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Survey of underwater image quality assessment research
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Abstract: Underwater imaging has become a crucial sensing modality for marine science, environmental monitoring, off-
shore engineering inspection, underwater archaeology, and autonomous robotic operations. However, light propagation in
water differs from air propagation due to wavelength-dependent absorption, multiple scattering, and the presence of sus-
pended particles and dissolved matter. Collectively, these factors lead to characteristic degradations including severe color
casts, contrast attenuation, veiling light, texture blurring, non-uniform illumination, and signal-dependent noise, thereby
limiting visual interpretability and the reliability of subsequent computer vision tasks. Therefore, underwater image quality
assessment (UIQA) has emerged as a key research topic, providing quantitative measures of image usability, guiding the
optimization of enhancement and restoration algorithms, and serving as an intermediate layer that connects imaging phys-
ics, perceptual characteristics, and application-oriented visual systems. Unlike general image quality assessment, UIQA
must explicitly consider the physical imaging process in water and the strong coupling between degradation mechanisms and
perceptual appearance. Additionally, this assessment must address the multidimensional nature of quality in underwater

scenarios, where images that appear visually natural to human observers do not necessarily benefit from machine vision
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algorithms, and vice versa. This divergence has driven the field beyond traditional perceptual-consistency modeling toward
highly comprehensive frameworks that incorporate physical interpretability and task relevance. This survey presents a sys-
tematic review of UIQA from physical, perceptual, and task-oriented perspectives. First, the physical foundations of
underwater optical imaging are reexamined, including radiative transfer-based formulations such as the Jaffe—McGlamery
model and its simplified variants, and an analysis is provided of how direct transmission attenuation and backscattered light
jointly determine the formation of recorded image. Based on this framework, typical degradation categories—such as color
shift induced by differential spectral absorption, contrast reduction and haze-like veiling caused by scattering, and texture
loss related to forward scattering and motion blur—are discussed in terms of their physical causes and perceptual manifesta-
tions. This discussion forms the basis for subsequent quality modeling. Commonly used statistical criteria for evaluating
UIQA algorithms, including rank-based correlation measures (SRCC, KRCC) , linear correlation (PLCC) , and error-
based indicators such as RMSE, are then summarized, and their roles in characterizing prediction monotonicity, accuracy,
and consistency with subjective ratings are clarified. A detailed review of existing UIQA-related databases is provided,
highlighting differences in scale, scene diversity, annotation protocols (absolute scoring versus pairwise ranking) , and
intended usage (assessment of raw underwater images versus evaluation of enhancement results). Particular attention is
also given to recent large-scale datasets with ranking-based and multidimensional annotations, which efficiently capture
complex perceptual preferences and support data-driven modeling. From a methodological perspective, existing approaches
are calegorized into several paradigms: 1) traditional feature-driven methods rely on hand-crafted descriptors derived from
color statistics, contrast measures, sharpness indicators, and imaging priors, with representative metrics such as UCIQE,
UIQM, and CCF offering clear interpretability and low computational cost but limited capability in modeling nonlinear dis-
tortions and algorithm-induced artifacts. 2) Deep learning-based methods learn end-to-end mappings from images to quality
scores using convolutional networks, attention mechanisms, Transformer architectures, and, more recently, state space-
based models. These methods enable the joint capture of local textures and global context, achieving improved prediction
performance and enhanced cross-dataset generalization. 3) Physics-guided deep models incorporate estimated transmission
maps, backscatter components, or degradation embeddings into neural architectures to enhance interpretability and align
prediction with imaging mechanisms. 4) Task-driven quality assessment redefines image quality in terms of its utility for
downstream tasks such as detection and segmentation, using task performance indicators as supervisory signals and reveal-
ing systematic discrepancies between human perceptual quality and machine-oriented effectiveness. On this basis, several
open challenges are discussed: the high cost and limited scale of reliable subjective annotations ; domain shifts across water
types, depths, and imaging conditions; the tradeoff between model complexity and interpretability; and the absence of
widely accepted frameworks that jointly consider human perception and machine task requirements. Future directions are
expected to include multidomain dataset construction, highly efficient annotation strategies, physics-informed representa-
tion learning, and adaptive evaluation mechanisms that dynamically adjust quality criteria according to specific application
scenario. Therefore, a closed loop can be formed among quality assessment, enhancement, and task performance to sup-
port reliable underwater visual perception in real-world marine environments. The methods, datasets, and evaluation met-
rics mentioned are linked at: https://www.scidb.cn/s/eum6zf and https:/github.com/OUC-AI/UIQA.

Key words: underwater vision; underwater image quality assessment (UIQA) ; database; evaluation method; deep learn-
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Fig. 1  Underwater imaging model and light attenuation diagram
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(underwater image enhancement , UTE ) 5 (Jiang 55,
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Table 1 List of frequently used abbreviations

TSR FR £ v £
KN B TE A underwater image quality assessment UIQA
KT EHG I 8 underwater image enhancement UIE
R KT UG BT 1T enhanced underwater image quality assessment UEIQA
BT N 4% convolutional neural network CNN
N8 R 58 human visual system HVS
5% no-reference NR
it B2 R 2 SR RAHE R B spearman rank order correlation coefficient SRCC
IR AR REL Kendall’ s rank order correlation coefficient KRCC
B IRHAMRAEAROC R AL Pearson linear correlation coefficient PLCC
¥R 2 rool mean square error RMSE
R WAy mean opinion score MOS
HAH ground truth GT
B single stimulus ss
RS BRI mean average precision mAP
I intersection over union loU
AR Al support vector regression SVR
AN A —1k mean subtracted contrast normalized MSCN
PRBEAR A 25 [RS8 visual state space model VSSM
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Fig. 2 Examples of different types of distortion in underwater

images ((a) green cast; (b) low contrast; (c) texture loss;

(d) overexposure )
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3 7R 1N [A MOS fH YK T BIGORB], H 32
WPT G Ry 0. 1~1. 0,32 EMARIEL RN TS
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e

AR BFFE N B A T LA G Y S % LA
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Fig. 3  Examples of underwater images with corresponding

MOS scores

MOS =04 MOS=0.2
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AR A

HRET AT & FRIE 25 A UIQA MCEIE FEEfT S %,
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Table 2 Underwater image database inventory

w0 i R st
UIED 1100 SRR & 2020 hips:/github.com/z21110008/ULF
UWIQA 890 B & 2021 RATF
UID2021 960 LS F+MEsREYE & 2021 hitps:/github.com/Hou-Guojia/UID2021
SAUD 1100 FSCEFR+sRA Y & 2022 hups:/github.com/yia-yuese/SAUD-Dataset
RealUWIQ 1100 ESCHEAR+3ERE Y J& 2022 https:/github.com/yia-yuese/Real UW1Q-dataset
UEIQA 240 HAHA4EREL 2 2023 RO
LSUI 4279 HESCHEFR+HERAYE & 2023 hups:/lintaopeng.github.io/_pages/UIE%20Project%20Page.html
URankerSet 8900 HAHFHIREIL & 2023 https:/github.com/RQ-Wu/UnderwaterRanker
SOTA 32000 HSIRHEIREE 2 2023 htps://github.com/Underwater-Lab-SHU/IQA-Datatset
UIQD 5369 IR g 5 2024 https://github.com/YT2015?tab=repositories.
SAUD2.0 2600 JFLSCHEFRHGRELE & 2025 https:/github.com/0117Tzx/MCOLE
OD-UIUA 13200 ESAEFHEREE 2 2025 RATF
AQUA-UIQD 3340 ELSCAHE S % 2025 https://github.com/Weiling-Chen/UIQA
3.1.1 UWIQA 12 W ELK T S s M E A /Y 5 1R Ak R) 8L, fn 6%

UWIQA #5444 i Yang % A (2021) 4 #, B 7F
GRS ER A — A B PG 2R . 8%
FLEEA T 22 TT 897K TR 3 5 5L i Ko 7 UIEB
(underwater image enhancement benchmark ) #7 [t 890 fig
HLIK T EHR (Li%F,2019) X EEEGIETE ASOG.
NG SR A G IR AE A R A0 a4k il es 17

