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Abstract

A EF 7 ikl To 2 Bort oy A 5 56 fois it
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I(z) = J(z)t(z) + A1 — t(x)), (1)

(d) Ours
Pl 1. XY S S KR LI LA o BTHRE (4 Yk A R 45 R
e I3 AW R R e E R LS PR R S5 O VR BE T FRATAD AR
A IR B AT DA A S 1 B B BOR A R ) S 480R
TRV A B U AE 1 MR R AARIE TR A TR 1 S ECRI5
(LT

Hop, I(x) FoREFHAG, J(x) 2 HX R IE W RS .
Ak AR t(x) AR EERRAOETE SR, B 5E
t(z) = P Bk FIA500E d(x) MEEB TR B,

Xt T 45 8 1 55 4 R, RO FLE I IO AS 2 — A v
JEARIE E M. R A — AR SIS e v, B Rtk
Gy AR T ARSI AN, BIANREEE SR [10]. B
EIER IR [10] gLk [12] 5. R, XLegeit
eI TS UL S 2R, SEEECR
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BEE TR 22 24k, R A FRUS T & k.
A B2 R M 4R S5 [5,21,31],
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YOI B KA B Y 0 BT DI R 408, DA IR
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(a) Data Generation

(b) Distance Re-calculation
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Normalized Feature Alignment i — d P
o Parameters Frozen
—=p  Training Time Only G
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TR, SRAET om0 i B 0% eR B500E BSR4 E I 25
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R ATIAANBSE, H3T T AT RS,
DATE AR T R PR B S 2 [ U P . Zhou 2 A [14
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AR A O T I 225 55 I 45 B C X 5l ) =% 18 T 22 il
IBARPER, PARS ESERn Z (B IE St . O T fagi
B, FATHFAI (1) Fmh 1(z) = P(J(2), t(z), A).
55 3 LB 0 A G AR ] DA A

I(z) = JPEG(P(J(z)" + N, eP40) A+ AA)). (2)

A3 (2) MR :

KMEAF ISR v € [1.5,3.0] 22— e N
T, N REEE . KPR ] DA 5 R
AP EE I A2

EHTPE . VNIRRT SR, RATR A
WREEATF R (18] SRAGTHREER d(x), A B €
(0.3, 1.5] feds il 55 510 %% L

RATHIamZ . TR EZ AN EREER,
FMNFRTERHREWEEME, Ed—4=E
WE AA € [—0.025,0.025) SCHEL. A (1 HUE G 7E
0.25,1.0] [,

JPEG M. RATWERELFHIELHK JPEG
RGN . PG, 76255 1 Rl e T ik 26 P 5 /2 B4R
. JPEG(-) FmA a5 ) JPEG HE4iab3H.

FATHERE T 500 TR E R A O R, 5B
SRR WAE B Besh A8 4 . Bedh, FEre i i
P B AR, REHA JPEG E450A 50% B
b/

4. Jjkik

FoA AR 5 5 UK R B RIE AS , v o=
Je (HQPs) FIAKFZMLE. o7 i A e
i 2 fR . IR RE T DA AP B FES— AN
GMrBr, FATER TR EHIZ% VQGAN [11], M
AR EA HQPs MIELERT A Z FIAHR A RIS 4%
Gy (Il Sec.d.1). TEH M B, ETHIIZ% VQGAN
(¥ RIDCP AE iy F AT T4 1 A5 i A AR i ) 25 46 1
B EIEFTIIZE (W Sec.4.2). BuAl, T B 4% 4 5]
SEHERR YRS , FRATER T T i B R S
AR R AT PR EERHE PE RO SRS (W Sec. 4.3). Il H AR
(20 7] AZERRSERDR P3R5

4.1. TR e S E g A

FMTE M END VQGAN B TAEFER. 45—
ArRTEERR o, BN VQGAN 4ifhdt o, K%

(a) Hazy input

B 3. B VQGAN BMME R, BAREFGLE,
HEIA T RER S

(b) Reconstruction

A Gl HEERHE 2. R)5, 2 lE— “BR”
zZij FeHA 2 € R digiifl) HQPs IR, M
MARFFEHER R 291, RN

2y = M%) = arg min (|12 — zell2),  (3)
Hrp, K FURMEARKIN, ni 2 FsEEs, M() £
RULHERE. f)a, WA o il Gug fRRS

' = Gug(27) = Gug(M(Eug())), (4)

Hrp, o HEMER.

