¥ = MR 28y 3D 25 8] 4 AR 40 AR AL 52 1
RUFH 5 B4 A 1 2D BIGF 1. 15 8 & 8 %
2D . fE s, IPRE GG 2D b S ERE 2D &
Bl L2 B HoP 2 RE@SG .

L hp =PI,
RE@SG :Ng S
Her, p, B0 AR 2D LS, o (P S 3D K
P, mEEEWM 2D A, - I, R L2, S BT
I3 — AL R 3 B3, N2 DG O B a5 B4k,

WAL = e R AL A — B 0 PRI A i T
AR — O ) MRCH | B 0 E A L%
A PRI ME3RY 1 JLAaT-25 #1555 00 A B
SEPERY Eval3D!™ 4
4.2.2 HARR

B SCE X BT N IE R AR PR EAT 1Tk, AT
LR 3 S E NI B R R NS L Y R R kv e
N ST I A B A A L5 AR e B RE . SCH
FERAAE H T 52 B U8 NP4 HORER 43 Y
AR B AR N R AL

HEINOELE TN EFSNETDIRIE S/ 1PN E0
g3 R AU AL S U AL BRI ZE . B Bl
PUNHOAR RE 8 45 N 1 7 e 0 0 SO, SR 807 N5
MBS AL OB ARZ —, B3R 3 (Word

(28)

Error Rate, WER) 2 ¥FA ASR PERE W # A +8 45 , i

b AR A R R 1) A LR AR A Ak B PR GRS Y L

BlAS 5 T 45 45 1% % (Character Error Rate, CER)

RIS WER —3%. 7645 2 KA SCARYE [

WL T GRASRED . D OMBREEIRED . S (it

FIRED . H G iE#EO . N G A 538 S50 , )

WER Wit& AT .

S+D+I1 S+D+1
N H-+S+D
Ak s ASR P BEPPA 48 A5 A AL % 0 1E B

AR R AL PR 5 N A A R R A5 7 T Y

ko fltn, sEr T (Real-time factor, RTF) & 2

ASR R G R GIBCR A% O A8 b, T T PE A A 2

) A, HLARSE SO b 38— DB s 15 5 BT I oF

Bimtia) . 7858 B H WA R B A B, ASR RS

i o L 1 IR | TR O3 26 A B IR R UK T SO

fift DIRE . X 26 Tl B 1Y DAk R R FE R 8 HOHE B R

TF USRI AR BN 4R B 1 53 28 IE il AR S 0 0

Fabn. F O R BRI B 4 A B SWEAT

IEMOCAP"*" Jt RECOLAM ™ 4
B B N R Gk 23 i MU 2 5 ] P AT

SEH. . — TS B ASR HE AR 20 AT P 538 5 A

Iy — 75 THT DA AU AR i TG e B R R S B AE R L i

Nz A B A R 4
X AR B A ROE AL AU B TR R 50 R A

SE ERER T AL HARE . th TIXREAR BT s

TR H bR BRI AT 55, PPl 4 A 5 0E T H bRk

R R AN PSS S QR & i 1l =7 N R E R A AR I E AR

Ft It (Intersection over Union,loU) 34185 B (Av-

erage Precision at IoU, AP) , ¥J{H F #1 H5 F£ (Aver-

age Precision at IoU=0. 5, mAP)%, &I (IoU)

T R ARSI AE 5 B H AR HE Y A R T

WAL E e AR AR TR AR |- E - eA o

Sy 0-1, B fA s K 3 WA 100 AE 55 T S HE (Y D G B R

Fo BTHFAANZLEYFh & IR B AU A

H7IX — A S RS BE CAP) B S e LR

PERE A A F8 bR . AP & H AR A rb 97 534> 2 531

K D RCR RO AR A 285 R T BT X %36 H A

A 0 VR A A A o R T AP B B (G ot

THFE K B -1 [0 3 (Precision-RecalD i1 £8” T )

T ARG 2, RSB0 -1 ] A4 22 LA [l 3 5 4 il L kS

IRSySE ¥ A N A I RS AT R ST N SNy

A R ARAF S HER Y AP i, 75 Je X A 0] 38 47 4 {8

b3, P E By T B R A, BRI A 5K

WER = 29




9 # WS BT AR SR BUR (FER  JR 2217

.
TP
P=Tp+Fp 30)
TP
RiTP + FN (31
1
AP :J P (r)dr (32)
0

L, P AR 30 R R A A MR, TP R |
TEB) CEZE TR R 1E28) . FP 3R B E i (6 2 3
NIEZ), FN o 5 CGE 2B ok 138, 5L
(32)F 7/~ AP & Precision-Recall i £ 5 & %4l #1190
il v e B 38 AR AR

N AL SR B X P /e 5 R IR
591 36 8% B B K0 N R o e T A T VR OR L IR e T
VE BT NPERETAR I B 6 45 . B ATEShE S
FAF PURIAE 55 L0 M RE L AT 38 o U5 o i R AT &
A 2 03 B i AL AN [ Bl R s R 1 1 R A4
TG TR By TN 55 S ) v R A O SRS AR . A
T 4 1A M S WA TR M B (I JIURS R 5 MR L H
A2 K H Fl-score fE MO PEAE P85 . AT B9 ARG
FE0 0T B B8 E AL 45 CK +1%1  AFEW™ | CAS-
MIT*™ 45 5 g £ 3850 4% 4 Wl 4 HMDB-51"°"
UCF-101"""  The Hollywood Dataset2"®' % i,
A A AR AT R ) % 2 B A R L A S
A T R 5 L oS 25 B S0 B 4 T A 1 JK
PR 543t

BB T H P 28 A, ek I
o HRE S IER L FE AR R ARIES &
WA AR MR EE . BiTfFEARE LR
I LLM 52 B0 SCHRAfR , FF A5 ot B i Il &2 548 4
Bl LLM [P & R, AR OC DT DU 35 ofE AN A 77 O 1
R %) Sl B A B ) R EORAL AR 2 i 2T 5
TRIZE A EREDY . H— N PR AR TN . HRE
AR A PP 2 E R Sy ) AT S5« R AR R A 4
SETEE T B, AR A RS S ER R
VT PR B Ak PEfE, C-Eval '™ & — /41 59
SCHERE ALY PEAL L A0 & 13948 18 LT e A8,
a5 52 A E R (B AN SCRb S VB TR 4 SR
) e A AMEE R Ch 2 m b KR¥LE R,
CMMLU""™ & —/Nif 35 Z 02 B CH R Bk dh &
Bhf TR 22 RN SO 558) 1Y 25 6 1 v S5 o D
L AEA AU M LLM &5 A ERE2E 5. YT, 28K
TV 356 o 308 Ao A 0 TR T 22 B A 3 S AR A B AR
Y BE (0 25 A R BUOR DEAG B R 8 O IR ER M TR

GEM"™ HLE"™ #l LiveBench " & H — }y 4
2P BEVE Al , SAFETYPROMPTS 3 1™ A 8 2%
WAV Y s 6 Mt fs S W Yttt k. &
T DAl AL T 7E 2 4 b e O Bt o T Ry R B i
M B Jy P TR 2 VR R . BT XA A& et 5, 7]
K FHAS [R] B PEAG HEZL B n . 7E AR AR 37 5 A1
11 7] 2% HELM* %k Hoag i v 5 00 0 04 7 VEAY 5 1
e B B A0 58 P9 25 A A5 T DU AT A B JADE 4
T HEFT LWk,
4.3 EF ANMEBEITIHEZ

Wil A S Y 1Y) R e B NP v A [ 2P
SIATHTEME R SN 4R, SES R —F8in
B PE A AN (], 225 7 0% 91 00 A 28 78 17 A0 4E B2 1R
S AN TR BT N B SE Rl T R B, I8 T 4K
N FE— B 90 an A= A R S AT B S LAY
VPR AEAZ O AR, e AR, BT N R P DU A
BN P SE PR AR 56 0 B SEAT K. BRI, AR SCE
T —F T H P BRI PR ik, oy
XK PN B 0 e A FE— R BRI T
AN 2 5 o 1 2 o AT B A% L H2 | o o b s ke
FAO B N B B S R AZ . XS BN T k(R
FERE 8 X ET N7 il 1 25 6 Pk RE MBS PE )L SR A O
FAR W EARA AL S Frek & ROt E ) S8,
4.3.1  HET 24 B i BT N TT DI AE 42

AT YR S N & I 89 8] B, Zhang S
ANV T BB TGS BT N R VA
7 DHQA (Digital Human Quality Assessment) ,
Bl 2 iR B T A ROMRE 4 B B N 3205 TRA
B SJTU-H3D, & IJrikm & 75 T SCA R
H T R R 7 25 ) 3 AR B R L AT i Ok = S REAE
AL IR LRI Q. MY A% O UK A2 - o T 1 4
TN BB I 5 A e JoT a1 O ) SCAR B 8 =
T SRR 0 5 4 AR BT & A B ) SOA B BRAIG
HISER Ty, BRSCELRE, AL CLIPY™ #3578 43 51 i1
R N 5 OE ) B ) SCAR X 4 5% R B
ZH AR Qv BIEM IR T ANBGE h A E L2
UG L () n vy B e S BER L TPEG R 46 Th32 55) .
DA FE I CPPA ZE B 407 5 T A 2 o %
IR R S HER EMR 5 B R 22 oG i B 43 A A A
Z AR S Ok s AL R B B AR B G . JLAr R
Qo H 4 BT N #5285 44 v 3 BURFAIE T4k
JEAR G B, A R N B RS T R o A, o
¥yl A4S 2 LA 458 2k PR 4. TEAR AR Al S B B,
FER=1EHYHE @ T Sigmoid PR EIH — 4k &=



2218 it =

Bl

2
¥

Eitd 2026 4F

[0, 1JDX[a], P e 28 G B 4R 40 Q T BBz il — oK
MAFEL B Q= Qi +Qy +Qq » LT 51 ABI AL
A
4.3.2 BTN AR L 09T DU HE B

VBench-2. 017" J& — 3 % Sy W AG WA A= B AR A
PR {3 38 T 18 0 %) 35 o 2 o EL P ol 4 B 3o 25 A
JAE B TR A T B IR RO
T FE i — 2 Al Ry 12 A 40000 AR ) 4t L HL AR
SEUNEE 13 BRI e S K T R A
BT T R A5 R R R DL R SRR T 45 P A Y

FEIEVPAL TAE .

¥
v

{ I i
ErriETInEEanESS
[ [ T [

1
| s |
I

13 VBench-2. 0 [ 3T 4 B

VBench-2. 0" BF % b3 Ok 4k BE Ay B 5 T
25 SEARVEAG 7 28 DUB O PE DU Y 4 T M S Rl
BEORE TR SCHE BN 25 6 AL K W AR 55 i E R
GPT-40.LLaVA-video-7B % % i (1) ¥ 3¢ 1 7 A2 1Y
5 R F AL B R E AN A 55 il I 2R
S A A AR A N 28 e ) e G 0 A 1 ) R B i
fIEDCECSE 3k (i SIFT-  FLANNMY 46) | 42 7 4
3 GBI ) PE AR ORG B

DO R POV R N o8 /N e S AR i e S )
VB ARAT 55 LPPAG AR W A 1 B AR S TR
A 00 3 T A8 5 Bt I 4 1 A TR AR I i A R
F 0T RH G i) 8 R AT V257 5 o S AR 0 B Y [ 24 5 s v
BRI B ATAT 4 . WAL 14 TR BRI
AR B A9 () Ay B r R A o3 Bl S KHE
MAEBE 27 25 B ) P A L0 R R A L 1P 40
N0 BB IR IA P 1, A X 220459 A
R H GG Hh L 5 B AE 55 % 5 1k & SR
S E T AL AR U R BE S R B R
RUXS AR W e 5 2 7% SR HEAT L X IR s — &
P A RIS i PE AL A3 B X T Rl 4 BE B TTA S T
8 U 2k 2 T % Transformer ( Vision Trans-
former, ViT) A AR HIE Sz 5 %6 234 | 1 3408 462 G 4
FRAEAS B ARSI B ARG o 3 5 X 3 Y AW A A B A AR
Y ITIN 2 3, 25 1S R ) A R AR b T A R I T
B Bl 54 B8 ) K P = A D7 T, X 2 )

FERCF N il R BT ——J0IR 2 = 4R 55 Nk
T THERUT N R 25 A O AL R L
MLBE R 2R L B AT & B A A A LA, X —
FERABT ANAH BN B9 K SRR T S e AR

[DE: A 5 e Bl 7 U

[ %5 2: 5 o G e 15 P (VP43 )
B 14 VBench-2. 0 J1 23T 7 517

4.3.3 TS FIH AR XUy 3 I D AE 42

LG VQA WF 58 LAE AR JZ T 8 4% 0 K A
HHFRTE T 5 AL B 19 2 BB 4 CInBR | £ 52
) R HOR BT I3 £ 19 52 W, 6T A AN (] R T 58 1Y
PO S BOR D SR AR . 55 — T T a9 A F 5
P AR AR 2 T T SR B g A T
TET R VT 458 ) i Y [+) AR 2 52 i) N 288 X6 10030 5 ) = L
VAL . SR o 5 Ml de HL AR Qo] £ T N 2 0 4 A
Y BT B A . X — R AT A AR A A T —
k.

