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ABSTRACT: The visibility of outdoor images captured in inclement weather is often degraded due to the presence of
haze, fog, sandstorms, and so on. Poor visibility caused by atmospheric phenomena in turn causes failure in computer
vision applications, such as outdoor object recognition systems, obstacle detection systems, video surveillance systems, and
intelligent transportation systems. In order to solve this problem, visibility restoration (VR) techniques have been
developed and play an important role in many computer vision applications that operate in various weather conditions.
However, removing haze from a single image with a complex structure and color distortion is a difficult task for VR
techniques. This paper proposes a novel VR method that uses a combination of three major modules:A depth estimation
(DE) module ,A color analysis (CA) module,A visibility restoration VR module. The proposed depth estimation DE
module takes advantage of the median filter technique and adopts this adaptive gamma correction technique. By doing so,
halo effects can be avoided in images with complex structures, and effective transmission map estimation can be achieved.
The proposed color analysis CA module is based on the gray world assumption and analyzes the color characteristics of
the input hazy image.Subsequently, the visibility restoration VR module uses the adjusted transmission map and the
color-correlated information to repair the color distortion in variable scenes captured during inclement weather
conditions. The experimental results demonstrate that the proposed method provides superior haze removal in
comparison with the previous method through qualitative and quantitative evaluations of different scenes captured
during various weather conditions.

Keywords:VISIBILITY RESTORATION, DEPTH ESTIMATION, HAZY IMAGE

I.  INTRODUCTION

The sources of difficulties when processing outdoor images is the presence of haze, fog or smoke which
fades the colors and reduces the contrast of the observed objects.Numerous visibility restoration approaches have
been proposed to restore the visibility of degraded images in order to improve system performance during inclement
weather conditions.These visibility restoration approaches can further be divided into

1)Additional information approaches,
2)Multiple-image approaches,
3)Single-image approaches.

ADDITIONAL INFORMATION APPROACH

Additional information approaches restore hazy images by using given scene depth information obtained from
either an additional operation or user interaction, such as through user operation to control camera positions and via
a given approximate 3-D geometrical model. However, these approaches J. Kopf et al [13] are not well-suited for
real-world application due to limitations placed on the acquisition of scene depth information by unknown
geography information and additional user operation.

MULTIPLE-IMAGE APPROACH

Multiple image approaches Y. Schechner et. al [7] adopt two or more images of the same scene, which are
captured by using specific hardware, e.g., a rotating polarizing filter, to effectively construct the scene depth
information and further achieve visibility restoration of incoming hazy images. Unfortunately, the use of these
multiple image approaches usually requires either excessive hardware expense or special devices.

SINGLE-IMAGE APPROACH
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Recently, many studies have focused on single-image approaches to restore the visibility of a hazy image.
These approaches are based on either strong assumptions or robust priors, by which haze thickness is estimated by
using only a single image. Tan et. al[4] observed that a haze-free image possesses evident contrasts compared with a
hazy image. By using observations of scene contrast changes, the method of Tan et. al[4], restores the visibility of an
image by maximizing its local contrast. However, the images restored by this method often feature serious artifacts
along depth edges. Here uses a novel algorithm and variants for visibility restoration from a single image. The main
advantage of the proposed algorithm compared with other is its speed: its complexity is a linear function of the
number of image pixels only. This speed allows visibility restoration to be applied for the first time within real-time
processing applications such as sign, lane-marking and obstacle detection from an in-vehicle camera. Another
advantage is the possibility to handle both color images or gray level images since the ambiguity between the
presence of fog and the objects with low color saturation is solved by assuming only small objects can have colors
with low saturation. The algorithm is controlled only by a few parameters and consists in: atmospheric veil
inference, image restoration and smoothing, tone mapping. A comparative study and quantitative evaluation is
proposed with a few other state of the art algorithms which demonstrates that similar or better quality results are
obtained. Finally, an application is presented to lane-marking extraction in gray level images, illustrating the interest
of the approach.

Xie et. al[l] proposed image de-hazing algorithm using dark channel prior and multi-scale retinex. main
improvement lies in automatic and fast acquisition of transmission map of the scene. This implement the multi-scale
retinex algorithm on the luminance component in YCbCr color space use an application-based parameter C to adjust
the MSR result, and finally use a median filter on the adjusted luminance component to obtain a pseudo transmission
map whose function is similar to the transmission map in original approach. Combining with the haze image model
and the dark channel prior, this method can recover a high quality haze-free image compared with the original
method, this algorithm has two main advantages:

(1) No user interaction is needed, and
(i1) Restoring the image much faster while maintaining comparable de-hazing performance.

