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Abstract 

    In this paper, a literature survey was introduced to study of 

enhancing  the hazy images   , because most of the images 

captured in outdoor images have low contrast, color distortion, 

and limited visual because the weather conditions such as haze 

and that leads to decrease the quality of images capture. This 

study is of great importance in many applications such as 

surveillance, detection, remote sensing, aerial image, recognition, 

radar, etc. The published researches on haze removal are divided 

into several divisions, some of which depend on enhancement the 

image, some of which depend on the physical model of 

deformation, and some of them depend on the number of images 

used and are divided into single-image and multiple images 

dehazing model , therefore, the haze and its model were studied 

and the research and methods that dealt with the removal of haze 

were explained and detailed its advantage and disadvantage which 

is required for further study. 

Keywords: Dark Channel Prior, image dehazing, image 

restoration, outdoor images , Aerosol, haze. 
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 مراجعة للطرائق المختلفة لازالة الغبار من الصور

3ىشاء حدن كخيم           2حازم كاطع دواي                  1احسج رافج ىاشم   
ابن الييثم , قدم علهم الحاسبات –جامعة بغجاد , كلية التخبية للعلهم الرخفة  1 

 2جامعة السدتشرخية , كلية العلهم , قدم علهم الفيدياء
لسدتشرخية , كلية التخبية , قدم علهم الفيدياء جامعة ا 3 

 المستخلص.

، لأن معظم الرهر السلتقظة في الظخوف   في ىحه البحث ، تم تقجيم مقال مخاجعة لجراسة تحدين الرهر السذهه بالغبار 
د الزباب والجخان الخارجية ليا تباين مشخفض ، وتذهه لهني ، وذات رؤية برخية محجودة بدبب الظخوف الجهية  بدبب وجه 

وغيخىا من السلهثات . وىحا يؤدي إلى تقليل جهدة التقاط الرهر  وىحه الجراسة ليا اىسية كبيخة  في  العجيج من التظبيقات مثل 
 السخاقبة والكذف والاستذعار عن بعج والرهرة الجهية والتعخف والخادار وما إلى ذلك. تشقدم البحهث السشذهرة حهل إزالة الغبار إلى

نسهذج    عجة أقدام ، بعزيا يعتسج على تحدين الرهرة ، وبعزيا يعتسج على الشسهذج الفيديائي للتذهه  ، وبعزيا يعتسج على 
الرهر الستعجدة  لازالة الغبار ، لحلك تست دراسة  ازالة الغبار  ونساذجو و تم شخح الأبحاث والأساليب التي تشاولت ىحا  -الرهرة 

 ومداياىا وعيهبيا. وىحة الجراسة تداعج الباحثين في الجراسات السدتقبلية .السهضهع  وتفرايليا 

, استعادة الصورة, الصور الخارجيت, الهباء الجوي ازالة الغبار من الرهرة :الكلمات المفتاحية  

 

Introduction 

    Images taken outdoors are often affected by several weather conditions that lead to distortion 

or reduce their quality, and this affects the programs that rely on these images taken because the 

image quality is reduced or distorted(Hashim, 2020). These images are used in several 

applications such as detection(Daway et al., 2018), surveillance(Meshram & Lande, 2018), 

remote sensing(Coppin & Bauer, 1996), aerial image, recognition (Razzak & Hashem, 2015), 

and radar. The atmosphere contains particles called Aerosols, which are either solid or liquid 

and cause distortion of captured images (Babu & Venkatram, 2020).these suspend particles 

dispersed are reflected and absorbed by light which changes the color and contrast of the image 

and leads to a degraded image. Examples of these aerosols are haze, dust, fog, smoke, rain, etc. 

(Nayar & Narasimhan, 1999; Zhu et al., 2015).Several studies were conducted to arrive at the 

division of these particles into types, as it was concluded that the number of these particles 

depends on whether fluctuations, as they were divided into steady and dynamic (Kaufman et al., 

1997)(Singh & Kumar, 2018)as shown in table1, where in steady weather radius size of 

particles is approximately (1-10𝞵m), fog, mist, and haze are example of steady weather, 
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whereas radius of particles in dynamic weather is approximately (0.1-10 𝞵m), rain and snow are 

an example of dynamic weather (S. G. Narasimhan & Nayar, 2002) 

Table (1) types of particles with its size associated with weather conditions 

Weather condition Type Radius (𝞵m) of particles 

Haze Aerosol  2-10  
Fog  Water droplet  1-10 
Air  Molecule  4-10 
Rain  Water droplet 102-104 
Cloud  Water droplet 1-10 

Therefore, the process of removing haze is an important process to improve the quality of the 

image, which is used in several important applications that have already been mentioned in this 

research, we will discuss the methods and types of haze removal and mention the differences 

between them. 

1- Haze model 

The most famous model that used in the image processing field to describe the equation of haze 

image is(Rafid Hashim et al., 2022) (He et al., 2010):- 

 (  )   (  )  (  )   (   (  ))             (1) 

Where  (  ) represent the observed intensity of the hazy image at    position,  (  ) act the scene 

radiance or the image that is intended to be restored at    position, where  (  ) act the transmission 

medium, A represents the atmospheric light. In the above equation (1) ( (  )  (  ) ) called direct 

attenuation which acts as the decay of the scene radiance in the medium and that leads to a decrease 

in the image contrast, while(   (  ) called airlight which acts as the scattered light and it leading 

to add whiteness of the image because of the shifting in the color image, figure (1) represents the 

formation of the haze model. 

