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Abstract: Since the inception of the marine power strategy, there has been an increasing focus on an investigation into the
quality of underwater images in the marine environment. However, unlike images captured in favorable terrestrial condi-
tions, light propagation underwater is influenced by the absorption and scattering of the underwater medium. Light absorp-
tion can result in color distortion, reduced contrast, and diminished brightness in underwater images, while light scattering
may cause haziness, loss of details, and noise amplification. The challenge posed by low-quality underwater images hin-

ders effective machine vision in underwater environments. Therefore, researching effective methods for enhancing underwa-
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ter machine vision has become a critical issue in the current field of underwater vision. This topic holds significant theoreti-
cal and practical significance for strengthening marine technological capabilities and promoting the sustained and healthy
development of the marine economy. This paper provides a comprehensive overview of existing underwater image clarifica-
tion methods, highlighting the strengths and disadvantages of each approach. For instance, image restoration based on
methods relies on prior assumptions, but an excess of prior knowledge can result in difficulties with multi-parameter optimi-
zation and sensitivity to robustness. Meanwhile, image enhancement based on methods only considers the pixel information
of the image and does not consider the imaging model, thereby risking noise amplification and local over-enhancement.
Consequently, designing simple yet effective methods for underwater image clarification is crucial for improving the quality
of underwater images. This paper provides a comprehensive overview of methods to enhance the quality of underwater
images through an extensive exploration of image restoration and image enhancement techniques. It concludes with a sum-
mary of the methods and their merits and demerits. With regard to image restoration, the methods are categorized into four
types: underwater optical imaging, polarization characteristics, prior knowledge, and deep learning. Optical imaging
methods primarily consider the optical properties of the water itself, accounting for phenomena such as light attenuation,
scattering, and absorption in the underwater environment. These methods rely on physical optical models to characterize
underwater light propagation. Polarization characteristic methods involve collecting polarized images from the same scene,
separating background light and scattered light, estimating light intensity and transmittance, and inversely obtaining clari-
fied images. Prior methods guide image processing through prior information, and deep learning methods utilize deep neu-
ral network models to restore underwater images. For image enhancement-based methods, the overview includes frequency-
domain, spatial-domain, color constancy, fusion-based, and deep learning methods. Frequency-domain methods process
underwater images through convolution or spatial transformations to achieve enhancement. Spatial-domain methods directly
act on image pixels, altering their intrinsic characteristics through techniques such as grayscale mapping, effectively
improving image contrast and detail. Color constancy methods enhance images by leveraging color consistency present in
the image. Fusion methods apply multiple algorithms to a single input image, generating enhanced versions. Subse-
quently, fusion weights are calculated for these enhanced images, and the final enhanced image is generated through image
fusion. Regarding deep learning-based methods, the summary covers convolutional neural network (CNN)-based and gen-
erative adversarial network (GAN)-based approaches. The former employs CNNs to enhance underwater images by learn-
ing image features, structure, and deep network processing, whereas the latter utilizes generator and discriminator compo-
nents in a GAN to enhance and restore underwater images. The paper then delves into a detailed discussion of each
method’ s innovations, advantages, and limitations, summarizing the above methods comprehensively. Additionally, sev-
eral commonly used underwater datasets are introduced, and a qualitative and quantitative analysis is conducted on repre-
sentative clarity methods. This paper provides a comprehensive overview and summary of the degradation issues in under-
water images, methods for underwater image clarification, underwater image datasets, and underwater image quality assess-
ment. We selected 11 classical underwater image clarity methods and tested them on standard underwater datasets. We
compared and analyzed these methods using five quantitative evaluation metrics. Through qualitative and quantitative com-
parative analyses, we summarized the strengths and weaknesses of these representative clarity methods and underwater
image quality assessment methods, better understanding the current research status in underwater image clarification and
outlining future development prospects. This study offers a comprehensive review of methods aimed at enhancing and restor-
ing underwater images. It underscores the significance of enhancing image quality and underscores the scientific and eco-
nomic potential of underwater image clarification methods in applications such as marine resource development. The study
serves as a valuable guide for future research and practices in related fields.

