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Abstract

technology. It has important significance for target tracking detection, video surveillance, remote sensing and so on. Haze

Night image dehazing technology has become an important research content in the field of image processing

images at night usually have the characteristics of low contrast, uneven illumination, color offset, etc. , which makes haze
removal for night images face great challenges. Through summarizing the research status of night image de-fogging
algorithms at home and abroad in recent years, the classical algorithms from the perspective of the physical model, non-

physical model and deep learning are summarized, and the algorithm process, advantages and disadvantages are

elaborated. Finally, the future research direction of the night fog removal algorithm is prospected.

Key words image dehazing; deep learning; atmospheric scattering model; physical model; non-physical model

1 5 5

W& T HLAL S B R R R g R YR
b B 28 W 1 U SR S TS . fESE S SE R
AR R B A TR R A U Ok 1, TE I
BB B i T 32 BT EORE T 1 SO RO A
M2 X LT e Bk R RA R . L HAE
B AR BAG, AA 22 Z B 85006 IR i 22 2 31 1
UAHESE RZOE 32 D6 KT A5 AE R R A R . N TG U
S YOG 28 3 BUIE AR 25 v B SBORL SR T O, AN
R A R B RS LR i 2 EOLTR A
Bl e B g o DRIk, B8] P 5 25 25 14 Ak 5 i
BRI Bk A, 2 8 2 55 BOR BT IE B M R

bt 5 XA 25 BB UL L %5 Bk IR A SE , 31
T 25X R A % BRI 255 50k 1 | 3 i ik
£ 5 (Retinex K55 1k W51 4555 (DCP) £ %
Bk T HEBEMAML(CNN) Y EZFH L LT
SR = R Sl i = R

S BT — 2B X AR R R R R AL B BE
0, P X S B E X R 55 G L R AR R R AR
B A R R Y 25 25 50 (H 2 Gn 2R 1 B K ax 2y ik
TR IEA S R, W LSRR A, AR SCA Y
R A gy PSR RNV B 2 ) AR O B Bk it
TPV 4 . BE T W BRI (%) 2 55 B AR ot | it 2 Ot
T RAHS B AR E 00 A 55 BRAG T KRR
S EGHE R ITC %5 BMG . A S B37 J2 7 R AU

Wi B 2023-03-30; fEERIBH: 2023-04-11; FABH.: 2023-04-27; WEBHXBH: 2023-05-07

#E1EE . hou cl@hdu.edu.cn

2400002-1


https://dx.doi.org/10.3788/LOP230991
mailto:E-mail:hou_cl@hdu.edu.cn
mailto:E-mail:hou_cl@hdu.edu.cn

Y RE R b R AT AL PR 8 A7 AR S 1 R A T Y L Al
ST TR 2R 2 R TR AR A B U Y
PG o T B R ) 25 5 B 1k o e 348 o P (5 201
7 PG B 0 i B, & AT LR T UG R L BE 3R A 22 4
o BARRRALSS BT RIS IE  Retinex B3k [ 25
IRV LS . T HREF AN EZFTEREA Z A
S B TR 37 — A2 S IR 9K 5 R T A 28 I 455 508 K
(57 > BE ) LAl T o B — LU H B SR, T AR
W B S IR o ST JLAR B N TR RERHRAY IR, i
LT BOR B 22 B TR A ) R SRR R 22 )T
2T B 25 U, SR, S5 AR GRS T TR I 2
> P E AR, K 55 58 R 00 G AR 28 5, TR
1] 2% 5 €45 B 5 B 5 e AR 22 , DR 1 IR B o ) A
] 25 25 SR B o AR SCHE M o3 2R FE R 1 X 10 4R 1
8] 25 55 B B AR G E TS HEAT IR A MLV 25 PR A ok 1
BA J7 P H RN R IF RS RSk BT 7 0 3647 T
R,

2 BT YA 1 2 5 Bk

2.1 REEFEEGBGER
KA G B B McCartney $2 ), Z2 5 X H
Narasimhan 58" #E 47 7 #F — 25 B 45 s 1 s . H
BoeRis Iy
I(I):](l‘)l(l')+A|:1—Z<1'>:|, (D)
KA I () WAEFEEG ;T () HERER ;AR KK
st () R 5T R R B e AR R WA AR . KA A
R0 T LG EEORTEM R A 5 Y, 0t
BRSO A . TR 25 5 5 i 4
LA A 4% 2k T2 i AN TORTRSR At 5% R iy A 550
JETEZS B A4 ) RSO A(x ), 4 L3k 2t , i (Al A7
%5 FUR IE L] LR IR
I(x):J(x)z‘(x)JrA(x)[l*t(x)}, (2)

Sensor -0

Distance , d

1 A% 5T R R R
Fig. 1 Atmospheric scattering model with fog""”

2.2 EFDCPHEEEGEEH X

He %3 H 9 DCP BEIS 2 X U6 55 R 1) — Fh 4t
it. DCPHISTEH , EXFERE T, KZHFERE )R
T IX S5k rf 2 A7 A — 2 5 /AT — 4 B (G Y S R (R