Mg 1. T EREA PR R (HQPs) 1Y
I AR, FATxF el BN R VQGAN
HHPEERIAT TS WK 3 PR, JATH VQGAN
TEABEATROR B D0 T 1T AL Bl 5 I 5 5 A
BRI (F . JRATHTAE, RAT HQPs B PLAL
T AT DA B AL R AL, AT By HL BRI 31 g o
ko R, dIFPCRCIEFRDAYXERE, VQGAN %55 hE
TR Behh, mT R B E R ER, AT
—HREMSI. Hit, EHERM Gug BRHEZ R
M. EUKREA , AT — 224 et )
SR ICEL i ds B, AL —RES A A HQPs
FFER RIS AS G

4.2. W RHAEVC R G 3%

FT Sec. 41 IER, EBREZEY S ERWAT
fE55: PCECIEAA RS RN BRSO R L

M HQPs PLilmygumhdy. MKMW T
SwinlR, [25], %75 VA BV ARSE R T 38 K A
PERRE T, AT RA T gnliSas E. Bk,
JEFHERR BT — A5 22 2 [17] 4L, FHO Rk
7 4x BT RFE. BEFRE 4 15%2ZE Swin Transformer
Bk 28], BEAMWE IR Z RS B .
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2 0.00 -

< 1 2 3 9 10

4 5 6 7 8
Top ten |fn — fec| codes
P 4. OR[EVE LR R3S SR . *dehaze’ Kl HI L E 5
KIGAE BRI A, clean’ F T4 G5 AT
2510 VQGAN %%, "adjusted’ Fonf 555 55 1 1§ f AT
ol HQPs PEEC#AER) RIDCP, JH S 40 AT
e

FATY—TRFAEXT ST IRRS A% . T3 T IH—4k
FHEXSF (NFA) J7ik, PAREBIARRSE AN HQPs
IR, B %8, VQGAN iy & e ff: [14, 13]
WARRFEEER, HEESBREROREE . TATHH
2T HQPs Il BIRHES |, THIR K
H. BAME, 725 0 )20, BAITRMWAEER (]
¥R HE Gug MFHE Flog 5k H G IMFHE F* X5,
AR :

F! = DCONV(F!

vq)

CONV (Concat(F,,, F"))), (5)

o Fl, FURETBRIAE, DOONV 2T EH
2. CONV 2T MRz, Hoh, Rik
WE FL AP REOREE . BB AR L,
ol 0 1A R i 5k 24

) , ZFZ' )
F'=F —F" . 6

KT NFA JriE 2 mRAE Sec. 5. AR EE4IN 41 .
4.3. n[# HQPs PUficHfE

Mg 2. B gL E M#EG: G, A1 RIDCP
B T AR NI AR . SR, DR E— LR IR
P, GIINTE— S A PR B SC Bl T, ORI
Bk XIHAZHEN HQPs A%, IEWUFEME 1 it
JEORI, ENTC LRI T 50K B EE A 15 1 1) i
1. FEIFEP R MELAR R IERR HQPs, XIHH T &
B B SR 2 T IS o A FRATTR
AL/ N ZE S 07 T 2 BT AR [22,42] T3
RSt (RS RN T B AT Y YA 7 T LS
USLLSHUE £ F L

N T RUEE— Lk, FATHEAT T 00 F0EE . el
BEBLACHE T 200 K7 BRI T R (E N BUIZE V-
GAN M A, ISR TIBIEIE f. e RF. %
o, %5 200 RECKBEREBMHALE %, WL
WORBUR fu € R B AR T fu B fo ZIW 2504
KA BT AT TR FATT AR B B0 4
RS o 335 —WLAR 445 SLTIE ] TR T3 G k25 T
HQPs DS PHt, HQPs 3k HA Rl sr
PRy, SRR TR SRR T A
BE.

