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Adaptive Feature Fusion Image Dehazing Network Combined with Dense Attention

WANG Yan, TA Xue, LU Peng-Yi

(School of Computer and Communication, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: At present, most image dehazing algorithms ignore the local details of the image and fail fb make full use of
features at different levels, resulting in color distortion, contrast reduction, and haze residual phenomena in the restored
image without fog. To solve this problem, this study proposes an adaptive feature fusion image dehazing network
combined with dense attention. The network takes the encoder-decoder structure as the basic framework, and the feature
enhancement part and the feature fusion part are embedded in the middle. The dense feature attention block composed of
the dense residual network and the Channel-Spatial attention combination module is superimposed on the feature
enhancement part. In this way, the network can pay attention to the local details of the image, enhance the reuse of
features, and effectively prevent the‘ disappearance of gradients. In the feature fusion part, an adaptive feature fusion
module is constructed'to fuse low-level and high-level features to prevent shallow feature degradation caused by the
deepening of the network. The experimental results show that the proposed algorithm performs well on both synthetic and
real fog image datasets. The peak signal-to-noise ratio and structural similarity on SOTS indoor synthetic datasets reach
35.81 dB and 0.988 9, respectively, and those on the real image datasets O-HAZE reach 22.75 dB and 0.778 8
respectively. The proposed algorithm effectively solves the problems of color distortion, contrast reduction, and haze
residue.

Key words: image dehazing; deep learning; encoder-decoder; dense connection; attention mechanism; feature fusion
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HIEEAS . SCPR A0 75 AR &, IG5 2 110 PR i N\
DU e HoAth iy ot B AT %%, S EBEB K. 18
SCA BN AR I B PR AT 55 A T PR
b, B8 2 R A R B AT % M T B0 3%, 75T
HEHA AR SR E R CELENERN. BB EF E#E
045 5L T BB IG R 1 25 %5 07k, Bk T E AR A 5 0 00
IR 25 55 7 VRN B TR T 2 2] 1) 22 55 L.

BT UG5 1 25 55 7 VEANHORR A Bl 70,
I BRI R | 52 m EAGO EE BE SRR RS G %5
K&, W Retinex i B 5 BS54 10 VR /N i 25 45 )
8, R ITEIE A MARA E 5317 52 0 & ROR A [
7, FEEZEEIGA B8, Bl EZRORE
S B R

FE TP BAR Y S e 50 S TR ) 2 55 SRR d i S B R
PABLL) ATy R P B AR Y S B AT A v, DA IR R
L5 AR I 2 He 25 N4 H 1056 T 58 18 2
3 (dark channel prior, DCP) [ 2: 5 5k, ZH LR T
5 30 T 5t 6 AR ik B A R 5 R A0O0ME, FIH R
SRR A TE 55 BM%. Zhu 20U R B 6 T Rk G 5
(color attenuation prior, CAP) Hyk, Bl A it KEH %
P, 3055 58 VA P8 P PR 1) o8 B2 5 T A 22 22 O
Eb, HbEE ST T — AN F A Meng &R —
Ml A HRANIE N AL % %5 J7 % (BCCR), At 14 #2138
flivhagE it 2, FER N B SCIE AR AR A 325 5 28, mT A

BUF i S B P RS E S, BT YRR S

B0 13 LR EAS T B2 i (EL, KT VAT
TELVHARAE T, S 2 R A A - AT S 550
5 T % B I R B AN AR, EL I T T4 4R 5
By AR A2 3 P T P L Sz AR 55

GG IR R, TR 2 5 (0 % % i
S i 49 B4 2 = T A HURSE SO S5 1 L £ 5
KAFITE B UG, Cai 250 H 3 T 0 2 0 44 (11 A1
R AL H 41 %% DehazeNet, i (i 1Bl Bl 15 Ho A
TR 2 R O 6 R S BB 0 25 5 Li 0
KRBT BT | $ TR B T 0 AR 5 R
AOD-Net (all-in-one network), 3% 5 R B RIS
B — AN BT A B o S i R R 4% B A
% [E{%; Chen %54 1 — R T T Sk R0 145

R SCRA M GCANet, iU 1 JE 46T K &R S0
PR AR B 5 1 5 Qin U1 HE — PR HE A £ i 2 T
7% FFANet, FQ R VERHLH 5 EET SVH 467 —
FEC ) JE X o R, R = D ML 3 R 2 S AN
I RFAE {5 2 (AT LA SE B 5 22 555 Dong 517 i F4E
FXT TR 4% (generative adversarial network, GAN) $2H1
T FD-GAN, 1% W B 44 50 245 BAE A il & 28 501 5% 1) 56
5, 15 5 AR BN S F AR R R Wu &Y
PR T — Pl X E A S (X L IEJUAR B2 AECR-Net,
TP 35 O 0 15 55 4 1045 58 M A IE SR
FrEBIE HF OR (conirastive regularization) 1% & %
4% Song =0t i U-Net 078 (K% gUNet, &
PR I L 0 5% 22 AR 5 5 B, S i 6
Rl G 32 BR A RN Bk e 2 (R R AE [, 3 3 AR AEC I 2
#4; Zheng ZEPHR W (1) C?PNet, 45 & 1 HLB AN XL4) 32 B
JUFIURAE 2% )0 bE TE D)4k, 5058 8 B 6) b 1k Ak A A
[F) SR AS P B 2, 4 v 2 F R 2 1 ) AT R A2 B
M2 4, W% Transformer &7 N A T B4 401k, Guo
ZEPUPLH ) DeHamer i3 % > 351 Transformer $#1iE
P 1R 1) 26 o S 1R ) CNINRRAIE, iR ¥R Transformer 5
CNN 2 [A] B RFAEAS — i L, [] IR 45t — oo 00 4%
RGN = LEAL B RN, A B e 5645 8 51 N Transformer,
DAL HE 2 Z PR . Song 25 T —Fh Swin Trans-
former 1 U-Net 45 & 1) 1%%%@25 DehazeFormer,
i1t % Swin Transformer (=1L WO B BRI 22
6] £ LR A TG 7 8%, {8 Transformer 3% & T
85,

SRR, 87 20 R B 7 R 0 R AN 2 B R O 4R
15, 2555 M4 ) S AR PE R AE G . I R TR A
I EERAEAE UL N BRI ) 5 B R Z AR . X
FORE T BRI 2k HIL R B S8 K I GRaEng 52
A FEESEA 5 B B 2 B2 55 RORANBAE.

