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gbstract — A crater lake of Mt. Kelud active volcano formed after the eruption on February,
2014. Real time surveillance has been conducted for 24 hours using a CCTV camera on the top of
the summit. The primary purpose of this observation is monitoring the volcanic activity, such as
degassing and discoloration of crater lake water. These phenomenons became the symptoms of the
volcanic activity. The weather condition is continuously changes between clear, cloudy, and hazy.
Obviously, camera vision is obscured or even blocked by haze. Another problem is that airlight
source is hard to estimate because the lake color tends to be brighter in clear conditions. In this
paper, a dehazing technique is proposed based on color attenuation prior and contrast
enhancement. In contrast enhancement, the transmission map was enhanced using adaptive
gamma correction. Our data were analyzed using referenceless fog density estimation (FADE).
Our experimental results give the best result when it comes to fog density (by 1.60912 density)
compared to previous algorithms. Copyright © 2017 Praise Worthy Prize S.r.l. - All rights
reserved.
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Nomenclature
4 Adaptive Gamma Correction
a Atmospheric light source
v,s Brightness and saturation respectively
Ay Ay Ay Coefficient in color attenuation model
d Depth of the scene within video frames
e Euler’s number or exponential
h Haze concentration
I Input hazy video frames
2 Viaks Intensity and Intensity maximum from
grayworld
P.r.f Matrix, Vectors
rmap[m] Medium transmission
p(m) Patch centered at m size 15x15 pixel
m Pixel coordinate within frames
J Restored scene radiance
B Scattering coefficient at the atmosphere

I. Introduction

Mt. Kelud is one of Indonesia’s active stratovolcanoes
that is exactly located adjacent to the three big cities in
East Java, Kediri, Blitar, and Malang. Mt. Kelud also has
an attractive lake. This lake has the most wonderful view
in the southeastern region of the Kediri district and is
located 1.7 kilometers above sea level.

Copyright © 2017 Praise Worthy Prize S.rl. - All rights reserved

The lake stands in the middle of the three peaks. Many
eruptions happened, almost every 30 years according to
historical data about the eruption [1]. An explosion in
2007 created a “Lava Dome”, which covered the whole
lake. The explosion started with the discoloration of the
lake water and a degassing process on the edge of the
lake. Afterwards, the lake completely disappeared.

After 7 years, one of the most massive eruptions
happened on February 14th, 2014, It begun with gas and
smog ascending to the sky [2], [3]. Along with them, a
thunder started rumbling above the mountain. Even
people living far away from the incident heard the sound
of the thunder. It was dark, with a sand rain covering
rooftops. A week later, the ashes covered the whole
Kediri city and the area located towards southwest, west,
and north. Even Bandung city, which is 500 kilometers
away from Kediri, was affected. Nearly a month after the
eruption the crater lake reappeared.

Learning from the signs [4]-[6] prior to the eruption,
the government from Indonesia prioritized this into a
national development plan for disaster mitigation. They
delegated the Mt. Kelud’s observers to start conducting
surveillance using two CCTV cameras in addition to the
seismograph. The cameras are planted on the top two of
the three summits of the mountain. They are facing down
directly to the lake and covering the whole lake. Sulfur
Dioxide is triggered due to the increase of volcanic
activities which cause degassing [T]-[12]. The gas flux
[8], [12], [13] began spreading and rotating around the
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lake. Because of this phenomenon, the volcanic
observers could not monitor conditions of the lake such
as lake color, water elevation, and the spread of gas.
Numerous research activities have been conducted in Mt.
Kelud, such as those on the seismic, water, and gas
content. However, in terms of computer vision,
especially analysis and processing the hazy scene video
had not been executed before.

