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Abstract:  Suspended particulates of the atmosphere in hazy weather markedly degrade the imaging quality of visible
light systems, which manifests as reduced image contrast, color distortion, and loss of fine-grained details. Such image dete-
rioration substantially impairs the performance of computer vision tasks. Consequently, image dehazing is commonly em-
ployed as a preprocessing step for high-level visual tasks to furnish processes with high-quality visual data. U-Net-based im-
age dehazing architecture has garnered widespread attention due to its efficiency, detail-oriented feature extraction, and
lightweight characteristics. However, current U-Net-based networks realize image dehazing based on features extracted
from space domain, ignoring the impact of features in frequency domain. In addition, the decoder of U-Net-based networks

always realizes feature upsampling by nearest neighbor interpolation. It may cause spatial information loss and impact se-
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mantic information transmission from high-level to low-level, which adversely affects clear image restriction. To address

the above issues, this paper proposes a novel image dehazing algorithm with dual-domain feature interaction and local corre-

lation upsampling. Specifically, the dual-domain feature interaction module, including dual-path feature fusion submodule

and frequency domain feature enhancement sub-module, is designed to extract and fuse the spatial domain and frequency

domain features of the image. It can enhance the ability to capture the structural features of the image by introducing fre-

quency domain information. Local correlation upsampling module embedded in decoder of U-Net is designed to capture the

intrinsic correlation of local information of each feature map by attention mechanism, and transmit the high-level features

with the compensatory information the low-level features simultaneously. In addition, we propose a contrast analysis meth-

od based on heat maps to visually the dehazing performance of different methods, which uses color gradients to quantitative-

ly measure the differences in the dehazing effect. It can effectively reflect the performance differences of various dehazing

methods in terms of image detail restoration. The experimental results demonstrate that the dehazing effect of our proposed

method is superior to that of the compared method in both quantitative and qualitative evaluations. The peak signal noise ra-
tio (PSNR) and structural similarity index measure (SSIM) values on the SOTS-Indoor, SOTS-Outdoor and Hzae4K datas-
ets achieve 41.46 dB and 0.994 3, 37.73 dB and 0.993 6, 34.72 dB and 0.993, respectively.

Key words: image dehaze; U-Net-based architecture; spatial and frequency domain feature interaction; local correla-

tion upsampling; information fusion
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e i 55— A0 I 15 78 1 4545 8 SFFIM T8 i1 4y A F
TIE, 2 fifp % J3E TN 246 (0 s 28 30 2 R, ff £ D5 B R A
SRS 0] T A1 5 5 — 2% 38 B 0] A o Al T R, —
#B4338 33 LA DEConv A 4% 0> ) 5% 25 245 #4) $2 IO 41 1) 25
] 055 A SR B, T 5 Fgy, B2 R A3, R SiLU
AR T D4R R M 1 3 N T U R 5 B SR B AR R AR
A 2% i, S B2 (Rl 4 R A 2 5 40 £ B R P I
etk
TE DPFFM H , 31 WA (5 25 1] S 20 77 R 14 5% 2 1
251912 0 S DEConv. f& 508 % i 420 8 il T3 22l
FHAR ) RUEE B 45 B S 35 I8 A0 30 i SRR AE 2 AR A
A&, T TS e R AIE B2 B Y 42 TR . DEConv W2 0K 22 51
B PR RN 3 5 3 B AR HEAT H8) 85 i 4, I AR AR 103 3
B SR TR 2 IGO0 T A 8GR T 1 5
YRR A S ICRE T PEANZS R an 1] 3 s . L, 25
RS T a0 229346 FL (Central Differential Con-
volution, CDC) . % F i 22 55 MR 2 25 70 BB (Angu-
lar Difference Convolution, ADC) . T B 2% 73 #: L (Verti-
cal Difference Convolution, VDC) DL M /K 3 2% 4y 45 FH
(Horizontal Difference Convolution, HDC).

CDC AL A PO 3R 5 BB AR 10 22 (i FR ks

DEConv )

- ' N
CDC ADC
%;}E{ VDC HDC
e
v

3 DEConv %544

fiE, H R ORTE OS5 T BUR 2 W8 Ak, DA &5
EEG B R AR L B MGh 25 B, . BURSCH e & B
A7 T PR, 3 A UM DA B SRR 1T ADC B
% R A5 AN [ T ) 1) 728 A0 TR I 1A 7 A 3 DA 4 O By
] P B RFAE . VDC R HDC W) 43 551 4 3 T $ B PR 45 e L
FKET7 Il 0 2 Je sC AR AL . X F BR L5455, i
JE R A BN B BRGS0 B R AE R AE 5 & G
ZHIL B E SRS Bk 4R ESEE S e
b E PR TR S R R AR SR B T . RN, 25
TR A 7350 8 7 1T 3k G M 254 o T AR AR 11 S 00 4 B
TR . SR 1 d DEConv 35 215 3530 4 AR UL 191158 A
AL (], A SCR T [A]— B2 1wl I COR 23 38
15 PRAC AR M E AL AT ) 4 5 DGR T Z T R A
e 55 AR ST B B, Ber R s A (3)
JI7s