This method can be used in pre-processing stage in many outdoor systems, such as surveillance,
topographical survey, intelligent vehicles, etc. this work also shares the common limitation of most image de-hazing
methods - the haze imaging model may be invalid and it might be a coincidence that MSR-based processing get the
similar form of transmission map. It intend to further investigate whether there is a theoretical relationship between
MSR and the transmission map. This also intend to investigate image de-hazing method based on some other more
advanced models in the future.

J.P.Teral et. al[2] uses Various camera-based Advanced Driver Assistance Systems (ADAS) can be improved
if efficient algorithms are designed for visibility enhancement in road images The advantages of this local algorithm
are the speed, the possibility to handle both color and gray-level images, and the small number of parameters. The
new derivation of the local visibility enhancement algorithm in terms of two constraints on the inference of the
atmospheric veil, this introduce a third constraint to take into account the fact that road images contain a large part
of planar roadway, assuming a minimum meteorological visibility distance. The obtained visibility enhancement
algorithm performs better than the original algorithm on road images as demonstrated on a set of 66 synthetic
images and on a set of 10 camera images, where a uniform fog is added following Koschmieder’s law also it can
generated three different types of heterogencous fog, a situation never considered previously in this domain. This
algorithm also demonstrates its ability to improve visibility in such difficult heterogeneous situations. The results are
successfully compared to free-space segmentation (FSS), Dark Channel Prior, and no-black-pixel constraint
(NBPCQ). Finally, potential safety benefits of a Fog Vision Enhancement System, based on the proposed visibility
enhancement algorithm, are evaluated on a scenario of accident in fog using Piéron’s law. From this work, several
improvements are possible. First, new constraints can be added easily as a function of prior knowledge about the
vehicle environment or coming from other sensors such as a lidar. Second, the metric use to compute the distance
between the restored image and the image without fog can be refined by focusing only on the roadway and on the
objects on the road, i.e the important objects for intelligent vehicles applications, or by using a model of human
vision. Third, the image rendering as well as the visibility enhancement algorithms presented are all based on
Koschmieder’s law. As stray light and shadowing effect can be introduced to improve the fog model at the cost of an
increased number of parameters. This opens new perspectives of research.

Tang et.al [3] propose a simple but effective image prior - dark channel prior to remove haze from a single input
image. It is based on a key observation - most local patches in haze-free outdoor images contain some pixels which

http://dx.doi.org/10.21172/1.71.090 629 Vol 7 issue 1 May 2016



International Journal of Latest Trends in Engineering and Technology (IJLTET) ISSN: 2278-621X

have very low intensities in at least one color channel. The dark channel prior is based on the statistics of the
outdoor images. Applying the prior into the haze imaging model, single image haze removal becomes simpler and
more effective. Since the dark channel prior is a kind of statistic, it may not work for some particular images. When
the scene objects are inherently similar to the atmospheric light and no shadow is cast on them, the dark channel
prior is invalid. This method will under estimate the transmission for these objects, such as the white marble. This
work also shares the common limitation of most haze removal methods - the haze imaging model may be invalid.
More advanced models can be used to describe complicated phenomena, such as the sun’s influence on the sky
region, and the bluish hue near the horizon. This is intend to investigate haze removal based on these models in the
future.

Narasimhan et.al[4] address the question of de-weathering a single image using simple additional information
provided interactively by the user. The physics-based models described in prior work and develop three interactive
algorithms to remove weather effects from, and add weather effects to, a single image. Here presented simple
interactive tools to remove weather effects from, and add weather effects to, a single image. This methods do not
require precise information about the scene or the weather condition, and do not require changes in weather
conditions between image acquisitions. The three methods presented are easy-to-use and can effectively restore clear
day colors and contrasts from poor weather images. This also presented an algorithm to add weather effects (both
single and multiple scattering) to images. Although this showed four specific examples, it is clear that such simple
techniques can be used for most scenes that occur often in practice