S BB T VST T RGBT AR, e
BF R E AR, LREY HQPs 2Rl
fy, BIVCRLLE-F i R0t B0 S, §0 HQPs
PCRA B R 4T B FIDTRRE M().
FABHSH RGO T, REEILEHRE G-
TRV 2 B, L SRR VLR M ()
SR RSB AR TS o B HR T AT HQPs
VIR (CHM), Heseiilliod 16 DU B 5 A ALk
FHEHR . CHM AT

M'(2) = arg min (F(fy,a) x ||2 = zl),  (7)
o, F(fi, o) RIRISHHRES fi = fF — £ P
S o R E IR R A eI F o, A
AR 1) TR i ERER RIS ER, F
BIb fe BRAEA, DA BRE SIS B, 2) 4
F(0,q) = 1 i, R e TH % Sk LA A
iy HQPs REfFR%E. 3) JRAIRIE T AL o P
B, B V> fo,Yan > ap - pleen s Toer,
WA, RO R Y, I AaTDLR
A

F(fi,a) = e i = eax U1 ®)

P 2(b) T HHA Voronoi [ SRABHFHE IT FL i 72 e
ez E) R AR AR . IEAIRATITL, AR T K
D3l ) S 7R B B R S S PR RE B TR K, B4R
| TR HQPs.

et o Ml fBfRYL iR, BATM AR ET L
W oEms i HQPs YVCEL. 2 H b2k 3 — A8
(4 v, DA 00 2638 B FL o MR KBl 8, AR fF, fE
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(a) Hazy image (b) MSBDN [10] (c) Dehamer [15]
Bl 5. 7E RTTS $idladie ERggaixs it [22].

922 ok . BRI, JUSCBRAE Y B A bt
BB &, DMRAME Pu(x = 22) Al Pale = zla) i)
1 Kullback-Leibler 0, LAY T o HyfIcf]
Sttt

& = argmin K L(P,||Py)

K
= argmin Z P.(xz = z;)log
i=1
K (9)
=aryg maxz P.(x = z;)log Pp(z = z|a)
i=1
K
= argmaxHPc(x = z;)Pn(z = zi|).
I

P.(x = z)
Pp(x = z|a)

FeAIE ) — R E AT & ATl L
RATEN & = 21.25, HERE TR EER A
Ko Wi BIERAE, & WHEIF AL DA 1 DL e 1
FEo DA TDUORYE A R R 36 PR o fii.

(d) PSD [7]

(e) D4 [3] (f) DAD [33] () RIDCP

5. S8
5.1. Btk

B N T AL HQPs Hh3RkAG
BrEEE R, VQGAN F52AE A5 i 7 PR M S s
AT L5 ) R B B 4 A TN SR AEFRATTAG AR,
FAMEH T DIV2K [1] F Flickr2K [26] (f34r 4,250 3%
FIG) RN —Br B X PAERAE) 12 5 5
BEATS [0,24,25].

AR AT RTTS Bdlisg [22] bxf
AT EFM BT T 2 R =P, ZEBdRgEA
it 4,000 KGR LR SPEREAE. RN R 4R
MEEFEFHE G . A, RAVLMEH T Fattal 15
£ [12], Hibad 31 MM EREREREM, Tk
— LT L o

5.2. SO

XHF VQGAN Al RIDCP fyi)llgk, FATfH Adam
fetbss, BOASECN (B1 = 0.9, 82 = 0.99). {EIZREr
B, 5> R E A 0.0001, ftiR/NESy 160 T
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(a) Hazy image (b) MSBDN [10] (¢) Dehamer [15]
P 6. 7t Fattal Zdlase LT [12].

# 1. 7E RTTS sl ER9E & MM P, 20 6%R
SR, OFORE TAEER . US' FOR M P
B .

(d) PSD [7]

Method FADE| BRISQUE] NIMAtT USt
Hazy image | 2.484 37.011 4.3250  0.030
MSBDN 1.363 28.743 4.1401  0.046
Dehamer 1.895 33.866 3.8663  0.041
DAD 1.130 32.727 4.0055 0.143
PSD 0.920 25.239 4.3459  0.105

D4 1.358 33.206 3.7239  0.079
RIDCP 0.944 18.782 4.4267  0.556

FrE s , AT REA LI B A K/ NHRBY S 256 x 256
IRST, FERA 50% BIMRRIEA T RS . FE58— D IIZRpY
Ervh, FA11 VQGAN #£ DIV2K 1 Flickr2K %4
£ IR T 350K Yk BifE, Frdgding RIDCP
TE I FR AT A AR AR R B E EVIZR T 10K
Wik P segn R 2 AE PyTorch #ERLFfE 4 A
NVIDIA V100 GPU #4711

