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Abstract— Dehazing plays a leading role in numerous image processing applications. The visibility of outside images is
mostly questioned due to the presence of haze, fog, sandstorms, and other such factors. This paper presents that image
dehazing is commonly used in many outside working arrangements. Fusion Based Variational Image Dehazing (FVID)
technique that is grounded upon the fusion-based approach. Through white-balance along with a contrast improving technique,
two images are deduced from the original hazy image which was blurry in the first place. The inputs that are created, along
with their significant characteristics are sorted by computing three weight maps: luminance, chromaticity, and saliency, to
areas that have greater visibility levels. These weight maps of the inputs are fused, generates haze free image. Experimental
outcomes of an extensive range of hazy images validate that FVID is far better when it comes to preserving the structure of the
image on regions that are close by and are less affected by the fog.

Keywords— Image Dehazing, Variational Image Processing, Fusion based weight maps, Degraded image, Contrast

Enhancement.

l. INTRODUCTION

Images that are clicked in outside locations are degraded on
the basis of poor atmospheric conditions. In such cases,
atmospheric factors such as fog and haze deteriorates the
discernibility of the taken image. Dehazing is needed in
computerized vision applications and also in computational
photography. Eliminating the haze layer from the input hazy
image can considerably elevate the visibility levels of the
image. The job of eliminating haze degradation within an
image is called image dehazing, and has lately been an
important area of research [1].

Bearing in mind that aerosol becomes hazy due to extra
particles, portions and distant objects becomes more
undetectable within the image, and the reflected light is
spread over which further washes out the colours and is
differentiated by decreasing contrast. In the last few years an
increasing amount of attention has been given to the
restoration of images that are captured in particular conditions
[2]. Due to an increasing amount of outdoor applications, this
task is becoming extremely significant including
Surveillance, Intelligent Vehicles, Remote Sensing, Object
Recognition and. In different methods of remote sensing, the
recorded bands of the reflected lights are processed, so
outputs can be recharged. This image dehazing issue is
fixated with the help of Multi-image methods through that
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includes processing of numerous input images that are
captured in diverse range of Environmental conditions [3].

Image fusion is a well-researched area or field of knowledge
and extensive researches are being carried on it in the present
times. This method helps in blending input images by
preserving atleast some features of these combined or blended
output images. This work aims at developing and proposing
an efficient and simple method in which all the fusion steps or
stages are carefully planned and designed so changes can be
made in the features of the input image. The main theory
behind the fusion based model is that two input images are
drawn from the original image so that visibility of some
regions within the image can be retrieved in atleast one of the
images. This technique that deals with enhancing some
features of the image estimates one single pixel for the
expected perceptual recognised attributes, also known as
weight maps; influence the final output drawn from the input.
In order to draw pictures that have optimum levels of
visibility (good or better visibility in some areas of atleast one
image from the two) is required during the fusion method.
The mixture of both the bases of information through a fusion
process directs to an acceptably dehazed output that is free
from enhancement articrafts.

The main objective of this image that is drawn from the
fusion process is to form an image to fulfill some
requirement. This goal can be attained by processing the
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number of images which are taken from different cameras or
from the same camera based on some property. The image
fusion technology can produce a new remote sensing image
by processing the multiple remote sensing images of the
various platforms and cameras which have same target, which
contains the features and information of both input images
[4]. The latest fused image can offers more inclusive
information; therefore, it provides technical support for the
analysis and extraction of remote sensing information. It has
become a key technology for Remote sensing Images. This
task of reducing haze levels within the image is called as
image dehazing, and has been a significant area of research in
the concurrent times. Some of the main methods used for
reversing or eliminating haze degradation, include
Koschmieder’s atmospheric scattering just to name a few[5].
1(X) =t(x)I (X) +(1-t(x)) A (@h)

Here, x represents a pixel location, 1(x) is the observed
intensity, J(X) is the scene radiance of a haze-free image, t(xX)
is the emission of light in the air, inversely related to the dept
of the scene, and A is the airlight, a global vector quantity

that is used to represent the ambient light.
Egyip ~ DiffSat Maps D;

Fusion-based Variational Image Dehazing
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Fig.1. Schematic demonstration of the three steps involved
within the FVID technique.

