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Abstract - It is well-known that local filtering-based edge preserving smoothing method suffers
from halo artifacts. In this paper, a weighted guided image filter isintroduced by incorporating an
edge-aware weighting into an accessible guided image filter to address the problem. The WGIF
inherit benefits of both global and local smoothing filters in the sense that: 1) the difficulty of the
WGIF is O(N) for an image with N pixels, which is same as the GIF and 2) the WGIF can avoid
halo artifact like the existing global smoothing filters. The WGIF is applied for single image detail
enhancement, single image mist removal, and fusion of differently exposed images. Investigational
results show that the resultant algorithms create images with better visual quality and at the same
time halo artifacts can be avoided from appearing in the final images with negligible rise on

running times.
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I. Introduction

MOST application in computer vision and computer
graphics engages image filtering to restrain and/or
remove content in images. plain linear trandation-
invariant filters with explicit kernels, like mean,
Gaussian, Laplacian, and Sobel filters, have been broadly
used in image restoration, sharpening/blurring, feature
extraction, edge detection etc. Alternatively, LTI filters
be capable of implicitly performed by solving a Poisson
Equation the same as in high dynamic range (HDR)
compression, image matting, image stitching, and
gradient domain manipulation. The filtering kernels are
absolutely defined by the inverse of a homogenous
Laplacian matrix. The LTI filtering kernels are spatialy
independent and invariant of image content. But usually
one may desire to consider added information from a
known guidance image. The pioneer work of anisotropic
diffusion uses the gradients of the filtering image itself to
direct a diffusion process, steer clear of smoothing edges.
The weighted least squares filter utilizes the filtering
input (as an alternative of intermediate results, as in) as
the guidance, and optimizes a quadratic function, which
is the same to anisotropic diffusion with a nontrivial
stable state. The guidance image is able to be another
image besides the filtering input in several applications.
For example, in colorization the chrominance channels
be supposed to not bleed across luminance edges; in
image matting the alpha not shiny should capture the thin
structures in a combined image; in haze remova the
depth layer should be consistent with the outlook. In
these cases, we look upon the chrominance/alpha/depth
layers as the image to be filtered, and the composite
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/luminance/scene as the guidance image,
correspondingly. The filtering process in and is attained
by optimizing a quadratic cost function weighted by the
guidance image. The result is known by solving a large
sparse matrix which only depends on the guide. This
inhomogeneous matrix implicitly describes a trandation-
variant filtering kernel. While these optimization based
approach frequently defer state-of-the-art class, it comes
with the price of costly computationa time. One more
way to take benefit of the guidance image is to openly
build it into filter kernels. The two-sided filter,
independently wished-for in, and and later indiscriminate
in, is perchance the most accepted one of like explicit
filters. Its output at apixel isaweighted average of thein
close proximity pixels, where the weights depend on the
color /intensity similarities in the guidance image. The
guidance image itself can be the filter input or another
image. The two-sided filter can smooth small fluctuations
and while preserving edges. Though this filter is effective
in various situations, it may have unnecessary gradient
reversal artifacts near edges (discussed in Section 3,4).
The speedy execution of the bilateral filter is also a
challenging problem. latest techniques rely on
guantization process to accelerate but may sacrifice
accuracy. In this paper, we propose a novel precise image
filter called guided filter. The filtering output is nearby a
linear transform of the guidance image. On one side, the
guided filter has fine edge-preserving smoothing property
like the bilateral filter, but it does not experience from the
gradient reversa artifacts. On the other side, the guided
filter is capable of to be used beyond smoothing: With
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the help of the guidance image, it can create the filtering
output more structured and less smoothed as compared to
the input. We make obvious that the guided filter
performs extremely well in a great range of applications,
including image smoothing and enhancement,

HDR firmness, flash-no-flash imaging, matting,
feathering, dehazing, and joint up sampling. Moreover,
the guided filter naturally has a time (in the number of
pixels N) non -estimated agorithm for both high
dimensional images and gray-scale, despite of the kernel
size and intensity range. Classically, our CPU execution
achieves 40 ms per mega-pixel executing gray-scale
filtering: To the best of our knowledge, this is one of the
best edge preserving filters. A beginning description of
this paper was published in ECCV ’10. It is significance
mentioning that the guided filter has witnessed a
sequence of new applications since then. The guided
filter allows a high-quality real-time stereo matching
algorithm. An alike stereo technique is proposed
independently in the guided filter has also been applied
in optical flow assessment, interactive image
segmentation, saliency recognition, and illumination
rendering. We accept as true that the guided filter has
enormous potential in computer vision and graphics,
given its ease, effectiveness, and high-quality. We have
provided a public code to make easy future studies.

