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Abstract— The bad weather conditions like the presence fog, 

heavy rain, mist other reasons moreover time to time.  Images 

of scenes captured in bad weather have poor contrasts and 

colors. This may cause difficulty in detecting the objects in 

the captive hazy images the general problem for imaging in 

the atmosphere is the introduction of fog and also the 

introduction of atmospheric bluster in the images. Haze is 

formed because of the two fundamental phenomena which 

might be attenuation and the air light. Attenuation decrease 

contrast and air light increase more light inside the region. 

We use color attenuation prior for de-hazing single hazy 

image. We break image into small sized patches. We explain 

atmospheric scattering model, transmission map and patch 

size also. We calculate depth map of hazy image. For 

calculating the comparison between different techniques. We 

explain various parameters like Mean square error (MSE), 

peak signal to noise ratio (PSNR), structural similarity 

(SSIM) and computational time which shows which 

technique is best. In last part of work, we explain our result 

and explain its shortcoming and future scope of my research 

process. This paper gives a review on the various haze 

removal techniques. First, the famous dark channel prior, a 

statistics of the haze-free outdoor images, can be used to 

estimate the thickness of the haze; and second, gradient prior 

law of transmission maps, which is based on dark channel 

prior. We proposed to implement various haze removal 

algorithm using color attenuation prior model. These 

techniques are used in many vision applications. The overall 

objective of this paper is explaining the different methods for 

efficiently eliminating the haze from digital images. 
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I. INTRODUCTION 

Images of outdoor scenes are usually degraded by the earth 

surface particles like snow, water droplets, etc. So there is a 

resultant Detroiter in the color and Contrast of the captive 

image in the poor weather conditions. 

A. What is Haze? 

Haze is an atmospheric phenomenon that uncertain the clarity 

of the sky. All the atmospheric particles are in the range 

below of 1km. Atmospheric particles are fog, moisture, 

smoke, water droplets, dust, etc 

B. What causes Haze? 

Haze is originated by atmospheric particles eliminate in the 

air. It occurs in many populated areas like industrial, garden 

and agriculture. Due to haze clarity of images will be 

degraded. 

Haze is a Fusion of two components Airlight and Direct 

attenuation. 

Haze = Attenuation + Airlight 

While capturing the outdoor image during bad weather 

condition, the radiance received by the camera from the scene 

is attenuated along the line of sight. The incoming light is 

combined with the light coming from all other directions 

called the Airlight. It adds whiteness in the image. And the 

second component Attenuation is the gradual loss in intensity. 

Due to this the there is significant decay in the color. Amount 

of scattering depends on the distance between the scene 

points and the camera. So the degradation is spatially 

variable.[1] 

 
Fig. 1.1: Formation of hazing model [2] 

The atmospheric particles, mainly water droplets 

causes, absorption and scattering. Where there is scattering, 

two fundamental phenomena attenuation and airlight subsist  

and the resulting light coming towards the camera or the 

observer from the scene gets attenuated due to scattering 

through water droplets and thus degrades the image quality of 

an outdoor scene. Shrinking the contrast due to scattering is 

termed as attenuation. The whiteness effect in the scene 

towards the observer or the camera is known as airlight. 

These two phenomena mutually produce a degraded image. 

It is observed that attenuation and airlight are the functions of 

the distance between camera and scene. Hence depth map 

estimation is required for restoring true scene. 

 
Fig. 1.2: Haze input image 
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Fig. 1.3: Dehazing image[7] 

Dehazing is mostly required in user photography 

and computer vision applications. Because many computer 

vision applications are get from low- contrast scene radiance. 

For example there is a problem of haze in fog images. There 

are many methods available to remove haze from outdoor 

image. 

II. HAZE MODEL 

In surveyance system, remote sensing systems, and 

underwater, the image display is subject to atmospheric 

conditions such as haze, fog and smoke. Haze formation 

model is generally used in computer vision and image 

processing. This model used for the formation of image in the 

presence of poor atmospheric conditions. Image quality is 

degraded due to the presence of substantial particles in the 

atmosphere which have denoting size between 1-10 μm. The 

light coming from a camera is absorbed and scattered by these 

atmospheric particles. Assume that this haze model is linear 

model. From the definition of linearity in this model only 

pixel position is changed. Fog is the merger of Airlight and 

Direct attenuation. This invisibility is occurred by two 

fundamental phenomenons: Direct attenuation and Airlight. 