Key words: underwater image quality degradation; scattering and absorption of light; underwater image clarity; underwa-

ter image quality evaluation



$30%5/FE 18 /2025 F£1 8

A%, XK, €K, BXX, KIFK
K TFEG SRR AR ER

0 35

Tl

VI B 55 ) KT 6 9 4 4 RN 22 5 it 1 EL AT
HEE S, ANMUAR SR B R 1A 238555 iR BB A 1k
FATME . WK ERAE R IR AK R PREEFIER
WOCHER B iy B2 10 RO & R4
D) 9 TR % L By 1o P v K 406 AN v sl VR A
SR, BT EAE K AL I A W U 5 5 S 80K R
PRl b A T T ™ B 174 3R Ak P R, AT BR 1l 7K T ¢
TR & FURI o SEAESR K BHRS 38  iAEK
T E RS (RAPE %, 2022) K F#M0 (Li %,
2023b) KT HARERER (BRI BE 45 ,2022) K T #h5E
TR (SRR 5 55, 2017) BTG VEA Y 5% (Zhang &5
2023d) SFGUSAT T Z N . b, B KA T
PRV E TR ER KN B R A R L oK
T TR A SR A R S, LS A
/KR B S Wi S S0 3 55, AT AR R R
BEDDRERTSY . F27K N MU T8 28 1 S0 Y o7 i
ST X T Bl R AR I 5 R T R T R R
FEA FEEZE L (Zhang 5 ,2023a) .

KT AARERER AR 2 Serh R U 2 KR )T
S B ARME R, S B AR B SEFERER )z T
DL WA ALEe N T A S, AR LT E AR 1A

S P FIORS B2 AN HERR M (), X e R TR B s 2
JE 0B % B R B T 15 (Zhao %5 ,2021) (FE T IR 2%
> AR EE 5 1 (Ruscio 55, 2023) W AH 4K R H o SR,
BTk R PREE A 52 2t AR K N UG A A B 6k
L2 RO S5 ), S BOZFFEME LI SR E bR
FRAE , BEAC T ROMER M . B BFE K T BUR S
IR BT AL R TR K A AT SOK TR BiR
PR TR RO 2

FETE I 7K R A5 T8 AT Il 50 3L i 5 SRR K
TES RS A R L RR T KR BRI
3D B AT R RGB = €6 B 7 [/, X TR ALK R
P&, THT I ™ B 198 23 €0 L AR L BRI 5 3 55
) 780 5 3D B8 43 A AF X B4R rp LB 1] T green A
Frdl s RGB = 8 L 7 I 8l 24 3 [ 43 A e e B4
o MEZ T, H Zhang 55 A (2022¢) B 5 Y 7K T &
15 HAT B IS8 A5 5 3D B0 3 A BB )92 H.RGB
= E T ER A . R, KR R TE Ak
T X T KR BUE B i B S 2 B M (1
o E L,

KT FGAR A 2 R W] IH A JLAN 5 I

DICERAEK RGP il ) 32 3] K B T
KL 4 TR A SOV E o b U L 5 S 30K
T UG B AR 2 TR s WRSVE 2 S BOK R
P15t B €02k L X LU B AR (2 38 45 ,2022) ¢

4 - red
< - green
% 3t N = blue
2 N
e Y
A A Y oW
3 |- MM\
= 1 ; \n.\ LN
540 N \ -y
i 7 NN \ '
0 50 100 150 200 250
1% FA8
4
- red
* . green
g 3t - blue
2
22 .
e lr fea
y' \\
o .

50 100 150 200 250
1% Ml

Bl RBR K EEATR B K T PR 3D BUE 046 I RGB = 68 BT 4]

Fig. 1 3D color distribution and RGB three-color histogram of low-quality and high-quality underwater images
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F1 -7 5% Retinex 19 7 76 6 7K T S 1) 5 2 42 T34
SRR 0 T LS A0 LB R | BT R A
FRIESE T
2.4 ETREHAE