%60 55 24 81/2023 £ 12 A/ 5B FEHE
WARMAR E S, K /N EE LT %R F 0. X FAE
B T, R e 0] R R

Toer(2)= min{ min J((y)}ao, (3)

yen(x)| ce(rgb)
K e N RGBT 5 g b R LD Bt K B
EIE ;) N T — A EEEE ;Q (o) WL R E SN
RO BRIy M Q () NIAE—18 RS BT K
25 XA, Toer B 58 BEAEARAK HLE T 0, AR 4l DCP 2 i
DL K KA A T LA AS B35 5 5 00 A 1

FET DCP HIS 5 k2 Hur & B feth s HE
FE Ik IR EERE F LT — R AV R A E K
G Bk . IR A 55 RS T RE 2 B R A B o
I LA BBk BLAE B, 6T XX BB Pei S5 AR 5
Reinhard %5 4 HY 10 20160 55 B Jr 12 56 i A 09 R R AT
B0 4 TE , 4R R a5 ek 0 19 DCP Jr ¥k A XU 8 Ik 2%
(BFLCC)"™ S iyt PG bk — A5 Ab B 32 8 325 ] DA 3R A5
BRI Ay 05 5 =ik B4 . il Zhang
S JE AR S Elad 251 A9 7 vk (515 08 D 4 AR
XU U8 I A ) 6k A SO R AT R I e B e R
HATB AR IE  Z R B R e )y, (B2
A 2 B AGGI  0T B8 & B B8O R RGO B &
W S, B O BCAE In) A X G R AR DG )
Li 2875 i 3 KA P B R B (APSF) Xl & i
AFASEARL, R L0 A5 8 A X S o 24 o2 IR 40 i 1k
FbRA o5 R T &= 0% 0 R R SO L ROt &
E 560 PR 25 5 PR Ry 3 X ek 389 5 . Zhang 26 ifi
FH AN, A T X Ad T F K S0 5 A BG4 T 5 A5 B A 38
5 I X kAT B A M O SE BB Al . X R IR e S
S BT A (H B O = B B, SR A R
FHREERE, Z KRABWLE(AIP) " WE %,
Wang 55 $2 H T — Bl A 25 25 0 50 A5 1 R R (0 %5 2%
SEB (GHLP) . e & MFE I, 25 4 Hh 78 RGB il 5
25 B PR S5 R (R IR 85y 1) b, 5 060 4 i A AR DG 1k
BN o TR A 2 BRI 4y R ) R O 1 5 K (8
A3 T S 3k B B 60 R IE AR SR L M B AR =2 i Y B
R IE % 7 38 0T LA B 1k 2% 55 o A8 b %) 2 €6 e 7 bR
S, B RAF R 555 AR ARAT I G T B

SFT UL E LA L F DCP HE 1Y £ 5 ik LR
W2 R X R 55 RS A B S i 2R S AR (R
EREFENEGSHAB Ok EENE ., BRERLE
Z AT BRI AT T OB A I Bk E O G L PR AL B
H AR AR R AR 47 #b A5 2 30 (A (5 B AE o BR L Z Ak, 5
XFRAOCAE A T, 3 26 75 YL A 45 A 3 1 i U 7
B, ] e £ S BORAR B ey 3 X el i S 0 AR
i AT UL R EAS SO T O R 0 itk R B
W e RS BRI R R L i % E [ AT ek
A BB A B B 410 22 55 AR

2400002-2



2.3 ETH#HAMDCPHREBEGEZE X

MG 2% 55 10 O B2 Al 1 RAOGIE FNE 3 %, LA
B A T 385 SR 1 7 v AR e il DCP #4789, 1 EF X R
SMAEMMTH B T FZ AR Tk . Zhang %77 1
T e RS, AT DL B A T RSO E I
B GRS A . 5] S 08 AR O AT Ak
AT DAAR B R R BB AR E O AR B H
NEH T LE A —Rge. mEEET#iE
ok F A 8 I 6 PR B G R AT AN T (E R A D X A% R
il 71 DA B B A% 1E R A TR TR B9 5 % 2 2018 AR i
DCP #I Al T1& i R 9 % ik A7 5] S0 AL, i )5
M By AT B A IR (R AR 3 A R 7 £ R A B
G R A bR EOXT i 5 8 AT A 1, B J5 R H Shade of
Gray""B kM A BT E . Yang %L £
B )5 I H 2 F SLIC M AR R Bk X B e A
%5 BIAR AT 43 50, Al AL S| 5 R 08 2% (WGTF)
XA AR R b e IR R AE AT 415 B ORS00
i, i O Sl 0 B T AR R kAl . ik
AT DL 9 o b A T AR AL 3 1 R T B A R R 1 i
SR AHB Bk Y32 47 B IR) AR X 4508 . Hong %5l A
BER A TR A, Xt A 55 AR 9 47 B (s R
FBRJE AT RSO, 2R 5l RS B iy 25 49 15 B Ok
B BB ER h Y aE T IR IR S ST E R, S
I F A AR AR 3 o BE 1 0 BR Ak AR 1S i 4B
SHE