XFT A bR, ASCHE T M e AR E )
1) B IE BRRAE il 5 2 % N 4% (adaptive feature
fusion image dehazing network combined with dense
attention, DAAF-Net), 1% W 2% A K 81 T KA S R Y,
T A 18 25 ) A % B 2106 55 B 2 TA) R LS 5% &0k
2 TG 5 IS . DAAF-Net 1] DLR G Hiufif ok J 30 55 5 7k
R EZSAMEIR, 1£6 A % BRI A %
BHE b HA 2RI S5 AR 40775 A0 0 R OR L RE 1) e
A BARTTRR AN T
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(1) $2 45 &% A = 0 B I& SRR Al & R
2 Ml I — AN RHAIE 3G 535S 79 (feature enhance-
ment part) FREEfl G553 (feature fusion part) f724 T
2 fiAE L) 2% 445 ) 110) 25 55 ) 4% SR AT 80 B B BB R AL, il
GAFREREE B, IE G L% B,

(2) #EH — MR CS BEAVE AR (channel-
spatial attention combination module) F)% SERFIETE: &
Bt (dense feature attention block, DFAB). DFAB 25 &%
ER Bk 72 I 28 M = UL, 3 sk 1) B R, A &K
By 1B B Y 2R CS By AL A 20 DA I 0 4 8 A 2
B 4 P SR AR B SCRR IR S, R AN R 0 AN 35 2]
% FEoMAR.

(3) $2 Al GRS = JUORFE Y B I SRR Bl &

féiH (adaptive feature fusion module, AFM), Zh Al &

T%#Eﬁt%#%Zﬁ%%%%%F&%ﬁﬁ@ﬁ
\ 8

s "
b i

Nl
2 DAAF-Net H it
2.1 g RGN
AR T 4% AT B I B & MR A A
14 2: % M %% DAAF-Net. 1% 2% HH 4w b5 25358 73 (encoder
part). FFAEWGSE5E 5> (feature enhancement part). fi#fid
FRHB 47 (decoder part) LA FFAEfl & 4> (feature fusion

part) ZH/&%. DAAF-Net & 5654 N\ 1) %5 58 1505 N\ 9
B 2%t 3R AT R SRAE, A 2 2 4 AU R AR 1 i 5k 22 B
(feature-enhanced residual block, RB) $2HU& JZ4GF1E, U
KIUREC IR SURAE, 5 K b 23 32 B R R AR 1%
N RFAESE G858 7, 3 SR AP AR S SR H e =
(6] P R ARFAE 23S, AT I8 B ARF AL 3G 5 1) B 1), o R 1
5 S R REAIE I N ARG 45 350 2 R K R TE I G 55 R, 5
G i A EB o AN E A2, RS g R A KON 2 1) B
BRHIE @1%%??’9@?@5@)\1%5% [FF, 4 7 Bk
RIZRHEZ R, ZI—‘Y%EJTT Qiﬁm SFAE Rl A HROK 7
ﬁ%ﬂ%i?%ﬁ%‘%fﬂj%?ﬂf. WA 255 B A HE 22 1 &) 1
fim A )=
22 EEFHETER (DFAB)
ARG R SRR AR, AR SCAERRAE 1 9350 45 5
N6 A ARRFIEE S B DFAB, #— 225 T DAAF-
Net FIPERE. B ARRFHILE R UNIE 2 . DFAB K H
AR ZE AR B L B B AR, — 7T, B AR IR
T I RHIE AR I IE b Bk SEIURFIE E L, G2 AR R
T 2R 0] R, T R Bk 22 o o) B v 5 XS ARMIRARE .,
IR E M 2 RVER S, A BEZHHMER; 5
—J7TH, CS G AR HRAK I\ I8 T8 4 A0 43 i) 24 2
RAE B R SURHIES B, E AR [F) 2R AL (145 B S it
MK R G, IF B AT BLY & CNN [ IREET).

Feature fusion part \
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Feature enhancement part

Decoder part

|Conv Deconv | ReLU | tanh

B i BLRHIE

ST S gy EETAS
L

s % ppm

DFAB

L RK

1 DAAF-Net |28 B2 {4 HE 4
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55, BTt IW%%E‘JT%““

B R SRR 2 R, TS IE E R R AE
B, A E LT EE, /\ﬂi/%i&Wc € RO =
TR 3 i 10 ) N2 ) 4 2 oo B 245 2 2B AT AL, 1194 2%
SEINORVE T BRI IS R, HABLE R B W € RV

@%%’

Input

Output

' 3x3 Conv 'ReLU 1x1 Conv c CS TV BB

B2 BRI R

& Fin € ROV LR CS Bk

AIE, BB & A ARSI Cx1x1 ERIRFIE, K
FET IR 45 2 ) B e (oI il Ge, 23t Wi

NERZ K Sigmoid IZ[%I,.{%%U ﬁﬂ% We. T HE
= (1) A= QW
G¢ = AvgPool (Fyp) (1)