Huang et. al[5] proposes a novel visibility restoration method that uses a combination of three major modules: a
depth estimation module, a color analysis module, and a visibility restoration module the visibility restoration
module uses the adjusted transmission map and the color-correlated information to repair the color distortion in
variable scenes captured during inclement weather conditions. In this paper propose a novel visibility restoration
approach for images captured in varied weather conditions and featuring variable scenes. First, the proposed depth
estimation module applies a refined transmission procedure to avoid the generation of block artifacts in the restored
image by using the median filter to preserve the edge information of the image. Subsequently, an effective
transmission map is estimated by adjusting its intensity via an enhanced transmission procedure based on the
adaptive gamma correction technique. Next, the proposed color analysis module uses the gray world assumption to
analyze the color characteristics of the input haze image. The obtained color information can be adapted for various
weather conditions including haze, fog, and sandstorms. Finally, the visibility restoration module can effectively
restore the visibility of input images and obtain high-quality, haze-free results via the depth estimation module and
the color analysis module. The experimental results produced by both methods were evaluated by qualitative and
quantitative comparisons of images of several realistic scenes with varied weather conditions and features. These
analyses illustrate the efficiency of visibility restoration approach. Not only can it effectively circumvent significant
problems regarding color distortion and complex structure, but it can also produce high quality, haze-free images
more effective. This is the first research group to successfully develop an efficient visibility restoration approach for
use in images captured during varied weather conditions in realistic environments

Y. Schechner et. al[6] approach is based on the fact that usually the natural illuminating light scattered by
atmospheric particles airlight is partially polarized. It can be used with as few as two images taken through a
polarizer at different orientations. As a byproduct, the method yields a range map of the scene, which enables scene
rendering as if imaged from different viewpoints. It also yields information about the atmospheric particles and
physics-based image analysis that follows acquisition of polarization-filtered images can remove visual effects of
haze. Although it is based on some approximations, this approach proved to be effective in de-hazing, when the
problem could not be solved by optics alone. The method is quick and does not require temporal changes in weather
conditions. In addition to the de-hazed image, the method also yields information about scene structure and the
atmospheric particles. These results can form the basis for useful tools in photography and remote sensing. This
method is based on the partial polarization of air-light. Therefore its stability will decrease as the air-light degree of
polarization decreases. For instance, the method may be less effective when the illumination is less directional
overcast skies. This expect it to have just a limited effect, or even fail, in cases of strong depolarization, as occurs in
fog.Nevertheless, with more-exact scattering models, such as those that include multiple scattering, this research
may be extended to complicated weather conditions and perhaps to other scattering media.

Saritha et. al[7] Images of outdoor scenes captured during inclement weather conditions. Localized light
sources often result from activation of street lights and vehicle headlights in these conditions. Traditional restoration
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techniques Della Raju et.al[11] are unable to work with hazy images that featured localized light sources and
process is also delay. Therefore, a new method to enhance the road scenes hazy images using wavelength
compensation and de hazing algorithm .This algorithm worked based on the dark channel prior and depth map
estimation .In contrast based technique, the local contrast of hazy image will be restored to achieve better visual
perception .Here, physically based technique is utilized to increase the clarity of hazy images. It uses atmospheric
light and transmission map components to recover the scene objects from the degradation. The hazy image is suffers
from low contrast and resolution due to poor visibility conditions. The hazy image enhancement using low
complexity wavelength compensation algorithm is used to enhance haze image by de hazing algorithm. This paper
influence of the atmospheric light is removed from the input hazy image. If the presence of atmospheric light is
detected the influence of it is eliminated from the hazed input image. The haze effect can be removed by using
WCID algorithm. The low complexity is achieved by using a median filter in the dark channel prior algorithm.

Huang et. al[8] uses a novel enhancement method for both images and video sequences. This method is
composed of three major steps. First, the histogram analysis provides the spatial information of a single image based
on probability and statistical inference. In the second step, the weighting distribution is used to smooth the fluctuant
phenomenon and thus avoid generation of unfavorable artifacts. In the third and final step, gamma correction can
automatically enhance the image contrast through use of a smoothing curve. Furthermore, it can be employed
temporal information to reduce the computational time for several image frames of a video sequence. Based on the
difference of the information content, the entropy model was used to determine whether or not the transformation
curve should be updated. Experimental image enhancement results demonstrate that method performed well
compared with other methods. According to the analysis of time consumption, this method can be implemented in a
real-time video system with limited resources.

