H 2 % 4R
ACTA AUTOMATICA SINICA

841 T
2015 £ 7 H

Vol. 41, No. 7
July, 2015

EFRERIE£ K Retinex IIE YRR L IEER EF /%
g 4 A REF KKE W F

B FE RS R N HIR BB A LR AR A AR A SR, SR T P TR I SE 40 M Retinex B
T TR PR PR R 2 55 v VB MR BN R R, R FH I A 62 ), 0 a3 S0 KOG AT X TR o,
A IS 3RAT A AL R A AR AR A v, Il P A U B K, A5 T Retinex Hg, F s s 3RA 1 BAL i %
(RIS it v, 3 e 1t S SE IR AR FEAE RS SRS, B0 DAL S DA AR A8 TH AU it THd- AT 1R s Rl o, R PRt 565 X0
T PEPAT A LA A, RIS T8I 2250 83 B R 1 2500 55 B b oK R R 8 R IRW A TR S R AT 1B 0 I Jm, ad fapph oK
SRR AN U AT B T R UG, LR Y (Y MG 5 AR L, AR SCEE B RIS S, B s S R R i
W FEE ST O RE, TR IR SR A e 1) s B

KR EMg X, KUY, EHEIE RS, Retinex HiE, KG MG

SIA X, B, RIEE, SRR, 5. TR IE LR A Retinex HIg P B EIME £ E 7. B,
2015, 41(7): 1264—1273

DOI 10.16383/j.aas.2015.c140748

A Fast Single Image Dehazing Method Based on Dark Channel Prior and
Retinex Theory

LIU Hai-Bo''? YANG Jie! WU Zheng-Ping* ZHANG Qing-Nian® DENG Yong®

Abstract Imaging in the atmosphere presents the phenomenons of low contrast, low saturation and hue offset due to
atmospheric particles such as haze and fog. In this paper, a fast method is proposed to remove haze from a single image
based on dark channel prior and Retinex theory. Based on the atmospheric scattering model, dark channel prior and gray-
scale opening operation are used to estimate the value of global atmospheric light by an interval. Meanwhile, the initial
estimation of medium transmission is obtained. And the white balance is performed to simplify the atmospheric scattering
model. Then, a simple Gaussian filter is adopted to get the coarse estimation of medium transmission based on Retinex
theory, whose gray value is altered by linear mapping. After the pixels fusion between the initial estimation and coarse
estimation of medium transmission, a fast joint bilateral filtering is used to refine edge, and a dynamic parameter strategy
is adopted to improve the medium transmission of large sky region in fog image. Finally, the simplified atmospheric
scattering model and tone mapping are used to get the restored image. Compared to some state-of-the-art methods,
the proposed method can achieve a faster processing speed, effectively improve the visibility and contrast of the restored
image, and obtain good color effect.

Key words Image dehazing, atmospheric scattering model, dark channel prior, Retinex theory, image fusion

Citation Liu Hai-Bo, Yang Jie, Wu Zheng-Ping, Zhang Qing-Nian, Deng Yong. A fast single image dehazing method
based on dark channel prior and Retinex theory. Acta Automatica Sinica, 2015, 41(7): 1264—1273

SE o H. L Rh A% 1] it SR I B ey
HeRi F1) 2014-10-28 1 F1] 2015-03-20 ZL R LI AL, T AR

Manuscript received October 28, 2014; accepted March 20, 2015

H X BRBL LS (51479159), ACIH s fy i kb2 H (2013-322-
811-470) %H)

Supported by National Natural Science Foundation of China
(51479159) and Soft Science Project of China’s Ministry of
Transport (2013-322-811-470)

ARUTHERE =t

Recommended by Associate Editor JIA Yun-De

1. BB TR AR & 5 (5 5 A B 3 g0 % i 430070
2. R LAEBE RS B IR B P 421002 3. sQCHLLRAEAL
meERE I 430070

1. Key Laboratory of Fiber Optic Sensing Technology and In-
formation Processing, Ministry of Education, Wuhan Univer-
sity of Technology, Wuhan 430070 2. School of Electrical
and Information Engineering, Hunan Institute of Technology,
Hengyang 421002 3. School of Transportation, Wuhan Uni-
versity of Technology, Wuhan 430070