Channel attention

FEERRNMARE |

Wc = 0 (Convix (6 (Convix (Ge)))) 2
HHh, AvgPool %R H & M3t AL, o2 Sigmoid
PRAL, 6/ ReLU pR%L.
FIEERE W S NFHE Fy, 55858 F oo
AT, Hr KN OxHXW IR F sl (3) fis:
Fc=Wc®Fip 3)
EMEER NG, SINTEERT], Fe A=
[B)VE R T B NSRRI, E"%Xﬂﬁu)\f%ﬁ Fo oy mlitas —
L4 1 A T, B 4
SUHFFIEAS ) %%ELTI&. K, SR 18 38 E A R
Tt P B i AR A0 AN ) 243 1045 6L 1 B AR A k4T
AV 2x Iy AR GE. B 265 B Sigmoid
PREL, 19 2IRE REL Wy tHEIS R @) R (5) Fros:
Gs = Concat(AvgPool (F¢),MaxPool (F¢))  (4)

Ws = 0 (Convyx7 (Gs)) ®)

Horb, AvgPool &7 H i B it AL 2 4F, MaxPool 3
Fﬁhfﬁjﬂﬁl%%ﬁﬁz o7& Sigmoid EREY.

Cx1x1 Cx1x1

2XHXW

@ -

=

- 45 S
@D (- @ P @i |

Cx1x1 | \

Output
features

G

I
I
| CXHXW
I

IxHXW

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

3 CS BLATEEAARLR

2 (BN B W 5 25 8] 3 3 0 M5 N R AE Fo v %
T8 BT NG A T, B 4495 3 S A R D InBUS 1)
FHIEE Fg B CS B-& v S AP i) 5 ARk . =X (6)
Fr:

Fg=Ws®Fc (6)

2.3 BHERNIFIERESER (AFM)
KBTI LU, W b 88 3870 5 A A 2 38 40 () R

R Rl & 7E B8 2 %5 LS AR AT 55 e —Fi
R 3y @ E AN, £ 5 W FKZERHE (dnid
GOREC D) AT DLEE MRS 0 25 (1) R R R AE SR IUZ il 3K, 2R
T, il DX 265 R 55 TR JE 0, R 248 (1) 33 25 R A1E 38 TR A,
i 753 BB K BB B B 15 21 FR) R A1 A7 E L S A50R, 4
W EREIR. N T I A A, —E o> TAEEE 5
ANBHIZITCE AN (element-wise addition) B35 18 18 AH
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BT (Concat) #2118 i 1 422k A2 BUBT (4R AE. SR, %
T AR 255 25 a7 BRI A BBl AR R R A T AN R

SrRE ERFEEAUT RAEZ Z RHIE. 3T ik, A SCh2
H T HEMNAHIE RS R AFM, 1% /55813 Parameter
BR 51N AT G B w R VR B ml A LLAB, R & N

=

TR A BRI X 2 (15 SR AT Al &, Parameter i %L
PI4a A KIBUEE 2 BN 2R AL &% SR I S 80, A
e TR R b 2 I I 4 LA B B L. AR R AE 5
A SHE NN AR S TR R, A
T NRFAE RS AR 4 Fos.

Fioy

Low-level
features

o » HIHRAGEL |
:-V_V(: H Parameter LB RM

..........

=

High-level ~ *
features

B4 GRS R

S 25 30 23 v AR SRR AU RO R IS P v SRR A
%) AFM H5H, AFM JE I F 3@ B 2 )R A A L
1], A8 SRAEE 2 R AR B E G R AT ) SR A
5y, A TARGURHIE OR BE 2 T 0 A R, Bk #dE
BRI AR A I 5 Bk B RN N N REAE, DA
BRME PV R I R AT A 2 SRR, B, I 1x 1 B
JEH RlE 5 RHIE AT 52, 19 30 M 24 1) R ARFAE (B
o). RiE AR B 2 A Xl (7) A (8) Fros:

Ff:Flow +Fhigh + Flow ><O—(W)"'Fhigh X(1=aw)) (7))

Fruse = Convix (Ff) 3 - (3
v

e, Fryse /2 ARM SCELS (05 A, Fy A2 il £ 2
5 B R 5 (KRR (8], oy, 1 Figy 2B TR
FEZ A L RFE 2 PR AFFAE R B RAFAE, o /2 Sigmoid
%L wAIE T Parameter RS A TG AL L& BUE,
KH Sigmoid BREON H AT IH— AR ] o(0). 1EVIZRIA
8], AFM W] LLA 2027 2 o (0), i Hik 3 — N e fiAE,
X LR AU 7SR T A e
2.4 WKEH

ASCiEISE Smooth Ly 457 2k ABRNA5 S IMAUAH ik
YIZRFITHE H R R 2%

Smooth L, #i%: Smooth L, k454 T L, 5
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L, JEHE -0 5, 8408 7 2555 B AT S R 2 Th)
72 S e s, Ly YEERT DA I EVEE RO BERRAE,
o S AE UM IR T MSE #5125, Smooth L, 12511
Fik A= (9) FxL (10) Fros:

N 3 \

3 Fs 0= Ji(0) ©)

x=1i=1

\1.

2| =

Ls =
‘.

|
\ ! T (0562, ifle] < 1
v Fs(e) = (10)

le]— 0.5, otherwise

Forp, NZFORB R BEG Lo M0 70 590 8 55 58 B AR A
EEEUG BRI NFOIEIE B R, eFR
Li(x) R () R 22

JRAR R AR T IR G R BR, AU (percep-
tual loss) 8 M TRV A 8 X 24 v B BIURRFAE SR &4k
il T 25 55 BGRB8 AR 2 18] 1) 22 S, AH BL 7 3d 1)
L, B0 &, AT LA 54 HhARRAE R 47515 B, AR SO
TRIIZRIT VGG16 1E 9t k4, 3 AT 3 2% (B Convl-
2. Conv2-2 il Conv3-3) K Ja— JZHEHURFIE. &A1
KRB (1) s

3
1 - 2
Lp= ,Z* e 0=, (11)
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Hrp, € Hyo Wi SRR E ¢ () Rl g () 1 i
B R, JRREF IR, TR R,
S (D HIG ()R M VGG16 HEALHLEL I 1 2 % B G A
LS RGO L A FAE 1.