D% XS LR A 2 . UWIQA BUAS iiAE T, B
PP R 2SR B B B AR 9 S PR B, AR R E

SR EAL BRE A A5 R

WHFE AT BT T 21 HEEH S 5 E WK

S5 R FH 50 (single stimulus, SS) J532% , BVRR UK 117
WL ZE 35 5 30 1 e PR, S H X PRI 1% o A Jo it

.No. 5,May 2026
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TE5r . WA R A 5 il (1—22 . 5—1k) o b T
TREE 1 PSR REODWAR 3 HEAT T AR R0T4)
X S BARIEAT TV & KA A RO
AT 2, I 00— 463 0. 1~1. 0 B35 BN L 15 54
i P10 MOS o 12830008 2 S i 52 i i K T B 1R
R R R AR G T 52 B A e S
3.1.2 UIQD

UIQD (underwater image quality database) (Liu
45 ,2024b) B 7E RO S 1T UTQA 40038, Bl = K 70 I o
B P PR, 2 B AL 5 369 MR FLSE K TR
PG, T T F 6 /KT 3 5 mmBs i il it iR Ak &%
P e AR HE R OGRS LA S
Fu A DU . 1E5 8 i KRR
T2 S 5 X ULQD H i) g g MR AT 1 o i S T
OYEORRIE . SEI SR T SS 7k, EOR WLl
S PATATBRUEPEAN S 8

UIQD 212420 1k K T BUR 5 i PE Al BIF 58 4505
Hh i R Y B S K R B B M B 122 . UIQD 2
— A~ HLAT ORI 32 X5 AT Y B SOK T B RS
A, MK AR B 2 WA 7 vk B IF 9 R 3 o
M st
3.2 RTINS B R E

53,179 FEH T U A% WS B g6 ik
AR PE A TR], AR5 A 28 A 5000 e A% 0 H bR ol
B UK B i K T MR e S 7 R R R 3T
TR 2% 5] B R SR AN R AR B . X 2
2 118 S AR R A 2 75 R A Bk PG, B — iR Ak
(87K T MG XT I 1) o5 ot 37 B 5 25 TR . ik b
e ot S5 2R 2 W Bt 2 ) RN 2 ) A
3.2.1 UID2021

UID2021 5045 A H Hou %6 A (2023) # ¢, & H
RUTERUBE AN Z PR L feoh 4K R BRI 5 4
JE PPN B PR 2 — o B R ER T 60 IE B A 10
P JE R K T AR, i 26 RSORS00 X2k 6 K26
HWAGRAE Y 5 R Ak Rk B IO BRI
Mo HEEBME B E ST 218 15 Rk
T G 5 5 TR AL X 60 F R iR K% 2R 17 Ak
B, AR 8T 900 4 5/ A2 I RIS . X 15 R
TAEG )ik T Y BRASAL () Jr vk R FIR 2 )
(7. BRI, UTD2021 i P2 A 64 15 960 I 14114
(60 1 B 1A A1 900 MR AL FH S ) , $AE T # k32 5 2k
BRI S )

UTD2021 £E EMAREE LR T -SRI A H 1
X HEBCHE R 5 38 o 17T REOR MG & (HE524)
AR BB — 0 PG b R 6 e SE A R — T, R R
VR B AHAE” o JXRR 7 BRI 1 AT A %)
Vo> B MERE A7 B TR AR E — BUW A HEY
WFSEN SR WG S i 1 5 N IEM SR AR N =
%R N HCRE SRR AT U R TR
SPE . SCEREE R 8RR R SR BT A I
X PUEL S5 R T e 4R 0 31 9 3 9 Y MOS {HL
UID2021 {4 JE R BB FN 2R gt et , s o I 25
A (8 H R 2 T 27 2] 1) NR-UIQA L AU 1y
PRABFEME
3.2.2 UIED

UIED (underwater image enhancement database )
(Zheng 55 ,2022) fif Tk 1 24} UIE Rl PR 2 A2 &
WEPF 43 (4 ) 8, JFAE S JF & APEA KR B BT i %
WP T B . B AL T 6 P LB K T 37
s, 33 100 R B2 AR KR R R 10 R H.
A ARRAERY ULE 535 0 506 R AT 1 5, LU AR i
TR EUR . et RS 1T IR R
MOS i, FAE D E W 7 12 A ki . UIED & —1>
HA KRB W73 9 552 UIE REE 5, B ek
KT BURH IR ERCR I 2 WPPAR ST
3.2.3 LSUI

R T R IAT B AR 2 R A A
AR, Peng 4 A (2023) F £ T AL TR 1 LSUI
(large scale underwater image ) 54 %2 , 12 540 122 45 1]
SR YE T X 3T Transformer 1314 5 SRR I 19 4 SIAE
F o LSULEHE 455 4 279 20 o 2k 1) il % PRI AR o
HZH UG S R B ARG 4 - B 2, it 18
WA A B R R JF 45 G UTQM A UCIQE %%
WSS R A 0 8 T 3 44 5 SR L 3803 20 44 Ll 7 B
BN Ik 3 MR A e U BEAT AT 0, R I R A s B
PR30 3 — FE B SR AN M A I A B (0 2 5 ) f 32 HY
27 BT — it

B T BC T ) T BT TR LSUL ) —A i 3 R A5
hy B IR A AR AL T SO R R BT S R
P, X EERAMARTE (R BN 2 AT 554 ST AL T 3
RO 7 ) 7 R it T 5 SR S i

LSUI i P& R AR ~F & 114 37 357 B e (AN I T |
IR A ) G R N G 5 i R PR A AR ) AR R
o EURERSR T, BRI IR KT KB
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U2 ] A — SO IR PR Y 7~
3.2.4 RealUWIQ-Dataset

JRZYEAF N (2022) 18 T — A F IR T
PGSR FTVEVE REFN RGBT it 2 WLV D5 A R P Y
3 B I RealUWIQ-Dataset (real-world underwa-
ter image quality dataset) , J-38 5 FHUAL 3 U0 52 56 X)
B EAT o BT RIS UE . WSO T 100 M FLSE Y IR 7K
T EBAE S B U, AR Ak S5 1R AR 520 40 f
5 (60 ) AR £ (40 ) PIZH . REJH 10 F 3=
T ELFG AL SRR B2 2 ) BY7K T RGO 5 B3 1 X 5
100 g 1 5 HE A7 3 58, 3L AE 18 1 000 73 58 i 14 1]
8, oK T UG R34 5 5 R S AL T mT R A
A
3.2.5 UEIQA

UEIQA (underwater enhancement image quality
assessment) B E H Guo %5 A (2022) # &, HoAZ O
H A 2 PP AL KR G898 52 i MERE . UEIQA %K
P R 40 DA IR iR K T 5 AN R4
b 7S AR EAA R G R b i, A
& H , HE (contrast limited adaptive histogram equaliza-
tion ) & T B J7 I 35 47 A9 65 bE B2 14 58 5 DS (decorrela-
tion stretch) Z& T FH %Tﬁﬁa E/‘J @7?2 i L ; IF ( image
fusion) 3T 2 R R A 19 £ 253458 ; UDCP (underwa-
ter dark channel prior) & T 7K T 1 18 1 56 5 i ) 1
R4 JE s NLD (non-local dehazing) 3% FF Jay i 22 55
RS DRI, IR R £ 5 40 i S AR 141151 200 i
W AR, 3 240 MR RS H R U o THDRS 5 0
HE T AR L AR DS AR A
FREG B R,

TSR T 5 AR A R B e £ B (Inter-
national Telecommunication Union, ITU) 81 H 5,
WA 118 44 2N L S = IR T R AT
VEH . S [RRE R SS 7 vk, WA 0] 4 i 1R 1Y)
PR EATAT o o B T AT 52K VO B 2
{8,153 2 43 PR 19 MOS{H . UEIQA A4 IF &
LV T VPAR G SRR 1 05 A (A Hag b
) UWEQM) £ 17 5 B f) Y11 25 01 36 UE BE ik (Guo
45,2022).

