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Abstract: In view of shortcomings of dark channel prior dehazing methods, such as transmission in sky areas is
small and halo effects are prone to occur in the edges, this paper proposes a novel and efficient dehazing
algorithm. Firstly, the fan-shaped model with dark channel map of haze-free image is established by geometric
analysis. Then a new Gaussian mean function is set to estimate the boundary values of the model and its
standard deviation is adaptive processing. Mean-value unequal relationship is also introduced to approximate
the two-sided boundary, which is used to fit the most excellent dark channel map of haze-free, further obtains
the best transmission. At the same time the local atmospheric light is improved to recover the final result.
Experimental results show that the proposed method can be widely applied to all kinds of images compared
with other classical algorithms. The degree of dehazing is thorough, final result is clear and natural. More

importantly, it is favorable for real-time processing that has low time complexity.

Key words: Image restoration; Dehazing; Dark Channel Prior (DCP); Transmission; Atmospheric scattering

Vol. 42No. 3
Mar. 2020

model

1 5|8
EARKAENT, HTZES PN -7

Z. mOPLALE, IRE S TG B &1 UG

TERE A R AR U BT S, AT A5 2 P o 1) A5 B AR

Wehg Al 2019-05-22; SURIAR: 2019-10-29; W% HHRR: 2019-11-12
*EEEHE: B yangyantd@mail.lzjtu.cn

EETWH: FEXRARRBAIESE(61561030), Hl& MBUTHEAR
V55 9 JE 42 (214138), 22 MBI R HIE 4 (160012)
Foundation Items: The National Natural Science Foundation of
China (61561030), The Fundamental Research Funds for the
Gansu Provincial Finance Department (214138), The Research
Fund of Teaching Reform Project of Lanzhou Jiao Tong University
(160012)

B MBS F, K2 HORE R G 2
B IEWH SR B E . BRI, X EAER AN
DL IR I B R AT T AL AL B A 3 F AT TR
SCHUSE P A fEL o

MHE BT FABUIR 5, BEREZ kL E
TR, KGR 33K. 1F
IR T, R T B A5, AR
RVES IR BT BRI, NP IR etinex )
o B, HRERIFBOA AT gL R R R AR
AR, R SRR E SR, FE
AT E AT MT AL R, MR B Z . RS R L Bk
Bk RANETEGRESZHL.

ek, BETEBRENXEFHILGER T


http://radars.ie.ac.cn/CN/10.11999/JEIT190368

756 B 7 5 F

2 %

42 %

FEWEA, 8 @A R R, I
g a SRR BEE e kSRR RS R
Schechner®% N 7E SR B % AT TBCE M4k Al T SR
FRE, FIHFRAOCHIRIRRF 1T 2% . Narasimhan
GNP T 2 REEZFE, HEAR RIS
IRE AT 2 sk, il R A S 2 Ak
AR, RETVEBERGEAMERE A, HRE
A TR 0%, AR T LR, Bk
BN BUR BRI £ FES R O K JE . Tanl®
MEH T F BB T A & BE, A
MRF (Markov Random Field)## A8 1T £ %,
SINERES ISR 2SR, (HRA S KHE. Fattal”
5 ST 53 23 AT (TC A ) VE SR EAT A B, {H 2 KRN
KK HAGERH TR EZEIR . Tareld AFFRH 13
T EIER M EFZEE, BRAERRMESTEE, H
REESHEZ A G R, HeS5 N T RENS0T
FE, ERL TREIEIE SRS (DCP), %A
BUAS 7 RBAE R R, (E S 51 N B SRR I
K, AT SEm A HE . ZhofE NS LS5 )07
ERRH T AR (CAP), et T BMESIRE
BEHFZREMMMEZ [AFR R, HREEFEEA
M. Meng NMHR H DL 5 29 SOk IR ) g 5 2
MG, IR EMNEARA I 2255077, (R4,
LA HLAFAE e £ 1) R

AL, WAARZ I T LA S BE IR ST
LE BRI R, CaifE N2 H T —FhdE T3
X S R AR 22 I 28 R BRI Zade i A, R A& 1
TR, BERE G ER . RenfE Al
i H 22 R B R b 2 W 45 b 31 %5 1R LA 3R 45 532 5 45
Ko BIRPLE MR 2] BA R R BRIV
PE, HSZ TR LT TR R R R K &I 25
JE LA S SR R R B IR £ 285, AN B RE AT B (A
FaE IR, SBOERIGEZFIEN K EZS] T
B i1 o

