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Abstract: In recent years, underwater image enhancement and restoration technology has become an important
means to promote the development of underwater target detection, marine biological recognition, seabed sur-
veying, and other fields, which has significant academic importance and application value. Firstly, the mecha-
nism of underwater imaging is reviewed and analyzed, and the difficulties and challenges brought by hardware
equipment, climate constraints, artificial light sources, and particle interference in current underwater imaging
technology are pointed out. Secondly, the related works of underwater image enhancement and restoration
technology are comprehensively introduced, and the relationship and difference between the two schemes are
analyzed. Meanwhile, the current mainstream underwater image enhancement and restoration methods are
classified and discussed in detail from the perspectives of technical routes, and the characteristics of different
classification methods are pointed out through experiments. Thirdly, the commonly used underwater image
datasets and image evaluation indicators are summarized, providing comprehensive and detailed technical
guidance for current underwater image enhancement and restoration work from the perspectives of data support
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and quality evaluation. Finally, the feasible development directions of future underwater image enhancement

and restoration technology in application scenarios, degradation methods, and evaluation indicators are pre-
dicted and analyzed, especially highlighting the enormous potential and practical value that current artificial

intelligence can play in the field of underwater image enhancement and restoration.

Key words: underwater image; underwater image enhancement; underwater image restoration; image quality
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Dual CNN! 2.4619 0.516 2
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221 HETREEIE SR EGE Rk
1143 16 55 5% (dark channel prior, DCP)H1 He 2%
WU, 23 T e i KL%

EIREAT IS KB, XL R I MR R Y RGB
BREOGEIE Y, AT 2/ — N K EAEARAE, 1
X — G R N 24 34 BURBIRE . O
Py (R s A O R R ). PR EIE, By
0= I 5 )

Hoh, WHEIE SRR 39 5 0. BT Likgit
PRI, He SEOURIEX A A G R LUK SOL
STRYTER, FE T RS EIR.

RF BIRAH, WS R R K T R
JE SR Z B Drews ST DCP (1 F13E 1
At — B KT PRI R A i Y 75 1 (underwater



5 63]

sy, AF K BGOSR S R R R B S R

817

dark channel prior, UDCP), ffif38l# DCP J k1%
| @ E etk Sathya %L T DCP LA K& 3 4
B, B T KR BRI 25 AR E O, 2 14k
S m B R 2 E K%, Gupta Z 8 —Fh LT
R AR L A o G (7 I A G K T B R T Ik
M 3 K A B A B A L AR AS A B ) SOk SR
Xof G HERE R, AR Al R e B A
S FE S R BE . Cui S5OV Y — b i T IR 2 T ST 06
5 & ERGEG K T BHR E IR, 58 ok
63 GG Akl DU A B H, SEBT R MR A Y
ARE . Li O R 4 MR T KT E&
SR TTE, IR G5 R R T Tk
R, TR R XU 3 8 A AL R 25 K T B 25
PREE G, T+ 25 0T H 0 = It 30 36 1 6 0 11 1
A, HR TG Ak A e 3 3 O 96 B kxS
HEATIE Ak, 38 i B BB A X K T BUR i
3% L BE 4 T DA R 8 R P A Ab 38, {45 7E ) 7 I

BRI, 5 e PR A M L AT EEJE, 2
IEEEATM. T %00 — R Al A w55
Cog I e NS D R E RGN S 8 i PSS P4
AR LSRR A LE B AERY, HOR 215
F1% 330 388 1 0 206 AT AMERAB TE K R SR B R, Jf:
DY SUR 53 AR R A AT 50, iR il i
M5 308 3 5GBS LR R, AT R
A2 e S KR 401 (5 B, LS T AR 26 Y
K FIRALIEL. Liang ZE00%58 o IT & 2RI R HAR
FBT B9~ 5, AU T SOK R 3 18 Se 30 7
5, AR TARKT L RE R R A S 1)L
8 FU TG AE SR A K T R E 7
LT T RN S B I I8 S 5 Ty VR I R
SOLIRANE B RAFRHRE, 23iHH R G B
3 /~iE 3 RV AT A 2 B2 R0 BOKCR R 0k S
JEER R, SRR, Rz, B
FRBORAR . RS BE AR A5 (R L

*8 ETHREARNEGERLZERS

ik TR EaTeaT gy
P //: i /‘152—‘":'5' E\/i%‘ N
oy EBARGKEE N IR AR G, 1R ﬁiﬁiiﬁﬁiﬁgﬁaégﬁggfg
W 3 )y o B 54 55307 0 AT %m A ¥ 8
o ETREEBLIERIGIK & 3 MARKT AWM SRR, 15 R 0, ik
FERH A 71 Hchk R T A bl T B
‘ NIRRT YouTube LB G
[97] ﬁi;ﬁgﬁﬁgﬁmgﬁ P, ISR R T ARSI 5 Pt 2
e oY Vi
VIR P 1 B K F O IR g
s B SRH \ \ \ ‘
jog) - CUORMRNRBRIION s p g, JF IO ST AR
KT PR 5 5 A
31 A B
EFRE R EEME S BRI, BRE ek e 2 05 5 A 387 i FLA B A7
(00]  SEHETR QM MK F I @A WUF RS AR F R 007 ORCR, 26t BT A 1 5 0P L
SR YR H A B 5 A R 2 O (O
5 PR R IUR, 5 WK Ak UV R TR, T L R R
[100] f;*HmMﬁM&%ﬁz H90 0 0 TR R PR T L0 XTI Ty S TE AR 2050 M0, AL F 50 b 5 0 2 £
! WL RESEAT T 407 S0 B BT (%
oy ETEIAE@BANKT B ERAGN 2 AFTAE R A LR,
5 K ERAE FERIR LI, 1 6 AT
A 2 PR Y BB 5 A2 P, R
oy PATRERRRRSRRNG TR LTI AL T Eiﬁiﬁiﬁﬁiiiﬁmﬁgfﬁggﬁ
K PR S 55 v MR SR A A T A T P 5
WIS, AR
W4 WA (o R BRI PR A 6 R R HLE 05 2 F e
% I% A A 4t e ] 2 S 4 e 2 2 del v pa — /—~Y
[103] E;;iﬁ%@im*T@% K P 1792 B B T B A ROERK TR AL B R,
g - A SR P
o XHRMEEREODCR S e I
g ETATEmgm e O IR ek T s, 1o

I R A2 I 3

JE 7 % LEB o B

Ik, JowkisE T 92w




818 TRV B BT 5 B 2244

% 36 &

222 FETUEBHANEBGE )T Ik

o P8 A X A PURAS By BEAT 25 M sl 5458
Ak PR — R AR R UL H B A AR R gk
BE T 7R St AT, AT e T R E R T
TE R R U, W] DL — SRR
LR ER R — SR BT IR —
WIMARAEF T, M 2 5 15 R B R R A (B
E WUARZR B B A A i L. PRSI vl AR R

oan:f)a+m4+memm)

Hor, K gD %%

HL7E 2006 4%, Trucco 21U L T i fL ) Jaffe-
McGlamery #H, & it T —F B ISR KT K&
SRR, SEH04E S I X A 8 A T DA —
FE R b B AR O AL X R 0 R, (H R R
TEPL AL 2 B A, — T % R U
X AR B R, R R B 2 B 3 A Ok IR
Bazeille %153+ T —Fhi& JI T Y CbCr 25 al il 7K
TEMGE R, Ho KR RGB =5 [a] §%
YChCr Zs[a], Ji- Fi [l 25 i 0 g 1 Bkl 48 &) B
P AR BEAT /NI R M, SUf 4% 1 S g
TR E R RS W & DOTR  — R 3t T
GA-MCMC i i FIR & Rk, Hol s
1 (genetic algorithm, GA)4: Ja) f A FURL 7 Sk

ZREER R, IR A SR REE SR R 5 ik
(Markov chain Monte Carlo, MCMC) Rtk t:, #
N, 7R SR AR AR Al AR T g ER R R
PEOE T ORL T R U SRR ORI R S
Prathasarathy %184 1 — Fift i o DA 1 77 185 3 1Y
L RIS KR 52 B MSRCR By 5E 4 A i ik
J5 i, RAGAE A% Rl LRk BE IH % 0 R H A A R
$8 5 5 P AT SE R KO 28 S A O
T—FETIE S EGEZ R, Eadl
HAYEORBE R BRI, HRARERRE
JE 19 75 23R MR PR Wang MO T —Fli
BT 1T R/NRNE ST AR S 5O R, il it 5] A
Yy I % SR S 5. Chaudhry ZEMUR T
—Fi R SR T BIR 55 R AR D BE 3 5 A HE 2R,
B g YA R B O e DB D A S B IR )
LR, SRJ57E RGB Al HSV i (55 [a] h E 47 %} He
FERER. TZNE SR T AT S0 S R R BB, IR
Fe KB s 1 B S RS Kim S5
T T T 30 G SR PR U0 D P R 4 R 2 I 4%
BB, 5 e 2 AR e S B s 3] i DI .
O BRI T ER R EIE W MK R EMR R
AT T IO 5 ags. BERE R B R
P B8 R 405 R AE 19 45 40 5 X H bR R i e s i
Frama. x4 R 2 R 8 B A AR RS KT

®9 ETEREANEGERAELRSE

SR T ik SRR YT
ek safemoiamery g HIRAA SRR RIEITE (P, B0 86 YK, I RIDER I RO L

105] e SIS IR S B SRR Y, AT, S
b REDEHE o ety Sk

(106 AFEGEE g o) DUSHARRTEEE, JER MalabXE L ran, e TR

HHAT T oAl

[107] KT GA-MCMC R FUEB: 1R DL 256%256 1% Z K /MK) Lena®IE J ], % Wi/ b REB IR, G308 REAIR

T (R 2 MR R AW TS F R S AW R
e T
BT Z ¥ retinex i JERRIIR A NASA R (bR Retinex i /& ﬁi?gﬁHAW%UEEfifiﬁ
[108] R et il NASA e [
(R 05 (@317 Ho e
HER B
1= HA NE Y > Q 2 T ( ;é’" =N
oy ETHSEMEEEIN  RBTIAE, $5A O S I ;gﬁﬁi%giiﬁiiﬂ%ﬁi
7 i PSR | AT AT S . A
B R

g OSBRGS0 S BOP IG5 RSGR R 001600 A H 1 5

VRV R LR, T AU PRI A AR, A, T A5 R R
D= AN HuEE 5 &y 3 ) ) .