 

 

 

 

 

 

 

Fig (1) Formation of haze model 

2- Haze removal techniques 
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According to the research published on haze removal, there are several techniques for removing 

haze from the image, and these techniques are divided into several divisions, the most famous of 

which is divided into two divisions(Babu & Venkatram, 2020): 

The first division is based on enhancement or based on the physical model. For this division, if it 

depends on the enhancement, then in this aspect it does not care about knowing the reason that if 

the image is distorted, it only cares about improving the image by enhancement contrast or 

removing noise, but these methods can lead to a loss of information, As for the enhancement based 

on the physical model, this method depends on building a distortion model, that is, building a model 

of haze for better retrieval of the original images. 

The second division, this division depends on the number of images of the scene, and it is divided 

into single-image dehazing and multiple images dehazing(Senthilkumar & Sivakumar, 2019), as for 

single image dehazing this type needs one image of the scene, and this type depends on a statistical 

assumption which is the most used type in research to remove haze. It only needs one image of the 

scene and depends on building a distortion model to retrieve the image. 

As for multiple images dehazing, this type depends on several images of the scene, either two or 

more images depending on various weather conditions (S. G. Narasimhan & Nayar, 2000; Nayar & 

Narasimhan, 1999)(S. G. Narasimhan & Nayar, 2003), or depending on polarization(Nayar & 

Narasimhan, 1999; Schechner et al., 2003; Shwartz & Schechner, 2006),(Schechner et al., 2001)or 

on death map (S. Narasimhan & Nayar, 2003)(Kopf et al., 2008). 

Regarding various weather conditions by taking several images under different conditions, the 

method depends on taking the difference between two or more images of the same scene. This 

method can improve the images, but it also requires images of the scene with different weather 

changes and it cannot be applied to the scene simultaneously. 

As for regarding polarization by taking two or more images of the same scene, but using filters to 

polarization to a different degree, one of the disadvantages of this method is that it cannot be 

applied to a dynamic scene in which the change is faster than the rotation of the filters, and this type 

needs special devices such as polarizer and sometimes does not provide satisfactory results. While 

for the death map this method uses depth information by using multiple images of 3D models of the 

scene to remove haze, one of the drawbacks of this method is that it is not automatic and requires 

user intervention to enter multiple parameters. We note that the method of multiple-image dehazing 

needs several inputs and contains many disadvantages, so most of the methods currently used to 

remove haze depend on single-image dehazing. These divisions and research related to the 

treatment of haze will be mentioned in the literature survey section. Figure (2) explain the division 

of haze removal techniques . 
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Figure (2) The division of haze removal techniques 

 

 

 

 

 

 

 

 

 

3- Literature survey 

He et al.(He et al., 2010) presented a method to eliminate haze from a single image called Dark 

Channel Prior (DCP) derived from statistics of haze-free image, this method is simple, powerful, 

and produce good results, but this method has a disadvantage because it doesn't produce a good 

result in dehazing where the scene is near to atmospheric light also it produce halo artifacts in a 

dense haze. This method is compared with other methods using subjective assessment only. 

Yang et al.(Qingsong et al., 2013) presented a method to eliminate haze from a single image. This 

method used DCP and histogram specification, first DCP was used to remove haze from the image 

and then enhance the contrast and intensity of the dehazing image to get a better result than using 

DCP only. This method compared with other methods using subjective assessment metrics depend 

on author evaluation depend on observes without using objective image quality metrics. 

Fatal (Fattal, 2014) presented a method to eliminate haze from a single image. This method .this 

method used the color lines that exist in the natural image to obtain the transmission versus the 

existing dehazing method that depends on assumption across all image scenes. The disadvantage of 

this method is failed in dense haze or skylight, also this method show artificial color in the night 
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scene. This method compares with other methods using accuracy for known ground truth, real 

image with the known transmission, and sensitivity to scattering and noise.   

Dubok eta al.(D. Park et al., 2014) presented a method for dehazing a single image. This method 

used a quad-tree subdivision to get atmospheric light after preprocessing. Then used maximum 

value of the function consisting of image entropy and information fidelity to estimate the 

transmission, after that used Weighted Least Squares (WLS) as optimization for transmission. This 

method compared with other methods using image quality metrics such as colorfulness, global 

contrast factor (GCF), visible edge gradient, and mean ratio of the gradient. 

Verma et al.(Verma et al., 2017) Introduced a method to eliminate haze from a single image. This 

method converts the entire image into an HSV color model then enhance the V component by using 

histogram equalization while applying DCP on chrominance components ( H, S and V) then 

converts it into an RGB model to get dehazing image. this method is compared with other methods 

using image quality metrics such as PSNR, MSE, Maxerr, and entropy. 

