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Abstract 

Single image haze removal has been a challenging problem 

due to its ill-posed nature. Poor visibility perceptual image 

quality and performance of computer vision algorithms 

such as tracking, surveillance, and navigation.  In this 

paper, we propose a simple but powerful contextual 

regularization algorithm for the removal of haze from 

single input hazy image. With the help of the filter banks 

and Scale Invariant Feature Transform (SIFT) operator 

the haze can be removed. From this we can easily estimate 

the boundary conditions manually and thus increases both 

the efficiency and dehazing effect. 

 

INTRODUCTION 

Outdoor images are often suffered by suspended atmospheric 

particles such as haze, fog, smoke and mist that reduce the 

quality of the images taken in the scene. Visibility, contrast, 

and vividness of the scene are drastically degraded, which 

makes it difficult to distinguish objects. Enhancing the images 

acquired in poor weather conditions is called de-weathering 

[1] and has been a very critical issue in applications such as 

aerial photography, driving assistance and visual surveillance. 

Defogging is a representative deweathering problem 

especially for removing the weather effect caused by 

suspended aerosol and water drops. The goal of defogging is 

to improve the contrast of the foggy images and restores the 

visibility of the scene. In[1]  color variations are analyzed 

inthe scene under different weather conditions. Recovering 

scene structure from one or more bad weather images were 

developed in [6]. 

According to atmospheric scattering model the physical 

degradation process of foggy image as a linear combination of 

two components: attenuated scene reflectance and intensified 

atmospheric luminance. The transmission medium is the 

suspended particles that influence the transmission of scene 

reflectance and atmospheric luminance.  The scene reflectance 

is the albedo of the scene reflected by atmospheric luminance 

and is attenuated by the transmission medium. The 

atmospheric luminance is scattered by suspended particles 

intensified by the transmission medium and received by the 

observer as ambient air light.  The two components are 

additive due to the linearcharacteristic of light propagation. 

This physical process results in the degradation of both 

visibilities and contrast. 

Two critical factors affect the attenuation and 

intensification.  The first is the atmospheric scattering 

coefficient of the transmission media that is deemed to the 

polarization characteristics of the particles and is usually 

assumed to be a constant in a static scene. The second factor is 

the distance between the scene and the observer. Longer 

distance induces more attenuation and intensification. While 

the depth is deeper, the effect is stronger and the foggy image 

loses more visibility and contrast.  The two factors are 

combined into a single term called depth map in this paper. 

Estimating the depth map and air light is therefore very crucial 

for the restoration of the scene reflectance. 

Existing System 

When one takes a picture in foggy weather conditions, the 

obtained image often suffers from poor visibility. The distant 

objects in the fog lose the contrasts and get blurred with their 

surroundings. This is because the reflected light from these 

objects, before it reaches the camera, is attenuated in the air 

and further blended with the atmospheric light scattered by 
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some aerosols (e.g., dust and water-droplets). Also for this 

reason, the colors of these objects get faded and become much 

similar to the fog, the similarity of which depending on the 

distances of them to the camera. 

In existing method used contrast based image dehazing 

[3]. Image contrasts are restored from a single input image by 

maximizing the contrasts of the direct transmission while 

assuming a smooth layer of airlight. This method give the 

original color by maximizing the contrast of degraded 

regions.The degradation of the finest details and gradients is 

constrained to a minimum level. Using a simple formulation 

that is derived from the lightness predictor effect our contrast 

enhancement technique restores lost discontinuities only in 

regions that insufficiently represent original chromatic 

contrast of the scene. 

 

Disadvantages: 

 These works can be regarded as a reduced case of the 

atmospheric scattering model that defogs image without 

considering the depth information, but it is effective only 

for homogeneous haze. 

 They are limited in their ability to remove the haze effect. 

 The haze effect is both multiplicative as well as additive 

since the pixels are averaged together with a constant, the 

air light. This additive offset is not properly cancelled by 

these procedures which amplify high-band image 

components in a multiplicative manner. 

 

Proposed Method 

A physical degradation process known as the atmospheric 

scattering model has been widely applied in many dehaze 

works. In this manner we propose the Contextual 

Regularization based image dahaze. We present a new method 

for recovering a haze-free image given a single photograph as 

an input. This techniques restore the hazy images based on the 

estimated transmission (depth) map. Our method benefits from 

three main contributions. The first is a new constraint on the 

scene transmission. This simple constraint, which has a clear 

geometric interpretation, shows to be surprisingly effective to 

image dehazing. Our second contribution is a new contextual 

regularization that enables us to incorporate a filter bank into 

image dehazing. These filters help in attenuating the image 

noises and enhancing some interesting image structures, such 

as jumpedges and corners. Our final contribution is an 

efficient optimization scheme,which enable us to quickly 

dehaze images of large sizes 

Advantages: 

 Our method can recover rich details of images with color 

information in the haze regions. 