SRR B R R HERIE N (12) Frow:

L=Ls+ALp (12)
e R N A E R AL, AR SO AN 0.04.

3 SLIER S50
3.1 XEHERE ST R
3.1 seE AR AR

ASCPPA R s 42 25 ZR ) RESIDE $i 450
A1 O-HAZE ¥4 4. RESIDE J& — /N K MU ) & Al
A% BBERER, I 5 1Ak, 30 E A i
££ ITS (indoor training set) Fil = 4 dade oTS (outdoor
training set) 1E IIZREE, 25 A HAR IR SOTS (synthetic
objective testing set) JRAE. ITS £14 1399 3K b
B, B8 W EUGARHE A [R] R S OGAEA beta (A
%10 FRACHT EE, S 13990 5k & s g, 5
ITS AH, OTS IEHL 2061 7KK [ AL 5T SL R FSE
FEHNE, BIkIEW EE A K 35 kA ZEEG, REH
72135 TR PAMERTEUR. S T I B R SOR E, A
SCAM OTS A AL 18200 X £ i % 1 E G I ZR M 2.
SOTS WAL 500 xF % A EEA 500 X Z= 4+ EMZ,
H T SOTS = #Mll it 8 BT & 1) UG RS K/NAS TR,
T I 4 TR R AR B R R R — N ME T
HARBRAEXT L. BRI Z AN, N T S b AR 2 )2 AL 1,

A SO ST i S OB 4 O-HAZE VRASBERI MR,

O-HAZE $ifm 805 45 5K 45 25 K BT AR L #9775 BT 1]
%, BEHLZEEL 39 %’&ﬁ%@%{’ﬁ?ﬂwl'ﬁ&% 6 KA FEH
1A, S P SRR 75 181110 7 UK % BE R, Resize
B 380%360 K /N A Tl 5.
3.1.2 VM iELR

N T BV AR SCRERIAL S5, R W AEAS B L
(peak signal-to-noise ratio, PSNR) Fl £t FH ful 4
(structural similarity, SSIM) 1 2 % KUE i &= TR HY
KMIEAR. PSNR & —Fh A G i & 1 B2 = A5 4,
PSNR K, FEUG R AN, Hat B A Rt (13) fiok:

PSNR =101 MAXIZ
= 1008 75 )

Hr, MAX, %R G B K G F 8, MSER /R BG4t
BT E TR ZE, HERIAA (14) Pk

MSE = n% ZZ 1G, )~ KG, j)I? (14)
i=0 j=0
Forp, 13oR ab BT MR, KRB S R, BIE
KANmxn.

SSIM 717 5 PR B AR LLRE i Fia b, £ 25 K]
RITIE X HEEEREER, e85 VP A AL T A J 9 5 P
[ B2, SSTME A, b 38 1 FNEED i k3 5 P
Fr. R 2 A dpai(15) Bras:™

¥

(Zux,u} +cl)(20'xy+cz)
(y§+u§+c1)(a§+a§ +cz)
Forr, pu Fpy 53 9 260K BB x Ry (A8 2 4, o2
o3 53 IR UG x By (177 22, oy 7 R xRy 1) )
TiZE, ci~ e N
3.2 LWIES5EH

A A# ] Python 3.7 F1 PyTorch 1.10 5 & R &
>]¥R35, £ NVIDIA GeForce RTX 3060 GPU _EJT J# sk
5. A SCAE RGB 838 I Gk 4%, I 2k US4 BEHL L
B R 240%240 K/NME RS (4N, X 48 45670 31| 254
Fl Adam fRAGES, #E= /N 8, Horh B 1By 43 iR H
FRIMEL 0.9 1 0.999, #1467 > R W EN 0.000 1. XF T
ITS, 5 20 Fei AR5 52 SE RN IR 10—, BIEAR
KA 150 U BT OTS, BI44I5AR 100 ¥k, % 5] #4¢
10 FIEACG FRAR 4050 T Hse i A M 2k O-HAZE,
BB RIE AR ECR 500 X, % ) 345 50 Fak ARG PRI
NI 0.8.

3.3 IWHEREILE S

WA LS EUR 25 55 R ) 2 A 4 L 4 1A T
EL#, Heir ik 4% DCP'. AOD-Net'"™. GCANet",
GridDehazeNet”*'. MSBDN""', MSTN"* A Dehaze-
Former-T™. Hirh, DCP g% di iy 3E T- 25 56 50 (0 5
1%, AOD-Net gtk R HUR A28 1) i 38 91 25 55 5002,
FoAth 5 Ffoxsd bl 7 iR 0 2 T LAF 2 TR BE 2 ST I LR
22557775, GCANet Jyk: T i 28 2546 1) 1145 1R 3
EEM %, GridDehazeNet N3 T3 & SIHLH B —
347 6 B )% N PR IR 4%, MSBDN 3 T U-Net f
% REEW SR 2 B M %%, MSTN N+ £ R EE L&
BN H 1 SRHE G B 1 2 RBEHH $H M 2%, Dehaze-