Salzar et al.(Salazar-Colores et al., 2018)  presented a method for dehazing a single image. This 

method used Multilayer Perceptron (MP) in estimating the transmission instead of the equation of 

transmission estimation in the DCP method to get rid of computational time; it used 80 real haze 

images to train the MLP to obtain transmission and transmission results. This method is compared 

with other methods using image quality metrics such as PSNR and MSE. 

Cameron Hodges et al.(Hodges et al., 2019) presented a method for dehazing a single image by 

using a deep Computer Neural Network(CNN) this method consists of two networks that are 

dehazing network by dividing the entire image into 589 patches (20x20x3) to estimate transmission 

for each patch, then compute transmission map and atmospheric light (A) for the entire image to get 

a clear image, the result of this network will enter into discriminator network which benefits to 

make the network difference between the haze image or clear image even if the content is not 

matched. This method is compared with other methods using image quality metrics such as PSNR 

and SSIM. 

Yutaro Iwamoto et al.(Iwamoto et al., 2018) introduced a method for dehazing a single image. This 

method depends on improving the DCP method by making it consume less computational time by 

using down sample and don't need soft mating. This method is compared with other methods using 

subjective observation by humans and compared in time consumption. 

Codruta O.Ancuti et al.(C. O. Ancuti et al., 2019) introduced a new database containing 33 pairs of 

dense haze images and ground–truth images, then applying some of the existing dehazing methods 

on this database such as he et al (He et al., 2010), meng et al(Meng et al., 2013), fatal (Fattal, 2014), 

Cai et al.(Cai et al., 2016), Ancuti et al(C. Ancuti, Ancuti, De Vleeschouwer, et al., 2016), Berman 

et al(Berman & Avidan, 2016), and Ren et al(Ren et al., 2016) . Then the authors compared these 

methods using subjective evaluation depending on visual results and also compared these methods 

using image quality metrics such as PSNR, SSIM, and CIEDE2000(Sharma et al., 2005). This 
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method introduced the conclusion that the existing dehazing method introduced low performance in 

a dense haze. 

Asem Khamg et al(Khmag et al., 2018) presented a method for dehazing a single image. This 

method consists of two parts, the first part estimate the transmission map using the mean vector L2-

norm while the second part is enhancing the transmission map using the second generation of the 

wavelet transform. This method is compared with other methods using no-reference image quality 

such as visible edge rate, average gradient rate, and information entropy. 

Shengdong Zhang et al (S. Zhang et al., 2020) presented a method for dehazing a single image. 

depend on new deep learning methods using CNN. This method first estimates the transmission 

map by joint detail of clear image and transmission map of haze image, then eliminates halos and 

artifact effect by using the global regularization method. This method was applied to real word 

image, and synthetic data set and compared with other method using image quality metrics such as 

PSNR and SSIM. 

Ahmed et al (Hashim, 2020)presented a no-reference image quality assessment for hazy images 

depending on the probability of saturation. This method compared with other methods by using 

correlation coefficients like Pearson Correlation Coefficient (PCC), Spearman Correlation 

Coefficient (SCC), and Kendall rank correlation. The result shows this method achieves a high 

value of correlation between objective and subjective assessment. 

Lirong Li et al. (L. Li et al., 2017) introduced a method for dehazing a single image. This method 

depends on the imaging model under atmospheric scattering to estimate the transmission; also this 

method presents an estimation method for global atmospheric light. The disadvantage of this 

method it may fail in dense haze images. This method is compared with other methods using image 

quality metrics such as standard deviation, entropy, and an average of the gradient. 

Zhu Rong and Wang Li Jun (Rong & Jun, 2014) introduced a method for dehazing a single image. 

This method depends on using wavelet transform to remove haze and then using Single Scale 

Retinex (SSR) for improving color and improve the color effect. 

Z.Wang and Y.Feng (Wang & Feng, 2014) introduced a method for dehazing a single image. This 

method depends on the DCP method for removing haze then used fast wavelet transform are used to 

enhance DCP. the transmission map is estimated using two steps one is estimated based on single-

point pixel and the other is estimated based on the patch then two-part are fused, then enhanced the 

contrast of result using sigmoid function adaptively. This method is compared with another method 

in terms of execution time and visual effect. 

Jin-Hwan Kim et al  (Kim et al., 2013) introduced a method for real-time image and video 

dehazing. This method consists of many steps beginning from using quad tree-based subdivision to 

select atmospheric light then determine transmission value according to scene depth, then enhance 

the contrast of the hazy image and decrease the loss of information due to enhance contrast by using 

minimizing a cost function. This method is compared with other methods using subjective 

assessment.  
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Yong –Qin Zhang et al (Y.-Q. Zhang et al., 2012) introduced a method to enhance the contrast of 

dehazing image. This method work on enhancing the resulting image from DCP dehazing method 

by using the low-rank technique and the overlapping average scheme. This method is compared 

with other methods using subjective assessment and object metrics such as visible edges, mean 

ratio, and entropy. 

Irfan Riaz et al (Riaz et al., 2016) introduced a method for dehazing a single image and reducing the 

disadvantage of the DCP method. This method improved the accuracy of block-level and pixel-level 

dark channel and generate a reliability map that was used to fusion both block-level and pixel-level 

dark channel to get a high-quality transmission map. This method reduces the disadvantage of DCP 

and the halo effect by increasing the patch size and preserving the edge, also reducing the pros of 

DCP in manipulating the sky region. This method is compared with other methods using image 

quality metrics such as MSE, and SSIM. 