3.2.6 SAUD

SAUD (subjectively-annotated UIE benchmark
dataset) KU 22 H Jiang %5 A (2022) 4 # , HAZ 0 J
R ULE B35 B TR RE FE Rt — A A 32 0L 44 Y

. BUHEEALE 100 H K g5, B 508
Ze3t T 10 Fp ELAT AR MR Y ULE 595 b 3, kA
1000 M 14 5 R . X SEAR A 5 1 4% 58 J7 125 A1
IR EE 27 2] J5vE o LS50 R FBURI X L4
D5 W (3675 44 ) X [) — 375 5 AT 2 W g 1
R IEAT LUE, 8 Hh o B A ) — 1 o A7 0 L
BEE R (1L 67 500 1~ 52 ) il 1 Bradley-Terry £ 7Y
HEATAE B, S B3 5 Y 10 R 1 58 R AR — 4>
22 )Ry EULHERL 0 AT o0 S e T g R TR
PRAEIZ L N B AR T 6

SAUD WM 5 16 R L2 % UIQA 5L . 18
SCPE# B TIZ B AR T — 44 NUIQ 1Y 20
PEOFE AR, IHE b 2ok B2 RS €5 F 5 i 43 o 1) o i
SRR, I8 FH SV Mrank BT 25, H H AR &
TIN5 3 W HE 42— & WA E . SEER R X Rh
BT R 177 e M AR e A i o3 K T A R 7
PAT 58 5505 I B 2 — M (Jiang 55, 2022) . 2
Ja . Z B BN &% A T SAUD2. 0 (Jiang 45, 2025a) ,
SAUD2. 055 SAUD %4k 2 AH LL 34 i 17 100 i
PRG3R 2445 31) 2 400 IR 1S 5
Je KT UG, g W 1 i s i K RS A B AT
X IO ) 25 24 o i o3 5, A 6, 53 8 T WA o
BOMBE AR o 4
3.2.7 URankerSet

URankerSet i Guo %% A (2023a) #4 8 , [R]FE & —
UL FEMHES OB s e BRI R — %]
T UIQA B HEFP AT . 28046 122 56 T UIEB Hh Y
890 Wi I U, I 1 9 FhAS W] i) ULE B33 A 7
AEFHE L ORTRES S (1R LA TR A 9 MR A s ) | AF
SEMIBAE TS T 11 24 250 09 3R 8 & 24T B WHE
PR R R T T B LR Y S B S
ARSI Y MR UG, RS 2 B 4 AR B AL
BV R IUT R E Tk, AR 2] — s
MR R BT T

URankerSet i 3= % H 19 2 Il 25— 1> 44 24 URa-
nker B HEFF 2% 2 #5581 . URanker % T Transformer 22
F IR EE X KR BHR R R TT T B B e g Fn gl
i RUBE RS Ry SR AR ok 8] o HE P 48 2 1 A7
Pk, 2 2 Tl 5 N2 = 0HE R — 20 BT s

IZAEFE B — R R, — N ZRAF Y AT i
(4 HE 7 8 (40 URanker) 1] LAAE Ry — Rl &R A1 1 461 25
PRIEHE T ULE 28 1 % o 3K URanker 1Y) 7500
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SRR 4 ULE BEAY  w] U AT J5 2 A U7 S o
i bR B Y RIS, AT 52 B 2 ) i A2 45 B
U7 X — kB UIE S B9 DAL T e 1 8 A JEL g
(Guo%¥,2023a)
3.2.8 SOTA

SOTA (4 J# (state-of-the-art underwater image
quality assessment dataset) Hf Wang(2023) %5 A 421,
AR AT 7K 38 53 R 0 o, T4l G T
VITEVPAN TR b5 25 5 220 0% 1) 185 5 125 T ke iy Nl
RET R AR AL T 2 000 MR A A ] K
BN BRI B IS UK R AR E1R . k2t
BIR 23 15 PPl BAC R MY UIE 5305 2L B 36 55
T SMMEGE TR (9 R EE 5 2] J7 ik LI K 1R RS M Bk
5 (Dive+) , Fe & ILA T 30 000 RS 3R A5, A
ARG R0 53 A 2 000 41, BE L4055 1 i J5L ]
RS LAY 15 B4 o (K15, O 4T He A 2R Bk iy
HESRBOR IR TR E AR SRR

FE RIS 7 1T, SOTA $i0Hia 127 11 512 36 ik
T 125 AWMEEH S5 T L9004 22 i it i R0 Bl
PLURR B EUR AT A 0 i 4T 00 o 3770 bR W il 22
SKMEEE BT 3N AT LG H MO 55
RO BE | DA B A5 5 | T 3k B 1 ik i 45 #4582
GENNRE, WEBIW LGP TEL L Ge 2 ab
IR S AT 2T 10— A O E AR R T e &
Y MOS. 1248 % 53 K Gt — WS 21 0~ 100 B X [1]
W ELEAE D B WL e D 0 265 )11 25 000 3 Y 52
PR, S i S T RIS Y T2 A 5 o
3.3 BIREMEERSFEEK

UTQA K54 42 72 9K 5l 3500k A2 37 -5 1k BE 36 IE A9 A%
O GIEE S — AR B B0 AN A 2 2 A% B
B 0 T bR T AT HEME LR BRI A L R AT 55 1
e S5 7 T PR i Bt o SR, ZE SR, B B
TEFNH HAR I PR1 AR 0 P A4
Pl S8 500 P A R A A O B R AR OB i 5 R
KR JETT 1M o
3.3.1 BRUERUEL FU— Bt B B2 LS R R
2R

TR PEAG A AR v AR MRS i | 20—
e B G2 ALRE T LA SR R A R A R
G R AR O R . B, R IR R
REIH Bl B s AU R & M B2 7, (HK T BIHR B
PR — TR A 7 S B AR TAE . S T RIRAT

FEMY MOSAA , F7 24 SR WL &5 o) i i [RLR A T
FT4% , X5 B0 0 UTQA B i 1Y JAS 3% 5 A7
B, M D S 4 53 2R )1 2, o ) 55 1 AR Ay Ak
HEJT o

PEAl B PEA A S A SR T AR — Bty
T AR o AS [RDURI 2 FT B8 5 AN (8] 9 4052 2
(AN TR T 35 I B0 L ) 48 Hh 22 AR T4y, B
53 [a] — WL 25 70 AR R IR 2SR 8 0 Wt AT REAS AR
TP bR 2 M 75 2 T RS AL B SRR AR A 2] 5 PERETE
A7, AR AT 58 o R ok — ), AR BB 9 mT
LR W 5 T JR I - — S 5| A Bl 3 g2 o) 3R
W, A U N T AR TR AR A ] st B2 B A 80K 5
TR HEAL R PPN TR SRR R A
Bk EL B 0D R — BRSO AT R R
FARJESE ZAYE R, DL AR 2 10 15 Mtk 5 63k
HET -

T — 7, KT A (0 2 A 2o R P AR AL (1 B
Bz ACRE ST HE T IR PR . IS K T 3
ST 220 ), DT TR A Tl 380 Y ok ) e KR
ol et B 5 BT ORI B I A A
225 U T AR S BRI AT R —E e
HOME LU 15 AR LS Y, DB R AR 1 25 B 4K
PR Fe " G  AE I R 4E 1 3R B0 R A AR T X
KA ERE B TR, SRS ST ) &
BB AT DL —E R B B RAEA 2 (E TS
T8 ) AT R ) T A S PR AT 55 v A A

