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Abstract Recent advances in computer vision, natural language processing, and generative artificial
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 rigorous evaluation methodologies. Existing industry standards and academic
metrics suffer from critical limitations, including ambiguous attribute weighting, insufficient fine-grained
quantitative indicators, over-reliance on subjective evaluations that introduce individual biases and lack
reproducibility, poor adaptability to emerging technologies such as large language models, and the absence of
unified frameworks integrating multimodal quality and content assessment. This paper presents a systematic
survey of digital human evaluation, covering technical architectures, industry standards, quantitative metrics,
evaluation frameworks, datasets, and future research directions. We first delineate the four-layer technical
architecture of digital humans(perception, decision, expression, and extension), establishing a theoretical
foundation for targeted assessment. The perception layer receives and processes multimodal user inputs
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including speech, video, and other sensory data. The decision layer fuses multimodal information and generates
semantic understanding, increasingly leveraging large language models for reasoning and response generation.
The expression layer converts decision outputs into natural speech through text-to-speech technologies and
generates visual representations via 3D modeling, binding, driving, and rendering pipelines. The extension layer
augments basic functionalities with retrieval-augmented generation, 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 metrics 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 multimodal models. For content assessment, we analyze appearance fidelity metrics
measuring similarity between generated and reference identities, lip synchronization quantification for
audio-visual alignment, prosody evaluation capturing pitch and intonation accuracy, motion naturalness
indicators for head and eyebrow dynamics, action consistency measures aligning generated movements with
driving semantics, and multi-view consistency metrics for 3D digital humans. For interaction assessment, we
cover automatic speech recognition accuracy, intent understanding capabilities, and safety evaluation. We also
present prominent evaluation frameworks that move beyond single-metric approaches. These include zero-shot
no-reference quality assessment frameworks combining semantic, spatial, and geometric features, intrinsic
faithfulness benchmarks evaluating physical plausibility and commonsense reasoning, disentangled frameworks
separating aesthetic and technical quality dimensions, and user perception-based models incorporating
functional, 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 focus 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 aggregation of single-modality metrics toward holistic single-model
assessment that captures cross-modal 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 objective,
human-aligned, and comprehensive digital human evaluation systems to support technological iteration,
informed user selection, and sustainable industry development in this rapidly evolving field.
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LS SR ARG AT VPGS TR LT T R
FNRIESEMRE, AR EE, W\ TR Am
RIBF . Rk, MRMALGUN T RIS ATk f
RRERRA= A R, - TATARE, e
THF NPVELERE . T KA 28 3w 047 ks
HE, FE NI PRI 2
3.1 ITU-T #FAIRE

ITU-T F.748.14" ( (RS2 A “4E A BTN
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N RGP ERAVEAG 7)Y » DURRIAR “dEXH
FRAE” D) 5 ITU-T F748.153 ( (B AR &%
FIAESEFNFERR) , DAURRIAR “ Rathsift” ), WK
br B 5 6 B2 HL {5 AR #E L 38 171 CInternational
Telecommunication Union-Telecommunication
Standardization Sector, ITU-T) &%} ¥ N\ & Gi il &
HIARERTE . ZP IR AE R 1E5 . Bl %
BN E 2 AN, M TR TFANRRNE
WMPEAL bR 5 E ML EPR R R AHECT ITU-T
F.748.14, ITU-T F748.15 fE NIEH TIFA BT AN &
G PFNARAE, 3 — BN T B0 =487 A vF
48 PR DL SE HARBEAH A B R . BEAh, v EE{E AR
AL 4T 2023 4F AR 7 ATMEAR#E YDIT 4393.1
—2023( KEAULE T NABARER AN PRl 7558 18877
SHEMEL) 5 YDIT 4393.2-2023 (R E 7 NFabr
BURFVEAE LS 2 #0r: 2D IR NE G IE™
i) s HAZOWAES ITU-T il ) LR brifE AR —
;o M EER, “AEZHARME” W T 4k
B N T REE ) 1) R Y, BAREFE R L H3E 5,
A S ot R A TR I R o ETX = 4EE N,
AR AE W) [ o8 = AR A BERR T /G SRV ER M)
A, AR EARTY . PPE R, RIEEM AL B
WK DA S HAMBIR S L. “ RGthaifE” it —4
AT TR VEA AR, RIURS A S o A7 I A .

Horr, AP = AR PPl FR bR, P E
ok oy RS R S TR 4 RN T T R Ry A DS PN
SRR ESER XS Lo T AT IE R T
MVFAL PR, TR AR X 8o N ) 0 EF
TG ESZREE o ZARbR I BARDIVE 72 s
it 2R R R ST VTS, PR N A

“OREXCXA T BT ? 7 A T A5 R
PP 1 285 90, J3 il oxt N A i 22 3 e )
PNEEYD , TERLE 2.

ITU-T BPARHEAEE & 5 TSR bs N 8 H
IER . BAIEAFANE S IERL . HF ETER
RARE T NSRS G S ITERE . 1H SR
REGR KELE., FRERAERER . $0
K IEW AT IE AR A k5

EW
Ry = (1= x100% )
Fob, R FREEREEAR, E,RRREH
BERAECE, N, B R RRBARY
W%, E, RorREs s, N 8im
B, AR EHER A R AR5
ES
Ry, = (1= ) x100% @)
W, . SRS RS, Wk
EMERI REE S ARITERE, 3 AR T

A = % x100% (3)

Hop A R#BIIERZR, N & IEFSE A%,
\Pellbniv R NIHPSE 1@

U O PR N G g T ORI
ARG . IR R R T B MRS,
SEHRBU R 5 W AT E A — B, SR g B
PRIVFRICT 75 5 UEARR, ASE AT R

S AE L AR > AN E R E S E R

® 2 BREFEEEMNFES MM

PN HERE i) IR 5 4 3 2 1
FFIE PRE AR K B B 2 IEH B BAFERIY —fK FLBA B XK FTEEREIR
H AR KK E ) E A ? e EA ERIIEES E ¥ NEES LA A P N=E/S
LI Z R B R A A I TR R 550 2 EIRCY/59=8 BRIV — & LA IR SRR

MIEhfERFIERE . Horr, SfERE M TIER T A
S MAER AL R, HOME R a5 %W
B JEE MR ARERSEEAL KSR (B,
W S A 7 RN 518 5 A5 S R I R IE 11 28 A L
fic) o

FERHAR T, T “Rgheit” FMARE
A H M “AECERRE” FIARESR, T

SCAER XS “ RGuAnitE” BT H. 28 EAREEER 5 B
B 7B N RSN R e, RS
K AEG . BUG . i 4 A8 B AR AR 25,
Horp FEIRPRAE S IR R, 738 B FiE )
WHNERR, PE TR R B B R
wr:
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PUR. FR5 R 9

R, = (1—%%100% @)

w

HA R, AHIARBIERHR, E, R
W, N, oANREE. 2R IR r
FFEAATIZE | I T E AR S AT G R A
FAL, Forh, AT 2R A T i T A R
UE) TFL] TE i 6 4 [ S o R A A0 - o T PR HE R, R
T R I T RS A A I R IR s S A
DTG T A N s R 28 Can A e
R S AN A UCECFRRE s i 2R A P SR
PREAE, W AL, #3525 VR (Virtual Reality)
o AN, ZEESHH RN IS S TR R AR LR R
K, FLEARE SCHAIATA R ) 5560 H AT [ (1
oA .

