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Abstract
Fog is a combination of two components airlight and direct attenuation, d%s(lﬁe
Thus, to remove it from an image, various defogging methods have b osed in
literature. Defogging can achieved using multiple images agd singl g removal
mg is %hannel Prior
(DCP). This method though quite effective in removing very high time
complexity. In addition, it does not preserve edges
preserves the picture quality. The proposed me d is |mpl ted in MATLAB-09 and the
simulation results show the proposed method j t& good.” \
1. Introduction ;
Poor visibility not only re s pe picture quality but also deteriorates the
performance of the corr@ar visio g@nthms such as surveillance, tracking and

picture quality and creates a lot of problem in video surveillance, tracking and ion.
method. One of the prominent methods in literature for

halo erefore this paper

proposes a new technique which overcomes the dis tage o% and at the same time
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navigation. Optlcally visibility unclear weather is due to the substantial

presence of Wate ts T droplets have significant size (1-10 pm) and
distribution in t |C|pat|n didm. Atmospheric light and reflected light from an
object are s roplets, resulting in poor picture quality. Thus we can say
that fog is a d |t|on 0 -Jight and attenuation to an image represented by equation
(1):

Fog = Direct Atte + Air-light (1)
In the above &on, attenuation is the gradual loss in intensity of any kind of flux
through a ium. Mathematically it can be expressed by equation (2) as:

Direct 6@1at|on J(X).1(x) (2)

@re J(x) is the Scene Radiance and t(x) is the Medium Transmission. The Direct
AttewUation describes the scene radiance and its decay in the medium; it is a
multiplicative distortion of the scene radiance. When the atmosphere is homogenous,
the transmission t(x) can be expressed in equation (3) as:

t(x) = e (3)

Where B is the scattering coefficient of the atmosphere and d is the scene depth of the
x™ pixel. The equation (3) indicates that the scene radiance is attenuated exponentially
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with the depth. If the transmission map can be recovered then depth map can be
recovered to an unknown scale. Figure 1 (a) and Figure 1(b) show the natural image and
the impact of attenuation on it.

Figrue 1. (a) Natural Image Figure 1.(b) Effect of Atte
Air-light is caused due to scattering of light. It adds hlteness ene It is
additive in nature and is a function of the dlstan een r and object.
Mathematically the equation of air-light can be descrl lo (re equation 4).

Air-light=A (1-eP®) O (4)

Where, A is global atmospheric light.

Using equation (1)-(4) the intensity VaéQOf xth@ of a foggy image can be

defined as [1-4], (see equation 5):

1) =3(x).8() + A (1-4(x)) o \Q (5)
A8 o)

N

Figure 2. (a) NatgfalNFoggy Image Figure 2. (b) Effect of Air Light

The effect of a@ is shown in Fig. 2(b) for the natural foggy image.
Thus it ? !Iear rom the above images that fog deteriorates image quality and the main

cause of | ir-light and attenuation. Therefore, removal of fog requires knowledge of
transmi ap and airlight map. In this paper a new method of removing fog has been
The rest of the paper is structured as follows: Section 2 has literature survey and
p%w definition, Section 3 has proposed model, Section 4 has simulation setup parameters,
Sec has result and then followed by conclusion and references.
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2. Literature Survey and Problem Definition

2.1. Literature Survey

Defogging can be done by two ways i.e., multiple images fog removal method and single
image fog removal method. Multiple images fog removal techniques includes various
methods described below:

Vision in bad weather [5] was proposed by S. K. Nayar et. al. In this method multiple
images under different weather conditions of the same scene are taken and are then combined
to remove fog from image.

Later the concept of polarization filters [6-7] was used. These methods used different
degree of polarization to remove haze from images.

L 4
The above methods have the following drawbacks: ?y

. Multiple images are required to remove fog from image.

«  Time complexity of the process is too high. *’

Thus, single image fog removal methods were prq , hatSpas [fiuch lower time
complexity then multiple image fog removal techniq @ ese e% e as follows:
2.1.1. Dark Channel Prior Technique (DCP):; #his methgd estimates transmission map
[4], [9] and air-light to recover original one oggy imagg.Jo estimates the transmission
map [11], it uses the lowest intensity pixel ge in 3,eglor planes in patch size of different
variations, after which soft matting [8] aterab 5] operation are performed to get
final defogged image. Block diagral P algcg\ is shown in Figure 3.
'\%

Sof\Matt Bilateral Filter |—>| Festoration H Chatpout Iroage |—>
O Fig&Block Diagram of DCP Algorithm

This method may efficient at times as it may corrupt the image when it contains
multiple large la itiee the estimation of atmospheric light is automatic.

Lirlight Estimation

Inputlmage

2.1.2. Impn@Smgle Image Dehazing using Dark Channel Prior: In this proposal [12],
a novel esgtigation of atmospheric light has been proposed. Compared to the Dark Channel
Prior r& it can obtain better results and also resolves that the substantial sky region of
r% image usually tends to be distorted. Block diagram of this method is shown in
F .