AR ORI IN KT 7 T S8 DR G £ P S S
AR AR T A2 1. e 3 BB H RS Lo
BEA . ORI N BRI iAS , LA AP R
SRR AR 2 R, B3 R e o Pl A4 s Il A Ak
BEEAT oy EE ) L

Hl, S0 BB 55, A5 T &R0, R
PR T LAY g P PG i 5 A0 G 2 D s
2. BB o AL PN EIRAL S DY, i SR IR R
FLUAE R, TR 1598 B2 BRI LEAT Z B, SeDl
Blg 2%, 1Z25071:0L Retinex kb3, HAEE
SEIECIE R X B 2551 UGS R oy by 5 P



73]

XGRS BT IS I TE Se 50 F1 Retinex FH 14 R PRI 0 R 25 25 ik

1265

JEALER, E 7 MR U R, 78 20 1 B BOR A0 1) 58
B amiRel i, Kl s R, A S, FIHE&
SR 75 B WA AR, &Rk BSR4 %40
SRR

TR, FE 15050 sn sl b v i s g L 2
FeAREAS T AR 6, Tanl™ {58 5 #0 X 158 1)
IRBE'E A A, o f KA R BB b R Rk B £ %
RCR. T 718 B e sk AR B LLEE ) e A
W PR b SR AR IL S0 e I R ST IR B (2
ko, HAE StR AN E S 7 7= A2 Halo R0V
Fattall® 5349142 i€ i 5 A itk % A Ja i 4
TEASAH OGP, R ST 1053 23 B KAl v 3 5 s R
ZITER R SN B R ST R AT 0%, X Tk
2 NG R R, T EUEAE B R 3 3
oA T SE. He 500 47 7 S 30 38 26 56 72 ),
FEAE B BB HX I S, 0K 2 507 A EE R 3R 45
RUFI 25200, R EA e, (HAE SR Le s im
AT 0 XIS B2, S8R R E BRI,
LK P SR A AR R i TR R 2 () B2 A4 . Tarel
AL L0] i R KRR SRR B AT S I f KA, L
JEE AR AL -2, A A BB R A T R ARE R RR 2K
TR kAT RSO S, 5 3R R ik
s, Hol NS, 255 5k ) 2k 5 A
Halo #M.

MGELL T, AT He 25090 5L (1 B 3 1
SEUE VR AT Retinex BURAE B B AT VR NI HT,
HET H O AT b 25 SO SR AR D7 7%, $R s —Fh 2k
TR WG SE 50 1 Retinex RS AL sl g L %
T35 W ITIE ORI H R, ) P 1 3 5 6
FOAR, I KB RIS FAL T O AOG R, [RIAS 3
I AR AT EAG T, 50 KA AT Pl
AbER, M T3] AR AR B8 LIk, R Retinex
S, I A B SIS R RS AL T, I
X HOR JEAHBAT ZeVE s, AR5, Rl A AR dm A i)

BIGEAN VAR A o, R T PR IR A5 X2 g i EA T
EARAL, TR X 25 P mh K IR 24 DX ) o o e i
RPATERELE; o, AR THUN B, 3l
ol O Y B R AR (R R RUR . SRR W], AR5
TLRARI B AT R FHCR.

1 EI=N—N
B =

FETH SN AT SN v, Hiid T 5
GBI 8] w3 Rk

I(z) = J(x)t(x) + A1l —t(z)) =
Ap(@)i(e) + AL~ t(x)) (1)

A, o WA RAKR, I(x) WA %KMK, J(x) B
S O TR RE T I 5 (R, A D SRR U,
p(x) NGt R IBAE, t(x) I L. KA
JE, AR t(x) "R

t(x) =eP4@ 0 <t(z) <1 (2)

Xeh, B WK R, d(x) BREE R (1)
T ()t () R LSRRI, Sk A i
SRS A P I BER, 2 B S A M
W AL — () B0 RADEHO) Ikl 5 5
{82 PN B KB, B B T 0 A
LS