- ﬂii?;;ﬁggg?ﬁﬁ REFFIT R HOR T AT AR T IR MR, bk
S CEET g BRLJE b/ T 166, 5 2R B
A

i R L A
T U8 AR : " e Lo 0 ACHLDR B A 2, TG
g MEmmmmEEsw 2 e AUBRR RIS, ST A

B U 22 ) 25 7Y

VO, IF BEAT E M B AT

BT 5 5 5




5 63]

sy, AF K BGOSR S R R R B S R 819

%, HLME S S TP Ak 25, (HIE 5 B0t a2
M8 7 52 M 5 /N B 7K MR R I RO R e 2.
2.2.3 PGP R AMEN UL E R 7

F 5 WK AME S B K T RS 2 R AR A
J PR A R K 5 B 7R KA T B[R] 1Y) 2 35
fE 1, DAl O 7E TGO DX 3 A 45k 9 R R A7 6 b
e, AR AR s H 2 I E 4 S I, Chiang 2513
A 3 51 AN R R RV AL A B AR 1 e, T
SCELT X RS LA R B 6 2k 1 n) 3t ) [) 25 A B
Chen 25 MR a3 30 I 28 R 8 B AN [, 5 A 43
AN TR B BR B IX 38, 2 R R LI, 2L
BRI I A A B PR B g /D 1 IX 38 B
B tENL, Wit 7R aMEr L8l T
PR FA0M T/, Emberton M43 /K R B — ]
5 B < AROR [R) U4 T etk O e G X St
1793 2 HE P K 28 o7 Fe T BE Y I HE O X 3k, I
PSR O s T LR RS Li SR
— i L T Y SR A 3 0 MR A O 1k, A R s
BT X soeRAh TR, B n A SME B R R
WIFRAS T A BB SR, 2 CHR[115])5 &, Wu 2517

i 1o 2% TR A R 22 3E G 5 | PR DB I A 119 75 5K
AT TBEALIE, I AR R R LB 5k,
BA ST BRI G R Peng ORI T —
Tolt 5 T PRUAGUER B2 RGN K R S 3 R BE A T
77k, MERAS TR TR, M 5UK
P& Zhou MR T —Rh B B4 56
SRR K T EE R Tk, A 5ot
DX . AR SEE P RZ T 18], Bk T AR A
B JFT PP . B RS 4 2O — b T
73 G 49 R M B S AR A A 1K R RS IR ik,
O R PR 0 0008 T AT A TIUAL B, 24545 15 18
B i 5 5 7 ERLAR R 2 R R

10 BTG BRAMERY KR KR R R
TIEEA T T RERIAN G B, WITAM R
REOR VR T ICTE /K AL 4 I 23 S A S s 10 % WL 52
F TG R IR B S A SG, Pt B HE i
PR EEXTPEAME, BEMTSEBUK T G s ZFhR
WL RIA RO, FE TS PRI KT EHR
SRR TR S 2R B R, nT ASEBOK R
B P A i, (H IS T5 5 I AL RE A 2

R P DU SR AR 53 14 0 T2 1 3Ok Al T 4 R 1T B,

HELLT 2 Hu R A 225 M A2 28 AR AR K R 3R B

®10 BETASRKIEHEGERGTERS

ik Tr e e VB S
WK T G S 0 R S RN AL WoiD 58 I
M3 IR T R gy C e AT T, R,
_ B TE N T G A S IR I T (55 036 T 11 7 94 i 10 0
O AR AT ER B R R L v -
(114) iiggﬁ;;;%iﬁiéﬂm RSB, A T I AR R T A K i (L%
’ ’ P42 JE 7 O KR R B B T
15 e i TERK TR, St U R K G, b
e R R BRIy AT P — 4
R =B
ag VLR UG TIN50 K PR G IERELT 6 ROB I TLAT B R K
K PR 2 57 (O B e
ST R R A A ) I 1R o Ll e,
M7 ewmmemnEnEgEE DRI @l
i ET T RBUE G K 5 AT K ERRAIOR F R, AT K TR, BT
SR ST DCP R MIP A BT H e UK F (8 . AL I8 & PRk F I 2
19 TR AOCHACRAK T 0 UIES I UPRCRCE 'S AR 7 kil AU AR G igH, ANHILEE, 1
5 7 A AR R 754 M0 % H kA L
o BT POUR AR AR RN () UIEB 5§ RUIERRA S 6 RILA 15 (L9 B 341 6 - SIS

KT ER R R %

FRERPERY J7 75 L8 H

HIB T HORA R 5

224 TR G E0T5 %

UTAFR, LT 28 I 45 BOR B KT R )
W T N ANE £ F BB A, ORI T4
B8 P 5 RCR, X B A A T T R B
oK 1R i K R P B8 DA N SR BUHiE (R BT 7S FEK

TRGE RS, Li MET CNN B, 17
H— R YK R &2 AR, 30 UWCNN, HAH
A K AR R A, 38 s o 21 i A B K00 K B
(9 1 Sh U ZRbLl, nT LA SE B 7K T4 G 1 3 b
SR, I TR B AR G T PG R G S e 0



820 AU B i 115 BB 222 4 5% 36 4%

Barbosa 22U ] CNN #E# | SEH T JG A0 250 1
B A K T PR B S ik PR A5 o 3 e B mT ok
25 bR B JeFI T DehazeNet #5847 B
2315 R A RS, IEaE i — &R A /M ER R
AR AR T AL A I O PR, R M R S IR B
% 5] 3 SR MG . Wang 250248 T — R Ak
) CNN HF K N EURE A, M4 A& Sl
25 M4 R IR BEA T 4% 24834700 SR, AR
KT G2E AR, R 2443 32 7= A i Al HE
A U I IR 1% . Xiang 2512348 H — Rl 5L AT (i 4 ok 22
% A I 445 1) DU i AR B 2 ST AR R AR DK
THEUWIEE. Fu SEU2R G K T SRR 1
PG 2z [m) g TR R, 420 T —FhOE MK R B4
SR, AR R MR . Hao 2R ) —Fif
BT W B R R DR SR T A 7 B BEOK R R E R
Tk, EaHRUK T EGR A AR, WEEAZR
JE 45 BURD W BR 3% 1 1 R B I 4%, SEEL T v
G E .
H5RFRE 2= W KGR 258, GAN
FEK N RS JE 7 B [ EE 32 Chen 251126
T —Fek B GAN KT EMEE FERL, 2k
GAN-RS. iz A A b (1) Az 525 R FH 20 % - it A 45 44
FRHZ A=A T & s EE,; s as

XU S LA B VE 3 3, e S F N | S b
stk R MR i, B RS R R, Lu 0T
B TR A T PT LS CycleGAN, F-25 4 I il
Jeds, @ —~ B H S N AR ) B K R EHR R R
MEZE, v [ N 45 1) 1 A DL i B0 FE B 2R 2
BT UGS S AR S AR XS B B RS (A I
T BRI TR PERE, (H AR ORI Y
TOLT, AL BR B fEEAE  Z 3 EORY
SN Yu SRS — R K R MR R 4
Az AT 2%, AT B R RE A S T Wasser-
stein GAN 124 B T 4%, K4 2k s ity GAN
45 2 BT 2k 2 F; RS ds SR
patchGAN J3-2 g2 2] S5/ AE, A& R 9%
PAFEEIR 2 YFE. Lin G20 — R gk A i ot
¥t M 4% (dilated generative adversarial network,
DGAN), AAT LU 5E 5 A~ B R B S, ng H
X S5 1 25 v ) A A R R AT 4 256

Fo 11 BEXT TR EE 2% S KR BB 0y
AT T 2 A 5 A g, a2 S s
HY7K T G AR R4 g R 1 X B FEATR | 4075 4508 5 [
L HEET IR T HK T BRI s Ty 2k,
TR 2% ) 1K R A5 07 1 W) A ] LU )
SRAPERE, (HALKIRZ BN ABHE i i 29 , H

xU ETREFINKTEGERFGESES

SCHik WIRES[iRaS

BRIy 6 /IS

SEBT SIE

[11] T CNN RS ER 5 1 10 A4 LAY A 5] 1) T 1 PRI 45 8530 g

TEAE AR AN f D5 T340 T R 39 07 3, (EZ A 2
T LA 0 1 B S ORI K T 3 WA PR A o

1 0 B 642 i 5 1L 1R
T BB 60 HK T NI TO U AL B o o SR AT 4 00 oK 249 2 MO A T

FEF CNN YA T3 B 4 1 EL

B2 oy ek

LA W

$E T RGN MR T R L B, R7E -

A HE

H 12 i it v 160 2% A 42 R BR

[122]  BEOEfEIF M4 41 A CNN  Middlebury 7 /4% 4

]

