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Abstract—Image contrast enhancement and 

defogging is an important area in image processing. 

It is common in poor weather conditions that the 

moisture or pollutant particles suspending in air 

result in attenuation, absorption and scattering. This 

effect often degrades image quality by low contrast 

and faded colors, and thereby impacts negatively on 

the accuracy of the subsequent procedures such as 

object detection, recognition and analysis. Thus, we 

develop asingle image defogging or dehazing 

algorithms for the restoration of image quality along 

with contrast enhancement. In this project intrinsic 

image decomposition priors into decomposition for 

contrast enhancement, Gaussian based dark channel 

technique and fusion based transmission estimation is 

used for efficient defogging. 

Keywords—defogging, contrast enhancement, 

fusion based transmission estimation, intrinsic image 

decomposition, Gaussian based dark channel 
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I. INTRODUCTION  

Degrading of images acquired by camera, in terms of 

visibility is often introduced to images captured in 

poor weather conditions, such as fog or haze. To 

overcome this problem, existing approaches focus 

mainly on the enhancement of the overall image 

contrast. However, the usage of enhancement 

schemes which destroy the naturalness of the image, 

it is often difficult to achieve quality results. In this 

paper, along with improved contrast enhancement 

scheme based on intrinsic image decomposition, a 

fusion-based transmission estimation method is 

introduced to adaptively combine two different 

transmission models. Specifically, the new contrast 

enhancement scheme, fusion weighting scheme and 

the atmospheric light computed from the Gaussian-

based dark channel method improve the estimation of 

the locations of the light sources. 

II. LITERATURE SURVEY 

The research on image defogging has been done by 

many research institutions and has got different 

variety of results depending on the 

defoggingalgorithm .Each applications may require 

different algorithms or an efficient algorithm might 

be enough for majority of the applications.The 

defogging algorithms are created because of the 

degradation of  image quality due to haze in the form 

of low contrast and faded colors which  impacts 

negatively on the accuracy of the subsequent 

procedures such as object detection, recognition and 

analysis[5]. The existing algorithms can be classified 

into two groups of single and multiple image based 

techniques, in terms of the number of input images 

[8] focused on the restoration of scene contrast and 

colors through user interactions and has a good 

restoration capability. However, due to the 

requirement of images as input the computation 

complexity increases and is not feasible for practical 

applications. In this paper we use single image 

defogging algorithm which reduces complexity. He et 

al. [9] used the dark channel prior information to 

estimate the depth of the scene and the atmospheric 

light. The transmission map is then refined by closed 

form alpha matting technique but this increases 

computation complexity and processing time which 

need to be considered in practical applications.Zhu et 

al. [10] considered the scene depth as weighted sum 

of brightness, saturation and error and a learning 

strategy was applied to estimate the coefficients in 

depth model to remove the haze but this was limited 

due to insufficient information for mathematical 

models and complexity in computations. The contrast 

enhancing methods can be classified as histogram and 

Retinex based. Histogram based methods by 

modifyinghistogram distributions enhance the 

contrast of an image. However, this method change 

the brightness of the image and may result in over 

enhancement. Therefore, many constraints were 

introduced including brightness preservation [12], 

contrastlimitation [14], weightedadjustment [13] to 

overcome the drawback of histogram equalization 

method. Retinex based method assumes human’s eye 

sees scene as a product of reflectance and 

illumination layers [11]. Earlier days Retinex based 

enhancement methods usually utilize the enhanced 

reflectance layer as enhanced output [15][16][17]but 

this might destroy the naturalness of the images. To 
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overcome this problem instead of enhancing the 

reflectance layer illumination layer can be adjusted. 

This also solves the problem of over and under 

enhancement of images. The intrinsic image 

decomposition was first proposed by [18] which 

separates reflectance and illumination layers. The 

illumination value represent the amount of reached 

light and the reflectance values, invariant to 

illumination conditions, depict the intrinsic color of 

the material. 