5 5
Fipcon = EFLN*Ki:FLN*(zKi) =F K pecons (3)
i=1 i=1

HorP  Fppcon 2o TG SRE T K, 5 0013678 VC,
CDC.ADC.VDC Fl HDC 45 B 5 + w45 BUERAE
K o cony 27N NGRS (A X .
3.2.2 STUEAFAEIG R ARLR

FFEM 32 %2 F F EUSREUREAE A S B, (IR SR FH
FEEAR R AERBLTE . o 5 SR AR BRI £y R
T PR SILU A3 BT Fyy s 55— 4538 B U 28 i
W% W A 2% S B B (Amplitude-Phase Integration Mod-
ule, APIM) 15 24t RFAE F o SRJ5 45 P 2% B A2 14 B
R F gy P BAR R AR 15 B i 1 RAE £y, B
(/N Wl

F;=SiLU(F ) OAPIM(F,y) (4)

AN 23 [ 57 5 %o A0 358 R A P 440 60 2 P AN T, 7 4
W B FE AT , Fgy o i 12027 27 B 19 25 (8] AL X401 35,
FEE AT SRR VAT

F ST, 555 5 | R 1 PRSGR  32 AR AE
A5, A % B 5S JE 5 BRI AL 3% 25 5 45/
I, APIM = 25 X R (35 R AT AN, JF R T AMES IS 1
WL % SR Ao Xof L 8 7 3%, A5 A5 380 B o 0 1 4 ) 285
FARRAE , EARSEF NP 2 7R . APIM B S 3 — 1k i 28
[ ARFAE F 38 i (e L I AR S e 4 A AR A 1

H-1W=1 -jzn(i“iv)
Ii@v)= > > Fihwye 71 (5)
h=0w=0
r=Re(IE) +itm( 1) (6)

Jert Re( ek ) F RS2l s Im (1fY) R 36 . 405
SIS T R S 2 A Sy S (L AR
AT ()= [Re(FED) @)+ 1m( 1) )] (7)
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P(I'fY) (u,v)=arctan

Im(FLFNT)(u,v)} (8)
Re(7[%)(wv)
Horp, A( PR FREER s P (TN ) FonmM00s . h T4
Z FUBIRIUA JE. v i MR (BT AR AL T T %5 IR A7 A ™
IR, PRI X0 g AT A MEE . SR, Sy 115 B R
TRE A AR 4 Sy S5 A R AU AT T ME A SR A M S 1Y
WRAEL I X R AR 7 35 . FLARHE, Bk 1 < L BRRIRER
S A(ED) AR, 25 B0 I WA A1)
A(PE) @ v)=Conv(A(F) @) (9)

A WK IR W0 3 A TTT) R A e A
AL TE e ok 2% A R4 4 (1))
A (TR) =415 @) - A( T ) (10)
SRJE N THRIA( D) M A(TY) w3 2 5, AL
A s () R IIHLHX (5% 25 04T A 38, A5 3 R B
Bl Ay (), FF AR 0 0 SR A A7) 6 R K A
i P():
Am(rf;)(u,v):softmax[GAP(AreS(r{g)(u,v))} (11)
P({) =P (1) @v)
+C0nV([Am(FLF;)(u, v)OP(FLFJ)(u,v)])M

(12)
Horr  GAP TR & R AL . 2 IR 1S AR 7 3% Pk &2
S o P LB Ay Xk 7 ) S A e 3
Re/(FED) )= A( 1) @) cos[ P(TE) )] (13)
Im /(1) ()= A( 1) ev)-sin| P(CE) )] (14)
e e, A0 e L v g A ol SO Sk KR A e 46 ] 25
(B35, 75 2 AR RN Fre
FR(MY) =Re( 1Y) +iIm (1) (15)
3.3 FEMEXM EREFER
Gk )2 Hp SRR R H AR TR JRURRAE RS Y
[F) S HF RJ2 R AE R 1 A5 B B T T M A% 3 2 9k )2
FEAE . FEAR S U-Net 8544 38 5 R FH et @ 4 {5
IEXTRRE AT L oRAE SR 5 38 1 — 35 38 45 R 2 X
FRIESE T A AL, JF R A G R . SR T AR R TR
AHEBAG K Z 18] 4 P9 SR AH S, 1 1M AT fe S BUFR E )5 1
EGH BUG R A LE B IR B R o S 38 RN,
Fe 2 R AE 10 25 (RS B2 S 208 A5 B W)
WRIZA UG . AT Bk PR R BR M, A
SCETE T R AR M FORAERLE . i A (R R
TIE R RBE ) A B2 AL B DR M 75 B 7E b R A i X R AIE 3%
FRUEAT SR R JTHLE] T LA SO B S — Rk [
Jea s Am B P AE SR, DA T 44 56k HL 2 (] £ 8 3