ZHAgR
R S N B
e H'IL nrd ‘”’
AMEAT a5 ]| 5] 2] ®
L ] ]| 2
I % il Wi i i A fi#
Aol | (R ]| %
L E ]| =

B 4 A8 HARFRIA R
3.2 IEEE¥IFE AR

IEEE #5 #E ¥% 2 Z& 51 & (IEEE Standards
Activities Board Standards Committee) T 2023 4
A1 1 CIEEE brifE: PPALET A\ BTRRIHESE) (IEEE
Standard for a Framework for Evaluating the Quality
of Digital Humans) !, 12%b5uE 3 0 e A KT
M RE , PR ZE R H VT AL 5 7% W
PR AR EE A 17 20

UV I B VRN AR IS N
f5s, H K 2 Fh 07 150 e N %S o = i3t AT v
fii, BARTIEAFE NG HEiE. o Rk,
IIRERVEIRTE . o, AR H T S
FNITUHR LSS R IBIF, B 7 5%
1E% s AT N2 i A R G S
VRO M AE PR, i B () 45 1 R E AN R S Bl A
PIANETI, PF53 0] 35 R A SE AL v o e 2,
1-5 43#iEK 0%-20%-40%-60%-80%-100%% /& 11 7>
EEiil o HEAR VR EERVEIIN G228 T 0 e N S
5, o ET4EER AR EATOL SR . FOR LR
TR A7 NSRRI 2RI B2 . HF
BFEAE =RV T RS, RIARYE

TR BOR B8, 0 A: 95, B: 85, C:
75. D: 65. F: 0; HZ NRRINIRMESy, 207
FBRZEVE Sy, B “REZh” 5 R B
IR LA, Bl T 1k 100 4r. “2R
W 1804y H=A0E0Fs, B AREO0 &
100 43 X [A] N ELEE N VAN R Bl 7 # . PR
FRVFIN G0 07 N N2 i AT R YR, IF
Gy A AN T ST o S

ROUVEINES T U B S AR bR VAL Tk,
K FH ) % 0 48 b B 45 45 A AR AL PE 5 250 (Structure
Similarity Index Measure, SSIMT) 5 #5557 By 44 PR
B (Fréchet Inception Distance, FIDY™) . & 1]
ANSUET X = N T R B SR TS R, (R
WEFNTE R SV EEYERE AT A

IEEE FrERAf 1 B NP AR I B IR
FEMNRSET AT, TN A M E . 87

ANWESIAEE BJRS & E0S W 7 ik
BOF PG HEZE, ISPl ik 20 B AR AL

MRRFRES> RFIIR 5 2R P R B P
IS R N PEIAT 55, IR PFI R &
DLt FFAS IEAOR 1) O AL P AR s 1E SR
MR B T R i s AN [ RS M0 e A =1
PR B2, FExF AT PRI R . S IR 4 SR 4
G EWIEAE 5 B EAE R,  [F AR e 2 i)
R AT AR A A IR
3.3 UWA BFAMRE

(3D T NFRESFHAER) VLR
EE AU RS EE (UHD World Association, UWA)
T 2023 FERAHIFT ZHERENEE T A S
A H BRI BTG o %0 U PRI %0
], W = 4EBE NN R R o N A s i)t iR
SRS EEIRER=ANGEE eS8 Hd, A
RS P AN BT N R FRIE, £
ML 5 W 5 B RVl s R AR B H 7 AR5
F AR AN RIS B RE T, BT IE E
W UHERRER . NGRS TR HER R SR by
M, B NSHP T “A3E” |
SRS, MIEAE TR PR EREAHE L B R, &
1 AR IER R A B AR R R S B 5 JBR T =
HEBT NV 4P S BARTR AR
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Bl 5 UWA =250 N\ i 4 ok R SR (P 48 B S A5 b
3.4 MERENARE

BB NBORIHED, I PR bR HE( RE1E
NP FERE SR, S L4 T H A RO s AN [
B N R ZE . X —BUR S EIE R
NNV 5 R AR R S F e, 8= B
2% o LN XTI AT MV AR A AE (1) 1) R AT fr 22
3T

e, AR RS E AN Z TR T
PR, (EAAEMTHZONE: H—, KPR E
F BV B AR A VTR RO E S L, TEEARIA
5] J@ M B N BRI RE RS e, =4k
TR R G — M E T, REA RN~
i () HE DA e ) ) bE 404

ok, BUA AR R 2N ik, Horp
IEEE AAEJCAM EPEI N R E W E N, X HE% T
VPSS R A TSRS REB T AN
X H RN, FWENEAEENSEMYE,
H W LR A B A e, 5%
WANMBZ R =T B, PEA GRS A w s
2 HLER M e N Bz, BT oA &5
RIINRGMEARZE s VI R RR 1) 2R 08 N 255 HES I
PRl REXT PRI RIERR S S, TP I,
ECMPEISE R B sebE . seah, EWTEN B2
T RETFMAN RS 55256, FEn 9 ) B loAR R
=, RSO ESEC T N5 S SRR, A B0
A VAN 7 v AR R 52, DU B 2 NP i
PIPPAl ST B AR AL S 1K

BJE, RE PR T RO SE bR ARG VT
MEER, BRI R 720t TR, MEULE
SIS L PR SR AR . R, AR ERETERL
B EAINEE AR PEN T, REER S S
AR T AR SR T R, SR S5 R =
ST S AT . A antt, BT bR
FIAER T S T R IV AFEAS, (A FREAR
XPREAS I B AR 5 2 A AR R LR, 1205
Wi " 2T 5 TR () P SE P S AT L

4 HF ARARIERSTEUES

B TAT bR HEAE B N2 S VP AR T
A8, HAETESS HeE NV 7V T AL
=, ASCH ST N e, R I
I GE FH SV T S R B 45, DU R B N\
mn PR VP SRR HE S KR
4.1 BF ARETFNIERR
4.1.1 WHIHER

PR R NG B ) 2 0R0E, g H
TREAA AL T B2 SR T P SRl AR e 1) OG5, ALtk
AL B N 1 e TR br R I iR o AL
R RS TR N MR bR S AR RS R

TR b i S PEIN 2T 2 3R H 3 - 35 15
4y (Mean Opinion Score, MOS) Bi-F-3) £ W15 %
5+ (Differential Mean Opinion Score, DMOS) . H
TIZTTETRFEREN I SR AS,  H AT H R
T7 R T LA BdE4E . Fine-vQY M 4
7 6104 Bk A B ulhi sk 5 HFR M H S A Bk
AN, BRZahRE5eMEys, e
80 JJEMVEIr LRI FS IO SLIRSRN I Py 158 A4 7N
HEARLE MOS vt fe 12 RESUR EARSE, AL
G — B BARAE, PISCRRIAIR B KRR
SENL KL FE TE 2 7% VQA FEIIZR 5 V.