In this paper, an efficient and effective single image 

defogging method is introduced. This algorithm 

determines the atmospheric light with high accuracy 

using Gaussian based dark channel technique. We 

combined the fusion based defogging techniques and 

improved contrast enhancement based on intrinsic 

image decomposition to reach the effective detailed 

outcome  

III. OPTICAL SCATTERING MODEL 

A. Model description 

According to optical scattering model proposed by 

Koschmieder [3], the formulation of the hazy image 

can be written in the form of  

 
I(X) = J(X)T(X)+A(1-T(X)),                      (1) 

Where I(x) is captured hazy image, J(x) is haze-free 

image, T(x) is the transparency function between the 

scene objects and the lens of the camera, term A 

denotes the atmospheric light. The first term 

J(X)T(X) is a multiplicative mapping process which 

represents the attenuation during the propagation 

through the hazy medium. The second term A(1-T(x)) 

denotes the light pattern, resultant from propagation 

loss and scattering. If the propagation medium is 

homogeneous then the transparency function T(X) 

can be modeled as 

 
            T(X) = 𝑒−𝛽𝑑(X) ,   (2) 

Where β is the scattering coefficient, d(X) is the 

scene depth. 

B. Objective 

Objective of the formulation is to restore the Haze 

free image J(X) from the captured fog containing 

image I(x) through the estimation of the transparency 

function T(x) and atmospheric light A. 

IV. PROPOSED METHOD 

 The proposed image defogging by contrast 

enhancement and fusion based defogging will be 

presented in this section. First, the overview of the 

proposed method is illustrated. Then, the main 

modules: Gaussian based dark channel technique, 

intrinsic image decomposition for contrast 

enhancement, fusion based transmission estimation 

will be presented in details.  

A. Overview 

The framework of the proposed method is 
depicted in Fig. 1. Given an input hazy image, I(X). 
Based on  

 

Fig 1:The frame work of proposed model 

 
the optical scattering model, we first estimate the 
atmospheric light with Gaussian based dark channel 
technique (while avoiding the color fading problems). 
Then to enhance the low contrast or detail part while 
prevent from the over enhancing with similar pixel 
value we impose a contrast enhancement technique. 
Then the transparency function is estimated using 
theFusion weighting function. And finally the haze 
free image, J(x) is restored from hazy image, I(X). 

B. Gaussian based dark channel technique. 

This technique is used to estimate the atmospheric 

light, A in equation (1). Traditionally, A is considered 

as the brightest pixel in the input image (assuming 

there are no saturated pixels). But this is not so in all 

practical cases. According to He’s [9] method, the 

atmospheric light can be correctly obtained through 

the selection of part of brightness pixels in the dark 

channel of the normalized input. 

Idark  X = min
Y∈Ω(x) 

minC∈{r,g,b}
Ic (Y)

Ac (3) 

Where A
c
 is the atmospheric light of color channel, C 

and I
c
 is the input hazy image of color channel, C. 

Local path is denoted by 𝛺(𝑥) and Idark  is the channel 

of image, I. But for complicated scenes two min 

operators seems computationally expensive and 

might degrades the accuracy. To overcome this 

deficiency, a Gaussian based dark channel IGdark is 

introduced 

 
IGdark(X) = W(X)*M(X)                                          (4) 

Where M is the minimum component of I and W(X) 

is the Gaussian function.  
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M(X) = minc∈{r,g,b} Ic(5)W(X) = 
1

 2πσ2
e
−

X 2

22K     (6) 

 K=max (size(I
c
(y)))                  (7) 

 

In Gaussian each pixel is substituted by the Gaussian 

average value instead of the minimum in the local 

patch to reduce sensitivity. Moreover, according to its 

physical properties the Gaussian based dark channel 

should also be subject to the constraint 

 

IMdark (X) = min (IGdark (X), M(X)) 

 

Here, we calculate atmospheric light and the fusion 

process A (1-T(X)) will be calculated on the basis of 

transparency function, T(X). 

C. Contrast enhancement 

The proposed contrast enhancement method is 

described as follow. Given an input color image I, we 

first convert this image into HSV representation. 

Then, the value (V) channel image is decomposed 

into illumination (L) and reflectance (R) layers using 

the intrinsic decomposition model [1].Now, L layer is 

adjusted by Gamma mapping function, producing an 

adjusted L layer, denoted by La. Then, the adjusted La 

is multiplied by the reflectance layer R to generate the 

enhanced V channel image denoted by Ve. Since the 

mapping function is performed globally, we adopt the 

contrast limited adaptive histogram equalization 

(CLAHE) [14] to further enhance the local contrast of 

Ve. The enhanced result is denoted asVe
 . Finally, the 

enhanced HSV image is transformed to RGB space, 

which yields the final result Ie. The two main modules 

are intrinsic decomposition [4] and illumination 

adjustment [1]. 