PR UL, ¥4 2 i 108 4 i A £ 5 $ T B Sk L
1) 22 R P 2 R R I B A, 5 2 AR R 7K
BORTRIGREE 5O A T REEREAR E UE 5 )
12 YR I . R, 25 Ak A i
I 55 37 Ak 2 ) A m (R AU B A8 7E A PR A A £
P 27 27 3 o LSS R i KR MR R S B
M FE T A2 2 T LS Y 7K R R B8 P AR R R 1Y
PERE
3.3.2 N vs DLARAT 55 TS T i A A 1 22
54—

5K T BUS S PPN KBS0 TR
W ARG, LA ARG A S ARG A% O HER . SR,
Bt 5 7K T AN | A 2 I R ALk A ol 5 4l g 48
REA & e | RGN ey “ i FH 35 8 32 7 AN HR 5% 1)
H skl i oy BI T B k. iX 5 A
ST — A RAE TR & - NS RR B e o 7 A
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AN R TF LA IR i = T

TP IR —AE 55 A — 30k B T IR 4
AR SZ < A0 08 1 SR B0 R B T (R B i S5 0 L B
DLIBCIE RS, 5 1 it S0 BRSPS 4045 5%, B i
IR T HILAS 5 I AR 114 310 2% 15 G5 A0 R AIE - B0 U
O RIMERE R, Rz, B EAHOR B T
A B EE, BARTE L 3 BRI, 4D
BE SCHE B IR A T m MR . AR, Al
MOS E JC ¥k 2 WL 5 1 ] B A AT 55 19 -1 4R g 5 5
S5, UTQA BIFF I o Ane] 76 J8 M BT 1 5 “ AT 55
RO T 3RS ) - IR Bk A

HRWGX — L, MR AR
“HLEHT 55 PERETS 23 (AP X945 2 Y {H (mean aver-
age precision, mAP) .2 I [t (intersection over union,
LoU)55) Y “ WU AR " BiHie P iR GBS . T
LU T B AR TR « Lin 57 A (2025a)
4 OD-UTUA J2 15 118 ) A A 00 174 SR B AR 24
VR e . AR GR T 13 200 fRIER (%
1 200 Wi J5 46 5 S 28 10 Fh A8 A B A 3 0 4R
BB M 3 37 T A5 58 MOS, B 117 R FH 36 5 Fh 22 i
R I £ mAP 3 AK N BURRUH . % T AR
AR R T A OCHE R S A B R A TR
DAL G B 4 [ I o SRS DU PR E L EL E i T
EkReE ] T ARG, Dy — B R
Chen % A (2025h) € 57 1 LR o 0 1) B8l 122
(J5L S A 44 20 UIQD, 4 S iR VA L A SO Hoprid
AQUA-UIQD) . ZFEALT 3 340 R 5, Hobm i b ofi
AN TR S SR T2 T A 2R A I AT 55 1 AT R
S (RO BE A ARG I H AR ) L S 80H 5 ) 193 f 42
BT AL

BT IR MU A , AR A% 0 7 ] 2T K
55 SN R UTQA A58 ™, 52 S B — L5 J5 4 3
i I HLAAT 55 “ SO 0 " ) 5 0, e 26 i U B
TERES, — B NHLIBR G — B P HESE . X HEAE
W FL A AR BRI T 37 5 sh AR R AR (W Be T L 7E
N SN A 56 55 AL a8 05 M g 2 ) 4 3 e A6 - A
L AT R KT A58 22 98 1) AT 5 1 Sk 5 8 e Ak T
S P NI VI ETE - 3 S S

4 PHXTEGREFENTTIE

KN B ER PFOY B R UL K SR

B T (F84% 5 45 ,2017b) o KT EREEHOGZ
AR A 52 3R, 2 S SRR BRSO FERE R
R LA S B0, BL A (], UTQA 38 5 B T HRRAE 2 2
BERL, NSRS T I JEE | (R AN 24 25 5 T % P R ke
P VPG, DT S e P A5 f) ] AR AN LS o 4%
KT UGB VAL J7 1 BB AR AN P 4 R

8y ST HAaRE K TG

K= [ tgons || weer
[
]UCIQE, 2015\ |UIQM-LSH, 2024| ] UIF, 2021 \ ] UIQAN, 2022 \

I I I ]
’UIQI\/{,ZOMH SISC,|2024 | NUIQ|,2022 \

| CCF.2017 || ATUIQP.2024 || UEIQM. 2022 |[GLCQE. 2023 ]

]FDUM, 2021 \ | PIGUIQA, 2024 | ] UWEQM, 2023 \ ]URankelzr, 2023\
[ [

] UIQI, 2024 H EDANet, 2025 HNR-UIQA, 2023HPBUIQA, 2024‘

W]

AQUA, 2025 RSUIA, 2024
UIQAVSI, 2025 DC-CNN, 2024
QaDA-
AMQI, 2025 UIEQA, 2025

CLIDA, 2025
MCOLE, 2025

DeepUIUA, 2025

K4 KT EHRBURIEAL Trik526
Fig. 4 Classification of UIQA methods

4.1 FIgKkTEGREFENFE

AR B A 7K T UG T e PPN AR 4l A =X 5
TERIE A, A T3 1 KARTT 53 R 288 < AR 4t )
TR S ABE 1 7 2 R0 R T VR B 2 2 1Y) i 3] i 7 o
O T B 2 LB R AE 5K T U P BEALEL,
AT B0 0 ] g R 5 i o DU R TR B il 22 M 4% B
B2 2] R R U SR , BAS TR A AR ek
BE5ZAkRe T .

4.1.1 ARG T RHE RN UIQA J5:

158 ULQA J5 ¥k 3 5T MR i IR 2 40 o e e
(A% 6F U BE B M RE4E ) LA SOK R UG LI, i
TG RRIE AR 5 Ze Ml S B2 W BT T X
FM 7 AL 4E UCIQE (Yang fll Sowmya, 2015) \UIQM
(Panetta % ,2016) .CCF(Wang 55,2018 ) \FDUM (fre-
quency domain underwater metric) (Yang %5 , 2021)
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5 UIQI (underwater image quality index) (Liu % ,
2024a) %

DT B 5 TR eS8 8R . UCIQE & #
AN KN BUR R TES % B i e br . %07 R 1E
CIELab 75 [0] 48 U BEARE 22 58 2 XF S R A A
JEXE 3 TURFAL , I8 1 2 e 1] U1 ff s A 3R, 52
TR KR D €55 K 55 80 ) 5E REIEAL . UCIQE 3
"

Suage = €10, + ¢c,con; + ey, (4)
X, o, con, M, 73 590 R LR IE 2 SEEXS L
JEFE AN S 1EL, ¢, o, il e HARRALHE . UCIQE
SERY T TR AL KT RS R 5 5T 55
BT 2 R FH R R

B 5, UIQM L HVS S # 4 , B = i 1
(UICM) . 375 B £ (UISM) 55 5%t FE B2 (UIConM) 3 A4~ 4
JEEAA) T AR TR S Ao LS A, S T
KGR B AR S A0 R IR SRS WAL o S TN

Juoow = €1 fuew + €2 fusw + €5 fueam  (5)
ey vey Mo, AARRIALEE . UTQM DL | 355 B
FUS L B = HERFAE A0, B IR T 38 KR
Y ZRAETC S % B R HELR . 207 EETE VT
Btk EW— B r R o R 8K TR
GG 8 5 o 5 PPN BIFE Hh 1 0 B R AR A

2)FET IR W BIHLEL 4R bR . CCF 3845 I
IR G2 5 B LB & KK R BHRAR 4y
il o 3 SRR B - B0 sl R S R ) RH
CHRAT ) HICR 328 B0 AN 25 Ak (b ) B 350 o Bt
R T 3 A ST A RFAETE B : R BEFE B outnens T
FERE SR TS o 5 55 B L AR B S ptcnniy » I I 22 T0 2K
PE RN RRE B 20 B B . 255 LUK g
Py BEASERL Oy B SR, e B B E S A A L REAS
[Fi) P 20 €0 i 2 3 WA 2 S5 00 LU B R AL, R AB 5
GEHRRAE 7 2 5 R B 45 5 py M B . CCF
N

Jeer = O X feootiness ¥ @2 X foma +
w; X f, Fogdensity (6)
X, o, o, Mo, & H5 BRI A

3) 455 M S TR R R A 38 R . FDUM 78
CCF HEZRALRN b i — 255 ABU AT, $2 40 T —Fh
443 S S BUE B TE S %K T BR B = PP
Titko ZITIENOKT UG B WS O HLER R &

CER IR B N LB BRI S T T T R 33
FELRALEN A T 3 FIe bR (AR X L
5T WL fgapmens) » 38 38 22 0L 01 051 45 380 4 {4
WOME o % R YR AR R A A 5
R, [ B &5 4 W 3 1 ST S0 R A 70 EU o A R T
THEEZOUIR S E g B g 5 T A& vk . Hoat
W
Sroow = @1 X foiutiness T @2 X fooma +

w; XfSharpncss (7)
X0, 0, llo, WSTEARFIRNALE .