RN 0N S R T N D% = 0 s N W o8 |3 | B3
S A TE 5 1 i R X T RS o R B TR AR R
S B 7 N R BR AN R AT A B T
ik G 4330 RS 3 Mt 55 32 Sk Ry 3 X sk 4 i) 1 A
AbF, I8 B R IE TR R A 55 e iR AT o (BB A Ak
Pt R A BN, Bk K32 A7 B )t 2 Bl 2 B4 0, X 4%
1) ST Fsf Ak B AR RN R BARL
2.4 EFDCPFRetinexBLHWREEGEZSE

Bt 75 P A5 Ak BB R Y % J2 |, Retinex B 4 1
MTEG L%, HBEHET MR REHERT
Retinex 3t M DCP B #4725 55 09, AN ] i & 1y 4 2
F Retinex BRI EIE 2 it o A5t S AR 586 &
18,88 J5 R H DCP FUR HL AR AL 3 23 5 60 A 55 K&
H 530 AR 7 38 B R 09 A8 F 5 e 3 B AT
DCP #1135 5 2, SR J5 M6 A7 55 KR Y 37 i S ke
45 2 B P15 R FOR BUR SOBME |, 5 J5 3 T Retinex J5
T AR AT L AT . Pei 25V L T Retinex HiE LU
K E R DCP 7k A5 B LAk 5 1 15 i 15 5 R 1 1 75
N UG 1) EE % 58 1k B R e D6 4 A e Xk i BT L
JEEARME RGO R REAYIK., YuddE™
53 BT Retinex AJ DL 5 40 X5 Lb B A IR 00 16 40 15
B RAHC B AT DL IR A 55 AR Y AR R B, AR
A KA TC 5 G H0nT LUK X SRR A 9 o — A
B FEAT R 255 o 1% 7 7 AT DA o8RG 9 % LE BE

%60 5 24 H1/2023 £ 12 /B S XBFEHRE

PRI D s PG b A ey A 240 95 A 8 ol L T vt b 1 4K

i R AU B 25 55 5 10 TR 2 0 BT 1 32 I
DL K 40 75 47 2™ % R 4 In) A, {H T Retinex
DCP g 2 %5 19 i, AL AT LLAS 2 &2 5 ) 1 R
(7] BF AT DA o PG B 6 B RE o HLIX 26 5 VR IR 5 IR B
WA 25 PR GRS A5, T Be 23 A5 52 et AR B
gtk 1 R A IE S KRR LS AU .
2.5 HttmEE®REZEEZE

KGRl & 7 2ok 2 5 B R 3R ¢ T8 — B A
Y EGR BHE 28 5 — 2R 50 B R AL B S | 55 R PR B2 b 42
WEMG A A S B e T E i B R IR JLAE,
PG il B 4 AR 1 & R oVl X A 55 R Y &2 Rl
M T E R TTER . Ancuti Z57 B X B R R 2%
] 25 25 : 2016 4F 38 2k S 11 JRy HORT L BE 7 RN L
A PB1 DA DR A il ok R e st A e T B R e 3
X 3, ; 2020 4F 18 3 Koschmieder™" & 1 19 Jz ¥ a7 4k 1)
75 St A5 TR Sk T B3 55 5 0T A5 B 52 ) 35K B ARV BT
IR TR A R AR B R
SR IR B R % EUR A OB )8, 580 S
MR R B bR F A

WA 25 G R TG BB AN 18 5] 25 th 5 B AN [
9 DR, BE T I AR, ] LUK R 53 oG IR X A 4Dl
T DX 8, XoF 3 8 X3l 43 1 2 A7 Ak 3 AT DL GA B A
FRCR . Yu SR Tan 55 #0230k Jr ik B
HEAT AL B BT SR XT3 AR Al AT T A X
B A 3T S D)2 A3 A T T DX R A S TR X sk
3% SRRSO . X S B A R RO TR X B 34
Zorm SR B EEHANESE AR ESG R, B
AR SR T I T A 25 5 6 R
EIETE—E R B T RAOH TS

DL b7 5 97 B A B aff o fe] A B OR 7S KBRS
Yang %48 T Retinex B 6 52 30 20 (5 — £ 0k: , fd
FHA 5% ADMM 'SR fife DA K 35 T 86 B 10 38 5 Tk
D 2 DI, R RUASE 55 J32 A5 A8 SR Ak 1 3 33 238 I i ]
A5 43 1F D) A AR D o H R AT A Ak, % B kT DL A RO R
BE A0, I A Y AR v G = D s R S
2.6 MRS

BTy SRR (1) 25 55 SR VL R BE T AR AL AR i 3 LA
RS AERY 38 2o B A7 1) S8 30 FE X AT 55 KRR T
Zo BRI 5 UGG HAA X HE AR O BOR Y
A B A% SRR L, BE T X SR A, BIF ST A 7E DCP B
R SRR T R AR R AORE A T O
2 GRS ARG IR DI A3 5 RSB B AR T T
e A RGO Lo BE 38 ik 1 7 12k DL SOR SO E A B 3
A ATy v X B Dy TR AR — e R Y R S AR B
AR L AL AAFME RS 5. BT LEE
SR T, AT LR I 280 55 5 A5 A i el A
AT MR 25 55 RO 47 (B2 W] A s 23 8 3R 1 1)
LR S R B SE e P s R 2

