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Dark channel prior dehazing algorithm based on edge optimization
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Abstract ;
dehazing. Aiming at this problem, this paper modified the dark channel prior dehazing algorithm, and proposed a new dark

Most of the computation time was consumed in the step of optimization the transmittance in the dark channel prior

channel prior algorithm based on edge optimization. The new algorithm firstly extracted the edges from crude estimated trans-
mittance image. Then, for the pixels on and near the edges, the difference matting optimization algorithm was performed on the
regions that the depth changed significantly. The experimental results demonstrate that the performance of the proposed algo-
rithm is substantially the same as the original one. The average computation time of the new algorithm is around 60% of the o-

riginal one. Therefore, it can reduce the computation load effectively and improve the speed of the dehazing algorithm.

T BIRRRY (39 25 1] 5 D Ak DM A 9 K 55 3 L PR 13
Wy B A, SR 2 5 25 TR IB A AT, SR AL A , b
B AL i P B TR R B, DAGE AR IROIE 55 1145 14 fee pL A 31

Key words: dehazing; image recovery; dark channel prior; edge optimization
0 357
FCRTE T AR IR B 2 U i, I IR 2 2 BB

ﬁ%%mﬁﬁm@%ﬁimgw 5 3 AT 1 ik P I
Hz—. TR, 55 35000 A8 UL RE FAIG, 24 Ak WL BE R 3 —
F97TE BT, R 2 B AR 2 5 7 A A i, DA Bk A 20 il
B BRI PR 5 A AL B A B LR L A
VTR IR 2 2t R — T A — 5 ol B P T A 1R R
TERSH, B 5 5 T MO R T 1 B R Y o IR R I
LA E RN 2 500 SRl S o R
FHEL . WANEREER LSS I AL ) ETHE
(GBI 22 B b)) B T R 1 35 R R S

S JR T 7 R P Al S PG G 5 5 ik i — A (A%
PR RE S RS R (R 5 UG R R R I i B o 3
TR ZS ) B — R R 2 2 5 O o 5 R MR A S — ik
{1 A 5 AL B S Fﬁ%EMHwFﬁﬁmﬂ%*‘
R (A R 5 8%

%%ﬁ%ﬂﬁ*@@@ﬂﬁﬁ%%%ﬁ%?ﬁ@l%
BITHIZ, I, 6L K R A D5 B £ 7 ik
Wty 7ESCHRI6,7 ] o, I 22 0 %, AR [ L A R
SEI e S R MRS B T

YRS B H: 2013-03-28; f&[E AHA: 2013-04-26
1EHE BN 6 L4 (1983-),

(8" o 2 R T 0 SR S A X R, % AR
U, — AR A E B FE . Tan™ 3% 76 R 3B X 35K, 3R AT
VIE i &, FIF MRF # %) ( Markov random field , B /R 0] 5 [
B ) HESR 49 385G T30 G 9 B A AR A R 85 [RI I, £ 1] Graph
Cut B RAG T B AL AL R E IR . Bt T A M RR
FERLRRET) Y PR BRI LS5 i ST 3% IR A O 1)
BB i AR, [ i 2 75— S0 R R 527 1 2 52 IX 47 4 Ha-
lo 07 o Fattal " B5E7E Jo 8 X SO ) S IR R 4, L) %
JCHIERE S H AR A 2 0 4 52 BA R i AN AR DGk . TE IR
T R SR R A LR R R . (HRH T
AL ET RO, Ak LM S n] B SR A, FEAb PR BEAEAR
RARPE BT H A B RS B o TEWR S R B B R
RBLT  BEfE BA R, 3 P BOR R R AR,
ST 5 3 T Y ) PP R 2 25 kT S 3 0
HHAA T2 WU B2 DA R8G5 32 5 SR 5 A 0K A A A ik
TR S S (Sl LA TE VT 5 5 Jo AR R S B A & TR A5 51
P AL IR = RN PN A EN S N A M
A SERCR o (B RZ A WA — 2o, Bls B &

BRI, HERLR, L), TR F A BRELE HEAX AR %L (shivx@ 163. com) ; £iFF

(1987-) ,Jc, A KA, Bl &, LA R T o1 A BARALRE s 4k (1984-)  Jo, b B S A W 4, ERAF R I o1 o B AL 2L 3 HALALE.