4) BT RPN E IR UIQL#E i
G GAR AR Rl b ifE— DA A X
JE G W EE 55 R MR A 2 AERRAE, JT R FH SRR
] 5 [B] 5 (SVR) 2 2 AR A WS G 5, AT SE 8 T
B e ) S — SO s A R AR e . IR
B L G AE A UTQA ) 48 12 > v =8 g o %
UIQLd i i UK T B i Z 4R b o4, 45 A
Geitef I HESR  SEPT 4T 72 0 HL AT A R8P o
I

SO — @ e S A L, UIQIAE 3
W — Bk 5 5 ke Y A WE R T, K
T BRI S R S R TORT A A O T A
e AHE— 5 UE UTQT A PEREIL 34 B 5 2 iy
B UCIQE AT T XL, 45 R A&l 5 Fs .l LA i,
UIQIAH#E T UCIQE REMS T 47 Mo Ul & W PE 4, 7E 7K
G g T S B A R S R
EPE

SUMEGE I g . RRT & L 58 UIQA J7 ik
TG “REAFE A R — MRl A — LA O A5, B
AR ] R ST RACR . X RET AT
WA e TR AE 20 1 7K T S  Bfw 25 6 L&
T R TR R R AL S A FE R OK R R T
e R4 T EEAE . SR, 1% 58 7 38 ik A7
FELUT R BR T « (O X 24 ARtk 2 B e R
1A BR ME LA ST 20 Al B2 R 2 U R B HVRRAIE 5 (2) R AE
HCER 38 5 [ 2, e 2 X TR AR AR A S RS R4k
BSEEAR) AE R RE T 5 (3) X THE AL = A 1
P AT IR A AE BN 8, B A A AR T AL
il o PRI, 7 X 2 REAL A K G 5 5 B R
i), UCIQE \UIQM S5 (5 4e 4 b Hh 30 & AR o™
MG, BD AT 70 8 e (0 E R AZ A 2% . ik — )
S TAE G RAE AR AR RAE 5 22K T W58 B
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FLA DT AL AR IR 58 3 B A0 5% ) B IR
2% > B v 2] ity S5 o AR O, A AR AS B Ol
ik N1 51z 0RE J1 89 UTQA FEZE

- § N\ ?
MOS =0.3/UIQI=0.3437/UCIQE =24.3419 MOS =0.5/UIQI =0.390 4/ UCIQE = 20.340 1

(a) HELHH] (b) LRt fhi

b PR e X
MOS =06/ UIQI=0470 8 / UCIQE =21.307 3 MOS =0.7/ UIQI = 0,547 5 / UCIQE = 30.160 0
(c) fIxTERE (d) fRseE
&5 UIQIS UCIQE PEREXT 1L
Fig. 5 UIQIvs. UCIQE performance comparison ( (a) blur;

(b) green cast; (c¢) low contrast; (d) low luminance)

4.1.2  FETUEES I UIQA Ji ik

B A R J3E 2 > TR A0 o o T AN U ) T
J& WEFE 8 TH IR A F #2228 B 22 2 DOK T R
B BT 1 AW O R o A LU T ARIE Y
15751, TR FE AR REAS W] I 4 2R AR 2 S 85 B
ey S U SCRFAE , DA 8 25 32 T %o 22 PR Ak 55 4 5k Oy
SRR S R ) . IR RS TS 2E 2] B
PRGN BUA JE T IR 2 2] 19 UTQA J5 3% KAk AT
TR 4%

DFRHERS 5 EIERB D £
53 SCASH BT BURIE A8 E ML S B X 22 24 B AR A
i 5 O i S RS SR THET RN 2 2K R IR AL 3R
fIE5 WU RE Ty o AURAETIE AL % UIQAVSI (under-
water image quality assessment method via the fusion
of visual and structural information ) (Chen %% ,2025a) .
EDANet (deep underwater image quality assessment
model with explicit degradation awareness embedding )
(Jiang ZE 2025b) F1 SISC (self-interaction and side-
interaction cross-scale framework ) (Chu 25,2024 ) %%,

Chen 45 A (2025a) $2 HH —Fh 22 AR TR A 22 )
ZE LAY B UIQAVSI, il i il 3 5 T HV'S B9 3 6 {5
BEEHER, BT X B 40K T KGR R

VEA o 2O ETE W 2t A B B 200 ik RIAR B A
ik, 53 B FE L 3 FhCE AMEFAE : CIELab [ T sz e 65,7
RESMmENEE A A NIRER B 86 R R
RS A6 553 M B2 1R AL , X ASOR RO BURY; KX TS
It B I — 4k (mean subtracted contrast normalized,
MSCN) 1% % ] Jay S SO 55 60 Le e 1T R, T4 ik
Y15 AR AL . FERCRIEAG J5 T, UIQAVSER H =43 3¢
FEATZREERE , B 73 SO ST 27 2T R R )RR AE
ST B S5 R S SRR Y 23 37 3R S B E] il
B TS SR 1 R ) B i e S T e . AT
7, UIQAVSLil i i USRI - i 5 Z AR Rl S LR
FETT T BB R [ I RE ) 5 a] e (EH T
SCRFAE P AR A5, 2 A 5 i 38 3 2 1 B 14T
AR,

Jiang 5 A (2025b ) 4 ) —Ff 5& 7 i AR AL
A BB BE KT BUE BT i PEH Jr ik (EDANet) , 1%
A IR LA DX A3 AN Rl IR A AT Joi AR L Y
[, 515 UIEAE 55 AR R IR AL ME &, DL T
FoUI RS BRI A R . EDANet SR FH P B B )1l 25
TG AL T DAL F G 5 TR0 F I 4ER
AE BRI M4 ( degradation information discovery
sub-network , DIDNet) , 8 2 5% 22 2 ~J A= Jic g A B4
HhZFH Kz k2R, 1T 52GRMEREGER
o3 Cln i €5 OB 554055 ) | I d i i A 5% 22 18 1E
T2 1 (residual-based channel attention module ,
RCAM) 5 A0 X6 45 7 3B A AR B9 ey 17 5 265 2 A% 00
W 25 2R 1k 51 5 B BE A F X 2% (degradation-
guided quality evaluation sub-network, DQENet) , ¥
DIDNet (14 H [ RFAE i A BT S DAk 321 R 455, i ik
fift T AR B (degradation awareness embedding mod-
ule, DAM) it 22 RUZ IR AL 5L RAAE , SEBLR &R 5
4 Jay R LR BB ) ERASE L DATI A B R A BT 0 K
EDANet 52 ¥ /> ] [5] i 4 i1 15 708 1 141 5 4R o
3 B0 UTQA RE Y, 7 e Jost kS B8 -5 ] ff e 1)
[ e f 35 45 T IR AR o AR, L Bl
G5t MO T BRI 2% B 5T AR
BRI 07 IR AE T UIE 5 UIQA 145 2 8] (1 1
UG 2 77 T HA T QM 5 S, S nl g R v T Jo i
AR TR