FEMIEXER . T, LCUM & Sl i 4 3 S P
HESR AR AR e, Bl S R FH AL M B (v B 1 AL ik 3]
RIZFRE s BARGSH 4 s
B 5E, FILH 34 Ix1 & BUR LCUM /9 S A R 1iE
FrY e RO oo e 5 Sy 3 ANKEAE , 43 3] 6 34 1 3 1AL
il W AT Q iR KR v, Hoh ¢ 1L R o SR g
A LCUM FRIE B EREE e BE R D B, 1D
O=Conv(W2FS*V) (16)

1x1

K=Conv(W¥FE) (17)

I1x1
V'=Conv (W FSY . (18)
H 0K, Ve R o @ K WV ¥ S8 ml 27 2] 1 ik
SR . SRJE X QUKL VIR AR AR e, 4y B A 3
thape c R(H,,,x W x(Cy2 )\ Kmhape c ]R(C‘“/Z)X(H‘"X w, )\ Vreshape c R(Cm/Z)x(me W, )’
X O ehape T K epape AT HTIB T, 15 B RS AE W,
AR T HRAE A B 0 TR
Wagg = Qreshape ® Kreshape (19)
SRJE R Softmax pREON SR G AT W, 4T IH—16, JF
W I GRHAE Ve FEAT BB, P HEA T4 P AR 375 5]
FRIE Y. B FEEIVLEIMER  FE YRS TEEN
HXAEE..
T AR Y AT Ix1 RS B R G g
L NERAE FSMY AR Z AN, IR FH R A (115
B Fe 2 1k AR FOAY AN
Y=V gape @ Softmax (17,,, ) (20)

reshape

FGAU :fi)ilinear((kl *Y)@Fz) (21 )

out

Hir Jotinear ¢) FEN KU AR (B 1A

1 RAL AT DU 3K O 2 2 R 1 & )R 1
S, UL LCUM AT LAAE A2 ()45 8 25 2% 1 TR A, 8 2%
HIUKE T2 R AE 3 5 1 R RS A A B AL 6 25 1R 2 A
fiE . X 38 38 AR5 R o BER R R IE T 48 TR vk
BB LN A, LCUM W7 35 TV 2 1 ML) i 4
TIE38 588 30 B2 TF 4 AN 45 RIS R 1 < 1B R0 T 2R A TARFAE
SLIBEWARE R TIE
3.4 IKEE

TE W 26 A5 A0 2 o 3 v, B R RO DL ROR R 58
U SRR 2 0] ) 25 55 . AR SOR L, B 2R et
FEA 5 A Wi o) 245 A R 1| i ao

Horp L A5 5 T e RO el N A 15 0 o
B TE5E 1K J SR B R GT Z M R K 2 5, ik
KT

L=|J-GT|, (22)

b, J (G 73 53| e 7 7 SO Tt it 4 0 55 11 45
R B ELSC ) T 25 G 5 || R L Y%K
EAb % PE AR 6 HT T 7R AR AL 4 IO A rh 0 000
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1X1
s
C
o’ HxW]
1X1 = K
Za 20 Ji AL
[C,H,W] c
Vreshape[EaHX W)
1X1 14
Za % TR 4
(S

P ztsxtm
Softmax ® BAg Z M
IX1 L ANG ] RUEHE
wi PP i >
[C2H27]

K4 Ja AR OCHE bR AR

FIEL S G DC O R B AT 25 . AT =, 7648 MR AE
JZGrb 43 BT R B 0 T R S S 2 ]
HIBRREIE BT L, o, UASCR 25 BEUR S LS AR =2 1) 1) R R
B L Ly FUL, 2 B4 PO AEL B A X i 26 . 0o He g 2k
SEPE T SRR S B S OB LA EHRINE TR,
o5 75 A B A PRGBS TG 55 RS B S0 B 40
WRIEE . FaUF .