ABIWRE F IR E, KT G B Fb
LRz

FET IR ZREMAR)  AH 180 4 ML 8 772 fRAYARIE xR K T 3R AR R AR R B R B A R

[123]

KT G IR i TR i 4% P 15

U 2 IERCR

[124]  EWEK FERE R UIEB Al RUIE $idiE 4k

T TR T S T KR R SR, IR
T AR T A O i B

FE T AT R PR R T A

[125] RealA, RealB il UIEB %4

P BOK T IR R 505 5

o FGAIL I ik, HL S I P

[126] #:F GAN BRI $E

1 P [ R iR 2 201 EK T EIE

TEALSE B S RE DT TR HAT 5L PERE, (HIR 4%
SRR IR, VI AFTEAfEE

T ZREEN GAN R4 1037 IBIRMAK T L 496 BER 1 78 X" be B 54 9 50 30 (048 0F J7 i EL A B0 i &

[127]

BIK T R E 55 ImageNet [ [1 28 7 5 (115 PERE, EICRAEA S IR AL A B R
[128] T KT BRI 2 F - T 6 ) 3 000 T IMR A K T 76 2 B Al T A 58 2005 7 1 24 00 LAt ™32 1
A XL 2% PG 17 IR AN [ B2 AR AR T R HIRK R R S R i
[129] HTY 5k GAN /KT K& EUVP fil UIEB £ i v VR 1530 Wb 2 R PR AR Lo B, (BT id e

ALVIRS

GRS




5 6 sy, AF K BGOSR S R R R B S R 821

TR By T i Rk [l REATS SR T B it — DR R
225 K NEMBGEFE LIRS 08T

J T YRR KR IE B PERE, T X ER 4> ik
TSR IR, X TE S 4 UIEB, 1]
UIQM Fil UCIQE X b H i 7K T KR 47 I & 1A
B XA 22 I 4E NY U-v2, ¥R PSNR, SSIM,
MSE XFAbBRAZK T G T BRI, S 550500
JrEfudE DCP®, UDCP®, MSRCRI™, |BLAME,
UWCNNM L Ez USUIR!™,

(1) TZHH AL VIEB

H UIEB #EH 60 i o2 7% 1Y HLSK T G

a i b. DCP*! c. UDCP*

* 12 BEAIKTEGERGEFNIERITEL

Jrik uilQM UCIQE
DCPI*9 1.4240 0.560 0
uDCPd 1.3920 0.5772
M SRCRI*®! 22955 0.547 7
IBLAMS 1.724 8 0.590 0
UWCNN™M 2.799 3 0.5377
USUIR!? 2.8822 0.6239

d. MSRCR*®

LS TI, MEE SRnE 6 Pos, P EE R R
12 fis. 456K 6 FiZ 12 fyaral s, 2 DCP™,
UDCP %38 S5 5675 . MSRCRIE{% 57 Jig i
J7 . IBLAME G 598 K k22 07 5 . UWCNNIY,
USUIRMAGE i 2 57 J5 13 AR K R BIMG &R J57
AL BRI KT RGN H R 3G i, G 40 {5 B
M3 THBIRE . HREE LR ITERES K
M5k Y MR B B R g, PR AR D ke
HEEMR B w5, TR E 2% 2T J5 12 DA 32 X040 U 251
WGP IE. NF 12 i LI H, USUIRM )ik
UIQM {85 UCIQE fHf & .

f. UWCNN(™

e IBLA[m]
6 IOk IR 5 A AL A 1

g. USUIRI?

(2) HZHEARE NYU-v2

H NYU-v2 fi2 1 AL 100 iEA 2%
(A LK T ST 25 R AT I, 003 285 51
B 7 fis, PEMESRINE 13 Fin. 456 F 7 Mk
13 (4307, 2 DCP, UDCP s i# Se i 7k |
MSRCRUIE (% 5 J5ug Ik i . IBLAMSE il K
AMEE: . UWCNNMY ) USUIRMARR e 22 3] 51y
IREMK T MR B A B A 7K T RS



822 TRV B BT 5 B 2244 % 36 &

a JFHE b. DCPI*? c. UDCP®®

R 13 BAREBKTEBERGETFMNIEIRILL

WiRS PSNR/dB SSIM MSE
DCPI%% 18.529 0 0.8754 5571.367 1
uDCPd 16.182 4 0.8308 3455564 3
MSRCR!*® 7.4747 0.602 8 12 236.444 2
IBLAMSE 16.334 4 0.803 1 2842.704 2
UWCNN!Y 21.389 3 0.859 1 760.751 2
USUIR* 14.279 6 0.9432 2907.241 1

iR, (ERE E I e T IR R R B G AT R A
I%EE%&%%MI%%@LE,WMWMmﬁ
1 PSNR {E5 MSE {40 Fefl

B AR P AER BR85S R U
FRRAR LAY, AT B A SRR, AR 2253005 BhAT 1 o
MRCR, WA ZFRNBCER. X —WRAERE 7
LR ARBLAR L WL, T T i 2 B DL RE A8 AR
V] 4 314 56 15 52 i () P44 B H R A P, —
AN 2 SR AR T I o A v o R B A iy AR
BAE NS, KRR > 07 AL RE S TE T
Grad 72 o o) B R R BT E A IE AU, QL RERE )
If 2 ) BITE IR LE B . AT RAE . K K%
SRR, D, MR B 2] 05 TR B B B A

@D http://amandaduarte.com.br/turbid
@ https://ieeexplore.ieee.org/abstract/document/80193

d. MSRCRI® e IBLAME

f. UWNl-” - g USUIR[Z] h-. T
Bl 7 &G MUK T BUR S E T 2 AL FRE, X L

PP A R 05 BT s a0 S Ji K 8, Xt 2
W T3 AR KT UG AL SBIF 5 v 4 52 38 48 11 o
JE N Z —.

3 KTEGHIESE

KAAEAT YN LR 1 KT BRI B 02 S K R
EMG IG5 5 52 R A% O, SR B S E AL A I 25
B LA, AR SR H AT E A KR BG5S R R
B IEAT VAN T A8 5 02w B BodE 48 S
AR A2 a0 14 FioR.

(1) TURBID %4 4230

TURBID $#a4E "1 5 AR BB AL K4 T4
R A A T SE AL AL, Hidr, Milk #il DeepBlue
M FEE& A 2008 EIME, MR 44 4205 KA.

(2) OUC-VISION % #4513

OUC-VISION #Hii4E *41& 220 A~k 57 P& 1
4400 TEK T EUR. B-Pii s 4 FhgSGEm .
B ZEA A DRE ) A2 AL Fn B A4S 2SR B (KR
WIRG T2 LM AL T ENAMATA)



5 6 e, S KT EMEMESR 55 R R RS R 823
F 14 KTEGERESSERBEFEERS
EAEITE S Ay 5 P Kk LR XU
TURBID!130 2004 D EUSC I R RIE & 82 @ﬁﬁé%@}%*%?ll‘ﬂ/‘]a%, R yiEsin N i
PEIE i
OUC-VISION®™Y 2017 £ BB Wik EiSE 1 4400 fL7% 220 ST MR R 4 RS
. . 7% 890 IFEA F S % R KT BRI
[132] 17 54 B 145 '
UIEs 2019 ATHEZE RREER MR 950 60t Akt 1k 5 1 0 FLAT B EF K PR
SQUID! 2020 K FariREG K 3 45k SR ikEs 114 K A OS] 4 RS A 57 Xz R E
" HEKTEGRRE K TEOREE ., KT
[134] 4 Sk e bt .
RUIE 2020 ZIhREEE Ei8E: 4000 G115 W B
£ % 1500 NYINZRAEAFN 120 A REAR, HA
UFO-120% 2020 HA BHEMWRRE B FIA 1700 {5 e IS ] 7K 350 25 50 1) Z2 4> S 4R 1) T
R E %
MABLS"*! 2000 A ITAFEEATE 500 {d% 500 B A T HRER EGAIK T %
& 122
KRR R R TR 22 1 A5 R P R R R e AN 22 £ B AR
137 .
EUVP 2020 SRRk R T 20000 5k kT P i
NorFisl1%® 2021 MBI BRERIEE A 12514 @33 027 I FE 7 0 B 72 B¢ PG RN O 487 R fif: 1y
1) R T 14
i FH 20 Fft AR [7) 26 21 55 2 0 i s -
_\y ol A = A~ =R Y T
NYU-V?2 2020 R 10 412 &k 19490 HAHALF 1449 MEFRER RGB B R IR E

JeAizk, K15 20 0% E 4. OUC-VISION % i AL
AT LA 32 HF T 0P Al Y 1 e s 1 i 28 s B A A T
TR — f8 PRI 118 2 G 0 5 1 2

(3) UIEB %it#f 4132

UIEB $difE"fu8 950 RSk T IEME. Horp
890 M A = i 57 FUR /K T ER, 60 MR
PRAEZE BRI A PR KT EUR. R
KMGK T s 2, s RILRREAT, WA
12, T H Re SR AR LAY i S YR, O
() R BB A T T () RG22 i o~

(4) SQUID %4113

SQUID # i 4 4 & K [ LA 3] 4 4R [a] Mt
57 X EARKEIR, 2 M ELLIEF(RFE G K ), 2 478
Hirplg (PRI K R). [l s R SRR 4%, AL
WEUESCARFIRBE L. FE8 s 6 AN 2T, R
[F) 7K TR T 7K 28 75 (0 35 AR 7K S R0 O 9 3ok 118 Y Vi 7K
1), s R A KGRI, T3S O B
52, YysehcE 2 A gk, R SRR
H: 3D 4544).

