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ABSTRACT 

Due to unfavorable weather circumstances, images captured from multiple sensors have 

limited the contrast and visibility. Many applications, such as web camera surveillance in public 

locations are used to identify object categorization and capture a vehicle's licence plate in order 

to detect reckless driving. The traditional methods can improve the image quality by 

incorporating luminance, minimizing distortion, and removing unwanted visual effects from the 

given images. Dehazing is a vital step in the image defogging process of many real-time 

applications. This research article focuses on the prediction of transmission maps in the process 

of image defogging through the combination of dark channel prior (DCP), transmission map with 

refinement, and atmospheric light estimation process. This framework has succeeded in the prior 

segmentation process for obtaining a better visualization. This prediction of transmission maps 

can be improved through the statistical process of obtaining higher accuracy for the proposed 

model. This improvement can be achieved by incorporating the proposed framework with an 

atmospheric light estimation algorithm. Finally, the experimental results show that the proposed 

deep learning model is achieving a superior performance when compared to other traditional 

algorithms. 
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1. INTRODUCTION 

Over the years, foggy weather is emerging as a continuing issue. Fog is one of the most 

common causes for automobile accidents. Research on single image defogging has gained 

significant advances in recent years; however, defogging techniques often require a range of 

previous assumptions or assumptions to find solutions, which are hardly used in reality [1-5]. 

Recently, the outdoor images are damaged due to foggy weather circumstances such as 

fog, rain, clouds, and mist. With the adverse weather circumstances, capturing a photo in cloudy 

environment reduces image contrast, colour saturation, image quality, and makes object features 

nearly difficult to discern by humans and standard computer vision systems. Image dehazing is 

critical for many computer vision applications, including surveillance, image categorization, 

detection, tracking, identification, and collecting satellite images [6-8]. An effective dehazing 

process should be able to significantly improve contrast, brightness, correct optical distortion, 

erase visual flaws, and improve image quality in order to improve contrast, balance luminance, 

correct distortion, remove unwanted visual effects, and improve overall image quality [9]. Figure 

1 shows the sample image of foggy mode. 

 

Figure 1 Sample Foggy Images  

Generally, the image dehazing or defogging may be accomplished via image 

enhancement, image restoration, fusion-based techniques, and machine learning [10]. While 

image enhancement algorithms just improve the colour and contrast, image restoration 
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algorithms defog the image according to the amount of fog present. The effect of air pollution 

produced by extremely tiny particles in the atmosphere, called fog, causes atmospheric 

conditions to be unclear. Computer vision researchers often study how fog affects picture quality 

and image analysis techniques [11, 12]. It's difficult to recover a clean image from a provided 

hazy image since fog removal is such a challenging subject. There are several defogging 

strategies in the literature that rely on the atmospheric degradation model. The reference foggy 

and defogged image datasets are shown in Figure 2. 

 

 

 

Figure 2 RESIDE Datasets for Image Defogging Process 

Defogging techniques may be classified as prior-based or learning-based. Fog-related 

characteristics may be obtained via data collection and empirical testing. In addition, it is 

sometimes known as hand-crafted priors. For this reason, these techniques typically function 

within the tight constraints of a given system, which may lead to fog artifacts in the recovered 

images [13]. 

 

2. ORGANIZATION OF THE RESEARCH 

The remaining part of this research article has been reported as follows; section 3 

provides the existing work for the image defogging process. Section 4 discusses the proposed 

framework for image defogging. Section 5 discusses about the performance results with a graph 

chart. The final section provides conclusion for the proposed research work. 
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3. PRELIMINARIES 

Tan et al have conducted the experiment based on the assumption that fog-free images 

have a greater local contrast ratio than foggy ones [14]. Fattal et al postulate that reflectance 

levels in the immediate surroundings are static and make use of independent component analysis 

to eliminate fog [15]. He et al used a huge number of fog-free pictures to do a statistical analysis 

of the dark channel priority theory, and then used the dark channel priority theory to defog. 

While useful algorithms are shown above, they have certain limitations [16]. 

