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ABSTRACT In this paper, we proposed an improved fog-removing method in order to make 

the images becoming more clearly and more easy to recognition. The proposed method 

combines the Retinex algorithm and wavelet transform algorithm. The proposed method 

fustly use Retinex algorithm to enhance the image, then the wavelet transform algorithm is 

used to enhance the details of the image, fmally a clearly image which are removed fog can 

be obtained after reduce the noneimportant coefficients. Through analyzing the PSNR (Peak 

Signal-to-Noise Ratio) of the image contrast, the images which are processed by our 

proposed method have the PSNR values higher than the traditional Retinex algorithm's.  

Index Terms-foggy image, Retinex algorithm, Wavelet algorithm, PNSR 

INTRODUCTION  

Recent years, haze weather became very 

serious in China. This kind of common 

weather phenomena will produce 

whitening effect, will cause the image to 

degenerate, even fuzzy, which will bring 

the serious influence for the 

transportation system and the outdoors 

vision system. Therefor there is a new 

requirement to deal with to fog image 

clarity and realistic. With the continuous 

development of computer hardware and 

software technology, it became possible to 

remove fog from the massive images. 

Nowadays, there are several 

representative algorithms for fog-

removing proposal. They can be divided 

into the following:  

1.1. The global image contrast 

enhancement method  

Global fog image enhancement method 

refers to the adjustment of the grey value 

is determined by the statistical 

information of whole fog image. There has 

no any relation with the adjustment point 

of the region. Such as Brian Eriksson [1] 

take advantage of the curvelet transform 

to automatic remove fog using the 

vanishing point detection based on 

curvelet. But the disadvantage of the 

algorithm is only relative to improve the 

quality of images, not in the true sense of 

removing fog from image. Retinex 

algorithm [2, 3] is a model describing the 

color invariance, it has the characteristics 

of dynamic range compression and color 
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invariance, caused by uneven illumination 

and low contrast color image has very 

good effect. Retinex has taken the great 

attention by researchers in recent years, 

including Single Scale Retinex algorithm 

(Single Scale Retinex, SSR)[2] and 

multiscale Retinex algorithm (Multi-scale 

Retinex, MSR)[3] application has achieved 

great success. The lack of this algorithm is 

the image detail is not obvious.  

1.2 The methods based on the deepth 

relationship of fog image restoration.  

Reduce the depth information of image is 

an important clue to restoration of fog 

images. According to the scene depth 

information is known, this recovery 

methods can be divided into two 

categories. One method is assumed scene 

depth information is known. This method 

fustly suggested by Oakley [4]. Another 

method is to use the auxiliary information 

extraction method. Interactive depth 

estimation algorithm and the known 3D 

model to get the scene depth, such as the 

Kopf method [5] is to obtain the depth of 

field using the known 3D model, so as to 

recover the fog image. However this 

algorithm also has disadvantages: fustly 

the 3D model conditions are very serious, 

and this algorithm is not automatic, it is 

difficult to be run in real time.  

1.3 Image restoration based on prior 

information.  

Many researchers focus on how to solve 

completely removing fog for signal image 

according to the variation in the fog 

concentration. In this early work was done 

by Tan [6]. Moreover, Fattal [7] and 

others under the assumption that the 

transmission of light is local not related 

with and the scene target surface shading 

part, to estimate the scene irradiance, and 

thus derived the propagation image. In 

this paper an improved fog removing 

method for the traffic monitoring image, 

which combining Retinex algorithm and 

wavelet transform algorithm is proposed. 

The proposed method firstly use Retinex 

algorithm to enhance the image, then the 

wavelet transform algorithm is used to 

enhance the details of the image, finally a 

clearly image which are removed fog can 

be obtained after reduce the none-

important coefficients. The proposed 

method can effectively remove fog from 

the image taken in heavy fog weather. 

The estimation showed that it is better 

than the traditional algorithms such as 

Retinex algorithm [2, 3] and Dark grey 

prior [8].  

