
IJSTE - International Journal of Science Technology & Engineering | Volume 3 | Issue 03 | September 2016 
ISSN (online): 2349-784X 

 All rights reserved by www.ijste.org 
 

186 

Removal of Haze in Color Images using 

Histogram, Mean, and Threshold Values (HMTV) 

  

Ramesh Kumar Thakur 

Assistant Professor 

Department of Computer Engineering 

Smt S. R. Patel Engineering College Dabhi Gujarat India 

 

Abstract 

In the present paper a novel, simple, and effective method – Histogram-Mean-Threshold value (HMTV) is proposed for removal 

of haze from an input color image. The HMTV is a new method for the removal of haze from hazy color images. This method 

relies on the fact that histogram of a hazy color image is distorted in a specific manner. Using this fact we processed hazy color 

images using histogram equalization, minimum arithmetic operation of images, image sharpening and mean shift filter. This is an 

adaptive method of histogram equalization with the help of mean value. Image sharpening and mean shift filter is applied to 

further enhance the quality of intermediate dehazed image resulted after adaptive process of histogram equalization.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

OUTDOOR image scenes are mainly affected by the disturbing elements like water-droplets and particles present in the 

atmosphere. Some common phenomena are smoke, haze, and fog which are caused by scattering and atmospheric absorption. 

The camera receives the attenuated light coming from object in the direction of line of sight. Moreover, there is blending of 

incoming light along the airlight (the reflected ambient light by atmospheric particles into the line of sight) [1]. The color fidelity 

and contrast of the image is degraded. The degradation is spatial-variant because the scattering vary much dependent on the 

camera to object distance. The need of removal of haze (or dehazing) is very much desired in computer vision applications, 

consumer photography etc. [2]. The scene visibility is significantly increased and the shift of color due to airlight is amended in 

the process of haze removal. The haze-free image is very pleasant to see. The computer vision algorithm requires clear and haze 

free image for basic image analysis and complex object recognition. Also many of the vision algorithms (e.g., photometric 

analysis, filtering, and feature detection) performance degraded due to low-contrast and biased input image. Haze removal 

algorithms have several applications in computer vision.  

The fog and haze images are useful in the process of depth understanding of the scene. Due to the dependency of haze on the 

unknown depth information haze removal is very difficult in nature. Moreover in the case of single input image the removal of 

haze becomes complicated. Thus, researchers proposed various strategies using additional information and surplus images. 

Methods based on polarization eliminate the effect of haze using images having different value of degrees of polarization [3 and 

4]. With the help of taking many images of the same scenario under different weather more constraints are obtained [5, 6, and 7]. 

There are some depth based methods [8, 9] which need the rough information of depth either from known 3D models or from the 

user inputs. Single image haze removal methods have made significant progress recently [10 and 11]. These methods’ success 

depends mainly on solid assumption. According to Tan hazy image usually have lower contrast as compared to the clear image 

and used this fact for removal of haze by local contrast enhancement of the input image [11]. The results are visually convincing 

but need not to be valid actually. Fattal used the method of estimation for the albedo of the scene and then surmises the medium 

transmission, with the help of assuming that the surface shading and transmission are locally uncorrelated [10]. Fattal’s method 

is physically strong and produces notable results. But, this approach cannot handle heavy haze images very well and might be 

failed in the cases where there is assumption break.  

In the present paper, a new method is proposed- HMTV, for haze removal of single color image. The HMTV algorithm uses 

the fact that the distortion in histogram of any hazy image is in a specific manner.  

It is observed that in hazy color images the histogram is affected in a definite way. The histogram of hazy image is normally 

constrained in a range. Thus, repetitive histogram equalization with the help of minimum arithmetic operation of images is used 

to remove haze from the hazy color image.  

The proposed method is experimentally evaluated and results confirmed the proposed method is able to handle objects situated 

very far from camera irrespective of degree of haze. Similar to any other method using assumption, proposed method has also 

some limitation. The HMTV may not give a better result in case of the extreme hazy image. 
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II. RELATED RECENT WORKS 

In 2000, Shree K. Nayar and Srinivasa G. Narasimhan [5] proposed a method for vision in poor atmospheric light using 

chromatic framework. They proposed a technique for the examination of atmospheric scattering with chromatic effects.  