Airlight Estimation

—»| Inputlmage | Soft Matting H| Bilateral Filter H| Restoration i+| Qutput Image {9
Transmission map
Estimation

Figure 4. Block Diagram of IDCP Algorithm
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IDCP has same procedure as DCP, the method gets modify in estimation of atmospheric
light and image recovered method which is described below.

2.1.2.1. Atmospheric Light Estimation: The window size has increased to 31; the
atmospheric light will be properly estimated amongst the pixels having thick haze.

2.1.2.2 Image Restoration: In this step, image is restored. The value of restored image is
given in equation (6) as:

I = —ZE A (6)

max (t{x).ty)
0
Where J is restored image pixel values. A typical value of ty is 0.35. tis 0.1; it pee be
increased, when an image contains substantial sky regions, to avoid artefacts. &a 0.35,
the sky region becomes brighter and smoother.

2.1.3. Improved Haze Removal Algorithm using Dark ﬁ%%el Pr| d on Guided
Filter): Dark Channel Prior may not work on particulas{i where the large
grey region is similar to the global atmospheric Iigh@ app atmospherlc light
is estimated, based on the imaging law of very den y reglo re accurately Also, a

replacement mechanism is designed for optimi@the royg nsmission map, it wouldn’t
process on that area where it don’t requirew%@ shown i re 5.

Aitlight Estimation \ ¢ @
)

g

Input Image @ Image R e N Guided Filer R Ouatput Image

5 ap
. @;

Figure 5. |agram of IDCP Algorithm using GUIDED FILTER

2.1.4. An Impro Single Image Haze Removal Algorithm Based on Dark Channel
Prior and ram Specification: Improved DCP with histogram specification [14] has
been pro 0 improve the contrast of the recovered image which involves rebuilding the
histog@ image with following advantages.

1. y, prevents reduction of the image contrast.

2. Secondly, DCP method don’t underestimates the attenuation of the foreground irradiance
though haze.

3. Thirdly, if the haze image has large background area or low contrast then also it prevents
from merges the scene with the thick haze.

Due to the above advantages, Improved DCP with histogram specification has been proposed
to improve the contrast of the recovered image which involves rebuilding the histogram of
image.
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Disadvantage:
If the haze in the image is not removed clearly, this method will increase the thickness of the
haze.

2.2. Problem Definition

Before discussing the problem we would like to give a brief introduction about the
parameters such as time complexity, halo effect and edge preservation that will enable user
for its better understanding.

2.2.1. Halo Effect: A halo (also known as a nimbus, icebow or gloriole) is an optical
phenomenon produced by ice crystals creating coloured or white arcs and spots in the sky.
Many are near the sun or moon but others are elsewhere and even in the opposite of tfie
sky. They can also form around artificial lights in very cold weather when ice cr lled
diamond dust are floating in the nearby air. Figure 6 shows the pictorial repre@ n of halo

effect. @

cle Around Sun shows Halo Effect

®)
2.2.2. Edge rvatio corner pixel values in image get distorted in various methods
while restoring of ima h is reduced in our proposed method.

2.2.3. Time Con@y: The time taken by the technique to remove fog from image.
By implementedvall DCP techniques discussed above, time complexity and halo effect has
compares as shown in Table 1:

Tabl omparison of DCP Technique with its Advanced Version Techniques
meter DCP Improved DCP | Guided Filter | Histogram
Specification
TIME VERY HIGH | HIGH LOW LOW
HALO VERY HIGH | MEDIUM LOW HIGH
EFFECT

It is quite clear from the above table that DCP and its advance version techniques suffer
from halo and edge deterioration effect. In addition has very high time complexity. Thus,
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there is a need for a new technique that preserves picture quality and optimises the above
mentioned parameters. The next section gives the proposed technique.

3. Proposed Method

3.1. Introduction

The method presented in [10] shows DCP defogging algorithm that uses RGB color model.
Zere the new defogging algorithm has been proposed with modified transmission map. Figure
4 shows the block diagram of proposed model. The foggy image equation used in this paper is
as follows:

fe(x,y) = Fa(xytxy) + Ad-t(x,y)), forc{R, G, B} \/(7)
where first term in RHS of equation (7) is direct attenuation and second tergfi | ight of a
particular pixel. It also involves estimation of air-light map and ¢ransmissi refine the
foggy image. \ %
fr(x, v, 1) ) \ \/fd x50

v
v}
}
Y

Input

. \*
O

Weeneration p A T oy
SN

AtmogpheSic ht §
esti n
i\ (t)

Eng\ . Block\Diagram of Proposed Method

3.2. Transmissio? Estime&@
fled tr

Here the an n map is as follows:
1. Create a mapfiaving n@uum pixel values of the three colour planes. It is denoted by TM

and is expressed in eq@ (8):

TM[:.’I,}F] = mi E7,g.h Jﬁ’(x!}rr Cj (8)

¥

2. Separa
3. Ta

ifferent objects in TM

um intensity pixel value called as test of the differentiated object. It should be
edges remain unaltered but the pixel values inside object values are modified as
n equation (9):

Ty (x.¥) = a = test — Eg(x y) 9
Where the value of ‘a’ is taken to be 2.34 after optimization and ty(X, y) is the intensity

value differentiated object.
4. Combine all the objects and is denoted by “T’.
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3.3. Atmospheric Light Estimation
We pick the top 0.1 percent brightest pixels from the transmission map as given by Tan et.

al., [4].