(5) RUIE %4 =134

RUIE $¥adE" & —A> KA A ROLLE T RYK

@ https://li-chongyi.github.io/proj_benchmark.html

TEEAE, P LT 4 000 ME EME. AR R AT 55,
RUIE Sl 885 50k 3 4T 4

K EUG R UIQS: HIRINA/K T FI5 3
SRAEE, DAHRE R T e Bk, R
K TR A BGBE N ERE T 55 5 T4, U
5 T [ S AE AN [ KT 444 T PR RE.

KB aISHE UCCS: I TI-EK T K53
SRR KT B R B IERE ). ARPE S 2 [H]
Hp i 2T T (L S0 ) I 3ME, BT 300 1A
1%, BEE 34 100 fEEGA A6 . shea
a4,

KT B ESIRBh4E UHTS: ke m a4
B b A I B4 2 9 WA P, A v AT 55 B A
5T UIE S92 1A a5

(6) UFO-120 %4 41139

UFO-120 ¥d 444 1500 M illZREA Hl
120 NAEEAS, MG B M TR K I 2R ) 22
A Ml SR T PRI AR AR . A R 1 28 T
FAG R N T AT, R, SRA—Fh) 72 )
KA B B AR A B T 4% B 4Lk S, 38 s 40
ORI FIR = R B R R AR i, LDR BEAR.

@ http://csms.haifa.ac.il/profiles/tTreibitz/datasets/ambient_forwardlooking/index.html
® https://github.com/dlut-dimt/Real world-Underwater-I mage-Enhancement-RUI E-Benchmark
@ https://drive.google.com/drive/folders/153laK_iRsyKkWN_qZztAyH3309WNK gsl 2usp=sharing



824 AU B i 115 BB 222 4 5% 36 4%

(7) MABLS %j#jz 4113

MABLS #dfa " P e % Rl 5 G-B i 2
St K L3 v s 3 S R, ST Y 500 1R
KT BRI N TARE T sORBE . 28 5% 2
5 LK N RGBS TR A, B R TE S R
IK T G R A OA [] B

(8) EUVP H# 41137

EUVP R4 %42 % 20 000 iiF/K F K%, H
A R R A SO A A RN 25 1) L R AR B A 7K
TG B S R 2 A A [ b s AS R e D
S AF T BEAT I FER R AN -HIL A S 56 i 4
IeAk, Bda s s A N —2E A FF Y YouTube #1
bR U R

(9) NorFisk % #4118

NorFisk B4 4 & 3 027 i 2E 1 0 13 B 14
H1 9 487 g fi: 71 B RIR, X LLEROR A 7 4n 45
(AT, HL 3o ISRV R BB L i A R I
BamiARAs, WIFEAARER, AR T
2R, EGECR 2 W E R .

(10) NY U-Depth V2 %k iz 411

NY U-Depth V2 %4 4V i i3 %% Kinect i) RGB
1 Depth FRARHLIC 1 £ Fh a9 3 55 1 LS 51
Hk, A 1449 IEFREER) RGB EE AR B A
A KT EGER AR 4, (A [139] Al ik 1
AN [ Y0 T T 20 1) 1% 2 0 2R 5 (B T 30 0 7K 35
1A B, AT, WK A 1, 3,5, 7 F19), &
SRR EUSERE 4E.

4 KXKTEGRENH

R T HEFE KT BRI R, A5 N ik it
TAMA R EBIE e bR, ST
(average gradient, AG) . {5 ./ (information entropy,
IE), MSE, PSNR, SSIM, UIQM, UCIQE, LI T
BB (%5 Fb 2 I 4 45 %0 (patch-based  contrast qual -
ity index, PCQI), HAHXE X it Bk 15 fis.

AG K EEAALRI T HME, B TRRE
GG RE, S 1 R /IS 75 e 22 A8 A Y R 38
RP MR Z 4t 7 ) b 2% B2 A sl 5, RAEEIR 1)
FEXT R TR 2. SF-20 0 B K, [RGB A

|E 2RI i e — B s B E B2,
G BIR B s e BB S B EERE. BIR
RO, HEREEEE, .

Y52 MSE B eIt B Rt B R R B8 R
ZAEM A, SR)5 8 ¥ 7 A RN E R
FLEMRI R BRREE . ¥R E N, BRI R
BN

PSNR KR KAG 5 1t 5 M A a) B Y LU A,
FHAVE G 4 45 S5l v A5 5 8 4 Jo o 1 0 2 7 9
WEE AR LR, R R Bl il THIFARS
JENIR s i, 2% HPE N g5 R 5 A &
NI AS — B A - .

SSIM J&—Fhfii i 2 MR EGAR U 48t &
SN O~ B IE, KSR i i EGR e 2k B IR
BN, BV EMR BT REGE. 2 W EHR e 4
MR, SSIM {4 1.

U1 QM MO — Fift 3 - AR L5 28 45 38 il 1) G
Z% KT B s P e br, HAR XK BRI
IRAEHLIE S SR v, SR ADK T BHR @RI &= 45
#r(underwater image colourfulness measure, UICM)
KT IS T 1 B2 ) £ 45 F5 (underwater image sharp-
ness metric, UISM)FI7K T EI& X b B2 4 45 A5
(underwater image contrast metric, UlConM )4 A iF
WA, Fr UIQM Fom hy = A A. L
K, FoREGRIEETA . MR . X R A

UCIQEM (3 | 10 1 B A% Fb B (1 2k 4
4. UCIQE MK, BT #khr.

L BB X L B TR B (PCQIN A i — i
FHT VPG T bR AR AR R B i (9 7 7. PCQI {E B
R, X LR

5 REERE

IR PR AR 58 15 52 iR 2 T AL o 4k
HR A S (] RS, HC A I B IR R BT 1 O R S R
R BA BRI AT S 7R 2 AR 00k
T, KT SRR BEAH G 19 1 2 28 ML D7 1% A 4k
$RH, BORHUHESD T AT KT 388 10 A S0
. BE AN TR RERMUR R, WS HOR
FERE K P 3 A R T A PR RE 4R T3 T —

@ https://github.com/wangyanckxx/Enhancement-of -Underwater-1 mag-es-with-Statisti cal -M odel -of -B L -and-Opti mi zati on-of - TM/bl ob/m-

aster/Datasets.rar
@ nhttp:/firvlab.cs.umn.edu/resources/euvp-dataset

@ https://dataverse.no/file.xhtml ?persistentl d=doi:10.18710/H5G3K 5/QK 355D & version=1.0
@ https://cs.nyu.edu/~silberman/datasets/nyu_depth_v2.html#raw_parts



5 63]

sy, AF K BGOSR S R R R B S R

825

F 15 K TEGREIEME IR
VAR At X
AG=1ii\/l[[am’”}z+[5F(X’V)D
A ML o v TR K, G
s, MN goBfgon: RO ek i, Wa&ﬁ@ﬁﬁ L
o B
= 1 £ B R, 3
IE= |
{55 2, PO 1a(p() R, R
Horh, p) RGN N § % 2 kg
1 M L2
MSE=—— L3 ) -1,0.1) BT 2% N [
W7 MN zo,zo[ 0] ﬁﬁgﬁfﬁ(’ R
oo, MON SRR BRI BRERERE, 1y, 1, 4h B3 AT 1 5 5 e 14 B
_ Q“Wj i (81 18
Wl 9 P =101 i P
b, n 4R MR MR, R n =8; MSE 227 MR 5 B4 QiR
ssim = 2ty TG 20:0y G Oyt Gy T FE K,
S by TGOty G 00,1 G P16 T 2 2 19
At b,y S BFREG xRy M 0,0, FANE, o FAMIE; MEEMA, WER
C,.C,,C WM it
UIQM =g, UICM+ ¢, UISM+ ¢, UIConM 7J<Tf%f’ﬁ§%§ﬁﬁ
KFFIQIRIER: S0, UIOM 05 (B b UISM Jomii £ it Uicon derisiene st n ARG
WRHR ¢, G, C HHHL T
B UCIQE =60+, cony+ Gty K F % 6 8 {4
K PRERRIRE ), 7 HBRF (5 B R ME 22, con, o FRRIEGAT L HERIBRIE S, 1 F M (MK, QT Bt
i Hi, o, Fm BIREUR G RbRIEX; con, TR BAREUR ST LR MAR1E S, pg FR K, BE=
H ARG PR RS, o, Gy, G WL Hhf
1 M ] G [F
TR POQI =D (6,306 90X, ) f;gi%ﬁwiﬁ
Tt A s B . . B A 7
e, M RRMA S, o0, 0 HFREIGITRE | (FSmERE S R