B MFRAR AR TS TR RFAE BT ¥ HAS B
fabr, HArSEMEIRUER T 5 M PPo 1 — Sk 2
B o i ) — Bt S0 uE PR FE AR B A B R AR G A AH
X % # (Pearson Linear Correlation Coefficient,
PLCC) . M /K B % ¢ #H 5¢ & %L ( Spearman
Rank-order Correlation Coefficient, SRCC) . /K
5 % M 9% & ¥ ( Kendall’s Rank Correlation
Coefficient, KRCC) K&¥J /7% (Root Mean Square
Error, RMSE) . 1, PLCC H-Fit5 i 4 R
LAEAHIAE s SRCC s B Tl 25 SR (1 B iffl 14 KRCC
H HOCVE TN S FF —Et ;s RMSE W2 15
T £E R P =R eI E T T

>N (s -5)(pi - P)

PLCC = 2 _
N _ N _
\/Ziﬂ(si _S) Zi:l(pi - p)
6> " d?
N(N? —1)
o 2NN

n(n-1)
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Bk, HoR SRS 1

N
RMSE = [ >°(5, - )’ ©

X(5), (6), (8)H, s Ml p, 4 HIFRE I AN
FRE BB ESE, S P AR E
T B 73 BT E AR TR 2= 7 BCF3ME: N RoR
FEAK R d, RRE T MR ESHHES S

TR B EE. N(@)F, Ng« N 7b
AR —BOAIAS— B KR, N SRR

AR AR AR L SR A WA ) f s R P U, T
X9 N42 %46 R (Full-Reference, FR) . (&%
& 5 ( Reduced-Reference, RR) 5 % % 5 bx
(No-Reference, NR) . Frt1, -2 BRI N P
AR B R AR AT Y, R TR
SpPEED-QA%%

SRR AU H6 B (SSIMD J2: 170 (1) 4= B 54,
FLNSERE « XoF LU e 540 — A2 P %ot 195 s P 1) A
PR FRIFVPAS o Z A8 b BE T FH 14 2 SR R 0 2R
FAERE, 7R T R R R AR R B . U
{E15MEEL (Peak Signal-to-Noise Ratio, PSNRE) iy
T TR R USRS 2 A ) 2 ok & O R
R R T B T UG AR U O s . R PR 438
BT GRS HO T BRI, B TR o
SO vk BT AR I 65 YN T 1= A (B A )
THEIMEE R, Bl SSIM - TEIAIE R AT
o A, TR ARG MR T, T PSNR BIVFAY
S5 NIR B S B MRS AT R 2

BT, HHARESAIRES IBARE T — R
FI SRR A NS A e hr . FID 2 H iz —,
Tl A s ER S B RB B ZE R . 55
fabrATE], FID HAE H T BURFE A AR S 2 5
T2 A A R A R SR B 22 5, R FH T
WERRIM LR ST, BRI RN

At 2,), (g 2 ) = — | +

Tr(Z, +3, -2,/Z,2,)

Horp pa, A0 gy 73 59052 BCSGAE AN A PR AR R AR £
WfE, X, OMERT5 %, Tr ZonmErE K, ||[”?§
NIRRT 54, FID 2 BUE N Febr, 1 FVD
(Fréshet Video Distance) P& X [FRE v %t
FOREATEEAN FE W, Ko AE 4 B IOA) % 5 i Sy R A A5
,
5 FID Wit Bk AL, LPIPS (Learned
Perceptual Image Patch Similarity) P2[RJRE 2 3 T4

©)

IEREU =S fabr. BT M ET A& ANIESLhr
MRS RAAR:, LPIPS SR VGG, AlexNet™
SR B AR PRI ) 2 JZRHIE . AEFRFR TS
B, WA ERE AT A — b, PSR
KRR L2 BE S, Sa sl xt &% 2 B s B 1S
FIH& I LPIPS FahR{H

FHELT SSIM Z84L 424845, FID. FVD A LPIPS
XL T IR B 2 ST R A AE 22 A4 B 38 s IR
THEREIRSE. H, BEEMRBLETEFAG AL
(R B N FARE — — IR 2 I A5 Y e 8 A A 4 X
B R HREAE, AT BRI I NSRS R . 5
—J7 1, AR R I S A O FUTE R RIUE, 1T
KIEE RGeS A O R . s, BT
J5E 2 S AT B A SRR AL RE T, XA R R
FY 5, 8 AR AL AT f R AT {5 25 B de b 3
Wk, SRR THIEA S5 R AR . Shif®lag
U T- N ARG (0 7 TRl IR ML, B2 HhH i
G BT 7 Ty ade 3 1 R R o A =X B T AR DR S T
REAE,  FF 32 B0 22 il 22 3 1 3 BUR 32 R 3 R
(Discrete Cosine Transform, DCT) LA AL} [a] ()48
o 1828 T3 I T 4R AE 5 2 TR AR AE AR AL BT, 1%
BRI RS BA BRI, KBS HE L LTS
AR, FET RPN A B T . G
& YL R YRR NASAE LAIR S B AR R
I, TS TR Bl S T IR S AL & 1)
7. HAEl, K5 M TR IRsh 7 ik T
REEZE ST

AR OR ) 1 A4 5T & P Al (Video Quality
Assessment, VQA) # i F T 3L THRFIE, 3& FH T 1545
PRI S AL G LS, RS VR AR R
CPBDM®) - 21 ¥Ry, 2010 45 LM
TLVQM (Two-Level Video Quality Model) 7%
RN S G HRESAT TR FRIRE iR A
THEAE S AR RIS, (HH T HATRH
AN G5RE . Gt M SERHIE RO B ., SR T
MEPRVRA RS, S ARE s, HE ANKFEW
AL A TR R . A IR FE S I HR R R,
PR [ 2 43t 12820 B FH T ot = v Ak 4, H SN
2 T WVE 0 10 FH DG M 2 250 T S R IR ) 1 AR A0
UM R, R OSORK E S I TR
(PIARATUR VPl 51

3 AT WAL TIRE SIS %
MR B PEAE (VQA) J5ik. 2019 4F, Li & AP
B Ok T &3R8t (Gated Recurrent Units, GRU)
W28 I NS, TR RIS 1) “ IR A S
BN, I I A 2 et A B A0 Ao ) P BT R] A
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BioeF. 2020 4E, Chen 2 NP I 45 4% 5
7% B) G P MAL F AR PRI AR . BLSS,
% VQA AT S T ERM 454, fin:
SIONROLKE T 11 5 W £ $2 B 14 38 SRR AIE 15116 J2 2%
G EAI S5 s STDAMPA S N\ K40 #1017 ) 2%
X S RE AT R B o

I A 745 B R BUAEEA 2, T
Transformer 254 (1452 HHESN T VQA Sl BE 4R
Tto Xing 25 NP8 i & L 51 NZAE S, $R i
StarVQA 773, JlREE AN T gatith 5 1 i m] 43 2k
BREL, LT K R AR R SR USCR . AL,
VQA HFFRAMY T RyEMEREfa bR, BT HRTHITAL L
. FAST-VQAICLR F % /NP S, (il 50
HIHD 97.6%, [R5 AR AL B AR g
B SRR, LTRSS AR 1 .