5.3. Sl iikm e

FRATHRE B § th (9 05735 -5 JURR S5 B 9 22 38 O R kAT
TERELLR . SRR E BAE A U T T B
b, BATEIAT T HPBITS, PAIE AT ¥R A L
RE. Ik LesLny, FATREAS A RIDCP JrikfE R
RFALF TR, IR AR AR . Rk
JF A R RSE AR T TR A F o

L. T S B R T A R I
SRR, O LIESE T E R R B
96, AR EBME LTS (FADE) (8] Rfliit5
SR HLAh, I EIEPIAN 2 M B BT PR
5 BRISQUE [29] #il NIMA [34] #EATPEREAL . AT

() D4 [39]  (f) DAD [33]  (g) RIDCP

e RTTS sk LA T s, R R aiEm
MOTE A7 055 55 R e 4 [22] BRI R F A
(MSBDN [10] 1 Dehamer [15]) PAK =Fp T EHE4%
EWEHTEE (DAD [33], PSD [7]. D4 [39]). #£ 1 @
RT &R, WPAES, RIDCP £ BRISQUE Fil NIMA
Febr UG T EmAERIL, A BIERTHT 25.57% 1 1.86%.
X1 FADE, AT EHRA % =, (URILT PSD. 48
M, IEGNE 5 Frs, PSD fiifn) 177 Az id BEGRR A 45 5L,
X REOHERR R . SRS, AT BT B
b EBUS TR AR, G S S Rtk — 2B UE R
VAR BR: o

EPELEE: . FATT7E RTTS fil Fattal f%disE bk
TS, 2558 ME 5 FE 6 Fin. i AL,
Dehamer, MSBDN FI D4 7F AL 3 B 5255 5 €14 i+ 32 90
A, PSD BARBEWS AL U S ZE A, (HEFRIIA
f. DAD fELEHHAR, (EHGRAEAIE 2=
s C R I A . AF LA ¥, BRI T EAE S,
R A & FE AN 5 5 5% B O AR T B AR BN A L.
ZER AT DATEAN SRR R 3

HPwEgE . JATHEAT T 0sE, ST
FEAIE S HAT R L . FATMN RTTS Fdladk
LIS T 100 3K EMGHEAT LB, FFEE T 5 LA
A ERAE BT S L RN 5 A m M A S
M PRI, FATm MG AL T — 2R 1) &
BRI R R F R AR, THZmARKES . 2) 1
EHAOKRGYIRZ, o ERGRHF A ERE S .
3) — AR TN T AR . BlS . ER
NERENEE . BHRBROTMARR. T ERL
BT AT IR EE R A R IRATI T IR SR . A
FMMER 10 P P b R IR — 4. 3T
ST TR IEPOE N R T L, AT
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e

(a) Hazy image (b) o = —6

0.0 (¢) a=0.0

) a= (e) a=

B 7 AFETERE TSR Frgiheg CHM el iR TR IR R, JEEME (o = —60.0) FF (a =60.0).

WERIIEN o = 21.25, BUAUH BT R4 R E RIS (hIEHE ).

il g, y id @, b
L~ ¥ i ! (

lo~

e i ,
Full NFA

( w/o normalizing

NG)

/8. NFA TSR .
% 1. FHRE TS TR, Fee T
K, e T IR RS R

(e) w/o warping

5.4. {ifRlSEEE

BT IR AR R, AT T T R
SIS . AT HIEATIHE T CHM, NFA FIB4
SRR A R -

IS B . ELSCIOE Y AR 222X (8)
SEL o 428, WL TR o PIPARIE AT R A LR
B, FAVF AN o HEHARAT AR I 75
o BESEBIEEECRELMER R 4 o> 0 0,
AR S ARG g, B A BRSO . AR
M, 2 o FIREROT TR BRI, FATRT ARG BIRCR B
SHI4S

NFA A 800E B AT NFA W ATEGR B A HQPs
A AR R R, A8 B R d TR PTG R
WREL . NFA "JRAG WA~ SRR 7y s Bl 22
BRI A BT 0 — R I B T o3
oA BT, FATHR I T 4 AR NFA 9742
&, 510 1) BAETRERE. 2) Hiktaie. 3)

THHONE R B AERCR

J2—fetabe e RAT RN, 4) B G AdEtane, K 8@
IRT R WAL A R X, AR (K 1 Y4k
R WA WSS . 220k 2 il 4 Fp e se Xt A oA
BB . A2k 3 AR TR, X2k
FF AR FRFAESRATIH— A B[] —E s T A, file
FMZEMELAN R . RS8R NFA fE5e A E
WG T Hm80R, BRI AR R R E AR, HIHIR R
HEIH,