Ly oro=|0:()D-0,GT) |, (23)
Ly o= o:(N-0.(0)], (24)
L.= i o Lo (25)

A i Ly xpte

Horp, X3RRI SCR RS B S A 55 S 0, () RN R EL
VGG16 Tl e A ¢ J2 B RRAE 8] 5 N R s FEXT LA 2k
il VGG 16 T 2R RURRAE 2 A i s w, R B3 )2
FEAE X O AR LB R AL, e 8 B 1077, FH AR -5 6
R T B G MRS SR AR B R eR RN

K (26)Fis:
Lyu=4L,+ALe (26)

b4y A, MR BUR sREU SR

4 LIS

4.1 TWREHEBSHIEE

AR S S0 (4 0 2 AT i R 48 3 T PyTorch ¥
2SI REBRSE G . SEI A IR Ol SRR /R 17-13700K@
3.4 GHz CPU A1 NVIDIA RTX 4090 GPU, .47} 24 GB.
BEk g A R R ST BEALER BT 4 256 x 256, 5% FH R R
~t I HL 2R TICRN S 7 1) Bl BLE 5% 25 O 200 A7 4k i 3
5 . AR S Adam AL RS P2 HEAT ARSI ZRAR AL, IKE
HA S5 1 B2 e 435 B4 0.9.0.999 .1 x 107, Ak
RN Ky 8, B ALY i) Uiy 27 2T R EE 52 0853 501
Ix 1074 A1 1 x 1077, A B A B i N AL Q 4300l i &l
4708.

I [ BF £ 76 RESIDE & % A 2 % 4 &= M
HazedK % 4 6 0804 5 B ds 7 Bk fr . Hob 2

RESIDE %t 4% 4 b, 6 = N 11l 45 £E (Indoor Training
Set, ITS) #1'Z /Ml 4:4E (Outdoor Training Set, OTS) F A
k4 , SOTS-Indoor Fl SOTS-Outdoor £ A MR 4 , 43 5
FFIASAEITS FTOTS EIIZRAALTY . ITS AL 5 1 399 5K
FENTE EG N Tk To % KA R84 S s
T 10 R 25 IR . BT OTS £l £ F1 SOTS-
Outdoor ¥4l 8 A7 T & , 751 FR OTS B & KR 5 , #
AR 296 000 5K 1 EHEH T2k 2 . SOTS-Indoor FlI
SOTS-Outdoor 73 14 % 500 5K 2 4 A1 500 7k 25 AL &
1% . Ak, A SCHLH H Hazed K B0 B2 017525, Hodh 4,
3 000 5K ZEA 2R SR T 000 5K A B B .

4.2 FMNIERR

R VEA BRI VE B , A SO AU E {7 e [L (Peak Sig-
nal Noise Ratio, PSNR) F1 %% ¥4 #H &1 14 48 %% (Structural
Similarity Index Measure , SSIM ) A %€t Pt -4 486 s .
AT, AR ST RGB A0 EME A5 b5 , HA
HIBER.

PSNR il # FR P Zad kb B2 J5 KR 5 555
PEIAGAH LU BT o A g IR, LA ey, SR WA B8 1) [EIAZ K
BN H R R L X AR R S R R 2 T
Jren=(27) = (28) s

MSE = WiHi_Z;(X(i, N-Yap) @D
3 y (271_ 1)2
PSNR =10 lg(MSE ) (28)

Horp, MSE 7R AL B B -8 X 52 % -G Y Z A1
TriRZE s WHLH 53 5 AR BRI 58 B2 MR 5 5 n AR
BRI R, — B8, BICRAGR R Ky 256.

SSIM 3 # FH T I S AL AL o8 9 el 45 i, T
REVEREVPAG . ARG R AR s i 4ttt R BAE A
A8 R A AEAR B B RH S, JEH R A 25 1R AR R A
MO . XS SCHEAE L8 1) 5 v 5l S W) RS i A
KIEEAFE . M TRY KEMRE AN TR
2 U (Y TR VA O 1 (0 P Ze R A8 Hhoie 20 it BB 5
5, SSIM | HIAH S 45 1E R BE N 14l L A 2k LR 4R
S EURNEEHY . SSIM T BESERE Xof LL BRI #4 34>
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i T L T 0 250
K29 PR

SSIM(x, )= [ 1) ] [ e [sen] (29)
ot 1 () AR R se(ry) TR XS
s(xy) RRGERI E R ;0. 8.y 10 PR L 4538 43 BUME 1)