I[I. Literaturesurvey

Zhengguo Li et. al. [1] “Weighted Guided Image
Filtering” In this paper, It is identified that local filtering-
based edge preserving smoothing method suffer from
halo artifacts. In this paper, a weighted guided image
filter is initiated by incorporating an edge-aware
weighting into an accessible guided image filter (GIF) to
deal with the problem. The WGIF inherits benefit of both
global and local smoothing filtersin the sense that: 1) the
difficulty of the WGIF is O(N) for an image with N
pixels, which is similar as the GIF and 2) the WGIF can
keep away from halo artifacts like the present global
smoothing filters. The WGIF is applied for single image
detail improvement, single image haze deletion, and
blend of differently exposed images. A weighted guided
image filter is planned in this paper by incorporating an
edge-aware weighting into the guided image filter .The
WGIF preserves sharp edges as well as existing global
filters, and the difficulty of the WGIF is O (N) for an
image with N pixels which is amost same as GIF.
Because of the simplicity of the WGIF, it has several
applications in the field of computational photography
and image processing. mainly, it is useful to study single
image aspect enhancement, fusion of differently exposed
images, and single image haze removal. investigational
results illustrate that the resulting al gorithms can produce
images with excellent visual quality as those of global
filters, and same time the running times of the planned
algorithms are comparable to GIF based algorithms.
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Kaiming He et. al. [2] “Guided Image Filtering” In this
document, we plan a novel explicit image filter known as
guided filter. derivative from a loca linear model, the
guided filter calculate the filtering result output by in
view of the content of a guidance image, which itself can
be the input image or another special image. The guided
filter be capable of to be used as like an edge-preserving
smoothing operator as the well-liked bilateral filter but it
has improved behaviors near edges. The guided filter is
also a more generic idea ahead of smoothing: It can
transfer the structures of the guidance image to filtering
output, facilitate new filtering function like dehazing and
guided feathering. Moreover, the guided filter as
expected has a fast and non approximate linear time
algorithm, regardless of the kernel size and the intensity
range. at present, it is one of the fastest edge-preserving
filters. Experiments show that the guided filter is both
efficient and effective in a great variety of computer
vision and computer graphics applications, including
edge-aware smoothing, feature improvement, HDR
compression, image matting/feathering, dehazing, joint
up sampling, etc. In this document, we have showed a
novel filter which is extensively applicable in computer
visualization and graphics.

in a different way from the current trend toward
accelerating the bilateral filter we design a new filter that
exhibits the nice quality of edge-preserving smoothing
but which be able to be computed efficiently and non
approximately. Our filter is more generic than
“smoothing” and is applicable for structure-transferring,
enabling novel applications of filtering-based
feathering/matting and dehazing. because the local linear
model is a type of patch-wise unsupervised learning,
other superior models/ features might be useful to obtain
new filters. We go away this for future studies.

Pierre Charbonnier et. al. [3] “Deterministic Edge-
Preserving Regularization in the compute Imaging”
Many image processing troubles are ill posed and should
be regularized. Usually, a unevenness penalty is imposed
on the solution. The complicatedness is to avoid the
smoothing of edges, which are very significant attributes
of the image. In this paper, we primarily give situation
for the design of like an edge-preserving regularization.
Under these surroundings, we demonstrate that it is
achievable to introduce an supplementary variable whose
role is twofold. First, it marks the irregularities and
ensures their preservation from smoothing. Second, it
creates the criterion half-quadratic. The optimization is
then easier. We plan a deterministic strategy, based on
vary minimizations on the image and the supplementary
variable. Thisleads to the definition of an real renovation
algorithm, called ARTUR. Some hypothetical properties
of ARTUR are discussed. investigational results show
the behavior of the algorithm. These results are made
known in the field of tomography, however this method
be able to apply in a large number of application in
image processing. In this document, we have consider the
difficulty of edge preserving regularization in computed
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images. Our earliest aim was to give a combined answer
to the question, “What properties contain a potential
function gratifies to make sure the preservation of edges”
We have planned a heuristical learning of the first-order
needed situation which led us to put forward three
circumstances for edge  preservation.  These
circumstances are not forced on the potential function,
except on the weighting function, . They are contented by
many of the function that can be start in the literature. a
outcome is that edge preservation can be performed by
using functions that do not contain a finite asymptotic
manners and even by curved potentiads. This is
significant since strict convexity usualy ensures
individuality of the solution. We aso propose a curved
differentiable and convenient edge-preserving potential,