IR A THERIA R AL, AR T —FhoE
AH =R BUR 2 F k. e R i A
1ty 3 o A 7R 3 3 ] A R, ST S R E ) I A
B, X E B RN I8 TE K BT IR B 2R
B E — MR ) v T S BR B SR A TH AR X A
B /NI RARL, X i 30 e B A v 22 3R 4T B R Ak
M i@ 5l N EME AR R AT ELEN S,
RS BRI EIE K, JR8 & KBS
AR RARRE A, FINW S0 7 3RIUR RS
JeHITTE, mARFEETLE R LRE RIE,
KXFREELFZWIE, BRRFRL, HFHAARA
BRI B

46 B2
2 B=x

2.1 KSEEHEER
IR T H, T8 R AL
AR LG =G (1) BT s
I(z) = J(2)t(z) + A(1 — t(z)) (1)
He, I) R AZER, J)RRLFEEE,
t(o) R fERE N R, AREFERAOE. J(@)t(x)n
M E I, RN EE T TS 2 E
KL T AL B DR . AL — () FRON B N
T, FRontE G R IS, BRI N
ELATRIBE . RAEUHC A RO, ME R
A R P A SR, t(e) il Rom N
t(x) = e 74 (2)
d(z)RRBEWREE, WS REG & MERS,
BN KA BT REL
2.2 REIBIESIOIEL
R IE S I FE R H AT s A AR £ %
Hik. HefE Nl Mg K& P AL S B A3 45
W BRERTHIREDXIE, BREZEDE—AH
I 1) e/ MERIE T 0,
dark : . c
J (x) _y?é&)(ce?ilg?b}u %)) (3)
Hp, Q2(2)2 Mg R NHORREE D, cfhiZ
3B G Er, g, b, JUEHONR BB R . A
KA BT ] LS 2038 5t ()

R

Idark (1,) B Jdark ((t)
Lt - te) (@)
darkw
tu)=1—wIJJ) (5)

HAZA— B e ek, SRR AE
9K, FTCluifEFRA T IRENIE RS/, il w = 0.95,
FIF R (5) RAGFE G 2 LUBOHIRE, AOERGHE, B4
AT E IR A B, Bk, HefA
S TR AT AL, BARIRAG T ANHE IR
R, B IS AN (0] A WG . B S He 5 AN X
R T 5 SUERBEENE HAK K, AR R %
2 ROR RN 4 T 384T I 1)

3 AMEE
3.1 FRIER

FEA RRAHUS R LT R b, B WL
SYESIHTUNE L (a) BT, BI3AN T A, 1€, Tk
i H| A > [ Z€) > [[T9\o T 43 30 5 i B 1)
JURTIRZR, A SOHRs 34825 i) WS 3 248~ 1i, - LA 9
RIS, LA (b) BRI A, Asbr



31

W Mk T IMEAGER A BE N G EFHE 757

0 T
(b) FeHe RV 5 1 LT &R

Y

0 z 0 . T
() X RL AR H R /IMELJ 1R 5% (d) EESL B A
Bl 1 3 &R U R R

B R IRSE, EIRR rh U SR S 1R IRy
ANAR o ik X 3 i) B SR A /ML IS AT SR A2 Ut
JUARZR, WL (c) fizs. B0 g il iE e 5 A T
REFRR A DXIR O AS A SC e &3 (1) ANt (3) 75 21
2 (6) MBI R FIE
AC — min(I¢(z
tz) = AC — min((JC((w)))) (6)
ZIFFEIEA RGOS 7 A X, RIS IETE
A T AR PR AR R 2 DX AN R R R 2 (X el MR A
PRI, AR min(JO)PATEE LR, RAZ
FEAEIRE, SRR L (d) frs,  w R
ftmin(J ) ALK X I o
3.2 JAFEIR
St min (J ) fr) fge B At T X il A ME— ) 200 2 B
JRIEITC (o) R, ARYEATEEMEAL, XFIC (2) 5 ) HEAT
SREmin (IS, (x)), min(IS,, (x) Fimin(I€ () FHELE,
DB AT L () VLR . R ymin (IS, (2) Wa e % I s
SEIE P, XA B min (15, () A J P ) S i
&, DCECOCRIERATR . B A > (|19 > |7,
It MR BEAFAE — TR0 R, H
T (x) = p(I° (x)) (7)

min(J () = p(min(Ig, ()