YEF Ik, Wa & SR T — R4y SRR
DOVER(Disentangled Objective Video Quality Evalu-
ator) , M5 Y G ak WL 1] 3 ik SR W ) 8L 36 A O
LHEARIF I IG G I T EVNHE & 1Rl G R
W& B T VQA BTV B9 SCHE R e Y R A SR
Th T R B E AR B PERE

R HRGT F2 5 H AR WA 2 8 X AL T AT 1Y)
AR, i 58 & #5 # T DIVIDE-3k (Disentangled
Video Quality Database) #0455 . 12 B ¥ 5 i i o
B R A T A2 A WU 56 20 0y BRI (SRS
Vo> B VP MR A o Xk OHh B B 0 B 4 2R R S o
VEOr 5 HORDE 53 B IR AR L 5 — 4 B2 DF 43 B 452 0
ATy, X— KWK A EFE5HARW
A2 B 1) A AL BB T I B S B O A 1 L I R
JEA, [A] B DOVER B4 S A1 1 4 7 482 43t 1
bEEEN7oe i

ARGy SN T 3Tl AL A9 B R B B0
BEXT LA b AR 2 ) B i 2R L CAnASER | M A L D 2
) o [F) IS ] A 55 1 38 2 PR R R HOR B AR 9 T
Yoo NSEBX — H R 1Z 53 3T A o BEALEL BT i AL
AU e B T LR R B S B R AL 3 i x A
AU — WU AT I T AT L O BE ML 2 AL PR DR IR
P EUAA 2 5% 7 A A0 ) DR 3 3 Bt 45 L VISR T
JEUA R TR G 2R i RO B IR 1 96 27 R X PP AG 1Y



9 L HCF ATEN SR BUR AR S R 2219

SO SRy P B R AR R B ) Ja 2 o ) R 8 L 2
SEWIE) ORGSR T 2L WUR AR S . A
AR Z 58T RE 4> N AT B 0% 5 S AT g A B
059 194 Rl A 8 55 B T X A b Y
FLLGOH (v R ar ) 58 FL G Cn e 75 T 40 .
FR AT S T W 4R T & R AL AT 55 15
) Video Swin Transformer Tiny £ %115 245 50
i B AL R AR R AE s, B LR
S IR P Sk AR RN M 56 &L T R E 4R
WA R0 5 58 . 38 o w4 i g, B
PR T 375 43 7T DL AL 26 27 °F- #4915 43 (MOSA)
I ARPE 221543 (MOST) B IALH . R 1 4 3E 54
3 S SN AT R 3 B T R N A AR R L 2
TR REL Lovps » ARG B 43 30 B 2 []
HORERO RSN R T (A5 = (1
Linvs = Lia (Q pan sMOS) + L (Q pos.7 »MOS)
+Acr Lok (33)
KN Qpran M Qg r 73R 5 53 L FF AR 53 K
A FRETIN 50 0 A e B SR,
5T DOVER BRI 1) 73 345 M # if — 20 3
SR ST L T DOVERA+ +. XF 4443
ABETE T B W R SR Los 5 DABG R B S 3E

AL BE T TR
JCDS - )CRe/ (prd.A vM()SA ) + LR«/ (Qpred.T vMOST>

(34)
R, B 32 DOVER A+ + 3 3 fill-4 3 7 4> 43 52
IR 5, AR A 2 >0 00 o 110 4 1R 5 i DL AN o 32
{18 BT Sk T, 453 2K RN T
Looveri+ =Lps + Arvss Lives (35)
25 T DOVER + + I it F , 455 70 58 6% T A 4L
b f A PR 53 3 A 63 S B Q00 H 3R
T AW MOSA H A m A0 G B  HOR 43 30 4
I, PRI, B — 56 2 BB R 43 S A BE BEAT W) 56 9 5
Al . A DOVER (X % (K 22 UL &, DOVER
AR Ay SR T ELAR A SR T AR PR A Y
HERR M .
40304 TR A T A 4R
Zhu 28 AU L) Zaithanm] (74 B 2 8% 240 4 i B
ST I ) e N = N e = R 3
O HEBE AT R APEIN B B HESL Al 15 fF
TR S TR GEHE— 2 R B < A P IASE A”  5 J%
515 a7 N N O O N - e B N WA i R 12
B B 7E P A RO N O (B R AT A TR A
JLEAR S AR AN R+ 1 50 38 A ) 465 1€ Hhe 4 AR R 4

Mg MR REE LS 5 5 A SRR R 11 T AR R A
PG s HLUC, X WA B 9 3798 SCA B i 47 0 e AL
B, B T RS B s e LA TextRank 595 $2
SCAS R i e WO i 1), 9 38 3 snowNLP T H 7 #r
VEVE AV b 1], 300 o X 2% 4 BB 15 JER AT 43 247
FCF1 B 245 3807 NAE BRI REE S5 i
ANERE R BARIE Y

I A

| bt
L R

TextRank | —y

I8 g1 2 Ak ’-C; FA i

snowNLP: \_____ J

T I

—— |
LI E

TR
15 F PR TR AT A )

Z 7 DA B KB 5 SO b 3 T 3 7 —
SERRIE E kAN T 35 AT A 2 00 AN A BB L Rl A
A LS M S W FH P BT N ISR A VE . SR
T AP AEAE SRy B - — T 1T B8 o0 A 1 I8 3 A3
105 S B4 1 11 30 A X LA B —— S R B0 A G
R 22 S Bk (3% KAK B9 PPIE BB 10 J7 4% 1
AT FiE F 3% 118 B AL 2000 44605 5 — 7 1 . 1%
J7 TR A fig S M 3 LT A e Ak 41 ) % ()
4.4 BFNTENEXBIEE

F T B0 A S 0 A Xk N 2K A 4 1 2
275 DAL IR A AR B8 e N AR B A o s o N T
PEMY . SR B0 NPE DU A G 558 4 H i A AR K
KA 0] ER R B AAEARARE . HAr. 5o
NE AR B E AR Ak E8, — R H
A R R A B S A . DHHYY & — A4
3D FH T AL HE R E . A E 55 NS FHF A
SN 1540 A4 BUREAS LA K 32 O3 4 L 1 35 4
ANCERR T R R H ., THQA™™ 418 800 4~ 8 il
O [ 5 K 80 7 1 A R A N Sk AR L HL b e
FETF StyleGAN™, I3 3 32 WL 5 86 4% 15 - 24 75 0L
4y, THQA-TOK™ & Y [ MR f K | B 42 1 Y
AT A B B0TE A5 ot PR A B 4 S T 12 A
WS IR R ZE A 14 Fh WS IR s ik AR T
10457 DA, AN FHR LR N B AR E T
25 S AT 4y, gt Sr TV I R A i A 25 R ) o




2220 it (=2

Bl

e 1 2026 4

N B LPEAG 7 0 B R SR RS . R R
LEIRC HA —E BRI (HER Ja) BR T Sk SR AR AT L %
Br N B R B AE 6 AL . SITU-H3D ' %
WAL 40 DM RS HHCT N I8 A X g 5
HREAME TN 7 J5k BALBE L AR R T 1120 MR E
FEA B4 40 #5230 HEAT W IE 4y 905, 2
Wk 44800 543 SVE 43 I A5 s B A RE AR 1Y
SRR ILAT Ay o B R ke A B A
FEAS AR A V8 0 2 AN RE TR 55 A A 750 11 2k L
PR I A7 7 Jmy BR A2

Sk T B SV ko A A A S RE
FERL L) U0 2 msd mT R D VQA Bl 4 LA i %
PR, B VQA BURE KR ZRIE TR %
b A B AAT - F S5 T SR AT N T AH ik Ak 2R 3]
M KoNViD-150k"""" | LIVE-VQC™" | BVI-VFI-"**
M LIVE-YT-HFR™™ &, # L2 T, JF Lk 94
PR A Kb BRIAL Sl B vh 23 7 AR 2R H AR K B I
25 HAH T Jy i 2% HOvT BE AR IR A L TE e L Ay
AZRHR I, i EER M T 2T
AN 2R B BN 4, I DIVIDE-3k™Y | KvQ™™™ |
TaoLive ™ fl Maxwell"™ 25 2 Al & %
8 B, A DG 3 0O Sk DA B0 S AR Ak R L R
Nl e SRR T R L SCAS X 5 T 48 D A A Y
JEACEME TR LGVQ ™ | GAIAM [ T2VQA-
DB #l VBench™ " %, | iR B 45 0 WAl A4 1 58
TR f A SOt AR AL T R S R

TR T 4905 £ T M K00 4 3 A 288 R 3
SA RS ESES F RS MR RN A
HALHE R T4 P SRR R AR A Y B L LAGE N
AN TR A 355 00 R A 55 . 00, QualiSpeech™ " 41,
B SCE E AR E S A RUE S S B o
29 20 % R A BUE S 5 IR A FEA B 5 £ F
JREAL, A M |l R R . AES-
Natural "4 &2 9.7 T AN FIEEA, KPR T L4
FREBUE 4L S8 S E SO & AR R RS
T BB A% 4 T S HRF AN ) S R 35 0 ST AG AT 55 . B
P 4L 3R bR T A Sk R S S AL B T K, T
VE 8 M0 BT PEAN 1 2 5 AR A . S 3 9 AR A X AN [
J i R A U RE T I S R IE T 5 A £
A E U4, I DEMAND™? [ FSDnoisyl18k"** |
DAPS™" & ODAQ™ 4,
4.5 HEHEMARE

Wi 30 R B AL & R , B BT PR
J5 305 B S 2 i e B JR PR . 3 AN AU A5 52 B

JH F A 2R 3 R AT I DR S5 0 S B R I K B B ) A
TURR AT ok T E PR, T SO BUA I 1A 2 1Y
AR BT BT

[EE R ROE PN - RIRY S € (=F A D NN §
o NIEGAE 262 KRS [ 5 B 240 P (H X 4
MNERE T A R BB AT R 2 ., T
B N7 i AN IE RO R0 A, 635 P00 45
H A AR A A NS R AR DR O 4 ) Al A A B
A EWLPEA J7 3. SR 32 W PE O A7 A [ A SR I
— 7 T s RS LI 2000 1) R 2 AR 25 e 5 0 —
D7 T AR i B 19 22 S S BOTAN 45 2R 19 % 0
PEXERLOR BRI [R] i BAT 2 LTt O vk IR AR AR
AR e R < 3 00 5 ik MR AR T A e 2 A B
T AR BT BT N B 3l 25 2 Bl B s gl R 5 B
T HR AR AR ) B AU i Chn 5 € DT ] 2 L O
FHMO AT YL LS H R L HAEREEA )R
] 24 i 77 5 Tk S Z A S AL B R
P B i 25 L — D) B BOORS v REAE T . oAb BT A
TG Ty RE A 2 A AN W7 bR BEA P 7 3k
PAoE 4R bR SR 22 S EOF IS T HOR Sk
DRI 807 NP0 2 o 1) 8 DA AR )2 T R AT 2
O WL« B LA 0 4% T4 73 D BE CUNJE R A L 58 HL
Wil O i SCHR A A5 BT L WUPE I 7 58 L SCE A fiE
% £5 6 B W 7 N AR PERE AT A HESE

FEUC, B X ROF N 22 BEAS PRI b 1R R A7 7
B L BT N R Sl R O ST R LR 2
B RLS 45 A H A0S T80y AN 2R
TR 2 1 R e LR . Z RS ML IR AR 2 A HRL
A A TR B O AT A5 A 2 P T A DA S B AR A
Ho —FH PRI 5 B9 8CT N A AESR 25 B
A A B PR IR 0 T AL 22 A TR ) TR 2 Can
JEIE 538 VE B JE 5 0 R CAn B AR 3l 1 15 31 —
HO A SE NSOy [ 5 535 R AR TR LS —) 5F
REEEOR . AT 4R BTN ST IR T W
HPRASEIRY F TL AR 4 A A S RS BE L 9 &5 4 5 3
POFEAT VI . BUA PN 75 2 00 A T RN SE
PAIAL B4 B — RS AT 55, JL T I 4 B2 5 A o wf LA B
AL PR eTTE G G B ELE P DRk TN
FAAEfi 22 . MIEIN (A R A T 5, 807 N 2 RS TF
M7 HAAPI R DI — X 37 A F
"o S5 B2 1) A ST T A P 5 R X 2 R A A AL
RLEGIAL . RSB L 0 E A% B AR
RS 1R A A\ T R T 1) I e 5 0 SOXE 5% LA R
B2 N 8 1Y — SR X L AR A B



9 W— S BT AR SR BUR (FR 5 R 2221

TR B I 2 807 A VEIN 7 247 18 0T i
B B 1), A L R e B AP i, T
T 28 SR A DA 88 AL B A 1 o R A AR 3K — (] A
FNLFE R PEI H JE R 28 . A T D S o A A A
BB AR A CHE B 2R AL B BRI A
g5 B B e = X P vk D B A R R A B X &G
SRR A A3 Ar o T R SR T vk R RE A — R
FALE PR LR AZ B AZ BT O AR B R
Je ik N Kt BT 43 v B S A AR AR I VE 437 I T i
BEVEAS B . DRl 2% 5 SO 28 PF I O vk A7 7 I )R
B . AR 3 L 48 b5 25 5 X0 AS [ B0 A PR BB 45
HIXE LA ) I P R 25 e A LR R R . TR R A R
RS HE 2 IO N B J AR, 1 T E LA T R M Ml
AR S0 TAE, H A, #4058 30 5 i 2
Frf 2 R X — R BR - e AT AR B A Sy LAl
5 BhASE AR N 4 S 58 1R 5 3 B AR ), 7
PEI 25 5 0 [ s [ 25 2 638 43 P A 4% DA i 7E —
FE R 1 3SR T P 4 R A T i R

B B NS = G5 — B PRI BR o L S BOR
[F) 457 N =z TDXE DA I R A ) 1 g b3, N A T ATl
T B[R] & R 7 1) . 4R 45 20 I 48 A5 1 3152
A N AR [ L 285 SR 1 5008 3 PRl A7 AE 22 57 ANk 448
FREUE A 0-1 F1 0-100) , 41 a] K 3 26 5 i 48 45 R &
N ANLEETN R B — KA, [FE R R S
P B 5 B X T N i R 30 4 5 i AR R AT b 2
S 3 T B A A S A Ak A5 S A X S PR A 5 Y
DERANER . R E A AR B R T R SR AR R
RSV S RUR: BIE Ve N B e R = E v
1 0GB, 3E T A5 B 48 bR 7E 5 AV 4 b AL E |5
FEHT L (HZ T A A T R R AT % b B
o S R AR AR A e R B 1) S A R 2
H—EEK,

B AR o A S BE ET5AT 25 11 o R 4 T 1) T A
TETHIG 4 e A R R PRk . B AT A B0 T I £ i
MR — 5808 /D% R B, SITU-H3D 4
T 4 BAR R AN T REAR Bl B N SRR AR N
S AR R AR IR S A AR 2k L. R B AT
545 B AT 5 AERE AR 22 2R B0 AA B 4 T
— S k.