D. Fusion weighting function 

One key element of restoration procedure other than 

atmosphere the existing methods are not effective in 

the estimation of the transparency function.The 

existing methods are not effective in the estimation of 

the transparency function while maintaining the input 

image’s natural appearance. Thus, a new approach is 

introduced for the improvement of the estimation 

procedure by combining the information from both 

the strong and weak enhancement levels according to 

the fusion weighting function. The estimation of the 

transparency function is to calculate the degradation 

component contributed by haze or fog.At strong end 

of the range in terms of scene radiance high contrast, 

a transparency function can be formed. Then, based 

on the boundary conditions on the scene radiance [2], 

the patch wise transparency functions TS(x) can be 

formulated as 

 

TS(X) = TbX∈WX

closing
(X)(8) 

Tb(X)=min(1,maxc∈{r,g,b}(
Ic  X −Ac

C low
c −Ac ,

Ic (X)−Ac

Ch igh
c −Ac))(9) 

Where the closing is the morphological closing 

operation and the kernel set to 9×9; Clow
c  and Chigh

c  

are the lower and upper bounds, respectively; and 

Tb(X) is the resultant transparency function. 

 

Clow≤J(X) ≤Chigh 

 

The transparency function TS(x) is considered as the 

one with strong enhancement level. The transparency 

function TW(x), in terms of the weak enhancement 

level of scene radiance and with more natural scene 

appearance. , we assume that 𝐴 = 1 when calculating 

the transparency function TW(x). In general, for an 

image of size 640 x 480, the patch size is set to 19 x 

19 for TW(x), and Clow
c  and Chigh

c  are set at 10 and 

255, respectively [2].  

The hazy images can be divided into two regions, 

onewith heavy haze with extremely limited visibility 

and the other with less haze with faded colors and 

lower contrast. To conduct effective defogging the 

fusion weighting scheme is applied [2] assigning a 

greater weighting to TW(x) for heavy haze portion and 

TS(X) for less haze portion. The canny edge detection 

and the dilating morphological operation are imposed 

to the input image sequentially to identify and 

partition he images into the two types of region. 

 

Iedge(X) = dilate (edge (Igrey(X),α), β),         (10) 

 

Where α is the parameter of the sensitivity for edge 

detection and  β is the number of dilating 

iterations.The formulation of the weighting scheme 

for optimal performance is  

 

T(X) = (1-W(X) TW(X) +W(X) TS(X)                 (11) 

 

Where W(X) =GF (Iedge(X), I(X)),                      (12) 

 

The guided filteris used for the purpose of 

refinement, noise reduction and edge preservation 

[19][6][7]. It can be seen that the final T(X) is heavily 

influenced by TS(X) for a greater value of W(X). 

Similarly, T(X) is approaching TW(X) if the 

weighting of W(X) is low. The distribution of 

subjects, which is spread over the lower half of the 

image, will be the region for effective dehazing and 

the sky region, the top portion of the image, is 

relatively prone to over enhancement. This technique 

facilitates different weighting coefficients to be 

appropriately distributed to TW(X) and TS(X). 

Assigning a larger weighting to TS(X) on the bottom 

portion of the image effectively restores the original 

scene, while assigning a greater weighting to TW(X) 

onto the top part preserves the natural appearance. 

And finally, the guided filter is applied to T(X) for 

further refinement.  

V. EXPERIMENT RESULT AND DISCUSSION 

The proposed method is evaluated on different set of 

Images.One among those images is shown in fig. 2. 
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The experiment result shows that the output images

 

   
 

Fig 2: comparison of results proceeding from left to right, the hazy input image, Jing- Mingguo [2] method, and 

our proposed method. 

were enhanced in terms of contrast enhancement and 

removal of fog content. 

VI. CONCLUSION  

We proposed a method to defog images more 

effectively. The new combination of contrast 

enhancement scheme, fusion weighting scheme, and 

atmospheric light computed from Gaussian based 

dark channel method has been used in the proposed 

method. We use intrinsic image decomposition for 

contrast enhancement to enhance images by 

estimating illumination and reflectance layers. After 

decomposition, we perform correction on the 

illumination layer to boost the details globally. Then 

we adopt CLAHE to further enhance local details. 

Experimental results can demonstrate that our 

decomposition model outperforms existing image 

decomposition models in terms of image 

enhancement, and our enhancement method provides 

quality for a wide variety of images. We use the 

fusion based transmission estimation scheme and the 

atmospheric light computed from the Gaussian-based 

dark channel as defogging procedures with contrast 

enhancement to get the improved and efficient model. 
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