Xu et. al[9] proposes dominant haze removal algorithm-Dark Channel Prior and improve the algorithm by
replacing the time-consuming soft matting part with fast bilateral filter to get higher efficiency. Moreover this
analysis the reason why traditional algorithm leads to dim image after haze removal and propose improved
transmission rate formula in order to get better visual effects of the image after dehazing. On this basis, taking into
account that the Dark Channel Prior rule is not suitable for sky area, here decide to process this region with weaker
method to improve the adaptability of the algorithm. The experimental results show that both visual effect and
computing speed have been improved significantly.

Narasimhan et. al[10] addressed the problem of restoring the contrast of atmospherically degraded images and
video. The methods to locate depth discontinuities and to compute structure of a scene, from two images captured
under different weather conditions. Using either depth segmentation (regions within closed contours of depth edges
or scene structure, then showed how to restore contrast from any image of the scene taken in bad weather. although
structure computation requires changes in weather, the contrast restoration algorithms do not. The entire analysis is
presented for monochrome images. However, this methods can be applied to images captured using multispectral
cameras, and the usual broadband RGB and gray-scale cameras.

EXISTING SYSTEM

A novel visibility restoration approach based on the Laplacian strategy in order to restore hazy images captured
in real-world inclement weather conditions. To this end, the existing approach consists of two major modules, i.e.,
an HTE module and an IVR module.

= _—

y Laplacian-based visibility restoration approach / Ontput image kY

Input image

1 Haze thickness estimation

Image visibility restoration

Fig. Block diagram of laplacian based approach
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HTE module is first employed via a combination of the Laplacian distribution model and gamma
correction technique to refine the transmission map for overcoming the insufficient estimation of haze thickness.
Next, the proposed IVR module is utilized, which is based on a combination of the Laplacian distribution model and
white patch-Retinex theory to estimate the adjustable color parameters of the hazy image and further overcome color
cast problems in the restoration result. Finally, a haze-free image can be generated by using the refined transmission
map and the estimated adjustable color parameters to adequately remove atmospheric particles from hazy images.

HAZE THICKNESS ESTIMATION

As was mentioned in the previous section, estimation of haze thickness during sandstorm conditions is a challenging
task for traditional DCP-based methods, resulting in an insufficient transmission map. To overcome this, the
Laplacian-based gamma correction technique is proposed to flexibly refine the insufficient transmission map. To
this end, initially adopt the color cast detection technique to examine whether color cast problems exist in the
incoming hazy image.

II. PROPOSED SYSTEM

A novel visibility restoration approach is proposed in order to restore hazy images captured during inclement
weather conditions such as haze, fog, sandstorms, and so on. This approach along with atmospheric light estimation,
involves additional three important modules: a Depth Estimation (DE) module, a Color Analysis (CA) module, and
a Visibility Restoration (VR) module.

Initially, the proposed DE module designs an effective refined transmission procedure which takes advantage of
the median filter to preserve edge information and thereby avoid generation of block artifacts in the restored image.
This is followed by a transmission enhancement procedure which adjusts the intensity of the transmission map to
achieve optimum haze removal results. After these two procedures are accomplished by the DE module, effective
depth information can be obtained. Next, in order to recover true color, the color characteristics and color
information of the input hazy image are respectively analyzed and acquired in the proposed CA module. Finally, the
VR module recovers a high-quality haze-free image using the depth and color-correlated information to adequately
conceal the atmospheric particles present in various real-world weather conditions

ATMOSPHERIC LIGHT ESTIMATION

For estimation of the atmospheric light A in the outdoor image, the brightest 0.1 percent of pixels are chosen
from within the dark channel prior. From among these, the pixels with the highest intensity in the input image are
determined to be the atmospheric light A.

DEPTH ESTIMATION MODULE

This section presents the proposed DE module which is based primarily on the dark channel prior technique and
is used to directly estimate the transmission map of a hazy image. However, as was mentioned in the previous
section, two prominent problems exist in regard to the dark channel prior technique: generation of halo effects and
insufficient transmission map estimation. The DE module circumvents these problems by using a refined
transmission procedure and an enhanced transmission procedure.

REFINED TRANSMISSION

Because the primary operation of the dark channel prior depends on the minimum filter, the transmission map
will usually experience a loss of edge information when estimation occurs. A refined transmission procedure which
uses a median filter technique to preserve edge information of input hazy images and thereby avoid generation of
halo effects. The median filter technique performs a nonlinear filtering operation which can effectively suppress
impulsive noise components while preserve edge information.