And it is describe as follow: 

I(x) = J(x)*t(x) + A*(1-t(x))…………1 

Where I (x) is the observed intensity of the xth pixel, 

J (x) is the scene radiance vector (the true color that we want 

to recover), A is the atmospheric light, and t is the 

transmission medium describing the portion of the light that 

is not scattered and reaches direct to the camera. 

In the equation first term, J(x)*t(x) is called the 

direct attenuation; the second term, A*(1-t(x)) is called 

Airlight. This haze model is directly extended to each RGB 

component of a color image.[1] 

III. TYPES OF FOG 

Fog reduces visibility and contrast level of an image. To 

enhance the quality of images various enhancement methods 

are used. A step by step image processing is activated over an 

image. Firstly acquire the image from real world and convert 

into system smooth form, measurement of the effect of noise 

on the image. There are different types of noise which disturb 

the image. Accordingly, image enhancement process for 

improving the quality of an image is needed then. After 

improving the quality of an image again renew that image. At 

present technology for fog removal are of two types-[4] 

 Fog correction 

 Fog removal[4] 

A. Radiation Fog 

Its type of fog forms at dark light under clear skies with slow 

winds when heat absorbed by the earth’s surface during sun 

light is radiated into space. As the earth’s surface continues 

to cool, provided a deep enough layer of moist air is present 

near the ground, the humidity will reach 100% and fog will 

form. Radiation fog varies in depth from 91 meter to about 

30480 meter and is always found at ground level and usually 

remains stationary. This type of fog can reduce visibility to 

near zero at times and make driving very difficult. When air 

along evevation tops and the upper slopes of mountains 

begins to cool after sunset, the air becomes dense and heavy 

and begins to drain down into the valley floors below. As the 

air in the valley floor continues to cool due to radiational 

cooling, the air becomes saturated and fog forms. 

B. Advection Fog 

Advection fog often looks like radiation fog and is also the 

result of contraction. However, the contraction in this case is 

caused not by a reduction in surface temperature, but rather 

by the horizontal movement of hot moist air over a cold 

surface. This means that advection fog can sometimes be 

acclaimed from radiation fog by its horizontal motion along 

the ground. Sea fogs are always advection fogs, because the 

oceans don’t radiate heat in the same way as land and so never 

cool sufficiently to produce radiation fog. Advection fog may 

also form when moist maritime, or ocean, air drifts over a 

cold backland area. This usually happens at night when the 

temperature of the land drops due to radiational cooling. 

C. Upslope Fog 

Upslope fog forms when light winds weight moist air up a 

hillside or mountainside to a level where the air becomes 

saturated and condensation occurs. Its type of fog usually 

forms a good distance from the tip of the hill or mountain and 

covers a large area. Upslope fog occurs in all mountain ranges 

in North America. This usually occurs during the winter 

months, when cold air behind a cold front drifts westward and 

encounters the eastward facing slopes of the Rocky 

Mountains. Ice fog will only be witnessed in cold Arctic / 

Polar air. Normally the temperature will be 427 meters or 

colder in order for ice fog to occur. 

D. Freezing Fog 

Freezing fog take place when the water droplets that the fog 

is composed of are "supercooled". Supercooled water 

droplets remain in the liquid state until they come into contact 

with a surface upon which they can freeze. As a result, any 

object the freezing fog comes into contact with will become 

coated with very low temperature. 

E. Evaporation or Mixing Fog 

This type of fog forms when sufficient water vapor is added 

to the air by evaporation and the moist air mixes with cooler, 

relatively warm air. The two common types are steam fog and 

frontal fog. Steam fog forms when cold air moves over warm 

water. The other type of evaporation fog is known as frontal 

fog.[3] 
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IV. DIFFERENT METHODOLOGY OF DEHAZING 

 
Fig. 1.4: Various Fog Removal Techniques [5] 

A. Dark Channel Prior 

Dark channel prior is basically used for single image 

dehazing method. This is used to measure the statistics of the 

outdoor fog free image. In this method assume that some 

pixels are having very low intensity in any one of the color 

channel. But in this case, take only that region which is cover 

the atmosphere. These pixels are known as the dark pixels. 

