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ABSTRACT 

Degradation in visibility is often introduced to images captured in poor weather conditions, such as 

fog or haze. In this paper, a fusion-based transmission estimation method is introduced to adaptively 

combine two different transmission models. Specifically, the new fusion weighting scheme and the 

atmospheric light computed from the Gaussian-based dark channel method improves the estimation 

of the locations of the light sources. To reduce the flickering effect introduced during the process of 

frame-based dehazing, a flicker-free module is formulated to alleviate the impacts. The system 

assessments show this approach is capable of superior defogging and dehazing performance, 

compared to the state-of-the-art methods, both quantitatively and qualitatively. 
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INTRODUCTION 

 

The development of image defogging or dehazing algorithms for the restoration of image quality 

has become a task of great interest and importance due to the impacts on the accuracy of the 

subsequent procedures such as object detection, recognition and analysis. 

 

In general, the existing defog/dehaze algorithms can be categorized into two groups of single and 

multiple-image based techniques, corresponding to the number of input images. For the multiple-

image type, more information such as diverse degrees of polarization and multiple exposed images 

is available [1-3]. However, due to the requirement of multiple input images and high computation 

complexity, feasibility for practical applications has been limited.  
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In contrast, the first type utilizes only one single image frame, which can exploit prior information 

to solve the problems with mathematical constraints. The atmospheric veil function was introduced 

by Tarel and Hautiere [4] to improve the robustness of the results by the median absolute deviation 

(MAD) method instead of the traditional matting technique. Despite the quality performance, it 

induces the halo artifacts and color shift. On the other front, based on shadows, colored or dark 

objects, He et al. [5] utilized the dark channel prior information to estimate the depth of the scene as 

well as the atmospheric light. The transmission map is then refined by the closed-form alpha 

matting technique. However, the relatively long processing time due to computation complexity of 

the alpha matting impedes its practicality. Li’s method [6] acquired the maximum gradient among 

the highly and less restored levels and conducted the image reconstruction from the gradients using 

Poisson differential equations. Meng [7] formulated boundary constraints from the radiance cube 

and further replaced the maximum filtering with the morphological closing operator for the bright 

region. In addition, contextual regularization was applied to alleviate the halo effects caused by the 

abrupt depth jumps. Theoretic and heuristic bounds were introduced by Lai [8] to restrict the 

transmission range and optimize the transmission through a quadratic optimization problem based 

on the prior information from locally consistent scene radiance and context-aware scene 

transmission. Zhu et al. [9] considered the scene depth as the weighted sum of brightness, saturation 

and error. A learning strategy was subsequently applied to the estimation of the coefficients in the 

depth model to recover the hazy-free images through the optical scattering model. The applicability 

of these techniques remains limited largely due to the computation complexity or insufficient prior 

information for the mathematical models. 

 

In this paper, an effective and efficient single-image dehazing approach is introduced based on the 

optical scattering model [10]. This algorithm locates the positon of the atmospheric light with high 

accuracy and then determines the enhancement level of the input pixels sequentially. For the 

applications with video sequences, this method is designed to remove or reduce the flickering 

effects. Experimental results show that this algorithm can not only alleviate the color-fade effects, 

but also effectively restore the hazy portions of the images without introducing artifacts. Moreover, 

the superior computation efficiency makes it an excellent candidate for various real-time 

applications.  The complete flowchart of the dehazing algorithm is shown in Figure 1.  

 

 

PROPOSED METHOD 

 

A. Gaussian-based dark channel 

 

Traditionally, the atmospheric light is normally considered as the brightest pixel in the input image, 

assuming that there are no saturated pixels. However, this assumption is not valid in many practical 
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cases. According to He’s method [5], the atmospheric light can be correctly obtained through the 

selection of part of the brightness pixels in the dark channel of the normalized input 

                              
     

  , (1) 

where   and    denote the atmospheric light and the input hazy image of color channel c 

respectively;      is the local patch, and       is the dark channel of  . However, for complicated 

scenes, this method, which includes two min operators, seems computationally expensive. For 

example, in Fig. 2a, large white objects spread over the entire image. If we apply the original dark 

channel method directly with a large patch, the location as well as the value of the atmospheric light 

varies. Consequently, it degrades the accuracy of the atmospheric light model. To overcome this 

deficiency, a Gaussian-based dark channel       
 is introduced 

      
               (2) 

where M denotes the minimum component of I, and      is the Gaussian function  

                  
    , (3) 

     
 

     
 
 

  

   , (4) 

                    (5) 

It should be noted that the original patch-based min operator is replaced with the Gaussian blur 

operator, such that 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  

      
                      

            (6) 

Figures 2(b) and 2(c) show the comparison between the original dark channel and the Gaussian-

based methods, respectively. It is clear that the results of this method as highlighted in red and blue 

rectangles show more natural color and details. 

 

B. Fusion weighting function 

 

Other than the atmospheric light, one key element of the restoration procedure is the estimation of 

the transparency function. Because of the accuracy and reliability of the heuristic cues or constraints, 

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 level according to the fusion weighting function.  