ENHANCED TRANSMISSION

As discussed in the previous section, the dark channel prior depends on the minimum value of the RGB channel
and always produces an insufficient transmission map for images captured during sandstorm conditions. This is
because the intensity value will be lower for at least one RGB channel in sandstorm images. In order to achieve
optimum haze removal results, apply an adaptive gamma correction technique to adjust the intensity of the
transmission map during this procedure. Adaptive gamma correction techniques redistribute within the dynamic
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range of the histogram by using a varying adaptive parameter.
COLOR ANALYSIS MODULE

During sandstorm conditions, captured images usually exhibit serious color distortion problems due to the fact that
particular portions of the color spectrum are largely absorbed by atmospheric particles. He et al. propose an
algorithm with which to recover original scene radiance. However, it uses the same restoration equation for each
color channel, thus resulting in recovered images with serious color distortion problem. To solve this problem, the
CA module is used which uses the gray world assumption to determine whether or not the average intensities of the
each color channel are equal.

VISIBILITY RESTORATION

The proposed visibility restoration module uses the adjusted transmission map and color-correlated
information produced respectively by the depth estimation and color analysis modules to recover a high-quality
haze-free image. The experimental results produced by both methods were evaluated by qualitative and quantitative
comparisons of images of several realistic scenes with varied weather conditions and features. These analyses
illustrate the efficiency of this proposed visibility restoration approach. Not only can it effectively circumvent
significant problems regarding color distortion and complex structure, but it can also produce high quality, haze-free
images more effectively than can the existing method of laplacian based approach.

The system involved various module of process to restore the haze free image from input hazy image.

~
Input Hazy Awmospheric Depth Map Adaptive Gamma
Image Light Estimation Estimation Correction
J
- l A
Color Analysis WVisibility
Restoration
-

l

=
Performance Enhanced Image

Analysis

Fig. Block diagram of proposed visibility restoration technique.

INPUT HAZE IMAGE
The haze should be present in the input image in order to restore the haze free image. If haze free image is given
as input image to the proposed visibility approach the estimated image might be in distorted form. The formation of
haze in the captured image explained as follows
The optical model has been widely used in the computer vision research field, particularly to describe the
formation of hazy images captured by digital cameras. It is based on the physical properties of light transmission
through atmospheric Conditions

® @ @ o Obsarvable cbject (J)
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Fig. A pictorial description of the formation of hazy images in the optical model.

I(x)=T(x)t(x)+A(l-t(x))

where I(x) is the intensity of the observed hazy image, J(x) is the scene radiance, A is the global atmospheric light,
and t(x) is the medium transmission representing the portion of light which is not scattered and subsequently is
received by the camera. The first term, J(x)t(x), is called the direct attenuation; the second term, A(1 -t(x)), is called
airlight. The optical model can be described by direct attenuation and airlight. Direct attenuation describes the decay
of scene radiance and is dependent upon medium and scene depth, while airlight represents the scattering of light
which leads to color shifts in the scene. A hazy image is formed when there are problems with light absorption and
scattering by atmospheric particles between the digital camera and the objects being captured. This situation can
arise due to inclement weather such as haze, fog, sandstorms, and so on. If the atmosphere is assumed to be
homogenous, and then the transmission t(x) can be expressed as:

t(x) = e—pfd(x) where B is the scattering coefficient of the atmosphere, and d(x) is the scene depth between the
digital camera and the captured objects for each pixel x in the image.

ATMOSPHERIC LIGHT ESTIMATION

Estimating atmospheric light A Y.J. Cheng[12] should be the first step to restore the haze image. The
disturbing factors of white objects lead to an incorrect A. Thus, here obtain the value of A by using the distinctive
features of sky region:
1) Bright minimal dark channel 2) Flat intensity 3) Upper position.
For the first feature, the pixels that belong to the sky region should satisfy Imin(x) > Tv, where Imin(x) is the dark
channel and Tv is 95 % of the maximum value of Imin(x). For the second feature, the pixels should satisfy the
constraint Nedge(x) < Tp, where Nedge(x) is the edge ratio map and Tp is the flatness threshold.

