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Underwater image restoration based on multi-channel polarization and
dual-branch Transformer

Xu Xinyue, Huo Guanying, Kong Weifeng, Peng Chao, Su Yong
(College of Information Science and Engineering, Hohai University)

Abstract: To address the problems of low image contrast, color distortion, and blurred details caused by turbid underwater
environments, an underwater image restoration network based on multi-channel polarization and a dual-branch Transformer was
proposed. A polarization feature adaptive fusion module based on the Stokes vector was used to extract the physical polarization features
of water. A spatial-polarization dual-branch architecture was constructed, and a dynamic gating mechanism was utilized to adaptively
fuse multi-source information, such as polarization intensity, degree of polarization, and polarization angle, with spatial features,
overcoming the limitation of incomplete representation by single-modality information. An encoder-decoder structure integrating multi-
scale feature interaction, channel attention, and multi-scale spatial Transformer modules was adopted for the network backbone to
enhance the capabilities of degradation representation and global detail restoration. The experimental results show that this method has
significant advantages in structure restoration, detail preservation, and color correction ( SSIM: 0.8540, PSNR: 32.93 dB, perceptual
metric LPIPS; 0.3633), and can significantly improve the clarity, contrast, and color fidelity of the restored images.
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Fig.2 Polarization feature adaptive fusion module

Py U A sk it X e RO™Y | 2 5 PR 2R 1%
1 B RelU 30 pRB AR LM AR A IR S e IR R 1k . 1x 1 BRI AU AR I Grad e rp 2 MR Fl K
RS BCRAN W R | AT (A4 R v 4 22 1] TP REAS S Rk 54 55 ARG R (i IR 5 B . ReLU
S BREONE— 25 I AARLNE A B TR TSI RO RE D M I . R, Zad iR B B AR AE AL
B T ZRRIRME S, B T ERAHIGIRE ST, e SRR TR R A SRR TR R AR A
1.3 [JERGHER

R SIS 8] 0 S5 R AR 1 38 0 Rl S A R R B AN R S AR SCEHE T TR S R (18] 3) st
ot 51T TR, BEGEAR P i AR AE A 2 ) 203 0 A 25 22 5 20 o7 30 A 1P B A ) 5 L9, DA T i
TH 0 28 %8 22 U5 S BRI AR R AIE e #E RE

i — ’ REELE
! o —> —

5 1 P amme ixasBe
F | ReLU Sigmoid
i REAE
% AT e
.| J:ﬁfiﬁﬂl e A K
{ ! BX128xHxW
o hREME
N RHE
BXISxHxW

B3 ErEER
Fig.3 Gated fusion module
BRI G SCRFE N F € RO (C 28 18] 53 SRR AE IELEE 20 | O I 0 AE 538 0 5 i s F L, e
RO B NG F,, FIF,,, TSR, AT F . SR HUGHEST 1x1 BRI ReLU L
i \1x1 B BUAI Sigmoid %&“” PRI TR R G e ™™ THERE G 238 i B R Sigmoid i 325
AT BERT XA [ A E 3 2 ECAS B R, UEVE RN [0, 1], S 1 7 A [8] 245 T 432 B X fi 41 e 7 i 48
FERE T FE N PR AR IE R RS . B, G VARAE F o, i T IR AR A B
fuse - GQFpular + (1 - G) ®Fspatial (4>
{f: OFIRBICR I,
PRGBS B0 AR T H B IS RS HLH . AT G F11-G 3hS 1Y, REAS AR AR IE 141 1
AT 23 )AL B, 1 7 308 9 SO AR R AE SR, vl A RS B [R5 R F i S IRARYIBRE B F ., O AD
S, RS BHGE A7 ] i TERGE G, 3 THW 2450 22 IR IE R e RN R RBE ) . *Hiﬁum%%‘ﬁijz



52 IURGIPNE S S QI ) 55 54 4%

TR BT EARYE iy A SR AR E 05 TR Al SR, B R 2 0 52 2K R IR A e i3 e 5 ek
1.4 YRFFRDIELL
Ry S EIR A EG AFAE S R S 25 S i A ) e R A B, AR SR i i R AR 2 R TR I R
FRIEIF8 K S UG 23 [l 43 HE 5
1.4.1 AR
IR P BT an 1B 4 TR SR AR S R
T4 h T 22 RO R AE S BRI 25 )45 8
JEAR I CHESE L, XA o 2 25k 25 45
TR I RAE A 1 528 HE S, SE X i A
FIEMZ AL MR RS2 RE, B ERES