FEHE R A A R () M I(2)
AL J (o), SRR AT ¢(x). I, M
K, %K R P 55— A SR 9

A )L
2 AXE*%
AT IR T 5 I A G5 Retinex BB

Pragl Bl B R L SRR I EL 1 FoR. 5k, P
(IERCRENE RS2 DN Wi R X R W B BUN S R o PO B0

' LY 4L, " K& ER !
[T T EOT| L (AT [EW]L 25
g k3 i [T [ [ st
b ] SR Y B
2] |
il e |
| [Renex] _[FRERT| B [Roa| [WE| [erE| |
T i e e T e ma E E g ETR A
: ) :
. FEE YA .
; ek Wt it |

1 EEFRE
Fig.1 Algorithm flowchart of image dehazing



1266 H ]|

¥ {1

41 %

KA AL Al LR, 6T RIS G 0 75 2 A
PR TR AT, TSR TR A, F)
M) Retinex B SEHLAN 5% fai 4 KRS A 1, T8 I
PR R+ K X000 i B AN (L S 8 743 21 S A A
R AT A, MR RO B, TEiat
RSB ER, FREEEA.

N T HAFRCHE A A B t(x) Bk
b, BRI (1) PaBm IMERRAE, WA

I = pin 1) -
CG{I%%E,B} Ap(2)t(x) + A(1 — t(z)) =
P (x) At(w) + A(L — t(x)) (3)

A, I9(x) Fp©(x) K I(x) F p(z) H—DEH
@fﬁ, minCE{R7G7B} %%%Xj' (R, G, B) iﬁiﬁ%ﬂ‘}ﬁﬁ‘]
BFE R /ME, T Rl pdark 52 SUh I(x) F p(z)
HH)EGREN
2.1 KREESHREAIE L
2.1.1 RSAERMET

SCHR [11] BHCR M fse B A T R AOGE,
35 TR FAE By 32 vy s B T 7 B E AR ) S . S
R [9] stk i 0.1 % sefEm KIE R, Ra
FUX A5 200 T Jgt A i (8 e KA D KOG
R, 5 PG R 28 X s/ 7 I it £ S i i 7
FUR R, RS e g B 17 R 8 X s, BRIk, A SR
RN KA CHBE G I 7%, 1l X Al T, $m
RATCAE A T RORE ff 52 RS R 1

B, FRER| Tk b g ey Ao RO E G T
fRsgm, 0f 2 (3) PRILBEAT K ETTIa AL BE, T4

jdark _ ﬁdarkAt/(x) + A(l o t/(x)) (4)

ﬁqj, fdark’ ﬁdark F t’(w) g 5 Idark7 pdark F t(x)
BEAT I TT 1 S AL B ) 36 TR R 40 W5 L T 56 56925 )
YK FEFFIE P S5 T R I RT KT Tk rpp
PRI RSHIE, plar (I ELE 00, Bt 5C (4)
s

T4k — A(1 —t'(x)) (5)
B (5) PTG ¢/(2) AR
fdark
t(r)=1-—; (6)

A, ¢ (x) 8 SN TUESR t(x) BIRTLEAL T
HT ¢ (z) PERENPREAKRT t(z) PEHEDN

HU{E, g T4 /A IBE S N [0, 1), Rk, A BT

R KT Tdark pig S0 KA, W A W5 H

A > max(I4%) (7)

HR, oL, A FMBUEAR TR E G4
RO, Bk, A BBETEH T RoR A

C > > Adark
max <CG?11§§,B}I (w)) > A > max([°"F) (8)

a0 (8) AT A KX IFAG T4
A= (1— a)max(I%%) +

ozmax( max Ic(x)>, 0<a<1l (9)
Ce{R,G,B}

X, o BT SHL, JERIEHON
o = mean (19%) (10)

A, mean(-) KA FIACRBUIE. BT o &
ANFI Tk (R IR BE AT RIS 4L, O K70 A
HAT B3 Ye.