In spite of optimal dehazing abilities of (1), it now and then
generates overenhanced outcomes, see fig. 1. However, each
generated iterate indirectly transmits some valuable bit of
information in relation to the degree or level of enhancement
required by each region. This research leads to the
development of a technique or method that can be used to
draw or extract info such as the progressive difference-of-
saturations (DiffSat) maps. After drawing these maps, we can
incorporate them for desighing and planning the fusion
process that helps in blending the Enhanced Variational
Image Dehazing (EVID) into a single image, by retaining the
viable visual information at each depth of the input layer only.

This paper Section | contains the introduction of related
work , Section Il contain the related work of previous papers ,
Section 1l contain the methodology, Section 1V contain the
results and discussion, section V contains the conclusion and
future scope.
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Il RELATED WORK

Dr. H.B. Kekre et al. offered an rating on image fusion
methods and execution analysis parameters. Basically image
fusion means to contain information that is attendant from
different resources into one image that is fresh. The thought is
to reduce redundancy and uncertainty in the output while
optimise useful information specific to a task or an
application [6].

Sahu et al. (2012) commend a model for haze removal with
colour conservation. Firstly the image is converted from RGB
to YrCr. Then key observation and strength of image is
computed [7].

I11. METHODOLOGY

Draw two input images from the original image. The main
reason behind this is to improve the visibility in all region or
areas of the scene in atleast one of the two images (a) First
input will be drawn with the help of the white balancing
process, (b) the second input will be drawn with the help of
the contrast enhancement method, (c) Now compute 3 weight
maps for these input images which includes luminance,
chromaticity and saliency and the weight of these drawn
inputs is normalized by these 3 weight maps, (d) Now apply
the multi-scale fusion, by incorporating the Laplacian
pyramid delegation for the image inputs which are then
combined or blended along with gaussian pyramids that have
normalized weights , so that haze can be eliminated from the
images.

In the fusion process again the following steps can be carried
out . They are as follows

o Weight maps

e Multiscale Fusion
e  Gaussian Pyramid
e Laplacian Pyramid
i | Original image
Inputl Input2
v A
Luminanc| Chrominance [Sailency Luminanc| Chrominance |Sailency
e weight | weight weight e weight weight weight
map map map map map map
A 4 A
Fusion Fusion
Fusion
v
output
Fig 2:System Architecture
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Weights maps

Weight maps can be defined as the tool that helps to preserve
the regions or areas that have better levels of discernibility in
the image. The image inputs are weighted with the help of
these weight maps.

Luminance weight map: It helps in computing the visibility
levels of each pixel and allocates high values to areas that
have greater visibility levels and minor values to the rest of
the areas or regions in the image. Luminance weight map is
computed with the help of a divergence that takes place
between the RGB colour channel and luminance from the
image.

Chromatic weight map: this type of weighted map handles
the saturation gain levels within the output image. The
chromatic weight map is than computed as the distance
present between the saturation value and the highest
saturation level within the range. Hence minor values are
allotted to the pixels that have low saturation levels or degrees
whereas the pixels that have high saturation levels or degrees
are allotted higher values to the pixels

Saliency weight map: This map measures the degree of
salience levels along with info that is relevant to the
neighbourhood regions. Visual saliency is what makes an
individual, item or pixel stand out in comparison to its
neighbours and thus, gets the maximum amount of attention.
For different applications like adaptive compression, object
segmentation and object recognition detection for images that
have visually salient regions or areas play a vital role.
Gaussian pyramid: The basic purpose of the Gaussian
pyramid is to decompose the information within the image at
different scales, so that the structures or some features within
the concentrated region or areas can be extracted and noise
can be reduced within the image.

a) Start the process within an original imageg,.

b) Now apply a low pass filter on the original image so that a
reduced or decomposed image can be generated.

c) Now the image is “reduced” so that spatial density and
resolution of the image can be reduced.

d) This process is initiated so that a group or set of images
such as g, 91,92 --9n Can be configured to arrange a
pyramid image structure.