NG ez BRI BZEBR2
FRPJE B4 A 2% 2 - 249 3t Al 52 I 25 [) T 2R ol - FREE e
e il i Z R R 2 GG TR pxosw BX128xH/4xW/4
FERYSSR LR | Al A R T R 28 X S %K F 4 B
Y REh S M 2 RERIBRET] . Fig.4 Encoder module

FREBFEIE 5 iR, 05 w2
3x3% FEE—1 ReLU #0006 Fok 22 1% 42 , RS A S B BE T 2%, 2 THRRIE Rk R 7, LR TR 1
FIESCLHE — )2 3x3 BRURIURAE K UGE i b0 — b5 ReLU 30 45 21 v [BIRRAE ; T2 )2 3x3 B
'ﬁ?H:El — LB HG , S E R AR SE R 22 IR, 5 2 ReLU 34005, 5 A% HH i 8 O DS e, mT
W 1x1 A FRSE A S L,

B AN
-—{wa—ﬂ:]—»[kew
3x33 R 3x3 5
ey (128—>128) (128—128) i A

5 RELERREN
Fig.5 Structure of residual convolutional block
1.4.2 fFaAEsk
SRS BT ANTE] 6 FT7R | AR SO T W 408 S B 2K 2 2 [ 23 B AR 19 15 5L SR 45 ), HoAZ O
Sl it 22 LR SR EE B SRR JTAS A AR B Bk RIE 1, S o PR AR A A
ZREFRBRG . MR FRAEDHESM  FR 22 1 8 FRAE | PHESR 8 RHIEJS 19 256 18
TEFFIE 45 % 128 ﬁa_ xﬂ%—ﬁﬂf#ﬁiﬁ %uﬂj%ﬁ%t*# 2 PRI 2 JEUhG PRIAR 23 () RST, FRR 5 0

JZR ) mi e Bk RE FE R PR 15 8] 256 18 SRR AR ZE B 2 Ab PR S 128 Gl E 25 B
; K M“uf}e
l ‘ ReLU
|

M PEETY ) XI5

ﬁk%#ﬁ”i}&l BRI 128—-32 32-3,
oRFEL 256—>128  |-3%kE2 256—128 N2
BAKEE DG B 1 PHEGTD ISR K
Bx128xH/AXW/4 Bx128 xH/2xW/2 Bx128xHXW BX3xH*W

E6 fRADESR
Fig. 6 Decoder module



Fs5 VrEH % T 28l mIRES M3 Transformer 7K T BUR & R 53

FAHE, BERREIE AR Z G, Jeiiiid 3x3 £ PUR @ E BN 128 [ 2 32,4 ReLU 0S5, il 1x1
BAMLE h 3 3 B 2 B R ENE

g5 b iAol i 2 RERHMER IS5 0 d g, 508 T 1R Ak RO =1 )2 08 SCEIZS [a] 4057 19 A3 R0k
52, NI R 52 I 2 SR i e A o s P A B 2 T A4
1.5 £F % REfFEEER

SRyt —20 el A R T U T B AT RO [, AR SO T4 R -2 ROBERRIE B R AR e (GMFEM) |, A& 7
JIis o AR S A RN [ RO R A B e 42 sy LR SO R {5 8, AT = B AREE i
GBS (K B T . BARER - i AR 1 e a6 e B S R 4R E A B A
Transformer #iH 58 54> SR (5 B AC H. . {E Transformer BB NER | FRAEME IS 223k [ T 2 ALHI S 87 4 SR i
KR, 2 AT M4 55k 22 1 Bt — B oR AL AR AE Rk e 1, B — 2 L E 2 00— DU BRI Zhad RE Y
T M SHEAZ AR , Transformer BEHE H A RRIE S04 I SRR 25 R 2548, DAIE LIS 22 SRR AR

