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Abstract:

Most applications in computer vision and computer
graphics involve image filtering to suppress and
extract content in images. In this applications Edge
preserving smoothing is the concerned area. There
are different edge preserving filters. Those are
global filters and local filters. Local filters like
guided filter is very simple but it produces halo
arifacts. Global filters like Weighted least square
filter preserve sharp edges but have high
computational complexity. So we proposed Weighted
guided filter by incorporating edge aware weighing
into the guided filter. It preserves sharp edges like
global filters and it is very simple as local filters.
Due to its simplicity it is used in different
applications like single image haze removal. Remote
sensing images such as satellite and underwater
images are widely used in various fields of computer
vision. But due to fog, mist and various aerosals in
the atmosphere their contrast get reduced. So here
for single image haze removal weighted guided
image filter is used.
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1. Introduction

Generally edges provide an effective and
expressive simulation for human visual perception.
So it is important to preserve sharp edges in image
smoothing. There are two types of edge preserving
smoothing techniques. Those are global optimisation
filters and local optimisation filters. The global
optimisation filters in [1], [2], [3], and [4]. The
performance criterion consists of data term and
regularisation term. The data term measures fidelity
of reconstructed image with respect to the image to
be filtered while the regularization term provides the
smoothness level of the reconstructed image. Global
optimisation filters provides excellent quality in
preserving sharp edges but have high computational
complexity. The other type is local filters. Those are
bilateral filter (BF) [5], its extension in gradient

domain [6], trilateral filter [7], and their accelerated
versions [8], [9], [10] as well as guided image filter
(GIF) [11]. Local filters are simple compared to
global filters but local filters can not preserve sharp
edges like global filters. So it is necessary to design a
new filter which preserves the sharp edges like
global filter and is as fast as local filters.

An interesting algorithm named weighted guided
image filtering scheme is proposed in this paper by
combining the edge-based weighting scheme along
with guided image filtering. Edge based weighting
scheme is calculated by using local variance in a
guidance image with box filter of 3x3 window. This
local variance scheme of one individual pixel is
normalized by all pixels local variance in guidance
image. The acquired normalized weights of all pixels
are then adapted to design WGIF. WGIF helps to
avoid halo artifacts in accurate manner for excellent
visual quality. The intricacy of WGIF is same as
GIF. Fog formation is due to attenuation and airlight.
Attenuation reduces the contrast and air light
increases the whiteness in the scene. Proposed
algorithm uses bilateral filter for the estimation of air
light and recover scene contrast. Qualitative and
quantitative analysis demonstrate that proposed
algorithm performs well in comparison with prior
state of the art algorithms. Proposed algorithm is
independent of the density of fog and does not
require user intervention. It can handle colour as well
as gray images. Proposed algorithm achieves better
results than other existing algorithms. Proposed
algorithm does not require any user intervention and
is applicable for colour as well as gray images.

2. Previous work

2.1 Explicit Weighted Average Filters:

The bilateral filter [5] is perhaps the
simplest and most intuitive one among explicit
weighted-average filters. It computes the filtering
output at each pixel as the average of neighboring
pixels, weighted by the Gaussian of both spatial and
intensity distance. The bilateral filter smooths the
image while preserving edges but it produces
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gradient reversal artifacts. These artifacts exists
when a pixel found few simiar pixels around it. In
this case results may produce unwanted profile
around edges that may cause uncertainity.

2.2 Implicit Weighted Average filters:

Implicitly filtering of an image by an
inverse matrix is nothing but optimizing the
quadratic cost function and solving a linear system.
The Weighted least squares filter [3] adjusts the
matrix affinities according to the image gradients and
produces halo free edge preserving smoothing.

2.3 Guided filter:

The task of edge-preserving smoothing is to
molder an image | into two parts as follows
Z(p)=R(p)+e(p) (€
where R is a reconstructed image formed by uniform
regions with sharp edges, e is noise or texture, and
p(=(x,y)) is a position. R and e are called base layer
and detail layer respectively. One type of local edge
preserving smoothing filter is BF [5]. BF [5] is very
simple but it produce gradient reversal artifacts and
the results may produce undesired profiles around
edges. So to overcome this problem GIF was
introduced in[11]. In the GIF [11] guidance image G
is used which could be identical to the image Z. R is
a linear transform of G in the window Qg (p’).