Naturally, in certain conditions, it is hard to estimate
the color of the lake. The scene color is strongly
influenced by the luminance of the sunlight which is
reflected by the lake and scattered by the thick haze. The
heavy fog causes the scene color to become green. The
scene tends to be yellow when the weather is clear. The
authors focused on restoring the color in hazy condition.
Due to the influence of scene color, it was a challenging
tasi)

In this paper, an enhanced dehazing method is
proposed to restore the color and visibility of the video
captured by the CCTV. Using color attenuation prior
proposed in [14] the scene depth of crater lake was
estimated and adaptive gamma correction (AdaptGC)
was  used to enhemc the dehazing result. By
incorporating [14]-[17], a dehazing technique was used
with the following steps: input hazy scene, the dark
channel taken as the basis for extracting a source of light,
depth estimation using linear equation, transmission map
estimation and enhancement using AdaptGC, scene
restora@eloll and guided image filtering.

The rest of the paper is organized as follows: Section
IT reviews the previous works related to this method.
Section I elaborates the proposed work. Section IV
explains experiments and the results. The results were
evaluated using the referenceless fog-aware density
estimation (FADE) [18]. Section V presents the
conclusion of the research.

II. Related Works

In recent years, a number of researches have been
developed on dehazing. Improvements are achieved due
to multidiciplinary assumptions and approaches. A haze
removal technique based on Independent Component
Analysis (ICA) was proposed by [19] (Fattal et al). The
author assumed that there is a local uncorrelation
between surface shading and the transmission medium.
The hazy image model has been refined by Fattal in his
work by adding the albedo constant vector R and scalar
[ . Those two variables replaced the definition of haze-
free image. This albedo came from an ambiguity in three
equations for every pixel within il]plmlge. Fattal’s
method estimates the transmission by using Gauss-
Markov random field. This method also estimates the
proportion @c white light reflected by a surface or an
object. His method is able to refine the transmission by
estimating the albedo of the scene. This smoothing
process took long enough for one frame to process. The
shortcoming for this method is its inability to handle
denser haze images.

Copyright © 2017 Praise Worthy Prize S.rl. - All rights reserved
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Assuming that on the local contrast is higher in clear
scenes than in obscured scenes, a Markov Random Field
(MRF)-based method has been proposed for dehazing by
maximizing local contrast [20]. One of the problems of
visibility in bad weather is the absence of atmospheric
light (atm light). This is due to the overcast from the sky,
which makes the atm light remain globally constant. The
task is more focused on estimating the chromaticity of
light instead of estimating atm light. The process is
named normalizing object chromaticity. Tan mentioned
that there are some clues that must be satisfied in case of
helzing problems. First, the output image clear scene
must have higher contrast than the input hazy image.
Second, the high variance values of atm light depend on
the depth of the image. Therefore, at a certain patch, atm
light tends to be the same at the same depth. Third, bad
weather usually disrupts hazy input images because they
are outdoor images. Thus, the recovered scene must
address the features of a clear scene. This method results
in an impressive clear image which has less contrast but
i1s still prone to oversaturation. This is due to high
distinctive contrast level between adjacent patches and
might contain block-like window artifacts on short
distance. The artifacts make the result look unnatural.

If we observe an image, in most of pillC from
natural scene except sky region, at least there is one color
channel in the RGB color space which has low intensity,
and almost down to zero. For example, consider a scene
like tree leaves, blue flowers, red roofs, etc, in RGB
color space, the tree leaves have the highest green
channel compared to the remaining channels. For blue
flowers, the blue channel tends to be the highest color
channel. This was called DCP and introduced by He [15].
By using this assumption, the patches with a dark area
are clearly considered not as the source of light. The
result of DCP can handle denser haze. However, this
method failed when it comes to the region with bright
color such as the sky, lake color reflecting the sunlight,
and white objects. In addition to failing in atm light
estimation, the DCP may contain halo effects on the
edge. The other problem of this method is that
transmission map result contains a halo effect around the
edge of the object. The restored image became block-like
patch. To overcome this problem, the block is smoothed
using a soft matting algorithm to improve the output
quality, even if the filtering process is long. In the
following year, He et al [16] proposed a filter by using
image as a guide to improve the process time of matt
filtering. The DCP method may result in oversaturation if
there is any object brighter than atm light.