5 HFAGE/REMNFERE

BT SCT 3 1) P 75 06 A A SO B — 4 B2 25 5
FNERE ok = X807 AR 2R a3t . ik,

AR ECF NGEAVEN 7k AT TR, I o R
KA RAE T RE A LR Ty ], AR T RS A
WA 4 B R FE 43 B, i 16 i

Hor MR Sriri
x }
AR ST
L 4 1 | )
i %
i o 1{'{&_ i i A N
A0 i A & L] ] #
i i H [l " it i

K16 B AeaPRlIr ik e

5.1 #MIFREITFN

H AR T 805 BT I 22 2 00T A0 5 3T
I 7 AR X B — Y AR S R AT IF Y 78 & 040
A VEIN AN AR R BRI S IAATE R 2 . T2 RS
Kifk F MR (Multimodal Large Language Models,
MLLM) 7E i SO0 55 H Al YL o 3 3 W7 55 07 T8I
HA R N L IE N B ShiTFAh 48 45 (FVD 45) %
] Z2 BSR4 28 R A H = A
W Jo s P00 A 55 o ) R Jre B A R ) o2 T i 5% . A
Bl 17 frs s MLLM B BE 6l 3244 7] 73 Sy = A 10 6
Yo, B Z RS g i A% L RIE 5 AL DL S e R R
MBS S AL O, 2B g it A 19 24 e T
RUATL B A0 45 i s 50 e T o A B R0 L RATE R ALY
FRAE ] £ LA A2 T A B 1 Ak BT SR . BT R B
AT 37 S5 32 B DL 5 A0 R 0 i 1 2 A R
F RS G A A5 AT SR LA i % 5 5 A0 4 1 A
WL A RS G B AR f F5 UMT-LY | UniForm-
erV2""™ [ VideoCLIP™™ FiI ViViT ( Video Vision
Transformer) * % Hrh, VideoCLIP % F CLIP
BN R T Ok L 3E A X L A ) SIS SCA
T SON 5F, 32 B IE T T A L 5 R A SO Y R
AR XK A By & B fE 71 A BR . VideoPrism
U3 VIT B p R I VIVIT " i e 23 3 fif 1
AL BB T 2 IR AR | OF SR 2R E
B35 A A 2 R 55 . BB 0 0 g T L
$& CLAP (Contrastive Language-Audio Pretrain-
ing )" | Wav2vec 2.0, BEATs™" | AudioM-
AE? 5 MMS 4 CLAP 78 K HIURE 5 45i-5C
AXS b AT PN S o A O SR AR5 LA G B i A A
Wav2vec 2. 0" ] FH JG Wi 70 25 L 45 M D46 35 A
rh g ) SRAE PR BE 9% A ROR] FH R 8 R A T 1 i 4



2222 it =

Bl

L
&

i 2026 4F

P OB Ry 00 G B ) FE R AR 2 — | BeAh L B —
A g as b . B Er e BT ] R B SR 2 A RS
B SR 4 BEAS GBS 2%, B 4N Align-Anything™'"
ImageBind ** 5 Unified-10 2™, 3% 2 % it 2§ K
KA )38 SO FF 4R (L T o8 B A e T L e T &
SRR S A KBRS 5. HEIBFNEZH
AR DL R ST 58— PP A IR R Y SR oK, 4
25 Gt T 255 2 R0 1) o B R RO T B 5 1
FHRAZ —,

I| P —

| II

B B ~E ™
= ! i

1
I
]
: | ,
IIIllIIlI : __: == Ly * ||||l|l||
e : | :
; 5| |-
I Mo "

| —
B 17 MLLM %yt

= L
e o P
HELUE

|
|
|
|
|
clip
|
i

I

I

I
— 1| it
HL3 |
I

T 25 K1 75 B AL 5 ik A e H R 2% 18Rk L
AT RN LR, B £ 5 0 AR 5 5OR i 2
HESRRE Ty TR 22 S AR S B A B RO
A H T2 AR 2 T g A 4 2 B0 22 R3S R AR 2
TT IR 2 TR SUMRHT 5 255 A W . 7ETFIECR TR 5 LA Y
P, DeepSeek R1.GLM 4.5V .Qwen3 M Gem-
ma2 SERIAIYE I N T IR B A TR R g 2
B A E S LB R A, B
i H0 R T 5 T S R R S 4R T, PR GRS T R B
W GEETENAE 55 . RS DR S 2B i
i 5 R R Y OC S A A O A R 2
A FRE 5 3 5 — iy i XS ]

Ry fiff 22 4 25 A B N PRI 55, — BCR
FH = 00 Zh-F A SO 6 55 300 = I gk mg . L
b TN R B B 09 4% 0 B b A 52 B 85 A5 25 R AE X 5%
5 Z B SRR AR 1 WA L O R ST 55 P Ak 4 i
filt . 482 TOM B BB 78 51 5180 8 B i 5 e AT 55 48 4
FF 5 WUAR PO A B, DT 4t o JHC A AR S DA 55 iy
FREAIZAAE T . 2 W Be I 2 8580 38 SR =0T
4 (I.M,R) B, Horp T 3R AE 55 48 4 (]
e IR B BE 50 W B A R VT A 1 B N O
7). M Ol 2 B A B Cln s N R A Bl
WD, R A XA H B e R Can 2 2% B 43 300 A 45
F) o TEROR R b 38 A S L BT A A
KW Z TR 4 4 JF W58 A8 4yt ) D7 A 485 SR 7 [
CANPF 43 DX ) VP 4 B 3R 0R 45 AT 29 oL, DT 4 5
RERL w157 14 BESE M 5 B XM L X S O 9 A% O B B

TE T (AT By H T 0GB N2 32 WA 4, LA 1R B
FU L) TE A PR THPE 4 R AT AR S A B
METZ I B BB R A RLHF (Reinforcement Learn-
ing from Human Feedback)™® #4174k, RLHF
B A% o U P 3B 3 Sy M B A 2 Dl o R D i A
A =20 B AR B X 55 N 2 . B M
(Supervised Fine-Tuning, SFT) % F & g i) A3
T T B X P I A5 AL AT i — 2D R 2Rl AR
(Reward Modeling, RM) & 7£¥ A J5 1y 35 0 O 4 %
bR T A B A5 . Ak S P Ak E R H
PPO (Proximal Policy Optimization) , H H #5 2
it B KA BRI RS . 5 PPO AR,
DPO(Direct Preference Optimization) I B $2 %] A
it 4 AR AT R L2 2T, To s i 2R A 2 il 5 R
TN . B BIECT NP AR 55 o, < wl
G4 A TR -XT 55 IR 08 SR DU 43 ) ke N I 2 A
RIS BRI B8 7 KT PR AN B8 0 A 5 N S e 4.
PRI I, 5 T 22 A3 RO 7Y %) 0 NP7 I F 98 — 7 Tl
TR 2R R B 5 ) — T e U ok mg
e 2 EE A T I A g
5.2 ZTEAFEN

LHRERFNWEEINGEZ — FENEL G
IR ZAYE R E A, Gl 2 RS R BRI
SRR 22 R R T LS SO R VT
BRI A R R AR S B4 1) dn A A i
BER SR S AR S AR A B 2% RS e = B
ACHRAE . T E R R R il = X ik 28 A R Y
U 2 30, 7 24007 J3 00 58 43 B ARt ] B S R
BRI . HI A T ECE NS BN AR A
X B 22 B KA IR 5| A& RS, LR
HAH R BE AR AF 17 5

BT NI S8 B PEAS T LA AR S5 . A9
B B ke = AT HF R . NARZEH S 5E E
FE B T30 TS AR AR AL R BT A W AR ] A
L 5 b e B R R S AR AR S R S R T
T H AR AR R 5 S A AR A AR 25 G 1y S
B+ E Ak 0SS R0 T 4 OB N IR X B
B PR S A T R AR TR E AL HRE R SR TR
YOLO-World™” | DETR™" 5§ GLIP™" % ; & %
G 0 A5 AR DU £ T ) Ty S DX IR A A A S R G
TOUE A B 68 A 80 i N IR S5 R S I Vie
base™™ | Swin Transformer™* fl ConvNext**" %
BRI B, N W) B Ay — B DAL 75 255 TR
N W N ) — SO E TSR T B UE Y R



9 BB HOF ATEN SRR BUR AR S R 2223

FARLEE 2 T B (8 0 I8 5 1 2 5 — 3. HRHh 4
WO N Bl 25 7 51 v i N R E S e S e 2 )
R 46 O TR U IR B Ak BL Can-
dide3" ™ il , 2455 70 BE 05 £ AS 7] ' RN S8 25 4% AF
T BB AR N U SRR R I, A BT X 4%
e 5 AT SR F A T B N AG I A5 A4, 91 4 : Reti-
naFace' ™" XU o /N R sF A s 4 B B A8 (b AL
A B E R s FSA-Net ™" i) A 2K Ay HE 00 A K% 7™
P B I B S IE s YOLOvV9-Face ™™ 7
PR A Vo R 1) [ 5L A0 PR 0 4 0 5 B

Il 266 E hy B NP o) — E 2220 R A,
LN ATFINAAR 22 . 2S00 Ml , AT ok 4 B4 ot b 19 IR
2 BOF SR MESEAT LA, AP A ke — 3tk o
FE 534 P2 M e I 42 Jr) 2 ey FB 1Y 22 RO R AIE L AR 9 LA
MCFEFM ( Multiscale CNN Feature Model)™* 3 i
Ui WY B AR O R R T R A 18 R
G YOLOv3™ B3k % B % aE 47 X A6
555 I TR H 4 Jay DI IR 2R R DI R sk R A
DX, B AR A 2% DXl 2 ) o HG o3 Sl o A 22 %
SN2 o2 LN 9 Sl O g BN X ) & U B i Tl
(R RFALE 1) i AT R HK Rl T A 4 THT 28 E i 3% 1 S
HYRAIE R s T AR U T3 . B0 AL S o i 3
A ARZE 48 L 0 B 5 K B = 5 T 43 AT
R0 X N TR G TR B 5 R R Y 2 L DR O R Ok A A
T AR R T N A ORI A0 B — 8 b
J5 ke 4 v J5 A PR BE

- A bl S

I : ; A

| CNN-MT o
—» » ™ L —

,&" | (global) | 128

7

5

ER S a i

I fk Y

y | CNN-MT | | fanWE ]
»YOLOVS > - M mainy [ EE—H T O
- : 128 + z

Query [EREES R

W
LR
E®

q: :."_s‘(Iﬁi"ﬂir'F s 5t
CNN-MT | J 80|
| #

” (paris)
m - * [z

K 18 MCFM E(J-H—%‘mxhﬁzm

hPETE b T RACECT N SR BLRE &2
B S S GBI R L SRS B G
Bor N A s VR AT & BUSE Wy B 5 N 2617 A
W BT NI S VE AU F & 2 ke T A6 %
WA o —— 7 B TR e e o 38 R IR R 7 i i
TR BRAS R A S W S AR R R BT PR Bh
AE B 1 B JUAE B AT 45 BN W) % QB R I ()
S IFH TS S T B L. (eSS

