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A Novel Retinex Algorithm Based on Dark Channel Prior Model
WANG Rong-gui, FU Jian-feng, YANG Zhi-xue, SHEN Fa-lin,ZHA Wei
(School of Computer and Information , Hefei University of Technology , Hefei , Anhui 2310009, China )
Abstract:  Current Retinex algorithm applied in foggy image enhancement with fixed filter can’ t adapt to the situation of var-

ious depth of field and atomization. This paper presents a self-adaptive filter Retinex algorithm based on dark channel prior model.
The model of dark channel prior reflects the information of field depth and distribution of atmosphere in foggy image. We are in-
spired to design an self-adaptive filter according to the local value of dark channel using different filters in different depth of field
and foggy area to estimate the illumination component of the image, and to achieve the clarity of foggy image . Finally, we compare
the result of the proposed algorithm with the result of HE algorithm and result of fixed filter MSR algorithm using the subjective ob-
servation and objective data analysis method. The comparison shows that the result of Retinex algorithm based on dark channel prior
has better detail of image and global effect than that of the HE algorithm and fixed filter MSR algorithm.

Key words: foggy image enhancement; Retinex algorithm; dark channel prior model; HE algorithm; MSR algorithm

IR R I AT LA RS R S5 B, A RE

1 5|8

AR, KT % KEG R kAL,
Retinex F19 4~ 1R Sy 181 4% 384 58 AT 5% 450 35K 9 — Fob 397 A2
P, R R AAREM A Z — 7555 REMRIE S E
&x%ﬂﬂiﬂétgﬁﬁﬁﬁ Retinex %:{fu@, I‘El fih @j{]
SERl, A PIAR2 10 th W) PR 2 T A0 S S R D E L

s AR A A K. Glenn A Woodell £ 56 1
Retinex ] F %5 K PG 38 545 R 25 B 98 1 BEHL S 12
Retinex B.1 . 2 ] Retinex %%[6] ( Multi-Scale Retinex,

MSR) 7£55 K P (R 3438 v (9 R T 5 TR 2 5 R 4R 1) 4
T LIP BB Retinex 5035 4 15 731 0 U A AS [a] 1)

JIE I8, 20 S AT 1 s Ak B 1O

PRAIFFE A 26 B, MSR 5595 2 Retinex - ik 38
SR ARSI () — T, SR T 2% T 3 o0 PR 1 0 00 4 ) i
BURIEAT R Ay oAl T ZE DR AR e T L %

Wik H 11 :2011-08-02; & 71 H 1 :2012-05-02
AW  EHER GRS

(No.60175032) ; o S AL S ASFLIF L 45 3 4 10 0% 4>

AP PRI G2 PR L5 R S 01 3 A

i S5, 5555 (dark channel prior) 318 £ 57 i ] 1 BA
TE“HET 5 J5 40 56 30 1 B0 R K 5 B2 (OF 3¢
HFRZ R HE 53535 g BRI, o %5 1Y 1B & &
845 RGB B {2, 18 38 Hh 28 /A7 78 — 38 18 19 58 B2 {H B
i, L TF, PR W A Z 0T, TR
SOCHIUN A IR 65 5L 60 A 50 B2 0 32 2 phy R OB AL,
T A 55 14 DX D (0 (ELBRK . PR I 25 R PR 1) I it
ERWE T & P 55 1900 A 5 SRS B R IR (R,
55 B L IR, S5 TR DU A% 5 5 Dt ({0, 55 g e 2 DU
IR, S5 TR LT

SEUE I, A SO Y — B R T R (0 5 5 (dark
channel prior) [ 22 R Retinex 57 . 12 532 8 1 65 (4,
AT 25 R RSB AR, LA ZER BT — A R]
e I AN [ Jey 3 DX 80 55 A e 32 1 T A B e, JH T AL R

(No.2012HGCX0001)