B E BRI AT O . S TR FRATT SR
FHF Az UE X A IR A I AR BE S MG R A SRR Ty, K
IAEWAS 2 ) & R 4R B2 T AT
RIDCP, 4352 OTS [22] #I HazedK [12). {e {8k
)2, HazedK 22537 DAD [33] ByJa b3, 1Ak, FAl
WRF OTS YNGR AT A s, 71 T &
F Transformer [1) Dehamer 15T CNN [ MSBDN,
AT UE BB W] DA e B T o LRSS SR &l 9
o FATAIDAMZER], 75 OTS Fl HazedK YL, K
I EFZ MK TTEAMLRF S A, AEEIFEATII
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6. G5B AR TAE
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(d) Dehamer

(e) Dehamer! (f) MSBDN

P 9. 4R A R AR AR T R S IR A R R AR . AT
1E OTS (b) il HazedK (c) Hullask bHFIZ TRAINESE
W%, PABSERAT A AR A 2tk . Dehamer Al MSBDN
WAEFRATH Al _ BT T EHIGE, SR RICH 1

(g) MSBDNT  (h) Ours

T ESEEBR EFEML (RIDCP). KESEERY, B
e Ve AR A A LS. SR, RIDCP FEALBEAK
B LA 23 Ay 5 FE I Ry, & A2 O BEAR
G5 X RFFRMEAB, A I IR ELAR X . 3,
TR PR X — FLA PR P ) SR B R R R BB 7
IR

CEPEN

[1] Eirikur Agustsson and Radu Timofte. Ntire 2017 chal-

lenge on single image super-resolution: Dataset and
In Proceedings of the IEEE Conference on
Computer Vision and Pattern Recognition Workshops
(CVPRW), pages 126-135, 2017. 6

study.

[2] Codruta O Ancuti, Cosmin Ancuti, Mateu Sbert, and
Radu Timofte. Dense-haze: A benchmark for image
dehazing with dense-haze and haze-free images. In
2019 IEEE International Conference on Image Pro-
cessing (ICIP), pages 1014-1018. IEEE, 2019. 2

[3] Codruta O Ancuti, Cosmin Ancuti, and Radu Tim-

ofte. Nh-haze: An image dehazing benchmark with
non-homogeneous hazy and haze-free images. In Pro-
ceedings of the IEEE/CVF Conference on Computer
Vision and Pattern Recognition Workshops (CVPRW),

pages 444-445, 2020. 2

[4] Dana Berman, Shai Avidan, et al.
dehazing. In Proceedings of the IEEE Conference on
Computer Vision and Pattern Recognition (CVPR),
pages 1674-1682, 2016. 2

Non-local image

[5] Bolun Cai, Xiangmin Xu, Kui Jia, Chunmei Qing, and

Dacheng Tao. Dehazenet: An end-to-end system for

(8]

(10]

(11]

(12]

(13]

(14]

single image haze removal. IEEFE Transactions on Im-
age Processing (TIP), 25(11):5187-5198, 2016. 1, 2

Chaofeng Chen, Xinyu Shi, Yipeng Qin, Xiaoming Li,
Real-

world blind super-resolution via feature matching with

Xiaoguang Han, Tao Yang, and Shihui Guo.

implicit high-resolution priors. In Proceedings of the
30th ACM International Conference on Multimedia
(ACM MM), pages 1329-1338, 2022. 2, 3, 6

Zeyuan Chen, Yangchao Wang, Yang Yang, and Dong
Liu. Psd: Principled synthetic-to-real dehazing guided
by physical priors. In Proceedings of the IEEE/CVF
Conference on Computer Vision and Pattern Recogni-
tion (CVPR), pages 7180-7189, 2021. 1, 2, 3, 6, 7
Lark Kwon Choi, Jachee You, and Alan Conrad Bovik.
Referenceless prediction of perceptual fog density and
perceptual image defogging. IEEE Transactions on
Image Processing (TIP), 24(11):3888-3901, 2015. 7
Jifeng Dai, Haozhi Qi, Yuwen Xiong, Yi Li, Guodong
Zhang, Han Hu, and Yichen Wei. Deformable convo-
lutional networks. In Proceedings of the IEEE Interna-
tional Conference on Computer Vision (ICCV), pages
764-773, 2017. 5