L : SSIM(x, y) =

(15)
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Former-T >y Swin Transformer Al U-Net 4 & 1 B4 %
% M 2% DehazeFormer B — 2SR 2%, 1 & M E
BT, AR G — 1 BE 5 Kol 907 Tt 5%
W28 AT T BT UINZR, B 2 BHR B B 48— K
NHT R R,
33.1 AR FEIGEIEE ERE R
ANF £ 5 T ELE SOTS A ik 4 bt bh szt 5
RN 1 PR, 3201 oo 3o 2R 7R 1% 4 B0 1 A p
S ST, A H ) DAAF-Net 71
SOTS Z Willi{4E I PSNR 4 35.81 dB 1 SSIM 4 0.9889
A VERE, 7E SOTS Z ML | PSNR 24 27.96 dB
A1 SSIM 25 0.9197 [T RE, 7£ SOTS = AMIALL - SSIM

B AT MSTN, Z2HE{L9 0.0008. BRib 2 Sb, A5

M H &N 3.19M, Bl RAKT MSTN Hi%k,

Bl s RIS 6 735l @7 1 AR SCHY DI‘AAF Net 5Bl
122 W7 14E SOTS %Wﬂhﬁ%%u SOTS = #Mll 4
IR 7E SOTS %’V\wﬂ R4 E, AOD-Net 1k
EZ IR RR, AAE K2 587k B, DCP HikAr

A AR A A A A A
el < s
o D e e N e e

(c) AOD-Net  (d) GCANet (e) GridDehazeNet (f) MSBDN

(a) Hazy input (b) DCP

FENT LG B AR A € 2 I, EL7E BB 2R s 1
XA W R 5 SR IS, 5 DCP 5k I, GCANet
X LU P AR AR . A (0 R eI 5 oAt 4 i bl v B A
2 F AR BF, B RE BR N % 5 5k B, W Grid-
DehazeNet HIEEE 1 IRE M B mmi e B X
BAEAE AR K 7% % MSBDN SEHIEE 1 R A &
] ) —HF RS 1 55 1 A £ 55 58 5% B ; DehazeFormer-T 5
VRS 2 IR A A R AT A 55 55k B MSTN 2544
Sy, (HHGE BIP A RIS T %ﬁ/ﬁ
F 1 AFEJELE SOTS ML BRI &I a1

. SOTS indoor *  SOTS outdoor

ﬁ&\ | PSNR(dB) SSIM PSNR(dB) SSIM #Param
pCP™ 1363 08616 1539 07963 —
_A@OD-Net!'! 20.55 0.8560 2340 0.8897 1.8k
GCANet™! 26.68 09286 2553  0.9048 0.70M
GridDehazeNet™ 3337 09854 2586 09110 0.96M
MSBDN?"! 3123 09736  26.63  0.9085 31.35M
MSTNE® 3264 09810 2794  0.9205 19.41M
DehazeFormer-T? 3321 09841  27.50 0.9172 0.69M
DAAF-Net (A3X) 3581 0.9889  27.96 09197 3.19M

(g) MSTN (h) DehazeFormer-T (i) Ours  (j) Ground truth

s NFEZEELE SOTS %M EHR ERRs R

.

# SOTS 4N, DCP 2% ¥R, it
i 7 T, e VBB A7 78 AT R P [X 4 K 2
43I LR 2 357 B ; AOD-Net B4R B BORRR, %
g, HEE 3 R A am A AR E B, 25 5 AR
GCANet 2z Z 3R AOD-Net B&4F, {H 55 3 M8 K Fr iz
WEHIRE AT A 5 R AR, 5 2 TRANSE 4 TR K2 X
1t R8s ; GridDehazeNet 554 BB (it 0 52,
g 2 M R A X 8 5 4 R B AR 2 55 14,
MSBDN #5375 i Bl 7 €8 R % il 1% ; DehazeFormer-T
HESE 3 MR am A R R B B I A
MSTN 2 25 RO BT, BEE A2 5 A B e B2 0 b o

78 R4 ¥ System Construction

T KA.
332 HEYAFEGHIEE B R

B 5 RS Z A A, IS Jik LTk
S, TS R S SRR A % B I A b
W3, 5L, ik — BRI A SO 10 H Sk
A 5 UG B U, A SCR A LSt AR 4R O-HAZE
X2 AT ISR, [R5 E IR A2 7B EXT LG, A
[F] 23 %5 7715 1E O-HAZE #4485 X sest ansk 2 B
N HE 2 A1, AR H ) DAAF-Net /£ O-HAZE
BE4E | PSNR 9 22.75 dB, SSIM 79 0.7788, 3£13 1
AR PERE.
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(a) Hazy input (b) DCP (c) AOD-Net  (d) GCANet (e) GridDehazeNet (f) MSBDN  (g) MST§ (h)*DeﬂazeFormeﬁ (1) Ours  (j) Ground truth

6 Rkt SOTS SAM(a L Re

HASE AL 58 RCR LE A 7 s, A 7 ® Tu
MELR, 248 HE S 5 KA ?HT HE IR
K. Hrh, DCP SA R R B R fﬁ ﬁf?%ﬁ’]
R 21 T AOD-Net R, 814 L, 11
W GCANet‘%E%?JZ%ixﬁ? (NP REREELUN
e, HA B 1% 58 7% ¥ ; GridDehazeNet. MSBDN.
MSTN F1 DehazeFormer-T #5347 75 A [F] 2 B 1) 25 56 %
IR, W 1 mE B AR SKAEIR F AL B 2 F A
Ji, 2 TR AL IR AR L B 3 I ] R R
AR IR A LA S5 4 WR Py R M T S A2 AT AT 55 58 Bk
B BERSR UL, AR SCEETO R LRI 2 AR B