Chu %5 A (2024) # H — 5L TR ik 52 B AL 1Y
T % UIQAHEHE (SISC) , B AER X /K T EIHZR R
PTG TR -5 52 2B AR X L 27 ) B B
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PR, 8 3 22 2 UK T IR -5 R A R g, S B
TTEABRAEAAE T Ry B a4~ . 845
ERFAEAR R S ARG 9 PR . ERRIE SRR B
Hr, SISC R HT A T T S LB S5 3 55 1 Jm) TR A AR
SEH., JRr A EL A B 4 1R AL (A0 R A 5 Oy
), AR AR A T2 > KB B AR S 42 R i (15
B B SCH G JR T RZRG O . R o
R b, B R SR 5 1 LA 45 5 LR SRR SRS
STELES N RAE LG, 24070 5 J= 00 SRR hEAE
AR R T BE BT TR SR S 2
ROBERCAIRE ) o SISC I ™ B R +B5 1 01 7 e
AR A, AR T TR AE ROk 5 B I e
TE /N A P T BE R 5 T2 TR AR S A PR BE
ARG T R TERR BRI, S R A 5 2 U UIQA
PRI ST SR AL 1T AR R o

Li LTI, FRAE R G S R T ikl £
DRFAE ) S U il B 558 5 o) R T IR

J& UIQA L AINS 52 22K 1B Ak 1 R AR RE ) 55 UK
¥ X RITETE R — B S R R Dy T S T
IR BT I AR R A2 2 B i Rl R B
TR R 3 S5 PR

2) 3T & J1 Y Transformer 5 Mamba A %55
BT o AR 1B UL 5 Transformer 2244
T 1o 2 A0 58 FAE 5 A SRy MO 2 A6 5 1 % B 1
EH BRI UIQA S, LS 3R 5 4 )5
SR A B P TR R R . AR R TR ATUIQP
(attention-based Transformer for underwater image
quality prediction) (Liu &5 ,2024b) 2 1 T —Fh 45 &
Z ROPBE 2 1 WL 5 Transformer B diig 3] S 8 B
UIQA HEZE | & 7E i /K T G 5T 5 PEA v i ot ik
L O P R = DL R % UL T AR RO R R Y
[F) e

Wik 6 B , ATUIQP SR XL S I AT 24544, L
SRR 42 R B iR AR A

CSAM

i

NrEmRean

.
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g
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"”"G) 5 i = Score
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55
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Encoder Layer

=5
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¥
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¥
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’ Comv, ’ Conv, ’ Conv, ’ Pool, ., (©) Concat @ Addition () Multiplication (Z) Sigmoid (+) Element-wise Addition

LR + IN: LeakyReLU + Instance Norm QIF: quality-aware information MHSA: multi-head self-attention MHCA: multi-head cross-attention

CSAM: channel spatial attention module

K6 ATUIQP PFfif

CA: channel attention

54 U8 1 (Liu 45 ,2024b)

SA: spatial attention

Fig. 6 Overview of ATUIQP evaluation model(Liu et al. ,2024h)

15 ATUIQP #E8Y Hp | Jey #8873 S A EE T Jmg 0 O
REAE A AR, 185 22 RO 4 FRURIAS W] R AR 1k
1, I AGE 1 — 25 (8] 1 & 1A (channel spa-
tial attention module, CSAM) . Hrf 38 B 3 & J1 H

T A B R UL i € 30 G (i 2 €0 O
B8 ), 023 [a) 2 W) 4 s e RO 1 5 4 A 40 1y
DX 358 P A 1 D 7, AT S R X6 S 38 T A X
KA . 4R 32T Transformer ) 4 A —f# ity
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Z0H, T AR R B R R AR OC R 5 4 iR Ak
SR [ LT SO NS RE =Wk N L E R TN 27N DS
B A R i AR AR T A A g D R P B R AL
il G B R SURME {42 Jey R AR 7R H A B Boxt 4 14
JE AR AN . ATUTQP 3 5 Jey i — 4 Ja) L4
45 5 1 S —Transformer I & AL RIS , A 5L
Al T R ARSI 42 R A F AL, SE 3 T X 22 e
B A 10 e N R i 1) i o A IO o HOAZ O A A
K53 SR S BLAY 4 TR AR A L CSAM BF XK T
ALRAE A PL A BT, DA R o 2 v T Ik s >k
e B S AN RE ) . AR, 2 R AR
5 Transformer BEE ) 5 | A 0378 T AR A2 4 i S5 )l|
R T B IR ST R IR T e
TR . BRI E , ATUIQP 7E 45 #1501 5 M RE R 21
EAREL T UTQA FE Y A5 AR 3 5 ) 1R 5 R A A )
T EALAS MR T Transformer B9 7K T EME i &= PEAY
WFFETERE T BT I7 18]

J T DAL 58 CNN MELU 4 42 sy bR SCRA K&
ViT(vision Transformer )18 2% & 5= i 0] 81, Cao 4
A (2025) #2117 —Fh 45 1 = Pl 5 Mamba 28
PR KR R B AN AR AMOQL. AR T
Z W B LLPA Jay v A 5 42 Ry i SCRY R AE < 72
Jry R AT B RAE Y B, Bt 1 E R ) 5 R A% A (]
TR AL, DARE SR A A KT 6 5 1E B2 Jey 6 4
R BINRE ST s TE 4 R AR BRI B, BH 1 1
R T R A5 25 (B 7 (visual state space model
VSSM) 5 ResNet-50 (residual network 50) , F| f
Mamba 1% 211 52 2% i R Ve vo R0CH AR B B 400 ¢ 3R
SR,

3) SRS & B RE 7 2] UIQA Ji#k o Liu
25 N(2023) 51 %5 58 UTQA J5 1 s JBE 40 1% )2 WAL 3
FRIE X LA SR IE R TR SCN A 1) ), 321 T
UIQM-LSH (underwater image quality metric with low-
level properties and selected high-level semantics) , —
ol 5 A0 2 0 B P 5 v J2 0 SRR Y2 i) g S
AEHEZE , DLSEBIN K T B B M EE 5 Al . %
D7 ¥R A RUZ R RS 7R AIRUR , SR X
Vb BE 5 95 T 38 S BARRALE , DA S e R D' I s 5 U
SRR TEm 2 A TR M 2% (I VGG
ResNet) i 0] 240 H SR IBGHE SCRRAE , F TR 454 |
2P R R AR RN S A B o TERFIERLE B B, UTQM-
LSH 5 LA S0 7 S8R AE " HE A&, 3 od fe /N A [l H 52

IR AR B 5 IMACT- , DT B 1k 5 35 SCRRAEHE
i (2 P BRAEAE (9 AR, CRAUEAS [ J8 0 4 B2 1] 1) b
PPk, e BRI R ] SVR B flA A i 5 32 0
153, S 3 v 3 i 1 6 2 % KR BT T .
UIQM-LSH %) F= ZLA $5HF T [R] i) B 5 5 0 Sy
fiE, R AL 5 R B — S0 | I8 i AR AE i
PEMLIFE TR (0 0 i Btk SRR ek . SR, %57k
122 By BEARAE SR IS fil A AR O A2 4, 2 0 R
TEARAS T il 37 S A B A5 180 | R 37 55 25 SRR
IK NI AR T i Ak RR T T REAZ B

B J5 , Xian 55 A (2025) 48 HH —F K UL 9
PR 5 R B 2% ) A S ES A I NR-UIQA #E 42
(PIGUIQA) , /K G B i P J58 v L —A>
A AP S BRI R 25 A T, 2R IR
T vt F S AE 8 b RGeS | A LS R (T) A5 )
U (B) A A B R 2, LA SE BN 7K T %R
o3 2 1 AT i Ao A

TERRL i |, PIGUIQA 1 26 5 Tk F 4R S
i RS, 30 2ok T R AR A TS A A% i s
BT 58 5w B, I DU BB TR e S
SRR EE R, BAAH

di=|T-Ell,d,=1B-0I (8)