Zhongli Ma et al (Ma et al., 2016) introduced a method for improving the visibility of sea fog 

images using a fusion strategy. This method consists of third steps. The first fusion process used 

simple linear transformation to get the first input image, while the second step used guided image 

filtering to improve the high-boost filtering algorithm to get the second input image. The third steps 

include fusing the two image of step one and two. This method is compared with other methods 

using subjective and objective image quality assessment.  

Qingsong Zhu et al (Zhu et al., 2015) introduced a method to remove haze from a single image. 

This method builds a linear model to get a depth map this model depends on color attenuation that 

is based on the difference between brightness and saturation, then used the supervised method to 

train, the resulting parameters used to get a depth map so transmission and scene radiance can be 

estimated. This method is compared with other methods using image quality metrics such as SSIM, 

and MSE. 

Cong –Hua Xie et al(Xie et al., 2017) introduced a method to remove haze from a single image. 

This method uses DCP to remove haze and get transmission, then used Kernel Model (KRM) to 

eliminate the disadvantage of estimated transmission such as unsmooth and loss of neighbor 

information. The method was applied to a synthetic and real image. This method is compared with 

other methods using image quality metrics such as SSIM, and MSE. 

Geetanjali and Seevia Baghla (Geetanjali and Seema Baghla, 2017) introduced a method to remove 

haze from a single image. This method uses DCP to remove haze and get transmission, then uses a 

genetic algorithm to select the best parameter to obtain optimistic results, this method is compared 

with other methods using PSNR and MSE image quality metrics. 

Hasil Park et al (H. Park et al., 2017) introduced a method to remove haze from a single image. This 

method used fuzzy membership function to estimate transmission, then used l1- norm regularization 

to refine transmission, and after that used the refined transmission to get dehaze image from the 

haze model. This method is compared with other methods using CNR, NIQMC, and entropy image 

quality metrics.Table (2) explain the comparison of several haze removal technique  
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Table (2) Explain the comparison of several haze removal technique 

Disadvantage Advantage Techniques Authors year Reference 

Produce halo 

artifact in dense 

haze 

Simple, powerful, 

and produce good 

results 

Dark Channel Prior (DCP) He et al 2010 (He et al., 

2010) 

Using only 

subjective 

assessment without 

objective image 

quality metrics 

Powerful in 

remove haze also 

enhance the image 

contrast 

DCP and histogram 

specification 

Yang et al 3102 (Qingsong 

et al., 

2013) 

Produce artifact in 

night scene and 

failed in dense 

haze, sky light 

Obtain 

transmission 

using CL without 

need assumption 

across all image 

Color lines (CL) Fatal  3102 (Fattal, 

2014) 

Complex Success in 

enhanced image 

contrast and keep 

color of image 

Quad –tree subdivision, 

objective function, and WLS 

optimization  

Dubok et 

al 

3102 (D. Park et 

al., 2014) 

May produce halo 

artifact in dense 

haze 

Success in 

enhance 

illumination of 

image  

DCP and histogram 

equalization 

Verma et 

al 

3102 (Verma et 

al., 2017) 

Used only 

reference image 

quality metrics 

without no 

reference image 

quality metrics 

Reduce 

computational 

time of 

transmission 

estimation 

Multilayer perceptron (MP) 

to estimated transmission  

Salazar et 

al  

3102 (Salazar-

Colores et 

al., 2018) 

Using only 

objective 

assessment without 

subjective 

assessment 

Processing speed 

in training and 

testing CNN 

Deep Computer Neural 

Network (CNN) 

Cameron 

Hodges et 

al  

3102 (Hodges et 

al., 2019) 

Using only 

subjective 

assessment without 

objective image 

quality metrics 

Consume less 

computational 

time 

Improving DCP using down 

sample 

Yutaro 

Iwamoto et 

al. 

3102 (Iwamoto 

et al., 

2018) 

Used only 

objective image 

quality assessment 

and not used 

subjective image 

quality assessment 

Preserving of 

edge and fine 

texture 

Mean vector l2-norm and 

second generation of 

wavelet transform 

Asem 

Khmag et 

al. 

2018 (Khmag et 

al., 2018) 
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Table (2): (continued) 

Disadvantage Advantage Techniques Authors year Reference 

Using only 

reference image 

quality 

assessment 

without using 

no-reference 

image quality 

assessment 

Eliminate of halo 

and artifact effect 

CNN Shengdong 

Zhang et al 

3120 (S. Zhang et 

al., 2020) 

May fail in 

dense haze 

image 

Simple and 

powerful 

Imaging model under 

atmospheric scattering  

Lirong li et 

al. 

2017 (L. Li et al., 

2017) 

Used only 

visual effect in 

comparison 

with other 

methods  

High speed in 

enhance image 

DCP , fast wavelet 

transform and sigmoid 

function adaptively 

Z.wang and 

Y.feng  

2014 (Wang & 

Feng, 2014) 

Used only 

visual effect in 

comparison 

with other 

methods 

Enhance the 

contrast and 

decrease 

information 

lossing 

Method consist of many 

steps for real image and 

video dehazing 

Jin- Hwan 

Kim et al. 