% o6 M

R B S TG A SE AR T 1Y Retinex 575 1189

BRI BB oy 1, X FE SR AR AP i B T MSR Bk 19 2
BOR PR OR % B G S G B R FRPE
2 AR EERIZIT
1T MSR 533 2R FH A9 2 181 e 4 , TC v o IR
PO ) SR 1 Jay 38 DX SR FH 5 3 10 39 0 5 e AR i I
JRESERIEIE, AT A5 KBRS IR S 55 10 v 5 4R
A F R S e R, R L TR AT TAR B 25 K R i AS
[7i] Jmy 41 DX 3 B i 0 A7 1 400 >R FH AT 728 7 i D8 2 R A T
R A3 A A T, 300 B AT LB T o s 10 i B 1 R 40
RS A IR RO
ARG An ] AR i e D 5 0 A Y (g R AR
BT AR A N R 505 Jm 0 25 A 72 5 A ] A8 i 7%
H4 Retinex 3L HL, 0 SEUBK I, 40 P15 oY EME 4
JR R AT AR R RN T G R A R A X B 2%, RIS A T
R ER 5 2 o SEEINET, AP 5 1) G = 3B 40 15 1R
T, H AR, IS A Tk BRI, A T
S B AT AR IR A, AT 55 R MR 4 I %
HSE IR 553X — Pl i DL o6 A7 108 . AR S0 3 52 560 B 8
AL gk R A bR R 2 X e (BT L R [ 26,841,
55 DXl 5 D (0 19 L (85,143 1, W 25 X s IR i € (11 315
FEl A (144,200 ] . 0 s B (BT 26 B9FR /0 IA A TC5 ,
1 200 HOFB AR S K A5 X3, ATl AL B R i 45
H AT A 0 R T T
HRERG e — A8, A S T
I A E Dark F1%5 K B Bt s o2 A %
FH oy =P L5 & R R
Y Dark€ [26,84 B -
o,=C, + W, +abs(¢, - TH,)
W, = a-log(t./TH;) (1)
24 Dark € [ 85,143 ] :
65= Cy+ W,-abs(t, — TH,)
W, = a-log(t,/TH,) (2)
24 Dark € [ 144,200 ]
o3= Cy+ Wy+abs(z, — TH;)
W; = a-log(t,/TH;) (3)
TH, JTH, . TH; N &5 7 B AE =R 55 RAG O T 19 A8
AL , 43 B 55.114.170;5 C,. Cy. C3 4 o FEERE
R0, 53 123 180 110 (A S 38 o K HA 0 AN ) R
155 K UG AL FRAS 3 1Y S 30 B4 ) . 5 fa vHE iy RS
B o;(i=1.2.3) 53 BIE =R S E S HUE BT kfT ik
3l W, (i = 1.2.3) /2 HH Y HTF B0 & ot (R R (6 )
SRR — RS 2 AU, b o 3 8 AUE R
AT FHe i oy B REE S 020, W2 o 8K,
DU A e 6 RUEE 3 80110 53 Wi A, AR e L 53 i gl 2

/N DR AR AR 55 AR L AR D0, 5 25 R, 75 2L o i/,
WAEL o WWRLIZME/N, A SR PRATTH « 2 1/7.
REEBATHAT 2 T AR s 5 0 A (fe i o (D)
X TS RT3 LR B AT R I A

DAL AR LT R AS TR AR 9 )y BT TFR o SR 1.
N o A S S R A o Z IR EC R,
AR A A5, A2 (4) B

o= exp(7 ) @)

Hep o RESHG 1 HEB IR 5, o 5154
i, A ARBOC R . TH, 55 KRG AL 4 4 e 1 10 {E
SRy A BB N 5 R R AL i o e T2 20y
Aii e 55 - 220 Z 8], RAA TR EZ 80 TH, 9 112.5,
y BN 2, AR R T RIES R o SRR EEZ Y
PR AR , A (4) SE B AT AR IS 2 A B3

e, Ao 3 (S) B o s ST e B800E T 25 i
T FHAATIE G

1 (22 + Zz)
Flx,y) = 27[6% *expl - 26% )
2 2
_ \x+ry )
= 1 E 2*exp(— (x + 2) )
2n(eXp()’°THt ) 2(eXp(7'7THL))

(5)
3 KEEBIEL Retinex ik

BUEAR A8 FI T BT ) ) AL g A, 4R —
TR ESE A [ 3E N2 RE Retinex 535 25k
SETt A iR, SRR AE BRI b5 R o
FHe S o3 H AR SR 25 55 i A 3 B Ak 1] 15 i e R S B
SR IS AR SO 1 B8 8 B U7 ik, R
B8R B S R 55 AL AR BE T L AT AR ) B e L oh
FhTH B R RS o L TR W 1 s
ONC

gk
AAREA )

«—x—>

‘—’

7

—

— <

Y
‘

B1 AHERRE

I B A 1R

x
|
iz
|

SE M R I B DX 3k, R 5 L SR e s
#H(6) Frs
()= min Coin (F(O) (6)