Due to the third feature, the sky region can be determined by searching for the first connected component from
top to bottom. Thus, the atmospheric light A is estimated as the maximum value of the corresponding region in the
haze image I(x).Technically, haze is scattered light, photons bumped around by the molecules in the air and
deprived of their original color, which they got by bouncing off the objects user are trying to see. The problem gets
worse with distance: the more the light has to travel, the more it gets scattered around, and the more the scene takes
that foggy appearance. To leverage the different susceptibilities of the light being scattered, which depend on the
wavelength of the light. Light with a larger wavelength, such as red light, is more likely to travel around the dust, the
smog, and all the other particles present in the air than shorter wavelength colors, like green or blue. Therefore, the
red channel in an image carries better information about the non-hazy content of the scene.

It can then use the four channels of data (near infrared, red, green, and blue) to estimate the haze color and
distribution and proceed to remove it from the image.

Fig. RGB Model, Near IR Model Representation.
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In order to get some sensible assessments, a sound model of how an image is formed. In a general haze model, the
content of each pixel is composed of two parts:

[l The light reflected by the objects in the scene (which will be called J)

[J  The light scattered by the sky (A)
It is a good approximation to say that the —color of the airl A is constant for a specific place and time, while the
—real colorl J is different for each pixel. Depending on the amount of air the light had to travel through, a fraction
(t) of the real color is transmitted to the camera, and the remaining portion (1-t) is replaced by scattered light.

Summarizing these concepts in a single haze equation:

IF{GB(X! Y)=J(I, Y’”!Y)*A“ -f(I, y”

It is needed to determine J, t, and A. Let’s first estimate the global air-light color A. For a moment assume that
portions of the image are extremely hazed (no transmission, i.e. t = 0). Then it can estimate the color A simply from
the pixel values of those extremely hazed regions. This means that for images where haze is never intense, it is not
possible to pick A with a click of the mouse. To estimate the air light color using the concept of dark channel. The
so-called dark channel prior is based on the observation that among natural images, it is almost always the case that
within the vicinity of each pixel, one of the three channels (red, green, or blue) is much darker than the others,
mainly because of the presence of shadows, dark surfaces, and colorful objects.

If for every pixel at least one channel must be naturally dark, it is assume that where this condition does not hold is
due to the presence of scattered light—that is, the hazed region. So for a good estimation for A intersecting the
brightest pixels of our images (maximum haze or illumination) within the region defined by a high value in the dark
channel (highest haze).

DEPTH MAP ESTIMATION

Depth estimation refers to the set of techniques and algorithms aiming to obtain a representation of the spatial
structure of a scene and to obtain a measure of the distance of each point of the seen scene. Depth estimation in
computer vision and robotics is most commonly done via stereo vision, in which images from two cameras are used
to triangulate and estimate distances. However, there are also numerous monocular visual cues. Such as texture
variations and gradients, defocus, color/haze.The proposed DE module which is based primarily on the dark channel
prior technique and is used to directly estimate the transmission map of a hazy image. However, as was mentioned
in the previous section, two prominent problems exist in regard to the dark channel prior technique: generation of
halo effects and insufficient transmission map estimation. The DE module circumvents these problems by using a
refined transmission procedure and an enhanced transmission procedure.

1) Refined Transmission: Because the primary operation of the dark channel prior depends on the minimum filter,
the transmission map will usually experience a loss of edge information when estimation occurs. For this reason,
here propose a refined transmission procedure which uses a median filter technique to preserve edge information of
input hazy images and thereby avoid generation of halo effects. The median filter technique performs a nonlinear
filtering operation which can effectively suppress impulsive noise components while preserve edge information.
Detailed edge information =D(x)

where w is set to 0.95, (x) is a local patch centered at location x, mediany2(x) is a median filter, miny2(x) is a
minimum filter. Note that W is the minimum value of the color channels in the input hazy image. W(x) is an
independent pixel at location x, and W(y) is each independent pixel of the corresponding patch (x).

D(zx)=w (min (mer::(c!ian (W (y)), W (.r}))

yell(z)

_ 3 W ( I
kL (W (9))
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2) Enhanced Transmission: As discussed in the previous section, the dark channel prior depends on the minimum
value of the RGB channel and always produces an insufficient transmission map for images captured during
sandstorm conditions. This is because the intensity value will be lower for at least one RGB channel in sandstorm
images. In order to achieve optimum haze removal results, apply an adaptive gamma correction technique to adjust
the intensity of the transmission map during this procedure. Adaptive gamma correction techniques redistribute
within the dynamic range of the histogram by using a varying adaptive parameter.