3102  

(Kim et al., 

2013) 

May be fail in 

dense foq and 

produce halo 

Work on 

enhancing the 

result image from 

DCP 

Low rank technique and 

overlapping average 

scheme 

Yong-Qin 

Zhang et al. 

3103 (Y.-Q. 

Zhang et al., 

2012) 

Not  used no-

reference image 

quality 

assessment 

Reduce halo effect 

and preserving 

edge 

Fusion both block level and 

pixel level dark channel 

Irfan Riaz et 

al. 

3102 (Riaz et al., 

2016) 

Not  used no-

reference image 

quality 

assessment 

Efficiency in 

removing haze 

Supervised method Qing Zhu et 

al. 

3102 (Zhu et al., 

2015) 

Not  used no-

reference image 

quality 

assessment 

Eliminate the 

disadvantage such 

as un smooth and 

losing neighbor 

information 

DCP and kernel model 

(KRM) 

Cong- Hua 

Xie et al. 

3102  

(Xie et al., 

2017) 

Not  used no-

reference image 

quality 

assessment 

GA is used for 

better 

visualization  of 

image and select 

the best 

parameters 

DCP and Genetic 

Algorithm (GA) 

Geetanjal 

and Seem 

Baghla 

3102 (Geetanjali 

and Seema 

Baghla, 

2017) 

Used only 

objective image 

quality 

assessment 

Reduce halo 

artifact and color 

distortion 

Fuzzy set theory and L1-

norm regularization 

Hasil Park et 

al. 

3102 (H. Park et 

al., 2017) 
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4- Image quality metrics  

Image quality metrics are used to measure the performance of haze removal methods. These 

metrics are divided into two types depending on the availability of the reference image, as 

shown in figure (3). 

5.1- when the reference image is available  

In this situation, the ground truth image or reference image is available for the same haze image. 

This case uses to estimate the quality of haze removal methods image when the reference image 

is available as a hazy image database. Many quality metrics can be considered such as Mean 

Squared Error (MSE), Structure Similarity Index Metric (SSIM), and Peak Signal to Noise 

Ratio (PSNR). 

5.2- when the reference image is not available 

In general, the reference image is not available, so it is difficult to estimate the quality of haze 

removal methods depending on a comparison between the reference image and dehaze image, 

many quality metrics can be considered such as Average Gradient (AG), entropy, mean of local 

standard deviation, and mean of image. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3) Flowchart for quality metrics of dehazing image 
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5- Haze image database 

Many databases provide images of haze for researchers to study and compare methods of 

haze removal. Most of the existing databases contain haze images and reference images 

(haze-free images) and this provides subjective and objective assessment. 

There is a database that contains only haze images and does not contain ground truth images 

such as FADE (Choi et al., 2015)  

Also there are several databases that contain haze image in addition to ground truth image, 

such as Frida (Tarel et al., 2010)(Tarel et al., 2012), middle-bury(Scharstein et al., 2014) , 

Nyu-v2 (Silberman et al., 2012), I-Haze (C. Ancuti et al., 2018), 3D dataset(Saxena et al., 

2008), Chic dataset (El Khoury et al., 2018), O-Haze (C. O. Ancuti et al., 2018) , D-Haze(C. 

Ancuti, Ancuti, & De Vleeschouwer, 2016) , Haze RD (Y. Zhang et al., 2017), dense haze 

(C. O. Ancuti et al., 2019),and  reside (B. Li et al., 2018). 

The presence of ground truth images enables researchers to work and evaluate methods for 

removing haze by subjective and objective assessment. 

 

6- conclusion  

In this research, the haze was studied and methods of haze removal were discussed due to 

the importance of this topic in several applications in life, and we conclude through these 

methods and research that most methods of haze removal depend on removing the haze is a 

complex process due to the need for a depth map, and the most important thing in retrieving 

the image after removing the haze is that the retrieval of lighting and colors is efficient while 

preserving the colors. This research is not to evaluate previous studies but to provide a 

reference 

 

References 

• Ancuti, C., Ancuti, C. O., & De Vleeschouwer, C. (2016). D-hazy: A dataset to evaluate 

quantitatively dehazing algorithms. 2016 IEEE International Conference on Image Processing 

(ICIP), 2226–2230, DOI: 10.1109/ICIP.2016.7532754. 

• Ancuti, C., Ancuti, C. O., De Vleeschouwer, C., & Bovik, A. C. (2016). Night-time dehazing by 

fusion. 2016 IEEE International Conference on Image Processing (ICIP), 2256–2260, DOI : 

10.1109/ICIP.2016.7532760. 

• Ancuti, C., Ancuti, C. O., Timofte, R., & Vleeschouwer, C. De. (2018). I-HAZE: a dehazing 

benchmark with real hazy and haze-free indoor images. International Conference on Advanced 

Concepts for Intelligent Vision Systems,620–631, https://doi.org/10.48550/arXiv.1804.05091 

• Ancuti, C. O., Ancuti, C., Sbert, M., & Timofte, R. (2019). Dense-haze: A benchmark for image 

dehazing with dense-haze and haze-free images. 2019 IEEE International Conference on Image 

Processing (ICIP), 1014–1018, https://doi.org/10.48550/arXiv.1904.02904. 