fill 51 BR A B A A B Ris 2 PR AR
JZ MR AN R B 7K P 98 WA, 38 e 31330 3X S8 i
A PRI 0 il 5 AR AR TE M AL R . Yuan 55 A
(2022) 1| JH 22 R Rl & Y 5 AR A 1 PS8
A o — R BT X LU B A G B I S 0 5%
75 RGBSR v ) 107 FH w8 3 R 5 i B 2 5 5 — 1)
CIELAB (international commission on illumination
La®h* ) B8, 25 [A] o 1 68 37 068 HEA T 2 PR 2827 4
VEFNEI (AN | LIS i O0) L R R 8 88 (5 70 A1 o AH
BT et ik (Guo %5, 2020) , 1% 7 14 g il B 35 4T+
IR S A0 5 BT 6T L FE AR RN . Zhao 55 A
(2023a) $2 Hh 1 —Ff B T ik AR 5 ) KT PR
SR 2O A A N T AR I R R
R, ISR AR A L3 1 7 80 A6 AT Gamma R 1E J7
4 R A0 5 T BE FIO0E LR B2y ol T4
SE G e R A B , BRI 1 B 0 3 P R
FIPE . Zhang %5 A (2022b ) ) FH 5 i [ 25 B AR £
SPGHR IF R T RLG 7 8 G AN R 3G 5 5 125 i P 3
AT WAL S o [ B A 45 S 7E Retinex (19 5l 1
FIAAN T RFF ARG 751 (Zhang 55, 2022a) , A RU#
TRl G T A PR B, Wang A
(2023) #& H 1 — Pl T i A 10 T AR 1 R 2 e Wi 4
TSRl A Y T R E I M DT O A AL
THER T RGB (0,25 (] b 1 200 00 i 22 iR 1 (14800
PO RE R %% . Yin 45 N (2023) R HI 2 RUBE il 5K
W, (7] s S 300 €0, R LU B3 i, Sl ok P
a5 SR W 1 A 0 T ) B L, SR R P D 22 [ et 4
G R R PU C LEWS i B N E B A W S BEoR TE i3
BARER 3 A B EE R X T 2R BT RS
T RE O AT R 235 K PEIAR A ot o | 3R R MR A R
%, SR, XK ET R Z ARl & A
AFNE B Rl G AR, PRI 2 T 1k vh Rl RS RIS
15 B — > S SHERT ELA Pk By ) R
2.5 ETREFINAE

BT BB 0K T BRI 38 5 2 B TE NI 25
Hell v A ShAh GRS RRIE I T — PR LR I O
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ZR, T 3 A PR AR R B, (A5 A A K T
15 LA T 3 O RO LGB %28 7 DL CNN AT
GAN AfCF . Z i kT CNN, Li % A (2020b) #4 #
T A BRSO 4R T 2 AU A
FE IR T R GG SRR 50 R 1 A AR
AR  AEZ B 4 i o AR ) A S T 25 1)
FEIZ ML e I, Li 48 N (2020a) 11 T —Fh LT
KT S5 IR B S B 2 I 8 B, I KR
Y5 Jo i B EAE W 0K T MR, B kR )
SR S T R EK R U R A, SEEL T
ANFK T S se A 3% . FEF RGB F1HSV (hue,
saturation, value) (%% 25 1], Wang 55 A (2021) $2 H
T —FK T BRI 58 1 4 B 28 O 28 A i 455 A
K v B I 2505 X, 7 38k, Hi RGB
B T 2 MR 2 50 5 HSV 42 JRy IR B AT H 1] T
2 )= VR R UG m M T B T i e g & RGB M
HSV % i WAL IS . BRI, 1% 5 1 7 3 5 B (0
Wk EEG T mERANE. BEE, Liv % A
(2023a) $ H T —Fh 22 RO XU 23 [R] KT EIG3 5
o 2 A A | 2255 R0 3 3k T T AR O = T ) B
0, L7 I RS Sl BIAR LA v L, S 1 i A U, B A
R R 22 . [RIB, 8 2 JE X PR 22 RUBE 4 ff i 2
P AL B IE EUGRHE ST T S0y,
AHRRESE & LRI K T RS G 2Rk T
GAN, Jiang % A (2022b) #& i T —F ifif 17 H b5 5 17
JEEIXT PR A 4 IZ T — A 2 R %
SRR S R AT — VR S A T AR e 3 ST R R
TTEERIE . RS , 51 ABGEIE 3 ik s 5
FRAE Y 8 N il e 2206 0 41T Fa] 45 i S0
PEANR T 42 e Je X AL il ik & A il Fn B 52 R
Z IR 22 10 K BT B i A B e v R A5 i Ak
KT EMG ARTZ 7 i385 () MR o AR R T Hu %6
N (2023) $2 H B EE T CycleGAN #HE477K T KIZ 1 5%
(0 TG W B 2 3] 8 B | Liu 258 A (2023b) 48 17—
TR B A R IO 288 A5 T80 T 7K T AR 8 1%
AR A 553 W B 2 > B B 3 ik 15 5 S8 A 1 [RGB
o, e B B 2F ) B B, 38R T KT BHMR AY Sc R AN
W ARZITEX AN RE R & TR E R
Ko i LRTR, R I TR 2% 2y AR AR
JEE R €6 LS5 m) L, S WA 3] T A U . SR
T B Ty O AR A R R B A R e K
FE— R BRI TN Y B AR