AN IMPROVED FOG-REMOVING 

METHOD  

2.1. The Retinex algorithm.  

Retinex algorithm [2, 3] has showed good 

effect on removing fog from image. 

Retinex algorithm is to reduce the effects 

ofincident light on the image, and to 

strengthen the reflection image as follows: 

Rt! x, Y) = loglt (x, y) -log [F (x.v) old x, 

y) J 1= 1, "', n (1) Rl(x,y) is the output 
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corresponding to the L channel, II (x, y) is 

an input luminance image pixel value of 

the L channel, the parameter * is the 

convolution operation, the parameter n in 

the color channel number, F (x, y) 

represents the center / surround function, 

it is represented by Gauss function as 

formulation (2). F(x,y) = Ke-ex2+y2)/u2 

(2) The parameter (j controls center / 

surround function range, the value is 

smaller, the center / surround function is 

sharper.  

2.2. The wavelet transform algorithm. 

 2-D discrete wavelet transform algorithm 

is a well-known method for image 

processing. It use high-pass filter and 

lowpass filter two times respectively at 

horizontal and vertical direction, the 

decomposition results are as follows: the 

approximate component A, the level of 

detail components H, vertical detail 

coefficients V and diagonal detail 

component D. Approximate coefficients 

represent the background picture which 

has the lowest frequency, detail coefficient 

represents the scene information which 

has the high frequency.  

2.3. The imporved fog-removing 

method Retinex  

algorithm can enhance most of the 

information of image, however but since it 

just increases the overall outline, the 

details of the image are not outstanding. 

On the other hand, wavelet image 

enhancement by suppressing low 

frequency information of the image and 

enhanced image of high frequency 

information so as to enhance image 

details and outline of the image noise 

reduction at the same time. We propose 

an improved fog-removing method which 

has combined the merits of Retinex 

algorithm and Wavelet transform 

algorithm, this improved fog-removing 

method firstly use Retinex algorithm to 

enhance overall outline information of the 

image; then use wavelet image 

enhancement method to get high 

frequency information from the Retinex-ed 

image, finally a more clearly and fog-

removed image can be obtained. We 

named this improved method as R + WT 

algorithm. The steps of the R+WT method 

are as follows: (a) Input the fog-image. 

(b) Put the above fog-image into 

logarithm domain. (c) To obtain the result 

image R(x,y) by using the above 

formulation (1) and (2). (d) By using a 

linear stretch processing to make the 

above R(x,y) image size to be similar with 

the original image. (e) Using wavelet 

transform method decomposed R(x,y) 

image into two layers. (f) Then to increase 

the high frequency and suppress low 

frequency of the image from step (e). (g) 

Output the result fog removed image. 

CONCLUSIONS  

We propose an improved fog-removing 

method which has combined the merits of 

Retinex algorithm and Wavelet transform 
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algorithm, this improved fog-removing 

method fIrstly use Retinex algorithm to 

enhance overall outline information of the 

image; then use wavelet image 

enhancement method to get high 

frequency information from the Retinex-ed 

image, fInally a more clearly and fog-

removed image can be obtained. We 

evaluated the proposed R+WT method by 

using two evaluation methods, one is the 

subjective evaluation, and another is the 

objective evaluation. Both of these two 

evaluation methods have showed that the 

proposed 941 R+WT method is better 

than other traditional algorithms such as 

Retinex, and Dark Channel. Overall, the 

proposed R + WT method is more suitable 

for the fog haze weather image 

enhancement; especially improve the 

processing effect on fog weather's vehicle 

detection and license plate recognition. 

Using R + WT method processing, we can 

not only restore the most of the image 

information, but also reduce the noise of 

the image, it will be more convenient in 

the subsequent image processing. There 

are several future works we have to 

resolve. The one is we need to fInd a way 

to automatic control parameters based on 

the fog concentration. Another is to use 

R+WT method tyr to remove fog from 

traffIc video so as to help the traffIc 
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