T34, % B b R A D R i K E e 2N IR, 5
(8) VIR EUAL, #ATSR AT LRI 2 (9) % KADeH 2t
T flivt.
2.1.2 AT

WP (White point) 5%, HF 4 Max-RGB 5
%, MM R, G, B it & 1) s KA R AL TG
A ARSCR A (9) ASTE IR AN K0
MEREAT PP A B, BRSO B B A TR 21K
JEHTT ) L. B WP S 1 1 A0 2R IE A 2 )
FIG B LR A0ME ARSL PR, 38 (1) o5k

IE;”) = p(x)t(x) + 1 — t(x) (11)

T 5 PR 2T RO I, WA
I(@)/A > 1. AT F 4k A s i B i,
RSCH PR I B R 1(2) /A BEIZE [0,1] 3
B, I (o) BT

I'(z) = min <IE4””) 1) (12)

BT, RAHC T v i 40 4
I'(2) = pla)t(e) + 1 - t(x)  (13)

1 I'(z) h, KA A BEE A6 (1,1,1)7.



73] XGRS BT IS I TE Se 50 F1 Retinex FH 14 R PRI 0 R 25 25 ik 1267

2.2 NREHENMGIT

2.2.1 FHBE{ET
J T IRAFA AL SR PR S A T, = (13) B
W AMEEAE, 7115

I”(I’) —

min  ['“(x) =
Cce{R,G,B}
. o} 1— _
e lmin P (z)t(z) + 1 —t(z)
Pl (@)t(2) + 1 — t(x) (14)

K, I"(z) w0 I'(x) W (R,G, B) XV T
BRI ME
=0 (14), A4

1—1"(z) = (1 - p™*(2))t(z) (15)

MR Land #2928, 2L (15) TEE 1 -
I () T3 il o P AN T J 45 ASEG R t(x)
RS REG 1 — pdak(x). Horp t(z) Hifiid T K
BIEAE B, 1 — ptok(z) A T BUE I s &
Retinex B¢ i) H 2 208 NGOG t(x) BT
T, SRAFPIRI ST 1 — pdark(z), AT IA 2 Ei
e, ST R AR M BRI, () AT
" (z) WTRRA

t"(x) = (1= 1"(z)) ® F(x) (16)

L, @ RARBIERIE, F(x) HHORGERE. —
G OL R, F(x) KA e e g, JhsEZER 0.5, &
RE RS h BB 17 (x) RS ME me v
i€, HRIEATY

h = floor (%) (17)

R, floor(-) FR 1A 5557 . T ¢ (2)
R TG [0, 1), IR (16) mTE5

t"(xz) = min((1 — I"(z)) ® F(x),1) (18)

o, ¢ () 8 SO AL S R S A G T
222 EigmME

gk m TG R B T, A TR Y R R RS A T
t(z) HEARMIS, T ¢ (x) LR E SR RN, B
SE S AR R (o) IRIGEA T, Rk, A SC L
t'(x) WK AT IS, Wt (o) POREALREAT
LR, HRIAAh

t"(x) = imadjust(t”(x), [min(¢t"(x)), max(t"(z))],
[tq - min(t'(x)), min(t, - max(t'(z)), 1)]

)
(19)

K, imadjust(-) Faxt ¢ (z) KBTS
WRIRE, tq AT ¢, FHOR R i SR DX TR) Y P AR S 56 4t
TR, AR ¢, e, RSN 0.95 F1.05.