R(p)=c,G(p)+d,pe.(p) 0)
Qg (p’) is a square window centred at pixel of radius
¢ Cyand d p are two constants in the window

Qg(p’).

To determine the linear coefficients (c_.,d,) a
constraint is added to Z and R as in Equation (1). The
values of Cp.anddp. are then obtained by
minimizing a cost function E(cp.,dp.) which is
defined

2
E(Cy,8,)= Y o, [6,6(p)+d, -2 (p)f + 4¢3 3)
Where ) is a regularization parameter .The value of A
is fixed in GIF[11]. So halo artifacts are occurred and
can’t be removed when this filter is applied for

smoothing of the image. While in global filters it is
varied. So halo artifacts avoided.

3. Proposed Weighted Guided Filter
3.1Edge Aware Weighing:

Let G be a guidance image
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2 1
ry(p)- & 3 oealp)c @
= oca(P)+a

where « is a small constant and its value is selected
as (O.OOl*D)2 where D is the dynamic range of the
input image.
In the computation Of T, (p') all pixels in the
guidance image are used. If p' is at an edge the

value of T;(p') is usually larger thanl and smaller

than 1 if p'is in a smooth area. Thus from this we
can say that larger weights are assigned to pixels at
edges than those pixels in flat areas by using the
Weightr (' p)inEquation(4)

Fig 1.Where (a) is the input image (b) weighing of
input image.

3.2 Proposed method by combining both GIF and
An Edge-Aware Weighting:

Same as the GIF, the key assumption of the
WGIF is a local linear model between the guidance
image G and the filtering output R as in Equation (2).
This model provides that the output R has an edge
only if the guidance image G has an edge.

The proposed weighting r(p')in Equation
(5) is integrated into the cost function E(cp.,dp.)in
Equation (3). As such the solution is obtained by
minimizing the difference between the image to be
filtered X and the filtering output R while
maintaining the linear model (2), i.e., by minimizing
a cost function E(c,,,d,.) which is defined as

E-y pegg[(cp.e(pwdp.—z(p))%*cz.j )

s(p)
The values of cp.and d o are computed as
c = #G@z,g(p|)_/‘G,g(pl)ﬂz,g(p') (6)
" : (p)s A
7o T (p)
dy o=, (P)=by g  (P) Y]

where © is the element by element product of two
matrices.

Mooz (P) s (P)and g (P)  are mean
values of cez ,G and X respectivey.

Available online: http://edupediapublications.org/journals/index.php/1JR/

Page |51



https://edupediapublications.org/journals
http://edupediapublications.org/journals/index.php/IJR/

International Journal of Research
Available at https://edupediapublications.org/journals

e-ISSN: 2348-6848
p-ISSN: 2348-795X

o 4

IR

The final value of R(p) can be calculated as
R(p)=c,G(p)+d, ®)

WhereBp and Ep are mean values of bp.and Cp. in

the window computed as
= 1 1
by =) a0 = Dy (9

p peQ; (p)¥p' Vp peQ;(p)¥p

0.(0) 0.(0)

Where‘Qg(pX is the cardinality of Qg(p)
The images | and G are assumed to be the same for
easy analysis. Consider the case that the pixel p'is at
an edge. The value of 1 (p) s usually much larger
than 1. Cplin the WGIF is closer to 1 than c, in the

GIF [11]. Then this implies that the sharp edges are
preserved better by the WGIF compared to the
GIF[11].