2400002-3



3 T AR SRR Y A X 5 ik

BT AR Y BRI 9 25 55 7 U5 S 0 B e A1 P B
F1% 49 PR DAL i i ek P 5 1) 3 ik A 1A R
A ER A LUE RS T A G 2
T oy AR AR AT LUK IR A3 R O 2 A
J2 MR R OMEOGIRAE 4Ty . Lin S EBRMOLZ S,
1 3o 2 oy BEASE RUR K S S5 K )2 L O L 22 RO B R g
5if 7 AR A )R SRS K 25 55 I A A 2 R 5 A A
TREMEN T G b o Zr AR B 2 R KR B A
B /L 6 e 7 RS 22 ) 0T LR P R 2 i G

[7i) 285 DB I AT LA At R Ol BEOAS 34 &) 3 Bom [RRO0T L 2
% B Ok LA ) A, I AR A% 3t R RO 1
AR 308 91 i R KR T 2 D KT PRLR BEAT A By T 1]
P45 % A A B, A Matlab 75 9 B 6 EG 38 B
HO7 B ¥ (CLAHE) 8335 ] DL 3R A5 3 22 9 1 1% 40
o BJE L AR R R M ER AT B
RIE IR IECF 1 07 5 52 T B A e 25O B
A ARG 1 2

ST ARYY BB (Y 25 55 I AR RO A T R R

Ix(x) = Ju(x)

55 60 &5 24 #1/2023 £ 12 A/ 5B TFEHE
R s BEAT 0, A R TR AR Y L S Ak b
{H 2 F Retinex Ml DCP S A 45 A 1 2 55 5 1k R
BT LA S AOR IR 2R % ka4 A
RN T ML TN, K il i .

4 FETHRESINEFERIE

R T RE I NEGREF L BERET
CNN XA 55 [R5 1028 5 AT Al T, 2R 05 AR R CHE
SYBRMK R TE 55 R . BAT B9 T TR B 2 T Y A A) 2%
55 Bk R D SO0 LI LR 33 R AT TR AR Bt 34 -

B[] G AF 7R A ] B (8 L 20 A A 3 20 5 7] e
T X SESE IR S R B E) 3 5 b e AR B R e . i
Peix — A, Kuanar 5574 7 —F 55 T U8 B2 2% 2T 1Y
L5 -FOR AR R G (K 2) %45 73 S PR o -
— T CNN B RO AR i o 7 i 4 AR U
ik, BE A% 1028 30 01 PR DC R 5 93 — R 20 2 — 4> il Y
LEME Z MBS T — N Tl RAESE T
B U S5, TT LU S AR A TR, T A 2 2
BGRB8 T 8] R B e 2280 R (5
A5 31 1) 52 i P 5 Al %

Cwpz
i PLDF=1 PLDF=2 P3,DF=3 Glow Glow Glow Removed
o -/- 3 -/-7- ----- : Detection Gt Estimation $t  Hazy image Jt
1 -
il P1 ( ], 9] == i Glow
i ' ’I / Features
14 ' 2 ! [X1] - <

Initial Input H N 7 - A A 7 1 ¢ 3x3 J " §
1 | I | ' %

ol i P2 [ o [Tl -i(+ [ Conv Nl
I 3 3 - y Vs xl.Gl] s

i e 3x3 3x3 N, Lg
i A | Conv —» Cony - —
W 1 4 (X, 6. 84
L "-
1 1
[
L]
b

Contextualized Dilated Network

______________________________________________________________________________________

Feedback Recurrent Recovery

Je1(x) =I(x) - f(1)

Night Haze

Image with Glow
I(x)
DeGlow

—
| DeGlow Image .'
TI®1® - 6 DehazeNet

o,

Transmission Map

Kl 2 DeHaze-DeGlow M 2% 45 f4 ™"

Fig. 2 DeHaze-DeGlow network structure™”

CNIN 5 R 9 3 35 Rz 16 BE I AR T R B 3l
SRR AR A R B 4 AT LUTE S i H () A7 25 IRTAR
HAT A G T A S MR R RN, i O IR E R L H
T R I G B A T BEAR e 3t 7 8 ] X %%
k= B8] A 55 P80 R AU I 25 R0 B S BELAG i 22 )
MBRR P E L F ORI ERIFEINZ — . Tang

SR T — BT 0 vk A IR [R) A i A 4 2 55 B
2 NTHAZE D K 5 F 0 45 14 s 31 S 19 1% 1] 2 55 1)
2% NDPC-Net, ‘& kG 7 306 5 £ o fi R A0 A5 7
o SR i 10 95 A m) A 1 () 25 55 M 4% NDPC-Net (4] 3)
FLHE — N i E R W8 B0 (DDU) W 4% B fil— A4 42
FHBEBI., A RIUNR & 24 B 0 A % BUR FRE

2400002-4



All mixup operate

YChCr 1
- Concat | i
RGB
Input
image

Nested DDU-Net block

%6055 2481/2023 F£ 12 A/ 5B FEHE

-’ Convolution

Instance normalizer
-' & RELU

Output image
Pyramidal convolution block

K13 NDPC-NetZg"™
Fig. 3 NDPC-Net structure'”

Ji 7 DR BRIV A2 AN [) RUBEE ) 2 )RR AE o K8l B 9 5 A
JE B0 A 1) 52 368 P 35 ) A ok gl S G T T A Jg FRE
Mo BT DU Rk PRGBS R R A TR R
BB LB A AR

AT 9 B 1] B 25 J7 3 o SE 3 R A2 190
SRR E VRS R, JCR AR A i B A JC 5 R, A I
Yang %R T — RS B R R TR L A B E R
KA AL 5 A2 iR T 9 28 (GAN) |, F T
BN SR 5 1 4 2 TR JEE = ) A 18] BB SZRE 2R, S5 B
5 g 3000 1 OO S A PR AR R AR R 2% 5 A HE S
KA FT 7R

...........