FIRTHE T, ShAE 2 0F o 2 o 3 1 A AR 19 )
—CHEAR AR . RIRE L T 30 1 s B OB R, TT LAY
AL R bR . BT, A Sh 1R 7 51 iR
WO #3455 DMS-GCN'™' | AQ-GCN'™**' FI
TU-GCN™™ 4 | 3R J5 1 16 FH T 167 B0 00 30 1 42
0, 25 T A B4 ZR Sl 1, 1T 25 4 0 22 B2 A
TR EA T 5 AR JEE 11 2h VR B B, LS80 0 A% 1 G

FE 5 5 2838 7 1 PRI B SO B0 B A
JEURE L B A B3 5 5 o TR R DR L
TR AR B A T e 5 AR BB H 22 R
&L 19 7R (P R A 47 A6 et 2 ) 4% B LI 355 4
TiE VN 25k B b A v 8 40 50 PR A 18 5 B | — B
VEIT AR L — 3 T X5 e 2 2 (0 R B B A
AR AT 55 o a3 ) HG Al A A A B ST
BT L . ECAPA-TDNN" i 1 £ 43 37 25 1)
3 A AR AR 5 RURE R AE , B SR BT R
fE 77 s Wav LM R F A Wa B 5 10 45 B HE 42
FE MR R B 5% PF R 475 B DR R 4 47 1 IX 43 1 B
SV SNet ™ I J& — Fift 3 1] 355 9 35 A5 AR AL BE 1155 4L
R, H Rz b Re Jr . B O i DUiE o 4 L
FHHETHFNNZERES BT HRE LiEF S
AT B BE T S — T BLAh A T
fift AT 55 58 1S5 B 7 (0 I T R 49 A, A0 e £ Bl
K A 25 Rl 1 AT A I AR T R 2

IR A
— Rk 1
R HE R AiE
e IR L5
[ i | 8
[y
EHGEE ‘

Pl 19 5 DI A RO S A

A HE BB R B R B — 5 T g3 0 AT
I Ayl DR AL 2 SR AT 2 B 5 R 5 ) 4
it ZER AR AR P B AT A T . H A A
B A PEI 32 R A RLHF J5 3 528U g0 % 5% .
W 8 19 N2 BB J0HE I A 8 2 2 7 N 26 1 ) Ik
v e 2 K i OO S Al 4 0 %, SR T RLHF J7
A R B 2R Al T0 D B Bd L D] e F R R
Z VT 7 R T C A Bl 4R 20 A7 4005 L i i A 2
M FHRAR S AN RIWT XS 57, H AT, B WA 2L
i AR N P A S BOR AR 36 2 25 B il - AL 52
P A JPE A 2 1 VBench2. 007 K 5 B A 5



2224 L7 S/ R S 14 2026 4F
ﬂz/ﬁ{%%ﬁ L()VEQW’ NYYS &N }fﬁﬁzﬁkﬁ%'@‘ ]j{] gﬂz Committee. Technical Requirements for Digital Virtual Hu-
’fﬁIE—% Evalcrafter[z:ssj ggf . E Eﬁ g % JEH j]l] 1:1 SF_ i’)] man: GY/T 411—2024. State Administration of radio and tel-

ision, 2023:2-3
H 7 35 92 B LR A ik 2 UREAS L ff 2 i
/Jjﬂz%* = ‘ﬁﬁ*j?% M%ZIK A ﬁf?f”"ﬂ H % A 4 H B BB A B R T B2, T M A B AR
TGS e 45 Rl PP I iR AR IR A L. A0 AT K GY/T 4112024, 65 # b L 44 ) 2023 2-3)
E@Eﬁ?‘l\j EP ’ ﬁ—*ﬁﬂifﬂéﬁﬁ{ﬂﬂ E] ﬁﬁﬁxﬁz LA i}m ’ [2] Chen S. The development status and risk countermeasures of
{E%g:ﬁj{*ﬁﬂ iy géﬁﬁiﬁz{mu%ﬂﬁﬁﬁﬁ‘ﬂmﬁ? i virtual digital human. Radio and Television Network, 2025,32
b}lﬁlﬁ%j‘j‘m (6):34-38
g e S T S (BRI, M4BT N R IR B XU 6 5 43 BT ) 47 v 40 T 4%
A4 L A BUAR KB Ay vt A RN BATRIR L T
2 . —HA}:FU AN Sep. Y A ’ O%T
T%éo EE ‘ﬂ:i L*ﬁ;{;*&u Hﬁjﬁf%&%f\gfﬁfh‘ [3] iiMedia Research. New insights into the development of Chi-
{E%%*JE% X'fﬁ /E‘ ’ Imﬁﬁei@ ’% ﬂéﬁﬁ %még/l\ na’s digital human industry in 2025. https://www. iimedia.
BEAL G R A5 R A SR B . SR, X SR W 32 A 4 ¢n/c880/107807. html
SR BT RS, R RS A 0 M % 4 2 2 TR 1 N AE T LB . 2025 4F 5 [ B0 770l K B 3 I %% hieps: //
R o = 20N N AN I=] >
o . . N [4] Internet Society of China, China Academy of Information and
SEH. AN #5554 B TR BRL e o xE LAV A S ke . o . o o
Communications Technology, Communication University of
M2 P Y /I—‘? N = J ,3‘—»/
'ﬁiﬁ%fm ° lﬂ:‘&l\ ’ ﬂ%j\{-gﬁ W e E/\JIEZ?E: ri "E‘:J\ @ﬁi China. China digital human development report. China Inter-
%é% E/!J {D-“J ﬂz X‘-J- % ’ fi lﬂ% /ﬁ\: E ig‘ % ﬁ HE E/‘J ‘@ ﬁg o net Association, 2024
S I G — T R S TR R L MR Cop 0 2 o £ £ 0 95 B o 45 0t 2 o )
25 I i B 5 2 i) B ) 2 A T O TR A e, SR B N AR A AT b R R B2y, 2024)
NI - N N sz 3 N 5] Sun S C,Xue ZY. Analysis he devel status of vir-
Xﬂ'ﬁ%}\%iﬂﬂ@%1$l¥’ﬁ'j,ﬁ§ﬁm—%j\;léﬂzxmﬂz’ﬁf [5] Sun ue nalysis on the development status of vir
B tual digital human. Advanced Television Engineering, 2024
—H LA . (2 12-18
INII N BEF . B BECFE N R RIUIR BT, AR R,
6 B & 2024(2):12-18)
[6] INSIGHTS B R. Intelligent virtual digital human market size.,
Zki[%]%ﬁ?)\ﬂzfﬂﬂ *@@ ’Mﬁij\&ﬁj}ﬂm . share, growth and industry analysis. https://www. busi-
L o N B N § nessresearchinsights. com/zh/ market-reports/intelligent-virtual-dig-
AP AR E L AT AH O 16 5 A0 SR F I 5 vk U A 4 .
itakhuman-market-122012
NN NN N J
%ﬂ:l@fﬁ ’ J{Fﬁ/h“é‘%ﬁ*ﬁ o ﬁf‘ﬁ ’ZIKI%EEEKE T [7] Dahl G E, Yu D, Deng L, et al. Context-dependent pre-
%&?}\E/‘J&‘D& 7&?!51:@ ’ Iﬁ%’;@*@ FH E,E 7:[] Z. y&% JZ. trained deep neural networks for large-vocabulary speech rec-
%%‘i%ﬂ] *}L%}%*@Eﬁ . EB ?ﬁ?kﬂ/ﬂ éﬁiy?ﬂl”%% ognition. IEEE/ACM Transactions on Audio, Speech, and
%%mﬁg*ﬁﬁ% E‘J%j% , JH: Z% Wf E]/‘J TE?:@YJJ %E‘l‘ﬂg%i_‘ Language Processing, 2012,20(1) :30-42
. N NN o . [8] Baevski A, Zhou Y, Mohamed A, et al. Wav2 2.0:
T 7k 1 A A e B A . Lo e e e et
framework for self-supervised learning of speech representa-
Yo < B2z | A4 4 A R U TS B
X ZIK X /% = L,*JILEE i 5& ES j;i E/J A1l 1:7"‘ i iy tions. Advances in Neural Information Processing Systems,
SRR NG % N IRV AST v AR bl S ) 2020,33:12449-12460
WirEE MELL GRS i RS SN HY =M FH [9] Radford A, Kim J W, Xu T, er al. Robust speech recognition
)TQ , ?’illﬂﬁ , Zlglﬁéigﬁ\i’ﬁ T ﬁﬁz;’é EI/‘J %ﬁﬂﬂz{m ;flElﬁ 44:/]? via large-scale weak supervision//Proceedings of the 40th In-
ﬁXﬁ@E’JﬂZ{Eﬁ{f . Iﬁ] EFJ‘ ﬂgﬁ ”_} ) $~2’E§ E/‘J )ﬂz‘{)ﬂ” jf ternational Conference on Machine Learning. Honolulu,
USA, 2023 Article 1182
v A ydll Gl £ K =% ge2 A e BB
/ZEX?Y'FIT‘EUL;% JR B . X’E e Hy%ﬁ%]\«ﬂ‘ (E] P He Y [10] Li K. Gao K. Hu X. Efficient audio-visual speech separation
l‘ﬂ@ ) ﬁtgéﬁﬁ lnﬂﬁ% E’\Jé’,%%ﬂzmﬁ/fﬂ’ﬂf ﬂ‘:’ ﬁ$ with discrete lip semantics and multi-scale global-local atten-
]\ﬂz()ﬂu ’Mi/%&:*@% Eﬁiﬁﬁ%ﬁ m . wJE, %‘I‘ Xd'J:i?'j tion. arXiv preprint arXiv:2509. 23610, 2025
i) B, Zlgjc}ﬂ“bﬁ\%”# “ Wg”wﬁﬁ*}zlbgﬁrg H%, R [11] Dan]J, Liu Y, Sun B, et al. Transface+ -+ : Rethinking the
e Tﬂi;’éﬁ?}\ﬂ"] ﬁziﬂ'ﬂﬁﬁi face recognition paradigm with a focus on accuracy, efficien-
cy» and security. IEEE Transactions on Pattern Analysis and
Machine Intelligence, 2026:48(2):1243-1261
% % jz m [12] Dan], Liu Y, Xie H, et al. Transface: calibrating trans-

[1] National Radio, Film and Television Standardization Technical

former training for face recognition from a data-centric per-

spective//Proceedings of the 2023 IEEE/CVF International



9 i

L HOF ATEN SR BUR AR S R

2225

[13]

[14]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Conference on Computer Vision (ICCV). Paris, France,
2023:20585-20596

Lv G, Zhang J. Tsoi C. Facial expression recognition via var-
iational inference. Scientific Reports 16, 2026: Article 7323
Lan X, Xue J, Qi J, et al.
thought for facial expression recognition. IEEE Transactions
on Multimedia, 2025,27:3069-3081

Chen L H, Lu S, Zeng A, et al. Motionllm: Understanding
IEEE

Expllm: Towards chain of

human behaviors from human motions and videos.
Transactions on Pattern Analysis and Machine Intelligence,
2025, early access, doi:10. 1109/ TPAMI. 2025. 3627546
Yang Y, Zhang J, Zhang J, et al. Expressive keypoints for
skeleton-based action recognition via progressive skeleton e-
volution. TEEE Transactions on Image Processing, 2025,34;
7585-7599

Feng W, Zhu Y, Zhang R, et al. Active multimodal distil-
lation for few-shot action recognition//Proceedings of the
Thirty-Fourth International Joint Conference on Artificial In-
telligence. Montreal, Canada, 2025:999-1007

Tajmirriahi M, Rabbani H. Eeg coupled scale-invariant dy-
namics for emotion recognition: A domain adaptation ap-
proach. IEEE Transactions on Affective Computing, 2025,
16(4):3584-3595

Wang Y, LiuJ] W, Lu B L, et al. From eeg to eye move-
ments: Cross-modal emotion recognition using constrained
adversarial network with dual attention. IEEE Transactions
on Affective Computing, 2025,16(3):1543-1556

Mahapatra A, Patra P K. A unified and scalable machine
learning framework for feature fusion in object classification
using weighted PCA with adaptive concatenation and dynamic
scaling. Discover Computing, 2025,28(1):114

Moderl J, Westerkam A M, Venus A, et al. A block-sparse
bayesian learning algorithm with dictionary parameter esti-
mation for multi-sensor data fusion//Proceedings of the 2025
28th International Conference on Information Fusion (FU-
SION). Rio de Janeiro, Brazil, 2025:1-8

Zhang H C, Li L X, Liu D J. Review of multimodal data fu-
sion. Journal of Frontiers of Computer Science & Technolo-
gy, 2024,18(10):2501-2520

CIRIE A, 280 % X R UL, 2 B0 BO0R il & BF SE 250 313l
Bl 5#%,2024,18(10) :2501-2520)

Chahi A, Kas M, Kajo I, et al. RZGAN: Enhancing unseen
image fusion with reconstruction-guided generative adversari-
al network. Applied Intelligence, 2025,55(11) :821

Lyu K, Xiao L, Zeng J, et al. Touchformer: A robust trans-
former-based framework for multimodal material perception
//Proceedings of the AAAI Conference on Artificial Intelli-
gence: vol. 40: 22, Singapore, 2026:18496-18504
Baltruaitis T, Ahuja C, Morency L. P. Multimodal machine
learning: A survey and taxonomy. IEEE Transactions on
Pattern Analysis and Machine Intelligence, 2019, 41 (2):
423-443