Comparison of Guided filter and WGF:

Fig 2. (a) input image (b) guidance image (c) GF
output (d) WQF outputm

© U]

|2

Fig 3. (a) input image (b) guidance image (c) GF
output (d) WGF output
[ b [y o

Fig 4. (a) input image (b) guidance image (c) GF

output (d) WGF output
Table 1
PSNR MSE
WGF GF WGF GF
Imagel | 20.98 | 19.56 0.0080 | 0.0011
Image2 | 21.05 | 19.26 0.0108 | 0.0168
Image3 | 21.88 | 20.22 0.0065 | 0.0095

Table 1:comparison of WGIF and GIF with peak
signal to noise ratio and mean square error
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3.3 Single Image Haze Removal:

Images of outdoor scenes are usually
degraded by turbid medium (e.g particles, water
droplets) in the atmosphere. Haze, fog and smoke are
such phenomena due to atmospheric absorption and
scattering. Generally the degraded images lose the
contrast and color fidelity. So it is highly desired to
remove the haze of the degraded image.Removal of
haze can significantly increase the visibility of the
scene and correct the color shift caused by the
airlight and most computer vision algorithms from
low-level image analysis to high-level object
recognition, usually assume that the scene radiance is
the input image. The model adopted to describe the
formulation of haze image is given as [12].

1.(P)=R.(pX(p)+AL-t(p) (10)

where ¢ €{r, g, b} is a color channel index, I is the
observed intensity R is the scene radiance, Ac is the
global atmospheric light, and t is the medium
transmission describing the portion of the light that is
not scattered and reaches the camera.
The first term R (p)t(p) Iis called direct
attenuation [13] and it describes the scene radiance
and its decay in the medium. The second term
A(l—t(p)) is called airlight. The objective of haze
removal is to restore R from the input I. Three major
problems to be addressed for single image haze
removal in [14] are Halo artifacts, amplification of
noise in sky regions, and color fidelity.

Let goc(.) be a minimal operation along the color
channel {r,g,b} and it is defined as

Au(p)=0.(A)=min{A, A A} (D)
Ln (P)=,(1.(p))=min{l, (p). 1, (p). 1, (p)f (12)

Rmin (p): q’c (Rc(p)): mm {Rr(p)' Rg (p)' Rb(p)}(13)
it can be derived from the haze image model in
Equation (12) that

Imin (P) = Rmin (P)[(P)+ Anin (1_t(P)) (14)
By using the haze image model in Equation (16), a

simplified dark channel is defined as{r,g,b} and it is
defined as

i P)=w . (2.(R(p))) (15)
Where . (R(p)) =min(R(p) and p'e ©,(P) (16)
is nothing but the minimal of neighbourhood.
Similar to [15], the value of t(p) is assumed to be
constant in the neighbourhood. It can be derived
from Equation (10) It is worth noting that the initial
value of t (p) in [15] is given as

‘Jc:ark(p): ‘]r?ark(p)t(p)_F Aﬂin (l_t(p)) (17)
Obviously, it is simpler to estimate the initial value
of t(p) by using the proposed simplified dark
channel.
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(P =1, [wro[ BL2Y)

The value of A:(C IS {r, g, b}) is estimated by using

31 .(p) and 1_(p)in the dark channel the brightest
pixels are first selected. The wvalue of
A:(C S {r, g,b}) is set as the average intensity of
these pixels along each color channel.

The initial value of t(p) is then computed as

|
t(p)zl_ﬂ\]de(p) (19)
32 A

The estimated transmission map t(p) is filtered by
using the WGF with guidance image as luminance
component of the haze image.

Finally the scene radiance is recovered by

| —
Rc(p)=%+ﬂ;ce {r,a,.b} ()
For distance objects a very small amount of haze is
left and presence of haze is fundamental cue for
human to perceive depth, the small amount of haze
left for the distant objects helps preserve the feeling
of depth in the dehazed image better.

(a) (b) (©
ﬁ E

Fig 5: (a) is input haze image (b) is dehazed image
by GF (c) is dehazed image by WGF.

4. Conclusion

From the comparison table we can say that
the PSNR of WGF is high compared to GIF and the
Mean square error is less. From simulation results we
can say that the visual quality of WGIF results are
better compared to GIF and halo arifacts also
avoided. Thus the WGIF preseves sharp edges like
global filters and is very simple as GIF. WGIF has
ability to provide the local and global smoothing
filters advantages and successful to avoid the halo
artifacts. Due to its high simplicity it is used in many
applications like single image haze removal. In haze
removal also WGIF provided the better result
compared to GIF. Naturalness of the WGIF is high
compared to GIF.
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