T, SRS CECN VQA ST
), HCIE i SO S AT S (VR AG e
g I A B MR AKF . MaxVQARCH i
FbiE & -4 FiIl 25 (Contrastive Language-lmage
Pre-training, CLIP ) ™1 R 48 My ) 38 LR AF 5
FAST-VQAM B Hy (¥ Sr P Rl A, 70 AR [7) He s
B NEUE T e GE . COVERMOIIZE £ 5575 JE Al
P 5 NSEERHIE, 43 )i 5d Swin Transformer
PRI ARFFAE PR EE ) 25 R IS AR EFD CLIP
PREGE SUEFIE, 24FT O SeBlse e R, X HEE T
2 WA A TE AT B PP A (0 S BN

ST A B R R 4 e, IR &
PG (VQADY kM T H - N & A A 2%
YE. SR, fE48 VQA T332 MR T A 3R AL A
G = 4B (1) LA 2k AU . SAitk, Zhang &
AR e — Rl A TR T 2% VQA 7 i
Z T B NI LA PR R AR TH A o B0
R JUARHME IS TF ST 40, RIS A TE A
PRE A (AHAE G 2D-CNN 3B 5 [a]3-4E Gl
i 3D-CNN #2250 , K B4 fE b & 5 @il (=915
B RIS, WE 6 Fiw, EEET =457
N S m iR, 8 S SHU Tk
BUERE A TF S5 (BME. FE. ) Komibiis
B A S AR R E A S
M3 ZH0 , CUKIE UTRFE: AR U]
G N TRV AE 55 2 (RREAE , LA i Tl 0 T4 3

My NBsh k] dnigsh A ER. HAEe) , |
EFRIZR Slow-Fast RSOMSHREL, 23 [AI4HE A T
WP LR B (s, M), 3L ResNet
PR RPEHRFAE s o B B VA BOR P AR v 4
JEA R S AR R RV . %0 ik
NIV ERE T T = 4807 AR B RE, (H
SRS LA GE 1+ 2 0 R = 4 B AR A8 4
HF TR AR R R R BR o 170 1 e 2 R %
TGN %2 4 i 41 B = ZE R0 f) J LT, BE % 1 B
M2 Te1E, AT 58 4 i e 2 Fh 2 A

—HfA

Bl 6 =4:8T NG TURMBR AR TC 225 PR AE 42
4.1.2 HIHRRR

FAE BT NAGIBAE B0 7 — BB, H
Ji B B R A T NI R AR 528 L D Re SEB,
DAL I 25 00 VP Al R B R L. SRR bRk
ek, BB B AR B R R R 40 O AR bR S R
bro Horbr, FUFRFRIE SRR — L
AP AT 23 3R E . S AR AR T o A S
ZHEME LS ERBENRKE. FE
(Signal-to-Noise Ratio, SNR) #&—Fiif 45 () 5 4%
MAEbR, T RIS 5 ARG 515 A 1L
f15C % . SNR B Mim, RAE S HA HE S
X TR IR o LUBROR, & oA I RSB . (5 M bLE
HU UL (dB) NEAL, HitHE AKX T:

SNR(dB) —10l0g,, = (10)
I:)N
Hot Py M5 S MR, Py RoRm s I %

xR 3 ETREFINESE VOA (MHEEIEHRHN SRCCIPLCC)

RATEAR H IR 44 K

ToRKE

RS CIaES PEREFEbR

2021 SIONR[PY

2D CNN-HIRERFE -+ Rt AL

LIVE-vQcP 0.7361/0.7821



W% B ANVFNZER: UK. HREREE 13
RAGEA AL 2 R BRI & TR HHE 5 PERETE bR

2021 STDAMP2 AR+ 23 [ E B A+ KAz LIVE-vQCI 0.7610/0.8320
2021 AB-VQAL KU 25 REAE Al A YouTube-UGC®™  0.7710/0.7900
2021 Patch-vQ* 2D/3D 1k A+ROIPool KoNViD-1kP  0.8031/0.8175
2021 CONVIQT! B b2 S+ A LIVE-vQCP  0.8093/0.8478
2021 StarVQALd I 23 28 0 B g+ 1A R B VA4 2k T2VQA-DB®  0.7173/0.7295
2022 SWDF-DF-VQAR! INBCR FERFIE+ 2 A YL s i & YouTube-UGC®™  0.3621/0.3949
2022 2BiVQAI™ CNIN HF1E+ 302 R A2 KoNVID-1KI®!  0.8150/0.8350
2022 BVQA[ BN IR B+ 765 % 1Ak T2VQA-DB®  0.7390/0.7486
2022 FAST-VQAL%I R R TR YouTube-UGC®  0.8617/0.8669
2022 DisCoVQALI4 A 2 ok AR B+ PR Y TR ) LIVE-vQcP 0.8211/0.8359
2023 Q-Alignt2%! LLM VG A 2534y LIVE-vQCI 0.7730/0.8300
2024 Zoom-VQAL! CLIPMO = g i} 7 4 it LIVE-vQc 0.8141/0.8327
2024 SAMAL®! S0 G VS SRR+ I 2 HERD) GAIAL® 0.2361/0.2432
2024 COVERM FAR+2E+HE L= 1 YouTube-UGC®  0.9143/0.9165
2025 CAMPVQAIY 22 R R+ C LIPS i CvD201412 0.966/0.964

2025 LMMVQAI! I 2 R i+ LM 7T KoNViD-1k 0.901/0.902

{HsE, XL G TR AR S E P
WA —FH ) 8L 1 PEAQ (Perceptual Evaluation of
Audio Quality) Mg iRk TiX — . PEAQ
1 [ FrbrvE (ITU-R BS.1387) 5€ X, J& H piME—¥%
BT B A B E PR br e, EE R AR T
FIN . PEAQ B UELiEGEM N 7, I A
X 75 B R R T U B

: MOV :
BEES — P AR — :

: %o

| W[ one
s — = % | |

' s

K 7 PEAQ HidHE R

PEAQ JVAMSEmMAEI R : B, ¥SHGE
55 RRIIME SN O B 2R, AR O B P 2R
WX NG 5 AT Sy SOk bEE, RO
SRR [ R e N RS, I N T
SRR PR IURRIE ;s B e, RIS R M 2 4
A 4 A B (Model Output Variables, MOV) % A
LT (5 B, JRE AT 5 R 4L
(Distortion Index, D) . %, ¥ RE A% DI H
AL N M PE 4 %0 (Objective Difference Grade,
ODG) . HH1, ODG 5 DI 735t Bi/s 3k ZUA
LRAGF TN AR, AT