FExF L FEVK S J7 A T HoAth B2

o R0 R[FEJTER O-HAZE Bl B B g R
Ttk O-HAZE #Param
PSNR (dB) SSIM

DCpH 15.38 0.6474 —

AOD-Net!" 19.07 0.6757 1.8k
GCANet!!™ 21.58 0.7663 0.70M
GridDehazeNet™ 2221 0.7734 0.96M
MSBDN?" 21.23 0.7142 31.35M
MSTN® 21.58 0.7758 19.41M
DehazeFormer-T" 21.66 0.7457 0.69M
DAAF-Net (A< 30) 22.75 0.7788 3.19M

3.4 jHEASELE
Nt — 55’*“1EH9%E|3%1‘%*5QE’J
= fﬁ’;%J:&wﬂlDF/ﬁmE;@z‘

Bk, £ SOTS

(a) Hazy input (b) DCP

K7

3.4.1 AN[AIRSHLZH AT RS I

o oF [0 46 v 25 A R EAT AN (7] A 2L 5 R A S 91

=5 / / / / =5 ,:' = /*/ =5 :' == f' = e

(c) AOD-Net  (d) GCANet (e) GridDehazeNet (f) MSBDN

ANFTTAE O-HAZE $in 48 b a2

(g) MSTN (h) DehazeFormer-T (i) Ours

(j) Ground truth

5236, RB. DFAB. AFM REHUE R S2I6 a3 3 A,
AR L ZE R 8 B, Hh a5 L 44 O Baset
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DFAB; @ Baset+tRB+AFM; ® Base+tDFAB+AFM; @
Base+RB+DFAB; & Base+RB+DFAB+AFM, B[l 4 3¢ /Y
7. Horf, Base RN N RAE S A AN ERFEZ 14
(1) i o 5%

K3 OAABRA ARSI S5 R

‘ PN FE bR
s a2 PSNR (dB) SSIM
Base+DFAB 30.91 0.9760
Base+RB+AFM 25.70 0.9531
Base+DFAB+AFM 32.03 0.9822
Base+RB+DFAB 34.62 0.9875
Base+RB+DFAB+AFM (74 3) 35.81 0.9889

A AUmE

(a) Hazy input (b) 5D (©) éﬂé.{@

* [
3.42 DFAB B sz %
A% DFAB FEHHHA [FJy 5 2L A 73 b s
KA TR R, K AL DFAB BB 125 45
Fic N Basel, DFAB B 22k CS BRAVE R 5L
FERIC A DB AR 43 A%t LA 3475256 O Basel
+DB; @ Basel+DB+ZS AT HLH; @ Basel+DB+illiE
TEEHUH]; @ Basel+DB+CS BAariE kb, RIACMZ.
SRV RIIR 4 Fos, ATALEE RE 9 Fs.
HH3 4 7T LUR Y, Jo iR skl T8 v R )08 2 2 (]
HET), EEMRMA — T REMN N, H DFAB 5|
N CS BBy A B LG A8 i 2 B e e 4 vy A 2,

PSNR #&7 4.57 dB, SSIM #75 0.008 8. 74k, ME 9 !

W

(a) Hazy input (b) HEO () HAED

) hagh g »

(d) A&

B 3 n LI E 2], it 2 %k RB. DFAB.
AFM LA R — AN, o 28 P e A A — 8 F2 B2 1)
TR Horh, 2% 2215 DFAB BB EL IR 25 55 0 2% P g
[ B &, PSNR RF& 10.11 dB, SSIM F % 0.0358. A 4h,
M 4% L% RB Bk 228, PSNR R4 3.78 dB; M4 %[
AFM bk, PSNR % 1.19 dB. K 8 B Al LAE ), 41
HOIEL ARG ST ARG LR B i A H A7 /E B i 55
EIREM SR, HBANLERK, A50MA5@
FEIZE AL ' B2 1) DX S5 4 5 158, H G O FH & @FELL
AL £ 2 % AR W 0 A

F s ik 43%4\\?‘%%5@75&&‘@3—
(g) Ground truth

(e) HE® (H A

v
TS R[RIREH A A i S T Ak 4 R

JEIRI P ALRCR KE, B/ CS BRG R BB M 2%
BEUE WK ORI 22, AR SR 0T RO I 52 SR fet P
TR R B (R TG 19 B 0 T8 B RO R
RGN CS BA T BB HUAS I 2R 4T Bkt
AT DUIE B A SCHE H 1) CS G v i DL RFAIE 3 5
VER B DFAB (14 %t

%4 DFAB Bl b R

o4 24 25 R LK . PSNR(dB)  SSIM

Base \FDB 31.24 0.9801

§ A =
Basel‘tDBLEf'Eﬂ EEL 32.70 0.9833
\dBase1+DB+iéiEif§mﬁ%'J 33.07 0.9832
Basel+DB+CSEL A IF M HL (A 0) 35.81 0.9889

ey

(e) A3 (f) Ground truth

d) HE5G

Kl 9 DFAB HRHLIH SIS nT AL 45

4 ZERIE

Bt E TR 2 B EEAAAE S  R . WL R
A EERESINR, ARG S EEEE A
S IR A i 2 AR 9 5 I 5, 7 2R T B 46 4 R N
BEAE TR 25 25 A1 CS A T B HL I 1 5 AR R A T
b, 55 190 2% 02 VR NS 38 2 FE  5 ) 4 E BR 1R SC
BEAEAS B, 2 M PR R B R 15 1, Bk B