In 2001, S. G. Narasimhan, S. K. Nayar and Y. Y. Schechner [3] proposed an approach with the help of polarization for 

dehazing of image instantly. They presented a method for haze removal. The main basis of their work was that the scattered light 

by the particles of atmosphere is partially polarized.  

In 2003, Shree K. Nayar and Srinivasa G. Narasimhan [6] proposed the technique for restoration of contrast in the images 

which were badly affected by weather. Their method used the model which was based on the physics and describes uniform bad 

weather scenes appearances.  

In 2008, R. Tan [11] proposed an approach for bad weather visibility in single image. His method was automatic and only one 

input image is required. His technique had two basic facts: first, improved visibility images had more contrast than poor weather 

images; second, the variation of light which dependent on distance between sensor and the object had to be smooth.  

In 2008, Jean-philippe Tarel, Nicolas Hautière, Eric Dumont and Didier Aubert [12] proposed an approach for gradient 

rationing at visible edges with blind contrast enhancement. Their method involved the process of computing of gradient ratio of 

the visible edges before and after the process of restoration of contrast.  

In 2009, S. Jian T. Xiaoou and H. Kaiming [13] proposed the approach of dark channel prior for single image haze removal. 

Their method focuses on the fact that at least one color channel has pixels of very low intensity in most of the local patches of 

non-hazy outdoor images.  

In 2010, Jian Sun, Xiaoou Tang and Kaiming He [14] proposed the approach for guided image filtering. Their method 

involved an explicit image filter-guided filter. The output of guided filter works with the help of a guidance image that can be the 

input image itself or any other image.  

In 2014, Jiezhang Cheng, Xiaoqiang Ji, Tingting Zhang, MeijiaoWang and Jiaqi Bai [15] proposed the approach for image 

clarity in traffic video monitoring systems in hazy weather with real time enhancement. In their approach analysis of degradation 

causes of images with fuzzy mechanism was completed to diminish the haze effect traffic video monitoring systems of outdoor 

images. 

III. PROPOSED METHOD 

Here in this article a novel algorithm for haze removal is proposed using HMTV. 

Flowchart for the proposed algorithm is shown in Fig.1. 

 
Fig. 1: Flowchart of the HMTV algorithm 
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The steps of the proposed algorithm are given below:  

1) Start  

2) Histogram equalization is applied on source image and resulted image is named as Hist image.  

3) Minimum pixel value of original image and Hist image resulted Min image.  

4) Histogram equalization is applied on the Min image and resulted image is named as HistMin image.  

5) Mean Difference of HistMin and Hist image resulted Threshold value.  

6) If Threshold value is greater than 0.1 then minimum arithmetic operation is applied on HistMin image and Hist image and 

Min image is replaced with resulted image. Hist image is also replaced with HistMin image and step 4 is repeated.  

7) Else HistMin image is named as intermediate dehazed image.  

8) Image sharpening and mean shift filter is applied on intermediate dehazed image one after the other and resulted image is 

Dehazed image.  

9) End.  

In the proposed algorithm the value of mean of the image is repeatedly calculated at each iteration. The mean value is used to 

further calculation of threshold. The threshold value is used as a metric for deciding whether further processing of image. The 

values of mean and threshold are shown in the result analysis section at each processing stages to show the relationship between 

them and different stages of processing. 

IV. RESULT AND DISCUSSION 

The proposed new algorithm is applied on different hazy color images and the haze free images are obtained with good visual 

quality. Here the step by step processing of a hazy color image is shown in Fig.2. 

 
Fig. 2: Stepwise processing of color hazy images 

The histogram of each step in the processing of hazy color image to haze-free color image with the respective statistical value 

is shown in Fig.3. 