3.1.4. Image Restoration

Given the atmospheric light A and the modified transmission map T(x, y), RGB
components of the defogged image frame can be recovered from equation (10):

ﬁ{xvc]_w+ﬂ (10)

(t0-Tlgy.ch

where ¢ is frame number

L 4
t, is parameter for removing artefacts. ?\/
4. Simulation Setup Parameters and Tool Used X @Cﬁ
rs

Table 2. Simulation Setup P, \/

SETUP PARAMETERS SF%CI’ICATQ% }
SOFTWARE USED AB 2009

SYSTEM RAM B. +. Cn

SYSTEM PROCES§. Yntel(R Core(TM) i3
CPU 27GHz
riments. s\\

Fog is artificially created in v
Various simulation setup p usedf fferent methods discussed above are given
in Table 3-6.

e3.D xgorlthm Parameters
N (C Wameter) 0.95

OQ D (scene tepth) 1.5

pheric scattering coefficient) | 0.5
mum transmission limit) 0.1
( size used 15*15

@ Table 4. IDCP Algorithm Parameters

% D (scene depth) 1.5
O B (atmospheric scattering coefficient) | 0.5
to (minimum transmission limit) 0.35

%O Patch size used 31*31

Table 5. IDCP using Guided Filter Algorithm Parameters

o (Constant Parameter) 2

(D (Constant Parameter) 0.95
D (scene depth) 1.5

B (atmospheric scattering coefficient) | 0.5

to (minimum transmission limit) 0.35
Patch size used 15*15
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Table 6. Histogram Specification Algorithm Parameters

() (Constant Parameter) 0.95
D (scene depth) 15
B (atmospheric scattering coefficient) | 0.5
to (minimum transmission limit) 0.1
Patch size used 15*15
Table 7. Modified Transmission Map with DCP Specification Algorithm
Parameters
D (scene depth) 15

B (atmospheric scattering coefficient) | 0.5 V’
to (minimum transmission limit) 1.76

a(optimization parameter) 2.34 0

5. Results \* ‘

Figure 8 shows the pictorial quality of the im@@ned aftenreeovery. Following

inference can be drawn after careful analysis

» The pic quality of the proposed mechanism_is
derivatives. .
* The halo effect and edge preservation areaf@/ d in our pregosal.

rly same that of DCP and its

Method

Defoggy Image
DCP TR

Lt
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IDCP
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IDCP  with
guided filter

the

Figure 8. (e) Original Image

Figure 8. (f) Recovered
Image
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IDCP with the
Histogram
Specification

% Figure 8. (g) Original Image Figure 8. (h) Recovered
Image
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Modified
Transmission Map
DCP

Figure 8. (i) Original Image Figure 8. (j) Restored Image
@\J Figure 8. Snapshots of Various Results Obtained

Figure 9 shows the impact on time complexity of various defogging algorithms as
discussed above. The following inferences can be drawn from the results:
 As the size increases the time complexity of all the DCP techniques and proposed ones
increases

* The time complexity of the proposed strategy is quite low since all the DCP techniques uses
Laplacian operators.
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» With increase in image size, the time complexity gets increases but for Modified DCP
method it still lowers as compare to other DCP methods as shown in Figure 9.

Time Comlexity vs Image Size

3]

4
/y ==HIS
64X64  128X128 192X192 256X2
Image Size

Figure 9. Time Compl@w/s Slze\a] Image

6. Overall Inference

=

6

g5

£

3 —8—DCP

T

-]

33 —4—IDCP NP
§ i GUIDED NV
a

£

=

o

Table 8. Comparison of va @)Algon@n Terms of Performance Metrics

Parameter DCP “\mpr@@
)

uided Histogram Modified
Filter Specification

TIME

.d LOW LOW VERY
NhGH »\ LOW
VERY W

HALO EFF EDIUM | LOW HIGH VERY
LOW

EDGE Y |Low MEDIUM | HIGH VERY

PRESERVATION_{Aow HIGH

\v
This paper, is effort to propose a new defogging algorithm. Following important
inferences &ﬁgmade on the basis of the results shown in Table 8:-
e In term Ife complexity; proposed method is the best.
* Halo have been removed very significantly.
-ﬁt preserved by the proposed method.

Th posed model can be quite helpful for researchers, working in this direction.
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