80 R4 # % System Construction

VR, RIS, AR R W] DL R 5 3R R AR T, R
IRGF B PUL A PR RE; Do Te 3 Bl e A R 20 1 B A5 ks
ik, 372 3 AR AL Rl A A, AR 2% T LA P AR AR 2
JEZR VRS B, 8 R R RFE 2K AR ST 28 AN
TRABO R, 2 —Fhim 2w 1 BB L F %, HS
HEBUN. LR RRY, ARG A 5 BE
PSR A S FAT 5 R R ] B EAR 1 5 S5 AOR,

http://www.c-s-a.org.cn

© ERSEBIK T


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

2024 4F 8533 % H2H) http://www.c-s-a.org.cn i H AR G N H

HWE G REs A R OR B SO, RN RS, 5%
JEE 5 5% b B T T e P SR AR RV b, ARSI
ZRIBAFAE — LA A2 BRI SSIM 48 HR 45 RAH XA,
FER S A B B B TERED A R dt . DI, JREE T
b, Rt T e 25 BR LSS AR S 5, M E
MTHSE s /MR EZ B L Z %, W5 EIT
Mo 2 S SE AR T TR 5 24 3], SR U 4 SE B )
JSLFH A

SE 30k
1 Li JF, Zhuo L, Zhang H, et al. Effective data-driven
technology for efficient vision-based outdoor industrial
systems. IEEE Transactions on Industrial Informatics, 2020,
16(7): 4344—4354. [doi: 10.1109/T11.2019.2936467]
R, TR, PRI, S5 T IR R 5 %A A
oI 4 0 % 2 % T SE AL R GERART 2022, 31(11):
167-174. [doi: 10.15888/j.cn¥<i.osa.008%§04]
Xiong YY, Liu HX, Gupta S, ef al. MobileDets: Searching
for object detection architectures for mobile accelerators.
Proceedings of the 2021 IEEE/CVF Conference on Computer
Vision and Pattern Recognition. Nashville: IEEE, 2021.
3824-3833. [doi: 10.1109/CVPR46437.2021.00382]
4 KB, ERF, RS JeT F % RS RN £ F BB
JEEVE A 7 v SEHL LR, 2023, 49(6): 208-216, 226.
[doi: 10.19678/.issn.1000-3428.0066460]
ERF, B2, SRR, 5558 KRS L RILSRA . B RE &R
G524k, 2023, 18(2): 217-230.
6 Cantor A. Optics of the atmosphere—Scattering by molecules

[\S)

w

W

and particles. IEEE Journal of Quantum Electronics, 1978,
14(9): 698-699. [doi: 10.1109/JQE.1978.1069864]

7 WKBETR, ZEUBIR, BT, % R Retinex 7 F{R % B0

RS HIRIT . 176 2 B 2 4 (AR BEAE R, 2021, 35(3):
60-65. [doi: 1().16104/j.issn.167§-1891“.2021.034013]
Kim TK, Paik JK, Kang BS. Contrast enhancement system

(e}

using spatially adaptive histogram equalization with temporal
filtering. IEEE Transactions on Consumer Electronics, 1998,
44(1): 82-87. [doi: 10.1109/30.663733]

9 Hsu WY, Chen YS. Single image dehazing using wavelet-
based haze-lines and denoising. IEEE Access, 2021, 9:
104547-104559. [doi: 10.1109/ACCESS.2021.3099224]

10 He KM, Sun J, Tang XO. Single image haze removal using
dark channel prior. Proceedings of the 2009 IEEE
Conference on Computer Vision and Pattern Recognition.
Miami: IEEE Press, 2009. 1956-1963. [doi: 10.1109/CVPR.
2009.5206515]

11

14

16

18

19

20

21

Zhu QS, Mai JM, Shao L. A fast single image haze removal
algorithm using color attenuation prior. IEEE Transactions
on Image Processing, 2015, 24(11): 3522-3533. [doi: 10.
1109/TIP.2015.2446191]

Meng GF, Wang Y, Duan JY, et al. Efficient image dehazing
with boundary constraint and contextual regularization.
Proceedings of the 2013 IEEE International Conference on
Computer Vision. Sydney: IEEE Press, 2013. 617-624. [doi:
10.1109/ICCV.2013.82]

Cai BL, Xu XM, Jia K, et al. Del%azeNet: An end-to-end
system for single image haze removal! IEEE Transactions on
Image Processireg, 2016, 25(11):"5187-5198. [doi: 10.1109/
TIP.2016.2598681]

Li BY, Peng XL, Wang ZY, et al. AOD-Net: All-in-one
del;azing network. Proceedings of the 2017 IEEE
International Conference on Computer Vision. Venice: IEEE
Press, 2017. 4780-4788. [doi: 10.1109/ICCV.2017.511]
Chen DD, He MM, Fan QN, et al. Gated context aggregation
network for image dehazing and deraining. Proceedings of
the 2019 IEEE Winter Conference on Applications of
Computer Vision. Waikoloa: IEEE Press, 2019. 1375-1383.
[doi: 10.1109/WACV.2019.00151]

Qin X, Wang ZL, Bai YC, et al. FFA-Net: Feature fusion
attention network for single image dehazing. Proceedings of
the 34th AAAI Conference on Artificial Intelligence. New
York: AAAI Press, 2020. 11908-11915. \

Dong Y, Liu YH, Zhang H, et al\FD-GAN: Generative
adversarial networks with fusion-discriminator for single
image dehazi,ngiProceedings of the 34th AAAI Conference
on Artificial Intélligence, New York: AAAI Press, 2020.
10729-10736. [doi: 10.1609/aaai.v34i07.6701]

Wu HY, Qu YY, Lin SH, et al. Contrastive learning for
compact single image dehazing. Proceedings of the 2021
IEEE/CVF Conference on Computer Vision and Pattern
Recognition. Nashville: IEEE Press, 2021. 10546-10555.
[doi: 10.1109/CVPR46437.2021.01041]