K4 NightDNet 45y ™
Fig. 4 NightDNet structure ”

HE 48 1) 3 LS5 — Rl AR LG 450 A
% %0 T R 2 19 GAN, AR T 0% |15 35 5 R
KA, SR 5 R KA Y, b 8 7 47 il &
Gy IR E RS B o T TR A A 55 B i
B R AT B RR R P ANER AT BE 2S . 1%
I £ HE 405 TR B 24 ), 245 5 B 18] R SRS AR 2R )
e W B I 25 ok SE BRI S, AN AN AT LA Bl S Y %5 IR
[i] A%, i H R R RS T I 2 o B

Bl 2 TR 27 20 1 KGO R R 2 ST B ARLR T B,
BT IREEZ 4 T 43 2 M4 (DMPHN) ™Y J2& 7 5
B KRB EEME L ZEHIEE DI Kis %7k
Z 07 N B (R A 55 G, 1 A SR — R sy

RS IE SR A Sy T Ak BB BR SR 5 R DMPHN X
FUGREAT L2 A0 B A5 2 S R MR . %07 6 2 5
P42 th B R A 5 RR & O F s B9, 45 21 1Y
G 2 BBk 5 ] 25 )

P L TR 5 ) 10 £ 5 AR 2 T ) R
SRR BRI BEAT 1Y o AR R X DL RS 0 A L R TR
JEE 57 o 1 25 25 O WA IR £ 55 O R B T — i #Y AL
Ao AAE H ATBA BN 5 BSR4, X 28 5
EA T H KA % BRI 5 BEAT AL B, A 0 JUKE
FUR A %5 UGB 58 20 A7 000 3 8, 4 L A O 1]
A 55 G RCHE FE R AT A0 3, 3 A B0 3 1 &2 R
ATRE S B S (B HAF B G . T LUA Hh AT
TURIE 7 ] 1) B8] 25 55 3301k doe K014 ) LA T i o] 3145
[CAUIEEE AR S S ETE S

5 ZERIE

HEr A 1k, 5] B L 55 Bk E B T A A |
BB R FIGR BE 22 ) = A T Y EBAR L
55 BE TR AR KU B R A S Al R AT O W e AR
P 18 18] A3 55 G e a5, 3 S 1 8 3 - 182 1) 1) A A
R PG KR E R R R RS R BROE
R HORWAS TSI RS ROR . B TR SRR 1Y
& 55 UL B X AR AT g R, Gl o [ A uE Dk
Retinex 8 5 7 b (A5 BUE XS LA T — & B E 1
BT o TR B 2R 0 B DU R R I 4 Y i K
e Sy kAT A B R HET O A i A A E TR
%5 AR BHE 4 BT — W, A O O A Y B
A ISR K o BT A e (BRI R A R
T FE B[R] AN BT IR . X A 55 R Y Ak
ML = RAEHA S ANEAR S AR, BEA —E W
BIFRCR

TR AR T R A R O AL FE A, (R AR
ME B2 53 B b AR B A B R AR A e PR T R Bk
) FRAT B B E AT AL o X T 4 BE R O 520 pixel X

2400002-5



e iR
480 pixel B 181 % 1% , Zhang % | Li%5""  Zhang
Y Wang S5 HE WY O [R) 25 55 B TA 4K B A0 B 1] 43
W 7.64.11.72.1.59 4. 12 s, M HL AL 55 L oK 4
e BIE M RCRA T =AM LR Bk e se ke g dy (1
%ﬁnmﬂ%ﬁ%ﬂ@%wémmﬂ%%ﬁﬁ%iﬁze
H A3 1] G 25 55 L B A7 78 DL ME S R E T

1) B LS IR A 25 G B U 4 o TR B 2 2T %)
BHE A ) BESRAR & R H A A A SR AR AR AN T
AR, BAR— e R BT DU [ SRR EE B A
—de2ih . R, H TR S R A % B
PR R E ] B EA R EN .

2) IE TR 2555 B AR AR . i TR IR AF
FEA MBI N, R E LA RE G Z,
P, B AT 2R 2R BN IE FH T 58] G 0 AR s A

3) WA MMM EEHE ., Hatt A mHE L

F L X PR B AT AL B ORTE AR B . A
I A X R TA) A A7 2 25 Ab B O R S — 20

IS
4) R Bt E RS WE

R QEI’\J‘/_‘/\Eﬁﬁ H BT AR B 2 T AR
i FH 3k 6 A58 78 0F 98 8] P AR 2R A7 Ak B, 4 v DI 5k 2 LA
KR B B B R C R R 4 JE DS B A

Z % X #

[1] Sarkar M, Sarkar P R, Mondal U, et al. Empirical
wavelet transform-based fog removal via dark channel
prior[J]. IET Image Processing, 2020, 14(6): 1170-1179.