• Ancuti, C. O., Ancuti, C., Timofte, R., & De Vleeschouwer, C. (2018). O-haze: a dehazing 

benchmark with real hazy and haze-free outdoor images. Proceedings of the IEEE Conference on 

Computer Vision and Pattern RecognitionWorkshops,754–762, 

https://doi.org/10.48550/arXiv.1804.05101 

• Babu, G. H., & Venkatram, N. (2020). A survey on analysis and implementation of state-of-the-

art haze removal techniques. Journal of Visual Communication and Image Representation, 72, 



 

 

327 

102912, DOI: 10.1016/j.jvcir.2020.102912. 

• Berman, D., & Avidan, S. (2016). Non-local image dehazing. Proceedings of the IEEE 

Conference on Computer Vision and Pattern Recognition, 1674–1682, DOI: 

10.1109/CVPR.2016.185. 

• Cai, B., Xu, X., Jia, K., Qing, C., & Tao, D. (2016). Dehazenet: An end-to-end system for single 

image haze removal. IEEE Transactions on Image Processing, 25(11), 5187–5198, 

https://doi.org/10.48550/arXiv.1601.07661. 

• Choi, L. K., You, J., & Bovik, A. C. (2015). Referenceless prediction of perceptual fog density 

and perceptual image defogging. IEEE Transactions on Image Processing, 24(11), 3888–3901,doi: 

10.1109/TIP.2015.2456502. 

• Coppin, P. R., & Bauer, M. E. (1996). Digital change detection in forest ecosystems with remote 

sensing imagery. Remote Sensing Reviews, 13(3–4), 207–234, DOI: 10.1080/02757259609532305. 

• Daway, H. G., Kareem, H. H., & Hashim, A. R. (2018). Pupil detection based on color difference 

and circular hough transform. International Journal of Electrical and Computer Engineering, 8(5), 

3278–3284. https://doi.org/10.11591/ijece.v8i5.pp.3278-3284 

• El Khoury, J., Thomas, J.-B., & Mansouri, A. (2018). A database with reference for image 

dehazing evaluation. Journal of Imaging Science and Technology,62(1), 10501–10503, DOI: 

10.2352/J.ImagingSci.Technol.2018.62.1.010503. 

• Fattal, R. (2014). Dehazing using color-lines. ACM Transactions on Graphics (TOG), 34(1), 1–

14, https://doi.org/10.1145/2651362. 

• Geetanjali and Seema Baghla. (2017). An Improved Technique for Automatic Haziness Removal 

for Enhancement of Intelligent Transportation System .Advances in Computational Sciences and 

Technology, 10(5), 965–976, https://www.semanticscholar.org/paper/An-Improved-Technique-for-

Automatic-Haziness-for-of-Geetanjali-Baghla/c87ca41bea8de060262b3201dc55d244f763ecc6. 

• Hashim, A. R. (2020). No reference image quality measure for hazy images. Int. J. Intell. Eng. 

Syst., 13(6), 460–471, doi : 10.22266/ijies2020.1231.41 . 

• He, K., Sun, J., & Tang, X. (2010). Single image haze removal using dark channel prior. IEEE 

Transactions on Pattern Analysis and Machine Intelligence, 33(12), 2341–2353, DOI: 

10.1109/TPAMI.2010.168. 

• Hodges, C., Bennamoun, M., & Rahmani, H. (2019). Single image dehazing using deep neural 

networks. Pattern Recognition Letters, 128, 70–77, https://doi.org/10.1016/j.patrec.2019.08.013. 

• Iwamoto, Y., Hashimoto, N., & Chen, Y.-W. (2018). Fast Dark Channel Prior Based Haze 

Removal from a Single Image. 2018 14th International Conference on Natural Computation, Fuzzy 

Systems and Knowledge Discovery (ICNC-FSKD), 458–461, DOI: 10.1109/FSKD.2018.8686854. 

• Kaufman, Y. J., Tanré, D., Gordon, H. R., Nakajima, T., Lenoble, J., Frouin, R., Grassl, H., 

Herman, B. M., King, M. D., & Teillet, P. M. (1997). Passive remote sensing of tropospheric 

aerosol and atmospheric correction for the aerosol effect. Journal of Geophysical Research: 

Atmospheres, 102(D14), 16815–16830,  https://doi.org/10.1029/97JD01496 

• Khmag, A., Al-Haddad, S. A. R., Ramli, A. R., & Kalantar, B. (2018). Single image dehazing 

using second-generation wavelet transforms and the mean vector L2-norm. The Visual Computer, 

34(5), 675–688, https://doi.org/10.1007/s00371-017-1406-5 

• Kim, J.-H., Jang, W.-D., Sim, J.-Y., & Kim, C.-S. (2013). Optimized contrast enhancement for 

real-time image and video dehazing. Journal of Visual Communication and Image Representation, 

24(3), 410–425, https://doi.org/10.1016/j.jvcir.2013.02.004. 