3 KTHIESE

KT MG E I S TEHE Sh I SR8 9K 5l 1 2% LA
N VEAG IS SR AN A 5 A PR RE )y T B 2 O
AOFE o AT 43 24802 N TN ZRAn il 7K
TRBEIEE, IR 1R, £ 1A T BAE A
TR

1)Han 25 A (2022) #2 1 — A JCHUBE Ry L
FKT EIZ i 52 HICRD (heron island coral reef
dataset) . IZEHE AL 9 676 iR I 4 7K T EUZ N
2 000 iR 23 Bb2 B IR S H -G, BT BUR8 5r
BERARE 1 842 x 98018 %K . HICRD & MiA~T14E,
o, SRR 18 74 AL A5 I BT i RO 225 R
18 BEXT B - H A0 4 g B (RIS FIAR N 19 2 25 52 Dt
PR o TR, 322008k B 2 60 5 0 o ) 78 S o D 3R 4
FIRHALAL B8 i

2)Jiang 45 A (2022a) #3574~ Y AR
) 7K B 3E 4 SAUD (subjectively—annotated UIE
benchmark dataset) , % %405 5 £ % 100 i@ 5L iR /K T
P15 .1 000 M Hy 10 KT T 4538 568 05 vk A i i) 38
SR A5 DL SRR B R A5 R AR B Hop,
100 1 7 4 181158 43 kg 2 AR AR ] L BEARAEAS , 1%
B B T LA PPAR AN [ 305 58 5 125 7 25 5 €0 A AN 42 55 7]
DL TS T PERE o

3)Chang ¢ A (2023)#9 2 | — HEH FK T
K 1% ¥ ¥ ££ UIDEF (underwater image dataset
enhancement framework ) , 12 24 52 40 45 9 200 I& A~
AR A5 i KR G, 23 ek L e A [
RS HERE BRI 5 BN A | eI I R
Yttt WA R AR KR BUG ORI ST, HATAH
7] F1 e 5 X, AR5 A B 5 AL PR 0K

4)Hou % N\ (2023) f 1 — > KB T EHR
B4 o 0 PR 4E UID2021 (underwater image dataset
2021) , A 5 AL A5 60 IR /K T &, 900 i A
[) 7 v S 5 T 0 e B E K R R . Hid, 60 1 5 4h
EUR RS T 6 Fh i WK T 5t A6 RSk E
gt BB ARG 5. it 52 4 WA E Y
PR LU A1 2 73BT R 8 5 T L) B 4e Tl
WP TE S KT G R .

5)Hong 5% A (2023) #4 # T—~F 10 255 7K
TEBAR R T 12K T g5 i 70 265
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Table 1 Summary of different underwater images datasets

BAEgE B B FERUCT Bk IR E P 3
Y, Y L 9 BEROR A D R R B R A R B £ K i
6 QO3 MHIRIERLIER . o o R VR R K RIS, (LT L+
HICRD 2022 3673MRBRILR . o oo e 1842x980 Lo
2 000 2% & B E % o T T UL R K S A BE553
- https://github.com/JunlinHan/CWR
4 AL AN A e AN )R AR B ) S R FRLGORD 10 A2 kg
=} N
SAUD 2022 lo?g?}ﬁiﬁg@%% 58 77 5 B R A R AT B I A 1920 x 1 200 q&% N
" https://github.com/yia-yuese/SAUD-Dataset "
T 0 DL K T R 2 AR AR [RA 4L A, B
oy =SS S Hl i REITY
UIDEF 2023 9 200 g g%ggg{g_;ﬁ;ﬁgﬂﬁ*ﬁl MHRADKI R TR ocopi6a0p 4%
https://github.com/LaibinChang/UIDEF .git
60 i L7 B2 o 3 ZFh R LK T 5t ARk IS i IR R
U021 2023 7 os i ;; OIS RN SRS 512 x 384 B
" https://github.com/Hou-Guojia/UID2021
3 12 N ANFEVK T S5 i 70 2828 A FE 44t i
9 5 H iRl SRR EPE 5 2 '
USOD10K 2023 10 255 i g?g;ﬁgﬁ;&ﬂgﬂ%‘;@ SRR AR - B

https://github.com/LinHong-HIT/USOD 10K

T =" R B A R RS A TR

AR B9 £ 4E USOD 10K (underwater salient object
detection) . MAM, LG LM T A ALK T
B A TR 2 PR 25 AR B3 5, A A 7K TR 2
e e 0 Z2 e S e MR AT T e O TS 1 R
KBRS