[2] Zhou J C, Zhang D H, Zou P Y, et al. Retinex-based
Laplacian pyramid method for image defogging[J]. IEEE
Access, 2019, 7: 122459-122472.

[3] Ma R Q, Zhang S J. Color image defogging in dark
channel prior based image local features[J]. DEStech
Transactions on Computer Science and Engineering,
2018(CCNT): 432-436.

[4] Santra S, Mondal R, Chanda B. Learning a patch quality
comparator for single image dehazing[J]. IEEE Transactions
on Image Processing, 2018, 27(9): 4598-4607.

[5] Tan R T. Visibility in bad weather from a single image
[C]/2008 IEEE Conference on Computer Vision and
Pattern Recognition, June 23-28, 2008, Anchorage,
AK, USA. New York: IEEE Press, 2008.

[6] Fattal R. Single image dehazing[J]. ACM Transactions
on Graphics, 2008, 27(3): 1-9.

[7] He KM, SunJ, Tang X O. Single image haze removal
using dark channel prior[J].
Pattern Analysis and Machine Intelligence, 2011, 33
(12): 2341-2353.

[8] Zhang X P, Sim T, Miao X P. Enhancing photographs
with near infra-red images[C]//ZOOS IEEE Conference on
Computer Vision and Pattern Recognition, June 23-28,
2008, Anchorage, AK, USA. New York: IEEE Press,
2008.

(9] FRRUAN, FEE, fIPFr, & i B4R 25 5 Bk i

IEEE Transactions on

(10]

[11]

[12]

[13]

[14]

[16]

[17]

(18]

[19]

(20]

(21]

(22]

2400002-6

5560 B5F 24 #1/2023 &£ 12 A/BAEHBEFEHER
LRR[] LT R S N, 2022, 58(3): 1-14.

Zheng F X, Wang X L, He D D, et al. Survey of single
image defogging algorithm[J]. Computer Engineering and
Applications, 2022, 58(3): 1-14.

Narasimhan S G, Nayar S K. Chromatic framework for
vision in bad weather[C]//Proceedings IEEE Conference
on Computer Vision and Pattern Recognition. CVPR
2000 (Cat. No.PR00662), June 15, 2000, Hilton Head,
SC, USA. New York: IEEE Press, 2002: 598-605.

Pei S C, Lee T Y. Nighttime haze removal using color
transfer pre-processing and dark channel prior[C]/2012
19th TEEE International Conference on Image Processing,
September 30-October 3, 2012, Orlando, FL, USA.
New York: IEEE Press, 2013: 957-960.

Reinhard E, Adhikhmin M, Gooch B, Color
transfer between images[J]. IEEE Computer Graphics
and Applications, 2002, 21(5): 34-41.
Schettini R, Gasparini F, Corchs S,
image correction method[J]. Journal of Electronic Imaging,
2010, 19(2): 023005.

Zhang J, Cao Y, Wang Z F. Nighttime haze removal
based on a new imaging model[C]//2014 IEEE International
Conference on Image Processing (ICIP), October 27-30,
2014, Paris, France. New York: IEEE Press, 2015:
4557-4561.

Elad M. Retinex by two bilateral filtersi]M]/Kimmel R,
Sochen N A, Weickert J. Scale space and PDE methods
in computer vision. Lecture notes in computer science.
Berlin: Springer Berlin Heidelberg, 2005, 3459: 217-229.
Tomasi C, Manduchi R. Bilateral filtering for gray and

et al.

et al. Contrast

color images[C]/Sixth International Conference on
Computer Vision (IEEE Cat. No.98CH36271), January
7, 1998, Bombay, India. New York: IEEE Press, 2002:
839-846.

Li Y, Tan R T, Brown M S. Nighttime haze removal
light colors[C]/2015 IEEE
International Conference on Computer Vision (ICCV),
December 7-13, 2015, Santiago, Chile. New York:
IEEE Press, 2016: 226-234.

Narasimhan S G, Nayar S K. Shedding light on the
weather[C]//2003 IEEE Computer Society Conference
on Computer Vision and Pattern Recognition, 2003.
Proceedings, June 18-20, 2003, Madison, WI, USA.
New York: IEEE Press, 2003.

Li Y, Brown M S. Single image layer separation using
smoothness[C]/2014 IEEE Conference on
Computer Vision and Pattern Recognition, June 23-28,
2014, Columbus, OH, USA. New York: IEEE Press,
2014: 2752-2759.

Zhang J, Cao Y, Wang Z F. Nighttime haze removal
with illumination correctionEB/OL]. (2016-06-05)[2023-
02-05]. https://arxiv.org/abs/1606.01460.

Wang A N, Wang W H, LiuJ L, et al. AIPNet: image-
to-image single

with glow and multiple

relative

image dehazing with
illumination prior[J]. TEEE Transactions
Processing, 2019, 28(1): 381-393.

Wang W H, Wang A N,

atmospheric
on Image

Liu C. Variational single


https://arxiv.org/abs/1606.01460

E605F 24H/2023 F 12 B/ ERBFEHE

(23]

(26]

[27]

(28]

(29]

[32]

nighttime image haze removal with a gray haze-line prior
[J]. IEEE Transactions on Image Processing, 2022, 31:
1349-1363.