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

Wang J. Ji Y. Yang H. Rav: Retrieval-augmented voting for
tactile descriptions without training//Proceedings of the 2025
Conference on Empirical Methods in Natural Language Pro-
cessing. Suzhou, China, 2025:6198-6205

Lan C, Wang Y. Wang C, et al. Application of ChatGPT-
based digital human in animation creation. Future Internet,
2023,15(9):300

Lai P, Zhong W, Qin Y, et al. Llm-driven multimodal and
multi-identity listening head generation//Proceedings of the
Computer Vision and Pattern Recognition Conference. Nash-
ville, USA, 2025:10656-10666

Lin J, Feng Y, Liu W, et al. Chathuman: Chatting about 3d
humans with tools//Proceedings of the Computer Vision and
Pattern Recognition Conference. Nashville, USA, 2025:
8150-8161

Li Y A, Han C, Raghavan V, et al. Styletts 2: Towards hu-
man-level text-to-speech through style diffusion and adversar-
ial training with large speech language models. Advances in
Neural Information Processing Systems, 2023,36:19594-19621
Jeong M, Kim H, Cheon S ], et al. Diff-tts: A denoising dif-
fusion model for text-to-speech. arXiv preprint arXiv:
2104. 01409, 2021

Mehta S, Tu R, Beskow J, et al. Matcha-TTS: A fast TTS
architecture with conditional flow matching//Proceedings of
the 2024 IEEE International Conference on Acoustics, Speech
and Signal Processing (ICASSP). Seoul, Republic of Korea,
2024.11341-11345

Chen Y, Niu Z, Ma Z, et al. F5-tts: A fairytaler that fakes
fluent and faithful speech with flow matching//Proceedings of
the 63rd Annual Meeting of the Association for Computation-
al Linguistics ( Volume 1: Long Papers). Vienna, Austria,
2025:6255-6271

Liu Z. Mao H, Wu C Y, et al. A convnet for the 2020s//
Proceedings of the IEEE/CVF conference on computer vision
and pattern recognition. New Orleans, USA, 2022:11976-11986
Karras T, Laine S, Aila T. A style-based generator architec-
ture for generative adversarial networks//Proceedings of the
IEEE/CVF conference on computer vision and pattern recog-
nition. Long Beach, USA, 2019:4401-4410

Yang Q. Guan J, Wang K, et al. Showmaker: Creating
high-fidelity 2d human video via fine-grained diffusion model-
ing. Advances in Neural Information Processing Systems.,
2024,37:51039-51062

Jiang X, Ding Y. Clipfacefusion multi modal diffusion for
high fidelity facial generation and modification. Scientific Re-
ports, 2025

Mildenhall B, Srinivasan P P, Tancik M, et al. Nerf: Repre-
senting scenes as neural radiance fields for view synthesis.
Communications of the ACM, 2021,65(1):99-106

Gezawa A S, Zhang Y., Wang Q. et al. A review on deep
learning approaches for 3D data representations in retrieval

and classifications. IEEE Access, 2020,8:57566-57593



2226 it

2

Bl

Eind 2026 4F

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

Chu Z, Xiong F. Liu M, et al. Humanrig: Learning auto-
matic rigging for humanoid character in a large scale data-
set//Proceedings of the IEEE/CVF Conference on Computer
Vision and Pattern Recognition. Nashville, USA, 2025:
304-313

Yan Y C, Cheng Y H, Chen Z, et al. A survey of research
on generative 3D digital human based on neural network:
representation, rendering and learning. Science China Infor-
mation Sciences, 2023,53(10):1858-1891

CRYM BT E, BRI, 5T 2 W45 1Y A il = 4 B
AWk . o i Y 5 2= 3 b R M5 BB, 2023,
53(10):1858-1891)

Wang Y, Han Q, Habermann M, et al. Neus2: Fast learn-
ing of neural implicit surfaces for multi-view reconstruction//
Proceedings of the IEEE/CVF international conference on
computer vision. Paris, France, 2023:3295-3306

Lu Y, Zhang J, Fang T, et al. Matrix3d: Large photogram-
metry model all-in-one//Proceedings of the Computer Vision
and Pattern Recognition Conference. Nashville, USA, 2025
11250-11263

Hanson A, Tu A, Lin G, et al. Speedy-splat: Fast 3d gauss-
ian splatting with sparse pixels and sparse primitives//Pro-
ceedings of the Computer Vision and Pattern Recognition
Conference. Nashville, USA, 2025.:21537-21546

Wang Y, Han Q, Habermann M, et al. Neus2: Fast learn-
ing of neural implicit surfaces for multi-view reconstruction//
Proceedings of the IEEE/CVF international conference on
computer vision. Paris, France, 2023:3295-3306

Cheng Y C, Lee H Y, Tulyakov S, et al. Sdfusion: Multi-
modal 3d shape completion, reconstruction, and generation//
Proceedings of the IEEE/CVF Conference on Computer Vi-
sion and Pattern Recognition. Vancouver, Canada, 2023:
4456-4465

Chen H, Peng B, Tao Y, et al. D3-human: Dynamic disen-
tangled digital human from monocular video//Proceedings of
the Computer Vision and Pattern Recognition Conference.
Nashville, USA, 2025:10836-10846

Jia H, Zhu L, Zhao N. H3r: Hybrid multi-view correspon-
dence for generalizable 3d reconstruction//Proceedings of the
IEEE/CVF International Conference on Computer Vision.
Shenzhen, China, 2025:7655-7665

Tan X, Wu W, Zhang Z, et al. Geocc: Geometrically en-
hanced 3d occupancy network with implicit-explicit depth fu-
sion and contextual self-supervision. IEEE Transactions on
Intelligent Transportation Systems, 2025,12(3) :1543-1556

Kerbl B, Kopanas G, Leimkuehler T, et al. 3D Gaussian
Splatting for Real-Time Radiance Field Rendering. ACM
Transactions on Graphics, 2023,42(4):139:1-139:14

Chen P, Wei X, Wu Q, et al. Mixedgaussianavatar: Realis-
tically and geometrically accurate head avatar via mixed 2d-3d
gaussians//Proceedings of the 33rd ACM International Con-
ference on Multimedia. Dublin, Ireland, 2025:945-954

[53]

[54]

[55]

[57]

[58]

[60]

[61]

[62]

[63]

[64]

Wang Y, Zhang X, Zhan K, et al. Hineus: High-fidelity
neural surface mitigating low-texture and reflective ambigui-
ty//Proceedings of the IEEE/CVF International Conference
on Computer Vision. Shenzhen, China, 2025:25746-25755
Tang Z, Feng C, Cheng X, et al. Neuralgs: Bridging neural
fields and 3d gaussian splatting for compact 3d representa-
tions//Proceedings of the AAAI Conference on Artificial In-
telligence. Singapore, 2026,40:11:9493-9501

Jang W, Hong Y, Cha G, et al. Controlface: Harnessing fa-
cial parametric control for face rigging//Proceedings of the
Computer Vision and Pattern Recognition Conference. Nash-
ville, USA, 2025:5614-5624

Guo Z, Xiang J. Ma K, et al. Make-it-animatable: An effi-
cient framework for authoring animation-ready 3d charac-
ters//Proceedings of the Computer Vision and Pattern Recog-
nition Conference. Nashville, USA, 2025:10783-10792

Li X, Yuan Y, De Mello S, et al. Simavatar: Simulation
ready avatars with layered hair and clothing//Proceedings of
the IEEE/CVF Conference on Computer Vision and Pattern
Recognition. Nashville, USA, 2025:26320-26330

Kim B, Jeong H I, Sung J, et al. Personabooth: Personal-
ized text-to-motion generation//Proceedings of the IEEE/
CVF Conference on Computer Vision and Pattern Recogni-
tion. Nashville, USA, 2025:22756-22765

Wang T, Wu Z, He Q, et al. Stickmotion: Generating 3d
human motions by drawing a stickman//Proceedings of the
IEEE/CVF Conference on Computer Vision and Pattern Rec-
ognition. Nashville, USA, 2025:12370-12379

Huang Y, Wang J. Zeng A, et al. Dreamwaltz-g: Expres-
sive 3d gaussian avatars from skeleton-guided 2d diffusion.
IEEE Transactions on Pattern Analysis and Machine Intelli-
gence, 2025, early access, doi:10. 1109/ TPAMI. 2025. 3586284
Karras T, Aila T, Laine S, et al. Audio-driven facial anima-
tion by joint end-to-end learning of pose and emotion. ACM
Transactions on Graphics, 2017,36(4) ; Article 94

Wang Z, Chen B, Liang Z, et al. Audio2lip: Speech-driven
3d face animation based on facial motion prediction and face
reconstruction//Proceedings of the 2025 IEEE 6th Interna-
tional Seminar on Artificial Intelligence, Networking and In-
formation Technology ( AINIT). Shenzhen, China, 2025:
1-10

Yang Y, Cen Z, Peng S, et al. Streamingtalker: Audio-driv-
en 3d facial animation with autoregressive diffusion model//
Proceedings of the AAAI Conference on Artificial Intelli-
gence. Singapore, 2026,40(14):11766-11774

Fan X, LiJ, Lin Z, et al. Unitalker: Scaling up audio-driven
3d facial animation through a unified model//Proceedings of
the European Conference on Computer Vision. Milan, Italy,
2024:204-221

Stan S, Haque K I, Yumak Z. Facediffuser: Speech-driven
3d facial animation synthesis using diffusion//Proceedings of

the 16th ACM SIGGRAPH Conference on Motion, Interac-



9 i

BB HCF ATEN SR BUR AR S R

2227

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

tion and Games. New York, USA, 2023:1-11

LulJ, LinJ, Dou H, et al. DPoser-X: Diffusion model as ro-
bust 3D whole-body human pose prior//Proceedings of the
IEEE/CVF International Conference on Computer Vision.
Shenzhen, China, 2025:9988-9997

Wu Q. Esturo ] M., Mirzaei A, et al. 3dgut: Enabling dis-
torted cameras and secondary rays in gaussian splatting//Pro-
ceedings of the Computer Vision and Pattern Recognition
Conference. Nashville, USA, 2025:26036-26046

Gao Z, Planche B, Zheng M, et al. 7DGS: Unified spatial-
temporal-angular Gaussian splatting//Proceedings of the
IEEE/CVF International Conference on Computer Vision.
Shenzhen, China, 2025:26316-26325

Krayem I, Ghourabi M, AL Assaad M. Mma-rag: Multi-
modal agents for insurance document processing with retriev-
al-augmented generation//Proceedings of the Intelligent Sys-
tems Conference. Amsterdam, The Netherlands, 2025:196-209
Huang X, Li R, Cheung Y M, et al. Gaussianmarker: Un-
certainty-aware copyright protection of 3d gaussian splatting.
Advances in Neural Information Processing Systems, 2024,
37:33037-33060

Yoo I, Chang H, Luo X, et al. Deep 3D-to-2D watermark-
ing: Embedding messages in 3D meshes and extracting them
from 2D renderings//Proceedings of the IEEE/CVF Confer-
ence on Computer Vision and Pattern Recognition. Virtual,
2022:10031-10040

ITU-T. Requirements and evaluation methods of non-interac-
tive 2D real-person digital human application systems. 2022,
https: //www. itu. int/rec/ T-REC-F. 748. 14-202203-1/en
ITU-T. Framework and metrics for digital human application
systems. 2022. https://www. itu. int/rec/ T-REC-F. 748. 15-
202203-1/en

IEEE Standard for a Framework for Evaluating the Quality of
Digital Humans. IEEE Standard 3079. 32023,1-53

Zhou W, Bovik A C, Sheikh h R, et al. Image quality as-
sessment: from error visibility to structural similarity. IEEE
Transactions on Image Processing, 2004,13(4) :600-612
Heusel M, Ramsauer H, Unterthiner T, et al. Gans trained
by a two time-scale update rule converge to a local nash equi-
librium. Advances in neural information processing systems.
Long Beach, USA, 2017:6629-6640

UHD World Association. Technical requirements for 3D dig-
ital human quality grading. Beijing: UHD World Association,
2023

CHit 58 e Vi LA™ P Bk . 3D Bl A Ay R AR R b
T« SR e LA I Bk L 2023)

Duan H, Hu Q, Wang J, et al. Finevq: Fine-grained user
generated content video quality assessment//Proceedings of
the Computer Vision and Pattern Recognition Conference.
Nashville, USA, 2025.:3206-3217

Yan J B, Fang Y M, Liu X L, et al. A review of research on

video quality evaluation. Journal of Computer Science and

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

Technology, 2023,46(10) :2196-2224

CERASR , 7 B, X 2 bR A AL B o 37 M BF 90 & 3k 1L
2 4,2023,46(10) :2196-2224)

Bampis C G, Gupta P, Soundararajan R, et al. Speed-qa:
Spatial efficient entropic differencing for image and video
quality. IEEE Signal Processing Letters, 2017, 24 (9):
1333-1337

Zhang R, Isola P, Efros A A, et al. The unreasonable effec-
tiveness of deep features as a perceptual metric//Proceedings
of the IEEE conference on computer vision and pattern recog-
nition. Salt Lake City, USA, 2018.586-595