A segmentation-based defogging method utilizing adaptive factors was suggested by Cai 

et al. The binary thresholding technique is used for the segmentation of the sky and non-sky 

areas in this method. Fusion is used to fuse areas of sky and non-sky. The colorization at the 

borders of the resulting picture is inaccurate [17]. The DCP-based algorithm's algorithm map, 

created by T. H. Kil and team. They have discovered areas with trustworthy previous 

information that can be used to calculate DCP. This transmission map is calculated using only 

pixels that are known to be accurate [18]. To determine the transmission map for inconsistent 

pixel values, a linear fitting curve is first calculated and then applied. K-means clustering for 

depth map computation has been suggested by Qing et al. [19]. When using K-means for image 

segmentation, we must divide the picture into regions with varying depth ranges. Afterward, a 

transmission map is calculated for each area. As the picture gets closer to completion, you may 

see rough, choppy edges along with a "fog" effect at the edge of the image. 

At the moment, machine learning frameworks are being used by researchers. Using the 

random forest, the four characteristics of the foggy picture are combined to generate the 

transmission map, as stated by Tang et al. [20]. Zhu et al using a supervised learning method, 

constructed a linear model for the depth map and trained the model's parameters. Even though 

significant progress has been achieved in these algorithms, they still need different previous 

information or conditions, and they still have their limits [21, 22]. Wang et al tried in their 

experimental that foggy pictures were corrected using wavelet transform and single-scale retinex, 

and brightness was improved by these methods. To minimise halo artefacts in the pictures, 

Bayesian theory and Markov regularisation were used [23]. 
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Research Gap 

The following contributions are lacking in image defogging research:  

1. The modified dark channel prior is the primary function for transmission mapping in the 

single image defogging.  

2. Combination of estimation of fog density in the modified dark channel prior and 

atmospheric light estimation.  

3. The implementation of a statistical approach in an image defogging process is not 

efficient. 

 

4. Proposed Framework 

Object detection has a major coverage issue when it comes to covering numerous object 

sizes. The template must be matched to the spatial support of the item to be identified. It may 

generally be identified as quickly-moving objects on the foggy roadside pictures. Our proposed 

framework is consisting for image defogging process with prior segmentation process [24]. Here 

we are combining the atmospheric light estimation and transmission map estimation and 

refinement technique for image defogging. Figure 3 shows the block diagram of our proposed 

architecture. The framework of our proposed work is going to discuss in this sections; 

 

Figure 3 Proposed Hybrid framework 

4.1 Segmentation process for image defogging 

Here, we have devised a defogging algorithm by utilizing an image segmentation method. 

The graph-based segmentation method is often used for performing image segmentation. The 

portions are based on areas that are near the sky, and other parts that are farther from the sky. 

Each section has a set of equations for dark and ambient light, which are combined to get the 

final result. We use the average light level in the atmosphere to determine the transmission map 
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[25]. As with the prior approach, refining involves applying a guided picture filter. It has better 

SSIM and PSNR values, as well as a reduced MSE cost, thanks to the segmentation-based 

method. 

 

4.2 Image defogging using modified dark channel prior 

To aid in transmission map estimate, a modified dark channel is calculated. A guided 

image filter is afterward used to refine the transmission map (GIF). Concerning its transmission 

map refinement time optimization, the GIF is a more efficient refinement filter than the other two 

options [26]. Figure 3 is a depiction of our suggested process, which shows that the proposed 

model is applied to the foggy picture to compute the light from the atmosphere and the darkness 

from the earth. To calculate the transmission map, atmospheric light is utilized. The results are 

adjusted to retain the gradient information. Using the improved transmission map, a fog-free 

picture is subsequently generated. 

 

4.3 Dark channel and atmospheric light estimation 

The atmospheric light estimation is very important in image defogging process which can 

be obtained from the dark channel filter function. This filter function can be varied with window 

size and calculation is very easy.  