Laplacian pyramid:

Clustering the laplacian pyramid is an arrangement of images
that are error based such as Ly, Ly, L, ... L, in @ manner that
each error within the image is a deviation within the two
elevations (levels) of the Gaussian pyramid.

The method or technique to do this is,

a) Firstly increase the level of the top pyramid, L,,.

b) Now enhance extended version to L,-1 to form g,-1.

c) This process is repeated until the base of the pyramid is
replicated for each level, so that the original image can be
mended completely. We can consider the topmost image of
the pyramid as an error image L, : g, = L, since the top of
the pyramid does not have an error based image [6].
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IV. RESULTS AND DISCUSSION

Original Hazy image is set as input to the MATLAB
Program, By Enhancing procedure it produces first and
second inputs. Generating inputs computes Luminance,
Chrominance, Saliency Weight maps. These weight maps are
combined together to get a dehazed image.

a) Frist input

b) second input

luminanceWeightmap of First input chromaticWeightmap of First input saliencyWeightmap of First input

¢) Weight maps of first input

luminanceWeightmap of Second input

chromaticWeightmap of Second input _ saliencyWeightmap of Second input

d) Weight maps of Second input
The above Shown Fig.3 ¢), d) are the Luminance,

Chrominance, Saliency weight maps of first and second
inputs.
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Haze removed by FVID Haze removed by FVID

) output image.

e —

e) Output image

This is the Fusion based dehazed image.The entire process is
generated in MATLAB code.

FIG.5 Original hazy image

a) First inpu . b) second
input

luminanceWeightmap of First input _ chromaticWeightmap of First input ___SallencyWeightmap of First input

a) First input b) second
input
luminanceWeightmap of Firstinput  chromaticWeightmap of Firstinput Sy e phtseag o e ot

d)weight maps of first input

chromaticWeightmap of Second input sallencyWeightmap of Second input

e) Weight maps of second input

¢) Weight maps of First input

luminanceWeightmap of Second input chromaticWeightmap of Second input _ saliencyWeightmap of Second input
Lo
I

luminanceWeightmap of Second input

i s
d) Weight maps of second input

Haze removed by FVID

e) output image
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Parameter values for different images can be shown in Tablel.

Billa Jyothi completed B.TECH from

TABLE1
Parameters Fig3 Figd Fig5
Gray scale 0.5364 0.5156 0.4824
MSE 2.0621e+04 | 1.8082e+04 | 1.5163e+04
PSNR 40.0435 41.1849 42,7141
SNR 84.85259dB | 72.76182dB | 106.00287dB
SSIM 0.0047 0.0057 0.0049

V .CONCLUSION AND FUTURE SCOPE

This paper validates that hazy images can improve swiftly by
manipulating or exploiting the fusion-based stratagem.
Findings indicate that by selecting an appropriate and
standard weight map and input, images can dehaze effectively
with the help of fusion approach. The process that the
researcher has designed is a multi-resolution method that
backs the objects and is robust in nature. This Fusion based
dehazing process, draws 2 input images from the original
image. The first input is attained through white balance
operation activity that takes place on the original image.
White balancing is a very significant stage of the process that
helps in increasing the 4overall appearance of the image by
removing the colorcasts that are redundant and appear due to
frequent illuminations. The weight maps aim to support the
regions that have optimum discernibility factor. Furthermore
this approach is planned for hazy videos in a Multiscale-

Fusion manner which would be discussed in future researches.

As an addition to this approach Koschmieder’s Atmospheric
Scattering model is being incorporated for image dehazing.
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