Transformer i R 3 oA e
Wik 72 b W22 b

o @k B EF &

Bx128x

H/4AxW/4 H/AXW/A
WA X A

E7 £F %RESEEREEHR
Fig.7 Global-multi-scale feature enhancement module

S8 M4 SRy RS B RRAESE A 22 00 SRR RS S 2B AT R ) 2R BT S Z RS
3ANTFATIVRRIESE SR S S T ) S I 4 R P S A SR S A T R R R e T 2 H 3
Az A S A, DA S H OCBERFIEEE R TR B . 2R B R SCGC A 42 R ik 45 & B Rs 5
P4 Jry oy U R AE OO L A R BT 5 DR E AR 3Fe , S B0 40 Jmy 7 EL Y S I Rl 5, i AR T 1 4 Je) J8 R
AEJT . ZRUEREG SCHUERHAT 11 .2x2 4x4 RUZHY A @ WAL 2 ROE T RSB FFIE S — 2R
FE R GG [ RGP 5 AT P4 el 1x 1 BB 58 U2 RUBERFAE A Rl | 42 THR R AN [] 7K T 72 i X Jk
PIPRERIE NP, 280 42 22 ROBE R AE 3G SRS A 1S O RRAE TR i Bl SR @i 1 5 2 RUE B R UF R,
1.6 1K FHHEDR

HARAE W 28 1| ok 7 vh 52 5 285 SR AE B MR S FN 2
Kl 8 i, izl L, #1K (Ly,) BT 451 Al 2 Lu
PEFEHL ( structural similarity index measure, SSIM ) f9$i -—>

A S R L T 7 LB SR AR

SSIM x-
RS2 IR BF - A SCULE A e RS, B
SR LLBIE TLARIRIE (DoLP ) MO IBCHLEIRT FU4EAT AR porp

W LA | R 2 o) A E i R R IR DG 2R ES nkEEiEsh
er"ﬁ% ) /I\ fg%%%fﬁﬁﬂ/ﬂ ?M“Jﬁﬁ f/i y E;’;{Eﬁ Y,- ,N Fig.8 Loss function module
RS HIENGR O L RRRHE L, .
LL1=ZIYL.—YL.I/N (5)
SSIM #5156 (Lggyy ) » A 2 T00I0 (145 5 B0 S U AR S50 b i — 350k, o SUh
Lyy =1-M(Y,Y) (6)

M- ) AR ARRIMETR R REE RN [0, 1] (EBE T 1 R 25 Bl i TN %k B AR /b
B, R B AME X, IR 0 S 25 A 1L

DoLP F51E i ABSIESE 9~ 11 A S5, 10N D=mean(F,_,,) . 1T DoLP AEM% I Wt H b X I8 1) i 9%
SRR, XoF LU RS i 1) DX A X IO 5 S S 3R T, PR, A LE S, .S, LS, SRR 4 4k, DoLP £ X 43 H A% A 5



54 WK E Sl (AR R SRR ) 55 54 &

S I B T B A SR BT IR AR SR A 9~ 11 38 3H DoLP RAAEAE A5 2% AL
T, LA 15 R 28 BN SGTE W BRAR 2R 5 A X, IS R 5 SO L e

Lwcightcd = (aly +BLyy) (1 +0.5mean(D)) (7)
i mean (D) AXF DoLP AU HAT A RF4 ;0 BN L, HK15 SSIM 52k AL, A S — M =B =
0.5, £ b ARSCRIR RN Ly = Lygnes o R KRB HIE 33 15 G 22 Fh 2 UGS 0 26 04T M, fulf A5 1
TEIN A A rh REAE IR USRS | Z5AR PRI A0S E A, AT T 1 52 4t R A e PR R A B it

2 SLBIIEHE

2.1 HBERWELWILE

A KT PR GO & R FER AR 7K N i MG, SCE0 78—~/ INRU B BB K A Th R AT KA P9 e G
K IFICE BARPI R RSB R0 A PR A AL . S BB S A /K R BRER ] KA T AT s A 5 DA 3 Y s
Feo ATAEIE T KT RS VMK R EUR 2 8] i ——XF B 6 &, S250 B b P i A5 45 H AR A A BIL IR 37
EONAE , HATEE T 50 HIEME GG T 2 M, B KRR BRI . O 5% — 4 iE KT
TR PR EUE VB BB (GT) ; @il i 2R B2 in A/t A W5 Fe o B 4, 3225 S oK AR B V3 i 38 R vk A
MRS S T B GOK AR B A 5] SRS FAER AT AR T AOK N R IR IS . S0 8 A IR AR AL 7R
5% LUCIDTRIO50S-QC, Bt 453 )& IMX250MYR 1 /8%% % 45 I 51 R (i i 375 4%, BE A2 [ BSR4 4 A wdie o7
] (0°,45°.,90° . 135°) I EME, /0 HEER 1224x1024 183K B ZFE RS 3. 45 umx3. 45 pm,, B 6, H2k
T 362 YLTEW-TEIh MG, FF 42 IR 8« 2 i FL BRI A I 2R At 4 |