 
Fig. 3: Histogram of stepwise processing of color hazy images 

The value of mean and threshold at different stage of processing is shown in the table 1. 
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Table - 1 

The value of mean and threshold at different steps in processing 

Description Mean Threshold 

Original Haze Image 164.759 - 

Iteration 1 146.012 18.747 

Iteration 2 149.954 3.942 

Iteration 3 146.866 3.088 

Iteration 4 144.792 2.074 

Iteration 5 143.540 1.252 

Iteration 6 143.172 0.368 

Last Iteration – Intermediate Dehazed Image 143.238 0.066 

On the basis of mean value obtained at different steps of processing, it is very clear that after a certain number of steps the 

variation in mean value is negligible. So, the threshold value is going to decrease with each step. After the threshold value 

reaches below 0.1, further processing is stopped and the image obtained is intermediate dehazed image.  

After we got the intermediate dehazed image, image sharpening is applied which produces intermediate sharp dehazed image. 

Finally mean shift filter is applied on intermediate sharp dehazed image which produces final dehazed image. 

The qualitative comparison of different haze removal algorithm is shown in Fig.4. 

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

 
(e)                (f)               (g) 

Fig. 4:  Comparison of out of different methods.(a) Original Image, (b) Kopf et al. [8], (c) Fattal [10], (d) Tan [11], (e) He et al. [13], (f) 

Tarel[16], (g) HMTV - proposed 

The value of RMSE, PSNR and SSIM is calculated for each method and compared.  

The RMSE value for each method is shown in table 2. 
Table - 2 

The value of RMSE for different methods of haze removal 

Sl. No. Methods RMSE 

1 HMTV - proposed 41.50254428 

2 He et al. 40.05211331 

3 Tan 36.90225140 

4 Kopf et al. 22.51512878 

5 Fattal 20.80467988 

6 Tarel 18.85591028 

From the above table it is clear that the value of RMSE is highest for our method. Since we are calculating the RMSE values 

w.r.t. hazy image so higher RMSE means better visibility. This proves that propose HMTV method is best among above 

mentioned methods.  

The PSNR value for each method is shown in table 3. 
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Table - 3 

The value of PSNR for different methods of haze removal 

Sl. No. Methods PSNR 

1 Tarel 22.55346036 

2 Fattal 21.69918967 

3 Kopf et al. 21.01292172 

4 Tan 16.72135316 

5 He et al. 16.00990170 

6 HMTV - proposed 15.70091599 

From the above table it is shown that the value of PSNR is lowest for our method. Since we are calculating the PSNR values 

w.r.t. hazy image,so lower PSNR means better visibility. This proves that propose HMTV method is best among above 

mentioned methods. 

The SSIM value for each method is shown in table 4. 
Table - 4 

The value of SSIM for different methods of haze removal 

Sl. No. Methods SSIM 

1 HMTV - proposed 0.968867281 

2 Fattal 0.998969147 

3 Kopf et al. 0.999191456 

4 Tarel 0.999255088 

5 He et al. 0.999509243 

6 Tan 0.999512264 

From the above table it is shown that the value of SSIM is lowest for our method. Since we are calculating the SSIM values 

w.r.t. hazy image so lower SSIM value means less similarity with hazy image. Less similarity with hazy image infers more 

similarity with dehazed image. This proves that propose HMTV method is best among above mentioned methods.  

On the basis of RMSE, PSNR and SSIM values, the proposed HMTV algorithm gives best result. So based upon experimental 

results it is proved that the proposed algorithm has best capability to enhance the image visibility. 

V. CONCLUSION 

In the present paper, a simple and effective haze removal method is proposed for hazy color image using HMTV algorithm. The 

HMTV algorithm is based on the basic methods of histogram equalization and minimum arithmetic operation of images, Image 

sharpening and mean shift filter. Using histogram equalization, mean and threshold value intermediate dehazed image is 

generated which is further enhanced by image sharpening and mean shift filtering. On application of this method into the haze 

imaging model, haze removal of color images becomes simpler and more effective. The experimental results show that the 

proposed method gives better dehazed image compared to many existing algorithm. This method has also some limitations and it 

produces some distortion in case of extreme hazy color images. We are working in the direction of overcoming this problem. 
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