• Kopf, J., Neubert, B., Chen, B., Cohen, M., Cohen-Or, D., Deussen, O., Uyttendaele, M., & 

Lischinski, D. (2008). Deep photo: Model-based photograph enhancement and viewing. ACM 

Transactions on Graphics (TOG), 27(5), 1–10, https://doi.org/10.1145/1409060.1409069. 

• Li, B., Ren, W., Fu, D., Tao, D., Feng, D., Zeng, W., & Wang, Z. (2018). Benchmarking single-



 

 

328 

image dehazing and beyond. IEEE Transactions on Image Processing, 28(1), 492–505,  

https://doi.org/10.48550/arXiv.1712.04143 

• Li, L., Sang, H., Zhou, G., Zhao, N., & Wu, D. (2017). Instant haze removal from a single image. 

Infrared Physics & Technology, 83, 156–163, https://doi.org/10.1016/j.infrared.2017.04.021. 

• Ma, Z., Wen, J., Zhang, C., Liu, Q., & Yan, D. (2016). An effective fusion defogging approach 

for single sea fog image. Neurocomputing, 173, 1257–1267, 

https://doi.org/10.1016/j.neucom.2015.08.084. 

• Meng, G., Wang, Y., Duan, J., Xiang, S., & Pan, C. (2013). Efficient image dehazing with 

boundary constraint and contextual regularization. Proceedings of the IEEE International 

Conference on Computer Vision, 617–624, DOI: 10.1109/ICCV.2013.82. 

• Meshram, S. A., & Lande, R. S. (2018). Traffic surveillance by using image processing. 2018 

International Conference on Research in Intelligent and Computing in Engineering (RICE), 1–3, 

DOI: 10.1109/RICE.2018.8627906. 

• Narasimhan, S. G., & Nayar, S. K. (2002). Vision and the atmosphere. International Journal of 

Computer Vision, 48(3), 233–254, https://doi.org/10.1023/A:1016328200723. 

• Narasimhan, S. G., & Nayar, S. K. (2003). Contrast restoration of weather degraded images. 

IEEE Transactions on Pattern Analysis and Machine Intelligence, 25(6), 713–724, DOI: 

10.1109/TPAMI.2003.1201821. 

• Narasimhan, S. G., & Nayar, S. K. (2000). Chromatic framework for vision in bad weather. 

Proceedings IEEE Conference on Computer Vision and Pattern Recognition. CVPR 2000 (Cat. No. 

PR00662), 1, 598–605, DOI: 10.1109/CVPR.2000.855874. 

• Narasimhan, S., & Nayar, S. (2003). Interactive ( De ) Weathering of an Image using Physical 

Models , https://www.ri.cmu.edu/publications/interactive-deweathering-of-an-image-using-

physical-models/. 

• Nayar, S. K., & Narasimhan, S. G. (1999). Vision in bad weather. Proceedings of the Seventh 

IEEE International Conference on Computer Vision, 2, 820–827, DOI: 

10.1109/ICCV.1999.790306. 

• Park, D., Park, H., Han, D. K., & Ko, H. (2014). Single image dehazing with image entropy and 

information fidelity. 2014 IEEE International Conference on Image Processing (ICIP), 4037–4041, 

DOI: 10.1109/ICIP.2014.7025820. 

• Park, H., Park, J., Kim, H., & Paik, J. (2017). Variational Image Dehazing using a Fuzzy 

Membership Function. IEIE Transactions on Smart Processing and Computing, 6(2), 85–92, 

https://doi.org/10.5573/IEIESPC.2017.6.2.085. 

• Qingsong, Z., Shuai, Y., & Yaoqin, X. (2013). An improved single image haze removal 

algorithm based on dark channel prior and histogram specification. 3rd International Conference on 

Multimedia Technology (ICMT-13), 279–292, DOI :10.2991/icmt-13.2013.35 

 

•  Rafid Hashim, A., Daway, H. G., & Kareem, H. H. (2022). Single image dehazing by dark 

channel prior and luminance adjustment. Imaging Science Journal. 

https://doi.org/10.1080/13682199.2022.2141863 

• Razzak, A. A., & Hashem, A. R. (2015). Facial expression recognition using hybrid transform. 

International Journal of Computer Applications, 119(15), DOI: 10.5120/21142-4166 

• Ren, W., Liu, S., Zhang, H., Pan, J., Cao, X., & Yang, M.-H. (2016). Single image dehazing via 

multi-scale convolutional neural networks. European Conference on Computer Vision, 154–169, 

https://doi.org/10.1007/978-3-319-46475-6_10. 

• Riaz, I., Yu, T., Rehman, Y., & Shin, H. (2016). Single image dehazing via reliability guided 

fusion. Journal of Visual Communication and Image Representation, 40, 85–97, 

https://doi.org/10.1016/j.jvcir.2016.06.011. 



 

 

329 

• Rong, Z., & Jun, W. L. (2014). Improved wavelet transform algorithm for single image 

dehazing. Optik, 125(13), 3064–3066, https://doi.org/10.1016/j.ijleo.2013.12.077. 

• Salazar-Colores, S., Cruz-Aceves, I., & Ramos-Arreguin, J.-M. (2018). Single image dehazing 

using a multilayer perceptron. Journal of Electronic Imaging, 27(4), 43022, 

https://doi.org/10.1117/1.JEI.27.4.043022. 