W 1E S TE
min(I ;)< min(I)<min(I,, )
min(J,, )<min(J)<min(J_ )

2 A AR IR VLA 2

PR 20 (8) AT LS 21 1 1 (d) K o [X 5k 3 At
it, P FREA fFmin(TC)
3.3 SEMEE

A R AR B A A A, N T RE
13BN FEINRE A IOR Rp, AR E T — P 8L
1) 2 3k R 5 R vy W 3 (E R . K LI (E B0 HLTE
AT IH— b H 1S B R G(0,0), o NPRifEZE.
EIXAFEZE, AT e EA HE N ThEE,
AL EF X ot AT T =X (10) Rz

.2
G = exp <%f2> (9)
p1=G(0,01) =G (0, a;b>
(10)
2ab
P2 = G(0702) =G (Oa a+ b)

Hrr, ofllos AR FIFRHEZ, Hoi > oo, HEE
i 28 B 3 T s o

1

P1

1 | 1
(a) BT S, (b) PRI p,

P 3 S R

IR A 5 R R A B A s, Lmean
N BB BB 7 AR s FE A e s P X I, 8
afilb 73 HIAE A XK FFAEAE, a,b € (0,1),
mean — min(min(I))
2

max(max(I)) — mean

2
AT PRI, 2 (10) Mo R BE I E A, X
FHEGHAERE, 470N IR .
TEECF R AR R, A3 B I AR EA
FRAEAN(12)

(11)
b=

A>G>H (12)

_a+b
2
G =Vab (13)
_ 2ab
T a+b
H ANERBGE, GHILAHME, HRNFEMY
o BEAERMTIN, i 7RIS ST

A




758 R

()

IS 542 %

AR, HAW ZOCHMBL T AR AL E AR A2, DL
— MR W 4O Ak AT ANE, R BUE T
B TAROR BRI o A8 S e FE L 1 0 R SR
FEIX 35k Y 1 e A g min (T ©), SR AN 25 500 3Rtk A7
Wi, EREXEF, FidAmin(IS, (x) LG5
INEHME, AT P IEARERSE R, SRABCNEEET
TPk AT AN ME s (R ER R R B ) p2 b B b 5
min(IS,, (x)), 755 T X I8 0 2 2 it -4

min(J S, (2)) = p1 (min(IG, (z))) } (14)
min(J 5 (7)) = p2(min(I5(2)))
3.4 BEHEMIT
LEAR AR HEmin (S, (2)) flmin(JS,, ()
i, KR (2) iR AER R, KA JUAIIEE LT A
A& 15 B AR A min(JT9) X (15) BT

min(J°) = \/min(JS, (v)) - min(JS,(x))

BETTARYE 20 (6) 15 B A A it (2)
PLE4ME], 5 5 sREUHe 5P, Meng 51k,
Cai VLIS BB S M 2 a5 R g x bk
e A SCHIIE S R0 0 F w5 Bl 4(e) s B
NAGE] 7 EIMRETRESS A, AR RS R A
REAS A G (HEN ), BOR R4 H B2
Bl4(1) Frm o
3.5 FEBASRN
RFEHEER S —AEENSH R ROE
A, kT EBRREER. AfbET RN, B

(15)

(b) Hei& i %

(f) He B J5 45 1

(c) MengiZ i %

(g) Meng&Jii 45 R

JRA S R 2 i, R IRk He®E NPEHL T 78
i B R HEA R0 1 % MR REAE VRS ME, K
ZHAEGL N BONHER, (HRESA SRR &5
filio Cai%e NINEE T 55 B i KGR EAE K
SI6E. Sun®E N T R RS R T,
WIS T AR R IR ZE . B, SRR
34%@@@%%kﬁﬁmw:£ﬁ%F@%£
U I TR 3 2 PR AE RV B R 3 w2 i T
P, PR R P BE B A% K /N yr = minfw, h] /10,
wHlh N EMG IR s R A8 OB 83 4T
U AL FRAS B Ac . BARSundEE BRSO RS
T HeR vk, AH R AFLE M )8R 70 TR A8 5
PEWAZE R e — o M PEWAZ R R ST/, ]
feos Tl s B, KR, TIREe & T8 A
o EPXTIR—AR, ASCHATINER 1R St