Tom Mertens et. a. [4] “Exposure fusion: A easy and
practical option to high active range photography” In this
process propose a method for fusing a bracketed
coverage sequence into a high quality image, without
changing to HDR first. Skipping the physically-based
HDR assembly step simplify the attainment pipeline.
This avoids camera reaction curve calibration and is
computationally proficient. It also alows for including
flash images in the series. Our procedure blends multiple
exposures, guided by simple quality procedures like
contrast and saturation. This is completed in a multi
resolution fashion to account for the brightness deviation
in the sequence. The resultant image quality is similar to
existing tone mapping operators. In proposed a technique
for fusing a bracketed exposure series into a high quality
image, without changing to HDR first. Skipping the
physically-based HDR assembly step simplifies the
attainment pipeline. It avoids camera reaction curve
calibration, it is computationaly proficient, and allows
for including flash images in the series. Author technique
blends images in a multi-exposure sequence, guided by
simple quality procedures like saturation and contrast.
This is done in a multi resolution fashion to account for
the brightness difference in the series. Quality is similar
to existing tone mapping operators. Author approach is
prohibited by only a few perceptive parameters, which
can be modernized at near-interactive rates in our un
optimized execution.

Anush Krishna Moorthy et. a. [5] “A Two-Step
Framework for Constructing Blind Image Quality
Indices” in attendance day no-reference/no-reference
image quality assessment algorithms frequently supposes
that the alteration affecting the image is recognized. This
is a limiting assumption for realistic applications; since
in a common of cases the distortions in the image are
unidentified. We propose a new two-step structure for
no-reference image quality evaluation based on natural
scene statistics. Once trained, the framework does not
require any awareness of the distorting process and the
structure is modular in that it can be extended to any
number of aterations. We explain the framework for
blind image quality evaluation and a version of this
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structure—the blind image quality index is appraise on
the LIVE image quality evaluation database. We explain
a structure for constructing an objective no-reference/no-
reference image quality assessment measure. The
framework is unique, since it assesses the quality of an
image totally blind—i.e., without any information of the
source ateration. Thisis accomplished by using distorted
image statistics—an extension of natural sight data for
distorted images. In this document, we discussed

DIS, and confirmed that each alteration has only its type
signature which can be discriminate by the use of DIS
and used this signature to categorize images into
distortion categories. We aso explain how distortion-
aware |IQA may be undertaken using DIS. Developing
BIQI for video. The structura design of planned
structure is modular, and even though we have used only
a few methods for categorization and QA, one can
change any section with a better-performing one. Such
replacement is able to expected to guide to improved
overall performance.

Potential research will engage improving current BIQI
performance, extending BIQI to alarger set of distortions
counting multiply distorted images, extending the come
within reach of to include explicitly computed
perceptually related features and increasing BIQI for
video.

1. Method

We analysis edge-preserving filtering method in this
section. We categorize them as implicit/explicit
weighted-average filters and non average ones.

Explicit Weighted-Average Filters

The two-sided filter is perhaps the simplest and most
instinctive one among precise weighted-average filters. It
computes the filtering output at each pixel as the average
of adjacent pixels, weighted by the Gaussian of both
intensity and spatial distance. The bilateral filter smooths
the image whereas preserving edges. It has been broadly
used in noise reduction, HDR compression, multi scale
detail decay, and image abstraction. It is generalized to
the joint bilateral filter in, where the weights are
computed from one more guidance image moderately
than the filtering input. The joint bilateral filter is
particularly preferential when the image to be filtered is
not dependable to provide edge information, e.g., when it
is very loud or is an in-between result, such as in
flash/no-flash de noising, image up sampling, image
deconvolution, stereo matching, etc. The bilateral filter
has limits despite its attractiveness. It has been become
aware of in that the bilatera filter may undergo from
“gradient reversal” artifacts. The cause is that when a
pixel has few similar pixels around it, the Gaussian is the
efficiency .Abrute-force implementation is O (Nr2) time
with kernel radiusr. Durand and Dorsey propose a piece-
wise linear representation and facilitate FFT-based
filtering. Paris and Durand formulate the gray-scae
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bilateral filter asa 3D filter in a space-range domain, and
down sample this area to speed up if the Nyquist
condition is approximately true. In the case of box spatial
kernels, Weiss proposes an O (N logr) time method
based on distributive histograms, and Porikli proposes
the first O (N) time method using integral histograms.
We point out that constructing the histograms is
effectively performs a 2D spatia filter in the space-range
domain with a 1D range filter followed. Under this
viewpoint, both and sample the signal along the range
domain but do not reconstruct it. Yang proposes another
O (N) time method which interpolates all along the range
domain to allocate more aggressive sub sampling. All of
the above methods are linearly difficult w.r.t. the numeral
of the sample intensities (e.g., number of linear pieces or
histogram bins). They require common sampling to attain
acceptable speed, but at the expense of quality
degradation if the Nyquist condition is harshly broken.
The space-range domain is indiscriminate to higher
dimension for color-weighted bilateral filtering. The
exclusive cost owing to the elevated dimensionality can
be reduced by the Gaussian kd-trees, the Permutohedral
Lattices, or the Adaptive Manifolds. But the performance
of these methods is not competitive for grayscale
bilateral filters because they use up alot additiona time
preparing the data structures. Given the limitations of the
bilateral filter, people began to explore new designs of
fast edge-preserving filters. The O (N) times Edge-
Avoiding Wavelets (EAW) is wavelets with precise
image-adaptive weights. But the kernel of the wavelets
are sparsely distributed in the image plane, with constrain
kernel range (to powers of two), which may limit the
applications. Recently, Gastal and Oliveira recommend a
auxiliary O (N) time filter acknowledged as the “Domain
Transform filter”. The key idea is to iteratively and
separably apply 1D edge-aware filter. The O (N) time
complexity is achieved by integral images or recursive
filtering. We will compare with this filter in this paper.
2.2 Implicit Weighted-Average Filters