1190 H ¥

2 i 2013 4

Horp S EUR P g e, o R EURFHL T 1)
BB E, T Q(x) FREL x o IrE X
By
MG SR 12], B R o B S R i o (e T
R :
t(x)=1-w/*™(x) (7)
H o H— P8 0< w<1), HEEA R ERE —5F
B RIBITL SN AL LE B R TN H K.
T o D€ R AR B A B T AR T AR PR AR L X R
B I(x, y) AT UE VB S AR B A0 1, (v, ), 0
TR
Do (x,y) = 1(x,y) * F(x,y) (8)
Hop s BRI T F(x, y) o 0 e B, k0 F
() PR,
5T 8 R B0 P D T A T i R B A 4y
i R L ER . AR
R (x,y)=1(x,y)-logl,(x,y) 9)

2000

1500
1000
5001

0

0 100
(@) IR B I ET7

1200F
1000f
8001
600
400
2001
0

0 100
(c) MSRALBHGE R K H J5

0 100
(@) BB R ETTH

1800
1600
1400
1200
1000
8001
600
400
200
0

ot 0 100 200
(c) MSRALB &5 R K H I

B3 hEAELRI

Hrp I,(x,y) =logl(x,y)
Bk, FHEORAOR BT FHCE B 2P KON
Bt K, A5 002 H BHOIR AL

4 SRS

ARSI AL FR I B G RAE AN [R 55 R4 T 21740
Py, B s BT KN 100 % 100, 26K 8
1/30. W5 A SCHE TR 430 5 2 1117 MSR 3035 A HE B3k 0F
17 HO A S5 T o

B2 ~ B 4 530 RS 55 GRS EHR AL F Y 25
SRR I K BE T LN L SR 6 e T LR
TR SRR AN 7 T (AR 2 I E Ay, K 3 4 A
AT DX, B4R A I8 AR SCREE A BT HE BE S
MSR B892 5038 W . DAV B AR R ORI 5, 15 3]
HE 503 K55 5 1 5 B 308 A i L B3 20 10 A, AR S
AL S 0 GO R B S, TEREAR B 5 H AR
14 )2 R %

0 100 200
(b) HEALBEG5  RHLH T

200

00 200

Sy i1 0 100 200
(d) ARSCHIEA G R R IH T



R B S TG A SE AR T 1Y Retinex 575 1191

0 100
(@) RE BRI EHTTH

N A,’ f - 1400,

- : 1200

g 1000
3 :

800
600
400
200
0]

0 100
(c) MSRALBH &5 R R I H 7

200

100

= v 0 100
CESTEYE PRy Es v

Bla WEAHELERIT

ARSCHN A B T S B O B BEAE R PE
PR, X AR 0 2 A28 15 {5 8 E AT PR, X SRR K
s BRI MRS R 1~ 3 s

x®1 RELEWHE
& SRR pUE Tiigi ¥iH
JE 0.5463 5.7186 132.5170
HE 83k 1.2637 13.2218 94.8223
MSR ®.7k 1.1800 12.5287 161.5850
AR 3.1411 32.6962 144.8010
*2 PEZIEE
5% RIS JUEC T BI{E
JRE 1.6016 16.1342 170.4600
HE 53 2.9637 30.2218 94.8223
MSR #.7k 2.3654 23.8306 166.9644
AR 5.7951 59.3177 124.0861
*3 RESTHIE
IR%E RIS JUEC T ¥ifE
] 3.3808 34.7467 163.0091
HE 53 6.5792 68.2726 113.5228
MSR %% 5.0252 52.1130 146.3830
ARSCH 7.5165 78.2029 134.0549

IAFE BB AT LA Y, AR SO R U R
PR R R HE 3R MSR SR
AR SCO 400 o 1 PR 2 o I AR S ik
Qb B 1 28 B AMATE 120 a4, EINAF & A
MR WL | 5 S 4 Fy RS 28R
5 #5ig

BE X BLA ) MSR 575 2R FH [ 2 g O i, TG Tk W A2
XFAN ) 55 Ak i A 22 o 55 % DX ) Ah 3, 4 1 — 0
T S0, 0 56 1) I O 2% AT AF Retinex 5538, AT X A [
S IR R B 55 U8 DX 3 2R FH A IO 17 08 T8 50 s o SR
Y5 HE Bk DL E RE MSR Bk b7 30 HE A L
T HE Bk AR SCH A HUS /Y R 52, 4055 5 e

s A EE T8 RS MSR 583, AR SCARBRS 1o P f8ih 2%
240 SIS B ) A R Y A R EOR L AR
TR P R 2 7 R o i 8 10 7 ik 52 B U 38,
TR G 25 T 8 KRB MSR B3, An T 48 g Bk
A RCFRRE 2 i TR P

S 30k

[1] GONZAEL R C. Digital Image Processing[ M](2nd ed) . Bei-
jing: Publishing House of Electronics Tudustry,2003.460 — 521.