% 12 H1

B E S A g A i R R

- 3855 -

PN

S S e B, W A e 25 55 T IA R 23 i N [R] 2 TH R
TEXAGTHE SR AL L, B0 S R AL A B TSR T 42
SV SR o A SCE R W B S S AN 2 L 3R T30
G 8 55 5 k. EAE RO B b 5 SR AL
FEH 2 X IR B 5 %

1 BERUHBERERERE

W SR UG 6 ) L 6 1 25 55 4 W A 25 58O 1 A T AR
I3 R EL phy T A A P e A A A Ak P o R
I, o b B 7 B P A7 SR MR v . 76 LR ST, R B P
TEIR 22 GBI [a] 85t 1< 10 2 O P ML W A3 3 9 8 B 2% 7 (o)
PR TESC AL B R A v 5 A e 40 i 43 B L,
Fo/N R B i B G i B T LA IR S E , 043 % M x N
GRS A /N MN x MN (B hr 07 a4 6 o | T
H#REIE GG BUG P — MR S

T B S RE S K B T E e R RS 2 B s
() 37 FELAIE ), RO AR T %30 I S I, I L ARk %
RN, A B AR SR B 2 RO TR T, MIGiE
RS B B
1.1 WGBS RE NG RR

B BB o(x) IR A JG R LEE A (1) 7]
PAFIARAL RS i T3 R

__1x) -A
J(x)—maxu(x)’to) (D

A1 (1) WY LA RIS AT B 5 56 0 (o) 2 ) DA L 3%
ZHBERBEFENEIG . A, 253 U5 i 515 ()
AT LA B SE A T B SR ST 5 R

P L 25l AL A 1 1) 5 S S R AL ) 13 5 5 50
B J (o) R 2R JC5 R

e s
.
(D) BURIBHF 1(x)

(o) AL B = 1(x)

e

: 1 el I il
(d) e () SRAEH (e iy o) SRAFH Y
L% I (x) L J(x)

Bl () Fle(x) LLATA
MEL T a] LU iy e (o) e () 43 53000 1 6 55 P 1%
JCo) F1J (o) LR TRAY KIRA2EBIA K . EAF AL 2 K
B, AR KRR G DX IS R 0 R #) TG 5 R 22 AR DS, (R
ATYSRAT I3 DX I 5 WIS 9 22501 i i S 1 e 5 SR 2 52
Sk 8 3 PO 25 A A R RS2 )5 1 TR 55 LG RT LA &

(D 1J(x) =J(x) 1

25 5 W1 0 ) DCIRAETE 5 RIS 755 R RAR A AR B DA 5
[ s, 535 S A e o R AR U] P 30 % XA ) 5 T A
1 H KRR 3 25 25 RAOR 22 B AN K XS ) 5 [ 5 37 SR B 7 4k
ST 8 DX IR ] I 2 7 S 236 ] e B A A -3 Y X

1, AT DU S — DA AR 3, BB 5 3R I R 2 A0 1
1B  AE RIS AR T 35 515 ¢ () o, S IXIBUR AL T SR R oK
IR Fe gy , TG 0 XA I 5 R 3B/ N R P , W] LA
BNAPATICA o R, 355 321 b 3 G B W A XI5 3 50 A
L R A % B S ) DX 3R AR AT Y

A BT AT, BTG AAR)S B A 1 () A KRR
Gy PR R 5 E B AL A 1 033 G 2% o (o) P8, RA
BUDTRGY MR 3 P i 2 A WY 8 W ER A, 5 SR T4
A A B T3

1 T R SR 1 G 1 DR A T B T R A I8 AT R
WAL AL A AR LA (A, RO T A i IO L(x,y)
(R, FAB DXCBRTE L P HRUE S 0, X — B R KRBRAR T i85
O I . A 12 255 x310 JUMYIE R (H R
Gem AR TR SR R ECh 44 633, i R R EL 56.46% ,
IFETHEE L33k A B AR PR DU 2 B i a8 5 i oy G AE
T LI, S IMATAEARSE C kB L it 5, (2R
Bl C 2R keHs 0 77 ZARAL I ABHR 43, B3 2% W 8 9308 43

TETHE AR SHL C i, Je R T Sobel 31 457 74k R
WA T S 1 (), FORAS ] 1 () I A5 B X 2 1 2
B2 BUR h i 478 A B B 0 XSk 7 & SR A it 2 isf ]
BLEVH e %, FL MATLAB A2 s te_edge = edge( tc, "sobel’) ,
DR Ay ML Al 18037 5 38 0 (oo ) S0 5 9 300 T S0 00 0 1 Ak 20
55 FEB T () 5 2 1, AR A8 05 380 30 510 36 4k 3R D) v 1) 3 3
PSR 2, 0 () HEAR R SR SR 2 Z B A bl |
nox nffIE SN H NI H AR R SR B R, BT L, AL
Sobel LB R ¢ (o) MBS AR, LA Bl Je X P 1 15
RWTHEEEIREE AT R, FE A o, 5 0
R, VL n AR 58 R 04T I I AL 3, 15 B0 AR 24 I S5 C,
i s AT LA B H298 H] MATLAB A1 imdilate pR%8,