Unterthiner T, Van Steenkiste S, Kurach K, et al. Towards
accurate generative models of video: A new metric & challen-
ges. arXiv preprint arXiv:1812. 01717, 2018

Zhang R, Isola P, Efros A A, et al. The unreasonable effec-
tiveness of deep features as a perceptual metric//Proceedings
of the 2018 IEEE/CVF Conference on Computer Vision and
Pattern Recognition. Salt Lake City, USA, 2018:586-595
Liu S, Deng W. Very deep convolutional neural network
based image classification using small training sample size//
Proceedings of the 2015 3rd TAPR Asian Conference on Pat-
tern Recognition (ACPR). Kuala Lumpur, Malaysia, 2015
730-734

Krizhevsky A, Sutskever I, Hinton G E. ImageNet classifi-
cation with deep convolutional neural networks. Communica-
tion ACM, 2017,60(6) :84-90

Shi W, Sun Y, Li S, et al. Spatial and temporal feature-
based reduced reference quality assessment for rate-varying
videos in wireless networks. International Journal of Pattern
Recognition and Artificial Intelligence, 2019,33(13):1950021
Narvekar N D, Karam L J. A no-reference image blur metric
based on the cumulative probability of blur detection (cpbd).
IEEE Transactions on Image Processing, 2011, 20 (9):
2678-2683

Korhonen J. Two-level approach for no-reference consumer
video quality assessment. IEEE Transactions on Image Pro-
cessing, 2019,28(12):5923-5938

Li D, Jiang T, Jiang M. Quality assessment of in-the-wild
videos//Proceedings of the 27th ACM international confer-
ence on multimedia. Nice, France, 2019:2351-2359

Jiang S, Sang Q, Hu Z, et al. Self-supervised representation
learning for video quality assessment. IEEE Transactions on
Broadcasting, 2022,69(1):118-129

Wu W, Li Q, Chen Z, et al. Semantic information oriented
no-reference video quality assessment. IEEE Signal Process-
ing Letters, 2021,28:204-208

Sinno Z, Bovik A C. Large-scale study of perceptual video
quality. IEEE Transactions on Image Processing, 2018, 28
(2):612-627

XuJ, LiJ, Zhou X, et al. Perceptual quality assessment of
internet videos//Proceedings of the 29th ACM International

Conference on Multimedia. Chengdu, China, 2021:1248-1257



2228 it

2

Bl

Eind 2026 4F

(93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

Yi F, Chen M, Sun W, et al. Attention based network for
no-reference ugc video quality assessment//Proceedings of
the 2021 IEEE International Conference on Image Processing
(ICIP). Anchorage, USA, 2021:1414-1418
Wang Y, Inguva S, Adsumilli B. YouTube UGC dataset for
video compression research//Proceedings of the 2019 IEEE
21st International Workshop on Multimedia Signal Processing
(MMSP). Kuala Lumpur, Malaysia, 2019:1-5
Ying Z, mandal M, Ghadiyaram D, et al. Patch-vq: ’patc-
hing up’the video quality problem//Proceedings of the 2021
IEEE/CVF Conference on Computer Vision and Pattern Rec-
ognition (CVPR). Virtual, 2021:14014-14024
Hosu V, Hahn F, Jenadeleh M, et al. The konstanz natural
video database (KoNViD-1k)//Proceedings of the 2017 Ninth
International Conference on Quality of Multimedia Experience
(QoMEX). Erfurt, Germany, 2017:1-6
Wang Y, Ke J., Talebl H, et al. Rich features for perceptual
quality assessment of UGC videos//2021 IEEE/CVF Confer-
ence on Computer Vision and Pattern Recognition (CVPR).
Virtual, 2021.:13430-13439
Xing F, Wang Y G, Wang H., et al. Starvqa: Space-time at-
tention for video quality assessment//2022 IEEE Internation-
al Conference on Image Processing (ICIP). Bordeaux,
France, 2022:2326-2330
Kou T, Liu X, Zhang Z, et al. Subjective-aligned dataset and
metric for text-to-video quality assessment//Proceedings of
the 32nd ACM International Conference on Multimedia. Mel-
bourne, Australia, 2024:7793-7802
Varga D. No-reference video quality assessment using multi-
pooled, saliency weighted deep features and decision fusion.
Sensors, 2022,22(6) :2209
Telili A, Fezza S A, Hamidouche W, et al. 2bivqa: Double
bi-lstm-based video quality assessment of ugce videos. ACM
Transactions on Multimedia Computing, Communications,
and Applications, 2023,20(4) : Article 100
Li B, Zhang W, Tian M, et al. Blindly assess quality of in-
the-wild videos via quality-aware pre-training and motion
perception. IEEE Transactions on Circuits and Systems for
Video Technology, 2022,32(9):5944-5958
Wu H, Chen C, Hou J, et al. Fast-vqa: Efficient end-to-
end video quality assessment with fragment sampling//Pro-
ceedings of the European conference on computer vision. Tel
Aviv, Israel, 2022.:538-554
Wu H, Chen C, Liao L, et al. Discovqa: Temporal distor-
tion content transformers for video quality assessment.
IEEE Transactions on Circuits and Systems for Video Tech-
nology. 2023,33(9) :4840-4854
Wu H, Zhang Z, Zhang W, et al. Q-ALIGN: teaching
LMMs for visual scoring via discrete text-defined levels//
Proceedings of the 41st International Conference on Machine
Learning. Vienna, Austria, 2024:54015-54029
Zhao K, Yuan K, Sun M, Patches,

et al. Zoom-vqa:

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

frames and clips integration for video quality assessment//
Proceedings of the IEEE/CVF Conference on Computer Vi-
sion and Pattern Recognition. Vancouver, Canada, 2023:
1302-1310

Radford A, Kim J] W, Hallacy C, et al. Learning transfera-
ble visual models from natural language supervision//Pro-
ceedings of the International Conference on Machine Learn-
ing. Virtual, 2021.:8748-8763

Liu Y., Quan Y, Xiao G, et al. Scaling and masking: a new
paradigm of data sampling for image and video quality as-
sessment//Proceedings of the Thirty-Eighth AAAI Confer-
ence on Artificial Intelligence and Thirty-Sixth Conference
on Innovative Applications of Artificial Intelligence and
Fourteenth Symposium on Educational Advances in Artificial
Intelligence. Vancouver, Canada, 2024,38(4):3792-3801
Zavras A, Michail D, Zhu X X, et al. GAIA: A global,
multi-modal, multiscale vision-language dataset for remote
sensing image analysis. IEEE Geoscience and Remote Sens-
ing Magazine, 2026,14(2):36-63

He C, Zheng Q, Zhu R, et al. COVER: A comprehensive
video quality evaluator//Proceedings of the 2024 IEEE/CVF
Conference on Computer Vision and Pattern Recognition
Workshops (CVPRW). Seattle, USA, 2024:5799-5809
Wang X, Katsenou A, Shen J, et al. Camp-vqa: Caption
embedded multimodal perception for no-reference quality as-
sessment of compressed video//Proceedings of the IEEE/
CVF Winter Conference on Applications of Computer Vi-
sion. Denver, USA, 2026:2042-2051

Nuutinen M, Virtanen T. Vaahteranoksa M, et al.
CVD2014-A database for evaluating no-reference video qual-
ity assessment algorithms. IEEE Transactions on Image
Processing, 2016,25(7):3073-3086

Ge Q. Sun W, Zhang Y, et al. Lmm-vqa: Advancing video
quality assessment with large multimodal models. TEEE
Transactions on Circuits and Systems for Video Technolo-
gy, 2025,35(11):11083-11096
Zhang Z, Zhou Y, Sun W, et al. Geometry-aware video
quality assessment for dynamic digital human//Proceedings
of the 2023 IEEE International Conference on Image Pro-
cessing (ICIP). Kuala Lumpur, Malaysia, 2023:1365-1369
Feichtenhofer C, Fan H, Malik J, et al. Slowfast networks
for video recognition//2019 TEEE/CVF International Con-
ference on Computer Vision (ICCV). Seoul, Republic of
Korea, 2019:6201-6210

Duggal S, Hu Y. Michel O, et al. Eval3d: Interpretable
and fine-grained evaluation for 3d generation//Proceedings
of the Computer Vision and Pattern Recognition Confer-
ence. Nashville, USA, 2025:13326-13336

M. Torcoli, T. Kastner and J. Herre. Objective measures
of perceptual audio quality reviewed: An evaluation of their
IEEE/ACM Transactions

application domain dependence.

on Audio, Speech, and Language Processing, 2021, 29.



9 i

L HOF ATEN SR BUR AR S R

2229

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

1530-1541

Torcoli M, Kastner T, Herre J. Perceptual objective listen-
ing quality assessment (polga). the third generation itu-t
standard for end-to-end speech quality measurement part i-
temporal alignment. Journal of the Audio Engineering Soci-
ety, 2017,61(9):1333-1337

Eamdeelerd C, Songwatana K. Audio noise classification u-
sing bark scale features and knn technique//Proceedings of
the 2008 International Symposium on Communications and
Information Technologies. Vientiane, Laos, 2008:131-134
Malfait L., Berger J, Kastner M. P. 563-The itu-t standard
for single-ended speech quality assessment. IEEE Transac-
tions on Audio, Speech, and Language Processing, 2006, 14
(6):1924-1934

Kim D S, Tarraf A. ANIQUE++: A new American national
standard for non-intrusive estimation of narrowband speech
quality. Bell Labs Technical Journal, 2007,12(1):221-236
Falk T H. Moller S, Karaiskos V, et al. Improving instru-
mental quality prediction performance for the blizzard chal-
lenge. The Blizzard Challenge. The University of Edin-
burgh, UK, 2008:1-6

Norrenbrock C, Hinterleitner F, Heute U, et al. Towards
perceptual quality modeling of synthesized audiobooks-bliz-
zard challenge 2012. The Blizzard Challenge,
USA, 2012:59-64

Lo CC, Fu S W, Huang W C, et al. Mosnet: Deep learn-

Portland,

ing-based objective assessment for voice conversion//Pro-
ceedings of the International Symposium on Computer Ar-
chitecture. Phoenix, USA, 2019.:1541-1545
Lorenzo-Trueba J, Yamagishi J, Toda T, et al. The voice
conversion challenge 2018: Promoting development of paral-
lel and nonparallel methods. arXiv preprint arXiv: 1804. 04
262, 2018

Cooper E, Huang W C, Toda T, et al. Generalization abili-
ty of MOS prediction networks//Proceedings of the 2022
IEEE International Conference on Acoustics, Speech and
Signal Processing (ICASSP). Singapore, 2022:8442-8446
Cooper E, Yamagishi J. How do voices from past speech
synthesis challenges compare today? arXiv preprint arXiv:
2105. 02373, 2021

Maiti S, Peng Y, Saeki T, et al. Speechlmscore: evaluating
speech generation using speech language model//Proceed-
ings of the 2023 IEEE International Conference on Acous-
tics, Speech and Signal Processing (ICASSP). Rhodes,
Greece, 2023:1-5

Huang W C, Fu S W, Cooper E, et al. The Voice MOS
challenge 2024 : Beyond speech quality prediction//Proceed-
ings of the 2024 IEEE Spoken Language Technology Work-
shop (SLT). Macao, China, 2024.:803-810

Wang C C, Huang K T, Yang C Y, et al. Qamro: Quality-
aware adaptive margin ranking optimization for human-a-

ligned assessment of audio generation systems//Proceedings

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

of the 2025 IEEE Automatic Speech Recognition and Under-
standing Workshop (ASRU). Honolulu, USA, 2025:1-4
Huang W C, Wang H, Liu C, et al. The audiomos chal-
lenge 2025//Proceedings of the 2025 IEEE Automatic
Speech Recognition and Understanding Workshop (ASRU).
Honolulu, USA, 2025:1-8

Lin Y C, Chen J H, Lee H Y. Mmmos: Multi-domain
multi-axis audio quality assessment//Proceedings of the
2025 TEEE Automatic Speech Recognition and Understand-
ing Workshop. Honolulu, USA, 2025:1-8

Tjandra A, Wu Y C, Guo B, et al. Meta audiobox aesthet-
ics: Unified automatic assessment for speech, music and
sound//Proceedings of the 2025 IEEE Automatic Speech
Recognition and Understanding Workshop. Honolulu, USA,
2025:125128 vol. 1

Hochreiter S, Schmidhuber J.
Neural Computation, 1997,9(8):1735-1780

Deshmukh S, Alharthi D, Elizalde B, et al. Pam: prompt-

Long short-term memory.

ing audio-language models for audio quality assessment.
arXiv preprint arXiv: 2402. 00282, 2024

Manocha P, Williamson D, Finkelstein A, et al. Corn: Co-
trained full and no-reference speech quality assessment//
Proceedings of the 49th TEEE International Conference on
Acoustics, Speech, and Signal Processing (ICASSP). Se-
oul, Republic of Korea, 2024 .:376-380

Deng J» Guo J, Xue N, et al. Arcface: Additive angular
margin loss for deep face recognition//Proceedings of the
2019 IEEE/CVF Conference on Computer Vision and Pat-
tern Recognition ( CVPR). USA, 2019:
4685-4694