A string of approach optimizes a quadratic cost function
and solves a linear system, which is equivaent to
implicitly filter a figure by an inverse matrix. In image
segmentation and colorization, the affinities of this
matrix are Gaussian functions of the shade similarity. In
image matting, a matting Laplacian matrix is designed to
enforce the alpha matte as a confined linear transform of
the image colors. This matrix is aso applied in haze
removal. The weighted least squares filter in adjust the
matrix resemblance according to the image gradients and
produces hal o-free edge-preserving smoothing. Although
these optimization-based approach often generate high
quality results, solving the linear arrangement is
prolonged. Direct solution like Gaussian Elimination is
not practical due to the memory-demanding “filled in”
predicament. Iterative solvers like the Jacobi method,
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Successive Over-Relaxation (SOR), and Conjugate
Gradients are too slow to converge. Though carefully
designed pre-conditioners greatly reduce the iteration
number, the computational cost is still high. The multi
grid method [is proven O (N) time complex for
homogeneous Poisson equations, but its quality degrades
when the matrix become extra inhomogeneous.
Empirically, the implicit weighted-average filters take at
least a few seconds to progression a single megapixel
picture either by pre-conditioning or by multigrid.

Y /
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Fig. 1. lllustrations of the bilateral filtering process (left) and the guided
filtering process (right).

It has been observed that these inherent filters are very
much related to the explicit ones. In Elad shows that the
bilateral filter is one Jacobi iteration in solution of the
Gaussian affinity matrix. The Hierarchica Local
Adaptive Preconditioners and the Edge-Avoiding
Wavelets are constructed in a analogous mode. In this
paper, we explain that the guided filter is closely related
to the matting Laplacian matrix.

2.3 Non averageFilters

Edge-preserving filter can also be attained by non
average filters. The median filter is a well-known edge-
aware operator, and is an exceptional case of narrow
histogram filters. Histogram filters have O (N) time
implementations in a way as the bilateral grid. The Total-
Variation (TV) filter optimize an L1-regularized cost
function, and are shown equivalent to iterative median
filtering. The L1 rate function may also be optimized by
means of half-quadratic split, alternating between a
quadratic model and spongy contraction (thresholding).
In recent times, Paris et a. proposed manipulating the
coefficients of the Laplacian Pyramid in the region of
every pixel for edge-aware filtering. Xu et a. Propose
optimizing an LO-fixed cost function favoring piecewise
steady solution. The non average filters are often
computationally expensive.

IV. Conclusion

Even A weighted guided image filter (WGIF) is proposed
in this paper by incorporating an edge-aware weighting
into the guided image filter (GIF). The WGIF conserve
prickly edges as well as existing global filters, and the
complexity of the WGIF is O (N) for an picture with N
pixels which is almost the same as the GIF. Due to the
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simplicity of the WGIF, it has numerous application in
the field of computational photography and image
processing. Particularly, it is applied to learn particular
image specification enhancement, single picture haze
removal, and fusion of differently exposed images.
Experimental consequences show that the resultant
algorithms can generate images with excellent visual
quality as those of global filters, and at the equivalent
time the operation times of the projected algorithms are
comparable to the GIF base algorithms. It should be keen
out that the ABFs in and appear to be similar to the
WGIF. Unfortunately, as pointed out in, adaptation of the
parameters will destroy the 3D convolution form, and the
ABFs cannot be accelerated via the approach in. While
the WGIF preserves the simplicity of the GIF in. On the
other hand, it was both the BF and the ABF can be easily
extended to gradient domain while it is very challenging
to extend the GIF and the WGIF to gradient domain. It is
noting that the WGIF can also be adopted to design a fast
local tone mapping agorithm for high dynamic range
images, joint up sampling, flash/no-flash de-noising, and
etc.

In addition, similar idea can be used to improve the
anisotropic diffusion in, Poisson image editing in, etc.
All these research problems will be studied in our future
research.
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