These dark pixels are used to estimate the transmission map. 

After the transmission map estimation refined transmission 

map is estimated to remove some noise effect. The aim of this 

technique is to restore fog free image. Main advantages of this 

method are in this method Single image is used for restoration 

of foggy image and Transmission map is estimated 

accurately. 

To solve the single image dehazing problem. It is a 

very simple but effective dark channel prior, which is a 

statistical assumption based on their observations of plenty of 

haze-free outdoor images. According to the dark channel 

prior, in most of the non-sky local image areas, at least one 

color channel will have pixels with very low intensity, in 

other words, 

The minimum intensity in such local patch should 

have a very low value, even close to zero and three main 

factors attribute the low intensity in the dark channel, that is, 

shadows, colorful objects and dark objects. For any image J 

(x), the dark channel is defined as follow. 

Jdark(x) = minyϵΩ(x)(mincϵ(r,g,b)JC(y))    ….2 

Here,Jc is a color channel of J, and Ω(x) is a local patch 

centered at x. 

According to the dark channel prior, in most of non-sky local 

image areas, we have, 

Jdark(x) = minyϵΩ(x)(mincϵ(r,g,b)JC(y)) = 0  …3 

With this statistical prior as theory constraints, He et 

al. suggest a 15*15 patch size to get dark channel with the 

assumption that depth is always same in a local patch, that is, 

the transmission is t̃ (x)constant in the window, and then the 

following eq. can be deduced: 

t ̃(x) = 1 − minyϵΩ(x) (min
Icy

Ac )                         ….4 

Here, ť(x) is the initial estimate value for transmission, 

further, the eq. is modified by 

t ̃(x) = 1 − ωminyϵΩ(x) (min
Icy

Ac )                      ….5 

Here, is a factor which describes the sense in the real 

world.ωϵ [0,1] 

However, the assumption will fail when there are 

abrupt depth jumps in the patch, halo effects will appear and 

the bigger the patch size, the more serious the effects. 

In order to avoid the block halo problem, He et al. 

use a soft-mating operation to get refined transmission map 

t(x) , then the haze-free image J(X) can be recovered by the 

following equation. 

J(x) = I(x) − A max(t(x), t0) + A⁄                   ….6 

Here, t0 is a small constant (a typical value is 0.1 by He) for 

avoiding division by zero. [6] 

 
Fig. 1.5: Haze image        Fig. 1.6: dehazed image 

By Dark channel prior[1] 

B. Advantages 

1) Single image required for haze removal. 

2) Transmission map is estimated accurately. 

C. Disadvantages 

1) For Airlight estimate assumption is required that only 

0.1% brightest pixels are taken. 

2) It produces some Halo effects on the resultant images. 

3) This method is invalid when scene object is similar to 

Airlight like car head lights, snowy ground, etc.[1] 

V. CONCLUSION 

Haze removal algorithms are used to improve the visual 

quality of an image, which is affected by light scattering and 

direct attenuation through haze particles. This paper studies 

various dehazing methods used in the field of image 

processing techniques. Dark channel prior is very useful 

techniques for dehazing image. While compared with other 

novel single image dehazing produce the better results Haze 

removal algorithms become very useful for many vision 

applications. It is found that most of the existing researchers 

have neglected many issues; i.e. no technique is accurate for 

different kind of circumstances. Dark channel prior 

techniques to reduce the noise issue which is presented in the 
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output images of the existing fog removal algorithms. The 

problem of uneven and over illumination is also an issue for 

dehazing methods. New algorithm will integrate the dark 

channel prior, CLAHE and bilateral filter to improve quality 

of haze image. Using a newly presented image prior - dark 

channel prior, haze removal for a single image without using 

any extra information is formulated as a particular filtering 

problem and an improved filtering scheme. In the view 

algorithm, the air-light and the down-sampled transmission 

can be estimated and extracted easily. Then using a guided 

filter, the transmission can be further refined and up-sampled. 
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