 Hazes in the images are not homogeneous. Our method 

dehaze successfully in this types of images. 

 Moreover, some significant halo artifacts usually appear 

around the recovered sharp edges (e.g., trees). In 

comparison, our method can improve the visuality of 

image structures in very dense haze regions while 

restoring the faithful colors. The halo artifacts in our 

results are also quite small. 

 

METHODOLOGY 

Estimate Global Airlight 

The airlight function is the multiplication of two factors: 

atmospheric luminance and the inverse of depth map. We can 

assume that a portion of the image contains pixels infinitely 

far away. The image points corresponding to scene points at 

infinity are regarded as the set of representative color vectors 

of atmospheric luminance and an average operation is applied 

to estimate the expected color vector of atmospheric 

luminance [2].  White pixels that have the highest intensity 

values in the fog image are considered as atmospheric 

luminance, since these pixels may represent the scene points 

with no reflection, assuming to be at infinite distant  

 

Calculate Boundary constraints 

Dehazing an image by requires estimating an appropriate 

transmission function and the global atmospheric light A. To 

estimate the atmospheric light, we propose a method based on 

image’s dark channel. They first pick up the top 0.1% 

brightest pixels in the dark channel, and then select the one 

with the highest intensity as the estimate of A.  

 

Refine Estimation 

Dehazing from a single image is highly under 

constrained, since the number of unknowns is much greater 

than the number of available equations. Thus, we have to first 

exploit more constraints on the unknowns.  The method begins 

with filtering each color channel of an input image by a 

minimum filter with a moving window. Then the maximum 

value of each color channel is taken as the estimate of the 

component of A.  

 

Imaging Model And Problem Constraints 

The following linear interpolation model is widely used to 

explain the formation of a haze image, 

I(x) = t(x)J(x) + (1 − t(x))A,   (1) 

where, 

I(x) is the observed image,  

J(x) is the scene radiance, 

A is the global atmospheric light, and 

t(x) is the scene transmission . 

 

The transmission function t(x) (0 ≤ t(x) ≤ 1) is correlated with 

the scene depth.  
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Where, 

t(x) = e−βd(x)                         (2) 

βis the medium extinction coefficient 

d(x) is the scene depth. 

The goal of image dehazing is to recover the scene 

radiance J(x) from I(x) based on Equation.(1). This requires us 

to estimate the transmission function t(x) and the global 

atmospheric light A. Once t(x) and Aare estimated, the scene 

radiance can be recovered by: 

J(x) = I(x) – A / [max (t(x), e)]δ+ A,  (3) 

 

Boundary Constraint from Radiance Cube 

wheretb(x) is the lower bound of t(x), given by 

tb(x) = min {max c{r,g,b} (Ac − Ic(x)/Ac − Cc0,Ac − Ic(x)/Ac 

− Cc1), 1} 

whereIc, Ac, Cc0 and Cc1 are the color channels of I, A,C0 

and C1, respectively. 

 

Weighted L1-norm based Contextual Regularization 

Generally, pixels in a local image patch will share a 

similar depth value. Based on this assumption, we have 

derived a patch-wise transmission from the boundary 

constraint. However, this contextual assumption often fails to 

image patches with abrupt depth jumps, leading to significant 

halo artifacts in the dehazing results. 

A trick to address this problem is to introduce a weighting 

function W(x, y) on the constraints, i.e., 

W(x, y) (t(y) − t(x)) ≈ 0 

Wherexand y are two neighboring pixels. The weighting 

function plays a “switch” role of the constraint between x and 

y. When W(x, y) = 0, the corresponding contextual constraint 

of t(x) between x and y will be cancelled. The question now is 

how to choose a reasonable W(x, y). Obviously, the optimal 

W(x, y) is closely related to the depth difference between x and 

y. In another word, W(x, y) must be small if the depth 

difference between x and y is large, and vice versa. However, 

since no depth information of each pixel is available in single 

image dehazing, wecannot construct W(x, y) directly from the 

depth map. 