Hang Dong, Jinshan Pan, Lei Xiang, Zhe Hu, Xinyi
Zhang, Fei Wang, and Ming-Hsuan Yang. Multi-scale
boosted dehazing network with dense feature fusion.
In Proceedings of the IEEE/CVF Conference on Com-
puter Vision and Pattern Recognition (CVPR), pages
2157-2167, 2020. 1, 2,6, 7

Patrick Esser, Robin Rombach, and Bjorn Ommer.
Taming transformers for high-resolution image synthe-
sis. In Proceedings of the IEEE/CVF Conference on
Computer Vision and Pattern Recognition (CVPR),
pages 12873-12883, 2021. 2, 3, 4

Raanan Fattal. Dehazing using color-lines. ACM
Transactions on Graphics (TOG), 34(1):1-14, 2014.
1,2,6,7

Tan J Goodfellow, Jean Pouget-Abadie, Mehdi Mirza,
Bing Xu, David Warde-Farley, Sherjil Ozair, Aaron C
Courville, and Yoshua Bengio. Generative adversar-
In Neural Information Processing Systems
(NeruIPS), 2014. 2

Yuchao Gu, Xintao Wang, Liangbin Xie, Chao Dong,
Gen Li, Ying Shan, and Ming-Ming Cheng. Vqfr:

Blind face restoration with vector-quantized dictionary

ial nets.

and parallel decoder. In Proceedings of the European

CVPR
#03324

918
919
920
921
922
923
924
925
926
927
928
929
930
931
932
933
934
935
936
937
938
939
940
941
942
943
944
945
946
947
948
949
950
951
952
953
954
955
956
957
958
959
960
961
962
963
964
965
966
967
968
969
970
971



CVPR
#03324

972
973
974
975
976
977
978
979
980
981
982
983
984
985
986
987
988
989
990
991
992
993
994
995
996
997
998
999
1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025

(15]

[16]

(17]

(18]

[19]

[20]

(21]

22]

23]

CVPR 2023 Submission #03324. CONFIDENTIAL REVIEW COPY. DO NOT DISTRIBUTE.

Conference on Computer Vision (ECCV), 2022. 2, 3,
5

Chun-Le Guo, Qixin Yan, Saeed Anwar, Runmin
Cong, Wenqi Ren, and Chongyi Li. Image dehazing
transformer with transmission-aware 3d position em-
bedding. In Proceedings of the IEEE/CVF Conference
on Computer Vision and Pattern Recognition (CVPR),
pages 5812-5820, 2022. 1, 2,6, 7

Kaiming He, Jian Sun, and Xiaoou Tang. Single image
haze removal using dark channel prior. IFEFE Trans-
actions on Pattern Analysis and Machine Intelligence
(TPAMI), 33(12):2341-2353, 2010. 1, 2

Kaiming He, Xiangyu Zhang, Shaoqing Ren, and Jian
Sun. Deep residual learning for image recognition. In
Proceedings of the IEEE Conference on Computer Vi-
sion and Pattern Recognition (CVPR), pages 770-778,
2016. 4

Mu He, Le Hui, Yikai Bian, Jian Ren, Jin Xie,
Ra-depth:
self-supervised monocular depth estimation.
preprint arXivw:2207.11984, 2022. 4

and Jian Yang. Resolution adaptive

arXiv

Geoffrey E Hinton and Richard Zemel. Autoencoders,
minimum description length and helmholtz free energy.
Advances in Neural Information Processing Systems, 6,
1993. 3

Shih-Chia Huang, Trung-Hieu Le, and Da-Wei Jaw.
Dsnet: Joint semantic learning for object detection in
inclement weather conditions. IFEFE Transactions on
Pattern Analysis and Machine Intelligence (TPAMI),
43(8):2623-2633, 2020. 1

Boyi Li, Xiulian Peng, Zhangyang Wang, Jizheng Xu,
and Dan Feng. Aod-net: All-in-one dehazing network.
In Proceedings of the IEEE International Conference
on Computer Vision (ICCV), pages 4770-4778, 2017.
1,2

Boyi Li, Wenqi Ren, Dengpan Fu, Dacheng Tao, Dan
Feng, Wenjun Zeng, and Zhangyang Wang. Bench-
marking single-image dehazing and beyond. I[FEFE
Transactions on Image Processing (TIP), 28(1):492—
505, 2019. 5, 6, 7, 8