P E RO 5 3R 4 1A RS A AR R FEAR T
BT 5 To 55 R A, DT S T X B 5 55 Ab AR B Y
S 5 0 1, BRI 45 R P R 25 44+ Je i AR LI
it 54 R BAR A Hd i RETRHY
FHIRAL AR, J5 77 D0 3 2ok R J3E SRR Rl 5 S 30 4 Jm) ot
ST

PIGUIQA S P11 4y BRHLEHE 5 1R B R AE 1) TR i i
A A E Y AT R R 5RO H S N e ) . R
RRAAE T A AR B S H 205 | AR BE N 45, il ot
o T ELA R — B . SR A ALY R — R
JE EARE T T 5 B WG A5 TR B 5 A, Rk B
JER(d,, d,) R AE SRS, 7T BEARAh & 2%k
LMEIRILRRAE . BRI, PIGUIQA FF Q114 1K 4
PRASRI S| S AT A UTQA 458, Sy S 30 4y 38 Al fit
B BRI — B TR I PPN B TR R g T

TS5 R TR A . 858 UIQA J7ik
FEOCH RGO B 5 322 JEm Pk (HAE K ML
R, G T f  % C A (ELTE T X AT 55 1
REMYSZIR . A I, Chen 55 A (2025b) 15 YR 48 H I 1]
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S i = PE A HE 22 AQUA (advanced underwater
quality by utility assessment) , $f €114 i 12 55 5 F X
hSE R EAT 55 BIRE 17 o IZHESR I i “ U i
S AT B, SR FHIE RS 2 2] 454 Transformer [ 3
JE LA 17 S DA I o 2% v 2 BB J2 T SCRFAE L) 5|
MAE S5 I ATBE 7, o i 57 R AE 2RO 3 B AE 4
PERLST . AQUA A3 3kt sr. 1 B i it S5 AT 55 PR Y
B AR it R AR XS 52 4% HO R AT 55 B A
HPERSR . b T [ B ELER K R R AR
FHAY %0, Liu %8 A (2025a) $2 i T DeepUTUA M 5
o ZBBLR W BT, BT SRR L T
“CHERXI R B S 1B R I ) E AR X s
TIF 4 2R R 4%, FE T YOLOX 22 % &+ B i
ResNet-50 DAMS SRR RS2 UCRE T, T 5 I ARHE 8 3%
FHEAR IR G P2 LANEXS KR EUR i 2 R A2 AL 5
A T R, 1) FH I A A 00 A 285 )1 2 ) 2% R 4 - Ak IX.
W, 2B B 2 RO RPN 4%, R A1
By BEUI 2541 1Y ResNet-50 &+ $ B 2 ROBEFRAE (F,,

F, F), &RlA G LA ek B0/ Me il 5
LS MOS Z (B 9 22 5, SEBL T v R0 [ 05 el

SR , AQUA 5 DeepUIUA il i “fT: 4551 37
SEARSZ I T UIQA MU — 35 ) 4 55380 — Bk
Y5 A% | S TR W) AT 55 B 3l i B RE K T R BT = A
UL TR 5 T .

SR 2] JT i g . Fe TR T KR B
BTV T EA AL G T TAHMER R TE R R 512
FERE ) DT UG TR E R, R RE S
ZEARLMERIE G A 327 2 52 IR AR A S 1
R O RRAE , TR TG b , T ZE AN [R] 7K
Jo3 25 DG RREREE MR e A T SR B R &
Pk 5 s B Ve . A TR EE UTQA AR H A48 oy 3
Uiy AT G, T UTE IZR BRI Z , SEam T o i J 1ot
() FL IS REARAL , SR e — S A s — P — Ak
RGP TR

N ER A R S i PR RE 25 5, K 3
FI T I UIQA J5 ¥ 78 W AR 1 28 T $i s

®3 FREFETE UIQA B E EHY M REIEFRIL R

Table 3 Comparison of performance metrics of different methods on UIQA datasets

s . UWIQA % 7 UTQD %iudhs i
SRCC KRCC PLCC RMSE SRCC KRCC PLCC RMSE
UCIQE 0.6271 04863 06261 01185 07545 05625  0.7743  0.6151
UIQM 05960 04563 05928 01225 07937  0.6079 07867  0.6003
CCF 04456 03344 04634 01348 05855 03984 05401 08181
tegJiik FDUM 06780 05289  0.6462  0.1160  0.8464  0.6580  0.8372 05318
NUIQ 0.6948 05497 07214  0.1047
URQ 03724 02737 03527  0.1423 05939 04397 05665  0.8009
uIQI 07423 05912 07412 01020 08358  0.6409  0.8387  0.5292
GLCQE 0.6065 04708  0.6227 01187  0.8988  0.7287  0.8972  0.4283
URanker 05568  0.4243 05524  0.1263 09108 07452 09127  0.3963
ATUIQP 0.6614 05197 06667 01132 09192 07570 09186  0.3837
AMQI 06810 05322 06805 01100 09472  0.8056 09511  0.2999
W] Twice-Mix 04727 03501 04422  0.1289 - - - -
PIGUIQA 07149 05726 07476  0.1083 - - - -
EDANet 0.8104  0.6661 08156  0.0860 - - - -
UIQM-LSH 0.7580  0.6528  0.7890  0.0790 - - - -
SISC 0.8030  0.6536  0.8191  0.0876 - - - -

L R R RHA R B B A S e L AL R RSSO A AR A T BN R 5 AR B
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(UWIQA FIUIQD) I 4 TP BEFE 5 o

M 3 Frw AL 50 F THAE )7 ik (4 CCF .
UCIQE ., UIQM ) 7£ P /> B4 i 1 Y 3¢ R 38 3 52 PR .
TE UWIQA 4 2 I, X 25 7 45 1 SRCC{H R 2 7
0.4 % 0.6 2 [4], H.7F UIQD 4 FE b 1Y 7 158 2%
(RMSE) A X458 (W CCF ik %] 0. 818 1), X EHE T
AR €5, XoF LU B S A2 e TR A e X
PLFE A R AEK T EURE 24 AR iR 1. HELZ
T ISR ) A S G 12 ) SR i) UIQI J7 vk
7E UWIQA FHt48 7 0.742 3 SRCC 1A, B3 LT
1R Ge Wy FRR R )y i IR T 2 dE R Al & 5 AR G
Mg B B T W — 0 e A I

TE RSB 2 UIQD b, R 24 ) T e iy
Pt — P K, U HIESS G T E R I PLH S Trans-
former 42 ¥4 f1%) 5z 57 A5 0 8 B T M5 A2 AL BE T .
AMQI ,ATUIQP il URanker 7£ 15085 % I /) SRCC #4
W T 0.9, H AMQIHTZIAF] T 0. 947 2 1 SRCC
F10.951 1 (9 PLCC, [A] B {4 £ T % 1% A9 RMSE
(0.2999) . XFW,HE T GLCQE % HL 1 ¥R fE AL
T 25 4 JRy T SRR HURT I B A st A E 7 A e
E P2 B0H | GE 0% T E B b 0L 5 KRB A e 5t
(9 N 2R 5 SRR, S R ok oG B UTQA A58 & e 1Y)
TR

SRNT, M HTR BE UIQA 7 AN 4 Tk ik : —
5T, BRI 53 v RO R A e IO e v B R
(W UIQD \UWIQA 45 ), 1iii 7K T = W o i B0 405 () SR 4
WA B FEAS ST AN RS A 5 32 BR 5 5
— 7 TH A P L8 B o A%, SRR E R TR
TR R Y AT R S R s A B T A R
— Tt

ARG AT E Wy B ] R R E AT 55 5] F2p
R BE RS TA S5 7 IR Z , LS BRI BE 4K
R 5 A BRI R A UTQA IR &
4.2 EREKTEGREEN 7% (UEIQA)