Abeneficial to use the high-order differential operators. This 

simple extension endows us with more flexibilities in the use 

of the contextual constraints. A bank of high-order differential 

filters used in this study. To employ those filters, we have to 

accordingly revise the computation of the weighting functions 

as below: 

Wj(i) = 𝑒− ∑ ‖𝐷𝑗⊗𝐼𝑐‖/2𝜎2𝑐∈{𝑟,𝑔,𝑏}  

A bank of high-order filters [4] used in our study. It 

consists of eight Kirsch operators and a Laplacian operator for 

preserving image edges and corners. 

 

Scene Transmission Estimation 

Estimate the transmission function using following formula, 

t(x) = F−1( 

𝜆

𝛽
𝐹(𝑡)+∑ 𝐹(𝐷𝑗)◦°𝐹(𝑢𝑗)𝑗∈𝜔

𝜆

𝛽
+∑ 𝐹(𝐷𝑗)°𝐹(𝐷𝑗)𝑗∈𝜔

) 

Finally we get the dehaze image using 

J(x) = 
𝐼(𝑥) −𝐴

[𝑚𝑎𝑥 (𝑡(𝑥), )]𝛿
+ 𝐴 

 

Video dehazing 

Dehazing of real time video includes the process of converting 

the RGB colur images to gray color images for easy 

estimation of matching points and boundary constraints for 

preventing the loss of information. The processing is done for 

each frames and it can be implemented using camera and 

MATLAB installed computer in real time process.  

Software Requirements  

Tool          :  Matlab 2012/2014  

Toolbox    :  Image Processing, Image classifier 

Front End :  GUI User Interface 

 

Software Overview 

MATLAB is a high-level language and interactive 

environment for numerical computation, visualization, and 

programming. Using MATLAB, you can analyze data, 

develop algorithms, and create models and applications. The 

language, tools, and built-in math functions enable you to 

explore multiple approaches and reach a solution faster than 

with spreadsheets or traditional programming languages, such 

as C/C++ or Java You can use MATLAB for a range of 

applications, including signal processing and communications, 

image and video processing, control systems, test and 

measurement, computational finance, and computational 

biology. More than a million engineers and scientists in 

industry and academia use MATLAB, the language of 

technical computing.  

 

Key Features 

 High-level language for numerical computation, 

visualization, and application development 
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 Interactive environment for iterative exploration, 

design, and problem solving 

 Mathematical functions for linear algebra, statistics, 

Fourier analysis, filtering, optimization, numerical 

integration, and solving ordinary differential 

equations  

 Built-in graphics for visualizing data and tools for 

creating custom plots 

 Development tools for improving code quality and 

maintain ability and maximizing Performance 

  Tools for building applications with custom 

graphical interfaces. 

 Functions for integrating MATLAB based algorithms 

with external applications and Languages such as C, 

Java, .NET, and Microsoft Excel 

 

Numeric Computation 

MATLAB provides a range of numerical computation 

methods for analyzing data, developing algorithms, and 

creating models. The MATLAB language includes 

mathematical functions that support common engineering and 

science operations 

Core math functions use processor-optimized libraries to 

provide fast execution of vector and matrix calculations. 

Available methods include: 

• Interpolation and regression 

• Differentiation and integration 

• Linear systems of equations 

• Fourier analysis  

• Eigen values and singular values 

• Ordinary differential equations (ODEs) 

• Sparse matrices 

MATLAB add-on products provide functions in 

specialized areas such as statistics, optimization, signal 

analysis, and machine learning 

 

Data Analysis and Visualization 

MATLAB provides tools to acquire, analyze, and visualize 

data, enabling you to gain insight into your data in a fraction 

of the time it would take using spreadsheets or traditional 

programming languages. You can also document and share 

your results through plots and reports or as published 

MATLAB code 

 

 

 

Acquiring Data 

MATLAB lets you access data from files, other applications, 

databases, and external devices. You can read data from 

popular file formats such as Microsoft Excel; text or binary 

files; image, sound, and video files; and scientific files such as 

net CDF and HDF. File I/O functions let you work with data 

files in any format. 

Using MATLAB with add-on products, you can acquire 

data from hardware devices, such as your computer’s serial 

port or sound card, as well as stream live, measured data 

directly into MATLAB for analysis and visualization. You can 

also communicate with instruments such as oscilloscopes, 

function generators, and signal analyzers. 

 

Analyzing Data 

MATLAB lets you manage, filter, and preprocess your 

data. You can perform exploratory data analysis to uncover 

trends, test assumptions, and build descriptive models. 

MATLAB provides functions for filtering and smoothing, 

interpolation, convolution, and fast Fourier transforms (FFTs). 