Lerenhan Li, Yunlong Dong, Wenqi Ren, Jinshan Pan,
Changxin Gao, Nong Sang, and Ming-Hsuan Yang.
Semi-supervised image dehazing. IEEE Transactions
on Image Processing (TIP), 29:2766-2779, 2019. 2, 3

10

(24]

(25]

[26]

27]

(28]

29]

30]

(31]

32]

Zhen Li, Jinglei Yang, Zheng Liu, Xiaomin Yang,
Gwanggil Jeon, and Wei Wu. Feedback network for im-
age super-resolution. In Proceedings of the IEEE/CVF
Conference on Computer Vision and Pattern Recogni-
tion (CVPR), pages 3867-3876, 2019. 6

Jingyun Liang, Jiezhang Cao, Guolei Sun, Kai Zhang,
Luc Van Gool, and Radu Timofte.
restoration using swin transformer. In Proceedings of
the IEEE/CVF International Conference on Computer
Vision (ICCV), pages 1833-1844, 2021. 4, 6

Swinir: Image

Bee Lim, Sanghyun Son, Heewon Kim, Seungjun Nah,
and Kyoung Mu Lee. Enhanced deep residual net-
works for single image super-resolution. In Proceed-
ings of the IEEE Conference on Computer Vision and
Pattern Recognition Workshops (CVPRW), pages 136—

144, 2017. 6

Xjaohong Liu, Yongrui Ma, Zhihao Shi, and Jun Chen.
Griddehazenet:
for image dehazing. In Proceedings of the IEEE In-

Attention-based multi-scale network

ternational Conference on Computer Vision (ICCV),
pages 7314-7323, 2019. 1, 2

Ze Liu, Yutong Lin, Yue Cao, Han Hu, Yixuan Wei,
Zheng Zhang, Stephen Lin, and Baining Guo. Swin
transformer:
shifted windows. In Proceedings of the IEEE Interna-
tional Conference on Computer Vision (ICCV), pages
10012-10022, 2021. 4

Anish Mittal, Anush K Moorthy, and Alan C Bovik.
Blind/referenceless image spatial quality evaluator.
In 2011 Conference Record of the Forty Fifth Asilo-
mar Conference on Oignals, Systems and Computers
(ASILOMAR), pages 723-727. IEEE, 2011. 7

Xu Qin, Zhilin Wang, Yuanchao Bai, Xiaodong Xie,

and Huizhu Jia. Ffa-net: Feature fusion attention net-

Hierarchical vision transformer using

work for single image dehazing. Proceedings of the
AAAI Conference on Artificial Intelligence, 34(07),
2020. 1, 2

Wendqi Ren, Si Liu, Hua Zhang, Jinshan Pan, Xiaochun
Cao, and Ming-Hsuan Yang. Single image dehazing via
multi-scale convolutional neural networks. In Proceed-
ings of the European Conference on Computer Vision
(ECCV), pages 154-169. Springer, 2016. 1, 2
Christos Sakaridis, Dengxin Dai, Simon Hecker, and

Luc Van Gool. Model adaptation with synthetic and

CVPR
403324

1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043
1044
1045
1046
1047
1048
1049
1050
1051
1052
1053
1054
1055
1056
1057
1058
1059
1060
1061
1062
1063
1064
1065
1066
1067
1068
1069
1070
1071
1072
1073
1074
1075
1076
1077
1078
1079



CVPR
403324

1080
1081
1082
1083
1084
1085
1086
1087
1088
1089
1090
1091
1092
1093
1094
1095
1096
1097
1098
1099
1100
1101
1102
1103
1104
1105
1106
1107
1108
1109
1110
1111
1112
1113
1114
1115
1116
1117
1118
1119
1120
1121
1122
1123
1124
1125
1126
1127
1128
1129
1130
1131
1132
1133

33]

34]

[35]

(36]

37]

(38]

39]

[40]

[41]

[42]

CVPR 2023 Submission #03324. CONFIDENTIAL REVIEW COPY. DO NOT DISTRIBUTE.

real data for semantic dense foggy scene understand-
ing.
Computer Vision (ECCYV), pages 687-704, 2018. 1