A E B AL T8 a0

4.3 TEEMEMLERITER

RS EAS ST VA WA R B A ST 7 DDGA-Net
513 Fh S pE Y 25 %5 )5 12 DCP'® | DehazeNet '’ | AOD-
Net''” \SGID-PFF'*’ FFA-Net'*' MSBDN'*' FSDGN"',
DehazeFormer®®' | LKD-Net™ | CycleGAN'?' | DFR-
Net"?” . DEA-Net'> ) & DBDE-Net"** 3 17 7k & % [t 52
5. 435X PSNR \SSIM A S 40 A2 5 45y T F
TTVEAl 3% 1R T AR SCO7 i AUH A Se F 25 25 0y A 7
SOTS-Indoor . SOTS-Outdoor F1 HazedK £ 45 45 I 19 & &
ENESE

Sk LRI DFLU-Net 75 52 BN 28 22 44 4% 54k
BRI WAk B TR AF 1 RS P RE . AERIR L2 1

BE 7 1, AN )7 AE SOTS-Indoor . SOTS-Outdoor F1
Haze4K =840 ) PSNR I SSIM #1535 8] T A4, 7
Wk 41.46 dB #10.994 3.37.73 dB #10.993 6.34.72 dB
F110.993 0. DFLU-Net 5 3£ F 2 K0 il 11 i 2= 55 45 1Y
SGID-PFF X Lt , 7F SOTS-Indoor F1 SOTS-Outdoor B Ji &
B 22 5 MR R 40 5 5 5 58 T AR OB I 48 1) 2 5%
B CycleGAN X FE , 7 SOTS-Outdoor ¥ 3 £ |- PSNR
HSSIM F& 45 E 43 S TE T 10.56 dB A110.031 6; 53 F
Transformer [/ 25 2% 85 % FFA-Net %} [t , 7€ SOTS-Indoor
4 5 L PSNR 1 SSIM #8458 L 435l 42 7+ 1 5.07 dB #11
0.005 7, #£ SOTS-Outdoor %4 4% £ I+ PSNR Fll SSIM 48 #1:
AR TET 4.16 dB F10.009 6, 75 HazedK 5045 % I
PSNR 1 SSIM 5 #5 L 3 il 42 7+ 1 7.75 dB F10.043 ; 5 %
T U-Net B f52 351 5 5 DBDE-Net %} [t , 7E SOTS-Indoor %1
P 4 I PSNR F1 SSIM 48 45 b 43 5l #& F+ T 1.77 dB 1
0.000 3, 7£ Haze4K X454 | PSNR 1 SSIM 5 45 L4351
FETFT 2.68 dB F10.009. 5 AN[R] 255 EAE i ik 1) X b 5
Y, AR SO 1k R A 7E 52 15 A ASS 50 0 (%) 6 Atk PRIE 25
ZPERE  TEVERR SRR AT R B 2 A SE A T R AT A

F1 ZMEEELERLR 3MERNETELE

. SOTS-Indoor SOTS-Outdoor Haze4K § _
Jrik ZHE(x109) | BHEHE(x10%)
PSNR/dB SSIM PSNR/dB SSIM PSNR/dB SSIM
(TPAMI 10)DCP'! 16.61 0.854 6 19.14 0.860 5 14.01 0.760 0 — —
(TIP 16)DehazeNet!" 19.82 0.8209 27.75 0.926 9 19.12 0.840 0 0.008 0.540 9
(ICCV 17)AOD-Net'"” 20.51 0.8162 24.14 0.919 8 17.15 0.830 0 0.001 8 0.1146
(TIP 22)SGID-PFF?! 38.52 0.991 3 30.20 0.975 4 — — 13.870 0 152.8
(AAAI 20)FFA-Net 36.39 0.988 6 33.57 0.984 0 26.97 0.950 0 4.456 0 287.5
(CVPR 20)MSBDN™" 32.77 0.9812 34.81 0.985 7 22.99 0.850 0 31.350 0 24.44
(ECCV 22)FSDGN®! 38.63 0.990 3 — — — — 2.7300 19.6
(TIP 23)DehazeFormer”® — — 34.95 0.984 0 30.29 0.9850 2.5140 —
(ICME’23)LKD-Net™" 39.44 0.994 0 34.82 0.983 0 — — 2.38 23.93
(FL T4 " 23)Cycle GAN®? — — 27.17 0.962 0 — — — —
(TMM’24)DFR-Net?” — — 35.34 0.993 0 34.63 0.993 0 42.1100 —
(TIP’24)DEA-Net? 40.20 0.993 4 36.03 0.989 1 33.19 0.9870 3.6530 32.23
(PGIE Tl R 2241 25)
DBDENe(™ 39.69 0.994 0 — — 32.04 0.984 0 — —
-Net™
(Ours) DFLU-Net 41.46 0.994 3 37.73 0.993 6 34.72 0.993 0 3.160 0 27.47