ANHIRTARA B, R T B B i 0F 58
S PGRL BEHT, TCIe RGN IR R S TRE
I BRBITTIE, AR ST AR [ 48
FETHITIENERE L BT 207 5 AR S 7 R TT . AR
K BEHE N T RER AR LA L AE P FAE RE K-
AR E R T, LARBE 7 > BRI KT 5
5805 5 RO i A SR Foc i H 19 & g i 5t

LR AR SCHY TR R A 41 L) B S8 45 R
A Je BT AT LAFRISE LT 5 | K 05 XA PP
fats 34007 AT R JT

(1) AR T2 BUT BBK IR, KT 3R
TR A 2%, Al — T iR ARMERE A8 7 2 P A [ (19
KT IR R R B B S A PERERCR, T
X AR LA KT B 5k 5 S I R B —
GERE I S BRE IR R T . Bt TR 5 ) R B K g,
H T ERIE 2 A (KT BB 5k 5 52 )50 ik R B
TAEGE T T IO LIz AL RE s . (E7E e 4k

ABRAYTEBLT, Anfar i 5 H— B A 9 28 A5 250
JR 4R i DT AR RE A BRI PER S R

(2) TREE A BRI K FEALAT 2 AT K T R
14 3 5 52 S ) R B T A O R, X T ER
K e R B gl £ S RAL” . SR, R
= > [ 45 R f14 ] fife e TR s 4 N T E 4
el R AR BB ) R M AR, TR BT R 2% AL Y
[RIF, Ay BEA 9 25 A58 5 8 507 AR Gl L
T B o Dt T P 2% i SELAEL AT A o 1 R
SRR HT R H et O RSB XL
T REAR Y s BB AR

() T KT FIEI 58 5 52 I 5 S B
YR A BRI e A s 98 IR s e B
S FRAYAE LU, ey 22 150 pldoxk & 3 £ I R 9 BR
i, E 2 A A O BRI R K T B8R 3
HHE &, Rt — 8T 7k SE bR R BE T B R
DL FERT Bk 2 A JRTT RIRTSRE T, T



826

FHETHLANBY 5 P 2

% 36 &

P 8 36 5k 5 S DR P A 4 s o 07 B 3 R ke == 0L
B2 5EMELMMN LG E &, MIESH NS
(PR A B AR, SRR T
Pl BT BRI 58 5 5 507 ik PR RE I EE 20 3

2% 3k (References):

(1

(2

(3]

(5]

(6]

(8]

(9]

(10

(11

(12

(13]

(14]

Han M, LyuZ Y, Qiu T, et al. A review on intelligence dehaz-
ing and color restoration for underwater images[J]. |EEE
Transactions on Systems, Man, and Cybernetics: Systems,
2020, 50(5): 1820-1832

Li Jun, Yuan Lingli. A summary of the current situation and
trend of global marine resources development[J]. Land and
Resources Information, 2013(12): 13-16+32(in Chinese)

(FE, ZEH, SEEEREIT L IDRAEALGRY. F
T ¥R, 2013(12): 13-16+32)

Gong Z J, Li C, Jiang F. A machine learning-based approach
for auto-detection and localization of targets in underwater
acoustic array networks[J]. |IEEE Transactions on Vehicular
Technology, 2020, 69(12): 15857-15866

Yao L, Du X J. Identification of underwater targets based on
sparse representation[J]. |EEE Access, 2020, 8: 215-228

Tang Y L, Jin SH, Bian G, et al. Shipwreck target recognition
in side-scan sonar images by improved YOLOv3 model based
on transfer learning[J]. |EEE Access, 2020, 8: 173450-173460
Zhang Shan, Zhu Yupeng. Simulation of regiona species iden-
tification of marine organisms based on 3D vision[J]. Computer
Simulation, 2018, 35(5): 402-405+443(in Chinese)

(I, RTINS, FET = LE 0T A A ) XA S U 0
E[J]. HEHUGE, 2018, 35(5): 402-405+443)

Park J H, Kang C G. A study on enhancement of fish recogni-
tion using cumulative mean of YOLO network in underwater
video images[J]. Journa of Marine Science and Engineering,
2020, 8(11): Article No.952

SunJL, Cheng Y F. Assessment by finite element modeling of
the interaction of multiple corrosion defects and the effect on
failure pressure of corroded pipelines[J]. Engineering Struc-
tures, 2018, 165: 278-286

Gee L, Heffron E, Kane R, et al. E/V Nautilus 2019 Mapping:
filling the gaps in seafloor coverage of the remote pacific and
contributing to global seabed mapping initiatives[J]. Oceanog-
raphy, 2020, 33(1): 30-31

Anwar S, Li C Y. Diving deeper into underwater image enh-
ancement: a survey[J]. Signal Processing: Image Communicat-
ion, 2020, 89: Article N0.115978

Li CY, Anwar S, Porikli F. Underwater scene prior inspired
deep underwater image and video enhancement[J]. Pattern
Recognition, 2020, 98: Article No.107038

Christie S M, Kvasnik F. Contrast enhancement of underwater
images with coherent optical image processors[J]. Applied Opt-
ics, 1996, 35(5): 817-825

Murino V, Trucco A. A confidence-based approach to enhanci-
ng underwater acoustic image formation[J]. IEEE Transactions
on Image Processing, 1999, 8(2): 270-285

Cong Runmin, Zhang Yumo, Zhang Chen, et al. Research pro-
gress of deep learning driven underwater image enhancement

(19]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(29]

(26]

(27]

(28]

and restoration[J]. Journal of Signal Processing, 2020, 36(9):
1377-1389(in Chinese)

(AR, kE S, KR, 5. BWEETIEIRKT KGR
58 FERE L. {55403, 2020, 36(9): 1377-1389)

Zhao Y X, JaRF, Liu C. An evauation method of underwater
ocean environment safety situation based on D-S evidence the-
ory[J]. Advances in Meteorology, 2015, 2015(1): Article No.
207656

McGlamery B L. A computer model for underwater camera
systems[C] //Proceedings of the Ocean Optics V1. Bellingham:
Saciety of Photo-Optical Instrumentation Engineers, 1980, 208:
221-231

Raihan A J, Abas P E, De Silva L C. Review of underwater
image restoration algorithms[J]. |ET Image Processing, 2019,
13(10): 1587-1596

Lacaze B. About the bidimensional beer-lambert law[OL].
[2023-01-05]. https://arxiv.org/abs/1202.1103

Chiang JY, Chen Y C, Chen Y F. Underwater image enhance-
ment: using wavelength compensation and image dehazing
(WCID)[C] //Proceedings of the 13th International Conference
on Advanced Concepts for Intelligent Vision Systems. Heidel-
berg: Springer, 2011: 372-383

Zhao Yonggiang, Dai Huimin, Shen Linghao, et al. Review of
underwater polarization clear imaging methods[J]. Infrared and
Laser Engineering, 2020, 49(6): Article N0.20190574(in Chi-
nese)

(RO, HUERR, Wi, AF. KR RIRTE MRS ik LRk
[J. LA 5H0E T2, 2020, 49(6): Article No.20190574)

Li N, Zhao Y Q, Pan Q, et al. Removal of reflectionsin LWIR
image with polarization characteristics[J]. Optics Express,
2018, 26(13): 16488-16504

HaoJL, Zhao Y Q, LiuW T. A new polarization image demo-
saicking method in the frequency domain for DoFP polariza-
tion imaging[C] //Proceedings of the 39th Chinese Control
Conference. Los Alamitos. |IEEE Computer Society Press,
2020: 6644-6649

Cronin T W, Marshall J. Patterns and properties of polarized
light in air and water[J]. Philosophical Transactions of the
Royal Society B: Biological Sciences, 2011, 366(1565): 619-
626

Schechner Y Y, Karpel N. Clear underwater vision[C] //Pro-
ceedings of the IEEE Computer Society Conference on Com-
puter Vision and Pattern Recognition. Los Alamitos. |EEE
Computer Society Press, 2004: Article N0.8161435

Wei Yi, Liu Fei, Yang Kui, et al. Passive underwater polariza-
tion imaging detection method in neritic area[J]. Acta Physica
Sinica, 2018, 67(18): Article N0.184202(in Chinese)

(BH, X%, 2, & WIBHEK T iR BUR R J5 12
[J. PyBE2#4R, 2018, 67(18): Article N0.184202)

JinH H, QianL J, Gao J, et al. Polarimetric calculation method
of global pixel for underwater image restoration[J]. |EEE
Photonics Journal, 2021, 13(1): Article N0.6800315

HuHF, Zhao L, Li X B, et al. Polarimetric image recovery in
turbid media employing circularly polarized light[J]. Optics
Express, 2018, 26(19): 25047-25059

HuHF, Zhao L, Li X B, et al. Underwater image recovery un-
der the nonuniform optical field based on polarimetric imag-
ing[J]. |IEEE Photonics Journal, 2018, 10(1): Article No.
6900309



5 63]

sy, AF K BGOSR S R R R B S R 827

[29]

(30

(31]

(32

(33]

(34]

(39]

(36]

(37

(38]

(39]

[40]

[41]

(42

[43]

Huang B J, Liu T G, HuH F, et al. Underwater image recovery
considering polarization effects of objects[J]. Optics Express,
2016, 24(9): 9826-9838

Fu X P, Liang Z, Ding X Y, et al. Image descattering and ab-
sorption compensation in underwater polarimetric imaging[J].
Optics and Lasers in Engineering, 2020, 132: Article No.
106115