X (6) A (19) I, ¢ () W2 Il TE SE 5
A, 1t () JELE Retinex BRig (3Ll b ik & 0
T RURI K FE AL ARAT, PRI 70 0 AN P 5 5 s e 4
E AR £h BEXT A PR S AR AT T AT, R AN
DRIk vy DUR) B RS R R, Xt/ () e (o) 4%
2 LU AT Rl

UG il o0k B R« R AIE 4l R e 5
Rl A 1 AR SOR O G A (AR A 15 35 Sl
) RT3 B A AR T R AT e M A B
kAN

t"(z) = wy - t'(2) + wy - t"(2) (20)

A, wy Al wy HIBCREL, HiE w) +w, =1 11
LI 4 F. Burt 00 $2 TP RIE B S5 A 10
T3, B — A UG e I Sk 3 7 1 s AR R AL ABLRE
2 95 8 P BB AR AU, UM 53 73 EX 0.5 FT 0.5; 454
H2EFRAROR, VIR R B I — e R, B BUE
0 AL T (@) R () HBRRA BT I
filivk, W BAT R A AAE . A SR H MR S B
fE, FIFASC RET ' (z) A7 () HIAILLYEEAT B
o, St R, BUE w M w, % E A 0.55
F1°0.45.
2.2.3 BEMLIEK

Tt (z) AKBETFBHMER, t7(x) K
BRI, E LGRS 0S¢ (z) hY)
PRIL L WA, M (3). 3L (6) A1k (20) WrLk
i, ¢ (z), 1 — 9% /A Fl 1 — Ik /A g5,
H 1 — ek /A BA RS NASFFIE RS Y
i, ASCR ] Paris 5507 & H 1 PRI EA UL I,
I 1 — 192% /A b ¢ () JEATDEDR AL, % T %
" (x) M1 — Tk /A, BRE XA PR TR 7R N

t(z) =

> 6o, (I - (1- 25 )

Ga. (e =) (1- =52) (21)

b, G, MG, Judii i B, o, D9 ssls A
KIRSE, o S 7 s B RO WP DAk
A, HAREA N

W =Y., (1) - (1- 252 1)

yeS




1268 H ]|

¥ {1

41 %

G, ([lz =yl (22)

283k e A WL JE R AR B S, it A AR R
10 (x) MILGFREAR R T WA,
2.2.4 {HEAE

25 B R A AE R TR R 2% XA, pdarke rp R
XA I AT 0, Wt/ (x) RS X IR i
BRI T 1 — 19 /A, I, ¢9°(z) PRAEX
S A TR SR AR A, 5 B B R A X L X 5
H o A R I, SR [1) B 5 A—DSEek A
Wi KOG A HRGEE 19 Z a0/, M
T 7 25 P P 5 A B S X3, I N O SO A
PR 1ZTTEEN LRI B AR, (R 5
ANFE B BT S H O .

ARSCR SR [18] H H 3 Y. 2 B 2 1) 7 V2 0)
R XA B e db T 1k, HRIEA N

to = min (maX (%, 0.15) ,0.3) (23)

A, N b 60(x) PEREE, 0 k0 (x) HERER
H/N T 0.15 BIBE A%, [ 0.15 A10.3 H
KIRE to BI_EFIR. to RZ XA FiiEhm A f1E
(AR, BRRZ DB A 26 (B /N T 2 i S8 —
PEIE to. MR (2) WA, RAEDIIIA R4
Hi/ME, BB IEANARNT to, I B3
NRAEABE SN to, MO AL R AR A IR AT () 7T
KonH

t(z) = min (max (*(z), %) , 1) (24)

2.3 BEBER

i (13) FIxX (24) wT%0, KRA06H: V(x) IR
RN

Vizg)=1—-1t(z) =
1 — min(max(t°(z), ty), 1) (25)

Jy T 4 5 1 O RS R LU,
ABH B RRAOCEERETIREE, W (25) 7805 b

V(z) =1— 3 -min(max(t*(z),t,),1)  (26)

Kb, B BCE R 0.95. Hiat (13) w5, H5t R R
p(x) FIRIRN

(27)

twJa, P st R AR IRBIAE [0,1] WHIA, nT4
SRS O(x), HekikA

O(z) = min(max(p(z),0),1) (28)

2.4 BiFEE

EZERFZMT, BT REGMIERH, EEEG
O(z) W &l B X255 )5 & R KR
HEAT (0 U 1 2 (19200 ) i A Dt PR 1K 401 RN B
. AR SCR A Drago 2521 $1H () 15 38 B 6 SO 45
TR G AT o i R L.