Je SR IEEUT BIRIE AL RS, SR T B — RSE
IR, S S (b) AES () s, 7 LAUR IR
b5 KA A S I

MEZHCRT S, HeSFEPAICaifik Wl 1%
R E KB ER R i, il T KA, A
B RS 52 A, Sun®E NIOCSR A REK
SOl TR RIS R IR T . A SCHEVEAESungE
NS A7 oo, SSREEINEE, WG
R
3.6 ERGER

R4ER (1), FH4sE TR A (x) ft(x) K8
KEE . N T Rt(r) — OB T S B A H IR 45 R

(d) Caiif it (e) ASCFES 2

(h) CaifJRE5 R

(1) A JRER

B 4 B 5 RO

® 1 BUHRKRSHIRESTE

AN BEEEBRI(x);

FH 1 RNAZEER3FOEER R KEAS,, (z) = Jnax
c r,g,

I°()

T2 BT, MR 0 Ar = minfw, b]/5, r2 = min[w, h]/20, 3 BIWR AL Rl s2;

T3 SRERABRAERTEME, s = (s1452)/2 5
P4 BT IERECTHT AR, BRI R4 R A,




31

759

a) A% ERG

(d) HeSyk s i e) Caiffiyk i

(b) Sunfik KN

o) AR

f) SunFyEE JE

(g) ACFELE

5 RADGE KRR

(a) AZEIE (b) A% KGR EE A

(e) EZ KGR FEEIE K (f) B F B G/ ME B

(g) IBIHH

(h) SR

6 EHEREHK

i, () REAT R /MERR A, BOE NERMEL = 0.1,

ZOWPIA T AT LA PP . EXT T, KA SR

AR AN TR 4 B S — e 2 Bt b, AR R R
ey L@ A o ETCERSRIRGE AN, SR atlab
(x)_max(t(x),to) * (16) (R2016a), 4”,%?357'3W1nd0ws7 HH%EEM%@I
1 TR f;LE;n -
. LTI
SCis 4t N . s .
4 SHHREER T AT AR E I, A PR T SR
NUESEFT PR EVE R AT AT HERTE ke, TN WHIEZR-EG, BH5 N3HS m T s, wik
ol RS R 2
N " R
; A e | BEE | e
— N ?9Rg§ﬁ ﬁ%ﬁ@_>£¥%
i L %ﬁhi’é}iﬁ&&—
____________________________________ i%
ZH e aﬁmx WRENE | Eite
§ [stes, |
oEkE | R 2 = i
— s [ — rais [ e [ 8] L

P 7 AT R A



760 H 7T 5 8 B % # a2
A AN I S A S, IR EN 3R 2 55 A AR R FIEG, TTCLE H: HeB vk 7E I 5 A0 1 B

HEE: HeB L, Meng® 1M, Ren& LN, W
SFE R AR AT b BAREMVPA B —
SE BT, AH AT DUBR T A T R O B AR
KIS —HiE s EE IR A, TR H: Hel
ERE AR L, RERSRECNRY, HEME
NGAATAE B B CR 8, I HAET 5 A B
E, X T RAOGEAREAT SR, WE8(b)
B Meng Sy 38 i 8 020 3R 45 11 SR BIR )i 5 %
I, SCRET 2, (H2 RNl 7R
JSH @ﬁlﬁﬁé\/ RAEAE I (LI R B8 () T s
RenHEMEH T 2 RIEGIMEMLE, BEARWEER T
ZAMEm, AR AFAEIR B B B Ok AN S

AR 8 () BT s 952 — dH iz i S AT AE

W, I HAERT XA R, X2HTRTX
35, 1) 35 S 2R AN T S W R T SR B FUEE BT S 8,
K9(b)FTzn; Mengfik G R4 R L F MK,
(EPSEER Rt DA - RN il N AN 1 B 7 R =05
FE A A9 () FTs; RenBikAEin b kAR EH
WHR, FHHENRTXEBMEIILERBREZE W
Ko (d)Frr; B0z —4lz s G, nTLlE H:
He B2 BEAR K B AR BT, (H 2% T3 4 BB AL
BRIEAA B 5 B E 10(b) s s MengHiE A
RenSEHAF A i €0 0] /I L8 43 X a2k LA 10(c)
AEL0(d)Fm o