ODG = bmin + (bmax - bmin) X Slg(DI) (11)

Heb  Aib  ATRIRESE, DI AAER
., sig() AEE RS

SR, PEAQ SHIEAE SEPRI FH AT — 8 =
PR, e LA 80E L B it 26 S B 7 2 M 5 11
PR R R ik, PR E B S PR AR ]
(TU-TO#EH T P.863 POLQAC(Perceptual Objective
Listening Quality Assessment) M85 3 J5 &4l &
ko ZHFE F T 50~1400Hz 135 4750 Bl e B v 1)
TE S AR, RS R RS A 0B R VAL 4
R

POLQAM®IEL g I F i sn 5\ R A M 28, 38
TN T 5 R G0 TAENLE, K5 45 5 X1 4
R RGN, R — g AT el o pfr . HA
A EINE 8 Fin: POLQA B JGilid ik, ik
1R SR AR S5 20 R S B S 5 RIS TR0 5%, DA
TR 22 MU ZE 5 [l S5 AR B e 2E &5 R ) 7 2 75 75 5
N EGHEAT BRAE,  DABROR PN B 5 AR R A 28—
. POLQA Mz AL & Ik 5N AT R 47,
3 AR E B R B AR SN PR T S5 IR
JRIVASE HR N 75 5 ) B LS R A S N AT o AL B Y £
o Faf i Y, A R U i T R R TR A e 4
Webr. bR S S0 POLQA fH, FHKIL
WL R A R R bR . SR, £FXT POLQA 5
PEAQ Fykfdiudt, Gk se a5 H i = 1T
W7 V5 T A R B, B G 0h 20 R 2 2 8 A S
. BETHFNSH BRI R E R,
TG 575 5 I & PEAN 71658 ON B N8 Ar- il
IR TE. 3R 4 0F ALK e 22 S ATl U7 vk
1T Tk . S EIMvHl 7715 0 K e e 230 H
T 0T B, B T 5 A B ) R X
A, BDIE BT H B S A A
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GEE
FEVEi ] Bk FriT sty

A iR AE
K 8 POLQA HyEfEz""™
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B GMM) , B EARINE S “IER7 BEZ
V) P00 s 2 P2 B S B  BR VPA o I s LS RS PR A
AEALERT] (TU-T) $RHH) P.563 HEl, fFR—
Ao AT A48 7 HE U R A8 I PR 1 T VA i
VLSRR X P LTS ) 285 H R LI 22 B R B3
(¥R S T E5 . BEREs) , |
IETRACEE . RRE S AN T 2 B e e A5 0 S5 e B
FEAE, BRI AR =M. 7E P.563
SRR RS UB B 1AL, ANIQUE+E VL
CL21 52 P s S i 2 5 0 o e S 2 S AR AT
FRESEERL, FERPE SR BRI e i, HAEZ

HEHEE LR RE Y B E T P63 5k, Ut
i, AREWRF RIS T B P.563 HF1E
FHGE A SR PG vk, RIS B AR
Tty X 2RI EUE T ARSI EAR A 1% Ak 1)
EME. £TH, &AL RE I M 4%
TE ST BV AR B 72 R . TR IR
AT SR R AR 2% 9 MOSNet KA1, g2
@ B2 2% (Convolutional Neura

Network, CNN) i it 15 & 15 5 B P RFAE 5 Jey 3
2ELER, S B T M g S s A S K
I {5 B . MOSNet MY 5 AR EWRENHA &
FEAH M, Haztbae h k2@ M I T4 4%
VG 77 ERERNZ, BT8R S T A2
TVl 73 BIE B R VP ik, R M 2
a0, TRER R E AT KN ThriE. 1M
SpeechLMScorel 2 it 1 1535 15 5 W4 A B B4
R, RSP SO R S EE RV,
TN LRREIRTT, I A ROHEE T 5 8 AR A

[ETR 8

® 4 RBEZUENGE

RATEAR TR 44 i BARRE A MR E/TE S PERETR AR
2004 P.5631120 Z A A NN ITU-T Supplement 23 PLCC: 0.88
2007 ANIQUE+!2! HMM-+3 508 B EZMMeVE /TS PLCC: 0.939
2008 [ ) o (2220 P.563 4FAiE+ [ YA 4 2008 Blizzard Challenge!*?? PLCC: 0.69
2015 SVM 5 {2 P R i 1E U 4, 142 SVM+MFCC 2012 Blizzard Challenge!*?*! PLCC: 0.9
2019 MOSNet!24 CNN-+H 5 2 VCC 20181% SRCC: 0.978
2022 SSL-MOS[20] 13 Wav2vec2.0'® BVCC2T SRCC: 0.944
2023 SpeechLLMScore*?® SR =STN s sei VoiceMOSH#! SRCC: 0.572
2025 QAMRO!! H3E SEHE TR e+ AL AudioMOS Challenge 20251 pPLCC: 0.972
2025 MMMOS2 Z oGS+ 2 YL TS AES-natural®®! SRCC: 0.847
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FERUREEATSS, FESETHBA L RE Y R 2 4 il
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No-reference audio metrics) T RIAESE, JEBS
WS TS H R SCNE & VT
ZHEREH ) TE S R E I Rt FE R Re i 3R i S
e, HAYERE T ORI L TS H 1AL
HEBE () 4 2 BT B SR 1 5 T 2 5 W R AR R 1)
I REHE Je 25 588, (H TR gl FE PN T
TSHEWR, AROER TGN B EZL,
PERE AR N Zh S A8 . aniEl 10 Fr
N, BZHE S SCEN BB AENAE 5 X 55F%
{65 1 IO IR ANREIE € 5 e, FFHE ML
ﬁﬁﬁ%F%A&F%ﬁ%ﬁ% b T T P43
s BSHE S SAANIE 5, X FHAFESZEL
iﬁ&ﬁr/ >R 'ﬁéf’%%’ P

I EBEWS

A

|

K 10 CORN HiiHeuleel

4.2 MF ANNEITMN IR

R T H N VRN, 200 N S 2P () 4
FEEE, HAZ e 15 G T H R i 2Rt L
X PN 2R TR HERR B R F VA o A SO NN 5 0F
I BN R G B WA e R IT: Hd, JER
febrH TH R A NS B SR, EEMAM
WSGEE A E AT HE LS S HARRNIRE T4
PN H SRR BRI
4.2.1 %45k

e NHIE G 58b5 F T oA Hee NP4 E
5P S RARLE . HETCA & TR e H
THBMMNEW R EFEE, FHWESfERETAS%
fabr, PRI RE R S HRNCONIEAE . TR
SEBMRAIE LT, TR Al RUREA K AR T By
4] —= o0 [ £ A s B ASE AR o

AIZARBLE  (Cosine Similarity, CSIM) AT LA
TR NAZAR AR B 46 kR, H@ it ArcFace™ i
PO [ AR FRFAE, I LR G2 AR Bk

REAE e S (R) PR R S, b T ST AR ALLBE DA

ArcFace™" & Deng # it H9—Fft FH T AR 59 (17
w5, R A O B 5, FETHRRAE R
HAaE NG, HAEREL T SphereFace™® 5

CosFace™ 456 17775 . ArcFace [ 8 F i (&
11, SR N REIE R N REAE ) = X, 13547 L2 15
—Ak, [ AR KON E S, MRHE AR RN S
BBk Eo 25, foi*?ﬁEkﬁiléﬁﬁﬁIE 1, Rk
FARTEAEW] X, =cos @, , i A % R KU 3 £

)*@_wmm@majo%%,ﬁﬁﬁ%E@A:
WSINEEE bR M, FR 6, +m, XN ERIE
IS:OE) SISVl ﬁ,ﬁﬂﬁmﬁhﬁﬁNmi

' arccos(cos();.) w:,((i‘ +"‘) Boftmax
frm
! ﬂ”fﬁﬁ”ﬁ*ﬁww .........