XFEEEE O(z) H— A EaEE O (x),
o i R 4L R T RO

Odmax X 0.01
OPe) = fgi08, (@) + 1)
In(O%(z) + 1)

In(b)
In(0.5
In <2+ <(O%C(f;)) ( >> x 8)

X, Op(z) HEMAIIEIE OF (x) 875 )5 i,
Odmax N 7= WA W] LA k7 (1) d5e K BEARL, L AEE
HHC100RY. b A fwE S wkE T R R
T 4 P R S AR A5 I DX S PR 1 ) L RE, SLHEREAE A
0.851. 0¢  (x) 4 O°(z) HHEERHBAME. K 2
g5 T SR G ORI R R Y S ) s 45

MWK 2 (b) TLLE H, KA HE L LS G, B
JR PG R AR S s, L R R b 4l A . &
AR S, B 2 (o) AR RERINT L REAS 2 T
e, AR 2 () AE 2 (e) P 2R AT LA B,
B4 5E BT 2 T AR .
3 XWERSHHR
3.1 BHAERESH

YT —MRKANA s, x s, EME, RACEERSE
FRPEEESR A (21) Hh RIS X0 P A T
SR AESCHR [17] o, PRSI R E R A () I TR) 52
AREEHR O(sys,), MASCIR L A SRS Sy 1] s
PE. BRI, A SCEREII I T S 24K O(sys,), B
BB FZ R LR g, BARmEMHATRCR. Mtz
R, Tarel 2000 S (I ) S22 B2 O (8,8, 8%1ns,,),
b, s, P EBEB R BIARORT, HEHUE —BBOK,
He 25001 B3 FLA A 1o P i) R0 2 ) B2 2% B, LA 1)
KOREEN O(s2ss + su8,5%,), e s, AERE LR/,
3.2 EIXIFMiER

R T 2 5 AR A R, AR SCGE TR E
AN BER £ 55 BB EAT VR, b PR RL 30
AL TR R 32, o R R FR bR, 2555 IR
(K135 PPN g 70 32 oy A 222 — AN I
X LU RE A B R R TV Ty 2 A IERIBOR B R
B Y 5 T 255 25 T8I 7 1. AR SURH BB L
RN 22 25 BUR AT B PP o, X LLREPEMY

(29)




73] XGRS BT IS I TE Se 50 F1 Retinex FH 14 R PRI 0 R 25 25 ik

1269

h O\

(a) JRE

(a) Original image

(d) & 2 (b) FTHEF 7
(d) The content in the box of Fig.2 (b)

K 2

(b) B
(b) Restored image

(o) tuif i 5 1R

(c) Image after tone mapping

() Bl 2 (c) JrHE I
(e) The content in the box of Fig.2 (c)

53 D5 PG R € R 8 A i f LL 4 2R
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Fig.5 The comparative results of image train by dehazing with different algorithms
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Fig.6 The comparative results of image field and house by dehazing with different algorithms
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Table 2 Value of quantitative evaluation indicators by dehazing with different algorithms about 4 images
B Fattal Hykgi i He &5ike, Kopf &5 ikes Tarel Z5%45 Ancuti ZEHLLE R PN RER A
e T H e T H e T H e 3 H e i3 H e 3 H
y0l 0.04 1.23 0.1204 0.08 1.33 0.0700 0.09 1.62 0.0491 0.024 2.09 0.0263 0.07 1.19 0.0390 0.095 1.754 0.0362
yl6 0.03 1.27 0.0474 0.06 1.42 0.0761 —0.01 1.34 0.0196 —0.008 2.01 0.0272 0.18 1.46 0.0970 0.106 1.969 0.0582
nyl2 —0.06 1.32 0.0459 0.06 1.42 0.0247 0.05 1.42 0.0046 0.07 1.88 0.0903 0.02 1.49 0.0280 0.061 1.531 0.0021
nyl7 —0.12 1.56 0.0643 0.01 1.65 0.1699 0.01 1.62 0.0071 —-0.01 1.87 0.0647 0.12 1.54 0.3130 —0.015 1.907 0.0237
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