Add-on products provide capabilities for curve and surface 

fitting, multivariate statistics, spectral analysis, image 

analysis, system identification, and other analysis tasks.  

 

Visualizing Data 

MATLAB provides built-in 2-D and 3-D plotting 

functions, as well as volume visualization functions. You can 

use these functions to visualize and understand data and 

communicate results. Plots can be customized either 

interactively or programmatically. The MATLAB plot gallery 

provides examples of many ways to display data graphically in 

MATLAB. For each example, you can view and download 

source code to use in your MATLAB application.  

 

Documenting and Sharing Results 

You can share results as plots or complete reports. 

MATLAB plots can be customized to meet publication 

specifications and saved to common graphical and data file 

formats. You can automatically generate a report when you 

execute a MATLAB program. The report contains your code, 

comments, and program results, including plots. Reports can 

be published in a variety of formats, such as HTML, PDF, 

Word, or Latex.  

 

Programming and Algorithm Development 

MATLAB provides a high-level language and 

development tools that let you quickly develop and analyze 

algorithms and applications. 
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The MATLAB Language 

The MATLAB language provides native support for the vector 

and matrix operations that are fundamental to solving 

engineering and scientific problems, enabling fast 

development and execution. With the MATLAB language, 

you can write programs and develop algorithms faster than 

with traditional languages because you do not need to perform 

low-level administrative tasks such as declaring variables, 

specifying data types, and allocating memory. In many cases, 

the support for vector and matrix operations eliminates the 

need for for-loops. As a result, one line of MATLAB code can 

often replace several lines of C or C++ code. MATLAB 

provides features of traditional programming languages, 

including f low control, error handling, and object-oriented 

programming (OOP). You can use fundamental data types or 

advanced data structures, or you can define custom data types. 

You can produce immediate results by interactively executing 

commands one at a time. This approach lets you quickly 

explore multiple options and iterate to an optimal solution. 

You can capture interactive steps as scripts and functions to 

reuse and automate your work. MATLAB add-on products 

provide built-in algorithms for signal processing and 

communications, image and video processing, control 

systems, and many other domains. By combining these 

algorithms with your own, you can build complex programs 

and applications. 

 

Development Tools 

MATLAB includes a variety of tools for efficient 

algorithm development, including:  

Command Window –Lets you interactively enter data, 

execute commands and programs, and display results 

MATLAB Editor–Provides editing and debugging features, 

such as setting break points and stepping through individual 

lines of code 

Code Analyzer–Automatically checks code for problems and 

recommends modifications to maximize performance and 

maintainability 

MATLAB Profiler–Measures performance of MATLAB 

programs and identifies areas of code to modify for 

improvement  

Additional tools compare code and data files, and provide 

reports showing file dependencies, annotated reminders, and 

code coverage. 

 

Integration with Other Languages and Applications 

You can integrate MATLAB applications with those 

written in other languages.  

From MATLAB, you can directly call code written in C, 

C++, Java, and .NET. Using the MATLAB engine library, you 

can call MATLAB code from C, C++, or FORTRAN 

applications. 

 

 

Performance 

MATLAB uses processor-optimized libraries for fast 

execution of matrix and vector computations. For general-

purpose scalar computations, MATLAB uses its just-in-time 

(JIT) compilation technology to provide execution speeds that 

rival those of traditional programming languages. To take 

advantage of multi core and multiprocessor computers, 

MATLAB provides many multithreaded linear algebra and 

numerical functions. These functions automatically execute on 

multiple computational threads in a single MATLAB session, 

enabling them to execute faster on multi core computers You 

can take further advantage of multi core desktop and other 

high-performance computing resources such as GPUs and 

clusters with add-on parallel computing products. These 

products provide high-level constructs that let you parallelize 

applications with only minor changes to MATLAB code. 

 

Image Acquisition 

Image Acquisition Toolbox enables you to acquire images 

and video from cameras and frame grabbers directly into 

MATLAB and SIMULINK. You can detect hardware 

automatically and configure hardware properties. Advanced 

workflows let you trigger acquisition while processing in-the-

loop, perform background acquisition, and synchronize 

sampling across several multimodal devices. With support for 

multiple hardware vendors and industry standards, you can use 

imaging devices ranging from inexpensive Web cameras to 

high-end. 

 

Existing result 

The comparison between original and dehazed images is 

given as in image format          
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PROPOSEDRESULT 
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INPUT IMAGE AS FRAME FOR VIDEO DEHAZING 

 

PROCESSED IMAGE AFTER DEHAZING 
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