4 ZRFFTETFMER

AT 43 ) e M S B RS AT I R) 5T 0 28
7K B WAL D 2547 VA
4.1 TfhEtR

FEXT KT BRI E BEVPAN J5 AR Ak w4 1, 78
VAN 7 1, B AE Y BR B (average gradient,
AG) (Zhang 55 ,2023¢) {5 B/ (information entropy,
IE) (Zhou 45 , 2023d) ., J&j ¥ e B8y X LL J3E Jot 42t 2% 5
(patch-based contrast quality index, PCQI) (Zhang 4 ,
2022¢) /K T K4 i i (underwater image qual-
ity metric, UIQM ) (Panetta 55 , 2016 ) Fl/K T K15 37 b
J (underwater color image quality evaluation metric,
UCIQE) ( Yang Fil Sowmya ,2015) 5 Fi % 1 3 $8 A5 ok
I3 BTN IR I 5 R S B 2

DAG T2 S MRG0y 172243, ol {1 T

E AN W )
AG =

i S )+ (wrr()

(M_l)(N i=1j=1

(5)
A, vk (i, ) My F (i, ) A B F (i, )i
iy 7 1) B 2543, MR 3550 2B A PG R
DIE FEFRFEE RN Z A 0 TR E
BaEnFERE TN

255

]E:—Zp(i)logzp(i) (6)

Ao, R EBAR R IR AR, p (i) 2 B W PRUR
(N i IR R I RO BER
3)PCQI 21 T FU I N MR F P45 %5 LU JE 14 2%

1 M
PCQ](x’y) = qui(xivyt) ’ qf(xi’yi) ) qs(xi’yi) (7)

o, M FR BUGASR Z S B L q,, 9, Fll g 23 LL
PR, PCQI R B g W] RTAZXT b B B

4)UIQM £t XF 7K T G GR AL HLEE RO 2 Wi A5 Ry
SRR S 43t T A 300 S 43t OGS L
AR N IR EUG T AR . AR bRl S
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AR £ 73 R R A R MR B Lo o . e 20K
KT BB R 7 k3R o B3k 3 NI e Y
LG AR
UIQM = ¢, X UICM + ¢, X UISM + ¢, x UIConM (8)
5)UCIQE J&7K ™ P& (0 12 00 11 JEE ALK L JBE )
NG B RN RGB B0, B) 5 46 31 B H2 3 N\
R MLSE RN AY CLELab B[] o 7R IR B
A 23R B, UCIQE B95E A
UCIQE = ¢, X g, + ¢, X con; + ¢; X W, (9)
A, o, R OB Y BRE 2 | con, 7R 5 JE X L
B, RN MR A 41
4.2 EMFHM
ASCHEKT B K 5 UIEB (underwater image
enhancement benchmark ) (Li 55 , 2020b) 55 iF | 25 #
KT EUGIE WAL 5 25 Rz AL VE RE 8 R 4 it T
SRV AN ] 7K SRS ] A B #5 FA 5 890 iR /K T
PG B AR X IO 1Y) 890 i 2 %5 K T IR 44, TR) it o 42 3t
T 60 fEPEA = BYKR IR, DL UE SR 7 vk 12
EPERE . 22 KT RIS AL 7 ik L 6 A &2 )55
7% : GIFM (generalized image formation model) (Liang
%%,2022b) .BRU ( Bayesian retinex underwater ) (Zhuang
& 0 2021) . GDCP (generalization of underwater dark
channel prior) (Liang & 2022a) Fil ULAP (underwater
light attenuation prior) (Li & , 2023b) ; 34 58 J5 ¥ -
WWPF (weighted wavelet visual perception fusion)
(Zhang &: 2024) . PCDE (piecewise color correction
and dual prior optimized contrast enhancement ) (Zhang
£ 2023c¢) fil ACDC (attenuated color channel correc-
tion and detail preserved contrast enhancement) (Zhang
4 ,2022b) ; W 2% 2] J7 3% : PUIE-Net (probabilistic
underwater image enhancement network ) (Fu % ,2022) .
SGUIE-Net (semantic attention guided underwater
image enhancement network) (Qi 4§ , 2022) | LANet
(adaptive learning attention network ) (Liu &% ,2022) fl
CLUIE-Net (comparative learning underwater image
enhancement network ) (Li 2§, 2023¢) . 7K 3 M\ UIEB
Tk T 3MORRLR AR BIAG EG : iE 6 2k L (0,
R BRI G, 813 J7R TN Tk AL BREE 2R
X Tl 4 5K R EME, GIFM . GDCP .ULAP . LANet
I CLUIE-Net JGHA BEAT AR IE . WWPF ,PUIE-Net
I SGUIE-Net 5| AW 52, B AL IE A AR . BUAR