Long Beach,

Liu W, Wen Y, Yu Z, et al. Sphereface: deep hypersphere
embedding for face recognition//Proceedings of the IEEE
Conference on Computer Vision and Pattern Recognition.
Hawaii, USA, 2017.:212-220

Wang H, Wang Y. Zhou Z, et al. Cosface: large margin
cosine loss for deep face recognition//Proceedings of the
IEEE/CVF Conference on Computer Vision and Pattern
Recognition. Salt Lake City, USA, 2018:5265-5274

Zhang Z, Zhou Y, Sun W, et al. Perceptual quality assess-
ment for digital human heads//Proceedings of the 2023
IEEE International Conference on Acoustics, Speech and
Signal Processing (ICASSP). Rhodes, Greece, 2023:1-5
Xu L, Zhou Y, Liu S, et al. Facial quality assessment of
digital humans: A dual-branch framework integrating mor-
phological harmony and expressive coordination. Displays,
2026,91:103221

Chung J S, Zisserman A. Out of time: Automated lip sync
in the wild//Lecture Notes in Computer Science: 13th Asian
Conference on Computer Vision (ACCV) :vol. 10117. Tai-
pei, China, 2016:251-263

Prajwal K, Mukhopadhyay R, Namboodiri V P, et al. A lip

sync expert is all you need for speech to lip generation in the



2230

i "

Bl

Eitd 2026 4F

[144]

[145]

[146]

[147]

[148]

[149]

[150]

[152]

[154]

[155]

wild//Proceedings of the 28th ACM International Confer-
ence on Multimedia. Seattle, USA, 2020:484-492

Chen L L, Li Z H, Maddox R K, et al. Lip movements
generation at a glance//Lecture Notes in Computer Science:
15th European Conference on Computer Vision (ECCV) .
vol. 11211. Munich, Germany, 2018:538-553
Felzenszwalb P F, Girshick R B, Mcallester D, et al. Ob-
ject detection with discriminatively trained part-based mod-
els. TEEE Transactions on Pattern Analysis and Machine In-
telligence, 2010,32(9):1627-1645

Kubichek R. Mel-cepstral distance measure for objective
speech quality assessment//Proceedings of IEEE Pacific Rim
Conference on Communications Computers and Signal Pro-
cessing: vol. 1. Victoria, Canada,1993:125-128

Zhang J, Long Z Y, Zhang B, et al. A survey of pitch ex-
traction algorithms in speech signal processing. Journal of
Electronic Science and Technology, 2010, 39 (S1):99-102
+126

CIRAN BT 0, Tk T 46 1 3 15 5 Ak B o 56 030 48 T 75 25
. B TR R3] ,2010,39(S1) :99-102+126)
Nakatani T, Amano S, Irino T, et al. A method for funda-
mental frequency estimation and voicing decision: Applica-
tion to infant utterances recorded in real acoustical environ-
ments. Speech Communication, 2008,50(3) :203-214

Chu W, Alwan A, IEEE. Reducing {0 frame error of {0
tracking algorithms under noisy conditions with an un-
voiced/voiced classification frontend//Proceedings of the
IEEE International Conference on Acoustics, Speech and
Signal Processing. Taipei, China, 2009:3969-3972
Quignon N, Chopin B, Wang Y., et al. THEval. Evaluation
Framework for Talking Head Video Generation. arXiv pre-
print arXiv: 2511. 04520, 2025

Lugaresi C, Tang J, Nash H, et al. Mediapipe: A frame-
work for perceiving and processing reality//Proceedings of
the Third workshop on computer vision for AR/VR at IEEE
Computer Vision and Pattern Recognition (CVPR). Long
Beach, USA, 2019.2

Narayan K, Vs V, Chellappa R, et al. Facexformer: A uni-
fied transformer for facial analysis//Proceedings of the
IEEE/CVF International Conference on Computer Vision.
Xi’an, China, 2025:11369-11382

Chen X, He K, Liu W, et al. Clam: An open-source library
for performance evaluation of text-driven human motion
generation//Proceedings of the 32nd ACM International
Conference on Multimedia. Melbourne, Australia, 2024.
11194-11197

Han H, Li S, Chen J, et al. Video-bench: Human-aligned
video generation benchmark//Proceedings of the Computer
Vision and Pattern Recognition Conference. Nashville,
USA, 2025.18858-18868

Kant Y, Weber E, Kim J K, et al. Pippo: High-resolution

multiview humans from a single image//Proceedings of the

[156]

[157]

[158]

[160]

[161]

[162]

[163]

[164]

[165]

[166]

[167]

[168]

IEEE/CVF Conference on Computer Vision and Pattern
Recognition. Nashville, USA, 2025:16418-16429

Detone D, Malisiewicz T, Rabinovich A. Superpoint: Self-
supervised interest point detection and description//Proceed-
ings of the IEEE Conference on Computer Vision and Pattern
Recognition Workshops. Salt Lake City, USA., 2018.:224-236
Xie D, LiJ, Tan H, et al. Carve3d: improving multi-view
reconstruction consistency for diffusion models with rl-fine-
tuning//Proceedings of the IEEE/CVF Conference on Com-
puter Vision and Pattern Recognition. Seattle, USA, 2024
6369-6379

Asim M, Wewer C, Wimmer T, et al. Met3r: measuring
multi-view consistency in generated images//Proceedings of
the IEEE/CVF Conference on Computer Vision and Pattern
Recognition. Nashville, USA, 2025.:6034-6044

Duggal S, Hu Y, Michel O, et al. Eval3d: Interpretable
and fine-grained evaluation for 3d generation//Proceedings
of the Computer Vision and Pattern Recognition Confer-
ence. Nashville, USA, 2025:13326-13336

Kossaifi J, Walecki R, Panagakis Y, et al. Sewadb: A rich
database for audio-visual emotion and sentiment research in
the wild. IEEE Transactions on Pattern Analysis and Ma-
chine Intelligence, 2021,43(3):1022-1040

Busso C, Bulut M, Lee C C, et al. IEMOCAP: interactive
emotional dyadic motion capture database. lLanguage Re-
sources and Evaluation, 2008,42(4) :335-359

Ringeval F, Sonderegger A, Sauer J, et al. Introducing the
RECOLA multimodal corpus of remote collaborative and af-
fective interactions//Proceedings of the 2013 10th IEEE In-
ternational Conference and Workshops on Automatic Face
and Gesture Recognition. Shanghai, China, 2013:1-8
Lucey P, Cohn J F, Kanade T, et al. The Extended Cohn-
Kanade Dataset (CK-+): A complete dataset for action unit
and emotion-specified expression//Proceedings of the 2010
IEEE Computer Society Conference on Computer Vision and
Pattern Recognition. San Francisco, USA, 2010:94-101
Dhall A, Goecke R, Lucey S, et al. Acted facial expressions
in the wild database. Australian National University, Can-
berra, Australia, Technical Report TR-CS-11,2011,2(1):
1-13

Yan W J, Li X, Wang S J, et al. CASME II. an improved
spontaneous micro-expression database and the baseline e-
valuation. PLoS One, 2014,9(1) :e86041

Kuehne H, Jhuang H, Garrote E, et al. HMDB.: A large
video database for human motion recognition//Proceedings
of the 2011 International Conference on Computer Vision.
Barcelona, Spain, 2011:2556-2563

Soomro K, Zamir A R, Shah M. Ucf101: A dataset of 101
human actions classes from videos in the wild. arXiv pre-
print arXiv:1212. 0402, 2012

Marszalek M, Laptev I, Schmid C. Actions in context//

Proceedings of the 2009 IEEE Conference on Computer Vi-



9 i

L HCF ATEN SR BUR AR S R

2231

[169]

[170]

[171]

[172]

[173]

[174]

[175]

[176]

[177]

[178]

[179]

[180]

[181]

[182]

sion and Pattern Recognition. Miami Beach, USA, 2009:
2929-2936

Luo W, Wang H F. Review of large language model evalua-
tion. Journal of Chinese Information Processing, 2024, 38
(1):1-23

B30, TR, R 5 R R 2508 SCAR B 2441, 2024,
38(1):1-23)

Huang Y. Bai Y, Zhu Z, et al. C-Eval: A multi-level mul-
tidiscipline Chinese evaluation suite for foundation models//
Advances in Neural Information Processing Systems. New
Orleans, USA, 2023:62991-63010

Li H, Zhang Y, Koto F, et al. CMMLU: Measuring mas-
sive multitask language understanding in Chinese//Findings
of the Association for Computational Linguistics: ACL
2024. Bangkok, Thailand, 2024:11260-11285

Arabzadeh N, Clarke C L. Benchmarking LLLM-based rele-
vance judgment methods//Proceedings of the 48th Interna-
tional ACM SIGIR Conference on Research and Development
in Information Retrieval. Padua, Italy, 2025:3194-3204

Phan L, Gatti A, Han Z, et al.
arXiv preprint arXiv: 2501. 14249, 2025

White C, Dooley S, Roberts M, et al. LiveBench: a chal-

Humanity’ s last exam.

lenging, contamination-free LILM benchmark//Proceedings
of the Thirteenth International Conference on Learning Rep-
resentations. Singapore, 2025:1-37

Sun H, Zhang Z, Deng J, et al. Safety assessment of Chinese
large language models. arXiv preprint arXiv:2304. 10436, 2023
Bommasani R, Liang P, Lee T. Holistic evaluation of lan-
guage models. Annals of the New York Academy of Sci-
ences, 2023,1525(1):140-146

Zhang J, Sanderson A C. JADE: adaptive differential evolu-
tion with optional external archive. TEEE Transactions on
Evolutionary Computation, 2009,13(5):945-958

Zhang Z, Sun W, Zhou Y, et al. Advancing zero-shot digit-
al human quality assessment through text-prompted evalua-
tion. IEEE Transactions on Image Processing, 2025, 34:
3503-3517

Zheng D, Huang Z, Liu H, et al. Vbench-2. 0. Advancing
video generation benchmark suite for intrinsic faithfulness.
arXiv preprint arXiv:2503. 21755, 2025

Zhu D. SIFT algorithm analysis and optimization//Proceed-
ings of the 2010 International Conference on Image Analysis
and Signal Processing. Xiamen, China, 2010:415-419

Suju D A, Jose H. FLANN: Fast approximate nearest
neighbor search algorithm for elucidating human-wildlife
conflicts in forest areas//Proceedings of the 2017 Fourth In-
ternational Conference on Signal Processing, Communica-
tion and Networking (ICSCN). Chennai, India, 2017:1-6
Dosovitskiy A, Beyer L, Kolesnikov a, et al. An Image is
Worth 16x16 Words: Transformers for Image Recognition
at Scale//Proceedings of the International Conference on

Learning Representations. Virtual, 2021

[183]

[184]

[185]

[186]

[187]

[188]

[189]

[190]

[191]

[192]

[193]

[194]

[195]

Li D, Jiang T, Jiang M. Quality assessment of in-the-wild
videos//Proceedings of the 27th ACM international confer-
ence on multimedia. Nice, France, 2019:2351-2359

Wu H, Zhang E, Liao L, et al. Exploring video quality as-
sessment on user generated contents from aesthetic and
technical perspectives//Proceedings of the 2023 TEEE/CVF
International Conference on Computer Vision (ICCV). Par-
is, France, 2023:20087-20097

Liu Z. Ning J, Cao Y, et al. Video swin transformer//Pro-
ceedings of the 2022 IEEE/CVF Conference on Computer
Vision and Pattern Recognition (CVPR). Vancouver, Cana-
da, 3192-3201

Zhu Y F, Xu X, Zhang X P. Breaking my image: Construc-
tion and application of a ‘digital human’ evaluation model.
Library Triune, 2023,43(2):132-140
CRZEMWL, V88, 5k BB 3 5 T A - B0 77 007 452 Y 4
58 . A3 i85 . 2023, 43(2) :132-140)

Zhang Z, Zhou Y, Sun W, et al. Perceptual quality assess-
ment for digital human heads//Proceedings of the 2023
IEEE International Conference on Acoustics, Speech and
Signal Processing (ICASSP). Rhodes, Greece, 2023:1-5
Zhou Y, Zhang Z, Sun W, et al. Thqa: A perceptual quali-
ty assessment database for talking heads//Proceedings of
the 2024 IEEE International Conference on Image Process-
ing (ICIP). Abu Dhabi, United Arab Emirates, 2024 :15-21
Karras T, Laine S, Aittala M, et al. Analyzing and impro-
ving the image quality of style gan//Proceedings of the
IEEE/CVF conference on computer vision and pattern rec-
ognition. Virtual, 2020.:8110-8119

Zhou Y, Cao J, Zhang Z, et al. Who is a better talker:
Subjective and objective quality assessment for Al-generated
talking heads//Proceedings of the IEEE/CVF International
Conference on Computer Vision. Shenzhen., Greater Bay
Area, China, 2025:12201-12211
Gotz-HahN F, Hosu V, Lin H, et al. Konvid-150k: A
dataset for no-reference video quality assessment of videos
in-the-wild. IEEE Access, 2021,9:72139-72160

Danier D, Zhang F, Bull D R. BVI-VFI. A video quality
database for video frame interpolation. IEEE Transactions
on Image Processing, 2023,32:6004-6019

Madhusudana P C, Yu X, Birkbeck N, et al. Subjective and
objective quality assessment of high frame rate videos. IEEE
Access, 2021,9:108069-108082