Remarks 1: 

𝑀𝑜𝑑𝑖𝑓𝑖𝑒𝑑 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 =  min
𝑖𝑛𝑝𝑢𝑡 𝜖 𝑤𝑖𝑛𝑑𝑜𝑤 𝑠𝑖𝑧𝑒

(min
𝑦𝜖𝑐𝑜𝑙𝑜𝑟 𝑐𝑜−𝑜𝑟𝑑𝑖𝑛𝑎𝑡𝑒𝑠

𝐼(𝑦)) 

4.4 Transmission map estimation and refinement 

The transmission map is obtained from the atmospheric light effect. This RGB color 

channel can be divided this input images based on the intensity of the color.  

𝑇𝑚(𝑥) = 1 − 𝜁
𝐼(𝑥)

𝐴
 

Where, “A” is atmospheric light. For the provided input hazy picture, the fog density is 

calculated. FADE is used for calculating the fog density given a picture. The functions of fog 

densities are stable, as long as the method of guarding against oversaturation is kept constant. 

The cross-validation on the datasets yields these function values. This may result in estimates of 

the model's performance. 
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Remarks 2: 

𝑇𝑟𝑒𝑓𝑖𝑛𝑒𝑑(𝑥) = 𝑎𝑘𝑇𝑘 + 𝑏𝑘 

This “a” and “b” are linear co-efficient to transmit the refined transmission maps. This refining 

the transmission map function can be defogged the images during reconstruction of the output 

image. 

Remarks 3: 

Reconstructed image = 
𝐼(𝑥)−𝐴

𝑇𝑟𝑒𝑓𝑖𝑛𝑒𝑑+𝜖
+ 𝐴 

𝜖 is a constant to avoid negative values. This approach is used to improve the brightness of fur 

defogging algorithm. 

 

5. RESULTS DISCUSSION 

At this time, there is no real-world natural fog-free picture collection publically 

accessible for defogging study. In our opinion, including pictures that are natural in their look is 

an excellent means for creating effective defogging solutions [27]. In this work, we have 

gathered pictures of 200 natural outdoor landscapes that are clear and images of foggy situations. 

A year was spent on each scene and each had a single fixed camera.  

 

 

(a) By other traditional algorithm 
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(b) Done by Hybrid Proposed Work 

Figure 4 (a) & (b) Comparison of various methods with proposed framework 

A collection of several real-world fog images were chosen, one clear image with four 

fuzzy images to create the Multiple Real Fog Images Dataset (MRFID). This dataset is believed 

to be valuable for the research community, and we want to make it freely accessible so that the 

development of defogging methods may be supported. Here we are comparing our hybrid 

proposed algorithm with dark channel prior model alone for image defogging and atmospheric 

light estimation process without transmission and refinement techniques [28]. In the future, the 

dataset will be made accessible online. 

 

Table 1 Calculated metrics from obtained results 

 

This comparison tests if the experimental findings match those of the conventional 

method. With respect to assessing the defogging algorithm, it is essential to consider the visual 

impact, visibility improvement, edge and texture information, color, and image structure. Full 

reference image quality assessment (FR-IQA) and mean square error (MSE) are used to compare 

algorithm outputs to the current state of the art. Additional non-reference measures, such as 

NIQE are also computed and tabulated in table 1. 
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Figure 5 Performance comparisons between algorithms 

Figure 5 shows some performance metrics and its evaluation between image defogging 

algorithms. The proposed hybrid algorithm is providing a good structural similarity index and 

higher FR-IQA value when compared to other methods. Besides, the MSE value is minimal 

compared to all other methods. It was computed through a formula and plotted in the graph. 

 

6. CONCLUSION 

As a result, the proposed hybrid approach has outperformed all existing picture defogging 

methods in terms of overall performance. The visibility is much higher than with other 

conventional algorithms, which is another plus. This has been accomplished by integrating DCP, 

transmission map estimation with refinement, and the ambient light estimate module to increase 

performance. We were able to complete and test it successfully. In the future, we aim to pay a 

special attention to the computation speed of the proposed approach. It is anticipated that the 

proposed system will be used to process many other types of datasets in the future. 
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