BRU . PCDE Fl ACDC HA7 3 & () B (1 1E 3508 L (H
FETEROR MRS 6 T AR, R T4 a2k HK R 1K
1%, GIFM .GDCP ,ULAP Fll CLUIE-Net JC¥: 5 1F & {5
.. BRU I SGUIE-Net £ R 0] LR i b 45 1F B (1
RKE L HEGIATRHB S . WWPF,PUIE-Net Fil
LANet A7 542 T+ T GO LG BE RN 5, HAN BB
BT S X BFi (5 5. PCDE F1 ACDC Ab i 4 (6 2%
LRGSR R 3 4 i s 1E T B 2k B, {H
TR R OK, A AE A BB AKX LEEE . GDCP.
CLUIE-Net .SGUIE-Net ., PUIE-Net #11 LANet 2 %5 fiE
ANFAH . GIFM.BRU.ULAP Hl WWPF 2= 2% % H 45
Uf ABKE L JE NSO s AN o 25 B iR, K
ZHEMG S R DT R AR BRI A IE e 2k . A
Fb 22 R B 5 5 vk FNR JEE 2 2 J7 VR AE A% O 0
D5 T R B e . (ELRE A vk ) A B 25 R TR A AE
Tk 3 i b R R T 5 VR B A 2] O v AR Y o RTR
XoF H B RSO T 7 TR A, ELAE AR MRS R
[] 75
4.3 TE=EFMH

BN @SR el = (1 = T O e Y il S |
GBS I IE AT IPAL . R 2 R T R AP R A
1§ 3858 )5 A UIEB B4 46 %@ s vPAG 41 . nf
DAE H, BRU ik HA e Y IEAE, RIIZ A AE
PRI KT U A B €2 ) T 2 B AT 5 GIFM 7 vk B
AR PCQLAN ULQM fi, B6HAIZ 5 s 7E K 52 R 1Y
RO RN NSRRI 22 . ULAP ik HA
T 7 1) UCIQE fA , 32 % 07 1 e A Ak 4 71K T &
G By X} L BE AR AIRE . PCDE J i B B i i AG
FTUIQM M, 3% BH 1% J7 1% BB e 47 M el 5 7K 1 (151
B0 | TR ALK L . ACDC 5 35 B9 PCOI i
i1, (H UCIQE {H 51K , B W32 7 138 i I TR %
Ll BE - (FL 0 B R A N B A AT

Zr LRk K EUGR E JEJ5 A R B Al it
12 W T e A, T KT UGS iy ik A 4 T
XF L BE RN A (8% O T 2R B ar iy vERe . SR, JF
T HA fe s R bR i 5 IR AR RE AR AR e A B
R TE 40 3 s, PUIE-Net Fll SGUIE-Net /£ 7K T
PG 3 5 o] A7 A6 DR 2 [R) R, 0 7 S PP A v A5 31 4
TR BRI, UL UE K T R E s bk R A
Friff— 5t .
4.4 BITEEIEMD

ARSCHE— A e T e KR RS E M ik 7 ik is
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(b) BRU
(Zhuang%, 2021)

(i) CLUIE-Net
(Li%, 2023¢)

(h) ACDC
(Zhang%, 2022b)

(2) PCDE
(Zhang%, 2023c)

(¢) GDCP
(Liang%#, 2022a)

() ULAP
(Li%, 2023b)

(f) WWPF
(Zhang%, 2024)