RAEAL

11 FIF ArcFace #5214 DCNN R 25137
cos(d, +m). i, BN HFEARL HET Softmax
R SRR A L

s(cos(6y, +m))

L log
s(cos(ﬁ +m)) Z SCOSOy,
e 1

=L =y

CSIM 35T ArcFace™ ™ FL B & 5 1 & it
AR Az AE, AX0N:

(12)

csiM = =Y (13)
IXlIvl

A XY 730930 08 S5 G NI SRR AL A PP Al A
PIT RAFFE. AN, LPIPS  F Tl &t A ey A
RIZLSE N 2 18] RFHE AR, . Zhang %5 A2
LPIPS Fi -5 A jl K A AT Sl N 2 R PR AR Ak
FHEAE o

BEAR ST NIRRT PRI, A AL 55 5%
U A MUR S M T N 5 o Xu 2 A
MBS S FIER AR MR 9 77 T AT 510 O TF
W, REE ARG NIIEHXS . BTSN
BEE ANKRIES % (RR) FREWAERR, %I
IS FEH 3D JLAT A% (A DG A i AR SRRFAE (TR
SR A BRI ER . SEerEIh ) A
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[F) 20 26 PG T4, kT seme P A . )5 [
W REIER A T &3 NS anE S S At ic ks
JE£ (¥ A% Ca F AT - Chung 25 N DU Hy — b AT 45 A7 el
2 P2 2K SyncNet™ 2, % 2K B M TE AR 25 40
w2 ) P B EUR A RNRHE, FTHE
AR R S 510 2 B AR AV, FFREbRHE
FERRSE EIUE T ATRE R B, EAR
B ME RN (21 R % (Mel Frequency Cepstral
Coefficient, MFCC) {AZmi% N # &, 5Lt IR FH
W50 DX A P AR P BB 41, ALl T xof B A7 2K B 4
SRSk, W 12 Frow, AR U0 42 1
e RN MFCC 5, MFCC 3£ AN H-x)
FE AR AR Lt B CRIMRATRAR D T
AR, BRI (S T DA R SRR
PRAT RN 5 s s DX 4k Ak B2 UG 7 51 TEFH
FIBEFGRMES, ZARRLE TR 5 WALAREIE S5
+ 1 FPYEHE P T S AURRIE 2 (R AR 5% R RS, K
B AME E SCRE [FIPRE

SEER TS S

fe7 1x1 256 ‘

fe7 1x1 256 ‘

fco  6x6 4096 ‘

fco 6x6 4096 ‘

pool5 3x3 pool5 3x3
convy 3x3 512 convy 3x%3 512
{ convd 3x3 512 ‘ ‘ convd 3x3 512 }

{conv.@ 3x3 512 ‘

conv3d 3x3 512 ‘

pool2  3x3 pool2  3x3

conv2 3x3 256 conv2 3x%3 256

pooll  3x3 pooll  3x3

convl 3x3 96 convl 3x3 96
120 120x3 12x20x1

& 12 SyncNet 2244142
£ SyncNet ARt LAk |, Prajwal 25 A M3
& 7 LSE-C (Lip Sync Error-Confidence) 4
LSE-D (Lip Sync Error-Distance) PR, Hrfr,
LSE-C 8 AR X ARABLBE T 55 5 - R A500] 1) [7) Rl
2, HitEAAN:

V-S
LSEC = (14)
max(V], 5, .#)

2rp v - S SRR AT ) B R A ) ) AR . A T
YIZEIY) SyncNet™ R, 43 5% A AR JE 35 X

SIS R P B AT R B, A9 BLATRN ) &
ANE N, FFHEPIER L2, R

N
LSED = %Z”vi—si I (15)
i=1

Hdrv RE T AT B BRI RN, S, B
X N AT R AL RN o K EE P FR AR 1 T SE AR T
1, LSE-C W E TIPH {5, BREEBAIN Y
BT B AU R IRES FIBT 0 v FEFE RS LSE-D U 5
T EAREE, R EIRIE SIRIE 55 R
ATRFAE 2 (8] S BRAS ALREBE o IR B, 75 % € LSE-C
FLSE-D A R RPEAL AL 1 MRS R 2P e 7

LMD (Landmark Distance) "4 Chen & \#
1R 1 VA AR R AT B SR B[R D R R
AR bR . B A T 7 M BR E E T B
(Histogram of oriented gradient, HOG) [fj &4l &%
CLAST, ) A BRI AN B SR (4 IR 3h Ak A, 43 3l
104 LF F LR, REMIRATC R 20 M4AR . LMD
R A X 7 A A PRI R B, 4 AT B A
PR AR IA—1, AN

1 1 T P

LMD:?XE;;HLRW—LFWHZ (16)
HAT IR R R, P =20 At = .

B TR TP N R E YA . 1
IRBRBE 2% MFCC 2 —Fh T A\ R0 o JE
RV (T S R PR IO v, 0 B ARAE T i A
IR KR P 5 W S 0 0T A A S R 0 4T
AR, AT IR ECE UG A N B AR R S 40

MFCC ()it Hd 7 3 o A Ak 3 5 R AR H2 B
PR B FACIR Y BEALFE TN EE . 4o od 2 o o 44
1E, BIENRIE S5 5 WS 0 IR B H N 75
B PRI B BARRRE N . e, s
R FEL I 2 g B 3 3 55 45 5 B B o A
fEs Bl TSI AR IR RS A, %R
AAE M A=A UEREAE, 7 55 N ot BUs H 4
B2 ST o7 P = R (i o s e T ok S =t
DX 35 [ B e s s 15, X DR i 45 SR HEAT X 4
B, DB RN 58 22 G0 0) 75 2 o 5 TR0 £ v
FebEs BE, B EECR IR A A RS R AL
T 2B R A FIAH S . MR (B R A B A
THEWR:

MC, (i, k) = i X, -COS{W} (17)

A MC, (i, K) % A8 5 55 K WU 28 1 A /R (5]
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AR X 2SS N A T PR A R B oh 2

X, o = 10g,o DX (k,m)[ - @, (M)} (18)

P X 250 K AN B U 2R m AR B
A ELH A, @, (M) 25 N /NG ST IR A .