CRE RO I A SCE RS 1405 B 1
%, WeurHh R EE TR B R SR, AR

(b) Hell g%

(¢) MengI5y%

(d) Ren™5Ti%

Kl 8 s EHE (BB 1-E183)

(b) Helik

¢) MengMA 2

(d) Ren™5i%

(e) AL

B 9 il s 22 B IR (B 15 4- FE156)



%3 ¥ M. ST HERER AN B IER EIR £ H 761
(a) K (b) Hel5i%k c) Meng" %k (d) Ren™50i% (e) ARCHIE
B 10 iz 5 R (B1E7- E148)
s BN A O LA ) /L, A IR 25 55 2K AN R WIAKES, ndRMA S EERAN
B, WEs(e). E9(e). E10(e)Fimr, £, WHHRREBRTER S 2P Es R a2

4.2 BWIEN

A E VA BA e, N T S — N
A1 BB RPN R R, A SCR A R %
BEAT AN FRIGAIE . A 7R R 2 5 S b iz R
(AT DL 30300 G B RO T8 S g T L 4 e
SRR, HAMR R AN B0 LA S AN R s 4T
I (8T (s) 2 AP 4E bR . e, e e (R BRI
R BRSO B GF, OFZE AT I 8] T Bk /)N iR
4, #HRis A (17)—X(19).

Ny — No

= ].
e a7)
r = exp [nr Z lnn] (18)
PeA
Ns
WX H (19)

b, ne Rl 73 5 3R 55 AJE 55 B IR AT L T2 4
o ro AR — U RN R A T R R L

R 3FT7R

ASLHBRE L Z RGO RRR R, A
Z G SRS R B BT, d i Se 50 Ao
ATLLE H: fEfabre LU T AUEO0H, Mfabrr
ANEETHRHELMED, EH T AR CEIER T
ISR

KRR R EIEE, AR ROER. 7
PN —DNEIERE S LA b EE, I E BN 2 iE
FTIFIA], 3 AT IS )RR S A PR B . 7 B[R]
b b, A DU H T A EHAH (R BEIAS A AS ST 53 B FH B
M. 28 LT, M THAWG R, AT

REFEFRANY.
5 LRI

FEXHEIEIE S R F VAN L, AR T
—METHEAERAMANBEN EEEFTH
o RS, SRS BE HE N
W E R B TR R T AN BMEA SRR

* 2 BNEEReMrigfrxttt

Hel &% Meng! i Ren!"5% Cail 5k Sunl'95% A
R e r e r e r e r e r e r
1 4.50 1.28 5.82 1.79 7.55 1.47 2.76 1.08 6.44 1.22 9.01 1.41
2 8.44 1.69 5.36 2.48 20.71 1.52 17.87 1.56 15.74 1.49 18.68 1.81
3 13.89 1.70 22.56 2.59 10.82 1.97 9.11 1.47 11.22 2.01 21.83 2.01
4 10.83 1.48 24.93 3.77 27.00 3.01 9.87 1.36 12.74 1.99 22.63 2.22
5 6.87 1.28 12.12 1.69 15.61 1.76 11.10 1.28 17.25 2.06 17.18 1.64
6 26.23 1.73 31.11 1.90 31.36 2.60 18.85 1.30 22.75 1.94 30.04 2.38
7 15.51 1.85 38.03 4.12 20.35 2.55 14.53 1.63 24.74 2.98 18.47 2.95
8 3.69 1.41 3.12 1.58 8.94 1.79 2.49 1.13 6.33 1.74 8.56 1.42
H1E 11.24 1.55 17.88 2.49 17.79 2.08 11.82 1.35 14.65 1.93 18.30 1.98