The estimation of the transparency function is to calculate the degradation component contributed 

by the haze or fog. The feasible solutions of the estimation procedure are within a range. At the 

strong end of the range corresponding to scene radiance with high contrast, a transparency function 
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can be formed. Then, based on the boundary conditions on the scene radiance [7], the patch-wise 

transparency functions       can be formulated as  

                 
       (7) 

                          
        

    
     

        

     
       (8) 

where “closing” denotes the morphological closing operation,      
  and      

  are the lower and 

upper bounds respectively, and   (x) is the resultant transparency function  

                (9)  

This implies the result of the estimation process lies within the bounds of the constraints of the 

mathematical model. Experiment results in [11] show that the lower level of degradation due to the 

transparency function produces images with higher contrast, corresponding to the maximum 

operator 

       
           

 

    
            , (10) 

where     denotes the average of       in block  , and    is the number of pixels in the block. Thus 

based on this perspective, the transparency function       is considered as one with strong 

enhancement level. The transparency function      , corresponding to the weak enhancement level 

of scene radiance and with more natural scene appearance, can be obtained with a large patch size 

in the dark channel [5]. In general, for an image of size 640 x 480, the patch size is set to 19 x 19 

for       and     
  and      

  are set at 10 and 255 respectively. 

 

As described, two different transparency functions can be produced, corresponding to two different 

enhancement levels. The subsequent step is to seek the optimal combination of these two 

transparency functions. Based on previous observations, hazy images can be largely partitioned into 

two regions. One is the portion with heavy haze, and the other region contains less haze degradation. 

In the heavy-haze region, the fog or haze cover the entire region, with extremely limited visibility, 

and the pixel values in this region show limited variations. Heavy-level enhancement procedures 

may not translate into improvement of visibility. Instead, the procedures often introduce artifacts. 

For the second type of regions with less-heavy haze level, scenes are degraded to various degrees, 

resulting in faded colors and lower contrast. These regions are good candidates for effective 

enhancement. To conduct effective haze removal and reduction, the fusion-weighting technique is 

applied, assigning a greater weighting to       for the heavy-haze portion and       for the regions 

with less haze degradation. To start, the canny edge detection and the dilating morphological 

operation are imposed to the input image sequentially to identify and partition the images into the 

two types of regions for different levels of enhancement operations.  

                                   , (11) 

where   is the parameter of the sensitivity for edge detection and   denotes the number of dilating 

iterations. Subsequently, the guided filter [12] is applied to          for the determination of the 
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fusion weighting. It should be noted that the development of the guided filter was for the purpose of 

refinement, noise reduction, and edge preservation [12]. In this study, it is mainly applied for the 

determination of the formulation of the weighting scheme for optimal performance 

                               (12) 

It can be seen that the final      is heavily influenced by       for a greater value of     . Similarly, 

     is approaching       if the weighting of      is low. Figure 3 is the example of different 

components of Eq. 12. 

The distribution of subjects, which is spread over the lower half of the image, will be the region for 

effective dehazing procedure. In contrast, 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       and      . Assigning a larger weighting to       on the bottom 

portion of the image effectively restores the original scene, while assigning a greater weighting to 

      onto the top part preserves the natural appearance. As the final step, the guided filter is 

applied to      for further refinement. 

  

 

FLICKER REDUCTION 

 

The main source of the flickering effect is due to the change of the estimation of the atmospheric 

light patterns, which often disturbs the continuity of the results among adjacent image frames after 

the enhancement procedure. Based on the concept of background segmentation [13] for smooth 

updating, a flicker-free module is developed based on ViBe [14]. First, the atmospheric-light 

patterns derived from the first N image frames are utilized to establish the atmospheric light model. 

We can then estimate the atmospheric-light pattern of the subsequent frame through linear 

prediction, and compare it against the current model based on a voting scheme with two thresholds 

  and R to examine the differentials of the modeling parameters. Subsequently, the atmospheric-

light model is updated or reset according to outcome of the voting process. Finally, the atmospheric-

light pattern is replaced with the arithmetic mean of the values in the current model to update the 

estimation of the dehazing process. In summary, the procedure can be organized in the form of  

 

Step 1. Model initiation 

The atmospheric light patterns from the first N image frames are considered as N elements 

in the model. 

Step 2. Determination of the change of model parameters 

N Euclidean distances between the most current atmospheric light patterns and the elements 

in the model are calculated. Subsequently, with a given threshold R, these distances are 

partitioned into two groups to examine the change of light condition. 

Step 3. Updating of the model 

If the number of votes, representing that the light has changed, is higher than a threshold  , 



6 
 

 

the current atmospheric light is randomly updated to one of the elements in the model. 

Otherwise, the model should be return to Step 1 for reset and restart. 

Step 4. Updating of the atmospheric-light pattern 

The N atmospheric-light patterns in the current model are averaged for the estimation of the 

most current image frame of the video sequence. 

 

By taking advantage of the vibe-based update strategy, the sequence of atmospheric light features 

smooths out the variation, yet preserves the capacity of adaptive updating according to variation in 

scenes. In this study, the N,   and R are set at 5, 1 and 0, respectively, as examples for the 

demonstration of the performance of the technique. 