Han P L, LiuF, Yang K, et al. Active underwater descattering
and image recovery[J]. Applied Optics, 2017, 56(23): 6631-
6638

Shen L H, Zhao Y Q, Peng Q N, et al. An iterative image
dehazing method with polarization[J]. |IEEE Transactions on
Multimedia, 2019, 21(5): 1093-1107

Li X B, HuH F, Zhao L, et al. Polarimetric image recovery
method combining histogram stretching for underwater imag-
ing[J]. Scientific Reports, 2018, 8(1): Article No.12430

Yang Y Q, Wang X W, Sun L, et al. Binning-based lo-
cal-threshold filtering for enhancement of underwater 3D gated
range-intensity correlation imaging[J]. Optics Express, 2021,
29(6): 9385-9395

Wang M M, Wang X W, Yang Y Q, et al. Underwater
de-scattering range-gated imaging based on numerical fitting
and frequency domain filtering[C] //Proceedings of the 12th
International Conference on Intelligent Robotics and Applica-
tions. Heidelberg: Springer, 2019: 195-204

Wang Xinwel, Sun Liang, Wang Minmin, et al. Deblurring
methods for underwater 2D and 3D range-gated imaging[J]. In-
frared and Laser Engineering, 2020, 49(2): Article
N0.0203002(in Chinese)

(EHE, e, T, 5. KR 4 K = 4k M s k8 ag
EMEFARBIIT[. L05M 5RO TR, 2020, 49(2): Article
N0.0203002)

Sun L, Wang X W, Liu X Q, et al. Underwater range-gated la-
ser imaging enhancement based on contrast-limited adaptive
histogram equalization[C] //Proceedings of the Optoelectronic
Imaging and Multimedia Technology IV. Bellingham: Society
of Photo-Optical Instrumentation Engineers, 2016, 10020: Ar-
ticle No.1002015

Sato |, Okabe T, Sato Y. Bispectral photometric stereo based
on fluorescence[C] //Proceedings of the IEEE Conference on
Computer Vision and Pattern Recognition. Los Alamitos: |EEE
Computer Society Press, 2012: 270-277

Murez Z, Treibitz T, Ramamoorthi R, et al. Photometric stereo
in a scattering medium[J]. |IEEE Transactions on Pattern
Analysis and Machine Intelligence, 2017, 39(9): 1880-1891
Treibitz T, Schechner Y Y. Turbid scene enhancement using
multi-directional illumination fusion[J]. IEEE Transactions on
Image Processing, 2012, 21(11): 4662-4667

Hullin M, Fuchs M, lhrke |, et al. Method and device for fluo-
rescent immersion range scanning: EP, 2112467A2[P].
2009-10-28

Roser M, Dunbabin M, Geiger A. Simultaneous underwater
visibility assessment, enhancement and improved stereo[C]
/IProceedings of the |EEE International Conference on Robot-
ics and Automation. Los Alamitos: IEEE Computer Society
Press, 2014: 3840-3847

LiuY C, Chan W H, Chen Y Q. Automatic white balance for
digital still camera[J]. |[EEE Transactions on Consumer Elec-
tronics, 1995, 41(3): 460-466

(44]

(49]

[46]

[47]

(48]

(49]

(50]

(51]

(52]

(53]

(54]

(55]

(56]

Maloney L T, Wandell B A. Color constancy: a method for re-
covering surface spectral reflectance]J]. Journal of the Optical
Society of AmericaA, 1986, 3(1): 29-33

van de weijer J, Gevers T, Gijsenij A. Edge-based color con-
stancy[J]. |EEE Transactions on Image Processing, 2007,
16(9): 2207-2214

Henke B, Vahl M, Zhou Z L. Removing color cast of underwa-
ter images through non-constant color constancy hypothesis[C]
/IProceedings of the 8th International Symposium on Image
and Signa Processing and Analysis. Los Alamitos: |EEE
Computer Society Press, 2013: 20-24

Kan LY, YuJ Yang Y, et al. Color correction of underwater
images using spectral data[C] //Proceedings of the Optoelec-
tronic Imaging and Multimedia Technology Ill. Bellingham:
Society of Photo-Optical Instrumentation Engineers, 2014,
9273: Article N0.92730G

Galdran A, Pardo D, Picon A, et al. Automatic red-channel un-
derwater image restoration[J]. Journal of Visua Communica-
tion and Image Representation, 2015, 26: 132-145

Li CY,QuoJC, Pang Y W, et al. Single underwater image
restoration by blue-green channels dehazing and red channel
correction[C] //Proceedings of the IEEE International Confer-
ence on Acoustics, Speech and Signal Processing. Los Alami-
tos: IEEE Computer Society Press, 2016: 1731-1735

Li Li, Wang Huigang, Liu Xing. Underwater image enhance-
ment based on improved dark channel prior and color correc-
tion[J]. Acta Optica Sinica, 2017, 37(12): Article No. 1211003
(in Chinese)

(FE, THEW, XA, BT U0k m e @ 550 B E R E /Y
KF ER 58 [T, Sk 2% 4, 2017, 37(12): Article No.
1211003)

Park D, Han D K, Ko H. Enhancing underwater color images
via optical imaging model and non-local means denoising[J].
IEICE Transactions on Information and Systems, 2017, E100.
D(7): 1475-1483

Wang Yongxin, Diao Ming, Han Chuang. Underwater image
enhancement and color correction model based on homomor-
phic filter[J]. Computer Engineering and Applications, 2018,
54(11): 30-34+80(in Chinese)

(Ekd, A0, k. 5T RS AR T EIgH SRS 6
TSR], ML L5 5T, 2018, 54(11): 30-34+80)
Song W, Wang Y, Huang D M, et al. A rapid scene depth esti-
mation model based on underwater light attenuation prior for
underwater image restoration[C] //Proceedings of the 19th Pa-
cific-Rim Conference on Multimedia. Heidelberg: Springer,
2018: 678-688

NomuraK, Sugimura D, Hamamoto T. Underwater image color
correction using exposure-bracketing imaging[J]. |EEE Signal
Processing Letters, 2018, 25(6): 893-897

Zhang Wei, Guo Jichang. Low-illumination underwater image
enhancement based on white balance and relative total varia-
tion[J]. Laser & Optoelectronics Progress, 2020, 57(12): Article
N0.121016(in Chinese)

(TkA, Ak E . FeT P A R X 428 4 I AR IR B K R ]
BRI R [, WOG 500 A kg, 2020, 57(12): Article
N0.121016)

LeeH S, Moon SW, Eom | K. Underwater image enhancement
using successive color correction and superpixel dark channel
prior[J]. Symmetry, 2020, 12(8): Article No.1220



828

FHETHLANBY 5 P 2

% 36 &

(57]

(58]

(59]

(60]

(61]

[62]

(63]

(64]

(65]

[66]

[67]

(68]

(69]

(7]

(71]

(72

Li CY, Anwar S, Hou J H, et al. Underwater image enhance-
ment via medium transmission-guided multi-color space em-
bedding[J]. IEEE Transactions on Image Processing, 2021, 30:
4985-5000

Zhou J C, Zhang D H, Zhang W S. Underwater image en-
hancement method via multi-feature prior fusion[J]. Applied
Intelligence, 2022, 52(14): 16435-16457

Zhu X D, Lin M X, Zhao M Y, et al. Adaptive underwater im-
age enhancement based on color compensation and fusion[J].
Signal, Image and Video Processing, 2023, 17(5): 2201-2210
Zuiderveld K. Contrast limited adaptive histogram equaliza-
tion[M] //Heckbert P S. Graphics Gems IV. San Diego: Aca
demic Press Professional, Inc., 1994: 474-485

Han J H, Yang S, Lee B U. A novel 3-D color histogram
equalization method with uniform 1-D gray scale histogram[J].
|EEE Transactions on Image Processing, 2011, 20(2): 506-512
Ghani A SA, IsaN A M. Enhancement of low quality under-
water image through integrated global and local contrast cor-
rection[J]. Applied Soft Computing, 2015, 37: 332-344
Marukatat S. Image enhancement using local intensity distribu-
tion equalization[J]. EURASIP Journal on Image and Video
Processing, 2015, 2015: Article No.31

Huang D M, Wang Y, Song W, et al. Shallow-water image en-
hancement using relative global histogram stretching based on
adaptive parameter acquisition[C] //Proceedings of the 24th In-
ternational Conference on MultiMedia Modeling. Heidelberg:
Springer, 2018: 453-465

Mathur M, Goel N. Enhancement of underwater images using
white balancing and Rayleigh-stretching[C] //Proceedings of
the 5th International Conference on Signal Processing and In-
tegrated Networks. Los Alamitos. IEEE Computer Society
Press, 2018: 924-929

Bhandari A K, Shahnawazuddin S, Meena A K. A novel fuzzy
clustering-based histogram model for image contrast enhance-
ment[J]. IEEE Transactions on Fuzzy Systems, 2020, 28(9):
2009-2021

Ba L F, Zhang W D, Pan X P, et al. Underwater image en-
hancement based on global and local equalization of histogram
and dual-image multi-scale fusion[J]. IEEE Access, 2020, 8:
128973-128990

Acharya U K, Kumar S. Directed searching optimized mean-
exposure based sub-image histogram equalization for grayscale
image enhancement[J]. Multimedia Tools and Applications,
2021, 80(16): 24005-24025