C N —g —AHEUR , Fo i JR A AR 2 T LIFR O R
LIPUR R AL X — BB R R B AT IR A B, At 1 42 DX
RN HARE 7T DL B4 0l AL S A5 T 5% 1 () 1%
WS GG A G S0 ) B (R R 2555 U 12 iB 3R
FEHI M (B RE BT LUME BICH

E(t;) =t/ Lt; + A (1, -1)"D(t; - 1) (2)

A (2) ES5H 5 3CHR13 ]+, Levin 40 PR & B L 1L
Ty AL, Bl —FR 3 2 VIR L, 5 — R A R B T, OC )
SEARSHD, CEI 1 (x) B o, () LR, D IEE R AR ¢
() PORBBEMEAAE 1. D AYR/NG L AHIF], S0 ff 6 e, RS
G ADACRI 0] S AN A DA R = priok:n e S 3 ol D VA SR A
F AR AT LB ¢ Co) 800 - 270 1, AR e S b 32
AT LR (1 XA, T LA E R ¢ (o) BB 45 0, ISR E
SRPAE BE AR AR S A DX, TR T S RO . AT DA A
TAHENR C R D BEUE,

ATSTH R F die /N 3R s fige B iU i M (B e KX (2) B
/N ()

t;(x) =(L+AUD) “"i(x)C (3)



- 3856 -

AN E R R

1.2 BEREEESHR

T B FN G BT R T

a) fif Y Bt 30 ST 0 ) B PR 2 35 SR A P D 0y 5 55
1% 1(x) A EIRIBEAL THAIB S 1 (x) FIRSIAETE A

b)) {8 I Sobel 31 5% 55 b FHRE I Ak 11 1) 328 54 3 0 () $RIR
G A5 BRI 75 5 S el v B AR A0 B 8 09 X3, SR 5 AR
i ST St 7 00 /N, o B R 1 Gk kAT R Ak A B, B
JRZ X I e, AR —AHZY KA C

o) MRS IR 7 25 R 1 (x) FRA B Z(H AR C, 3157
WO R BT RS R L2 SRS 5 D;

d)FERAFH L.D.C F o () FRAZ(3) SRAFHB A3 X itk 47
ACSE I 1, (%) 5

e) M ¢, () A FIT(x) M) B RFEENR T (x) 5

) R4 155 150, 181 6 Pl A B AT LL B

F 2 NGB At R A

-l

(d) —MHARE C () BAMMIGER A 1,(x)

() EFIRER
B2 BEGARD GO R AR A

2 LWHERKRIH

ARSI S A5 RIEAE CPU WU 2. 66 GHz FAE RGN
Windows XP.N77 K 4 GB IR ML EARTGIY. a1 i
LR T MRS A ol s A AR A AR i
SERRE Wl D i S ] o

T S A5 R B HE AT L B, B SR T A
SR FE R R R X AN, 7218 3 ~ 5w R S
EEZRBI IR R TRr ORI T . XN, Il
B SEH IR T A AEAR I 1 S DX 32 7 81 8 R 1) o B
At D A3k 4 DA I SO AR 5, AT 3 B 2 2 L [
] DA 125 F 25 I T ) 43255 S8 45 R A P )~ 9 0T i
CBIFLM o 1R FH OR339 1, 3 3 70 DX SRl A AR L A Ak
B AR TRIAG AOAE R, A BB . 0 T — i
BN 300 x 450 1R 195 55 M AR, IS0k i AT
FEFAIN 19,971 s, Horp (AL IS Al T 1) 28 3 AR I 14. 612 5,
WA B RN 3% o TR AN SO ot Rk, AT
RIS F) 1 13.304 s SCg T SR A = RN [R] 23 B R 1
PR AT R LA S S TR 1 LU Nk 1 R

(a) R & ER (e) LG

B3 GBS S SR A A L

(a) iU & 2 B 1% (b) a5 ()G
P4 Sz B I SR A 2R L 2

(a) R B
PS5z i B B S 4 R He s 3
F 1 BEIE LR

(b) JFUER (e) LG

K% RN IG5/ MG/ s

A3 300 x 450 19.971 13.304

[ 4 450 x 600 37.169 23.739

5 450 x 600 42.628 26. 147
3 HRiF

AR T — A SR EE KSR AR T S
SRR SRR A — 0 L ROR B Rl B, A 5ok b TR 3R
TR TRE R R AIE IS A . ARIA N GE T
MR AG T 00375 T A rp R BGh 2%, BRI IS Hh 37 se ik g A8 Ak
WS X B S 28, AT 389 48 T TR ], SRae 2 R 3k
W, 2B Y 2 B B ]Sy J G5 I R B 60% A2 A, [F]
A, B ) R IR T LS S G RV 1 L B R O L DX B
S 3k
[1] PERRY A H,SYMONS L J, SYMONS L. Highway meteorology [ M].