762 B 5 fF B ¥ M 42 %
# 3 BNEEMOFIT (sHEFRNTEL

i Hel &k Meng!"V5% Ren™I5 7k Cail 5y Sunl5 Ik NSE A7
0 T 0 T 0 T 0 T 0 T 0 T
1 0.00018 2.51 0.00651 3.80 0 4.27 0.00931 3.01 0.00347 2.47 0.00001 2.65
2 0.00022 2.56 0.00355 3.16 0 3.05 0 2.87 0.00019 2.67 0.00001 2.04
3 0.00031 2.38 0.00066 3.08 0 3.78 0.00197 2.94 0.00162 2.01 0 2.06
4 0 2.61 0.00003 4.54 0 4.60 0.00126 2.98 0.00276 2.39 0 2.07
5 0.00036 2.46 0.00004 3.50 0.00013 2.67 0 4.01 0 2.00 0 2.07
6 0.00161 2.80 0 4.40 0 3.36 0.00118 3.68 0.00019 2.17 0 2.09
7 0.00009 3.02 0.00014 5.10 0 3.22 0 3.31 0 2.57 0 2.43
8 0.00294 3.94 0.00079 6.55 0.00018 3.34 0.00169 7.34 0.00024 2.77 0.00016 2.55
WE 0.00071 2.78 0.00146 4.27 0.00003 3.53 0.00192 3.77 0.00105 2.38 0.00002 2.25

BEATIL S &, TSR R EE S A, R ot
RS RSOCHIIR R T7 1%, FRIR R R . IR
REH, AUFEEFME, f) ZEMTHRE
&, BAHPERANDCRERN, (L5 PFO bRt
A G T e, RN B AR N ) 2 2% .
ER P EFMAFAEAG AR AL, W T — LT 5
FUG 2= R B, A ekl
& £ 3 M

JEE, 2R, e 9. FET4E T R FE Contourlet Bt R E Ty
FIDCTC ) & R R ). Sk K% TR, 2014, 22(8):
2214-2222. doi: 10.3788/OPE.20142208.2214.

ZHOU Yan, LI Qingwu, and HUO Guanying. Adaptive

(1]

image enhancement based on NSCT coefficient histogram
matching[J]. Optics and Precision Engineering, 2014, 22(8):
2214-2222. doi: 10.3788/OPE.20142208.2214.
[2] CHEN Yang, LI Dan, and ZHANG Jiangiu. Complementary
color wavelet: A novel tool for the color image/video
analysis and processing[J]. IEEE Transactions on Circuits
and Systems for Video Technology, 2019, 29(1): 12-27. doi:
10.1109/TCSVT.2017.2776239.
XIEFIE, B, RIET, % BT R 10 Retinex Bl 18 )
Pt g R £ 5 5 vE[T]. AR, 2015, 41(7):
1264-1273. doi: 10.16383/j.aas.2015.¢140748.
LIU Haibo, YANG Jie, WU Zhengping, et al. A fast single

B3l

image dehazing method based on dark channel prior and
Retinex theory[J]. Acta Automatica Sinica, 2015, 41(7):
1264-1273. doi: 10.16383/j.aas.2015.¢140748.

SCHECHNER Y Y, NARASIMHAN S G, and NAYAR S
K. Polarization-based vision through haze[J]. Applied
Optics, 2003, 42(3): 511-525. doi: 10.1364/A0.42.000511.
NARASIMHAN S G and NAYAR S K. Interactive (de)

4]

[5]
weathering of an image using physical models[C]. 2003
IEEE Workshop on Color and Photometric Methods in
Computer Vision, Nice, France, 2003: 1-8.

[10]

[11]

[12]

[13]

[14]

TAN R T. Visibility in bad weather from a single image[C].
2008 IEEE Conference on Computer Vision and Pattern
Recognition, Anchorage, USA, 2008: 1-8. doi: 10.1109/
CVPR.2008.4587643.

FATTAL R. Single image dehazing[J]. ACM Transactions
on Graphics, 2008, 27(3): 72. doi: 10.1145/1360612.1360671.
TAREL J P and HAUTIERE N. Fast visibility restoration
from a single color or gray level image[C]. The 12th IEEE
International Conference on Computer Vision, Kyoto,
Japan, 2009: 2201-2208. doi: 10.1109/ICCV.2009.5459251.
HE Kaiming, SUN Jian, and TANG Xiaoou. Single image
haze removal using dark channel prior[J]. IEEFE
Transactions on Pattern Analysis and Machine Intelligence,
2011, 33(12): 2341-2353. doi: 10.1109/TPAMI.2010.168.
ZHU Qingsong, MAI Jiaming, and SHAO Ling. A fast
single image haze removal algorithm using color attenuation
prior[J]. IEEE Transactions on Image Processing, 2015,
24(11): 3522-3533. doi: 10.1109/TIP.2015.2446191.