Peng Y T, Chen Y R, Chen Z H, et al. Underwater image en-
hancement based on histogram-equalization approximation us-
ing physics-based dichromatic modeling[J]. Sensors, 2022,
22(6): Article No.2168

Singh G, Jaggi N, Vasamsetti S, et al. Underwater image/video
enhancement using wavelet based color correction (WBCC)
method[C] //Proceedings of the IEEE Underwater Technology.
LosAlamitos: IEEE Computer Society Press, 2015: 1-5

Khan A, Ali SS A, Mdik A S, et al. Underwater image en-
hancement by wavelet based fusion[C] //Proceedings of the
IEEE International Conference on Underwater System Tech-
nology: Theory and Applications. Los Alamitos: |EEE Com-
puter Society Press, 2016: 83-88

Priyadharsini R, Sree Sharmila T, Raendran V. A wavelet
transform based contrast enhancement method for underwater

(73]

(74]

[79]

[7€]

[77]

(78]

[79]

(80]

(81]

(82]

(83]

(84]

acoustic images[J]. Multidimensional Systems and Signal
Processing, 2018, 29(4): 1845-1859

Guraksin G E, Deperlioglu O, Kose U. A novel underwater
image enhancement approach with wavelet transform sup-
ported by differential evolution agorithm{M] //Hemanth J,
Balas V E. Nature Inspired Optimization Techniques for Image
Processing Applications. Cham: Springer, 2019: 255-278

Igha M, Riaz M M, Ali S S, et al. Underwater image en-
hancement using Laplace decomposition[J]. IEEE Geoscience
and Remote Sensing Letters, 2022, 19: Article No.1500105
MaZ Y, Oh C. A wavelet-based dual-stream network for un-
derwater image enhancement[C] //Proceedings of the IEEE In-
ternational Conference on Acoustics, Speech and Signal Proc-
essing. Los Alamitos: IEEE Computer Society Press, 2022:
2769-2773

Skinner K A, Zhang J M, Olson E A, et al. UWStereoNet: un-
supervised learning for depth estimation and color correction of
underwater stereo imagery[C] //Proceedings of the Interna-
tional Conference on Robotics and Automation. Los Alamitos:
|EEE Computer Society Press, 2019: 7947-7954

Wang Y, Zhang J, Cao Y, et al. A deep CNN method for un-
derwater image enhancement[C] //Proceedings of the IEEE In-
ternational Conference on Image Processing. Los Alamitos:
|EEE Computer Society Press, 2017: 1382-1386

Sun X, Liu L P, Dong JY. Underwater image enhancement with
encoding-decoding deep CNN networks[C] //Proceedings of
the IEEE SmartWorld, Ubiquitous Intelligence & Computing,
Advanced & Trusted Computed, Scalable Computing & Com-
munications, Cloud & Big Data Computing, Internet of People
and Smart City Innovation. Los Alamitos: IEEE Computer So-
ciety Press, 2017: 1-6

Xu Yan, Sun Meishuang. Enhancing underwater image based
on convolutional neural networks[J]. Journa of Jilin University
(Engineering and Technology Edition), 2018, 48(6):
1895-1903(in Chinese)

(R, PhEXL FET B Z W48 (147K T B RIS T ().
TR (T 24 0R), 2018, 48(6): 1895-1903)

Wang Y D, Guo J C, Gao H, et al. UIEC"2-Net: CNN-based
underwater image enhancement using two color space[J]. Sig-
nal Processing: Image Communication, 2021, 96: Article No.
116250

Wei Yixue, Zhou Dongming, Wang Changcheng, et al. Under-
water image enhancement using multi-scale dense residual
network[J]. Radio Engineering, 2021, 51(9): 870-878(in Chi-
nese)

(BIRE, A4, TR, 5. RHZREBERZEMEL
KR EMGHETR[ ). JoZH T2, 2021, 51(9): 870-878)

Qi Q,Li KQ,ZhengHY, et al. SGUIE-Net: semantic attention
guided underwater image enhancement with multi-scale per-
ception[J]. |EEE Transactions on Image Processing, 2022, 31:
6816-6830

FuZ Q, Lin X P, Wang W, et al. Underwater image enhance-
ment via learning water type desensitized representations[C] //
Proceedings of the IEEE International Conference on Acous-
tics, Speech and Signal Processing. Los Alamitos: |IEEE Com-
puter Society Press, 2022: 2764-2768

Du Shouging, Chen Ming, Wang Junhao. Underwater image
enhancement model based on multi-scale feature extraction[J].
Fishery Modernization, 2022, 49(4): 70-79(in Chinese)



e sy, AF K BGOSR S R R R B S R 829

(BEspIR, BRI, EREE. BT 2 RUERIERBUYK T ER
BRI ol BRAE, 2022, 49(4): 70-79)

[85] PanJS, SunD Q, Zhang JW, et al. Dual convolutiona neural
networks for low-level vision[J]. International Journa of
Computer Vision, 2022, 130(6): 1440-1458

[86] Li J, Skinner K A, Eustice R M, et al. WaterGAN: unsuper-
vised generative network to enable real-time color correction of
monocular underwater images[J]. |EEE Robotics and Automa-
tion Letters, 2018, 3(1): 387-394

[87] YeX C, XuH C, J X, et al. Underwater image enhancement
using stacked generative adversarial networks[C] //Proceedings
of the 19th Pecific-Rim Conference on Multimedia. Heidel-
berg: Springer, 2018: 514-524

[88] Guo Y C, Li HY, Zhuang P X. Underwater image enhancement
using a multiscale dense generative adversarial network[J].
IEEE Journal of Oceanic Engineering, 2020, 45(3): 862-870

[89] Huang G Liu Z, Van Der Maaten L, et al. Densely connected
convolutional networks[C] //Proceedings of the IEEE Confer-
ence on Computer Vision and Pattern Recognition. Los Alami-
tos: IEEE Computer Society Press, 2017: 2261-2269

[90] HeK M, Zhang X Y, Ren SQ, et al. Deep residual learning for
image recognition[C] //Proceedings of the IEEE Conference on
Computer Vision and Pattern Recognition. Los Alamitos: |IEEE
Computer Society Press, 2016: 770-778

[91] Liu PR, Wang G Y, Qi H, et al. Underwater image enhancement
with a deep residual framework[J]. |IEEE Access, 2019, 7:
94614-94629

[92] Liu X D, Gao Z, Chen B M. MLFcGAN: multilevel feature fu-
sion-based conditional GAN for underwater image color cor-
rection[J]. |EEE Geoscience and Remote Sensing Letters,
2020, 17(9): 1488-1492

[93] LinP,Wang Y F, Wang G Y, et al. Conditional generative ad-
versarial network with dual-branch progressive generator for
underwater image enhancement[J]. Signal Processing: Image
Communication, 2022, 108: Article N0.116805

[94] SunB Y, Mei Y P, Yan N, et al. UMGAN: underwater image
enhancement network for unpaired image-to-image transla-
tion[J]. Journal of Marine Science and Engineering, 2023,
11(2): Article No.447

[95] He K M, Sun J, Tang X O. Single image haze removal using
dark channel prior[C] //Proceedings of the |IEEE Conference on
Computer Vision and Pattern Recognition. Los Alamitos: |IEEE
Computer Society Press, 2009: 1956-1963

[96] Drews Jr P, do Nascimento E, Moraes F, et al. Transmission
estimation in underwater single imagesC] //Proceedings of the
IEEE International Conference on Computer Vision Work-
shops. Los Alamitos: |IEEE Computer Society Press, 2013:
825-830

[97] Sathya R, Bharathi M, Dhivyasri G. Underwater image en-
hancement by dark channel prior[C] //Proceedings of the 2nd
International Conference on Electronics and Communication
Systems. Los Alamitos: |[EEE Computer Society Press, 2015:
1119-1123

[98] Gupta R, Farooqui Z. Underwater image clearance using dark
channel and FFT enhancement[J]. International Journal of
Computer Applications, 2015, 119(23): 21-25

[99] Cui W, Li C, Zhang C, et al. Restoration and enhancement of
underwater light field image[C] //Proceedings of the 7th Inter-
national Workshop of Advanced Manufacturing and Automa-

tion. Heidelberg: Springer, 2018: 93-105

[100] Li J R, Li Y J. Underwater image restoration algorithm for
free-ascending deep-seatripods]J]. Optics & Laser Technology,
2019, 110: 129-134

[101] Yin Fang, Chen Tiantian, Wu Rui, et al. Underwater image
restoration method based on dark channel prior and image fu-
sion[J]. Journa of Chinese Computer Systems, 2017, 38(11):
2591-2596(in Chinese)

(15, PRI, R, % —Fh%sE Rl s e Mg A
KT BB R (). N R AL AL R e, 2017,
38(11): 2591-2596)

[102] Wang Xin, Zhu Hangcheng, Ning Chen, et al. Combination of
dark-channel prior with sparse representation for underwater
image restoration[J]. Journal of Electronics & Information
Technology, 2018, 40(2): 264-271(in Chinese)

(E#E, RATH, TR, & WA RE G R R R R 1K
TEGEE]. B 51% 244k, 2018, 40(2): 264-271)

[103] Lin Sen, Bai Ying, Li Wentao, et al. Underwater image restora-
tion based on the modified model and dark channel prior[J].
Robot, 2020, 42(4): 427-435+447(in Chinese)