T HMEAEASFIL I LR, A SCHR ) —Fh Ak
TR BT He o A 750 , BIE i B R BV 1l 2%
SRR, ] LU S 4% 25 55 Tk e RS ARy i
JE5 PR RE2E 5% . AR A 55 R R i 1Y
ZEEUR LI E S TE S K RGB G E {435 & It 14
— MR IR ELEE R SA SRR AL EERES
L PRI B R A E 25 5, B AR AT . FR T 18]
Hh, TR BRI (1 2 25 PR -5 LS 5 [ Z [ Y
R 2T ER B R HAR & AR R BB T Y 25 2%

EUR 5 B8 T05 R 2 [ R R 25 5380/ IR R 4
KSR T AT B 5 U 7 AR N A 25
£ SOTS-Indoor _F IR XT H 45 5, (4 4E 5 — % K JE
@y, b B 5 RS B S TE 5 R 1B 25 X ]
[0,0.7) , F A 55 B IE T EE AN 2 . AE 58 DCP B Al 4
WY 5545 5 S TO 5 A A 1 25 (v R 4 ik
1B EEVEREARTHA R . SGID-PFF .FFA \DEA-Net S A 3
T B A B L 4R 22 [ 0,0.14) . FEAH R B &
FRUER , 1 S LA SO 5 \SGID-PFF Al DEA-Net [t #4
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T AR SRS 2% 04 DX, AS SO A IR R (B Bk
R W RE W B4 3 (L A FIA S 4 15 15 B 5 SRS U AR SC

JTERTFFA BRI PR HE B X3, AR SO0 1 REAT
RO PR B (R AN SEE

(b) DCP (¢c) SDID-PFF

(a) Hazy

(d) FFA (e) DEa-Net (f) Ours

&5  SOTS-Indoor 454 AT HLAL45 5

K6 7R T AR SO 1L 53 e =AM 55K
£ SOTS-Outdoor I FUFREXT HLAE IR . Hidh A Z RIS S
FLATE %5 B 7 B 228 53 A IX T 3K, R WA 55 &
BB EA R . AR SO ML 58 DCP BRI ) 2255
MG, (558 DCP AL R 1 55 25 R 5 B 055 (R
PO E X A —E 47N, KSR 1A IR A SCr
BT R 22 (50 A0 X RD/DN 7 R 25 DXk e T 3k g
P €5, 0 22 7] 1 . SGID-PFF . FFA \DEA-Net S 7S5 B 1
P B B B 408 2 0,0.2). FEARF EERFRIE T,
48 AR S 1 T SGID-PFF 137 [, A SC 7 vk fig
{77 AT ' R DX Sl 52 B 355 B ) PRI 35 A R R AR S U 5
SRIG LA SC I 1 (FFA Fll DEA-Net [ #4814 SC )7
TR RE NS 7E Ab PR S XS AR 2 A0 15 B TE b
PR T AL SRS P G BAE . AR SCIRTEAS [F] 35 0k
) B0 55 R MG AR SOk I 45 2 5 At
D L IEAT F A R SEXT F g SRR 7 BT . TEVR S I 5
W75 T, DCPAEAE R ZS (A% 28 B [/, 11 SGID-PFF
TEBAR R FALT DCP. FFA Fl DEA-Net 7E3E #4540
WIRE FA PR AR %R AT L

T AR SO AR T B RGO R T T
BT T 4350 5 5 4 1 A2 I e R B RO 1 44
TR RE S . TR E R E 5 T, DCP FFA Fll DEA-
Net 3k LA R4 S 5% 4240, 3 5 XSS AP AR AE 25 <
W . A SCIT AR T SGID-PFF, 75 3T 55 25 4 1) 2 1,
I B PR A% 3 AT T 7 TR % TR B Sy 0 ) IR X O 4
A L T O R . TR S R T B RS E
T ,SGID-PFF . FFA . DEA-Net (1) 25 35 2 B AR I, i 1% 5
T 5 X I A AE— 22 555K BE . DCP B SR 7E 348 i i %
PR 2R (07 Jy T 2 B -, {HL 38 5% 4047 1 T L B2 A5 T 46
P AR IR S BT BT A Y R SRR AR R T
T S5 A A 3 2k 0 A A R DR B T T L ZF LT
WA S A AR R B T 3 SR AT B 5 K B R iR
SO LT s O B R Rk R E A IX
WD I TR 2R G LS e )1 SR BOR
4.4 HERICIE

R T VA AR SRR A5 B A A AR T AR AR AE
ZRFHE AR T T S, P L S 3 4 T S
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(a) Hazy (b) DCP (¢) SDID-PFF