MENG Gaofeng, WANG Ying, DUAN Jiangyong, et al
Efficient image dehazing with boundary constraint and
contextual regularization[C]. 2013 IEEE International
Conference on Computer Vision, Sydney, Australia, 2013:
617-624. doi: 10.1109/ICCV.2013.82.

CAI Bolun, XU Xiangmin, JIA Kui, et al. DehazeNet: An
end-to-end system for single image haze removal[J]. IEEE
Transactions on Image Processing, 2016, 25(11): 5187-5198.
doi: 10.1109/TIP.2016.2598681.

REN Wengqi, LIU Si, ZHANG Hua, et al. Single image
dehazing via multi-scale convolutional neural networks[C].
The 14th European Conference on Computer Vision,
Amsterdam, The Netherlands, 2016: 154-169. doi: 10.1007/
978-3-319-46475-6 _10.

TLEIR, #ME, EIRA, 5. T BN RBUER T 1% R IEE
HRREE[T]). BT 5E B, 2018, 40(10): 2388-2394.
doi: 10.11999/JEIT171032.


http://dx.doi.org/10.3788/OPE.20142208.2214
http://dx.doi.org/10.3788/OPE.20142208.2214
http://dx.doi.org/10.3788/OPE.20142208.2214
http://dx.doi.org/10.1109/TCSVT.2017.2776239
http://dx.doi.org/10.16383/j.aas.2015.c140748
http://dx.doi.org/10.16383/j.aas.2015.c140748
http://dx.doi.org/10.16383/j.aas.2015.c140748
http://dx.doi.org/10.1364/AO.42.000511
http://dx.doi.org/10.1364/AO.42.000511
http://dx.doi.org/10.1109/CVPR.2008.4587643
http://dx.doi.org/10.1109/CVPR.2008.4587643
http://dx.doi.org/10.1145/1360612.1360671
http://dx.doi.org/10.1145/1360612.1360671
http://dx.doi.org/10.1145/1360612.1360671
http://dx.doi.org/10.1145/1360612.1360671
http://dx.doi.org/10.1145/1360612.1360671
http://dx.doi.org/10.1145/1360612.1360671
http://dx.doi.org/10.1109/TPAMI.2010.168
http://dx.doi.org/10.1109/TPAMI.2010.168
http://dx.doi.org/10.1109/TIP.2015.2446191
http://dx.doi.org/10.1109/TIP.2015.2446191
http://dx.doi.org/10.1109/TIP.2015.2446191
http://dx.doi.org/10.1109/TIP.2015.2446191
http://dx.doi.org/10.1109/TIP.2016.2598681
http://dx.doi.org/10.1109/TIP.2016.2598681
http://dx.doi.org/10.1109/TIP.2016.2598681
http://dx.doi.org/10.1109/TIP.2016.2598681
http://dx.doi.org/10.1109/TIP.2016.2598681
http://dx.doi.org/10.11999/JEIT171032
http://dx.doi.org/10.3788/OPE.20142208.2214
http://dx.doi.org/10.3788/OPE.20142208.2214
http://dx.doi.org/10.3788/OPE.20142208.2214
http://dx.doi.org/10.1109/TCSVT.2017.2776239
http://dx.doi.org/10.16383/j.aas.2015.c140748
http://dx.doi.org/10.16383/j.aas.2015.c140748
http://dx.doi.org/10.16383/j.aas.2015.c140748
http://dx.doi.org/10.1364/AO.42.000511
http://dx.doi.org/10.1364/AO.42.000511
http://dx.doi.org/10.1109/CVPR.2008.4587643
http://dx.doi.org/10.1109/CVPR.2008.4587643
http://dx.doi.org/10.1145/1360612.1360671
http://dx.doi.org/10.1145/1360612.1360671
http://dx.doi.org/10.1145/1360612.1360671
http://dx.doi.org/10.1145/1360612.1360671
http://dx.doi.org/10.1145/1360612.1360671
http://dx.doi.org/10.1145/1360612.1360671
http://dx.doi.org/10.1109/TPAMI.2010.168
http://dx.doi.org/10.1109/TPAMI.2010.168
http://dx.doi.org/10.1109/TIP.2015.2446191
http://dx.doi.org/10.1109/TIP.2015.2446191
http://dx.doi.org/10.1109/TIP.2015.2446191
http://dx.doi.org/10.1109/TIP.2015.2446191
http://dx.doi.org/10.1109/TIP.2016.2598681
http://dx.doi.org/10.1109/TIP.2016.2598681
http://dx.doi.org/10.1109/TIP.2016.2598681
http://dx.doi.org/10.1109/TIP.2016.2598681
http://dx.doi.org/10.1109/TIP.2016.2598681
http://dx.doi.org/10.11999/JEIT171032