Yuanjie Shao, Lerenhan Li, Wenqi Ren, Changxin

In Proceedings of the FEuropean Conference on

Gao, and Nong Sang. Domain adaptation for image de-
hazing. In Proceedings of the IEEE/CVFE Conference
on Computer Vision and Pattern Recognition (CVPR),
pages 2808-2817, 2020. 1, 2, 6, 7, 8

Hossein Talebi and Peyman Milanfar. Nima: Neural
image assessment. IEEFE Transactions on Image Pro-
cessing (TIP), 27(8):3998-4011, 2018. 7

Robby T Tan. Visibility in bad weather from a single
image. In Proceedings of the IEEE/CVF Conference
on Computer Vision and Pattern Recognition (CVPR),
pages 1-8. IEEE, 2008. 2

Aaron Van Den Oord, Oriol Vinyals, et al. Neural
discrete representation learning. Advances in Neural
Information Processing Systems, 30, 2017. 3

Hong Wang, Zongsheng Yue, Qi Xie, Qian Zhao,
Yefeng Zheng, and Deyu Meng. From rain generation
to rain removal. In Proceedings of the IEEE/CVF Con-
ference on Computer Vision and Pattern Recognition
(CVPR), pages 14791-14801, 2021. 3

Xintao Wang, Liangbin Xie, Chao Dong, and Ying
Shan. Real-esrgan: Training real-world blind super-
resolution with pure synthetic data. In Proceedings of
the IEEE International Conference on Computer Vi-
sion (ICCV), pages 1905-1914, 2021. 3

Yang Yang, Chaoyue Wang, Risheng Liu, Lin Zhang,
Xijaojie Guo, and Dacheng Tao. Self-augmented un-
paired image dehazing via density and depth decom-
position. In Proceedings of the IEEE/CVF Conference
on Computer Vision and Pattern Recognition (CVPR),
pages 2037-2046, 2022. 2, 3, 6, 7

Tian Ye, Mingchao Jiang, Yunchen Zhang, Liang
Chen, Erkang Chen, Pen Chen, and Zhiyong Lu. Per-
ceiving and modeling density is all you need for image
dehazing. arXiv preprint arXiv:2111.09733, 2021. 1, 2
Kai Zhang, Jingyun Liang, Luc Van Gool, and Radu
Timofte. Designing a practical degradation model for
deep blind image super-resolution. In Proceedings of
the IEEE International Conference on Computer Vi-
sion (ICCV), pages 4791-4800, 2021. 3

Zhuoran Zheng, Wenqi Ren, Xiaochun Cao, Xiaobin
Hu, Tao Wang, Fenglong Song, and Xiuyi Jia. Ultra-

11

(43]

44]

[45]

high-definition image dehazing via multi-guided bilat-
eral learning. In 2021 IEEE/CVF Conference on Com-
puter Vision and Pattern Recognition (CVPR), pages
16180-16189. IEEE, 2021. 5, 8

Shangchen Zhou, Kelvin C.K. Chan, Chongyi Li, and
Chen Change Loy. Towards robust blind face restora-
tion with codebook lookup transformer. In Neural In-
formation Processing Systems (NerulPS), 2022. 2, 3,
5

Jun-Yan Zhu, Taesung Park, Phillip Isola,

Alexei A Efros. Unpaired image-to-image translation

and

using cycle-consistent adversarial networks. In Com-
puter Vision (ICCV), 2017 IEEE International Con-
ference on, 2017. 3

Qingsong Zhu, Jiaming Mai, and Ling Shao. Single im-
age dehazing using color attenuation prior. In British
Machine Vision Conference (BMVC). Citeseer, 2014.
1,2

CVPR
403324

1134
1135
1136
1137
1138
1139
1140
1141
1142
1143
1144
1145
1146
1147
1148
1149
1150
1151
1152
1153
1154
1155
1156
1157
1158
1159
1160
1161
1162
1163
1164
1165
1166
1167
1168
1169
1170
1171
1172
1173
1174
1175
1176
1177
1178
1179
1180
1181
1182
1183
1184
1185
1186
1187



	. 引言
	. 相关工作
	. 单幅图像去雾
	. 离散码本学习

	. 真实图像去雾的数据准备
	. 方法论
	. 用于高质量先验的潜在码本
	. 通过特征匹配的图像去雾
	. 可控HQPs匹配操作

	. 实验
	. 数据集
	. 实现细节
	. 与最新方法的比较
	. 消融实验

	. 结论与未来工作