(d) FFA (e) DEa-Net (/) Ours

E 6 SOTS-Outdoor K 4E AT #1 1k 45

(a) Hazy (b) DCP (c) SDID-PFF

B, 3 BB IE 4% - #5 H (SFFIM . DEAB . LCUM) ¥ A %
P, 23 [A] 55 AR il 0 A 00 R 2 Bk Y
A HE
4.4.1 WIFRFERERME

T B R A SC U7 R 4% F B8 SFFIM ., DEAB
LCUM (A %0, I Rl S 56t 45 DFLU-Net 4w )2 . h

(d) FFA (e) DEa-Net (f) Ours
7 RIS R 55 nT Ak

)RR AIE 7 460 2% ) 23 i A A R BB AN AR L AR Sk
ITS B i AE I ZR4E , SOTS-Indoor VE A4 . Hirp
{45 8 L

(1) Baseline : ¥ DFLU-Net 2 #5% )2 | o [A] 55 1F 5% 46t
J2 AR 2 R AR R oy R 25 e, — R R
I SR AH A LT R AR S G2 A 25l A ih
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(2) Baseline+SFFIM : 7£ 3 £k | 5 e 45 1ith J2 A gt 1)
JZHR5r 5% 28R SFFIM.

(3)Baseline+DEAB ; 7 3£ 2k 4 Fr ] 2 19 8 >
FR 2208 81~ DEAB.

(4)Baseline+LCUM : 7F L2k F oW i i AR 4 1H_F 2%
FER A LCUM.

(5)Baseline+SFFIM+DEAB : 75 (2) KAt b5 4 rp

[B)JZ2 1) 8 -5k 25k 8 1~ DEAB.

(6)Baseline+SFFIM+LCUM : 7E (2) f9 3l P i
LBAAE - R LCUM.

(7)Baseline+DEAB+LCUM : 7E (3) B 3L Al 1285 it
LRI R FEE 4 LCUM.

(8) AR SCI 2 « 78 (7) By e hilh - 5 360 24 5 248 0 it
AR 5% 2= 8k SFFIM.

11 2 iz , Baseline 7E PSNR F1SSIM [-2431.03 dB.
0.961 2, i 1o 5 6 2 fih 255 1A% A5 24 358 40 9 5% 22 B oy
SFFIM, PSNR ik ] 35.85 dB, SSIM ik #0985 6. A% T
LR PSNR #2717 4.82 dB, SSIM 2T 7 0.024 4,35
B TR T 4.09%10°, S50 F T 0.41x10° 5E T
P SRR AE 22 A AR T 4 R R SUfE BRI Ay

SELITE T EER T . 25T Baseline B[] )2 19 8 4
5% 2% B &y 8 4~ DEAB, PSNR ik % 36.67 dB, SSIM ik |
0.987 2. M T-HLER PSNR 2T T 5.64 dB,SSIM 427}
70.026 0,585 FFE T 4.45x10°, B0 TR T 1.04x%
10°. B9iF T DEAB BE% = 25 b E AR 25 1 o3 A 22 S ORI
ACRFAE AR 38 , A7 R0 4R IR 20 ) /1 3 01 1) 55 <
fiE . ¥4 Baseline " 1) Fe 0 S84 1 _F RAE R 48 2 LCUM,
PSNR A %) 32.82 dB, SSIM 35 #1) 0.963 1. AH%E T e i
HIPSNRETF T 1.79 dB,SSIM 2T+ 7 0.001 9,855 8 F
F T 2.07x10°, Z 80 T T 0.04x10°% 33 3FE T LCUM
FEFFAE b SRR o R v 3 ok 78 78 H WL AME RIS B
AR . AN, SR MERTRUA Fb , 4 AR 3 A H (4T
o] WA 235 S B 4 ) PEBE AR BE . 7E Baseline &4l |
[ii] i} £ 7%, SFFIM . DEAB . LCUM , £ %0 RE 75 {5 435 8 (K iz
M S B 1 [ B PR e Ik B B i, PSNR 35 #
41.46 dB, SSIM ik 5] 0.994 3, 3¢ W 2% 45 He 70 18 5 FRAF 5
ST RCR Z A2 TP
4.4.2 SFFIM B4R s0L8

AR T UE Rl A2 18] S AE AT Sk R AE X (1%
EF A R, %23 [l DPFFM 5, FFEM F1 33 fl
G SFFIM #4171 PP Al . A SCRE$E 1TS AF Il 25 4
SOTS-Indoor V£ A X4 HE A7V Al SL 56 . Horp 46 4 4>