BT Mg R AR B0 RS I T B
Kubichek 5 A\$2 i 1 #g/KE1E 2B (Mel-Cepstral
Distance, MCD) ™, FI 1535 5t & (1 R WA -
YERXHEEEBS (Cepstral Distance measure, CD)
et 777, MCD RN T Wi R 4 JE 2t A
AR : — J5 T Ak 1 Ml Sty i e £ UL T 3 00
TR E L, - TTHAERE CD tHE X
— BRI EN, 3=’ TV ITE R S . Rk
MC, (i,k) 5 MC, (i, k) 7 AR H 5 5 5\
TR 1 MU 2 K MRS =%, W MCD it
R/ /T

MCD&)=J§IMCX@k)—MCALMF (19)

JE R B R SRR T B S S
FRAE T TR IR, X Fa bR H AR &5 &1 W
HERPE . B SCESE R, 18 A Sk
WS IR ARk, BRI A T BRIk RE TR
SR VAl R AR AT Ak

£ 45 (Fundamental Frequency, FO) & 3% 4 {5
T b A g AR A A, RN N SR i
TR PR O A o V8 B B R AR
BB E A I N, BnE S
B A SN, S B AT B E 1 Ak
BE VA, Nakatani 25 A\ MPUR 7 g 40 i 22
(Voicing Decision Error, VDE) 5 #E % % % (Gross
Pitch Error, GPE) WIiitats, HitHAuT:

Verr Verr
N, +Nj

VDE = %100 (20)

V /U
Horp NQ’G” F NLV,err PTG TR R A A 1
ARIEE, Ny, & M.

GPE M2 KRS CETLKFE) AW
i, i VR A R S WU R R A R e, A
HUTF:
> Lallp - b > 02p 1, v ILa[W]

PENANA

Hofp,, p RBERBEFO TGS, v, v,

GPE = 1)

FH 2 25 AT 5 A P R e, 1, s F s R AR
GPE fEbranTll & =52 % B Azt 20%
A M E 5 .

FT R M EdR, Chu £ AMMRH T FRE(FO
Frame Error), %3a#br%56 7 GPE A1 VDE, B 4x[f]

MG FO $EEL A MERE . Hat B AN
FFE - % «100% + Nusv T Nvow 10004
_Nw . spE 1 VDE
N
(22)

St N R B, N, R HRE FO R
AR IR HOOL, N, 937 25 W
R, N, I i 2
M. N, i GPE H i AL

FO.

iestimated 1

FO,

i,reference

HArigmith, o ZHME, B~ 20, FFERET
GPE (F&EifmZ) 1 VDE (K FEAERME) P4
Yepr, HAZYELRE TR HERTE . 5 NI
B A ORI S Ui U A BT RS S A
Mo A2 P 2 B R i RS, M
B RIEMNEREESE . FBES. Bk, A\
G S IRIEp o R 7 - A N e 9D S 4SS
B REAREE . BhE— B R 2 WA — B AT A
2, THEval"™ U — Ny NIPAGHESE, SR &
ESREE. [0 ME = K4EfF it 8 gk fFE 48 r. %
XA NERE, ' TESES. kifEshahs
MEEE = MR Bk, BHaISEE
WM ETF & FIRAAE & IR bR . B, @it
MediaPipe Face Mesh™ & R4 iiRL 47 40 ANJE 5%
B FLUR, XPOCEE S AT ERR IREE R, 1535
WK E LA E S, RS ERE G, . &

Ja, XA RHEZRCPY, 2R Ly, Bl

> 5% (23)

1 M
L,=—) o 24
5 M%;m (24)

1 Q —
= |—>d, —d)
oy JN_lgy,m n) (25)

PN WL d R WS m AR,
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L2 2 &5 2 B kIR 5 1 H A
EHERERITE AR, 4G, @i FaceXFormer™2 i+
Rk RA, B (0. Wit B
PR OGP O fE m AR )« Ik, THE

S BB =N IR EZ I E O e - FFAF 2T
L) — B 2200 B T5 2N e « S TR
PO TR ERIMY, - W5, RIEAR )RS
23k iz gz Dy, -

DH = \/ (O-angle 'VAangIe) +Vtrans (26)

JEEE SR REEBIZN % RIERE T
R . ZdEbr i S HUCEE—WE B R R S 10 3 B
B, IR R AR HEZ 1 bR Dy -

1 &, . -
De =0, = \/N _1Z(deb,j _deb)2 (27)
-1

A dg, 1 de:b'j 53 9 27— it B 2 IR B 10
BRI SIE. sifE— B2 B AR 3D
VERILR TS 5 YRENE LTI ff6hR . CLaMM>L24f
X SCAR RSN EA BT T LE TR 0Pl B8, SR
FA SCARSE L ZS A Bh A S B 88 XU gm it 28 2844, N
LLM [A] 3Gl F T £ d5385% 5 InfoNCE (Information
Noise Contrastive Estimation) 35 25 g %5 4 B} Hb 2%
> BARHE, SCR$ERUE 7 5T B G & #R AL
A RS SURHIE, & —AN4A LLM S 5 A
FEB IS X minds. SIESRIERITE 3D NRBI1E
JF BV FAR BT A SCRFAE, R FH I 2R 0 25 T 3R
EmiDes. %55z A X e IR, 5
HSCA . BIVERFIE T, 405 R A ) bE g 2k
Loy F1 INfONCE #5325k Ly MBI Ao Bl 2 A4S
KRR, Hom KRE O SFRe Tt T2
BEA TP . Video-Bench™* 2 5t T £ B KRS A (1)
SCAHE AR VPG FE 4, MRRATI 2% 15 5%
SR8 o PR A BE AT VRN, AR A 2% A 5
FHATNH . AT MR R BiE. B
o S MR- SCAR AR (1) — B AT T 4% o ZT
1EIE I 2 B R AL A 9 SRR, B AR R
B A 1 i) R e T SR R [ 25 A0, B Ja i Y
FEWETE. SR, BB IR KB A 7 N s
—ECHEVEI, X AR Bh E e N AR SR FAE A
TH, AR T RZ—.