Wu H, Zhang E, Liao L, et al. Exploring video quality as-
sessment on user generated contents from aesthetic and
technical perspectives//Proceedings of the 2023 IEEE/CVF
International Conference on Computer Vision (ICCV). Par-
is, France, 2023:20087-20097

LuY, Li X, Pei Y, et al. Kvq: Kwai video quality assess-
ment for short-form videos//Proceedings of the 2024 IEEE/
CVF Conference on Computer Vision and Pattern Recogni-

tion (CVPR). Seattle, USA, 2024:25963-25973



2232 2 AN 2026 4F
[196] Zhang Z. Wu W, Sun W, et al. Md-vqa: Multi-dimensional ings of the 2021 Conference on Empirical Methods in Natu-

[197]

[198]

[199]

[200]

[201]

[202]

[203]

[204]

[205]

[206]

[207]

[208]

quality assessment for ugc live videos//Proceedings of the
2023 IEEE/CVF Conference on Computer Vision and Pat-
tern Recognition ( CVPR). 2023
1746-1755

Vancouver, Canada,
Wu H, Zhang E, Liao L, et al. Towards explainable in-the-
wild video quality assessment: A database and a language-
prompted approach//Proceedings of the 31st ACM Interna-
tional Conference on Multimedia. Ottawa, Canada, 2023:
1045-1054

Liang G, Zhang B, Wang Y, et al. Lg-vq: Language-guided
codebook learning. arXiv preprint arXiv:2405. 14206, 2024
Chen Z, Sun W, Tian Y, et al. Gaia: Rethinking action
quality assessment for ai-generated videos. Advances in
Neural Information Processing Systems, 2024,37:40111-40144
Huang Z, He Y, Yu J, et al. Vbench: Comprehensive
benchmark suite for video generative models//Proceedings
of the IEEE/CVF Conference on Computer Vision and Pat-
tern Recognition. Seattle, USA, 2024:21807-21818

Wang S, Yu W, Chen X, et al. Qualispeech: A speech
quality assessment dataset with natural language reasoning
and descriptions//Proceedings of the 63rd Annual Meeting
of the Association for Computational Linguistics ( Volume
1: Long Papers). Vienna, Austria, 2025:23588-23609
Thiemann J, Ito N, Vincent E. The diverse environments
multi-channel acoustic noise database (demand) : A database
of multichannel environmental noise recordings. Proceedings
of Meetings on Acoustics, 2013,19(1) :35-81

Fonseca E, Plakal M, Ellis DP W, et al. Learning sound e-
vent classifiers from web audio with noisy labels//Proceed-
ings of the 2019 IEEE International Conference on Acous-
tics, Speech and Signal Processing (ICASSP).
UK, 2019:21-25

Brighton,

Mysore G J. Can we automatically transform speech recor-
ded on common consumer devices in real-world environ-
ments into professional production quality speech? —A
dataset, insights, and challenges. IEEE Signal Processing
Letters, 2015,22(8):1006-1010

Torcoli M, Wu C W, Dick S, et al. Odaq: Open dataset of
audio quality//ICASSP 2024—2024 IEEE International
Conference on Acoustics, Speech and Signal Processing (I1C-
ASSP). Seoul, Republic of Korea, 2024 :836-840

Li K, Wang Y, Li Y, et al. Unmasked teacher: Towards
training efficient video foundation models//Proceedings of
the IEEE/CVF International Conference on Computer Vi-
sion. Paris, France, 2023:19948-19960

Li K, Wang Y, He Y, et al. UniFormerV2: Unlocking the
potential of image vits for video understanding//Proceedings
of the 2023 IEEE/CVF International Conference on Com-
puter Vision (ICCV). Paris, France, 2023:1632-1643

Xu H, Ghosh G, Huang P Y, et al. Videoclip: Contrastive

pretraining for zero-shot video-text understanding//Proceed-

[209]

[210]

[211]

[212]

[213]

[214]

[215]

[216]

[217]

[218]

[219]

[220]

[221]

ral Language Processing. Online and Punta Cana, Domini-
can Republic, 2021:6787-6800

Arnab A, Dehghani M, Heigold G, et al. Vivit: A video vi-
sion transformer//Proceedings of the 2021 IEEE/CVF In-
ternational Conference on Computer Vision (ICCV). Mont-
real, Canada, 2021:6836-6846

Huang J, Zhang C, Dolby J. CLAP: Recording local execu-
tions to reproduce concurrency failures//Proceedings of the
34th ACM SIGPLAN Conference on Programming Lan-
guage Design and Implementation. New York, USA, 2013:
141-152

Bharadwaj S, Cornell S, Choi K, et al. Openbeats: A fully
open-source general-purpose audio encoder//Proceedings of
the 2025 IEEE Workshop on Applications of Signal Process-
ing to Audio and Acoustics ( WASPAA). Lake Tahoe,
USA, 2025:1-5

Huang P Y, Xu H, Li J, et al. Masked autoencoders that
listen. Advances in neural information processing systems.
New Orleans, USA, 2022:28708-28720

Pratap V, Tjandra A, Shi B W, et al. Scaling speech tech-
nology to 1,000 -+ languages. Journal of Machine Learning
Research, 2024,25(97) :1-52

Ji J. Zhou J, Lou H, et al. Align anything: Training all-
modality models to follow instructions with language feed-
back. arXiv preprint arXiv:2412. 15838, 2024

Girdhar R, EI-Nouby A, Liu Z, et al. Imagebind one em-
bedding space to bind them all//Proceedings of the 2023
IEEE/CVF Conference on Computer Vision and Pattern
Recognition (CVPR). Vancouver, Canada, 2023:15180-15190
Lu]J, Clark C, Lee S, et al. Unified-io 2: Scaling autore-
gressive multimodal models with vision language audio and
action//Proceedings of the IEEE/CVF Conference on Com-
puter Vision and Pattern Recognition. Seattle, USA, 2024
26439-26455

Wu J, Gan W, Chen Z, et al. Multimodal large language
models: A survey//Proceedings of the 2023 IEEE Interna-
tional Conference on Big Data (BigData). 2023:2247-2256
Ziegler D M, Stiennon N, Wu J, et al. Fine-tuning language
models from human preferences. arXiv preprint arXiv:
1909. 08593, 2019

Cheng T, Song L., Ge Y, et al. Yolo-world: Real-time open
vocabulary object detection//Proceedings of the IEEE/CVF
Conference on Computer Vision and Pattern Recognition.
Seattle, USA, 2024:16901-16911

Carion N, Massa F, Synnaeve G, et al. End-to-end object
detection with transformers//Proceedings of the European
Conference on Computer Vision. Glasgow, UK, 2020.:213-229
Li L H, Zhang P, Zhang H, et al. Grounded language-im-
age pre-training//Proceedings of the IEEE/CVF Conference
on Computer Vision and Pattern Recognition. New Orleans,

USA: 2022:10965-10975



9 L HOF ATEN SR BUR AR S R 2233

[222] Huang PY, Xu H, Li J, et al. Masked autoencoders that
listen. Advances in Neural Information Processing Systems.,
2022,35:28708-28720

[223] LiuZ, Lin Y, Cao Y, et al. Swin transformer: Hierarchical
vision transformer using shifted windows//Proceedings of
the 2021 IEEE/CVF International Conference on Computer
Vision (ICCV). Montreal, Canada, 2021:9992-10002

[224] Todi A, Narula N, Sharma M, et al. Convnext: A contem-
porary architecture for convolutional neural networks for
image classification//Proceedings of the 2023 3rd Interna-
tional Conference on Innovative Sustainable Computational
Technologies (CISCT). Dehradun, India, 2023:1-6

[225] HuF S, Zhang M J, Zou B ], et al. Single sample face rec-
ognition with variable illumination and pose based on
HMM. Journal of Computer Science and Technology, 2009,
32(7):1424-1433
CEUER 5K 5 4%, AR J0 B 55, 36 F HMM 9 5k R 7T 485
TR IR B, T HL2ER . 2009,32(7) :1424-1433)

[226] DengJ, Guo J, Ververas E, et al. Retinaface: Single-shot
multi-level face localization in the wild//Proceedings of the
2020 IEEE/CVF Conference on Computer Vision and Pat-
tern Recognition (CVPR). Seattle, USA, 2020:5202-5211

[227] Yang T Y, Chen Y T, Lin Y Y. et al. Fsa-net: Learning
fine-grained structure aggregation for head pose estimation
from a single image//Proceedings of the 2019 IEEE/CVF
Conference on Computer Vision and Pattern Recognition
(CVPR). Long Beach, USA, 2019:1087-1096

[228] Perikamana Narayanan S, Sabarimalai Manikandan M, Cen-
keramaddi L. R. Yolov9-based human face detection and
counting under human-animal faces, complex imaging envi-
ronments, and image qualities. TEEE Access, 2025, 13:
129600-129637

[229] Wang Z W, PuY Y, Wang X, et al. Accurate retrieval of
multi-scale clothing image based on multi feature fusion.
Chinese Journal of Computers, 2020,43(4) :740-754
CERA H R, £ &S LT ZRER S 12 REREE
BREMEALR R TR AL, 2020,43(4) : 740-754)

JIANG Yi-Bi, Ph. D. candidate.
His research interests include multimo-
dal learning and AIGC detection.

QIN Chuan, Ph. D., professor,
Ph. D. supervisor. His research inter-

ests include multimedia security and

Al security

Background

With the rapid development of deep learning and artifi-
cial intelligence technologies, the application scope of com-
puter vision in production and life is gradually expanding. A-

mong these, digital humans represent one of the most nota-

[230] Redmon J, Farhadi A. Yolov3: An incremental improve-
ment. arXiv preprint arXiv:1804. 02767, 2018

[231] LiJ., Zhou Y, Chu H, et al. Dual multi-scale gen with de-
formable temporal kernel for skeleton-based action recogni-
tion//Proceedings of the 2025 TEEE International Confer-
ence on Acousticss Speech and Signal Processing (IC-
ASSP). Hyderabad, India, 2025:1-5

[232] Zhou R. Wang J. Dynamic adaptive graph convolution with
attention for skeleton-based action recognition//Proceedings
of the 2025 2nd International Conference on Informatics Ed-
ucation and Computer Technology Applications (IECA).
Kuala Lumpur, Malaysia, 2025:79-82

[233] LiT, Chen X, Huang S, et al. Topology unshared graph
convolutional networks for skeleton-based action recogni-
tion/ /Proceedings of the 2024 9th International Conference
on Automation, Control and Robotics Engineering ( CA-
CRE). Jeju Island, Republic of Korea 2024.270-274

[234] Desplanques B, Thienpondt J, Demuynck K. Ecapa-tdnn:
Emphasized channel attention, propagation and aggregation
in tdnn based speaker verification//Proceedings of the Inter-
speech 2020. Shanghai, China, 2020:3830-3834

[235] Chen S, Wang C, Chen Z, et al. Wavlim: Large-scale self-
supervised pre-training for full stack speech processing.
IEEE Journal of Selected Topics in Signal Processing, 2022,
16(6):1505-1518

[236] Hu C H, Peng Y H, Yamagishi J, et al. SVSNet: an end-
to-end speaker voice similarity assessment model. IEEE Sig-
nal Processing Letters, 2022,29.767-771

[237] Wang J, Duan H, Zhai G, et al. Aigv-assessor: bench-
marking and evaluating the perceptual quality of text-to-vid-
eo generation with Imm//Proceedings of the Computer Vi-
sion and Pattern Recognition Conference. Seattle, USA,
2025:18869-18880

[238] LiuY, Cun X, Liu X, et al. Evalcrafter: benchmarking and
evaluating large video generation models//Proceedings of
the IEEE/CVF Conference on Computer Vision and Pattern
Recognition. Seattle, USA, 2024:22139-22149

QIAN Zhen-Xing, Ph. D. ., professor, Ph. D. supervi-
sor. His research interests include information hiding and Al
security.

ZHANG Xin-Peng, Ph. D., professor, Ph. D. supervi-
sor. His research interests include multimedia security and

Al security.

ble achievements. However, an accompanying issue is the
lack of evaluation metrics. New types and functionalities of
digital humans are emerging continuously, but there is a

shortage of methods to measure their performance, such as
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interactive functions and generating digital humans from sin-
gle photos, which lack effective performance indicators.
When faced with a multitude of digital humans, users are un-
able to make informed choices, which also hinders the ad-
vancement of digital human technology.

To address this issue, relevant industries and academia
have proposed pertinent standards and metrics. Therefore,
systematically summarizing the development status of evalu-
ation methods for digital humans is significant for deeply un-
derstanding this field and guiding its development direction.
With this goal in mind, this paper provides a systematic and
comprehensive review of the development status of digital
human evaluation technologies. Our focus is primarily on the
standards and evaluation metrics for digital humans. Firstly,
we introduce the basic framework and mainstream technolo-
gies of digital humans; subsequently, we detail popular in-
dustry standards related to digital humans, associated met-
rics, and existing deficiencies. Finally, we identify challen-
ges at the current stage and suggest potential research direc-
tions for the future. This review aims to promote further de-
velopment of digital human evaluation-related technologies

and provide guidance and reference for the progress of digital
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