(1)5% 225 {45 DFLU-Net 4 5 28 AR E 2 |
fif A P BRSO AR | B BRI B2 07 U, R SFFIM

Fz2 TESOTS-Indoor Fi#EE EIGIE & FRERMBRMELE R

Bt | SF- | CKC- PSNR B | S8
2% | FIM | CGM Leum /dB SSIM (x10%) (x10%
V| — | — | — [31.03]09612| 33386 3.52
V| V| — | — |3585]09856| 2977 3.11
V=] Y — [36.67|09872 | 2941 2.48
V| =] — Vo |3282]09631 | 31.79 3.48
N A N — 401109918 | 2532 2.06
VYV = Vv [36.78| 09875 | 27.70 3.07
v N Vo [3824|09901 | 2734 2.44
v v Voo |4146| 09943 | 2747 3.16
hFR 2P

(2)DPFFM : 7£ (1) F3ERE L B 5% 2508404 DPFFM.

(3)FFEM: 7£ (1) (&N I K5 5% 22 B il FFEM.

(4)SFFIM : 76 (1) By 2Eait [ Ke 5% 22 58740 R SFFIM.

146 3 TR, 85 DFLU-Net H 25 5 25 11 A 45 350 49
) A IE i BROASE B 4 9 2 48 hy 5k 25 B, PSNR A1 SSIM
38.24 dB.0.990 1. ¥ FRAF 2 BORL B B 3 Ry 25 [B] 45 (1)
DPFFM, PNSR i% %] 40.15 dB,SSIM 1531 0.992 1. #H# T
FR 225, PSNR #2711 1.91 dB, SSIM #2717 0.002 0, 3%
S DPFFM Hfefg 33 5 U LR 4 Fh 2z o0 6 TR 45
A, 22506 A R BN IE E B B TR BRI 1)
SUHHURRAE R, DA T $ T TR (9% 65 2 AR A1 48
AEJ7 . W RRAE B2 BB B 48 R 3B %) FFEM, PSNR i
#]38.92 dB, SSIM 1531 0.990 7. AH#%: T5% 223, PSNR 2
Ft+ 7 0.68 dB, SSIM #£F+ 1 0.000 6, H3iF 1 45 3, H 4 4k
B 42 ey SRR AIE BE A RO AIMEE AU v X 2548 15 B U AN
JE B 2 B 4 ol SFRIM, AR E YR 5 T 1B
i, {H & SFFIM 454 7 DPFFM #1 FFEM (1940 25, BE 75 28
() 35 v B BSR4 T SRR 5 SO RR A, SLREAE AT I
PEBEG ZERME B BN A B T f b, PNSR 14 %]
41.46 dB,SSIM #5517 0.994 3.
4.5 BSEXILELIE

R T B UEAR SO HR A2 ) SFFIM AT DEAB %t N
FTQ Ry A BV AR SCIBEE T X LS5 FERE R A0 ) R AR
BTG, B SBN Qi & M 3,6 4,8 F15,10.
R A AR Pk BB RN A AR B 25 LA R S 40T B A 7
SOTS-Indoor. SOTS-Outdoor I HazedK % #& £ I 1Y
PSNR SSIM A5 il iz 5 i FL S 4008, 0 e AR N AT Q
AR, ELARXT L 25 a3k 4 IR

24N Q B E ST A5 E R 4 A8 B LAY ZE SOTS-
Indoor . SOTS-Outdoor 11 Hazed4K %% 4% #£ I+ ) PSNR .
SSIM 6 #5435l 4 41.46 dB .0.994 3,37.73 dB.0.993 6,
DL 34.72 dB.0.992 0. FHEF N F Q H{E 53 5l &
3 M6 I, 78 = A8 HE 4 LAY PSNR . SSIM 45 #5743 1] #2
T+ T 1.29dB.0.0018, 1.91dB.0.0018, ) &% 2.42dB.
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#3  F£SOTO-Indoor HHEEE _EIGHE DPFFM 1 FFEM B9 B 345 R

FR DPFFM FFEM SFFIM PSNR/dB SSIM BHEAR(x10%) | SE(x10%)
N — — — 38.24 0.990 1 2234 2.44
— J — — 40.15 0.992 1 20.16 1.89
— — v — 38.92 0.990 7 10.90 1.82
— — — N 41.46 0.994 3 27.47 3.16
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4 8 41.46 0.994 3 37.73 0.993 6 34.72 0.993 0 27.47 3.16

5 10 41.52 0.994 9 37.88 0.994 2 34.83 0.993 2 3241 3.79

0.005 0, H 8 fyiz 5 it F S0 2 BIE N T 4.93%
10° F110.62x10°. AH%EF N 1 Q FIME 43 313 Bk 5 F1 10
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5 gn TE
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Pl v SR A A P AR e IR B iR 2 G A
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