London:; E&FN Spon, 1991 ; 91-130.

[2] SNOWDEN R J,STIMPSON N,RUDDLE R A. Speed perception fogs

up as visibility drops[ J]. Nature,1998,392(6675) :450.

[3] 3pakh, g%, 8, F BREFHAFRGERERZ[]]. #HF

ALEL R ,2010,30(9) :2417-2421.

[4] X684 7, k% JUFF BAR3058 ok e B0 b ac [J]. e s

e F R HR,2010,28(6) :60-63.

[5] #aa, Em. ATEHEME—BRBEEFRAZTFLELT].

P AME AR R ,2012, 29(9) ; 3591-3593.



- 3862 - it F o

#30 %

York : ACM Press,2006 :835-844.

[3] LAW-TOJ, CHEN Li, JOLY A,et al. Video copy detection: a com-
parative study[ C]//Proc of the 6th International Conference on Image
and Video Retrieval. 2007 :371-378.

[4] XIE Qing, HUANG Zi, SHEN Heng-tao, et al. Efficient and conti-
nuous near-duplicate video detection[ C]//Proc of the 12th Interna-
tional Asia-Pacific Web Conference. 2010.

[5] YEH Mei-chen, CHENG Kwang-ting. Video copy detection by fast
sequence matching [ C ]//Proc of ACM International Conference on
Image and Video Retrieval. New York: ACM Press, 2009.

[6] HUA Xian-sheng, CHEN Xian, ZHANG Hong-jiang. Robust video
signature based on ordinal measure[ C]//Proc of International Confer-
ence on Image Processing. 2004 :685-688.

[7] SHEN Heng-tao, SHAO Jie, HUANG Zi, et al. Effiective and efficient
query processing for video subsequence identification[ J]. IEEE Trans
on Knowledge and Data Engineering,2009, 21(3) .321-334.

[8] TAN H K, NGO C W, CHUA T S. Efficient mining of multiple par-
tial near-duplicate alignments by temporal network [ J]. |IEEE Trans
on Circuits and Systems for Video Technology, 2010, 20(11) :
1486-1498.

[9] TAN H K, NGO C W, HONG R, et al. Scalable detection of partial

near-duplicate videos by visual-temporal consistency[ C]//Proc of the

17th ACM International Conference on Multimedia. New York: ACM

Press,2009 ;145-154.

HAMPAPUR A, BOLLE R M. Comparison of distance measures for

video copy detection[ C]//Proc of IEEE International Conference on

Multimedia and Expo. 2001 :737-740.

[11] HAMPAPUR A, HYUN K H, BOLLE R. Comparison of sequence
matching techniques for video copy detection [ C]//Storage and Re-
trieval for Media Databases. 2002 ;:194-201.

[12] WU Xiao, NGO C W, HAUPTMANN A, et al. Real-time near-dupli-
cate elimination for Web video search with content and context[ ] ].
IEEE Trans on Multimedia,2009, 11(2) :196-207.

[13] CHEN Li, STENTIFORD F W M. Video sequence matching based on
temporal ordinal measurement [ J]. Pattern Recognition Letters,
2008, 29(13) :1824-1831.

[14] KIM C, VASUDEV B. Spatiotemporal sequence matching for efficient
video copy detection[ J]. |IEEE Trans on Circuits and Systems for
Video Technology, 2005, 15(1) ;127-132.

[15] EHRIG H, TAENTZER G. Computing by graph transformation; a
survey and annotated bibliography[ R]. [S. L. ]:Leiterder Fach Bib-
liothek Informatik, 1996.

[16] ZHANG Hong-jiang, KANKANHALLI A, SMOLIAR S W. Automatic
partitioning of full-motion video[ J]. Multimedia Systems, 1993, 1
(1):10-28.

[10

[

[17] SHAHRARAY B, GIBBON D C. Automatic generation of pictorial
transcripts of video programs[ C]//Multimedia Computing and Net-
working. 1995:512-518.

[18] ZHANG H J, WU J H, SMOLIAR S W. System for automatic video
segmentation and key frame extraction for video sequences having both
sharp and gradual transitions: US, 5635982 A[ P].1997-06-03.