(2] WREAC, PNF] S, R B . — P e T 1 3 B 8 A9 8 S0
BIGIR AL Y] A I 5 3R 541, 2006, 20(6) : 76 -
80.

Chen G Y,Sun T J,Lei Y S. Fingerprint image enhancement
based on adaptive filter[ J]. Journal of Electronic Measurement
and Instrument, 2006,20(6) : 76 — 80. (in Chinese)

[3] F i, Birjm 25, BAE . CMOS [ 15 5 I 1 it T b FLHIF 5% M
SLT] AL, 2007,28(1) : 48 - 52.

Wang J, Chen Q M, Zhang D. Study on real-time image en-
hancement pre-processing for CMOS sensor[ J] . Chinese Jour-
nal of Scientific Instrument,2007,28(1) :48 — 52. (in Chinese)

[4] Rahman Z, Jobson D J, Woodell G A, Hines G D. Image en-
hancement, image quality, and noise [ A ]. Proceedings of the
Photonic Devices and Algorithms for Computing VII[ C]. San
Diego: SPIE, 2005 . 164 - 178.

(5] P SOk, 4508, Pham v . —Fh LR 855 vk [T ] 3L
R ,2006,26(1) : 154 - 156.

Rui Yibin, Li Peng, Sun Jintao. Method of removing fog effect
from images[ J]. Journal of Computer Applications, 2006, 26
(1) :154 - 156. (in Chinese)

[6] Rahman Z, Jobson D J, Woodell G A. Multi-scale retinex for
color image enhancement[ A ] . Proceedings of the International
Conference on Image Processing. Lausanne[ C]. Switzerland:
IEEE Press, 1996. 1003 - 1006.

[7] Bs%5  2ET Retinex PG Y {53 30 1L P 7S [ D] B At



1192 H +

2 2013 4f:

R BT R, 2006 .
Chen Wu. Image Enhancement Based on Retinex Theory[D].
Nanjing: Nanjing University of Science and Technology, 2006 .
(in Chinese)

(8] EXE . FREMGHGIBEAM 3T S5 [D] . Bt F L
TR, 2007.
Wang Dalei. Analyze and Research on Foggy Image Enhance-
ment[ D] . Nanjing: Nanjing University of Science and Technol-
ogy,2007. (in Chinese)

(9] VEZR Bt ok I —FhHr B4 B & N Retinex R34 38 J5 1 0F

FE[T]. 24402, 2010,38(12) :2933 - 2936.

Wang Ronggui, Zhang Xuan. A novel adaptive Retinex algo-
rithm for image enhancement[J]. Acta Electronica Sinica,
2010,38(12) :2933 — 2936. (in Chinese)

[10] VEZ 5T, K0, A T 4E, T I T BB 2 #1 i J ik 2 R
JE Retinex 5.3 J]. HL 727412, 2010,38(5) : 1181 - 1186.
Wang Ronggui, Zhu Jing, Yang Wangting, Fang Shuai. An im-
proved local multi-scale Retinex algorithm based on illumi-
nance image segmentation[J]. Acta Electronica Sinica, 2010,
38(5):1181 - 1186. (in Chinese)

[11] Jobson D J, Rahman Z, Woodell G A. Properties and perfor-
mance of a center/surround Retinex[ J] . IEEE Transactions on
Image Processing, 1997,6(3) :451 — 462.

[12] Kaiming He, Jian Sun, Xiaoou Tang. Single image haze re-
moval using dark channel prior[ A].CVPR 2009[ C] . Miami,
Florida: IEEE,2009. 1956 — 1963.

[13] Levin A, Lischinski D, Weiss Y. A closed form solution to
natural image matting [ A]. CVPR 2006 [ C]. New York:
IEEE, 2006.61 - 68.

EEEN

ERSE 1960 AT LRI I
HURE AT 1 3 I DAl R AL S 15
SEABERR, P A S, P E L R
S0y, EEAFFETT 1 R RE LR A B A0 AT
BT ARG PR

HEEGBEEER) T, 187 FLAETE
BoeWl, ATl R E LS fE BB Bt L
Fete, ERWITETT ) 0 RE AR AL B 5 20 A7 7
B R RGBT
E-mail : fifeng1 987 @ 126 . com