• Saxena, A., Chung, S. H., & Ng, A. Y. (2008). 3-d depth reconstruction from a single still image. 

International Journal of Computer Vision, 76(1), 53–69, https://doi.org/10.1007/s11263-007-0071-

y. 

• Scharstein, D., Hirschmüller, H., Kitajima, Y., Krathwohl, G., Nešić, N., Wang, X., & Westling, 

P. (2014). High-resolution stereo datasets with subpixel-accurate ground truth. German Conference 

on Pattern Recognition, 31–42, https://doi.org/10.1007/978-3-319-11752-2_3. 

• Schechner, Y. Y., Narasimhan, S. G., & Nayar, S. K. (2003). Polarization-based vision through 

haze. Applied Optics, 42(3), 511–525, https://doi.org/10.1364/AO.42.000511 

• Schechner, Y. Y., Narasimhan, S. G., & Nayar, S. K. (2001). Instant dehazing of images using 

polarization. Proceedings of the 2001 IEEE Computer Society Conference on Computer Vision and 

Pattern Recognition. CVPR 2001, 1, I–I, DOI: 10.1109/CVPR.2001.990493. 

• Senthilkumar, K. P., & Sivakumar, P. (2019). A review on haze removal techniques. Computer 

Aided Intervention and Diagnostics in Clinical and Medical Images, 113–123, 

https://doi.org/10.1007/978-3-030-04061-1_11. 

• Sharma, G., Wu, W., & Dalal, E. N. (2005). The CIEDE2000 color‐difference formula: 

Implementation notes, supplementary test data, and mathematical observations. Color Research & 

Application: Endorsed by Inter‐Society Color Council, The Colour Group (Great Britain), Canadian 

Society for Color, Color Science Association of Japan, Dutch Society for the Study of Color, The 

Swedish Colour Centre Foundation, Colour Soc, 30(1), 21–30,  https://doi.org/10.1002/col.20070 

• Shwartz, S., & Schechner, Y. Y. (2006). Blind haze separation. 2006 IEEE Computer Society 

Conference on Computer Vision and Pattern Recognition (CVPR’06), 2, 1984–1991, DOI: 

10.1109/CVPR.2006.71. 

• Silberman, N., Hoiem, D., Kohli, P., & Fergus, R. (2012). Indoor segmentation and support 

inference from rgbd images. European Conference on Computer Vision, 746–760, 

https://doi.org/10.1007/978-3-642-33715-4_54. 

• Singh, D., & Kumar, V. (2018). Comprehensive survey on haze removal techniques. Multimedia 

Tools and Applications, 77(8), 9595–9620,  https://doi.org/10.1007/s11042-017-5321-6. 

• Tarel, J.-P., Hautiere, N., Caraffa, L., Cord, A., Halmaoui, H., & Gruyer, D. (2012). Vision 

enhancement in homogeneous and heterogeneous fog. IEEE Intelligent Transportation Systems 

Magazine, 4(2), 6–20, DOI: 10.1109/MITS.2012.2189969. 

• Tarel, J.-P., Hautiere, N., Cord, A., Gruyer, D., & Halmaoui, H. (2010). Improved visibility of 

road scene images under heterogeneous fog. 2010 IEEE Intelligent Vehicles Symposium, 478–485, 

DOI: 10.1109/IVS.2010.5548128. 

• Verma, M., Kaushik, V. D., & Pathak, V. (2017). Haze Removal of a Single Image by Using the 

Brightness Prior. International Journal of Intelligent Engineering and Systems, 10(5), DOI: 

10.22266/ijies2017.1031.15 

• Wang, Z., & Feng, Y. (2014). Fast single haze image enhancement. Computers & Electrical 

Engineering, 40(3), 785–795, https://doi.org/10.1016/j.compeleceng.2013.06.009. 

• Xie, C.-H., Qiao, W.-W., Liu, Z., & Ying, W.-H. (2017). Single image dehazing using kernel 

regression model and dark channel prior. Signal, Image and Video Processing, 11(4), 705–712, 

https://doi.org/10.1007/s11760-016-1013-3. 

• Zhang, S., He, F., Ren, W., & Yao, J. (2020). Joint learning of image detail and transmission 

map for single image dehazing. The Visual Computer, 36(2), 305–316. 



 

 

330 

https://doi.org/10.1007/s00371-018-1612-9 

• Zhang, Y.-Q., Ding, Y., Xiao, J.-S., Liu, J., & Guo, Z. (2012). Visibility enhancement using an 

image filtering approach. EURASIP Journal on Advances in Signal Processing, 2012(1), 1–6, 

https://doi.org/10.1186/1687-6180-2012-220. 

• Zhang, Y., Ding, L., & Sharma, G. (2017). Hazerd: an outdoor scene dataset and benchmark for 

single image dehazing. 2017 IEEE International Conference on Image Processing (ICIP), 3205–

3209, DOI: 10.1109/ICIP.2017.8296874. 

• Zhu, Q., Mai, J., & Shao, L. (2015). A fast single image haze removal algorithm using color 

attenuation prior. IEEE Transactions on Image Processing, 24(11), 3522–3533, DOI: 

10.1109/TIP.2015.2446191. 

 


