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Fast single image fog removal based on atmospheric scattering model
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Abstract; Based on the physical model of atmospheric scattering and an optical reflectance imaging
model, three major factors influencing the fog removal for a single image were discussed in detail. The
dark channel phenomenon was explained by the optical model, and the method to solve the parameters
of atmospheric scattering model was rigorously derived from a new view. The gray-scale opening oper-
ation was used to eliminate the interference from a while object to obtain the global atmospheric light
and the fast joint bilateral filtering technique was proposed to greatly improve the speed and accuracy
of atmospheric scattering function solving. Finally, the scene albedo was recovered by inverting this
model. Experiments show that the method can remove effectively the effect of lights from sky and en-
vironments and can recover the color and definition of original scenes. The simulation results indicate
that the processing time for an image of 576 X768 spends only by 1.7 s. As compared with the exist-
ing algorithm, obtained results on a variety of outdoor foggy images demonstrate that the proposed

method achieves good restoration for contrast and color deity, and improves image visibility greatly.
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Atmospheric Scattering Model
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Fig. 1 Atmospheric scattering model
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Fig.3 Restored images by proposed algorithms(images named Scene, Train, Tiananmen from top to bottom)
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Fig. 4 Comparison of different algorithms(Images named nyl2.nyl17 from top to bottom)



54 P

i A8« T ORI A TR S B ] 5 2 5 RO Bk 1045

4.2 ERFEM
4.2.1 whE L&A

He FTH 9 SoftMatting & #0192 — 4> KM
T I 2 Ty A 2 1 SR figk Tt , LA AR v A R[]
RS M B R, T —@8 K/ANK SaX
Sy, Tarel 8 ¥k B B W &2 2% B K O
(SxSySv InSv), H w5, Sy o {H Uk B 1 485 i R
. AE Teral Bk v, v {8 8 I 09 185 ARORT — ik
BUER R K 4 ey B, s, 09 BUE S R B
B 1/25, TAS SCH BT FH B 0300 108 I 4% 1Y)
B[R] 52 22 BE A OCSxSy) » & BIGAR R B 26 PE bR
B BA RS R PATROE,
4.2.2 TRIAHE

Bl fERMGR LS SN EIT ik 22 H
Hautiere % A # /9 7T UL 30 BB B2 3502 — i
BT e Al r B2, 36 W Ab B S A9 Pl 4% 140 2% o
BR BaEKz 0.

n—n

e*T T:i
Hodrang F1on, 2050 R MR L Caew y) FPR &
1% Lo (oo ) PRI LD B R H 5 g, RR R E 58 F
YRR, g0 Rm WK R85 . A Intel
(R) Core(TM)i5 CPU650@ 3, 20GHz, 2. 99GB
WAE., LR EE SRR 1 g,

®1 FRERLEERLE

Tab.1 Result obtained different algorithms

HFR ik P ] e r
He 13.602 7 0.06 1.342 4
Nyl2 Tarel 2.802 0 0.07 1.456 7
576X768  Fattal 2.9130  —0.06  1.3203
ARCEZ 1,703 4 0.09 1.445 7
He 13.676 8 0.12 1.273 1
Nyl7 Tarel 3.100 2 0. 39 1.314 2
1024X768  Fattal 3.246 5 —0.12  1.5632
KRB 2.455 3 0.19 1.828 2

2% k-

[1] NAYAR S K, NARASIMHAN S G. Vision in bad
weather [C]. Proceedings of the 7th IEEE Inter-
national Conference on Computer Vision, Kerkyra,
Greece: IEEEICCV, 1999:820 -827.