VISIBILITY RESTORATION

Visibility restorations refer to different method that aim to reduce or remove the degradation that have occurred
while the digital image was being obtained. After operation of the DE and CA modules, it can be rewritten via the
enhanced transmission map and the

color difference value as follows:

" s ]l'
o ) e e
()= LD e e g
[tz ===+ (4"~ ") for c€ {r,,b
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where J(x) is the scene radiance, I(x) is the intensity of the observed hazy image, A is the global atmospheric
light, d is a color difference value, t (x) is the enhanced transmission map, and t0 is typically set to 0.1.Visibility
Restoration module can effectively recover visibility in the restored image and high-quality image can be generated.

III. PERFORMANCE ANALYSIS

Performance of the proposed visibility restoration techniques is analyzed using PSNR obtained from input and
restored output image. PSNR is most commonly used to measure the quality of reconstruction of lossy compression
codecs (e.g., for image compression). The signal in this case is the original data, and the noise is the error
introduced by compression. When comparing compression codecs, PSNR is an approximation to human perception
of reconstruction quality. Although a higher PSNR generally indicates that the reconstruction is of higher quality, in
some cases it may not. One has to be extremely careful with the range of validity of this metric; it is only
conclusively valid when it is used to compare results from the same codec (or codec type) and same content.

PSNR is most easily defined via the mean squared error (MSE). Given a noise-free mxn monochrome image |
and its noisy approximation K, MSE is defined as:

1 m—1n—1 . o
MSE = ——% > [(ij) = K(i. )]
=0 J:O
The PSNR (in dB) is defined as:

MAX?

PSNR =10 - logyg (W)
MAX

= 20-og (752

=20 - logyo (MAX ;) — 10 - log,o (MSE)

Here, MAX; is the maximum possible pixel value of the image. When the pixels are represented using 8 bits per
sample, this is 255. More generally, when samples are represented using linear PCM with B bits per sample, MAX|
is 2°~1. For color images with three RGB values per pixel, the definition of PSNR is the same except the MSE is
the sum over all squared value differences divided by image size and by three. Alternately, for color images the
image is converted to a different color space and PSNR is reported against each channel of that color space, e.g.,
YCbCr or HSL .
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MSE, PSNR and entrophy are listed in performance analysis.. In our experiment, 4 images captured in varied real-
world weather conditions with which to compare the results of each haze removal method. Based on these average
restoration rates, it is apparent that the proposed method is more effective than are the DCP-based methods in varied
real-world environments. After comparison via the non-reference method, the mean opinion score is also employed
for a subjective comparison of the restoration results between the proposed method and the methods of He et al., Xie
etal., Xu et al., and Jin et al.

IV. CONCLUSION

This method proposes a novel visibility restoration approach for images captured using improved depth
estimation and color analysis. The proposed approach uses a combination of four major modules: a depth estimation
module, a color analysis module, adaptive gamma correction and a visibility restoration module. First, the proposed
depth estimation module applies a refined transmission procedure to avoid the generation of block artifacts in the
restored image by using the median filter to preserve the edge information of the image. Subsequently, an effective
transmission map is estimated by adjusting its intensity via an enhanced transmission procedure based on the
adaptive gamma correction technique. Next, the proposed color analysis module uses the gray world assumption to
analyze the color characteristics of the input haze image. The obtained color information can be adapted for various
weather conditions including haze, fog, and sandstorms. Finally, the visibility restoration module can effectively
restore the visibility of input images and obtain high-quality, haze-free results via the depth estimation module and
the color analysis module. The experimental results produced by both methods were evaluated by qualitative and
quantitative comparisons of images of several realistic scenes with varied weather conditions and features. These
analyses illustrate the efficiency of this proposed visibility restoration approach. Not only can it effectively
circumvent significant problems regarding color distortion and complex structure, but it can also produce high
quality, haze-free images more effectively than can the existing method of laplacian based approach. To the best of
knowledge, no such method exists for restoration of images captured in natural environments with varied weather
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conditions.More advanced model can be used to describe complicated phenomena such as the sun’s influence on the
sky region , and the bluish hue near the horizon . The intend to investigate hazy removal based on these models is
the future investigation
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