Song YD, Zhou Y, Qian H, et al. Rethinking performance
gains in image dehazing networks. arXiv:2209.11448, 2022.
Zheng Y, Zhan JH, He SF, et al. Curricular contrastive
regularization for physics-aware single image dehazing.
Proceedings of the 2023 IEEE/CVF Conference on Computer
Vision and Pattern Recognition. Vancouver: IEEE Press,
2023. 5785-5794. [doi: 10.1109/CVPR52729.2023.00560]
Guo CL, Yan QX, Anwar S, et al. Image dehazing
transformer with transmission-aware 3D position embedding.
Proceedings of the 2022 IEEE/CVF Conference on Computer

System Construction &4t 81

© EREERREST  hup/iwww.c-s-a.org.en


https://doi.org/10.1109/TII.2019.2936467
https://doi.org/10.15888/j.cnki.csa.008804
https://doi.org/10.1109/CVPR46437.2021.00382
https://doi.org/10.19678/j.issn.1000-3428.0066460
https://doi.org/10.19678/j.issn.1000-3428.0066460
https://doi.org/10.19678/j.issn.1000-3428.0066460
https://doi.org/10.1109/JQE.1978.1069864
https://doi.org/10.16104/j.issn.1673-1891.2021.03.013
https://doi.org/10.16104/j.issn.1673-1891.2021.03.013
https://doi.org/10.16104/j.issn.1673-1891.2021.03.013
https://doi.org/10.1109/30.663733
https://doi.org/10.1109/ACCESS.2021.3099224
https://doi.org/10.1109/CVPR.2009.5206515
https://doi.org/10.1109/CVPR.2009.5206515
https://doi.org/10.1109/TIP.2015.2446191
https://doi.org/10.1109/TIP.2015.2446191
https://doi.org/10.1109/ICCV.2013.82
https://doi.org/10.1109/TIP.2016.2598681
https://doi.org/10.1109/TIP.2016.2598681
https://doi.org/10.1109/ICCV.2017.511
https://doi.org/10.1109/WACV.2019.00151
https://doi.org/10.1609/aaai.v34i07.6701
https://doi.org/10.1109/CVPR46437.2021.01041
https://doi.org/10.1109/CVPR52729.2023.00560
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

i E RSN

http://www.c-s-a.org.cn

2024 4F #5334 H2 W

22

23

24

25

Vision and Pattern Recognition. New Orleans: IEEE Press,
2022. 5802-5810. [doi: 10.1109/CVPR52688.2022.00572]
Song YD, He ZQ, Qian H, et al. Vision transformers for
single
Processing, 2023, 32: 1927-1941. [doi: 10.1109/TIP.2023.
3256763]

Zhang HY, Ciss¢ M, Dauphin YN, ef al. mixup: Beyond
of the 6th

Conference on Learning Representations.

image dehazing. IEEE Transactions on Image

empirical risk minimization. Proceedings
International
Vancouver: OpenReview.net, 2018. 1-13.

Li BY, Ren WQ, Fu DP, ef al. Benchmarking single-image
dehazing and beyond. IEEE Transactions
Processing, 2019, 28(1): 492-505. [doi: 10.1109/TIP.2018.
2867951]

Ancuti CO, Ancuti C, Timofte R, et al. O-HAZE: A
dehazing benchmark with real hazy and haze-free outdoor
images. Proceedings of the 2018 IEEE/CVF Conference on

Computer Vision and Pattern Recogrriti(;n Workshops. Salt

¥

on Image

w

82 R4 # ¥ System Construction

26

27

28

Lake City: IEEE Press, 2018. 867-8678. [doi: 10.1109/
CVPRW.2018.00119]

Liu XH, Ma YG, Shi ZH, et al. GridDehazeNet: Attention-
based multi-scale network for image dehazing. Proceedings
of the 2019 IEEE/CVF International
Computer Vision. Seoul: IEEE Press, 2019. 7314-7323. [doi:
10.1109/ICCV.2019.00741]

Dong H, Pan JS, Xiang L, et al. Multi-scale boosted

Conference on

dehazing network with dense feature fusion. Proceedings of
the 2020 IEEE/CVF Conference on, Computer Vision and
Pattern Recognition. Seattle: IEEE Pr'ess,l 2020. 2154-2164.
[doi: 10.1 109/CVPR42600.2020.7(1)70223]

Yi QS, Li JC, Fang FM, et al. Efficient and accurate multi-
scale topological network for single image dehazing. IEEE
Transactions on Multimedia, 2022, 24: 3114-3128. [doi: 10.
1109/TMM.2021.3093724]

(B e 7 kAt

© TEREBIK R

http:/fwww.c-s-a.org.cn


https://doi.org/10.1109/CVPR52688.2022.00572
https://doi.org/10.1109/TIP.2023.3256763
https://doi.org/10.1109/TIP.2023.3256763
https://doi.org/10.1109/TIP.2018.2867951
https://doi.org/10.1109/TIP.2018.2867951
https://doi.org/10.1109/CVPRW.2018.00119
https://doi.org/10.1109/CVPRW.2018.00119
https://doi.org/10.1109/ICCV.2019.00741
https://doi.org/10.1109/CVPR42600.2020.00223
https://doi.org/10.1109/TMM.2021.3093724
https://doi.org/10.1109/TMM.2021.3093724
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

	1 引言
	2 DAAF-Net模型设计
	2.1 网络总体架构
	2.2 密集特征注意块(DFAB)
	2.3 自适应特征融合模块(AFM)
	2.4 损失函数

	3 实验结果与分析
	3.1 实验数据集与评价指标
	3.1.1 实验数据集
	3.1.2 评价指标

	3.2 实验环境与参数
	3.3 实验结果及对比分析
	3.3.1 合成有雾图像数据集上的结果
	3.3.2 真实有雾图像数据集上的结果

	3.4 消融实验
	3.4.1 不同模块组合消融实验
	3.4.2 DFAB模块消融实验


	4 结束语
	参考文献