(2] &A% HR,.F HRESFHEAAREGRE

M1 AT LAF 7 SOk 19 5 3 A 3
TRUGEET, e Frd6 brAs ) TR MR FE, 5
F W], AR AR X 5 It 4 75 ik A B A7 AR A A 2K
E

(D R &

(a) Original image

(DA CH L R4 R
(b) Restored image
K5 V5 QR E R

Fig. 5 Restored results of stained image

AR SR H B0 Rk R T ORI 2 D B AT
UE R L5 0] [ SR E G RO R R T
S AR BRI A5 R . T I E RS T R
PG EA 209515 B F W BRI B AR AL AT AR R
i 412 v Ak LS B2 Y [ R R A R A A R R TR AR R
. ARSI AEAS TR BOL e B #EAT T B2
TE I BR TG ) I e K s 3 B O R
FEPEX A TR S B AR . AR SO L g
Jay BRI 25 44 T8 3R B9 RO I R T P8 0h B e R Y
Rob BAER RSO 2R %0 S8, T—2
4 AT 2 AT AT S S A Sl T IR D
A4 L, PRAIE 37 57 20 D ) €0 % 3 B2 R 3 BT

JEEL)]. AR R ,2010,90(9) :2471-2412.
GUO F,CAI ZX,XIE B, et al.. Review and pros-
pect of image dehazing techniques[ J]. Jowrnal of
Computer Application, 2010, 90 (9) . 2471 -2412.
(in Chinese)

[3] TAN K, OAKLEY P ]J. Physics-based approach to
color image enhancement in poor visibility conditions

[J]. Optical Society of America, 2001, 18(10):



1046 A M TR %21 %
2460 -2467. ges[ CJ. Proceedings of the Polarization Science

(6]

[7]

(8]

[9]

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

TAREL ] P, HAUTIERE N. Fast visibility resto-
ration from a single color or gray level image[ C].
Proceedings of the 12th 1EEE International Con-
[erence on Computer Vision, Kyoto. Japan: IEEE-
ICCV,2009:2201-2208.

HE KM, SUN J, TANG X. Single image haze re-
moval using dark channel prior[C]. Proceedingsof
the IEEE Conference on Computer Vision and Pat-
tern Recognition, Miami. USA:. IEEE-CVPR,
2009: 1956 -1963.

PARIS M,FREDO D. A fast approximation of the
bilateral filter using a signal processingapproach
[C]. Graz, Austria:
berg, D-69121, Germany,2006:568 -580.

CHEN J W,PARIS S, DURAND F. Real-time edge-

Springer Verlag, Heidel-

aware image processing with the bilateral grid [C].
Proc. of ACM, SIGGRAPH’ 07. [ S L].: ACM
Press, 2007.

NAMER E, SCHECHNER Y Y. Advanced visibil-

ity improvement based on polarization filtered ima-

EE R

41980 —) . B LI AL
T B, EE N R B
T e A QR G888 7 B AR .

E-mail: sunweitom(@ yahoo. com. cn

ARG 1966 —), W, MR AL, 5
P TREVW B 525 1) S e AMLEE il 5 S
i fE BB, E-mail: lidajian66 @ si-

na. com

[10]

[11]

[12]

[13]

[14]

and Remote Sensing I1. San Diego, USA: SPIE,

2005:36 -45.
& WL koM, LR AL R T B AR R (PR BRI
K4 L% kL], B 3L 4R, 2011,37(2) ; 143-
49.
YU J,LI D P,LIAO Q M. Physics-based fast sin-
gle image fog removel [J]. Acta Automatica Sini-
ca,2011,37(2):143-49. (in Chinese)
FILER . EE . F RIS REBRERLT] &5
#4R,2010,38(10) :2279-2284.
FANG S.WANG Y.CAO Y.et al.. Restoration of
image degraded by haze [J]. Acta Electronica Sin-
ica,2010,38(10):2279-2284. (in Chinese)
HAUTIEREN, TAREL ] P, AUBERT D, et al..
Blind contrast enhancement assessment by gradient
ratioing at visible edges[J]. Image Analysis and
Stereology Jowrnal,2008,27(2) :87 -95.
KOHLER R. A segmentation system based on thresh-
olding [ J]. Computer Graphics and Image Process-
ing,1981,15(4):319-338.
http://research. microsoft. com/en-us/um/people/

kahe/cvpr09/index. html[ OL].

X2 48 (1987 — ), L, Bl B T AR Uil
+, FEMSEIT 1 T ANUE SRS
Bl g M5 BAL % . E-mail: crea-
tivel987@126. com

B B9800 —). B TR, A+, &
BERFGE DT Im) SRy e ANHLAT: 55 R R 5 4 il
i 5 B AL RS . E-mail: hello. jiawei
@163. com

(RRIERE REWW FEEH)