  

 

EXPERIMENTAL RESULTS 

 

The performance evaluation is performed with 100 hazy images of various sizes.  

 

A. Qualitative Evaluation 

Figures 4 show this new algorithm performs well in two regions corresponding to the sky and the 

rest of the images. One of the most significant characteristics of this technique is to allow 

partitioning of the images into separate regions and conduct the enhancement operations separately 

based on the nature of the image regions. The quality results were achieved because of the use of 

the fusion weighting function to incorporate the two enhancement levels for the two separate 

regions of the images. This approach significantly reduces the artifacts due to over enhancement.  

 

B. Quantitative Evaluation 

Currently, the most commonly utilized non-reference metrics for the quality measurement of a hazy 

image are (i) visible edge ratio, (ii) gain of visibility [16] and (iii) DIIVINE [17]. It should be noted 

that both the Meng and Tarel methods resulted in higher scores for the parameters e and r. This is 

mainly due to these two methods’ constraints or cost functions applied to the optimization process, 

which often leads to severe over-enhancement. This technique achieved the highest quantitative 

scores for the parameter DIIVINE, indicating applicability to direct viewing. 

 

C. Computation Complexity 

The simulation platform is based on Matlab2014a using Intel Core i7-3520M 2.9 GHz processor 

with 8GB RAM. Table II shows the processing time comparison of the related techniques. In 

comparison, this method demonstrated the efficiency in terms of computation time and shows the 

feasibility and potential for the practical applications. 
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D. Assessment of the flickering effects 

To quantitatively evaluate algorithm’s performance in the reduction of flickering effects in a video 

sequence, the IW-MSE [15] score is utilized. Figures 5 tabulates the statistical scores between the 

two consecutive frames. The green curve shows the IW-MSE scores of the original hazy video, and 

the red line illustrates the results of this method without the flicker reduction module. The peaks in 

between are largely induced by the inconsistent atmospheric light. It can be seen that the blue line 

shows lower IW-MSE scores, indicating that the flickering effect has been effectively reduced by 

the flicker reduction module. Figure 6 clearly shows the presence of the flickering effect without the 

flicker reduction module.  

 

 

CONCLUSIONS 

 

To establish an accurate model for the estimation of the atmospheric light patterns, the Gaussian-

based dark channel method was presented. In this model, the haze in an image is modeled as a 

multiplicative component to the original image instead of additive noise modeled in many of the 

traditional approaches. To further improve the effectiveness of the algorithms, two separate levels of 

dehazing operations were properly combined using a fusion weight function to achieve quality 

results without artifacts due to over enhancement. As the algorithm was extended from a single 

image frame mode to video image sequences, the ViBe method was utilized to reduce or removed 

the flickering effects commonly observed in the enhanced image sequences by the conventional 

frame-by-frame processing techniques due to the abrupt changes or disturbance to the sequence of 

enhancement operators. Qualitative and quantitative evaluation shows this technique, modeled 

based on a simple concept, capable of effective dehazing without introducing undesired artifacts. 

The simplicity of this technique makes it also suitable to effective and quality real-time dehazing 

applications to vision systems operating in poor weather conditions. 
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Fig. 1. Flowchart of the proposed framework. 
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Fig. 2. Comparison between the original dark channel and the proposed dark channel for the 

atmospheric light. 

 

    
(a) (b) (c) (d) 

   

 

(e) (f) (g)  

Fig. 3. Transmission derivation. (a) Original hazy image (b) transmission with lower enhanced level 

      (c) transmission with higher enhanced level       (d) fusion weight map      (e) the 

combined transmission map                              (f) another guided filter to 

refine (e) (g) scene radiance. 

 

 
(a)                         (b)                            (c) 

 
(d)                        (e)                            (f) 
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(g)                            (h) 

Fig. 4. Qualitative assessment(a) Original image (b) He et al. [13] (c) Meng et al. [15] (d) Tarel et al. 

[12] (e) Li et al. [14] (f) Lai et al. [16] (g) Zhu et al.[17] (h) the proposed method. 

 

 
Fig. 5. Flicker assessment using the sequence shown in Fig. 15. 

 

 

 

 
Fig. 6. From top to bottom, the original video sequence, the dehazed result without ViBe, the 

dehazed  

 

TABLE I. OBJECTIVE QUALITY COMPARISON. 

metrics 

 
e    DIIVINE 

Lai et al. [16] 0.03599 0.956715395 21.41438958 

Zhu et al.[17] 0.268502 1.133318259 23.27329855 

Meng et al. [15] 1.406343 2.339852358 20.55132937 

Li et al. [14] 0.502851867 1.151834124 27.23825809 

He et al. [13] 0.932801 1.372271235 21.58938993 

Tarel et al. [12] 1.215410 2.186180779 21.02668547 

Proposed method 1.028692 1.378499264 19.8836106 

 

TABLE II. TIME CONSUMPTION COMPARISON. 

 Lai et al. [16] Zhu et al.[17] Meng et al. [15] Tarel et al. [12] Proposed method 

Processing time(s) 289.9685 1.309355 3.198888 3.729117 0.392929 
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