T {454 CPU 4 Intel (R) Xeon(R) Gold 6152CPU@ 2. 10GHzCPU #I NVIDIA RTX4090GPU 4%, IR
JE2% I HEZLR ] PyTorchl. 12. 1+CU113,CUDA WA R 11. 3, 38J8 F AMP IR AR5 Bl k. Ak
AdamW ( adaptive moment estimation with weight decay) , #JUH24>] R 1x107° , B FTW AR R 1x107, it
AEEEF N 1, FERIRETY 0 5 Transformer 2544, S AR IEAR B 58 50 08K, 15 28 Y1l 25k 300 4 epoch, 3 i 55
TEAE FL MR D B A R B A B0 4% R L 255 IH—4R 2 0, 1] BENLK /26 BRI 90° 154k
e A R €6 B B 1 i s BE TR AR B BT T34 Stokes S8, 3K 45 DoLP 5 AOP it ZIE 1 S, .S, .S, \DoLP
AOP # =l3E Y 15 Wil ATk &,

2.2 TEMIEERR

AR SSIM |, W AE {5 M [t ( peak signal-to-noise ratio, PSNR) il 2% >J J&& A1 & 1% B AH L B ( learned
perceptual image patch similarity, LPIPS) ¥PAGSJERHCR . SSIM £5 50 X LU 5 2540 15 S 2 (R R Rl A 45
FARMRIFREE  SSIM BT 1, Rn B IRENGR 5 2% KRS 43 A b — 30, 2500 DR R8O BT, W 254 2R
FLA R BLAE )%, PSNR 2 TR ERHI IR EZ AR AN AN LS H R G, REREGR 55 %
PG 22 0] B R 227K, T8 % A4 DL (dB) S Bqs , PSNR E 4k = , Ui B JR KIS 52 % PR 2 18] 1R R iR 25 1
AN ERAR G EURRSS AR LR, LPTPS 3£T AlexNet $2 U )2 B RRAE | M2 i i i RG0E L2 5 T
ALIA—Ab 5 R X555 115, LPIPS {H 8IS 227 195 PR R AL S8 bk w2 , X6 404 Jo £ P40 B ek
2.3 KTEGEFERLRSH

R T RAEAR ST B A S5 O A v B B 6 438 35 A T E bk T L 80 K T i 41 P45 Sk 3
BEAR KA SO 6 5 A A1 R 32 97K R R R 5 125 (USID-Net ™' (HALP™™' PSD-NET™' [ YOLY"" |
SwinIR'?’ U*PNet'?’ DA-NET"'fil DBGAN'®!) JE47 Ho#, 45 SR 4N l&l 9 Fik 2 Frs .

&9 FER 2 AT AN, A IR TR MUK T BURE R i R 2 I i 25 5 . USID-Net \HALP F1 SwinIR {Y
REE— o PRI b Ot R e L %o ™™ T 28 ekt DX 3 ) A BRSO A B, L 360 45 SR A A 10 s 3ot R s 2 )
1, YOLY ,PSD-Net Fl1 U*PNet {141 1775 BT B 41 TH 50 Sk 8 35, (EAT5 % B 3 v ek ek T) At 7 SO B A0 15 Ak 5 1
i EBE B BLS  DA-NET F1 DBGAN JEBLH &858 (/K T & R BE ST, (B A4 PG A R B 7%
BFESF I X 3= A AN ARG, AU AR AR, b B3 B S K R MR, AU 3L 5B T ™ %
WL, K T IE W R PR ER AN S LR R B A AR R A T A A S bR TR
FEAx T AR, SSIM £ %] 0. 8540, PSNR 3A 32.93 dB, LPIPS fiX & 0. 363 3, RIEDL T 75 1, T W HAE S5 58
bk REROREE 7RSO AR B I B RS B IR S5 T A S T A IR AR



5 W VrEH % BT L2 WIRS W53 Transformer /K T IR E IR 55

| A
(a) JEi[&l (b)GT  (c) USID-Net (d) HALP (e) SwinIR (f) YOLY (g) PSD-NET (h) UPNet (i)DA-NET (j) DBGAN (k)7 3¢5

B9 FAEAZEMNRE EHERMRILL

Fig.9 Comparison of restoration performance of different methods on test set

K2 ARFENBERSUEREITMGIEIRIILL

Table 2 Comparison of efficiency and visual quality evaluation metrics of different methods
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