(d) GIFM
(Liang%#, 2022b)

(1) LANet
(LivZ, 2022)

(k) PUIE-Net
(FuZs, 2022)

) SGUIE-Net
(QiZE, 2022)

K3 ARIEJ7:7E UIEB(Li 55, 2020b ) $din 4 1 i 4b B2
Fig.3  Processing results of different methods on the UIEB dataset (Li %%,2020b) ((a) original images
(b) BRU (Zhuang et al. , 2021); (¢) GDCP (Liang et al. , 2022a); (d) GIFM (Liang et al. , 2022b);
(e) ULAP (Lietal. , 2023b); (f) WWPF (Zhang et al. , 2024); (g) PCDE (Zhang et al. , 2023c) ;
(h) ACDC (Zhang et al. , 2022b); (i) CLUIE-Net (Li et al. , 2023¢); (j) SGUIE-Net (Qi et al. , 2022);
(k) PUIE-Net (Fu et al. , 2022); (1) LANet (Liu et al. , 2022))

F2 AAEGAMETTERITMIEIRE UIEB BiEE L FHE
Table 2 Average values of evaluation metrics for typical

image processing methods on the UIEB dataset

WIRES AG IE PCQI  UIQM  UCIQE
BRU 9571 7714 1.074 4418  0.588
GDCP 7527 7303 1.047 2536 0.598
GIFM 5118 7426 0999 2257  0.567
ULAP 6.410 7.186 0991 4.188  0.619
WWPF 10.818  7.684 1.137 3599  0.617
PCDE 11.049 7390 1.078 4720  0.609
ACDC 9.763 7.686 1.159 4371  0.557

CLUIE-Net 7.507 7.625 1.116  3.528 0.592
SGUIE-Net 7452  7.670 1.062  3.524 0.614
PUIE-Net 6.044 7584 1.028  3.377 0.581
LANet 7.760 7.669 0916 4278 0.608

T L P SRR 5 B i A4

FrFE . AZ 5 )7 = 7E 11th Gen Intel (R) Core (TM)
i5-11400 Windows10 ) MATLAB2016b |- iz 47, %
TR J¥ 2 2] J7 ¥ 1E CentOS Linux 7.9.2009 £ 4t .
NVIDIA Tesla V100S &+ i 2 il 55 4% Ligfr. H
1, SGUIE-Net J5 % iz 17 T Intel Xeon (R) Gold
5218CPU@2. 30 GHz CPU, NVIDIA RTX3090 X 2 i
R TAESS b s ATR AN 3 R . HETIRE
> AR Ry TR B WA AT
BT EURE IR 7 vk T 2 e 5 s B AE Bk
W R 2 (R T T R s AT i Al . Ak,
T EMG H 9 J7 N 5 B SR Ak FH R
> R I Ak 38 AR X G AR T i e b (AR 3
TIREE 7 T kgt

5 4 iF

ASCHEAAN A T ENAIKR B A 7 21
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Table 3 Runtime comparisons of different methods

Titk IBATIA] /s
BRU 1.601
GDCP 1.449
GIFM 13.567
WWPF 1.794
PCDE 1.970
ACDC 2.316
CLUIE 0.231
SGUIE 0.299
PUIE 0.144
LANet 0.106

WEFEBLR, I8 T KR EBER AL R) 2 5, % B
ABITEIEAT TR, BE TENRIS . it
S BRI T TR EAGSCR A R R B DR A
fJa e X 28 L5 3 B 1 R RE PP o — 25 )
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153 W AL H A I 2 FE G TE LA R LA T -
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AT S5

2)$ETHK T EUGR B DAL T ik i ERR . H
B, EA KR G5 5 A A5 R AT AR A RE S
NHRALSERONARVE RS . PRk, W58 A AN HR AL 58
SR PEAL 7 A AR TR

3) KT PG i i o 5 Bl B R BT S AN A
IR, R 2O T IR BE 2 ~J 14 05 12 2o B AROM v Tt
KR B (H B Bl i Bk = BRI 128050
AP R | Bl i 2 3 5 KT (R i Ak
MRS — TR AR PEAT 55

DFR A MBI T ART BEIE5R B 5T
B A TR 5 > 5 38 W AT R A v Bl , (HL
PR 1 AR f) 5 R AR AU A R i A M
JHEEA WIHLAR LT 55 Fp R B T s ) Bl A1)
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