Zhang J, Cao Y, Fang S, et al. Fast haze removal for
nighttime image using maximum reflectance prior[C]/
2017 IEEE Conference on Computer Vision and Pattern
Recognition (CVPR), July 21-26, 2017, Honolulu, HI,
USA. New York: IEEE Press, 2017: 7016-7024.

He K M, Sun J, Tang X O. Guided image filtering[J].
IEEE Transactions on Pattern Analysis and Machine
Intelligence, 2013, 35(6): 1397-1409.

W&, LR, BEEMH, . ANTOREEAM PR EZE R
PR AL & L5 [T] 7 515 B % it 2018, 40(6):
1330-1337.

Yang A P, Wang N, Pang Y W, et al. Nighttime haze
removal based on new imaging model with artificial light
sources[J]. Journal of Electronics &. Information
Technology, 2018, 40(6): 1330-1337.

W i, G, BT, AR T IGE U R R &2 AR
A LAk 2 1] B 22 35 (0], e 2% 4k, 2018, 38(10):
1010006.

Yang A P, Zhao M Q, Wang H X, et al. Nighttime
image dehazing based on low-pass filtering and joint
optimization of multi-feature[J]. Acta Optica Sinica,
2018, 38(10): 1010006.

Finlayson G D, Rey P A T, Trezzi E. General Bp
constrained approach for colour constancy[C]/2011
IEEE International Conference on Computer Vision
Workshops (ICCV Workshops), November 6-13, 2011,
Barcelona, Spain. New York: IEEE Press, 2012: 790-797.
Yang M M, LiuJ C, Li Z G. Superpixel-based single
nighttime image haze removal[C]/IEEE Transactions on
Multimedia, March 28, 2018, New York: IEEE Press,
2018: 3008-3018.

Achanta R, Shaji A, Smith K, et al. SLIC superpixels
compared to state-of-the-art superpixel methods[C]/
IEEE Transactions on Pattern Analysis and Machine
Intelligence, May 29, 2012, New York: IEEE Press,
2012: 2274-2282.

Hong S, Kim M, Lee H, et al. Nighttime single image
dehazing based on the structural patch decomposition[J].
IEEE Access, 2021, 9: 82070-82082.

Bani¢ N, Loncari¢ S. Improving the white patch method
by subsampling[C]//2014 IEEE International Conference
on Image Processing (ICIP), October 27-30, 2014,
Paris, France. New York: IEEE Press, 2015: 605-609.
Ti b, BRI, A0 RE, AF LTl B T 8 1 1R
K E[T] BF224, 2016, 44(11): 2569-2575.

Fang S, Zhao Y K, Li X K, et al. Nighttime haze
removal based on illumination estimation[J]. Acta
Electronica Sinica, 2016, 44(11): 2569-2575.

Rahman Z, Jobson D J, Woodell G A. Multi-scale
retinex for color image enhancement[C]//Proceedings of
3rd IEEE International Conference on Image Processing,
September 19, 1996, Lausanne,
York: IEEE Press, 2002: 1003-1006.

7% W, AR R T Retinex RS A1 3 38 26 56 19 %

Switzerland. New

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

2400002-7

[ 11 5 25 55 Sk (7). WOt 5ot 72 gt B, 2017, 54(4):
041002.

Yang A P, Bai H H. Nighttime image defogging based
on the theory of Retinex and dark channel prior[J]. Laser &.
Optoelectronics Progress, 2017, 54(4): 041002.

2est, 1, XUKR] . BT 4 R Retinex 812 19 % 1]
FIR £ oA 53 5HL, 2017, 34(7): 132-136.
Xu X G, Yang P, Liu Y L. Night image dehazing based
on full-scale Retinex algorithm[J]. Microelectronics &.
Computer, 2017, 34(7): 132-136.

Pei T Y, Ma Q Y, Xue P F, et al. Nighttime haze
removal using bilateral filtering and adaptive dark channel
prior[C]//2019 1IEEE 4th International Conference on
Image, Vision and Computing (ICIVC), July 5-7, 2019,
Xiamen, China. New York: IEEE Press, 2020: 218-222.
Xie B, Guo F, Cai Z X. Improved single image dehazing
using dark channel prior and multi-scale retinex[C]//2010
International Conference on Intelligent System Design
and Engineering Application, October 13-14, 2010,
Changsha, China. New York: IEEE Press, 2011: 848-851.
Yu H, Li C Y, Liu Z H, et al. A novel nighttime
dehazing model integrating retinex algorithm and
atmospheric scattering model[C]/2022 3rd International
Conference on Geology, Mapping and Remote Sensing
(ICGMRS), April 22-24, 2022, Zhoushan, China. New
York: IEEE Press, 2022: 111-115.

Ancuti C, Ancuti C O, De Vleeschouwer C, et al. Night-
time dehazing by fusion[C]/2016 IEEE International
Conference on Image Processing (ICIP), September 25-
28, 2016, Phoenix, AZ, USA. New York: IEEE Press,
2016: 2256-2260.