(BRFR, FI2%, 25300, 5. BT IR S B EE LG R
H7K RS E IR, HLEEN, 2020, 42(4): 427-435+447)

[104] Liang Z, Ding X Y, Wang Y F, et al. GUDCP: generalization of
underwater dark channel prior for underwater image restora-
tion[J]. |IEEE Transactions on Circuits and Systems for Video
Technology, 2022, 32(7): 4879-4884

[105] Trucco E, Olmos-Antillon A T. Self-tuning underwater image
restoration[J]. |EEE Journa of Oceanic Engineering, 2006,
31(2): 511-519

[106] Bazeille S, Quidu I, Jaulin L, et al. Automatic underwater im-
age pre-processing[C] //Proceedings of the Caracterisation du
Milieu Marin. Beijing: Tsinghua University Press, 2006

[107] Tian Hui, Shen Tingzhi, Li Ting, et al. Image restoration based
on GA-MCMC particle filterg[J]. Transactions of Beijing In-
stitute of Technology, 2010, 30(1): 105-108(in Chinese)

(HIF, TRHE, 2RH4E, 55, BLT GA-MCMCHYAL T IE K15
PRI AERTHLT R 224, 2010, 30(1): 105-108)

[108] Parthasarathy S, Sankaran P. An automated multi scale retinex
with color restoration for image enhancement[C] //Proceedings
of the National Conference on Communications. Los Alamitos:
|EEE Computer Society Press, 2012: 1-5

[109] Li Xinnan, Huang Heyan, Jia Xiaoning, et al. Guided fil-
ter-based blind image restoration method[J]. Acta Physica
Sinica, 2015, 64(13): Article N0.134202(in Chinese)

(ZEFAE, B, PUNT, B TR IEIR E R
BE[J). WEAR, 2015, 64(13): Article N0.134202)

[110] Wang M, Zhou S D, Yan W. Blurred image restoration using
knife-edge function and optimal window wiener filtering[J].
PL0S One, 2018, 13(1): Article N0.e0191833

[111] Chaudhry A M, Riaz M M, Ghafoor A. Underwater visibility
restoration using dehazing, contrast enhancement and filter-
ing[J]. Multimedia Tools and Applications, 2019, 78(19):
28179-28187

[112] Kim S, Song C, Jang J, et al. Edge-aware image filtering using
a structure-guided CNN[J]. IET Image Processing, 2020,
14(3): 472-479

[113] Chiang J Y, Chen Y C. Underwater image enhancement by
wavelength compensation and dehazing[J]. |EEE Transactions
on Image Processing, 2012, 21(4): 1756-1769



830 AU B i 115 BB 222 4 5% 36 4%

[124] Chen Z, Wang H B, Shen J, et al. Region-specialized underwa-
ter image restoration in inhomogeneous optical environ-
ments[J]. Optik, 2014, 125(9): 2090-2098

[115] Emberton S, Chittka L, Cavallaro A. Hierarchical rank-based
veiling light estimation for underwater dehazing[C] //Proceedings
of the British Machine Vision Conference. Durham: BMVA
Press, 2015: Article No.125

[116] Li CY, Guo JC, Chen SJ, et al. Underwater image restoration
based on minimum information loss principle and optical
properties of underwater imaging[C] //Proceedings of the IEEE
International Conference on Image Processing. Los Alamitos:
|EEE Computer Society Press, 2016: 1993-1997

[117] Wu M, Luo K, Dang J J, et al. Underwater image restoration
using color correction and non-local prior[C] //Proceedings of
the Oceans MTS/IEEE conference. Los Alamitos: |EEE Com-
puter Society Press, 2017: 1-5

[118] Peng Y T, Cosman P C. Underwater image restoration based on
image blurriness and light absorption[J]. |EEE Transactions on
Image Processing, 2017, 26(4): 1579-1594

[119] Zhou J C, Wang Y Y, Zhang W S. Underwater image restora-
tion via information distribution and light scattering prior[J].
Computers and Electrical Engineering, 2022, 100: Article
No0.107908

[120] Qiu Qimeng, Zhang Yajia, Gao Zhigiang, et al. Underwater
image restoration based on quadtree hierarchical search and
transmittance optimization[J]. Acta Optica Sinica, 2023,
43(12): Article N0.1201002(in Chinese)

(ERRCSE, SR, msR, . 00 SR 08 RS bt
RIARIK T EREIR]]. Jtiééf, 2023, 43(12): Article
N0.1201002)

[121] Barbosa W V, Amaral H G B, Rocha T L, et al. Visual-quality-
driven learning for underwater vision enhancement[C] //Pro-
ceedings of the 25th |EEE International Conference on Image
Processing. Los Alamitos: |IEEE Computer Society Press,
2018: 3933-3937

[122] Wang K Y, Hu Y, Chen J, et al. Underwater image restoration
based on a paralel convolutional neural network[J]. Remote
Sensing, 2019, 11(13): Article No.1591

[123] Xiang Y F, Yang X, Ren Q M, et al. Underwater polarization
imaging recovery based on polarimetric residual dense net-
work[J]. |EEE Photonics Journal, 2022, 14(6): Article
No0.7860206

[124] FuZ Q, Lin H X, Yang Y, et al. Unsupervised underwater im-
age restoration: from a homology perspective[C] //Proceedings
of the 36th AAAI Conference on Artificial Intelligence. Palo
Alto: AAAI Press, 2022: 643-651

[125] Hao J Y, Yang H B, Hou X, et al. Two-stage underwater image
restoration algorithm based on physical model and causal in-
tervention[J]. |IEEE Signa Processing Letters, 2023, 30: 120-
124

[126] Chen X Y, Yu J Z, Kong S H, et al. Towards real-time ad-
vancement of underwater visual qudity with GAN[J]. |IEEE
Transactions on Industrial Electronics, 2019, 66(12): 9350-9359

[127] LuJdY, Li N, Zhang SY, et al. Multi-scale adversarial network
for underwater image restoration[J]. Optics & Laser Technol-
ogy, 2019, 110: 105-113

[128] Yu X L, Qu Y Y, Hong M. Underwater-GAN: underwater im-
age restoration via conditional generative adversaria net-
work[C] //Proceedings of the International Conference on Pat-
tern Recognition and Information Forensics. Heidelberg:
Springer, 2019: 66-75

[129] LinJC, Hsu C B, Lee JC, et al. Dilated generative adversarial
networks for underwater image restoration[J]. Journal of Ma-
rine Science and Engineering, 2022; 10(4): Article No.500

[130] CodevillaF, GayaJD O, Filho N D, et al. Achieving turbidity
robustness on underwater images local feature detection[J]. In-
ternational Journal of Computer Vision, 2015, 60(2): 91-110

[131] Jan M W, Qi Q, Dong J Y, et al. The OUC-vision large-scale
underwater image database[C] //Proceedings of the IEEE In-
ternational Conference on Multimedia and Expo. Los Alami-
tos: |[EEE Computer Society Press, 2017: 1297-1302

[132] Li C Y, Guo C L, Ren W Q, et al. An underwater image en-
hancement benchmark dataset and beyond[J]. |IEEE Transac-
tions on Image Processing, 2020, 29: 4376-4389

[133] Berman D, Levy D, Avidan S, et al. Underwater single image
color restoration using haze-lines and a new quantitative data-
set[J). |IEEE Transactions on Pattern Analysis and Machine In-
telligence, 2021, 43(8): 2822-2837

[134] Liu R S, Fan X, Zhu M, et al. Red-world underwater en-
hancement: challenges, benchmarks, and solutions under natu-
ral light[J]. IEEE Transactions on Circuits and Systems for
Video Technology, 2020, 30(12): 4861-4875

[235] Isam M J, Luo P G Sattar J. Simultaneous enhancement and
super-resolution of underwater imagery for improved visual
perception[C] //Proceedings of the Conference on Robotic:
Science and Systems. Los Alamitos: |IEEE Computer Society
Press, 2020: Article No.18.

[136] Song W, Wang Y, Huang D M, et al. Enhancement of under-
water images with statistical model of background light and
optimization of transmission map[J]. |EEE Transactions on
Broadcasting, 2020, 66(1): 153-169

[137] IsSam M J, Xia Y Y, Sattar J. Fast underwater image enhance-
ment for improved visual perception[J]. |IEEE Robotics and
Automation Letters, 2020, 5(2): 3227-3234

[138] Crescitelli A M, Gansel L C, Zhang H X. NorFisk: fish image
dataset from Norwegian fish farms for species recognition us-
ing deep neura networks[J]. Modeling, ldentification and
Control, 2021, 42(1): 1-16

[139] Berman D, Treibitz T, Avidan S. Diving into haze-lines: color
restoration of underwater images[C] //Proceedings of the Brit-
ish Machine Vision Conference. Durham: BMVA Press, 2017:
Article No.44

[140] Panetta K, Gao C, Agaian S. Human-visual-system-inspired
underwater image quality measures[J]. IEEE Journal of Oce-
anic Engineering, 2016, 41(3): 541-551

[141] Yang M, Sowmya A. An underwater color image quality
evaluation metric[J]. |IEEE Transactions on Image Processing,
2015, 24(12): 6062-6071

[142] Wang S Q, MaK D, Yeganeh H, et al. A patch-structure rep-
resentation method for quality assessment of contrast changed
images[J]. |EEE Signal Processing Letters, 2015, 22(12):
2387-2390