[19] DIRFAUX F. Key frame selection to represent a video[ C]//Proc of
International Conference on Image Processing. 2000 :275-278.

[20] SZE K W, LAM K M, QIU Guo-ping. A new key frame representa-
tion for video segment retrieval [ J]. IEEE Trans on Circuits Sys-
tems for Video Technology, 2005, 15(9) :1148-1155.

[21] TRUONG B T,VENKATESH S. Video abstraction: a systematic re-

view and classification[ J]. ACM Trans on Multimedia Compu-

ting, Communications, and Applications, 2007, 3(1) :1-37.

KUCUKTUNC O, GUDUKBAY U, UIUSOYA O. Fuzzy color histo-

grambased video segmentation [ J]. Computer Vision and Image

Understanding, 2010, 114(1) :125-134.

DOUZE M, GAIDON A, JEGOU H, et al. INRIA-LEAR’s video

copy detection system [ EB/OL]. (2008 ). http://www-nlpir. nist.

(22

[

[23

[

gov/ projects/tvpubs/tv8. papers/inria-lear. pdf.

[24] ZHANG Xu-dong, LIU Tie-yan, LO K T, et al. Dynamic selection
and effective compression of key frames for video[ J]. Pattern Reco-
gnition Letters, 2003, 24(9) :1523-1532.

[25] GUIL N, GONZALEZ-LINARES J M, COZAR J R, et al. A cluste-

ring technique for video copy detection[ C]//Proc of the 3rd Iberian

Conference on Pattern Recognition and Image Analysis. Berlin: Sprin-

ger-Verlag,2007 :452-458.

FURHT B, SMOLIAR S W, ZHANG Hong-jiang. Video and image

Boston ; Kluwer Academic

(26

—

processing in multimedia systems [ M ].

Publisher, 1995.

LIU Hong, LU Hong, WEN Zhao-hui, et al. Gradient ordinal signa-

ture and fixed-point embedding for efficient near-duplicate video de-

tection [ J]. |EEE Trans on Circuits and Systems for Video

Technology, 2012, 22(4) :555-566.

[28] xlgr. & ZAFHMILEMELID]. Lif: L2 XF, 2012,

[29] Final list of transformations [ EB/OL]. (2008 ). http://www-nlpir.
nist. gov/projects/tv2008/active/copy. detection/final. cbed. video.

[27

[

transformations. pdf.

[30] LIU Hong, LU Hong, XUE Xiang-yang. A segmentation and graph-
based video sequence matching method for video copy detection|[ J].
IEEE Trans on Knowledge and Data Engineering, 2013,25(8) .
1706-1718.

[31] XUE Xiang-yang, ZHANG Wei,GUO Yue-fei, et al. Fudan university
at TRECVID [ EB/OL]. (2008 ). http://www-nlpir. nist. gov/pro-
jects/tvpubs/tv8. papers/fudan. pdf.

(L35 3856 )

[6] SCHECHNER Y Y, NARASIMHAN S G, NAYAR S K. Instant de-
hazing of images using polarization[ C]//Proc of IEEE Conference on
Computer Vision and Pattern Recognition. Kauai, HI: IEEE Computer
Society,2001 ; 1-325.

[7] SHWARTZ S,NAMER E, SCHECHNER Y Y. Blind haze separation
[ C]//Proc of IEEE Conference on Computer Vision and Pattern Re-
cognition. New York : IEEE Computer Society, 2006: 1984-1991.

[8] SONKA M,HLANACE V,BOYLE R. B 4 2 54 &5 AL & A5
[M]. 3BH, K dh, 5.2 . b7 ARBRE HRAE,2003.

[9] TAN R. Visibility in bad weather from a single image[ C]//Proc of

IEEE Conference on Computer Vision and Pattern Recognition. Wash-

ington DC:IEEE Computer Society,2008 :2347-2354.

[10] &y, Fhomy, B K THEAER o ik L 1g AR X F 7k
[J]. a3 33R,2011,37(2) :143-149.

[11] FATTAL R. Single image dehazing[ J]. ACM Trans on Graphics,
2008,27(3) :1-9.

[12] HE K,SUN J,TANG Xiao-ou. Single image haze removal using dark chan-
nel prior[ C]//Proc of IEEE Conference on Computer Vision and Pattern
Recognition. Washington DC:IEEE Computer Society,2009 :1956- 1963.

[13] LEVIN A, LISCHINSKI D, WEISS Y. A closed form solution to natu-
ral image matting[ C]//Proc of IEEE Conference on Computer Vision
and Pattern Recognition. New York: IEEE Computer Society, 2006 ;
67-68.