45 (%) UCIQE 5 UIQM #8645 , 7EPEAE IR K F
RUG s ALt R B A 25 2. 2T &
B, 3 PG T8 B 14 DA 45 SR R 5 N R Az A
. BN, Zheng 25 A (2022) BT 5T 5L 45 Y, — L4
ST A AT At I IR F AR RIS,
UCIQE AT UIQM 753 I M 81 55 . Jiang 55 A (2022) 5
Guo 55 A (2022) A f Ak 52 35t 1E 52, 33 P A F8 Fr 119
T4 805 A2 IHET A A OGP B3 AKX

TR AR — ARG R 22 TR R T
R AR 50 H B B T, 20 200 T 4 i i i ]
REBI AR EANRY o [n] A AR JE 7E T UCIQE 1
UIQM A % i B & S5 A AL 25 4 o 1F 4 Jiang 55 A
(2022) fir 43 BT i), EA T el 2 AR B i 7K T BHE
() A SRR A Can e fim AR L B2 ) Tse T, X AR 4
SRALE P RE D AR BEBAL AR B SRS AE R AR
B BZ AR ERE S, AN, Yi SR A (2024) F
Guo 58 N (2022) [ BIFFE A G H M AL iy 11 5
TR A 7=, To BBl A R 78 B R4 B e B, R
[l LB 1 B A2 2 ARGk i s RE . PRI, 41
X Z KT BGOSR AR B, LAl 45 2 Y mT S
Z B A KPR

ARk, N WX B R PR R  BFST L R T 2
55 K R R PEAN O ik, 2% 4 6P Hoh i AR e ik
TAESAT T 5 A X
4.2.1 AEGFETHRHE A URIQA 5%

H i AL GEAR AR A I TS B IR IR R T
K A R AE TR ik R BHEZR D, Guo 55 A
(2022) # T HE & B0 UEE 1Y UEIQM #8451 o 1% 7 15
TERA L1 VR X KR BREE BT B ARRAE 4L A5, i 45
PR E MG Ty . BT T UIQM IAESE @G T
R FE 75 6 BE AN HEJE 3 A% O R AE , IR i SVR
RN 3 BEAFAE B Ry S5 21 i 4 8K

[ 4F , Zheng %5 A (2022) M PR ELREE "ML fA %,
FEE T UIF 845 o A TN Ry, AR A0 14 5 AN B4
T, B AP E S h BAR A 454 . BRI, UTF 78
TEAR 4R B R B0 B2 A [ Bt Ao M 5 | T 254
ARRIPERRAE . A% SSIM JAH , &5 35 1415 15 i
UG MR AE SRy 22 B8 55 J7 T A AR AL, DA A Ak
SRR ARSI AMIZE R R B, 7 RIRE SR A SVR
XA RIS TR, A A B RS UTED £
P R BT R U B

Jiang 55 A (2022) $2 H (19 NUIQ J5 i 0 0 €6 f
5 TR Y 401 2K S 5 ) IO et A% O, DR IR X 57
A A P AT TR A RRIE SR, 127 R A FHEEXT
PRI S e J0 40 A R85 Tt AN ) s — (AR A 4
R IZIMEGRRZ G, 285 NUIQ & O
HE R 2 2 570 (SVMrank ) 51 AZ 40K , i H H Fr A
AU 248 X6F 3 H5C 1) X AN () 38 5 248 SR R AT IE W HEY
AT S A e 1 R EL A 5 S b iy FH 75 SR B

FEXTFEA KT G AE ) T i A T P i, A
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Table 4 Comprehensive comparison of UEIQA methods

EEAN KRB LRI A T H Ay
UIF 2021 f&GetLER2= > (SVR) i 44
NUIQ 2022 LB 2] (SVMrank) [k
UEIQM 2022 LG L= > (SVR) IGigie 4
Twice-Mixing 2022 R 2] (Siamese network) liiesse:(95g
UIQAN 2022 TR 2] (U-Net) o BUHE
GLCQE 2023 RIE2: 2] (GAN, DenseNet) it 74
URanker 2023 TR 2% 2] (Transformer) Jpig=-€il352
UWEQM 2023 L 4i b %% > (random forest) Joi 535X
NR-UIQA 2024 LG > (SVR) BT i o E
PBUIQA 2024 W2 2] (Res-DenseUNet) e i
RSUIA 2024 TRIE*# 2] (CNN + SVR) Jrtt o4
DC-CNN 2024 RIS 2] (CNN) Ji e 434
QaDA-UIEQA 2025 YR 2# 2] (ResNet-50, Transformer) Iin i
CLIDA 2025 BRI 24 3] (Transformer, DA) Jr o4
MCOLE 2025 HEF2(VGG-11) [t 73K

T3 552 2R I — ot VP R DU 7 J5 a3 V- (LA
DAERR , LA HE Y g AR D BH o i 1 s S E R L 5
B2, = — Sk b o 0 i BOF B E 2 B R
& SO AT R 5N O/ IS 137 W LI
PRBEILAE A (2018) 42 T — A BB AT 15 1 1Y
KR VAR 5 DAY O k- — BOPE 3 o TR B
(consistent enhancement quality assessment, CEQA)
T o FTHR T 138 2o X b PG 0 5 A 9 J5 2 43
HOPEMH P0G SR S 2 R RE Y — EOrE , U
6 5 ) St 0 K 2E (R o AR B9 98— 0 B3
3R M — S0P R 0 00 PRI AR B — BOME Y 98 BT T
piy i

Guo 4 A (2023b) $2 11 T UWEQM F5 5 , T8 &2 4
B VKT SRR Y AL S HVS R e . R 2
AETET, —JT I T HE T e g Al T a5 g &
I Wy B AL, o5 — D7 THAR 1 A0 2R 300 v /K it
Xof FJRE P S 2 P e AR ORI (5 AR DG KA
WA P HVSFFAE o d5 e, 8t BEAIL AR AR ] ) A5 1Y
PEATAR T , ST 7R AR R

JUERFIE TR A i S 2%, (B ey ) ] g Jo 4
BAERGIHE SRR it YidE A (2024)

(1) NR-UIQA J5 ¥ I\ 8% BE 6T LU 2RI A] UL 2 3 4~ 4
JERTT o FRIEAE R AL b iz ks A T K
T EUER SR EE E T AT S A A e R 2R S
THE T ARRIEE 6 LU B RE AL 3 R 43 A0 TR S 8
K-L(Kullback-Leibler) #U B 45 Z MG b , (145 FEAEF
S NI T

[e T30 4 >R F) i, 3 5 K R BRI TS %
Jo i VE A AT B A RRAE AR, VAR IR 4 G
FRALAY 58 BN R 5 5 A G TR RS 4 Ak
B o BRI, X885 Bt N T BT HRFE A AHS , 1 H AR
T X2 HH AN 55 3 S AN A2 kST T i 3
RERATT . R O, AF 5 00 I 2R W 2 1) 35 TR i 2 )
£ it 28 o AR R 8
4.2.2 HETIREES 2] 0 UEIQA Jrik

540 8 [ R B o e TR AE A 1% e ik (A
UIQM \UCIQE) A [t , B TR B 2% > 1 o s Py 12
FEVPAR 3G 58 5 7K T PG I SRR S0 o T R B 2
TR, ALGE i LA 4 T 2 i K R MRS 24 iRk
PEIR AR | 0 A 1 X A [ 3 3 Bk 5 | A 2B
P2 (it 858 R 2k B4 I, HOPAL 4 R 5
N F BN 25 . TR 2 ) 5 vl 2 it 3] ity
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927 I JE 2, B AR MU A b A Sl 4R 5 I
JotHE = AR OG22 2 U e LR AL o K Rk a9
B IR AU AR R BE RS UM AL ST Y (0 -5 355 i 132
R RS, i BE S I Ml B b S SR B S LAY B
SRS PR o i, RO A] AIX 73 A AR
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Fig. 7 Overview of Twice-Mixing ranking-based evaluation model (Fu et al. ,2022)
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Table S Comparison of performance metrics of different methods on UEIQA datasets
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