SR N VP AN 75 B OCvAE  E E TH  ER
I, O R AN A B . 24
— AR AR TR AN T AR G UG SR AR R OGTEAR R AR
RO JUART TERf 14 R RER, A A P B 2 TR A A
Bt 7 REARIT A AR E. RE@SG (Reprojection Error

under Super Glue estimation) M2 —Ff & 3D J1,
T EVAVERTE R, HAF S T/ B Shrss, Ul
I AR R 2 A AR S C AL E SR,
T PEAG AN [RI A0 A 2 1) 2 75 0 1 5 = 4 25 ) 1
. e, @it SuperPoint™®lxt 2 10 £ 4
ITRERFIE S EE S (f A WAL A GO FEE 2D
R, 5 B0XF RARAR . HIR, AN R A ) S A
AT EMRILHD, 7530E A PIUTHC . Bk, R
FRUCHC SO A S 1AL, A DLT =#i1k (Direct
Linear Transformation) , &% HiX%f B[ 3D 2] £ o
MK, K = AR EIR 3D 21055, ARIEANLEY
PR B S S 2D EUE I, 531 E R
52D fi. e, VHEJEGE 2D RE N S ERGY 2D
AR L2 RS, HoP(EEl RE@ SG -

N . — (P
re@sc -~ 3 1P,
NS s

Hrp, p 20N ELE 2D Kk, 7(P) 2 3D
P #5210 2D £, ||||2 RL2E, SEHTIH—
T By R, N & VLR B A S 5

A, =R N — SO R PRIE A 2 T
R — k) MRCYS, TE ELE AN DA NLA
AV MEt3RWSEHN J1fa] -5 44 -5 XL s W0 f #a
SEVER Eval3D!4s
4.2.2 T HIEW

A OAT L NE R IEbREAT T R, A=
W RE T NIIAZBIRbR, 1248 TP 5
N SIS A # N AR 85 A A S RE T . S
BAR A IE FH T 28 BB NVEDY, R A
FNAEAS B AR NFIFEA L.

e NS B NAT S RE 7 ] 4 FE B N A A
R4 At N A E S U AL B R . BB
FIRAH AR B IG NZEF O CAR, 2T
SIS OB AR 2 — . FUAHRE (Word
Error Rate, WER) +&iFflti ASR A6 T8 bx, 8
T S R U B R R S S A R R
Ebflf3 . 47 48% % (Character Error Rate, CER)
BRI 5 WER — 3. 4 € KR A TE
W, W GEANEHRED . D (MBEHEED . S
(BHERED « H (i IEMRED - N G
BiEEED . WWER fiHEARINT

S+D+1

(28)

WER =

29
_ S+D+I (29)

" H+S+D
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A, ASR BIPEREVEAL HEAR AL iR ) IR
B, W T R A AR R PN 7 B AR S T )
Ko Filhn, 2T (Real-time factor, RTF) J&1j
& ASR RGIHMNACE L LIRS, H TPl b
PRI ] R A, Bk SO — R8s 15 5 A
HISF35 I A] o 7F 58 B & N A TR AR &4 |, ASR
RGN RS IFEGR A BB RS R IR IE
SCHERTIRE . X SR T)RE VAN I KRR B AR
JETF, DB SR b 10 2R IEH A E A% OV
WERR. % RGR IR0 SWEAM,
IEMOCAP! Y}, RECOLAMA%,

AP NZRG I BT SS5 AP
TR H: — &R ASR HARACEEH FHE S T
A 377 TR 7 2 O ) S8 E S,
BN AR e BERA 1 EGRBEE .

X NG BOERL, AMUE B TR #ER =1
5, HRERALEARLR . TR L
THE AL S, HyMbabs S5 B ik
WFEFRAFF—2. HAr R H xR sl bn e dE 22
F¥ Lt CIntersection over Union, loU) . Pk &
(Average Precision at loU, AP) . P T-ikE e
(Average Precision at 1oU=0.5, mAP) %, ZZ ¥tk
(loU) H Ty SRR FHE 5 B 52 HARHER B &
R, WWE TN HEZE IR S IR TR
B, BUETEREIN 0-1, HfE B KSR FHE 5 B 5k
MERVLAC R S . BT HF AN B sth 75 R 0
BN “ANFE” X—31—2J), FRE (AP)
RSN S B AR I BE A A E AR . AP 2 H brAs il
HPEAS BN A I ORI A% O FR bR, SR A REL T
PRS2 H AR 1R HERR P 7 5 AN 52 B 17
AP M EE S IFHE “RKE-3HF
(Precision-Recall) #iZk” TR E]. FfhZ-
FENE b Y RN RSy Ny kN 1 ey S R 2 N
Bo 1A R 20 SIS EOE, IR R
1) AP fH, 75X E ERATIEEAEE, FiEEH

SR M2 A, BRI E AR T
__ TP 0
TP + FP
_ TP an
TP +FN
AP = jol P(r)dr (32)

K P AR 3 KSR A B2, TP R/RHEIE
Bl CIEZRTAMAIEZR) , FP #RRIER (72T
MNIEZD , FN RoRBAaE CERINA 7RI .
7 32 #7~ AP /2 Precision-Recall [ 2k 5 5l A0

AR, @R 1S3,
E R AL 2L L, X P 3 E 5 R AR 1R Re
% 4 B N RS M R A P URsR, IR AT AE R
B NVEREVEAL I B I Fabr . B NESIME 53RTE
HANMES ErkRe, mr@Ei IR AR R I T =1k
R4 N B & AN RISV E SR A AR AR, 1T
BRI A L T 2 SR MR R AR N AR Fe b . AR
AR AR PE R (RS RR S5 HEIER) , H
Al % K H Fl-score 1E % O iFAt FE R . AT
205 0 B B B CR+EST D AFEWES
CASMIIMOIZE 23 {1 5 B4 42 10 HMDB-511%°1,
UCF-101M"1 The Hollywood Dataset2™%%% , i 4},
135 B A A Ok R 2 S HOR, it fhA S
A, EH . BGEZFEESEEE, SCEUE A
BRI 5 o Hr

EREAESIET H A 2SN, ol
HHONENES R, HEdERERE. BARES
EREER AR EE. BITTFEARGE S
KH LLM SERGE ERfR, FRART NI R R 516
4. BEE LLM BPRIER fE, AHISTEI R AEAML 7
FVE T SRR PR AR RE ), BV HAE 25t
ZATS P St ael®, H— B R EE 1Pl ,
HAME 5 BRI 0l 5N BTSSR
BPEAR e B P& n @, Wi EENE RS S
R UL R B A PR RE . C-Eval ™2 — A4
F R SRR R DA B, B E 13948 18 £ Tk %
B, A 52 MAFER (G ANSCRE. BTR
RS K A NSRS (R m . KA
%) o CMMLUY YR —ANE%E 2 ok (BARF
2 fheRlE . TS KA CRESE) BIgad
SCHREAENNR, BEA UM LLM I G EREE .
AT, 2 BTSRRI 2 RS
ARBE A il S 4 1) 2 A R PR VA I R e g, AR
PETAE ARG GEMIE, HLEM™F LiveBench®™14%
H = oy A MEREIEAS, SAFETYPROMPTS 3E4ER™
M 8 K 22 3755 5 6 Ptk e & Bt =
Ko A VPSR TE 2 43 s SO B B R IR
W, MR AR 2 VR . BN 24
5, AERHAFEMVHEHESE, Bl ERRIRY S
AN 2% HELMM S 0t i 5 4 L3t
ATV AR R YEIEEIU TR N A AT T, U AT £
B JADEM 4 T ELk4T kG I o
4.3 BF AN MHERETENEZS

Bl & Az R R R B NV v [R) A
SIN TH VPN AR SN 4EE . S5&EgG58—T6r
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