Ancuti C, Ancuti C O, De Vleeschouwer C, et al. Day
and night-time dehazing by local airlight estimation[C]//
IEEE Transactions on Image Processing, April 23,
2020, New York: IEEE Press, 2020: 6264-6275.
Koschmieder H. Theorie der horizontalen sichtweite[EB/
OL]. [2023-02-03]. https://doi. org/10.1007/978-3-663-
04661-5_2.

Yu T, Song K, Miao P, et al. Nighttime single image
dehazing via pixel-wise alpha blending[J]. IEEE Access,
2019, 7: 114619-114630.

Tan L, Wang S, Zhang L B. Nighttime haze removal
using saliency-oriented ambient light and transmission
estimation[C]//2021 TEEE International Conference on
Image Processing (ICIP), September 19-22, 2021,
Anchorage, AK, USA. New York: IEEE Press, 2021:
1764-1768.

BoH e, BB, BRY . H 4GOI R AL KR
TR A B B 1B R 25 25 (7] b BDE 22, 2022, 15(1):
34-44.

Li J W, Qian F, Han H N, et al. Nighttime image
dehazing with a new light segmentation method and a
linear image depth estimation model[J]. Chinese Optics,
2022, 15(1): 34-44.

Yang C H, Lin Y H, Lu Y C. A variation-based
nighttime image dehazing flow with a physically valid

illumination estimator and a luminance-guided coloring


https://doi.org/10.1007/978-3-663-04661-5_2
https://doi.org/10.1007/978-3-663-04661-5_2

E605F 24H/2023 F 12 B/ ERBFFEHE

[50]

model[J]. IEEE Access, 2022, 10: 50153-50166.

Boyd S, Parikh N, Chu E, et al. Distributed
optimization and statistical learning via the alternating
direction method of multipliers[J]. Foundations and
Trends® in Machine Learning, 2011, 3(1): 1-122.

Liu Y, Wang A Z, Zhou H, et al. Single nighttime
image dehazing based on image decomposition[J]. Signal
Processing, 2021, 183: 107986.

Liu Y, Yan Z S, Wu A M, et al. Nighttime image
dehazing based on variational decomposition model[C]/
2022 IEEE/CVF Conference on Computer Vision and
Pattern Recognition Workshops (CVPRW), June 19-20,
2022, New Orleans, LA, USA. New York: IEEE
Press, 2022: 639-648.

TR, Jefh, g BT AR Y EAL R A 1A IRR X %5
(0] SHFEALR 5 44, 2020, 37(12): 204-208, 272,
Cheng H, Long W, Li Y Y. Nighttime image dehazing
based on non-physical model[J]. Computer Applications
and Software, 2020, 37(12): 204-208, 272.

Kuanar S, Rao K R, Mahapatra D, et al. Night time
haze and glow removal using deep dilated convolutional
network[EB/OL]. (2019-02-03) [2023-02-06]. https://
arxiv.org/abs/1902.00855.

Yu F, Koltun V. Multi-scale context aggregation by
dilated convolutions| EB/OL]. (2015-11-23)[2023-02-03].
https://arxiv.org/abs/1511.07122.

[53]

[54]

[56]

2400002-8

Tang C M, Yao W Z. NDPC-Net: a dehazing network in
nighttime hazy traffic environments[C]//2022 IEEE 4th
International Conference on Power, Intelligent Computing
and Systems (ICPICS), July 29-31, 2022, Shenyang,
China. New York: IEEE Press, 2022: 312-317.

Yang C H, Ke X X, Hu P, et al. NightDNet: a semi-
supervised nighttime haze removal frame work for single
image[C]//2021 3rd International Academic Exchange
Conference on Science and Technology Innovation
(IAECST), December 10-12, 2021, Guangzhou, China.
New York: IEEE Press, 2022: 716-719.

Zhang H G, Dai Y C, Li H D, et al. Deep stacked
hierarchical multi-patch network for image deblurring
[C]/2019 TEEE/CVF Conference on Computer Vision
and Pattern Recognition (CVPR), June 15-20, 2019,
Long Beach, CA, USA. New York: IEEE Press, 2020:
5971-5979.

Kis A, Ancuti C O. Night-time image dehazing using
deep hierarchical network trained on day-time hazy images
[C]//2022 International Symposium ELMAR, September
12-14, 2022, Zadar, Croatia. New York: IEEE Press,
2022: 199-202.

Oliveira M, Sappa A D, Santos V. Unsupervised local
color correction for coarsely registered images[CJ/
CVPR, June 20-25, 2011, Colorado Springs, CO,
USA. New York: IEEE Press, 2011: 201-208.


https://arxiv.org/abs/1902.00855
https://arxiv.org/abs/1902.00855
https://arxiv.org/abs/1511.07122
https://arxiv.org/abs/1511.07122

	1　引言
	2　基于物理成像模型的去雾算法
	2.1　夜间有雾图像成像模型
	2.2　基于DCP的夜间图像去雾算法
	2.3　基于改进的DCP夜间图像去雾算法
	2.4　基于DCP和Retinex理论的夜间图像去雾算法
	2.5　其他夜间图像去雾算法
	2.6　研究现状分析

	3　基于非物理成像模型的去雾算法
	4　基于深度学习的去雾算法
	5　结束语