31

¥ HeSE:

BT EMAATE R AN BB N EE % F ik

763

(15]

[16]

(17]

JIANG Julang, SUN Wei, WANG Zhendong, et al.
Integrated enhancement algorithm for hazy image using
transmittance as weighting factor[J]. Journal of Electronics
& Information Technology, 2018, 40(10): 2388-2394. doi:
10.11999/JEIT171032.

HE Kaiming, SUN Jian, and TANG Xiaoou. Guided image
filtering[J]. IEEE Transactions on Pattern Analysis and
Machine Intelligence, 2013, 35(6): 1397-1409. doi: 10.1109/
TPAMI.2012.213.

SUN Wei, WANG Hao, SUN Changhao, et al. Fast single
image haze removal via local atmospheric light veil
estimation[J]. Computers & Flectrical Engineering, 2015, 46:
371-383. doi: 10.1016/j.compeleceng.2015.02.009.

MIN Xiongkuo, ZHAI Guangtao, GU Ke, et al. Objective

quality evaluation of dehazed images[J]. IEEE Transactions

[18]

7]

BV

on Intelligent Transportation Systems, 2019, 20(8):
2879-2892. doi: 10.1109/TTTS.2018.2868771.

VR, T, BEEM, % AN TORIRE M T I %5 K R g
KFEZ([T]. BT 55 B2, 2018, 40(6): 1330-1337. doi:
10.11999/JEIT170704.

YANG Aiping, WANG Nan, PANG Yanwei, 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. doi: 10.11999/
JEIT170704.

M Lo, 197284, WL, HOR. AR, EEUTE
BT EBAEE, RS BAE, EEE S

i 53, 19964F4, WitA, FEBFTTS R B R AL B
AL,


http://dx.doi.org/10.11999/JEIT171032
http://dx.doi.org/10.1109/TPAMI.2012.213
http://dx.doi.org/10.1109/TPAMI.2012.213
http://dx.doi.org/10.1109/TPAMI.2012.213
http://dx.doi.org/10.1016/j.compeleceng.2015.02.009
http://dx.doi.org/10.1016/j.compeleceng.2015.02.009
http://dx.doi.org/10.1109/TITS.2018.2868771
http://dx.doi.org/10.1109/TITS.2018.2868771
http://dx.doi.org/10.11999/JEIT170704
http://dx.doi.org/10.11999/JEIT170704
http://dx.doi.org/10.11999/JEIT170704
http://dx.doi.org/10.11999/JEIT170704
http://dx.doi.org/10.11999/JEIT171032
http://dx.doi.org/10.1109/TPAMI.2012.213
http://dx.doi.org/10.1109/TPAMI.2012.213
http://dx.doi.org/10.1109/TPAMI.2012.213
http://dx.doi.org/10.1016/j.compeleceng.2015.02.009
http://dx.doi.org/10.1016/j.compeleceng.2015.02.009
http://dx.doi.org/10.1109/TITS.2018.2868771
http://dx.doi.org/10.1109/TITS.2018.2868771
http://dx.doi.org/10.11999/JEIT170704
http://dx.doi.org/10.11999/JEIT170704
http://dx.doi.org/10.11999/JEIT170704
http://dx.doi.org/10.11999/JEIT170704
http://dx.doi.org/10.11999/JEIT171032
http://dx.doi.org/10.1109/TPAMI.2012.213
http://dx.doi.org/10.1109/TPAMI.2012.213
http://dx.doi.org/10.1109/TPAMI.2012.213
http://dx.doi.org/10.1016/j.compeleceng.2015.02.009
http://dx.doi.org/10.1016/j.compeleceng.2015.02.009
http://dx.doi.org/10.1109/TITS.2018.2868771
http://dx.doi.org/10.1109/TITS.2018.2868771
http://dx.doi.org/10.11999/JEIT170704
http://dx.doi.org/10.11999/JEIT170704
http://dx.doi.org/10.11999/JEIT170704
http://dx.doi.org/10.11999/JEIT170704