A new method in transmission l'CSl()l'illa] wils
introduced by Meng er al [21]. This method is based on
Ll-norm for weighting contextual regularization. This
method also inherited from DCP for restoring the scene
radiance which limit the boundary constraint. Meng
introduced a new geometry for the hazy image model.
This model is in radiance cube with two additions which
are (; and C; as lower and upper boundary constraint

limit respectively. The weighting came from the
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assumption that, in local patch, the neighboring pixels
share a similar depth. Meng claimed that, in his case, the
L1-norm is more robust than the L2-norm, but may fail
on minimizing halo effect.

Zhu et al [14] proposed the depth model based on the
observation of linearly correlated brightness and
@Jrem‘(m. Assumming that in natural hazy scenes the
distance between camera and the scene is far, the scene
depth is limited to a certain threshold. To put it simply,
the task of Zhu's method depends on recovering the
depth map. They observed a natural scene where near
objects and far objects were separated in the hazy scene.
This observation resulted that in near object, where the
scene is uninfluenced by haze, the saturation statistically
increased. When in moderate distance, where the haze is
slightly influencing, the saturation gets lower when
brightness starts to increase. And for far objects, where
the haze almost completely took over the scene, the
saturation  statistically  decreased and  brightness
drastically increased. The most interesting part of this
observation is that saturation and brightness are
correlated to the distance of the scene. The denser the
haze, the larger the difference between saturation and
brightness. The term color attenuation prior (CAP) came
from this positive statistic correlation, where scene depth,
haze concentration and brightness minus by saturation
are related. In the linear depth model, there are some
coefficients that must be optimized using the supervised
method. The CAP is pretty fast and able to preserve the
edge color compared to the other method. The
shortcoming of this method is that when an object in
scene 1s near, it l'l'lill darker. Popular recent works are
based on the DCP, which states that clear images locally
have a low intensity in one or two color channels. Some
adaptive researches have been used in [15], [22]. And the
most recent research is belse@ machine learning [14],
[23]. The key for dehazing is to estimate the transmission
map [14],[23].

Based on th()nvolulionell Neural Network (CNN),
[23] proposed an end-to-end system for estimating the
medium  of transmission called DehazeNet. The
DehazeNet used a non-linear activation function for its
cascaded convolution. This method extracts several
features relevant to haze such as dark channels, hue
disparity, and color attenuation. Cai et al evaluated the
results of his DehazeNet using component robustness
evaluation (CRE) and airlight robustness evaluation
(ARE). The CAP achieves the best result for thinner haze

sity when the scattering coefficient f is equal to
0.75. The performance gradually decreased whcnm
haze is thicker. Recently, a dehazing method was
proposed by Galdran et al [24]. This method was called
Fusion-based Variational Image Dehazing (FVID).
Galdran’s approach used three stages. First, the variance
of image-dehazing energy (EVID) is minimized. But, this
step is prone to overcontrast the adjacent area. The next
stage is storing the original image with its related
dehazed output. Then, both steps are fused to get better
results.

Copyright © 2017 Praise Worthy Prize S.rl. - All rights reserved

In the future, not only the haze removal process is
crucial in terms of visibility restoration but also color
restoration and video dehazing. A video based algorithm
for dehazing was proposed by Kim er al [25]. Generally,
atm light is assumed to be the bless color [14], [15],
[26]. Zhu ef al estimated the atm light by picking the top
0.1 % in the dark channel domain as well as He's. Zeng
and Dai picked the maximum intensity from each color
RGB channel in color gc. In Kim ef al method, atm
light was estimated by quad-tree subdivision. The image
15 divided into four rectangular-shaped blocks. Then,
each image is divided again recursively until it reaches a
certain threshold. This method achieves the right atm
light on the sky region. However, Kim's method for
estimating the atm light may fail when under minimum
possession of sky region. In terms of transmission map
estimation, Kim used an optimized method by
minimizing the mean-squared error (MSE) contrast cost
function and information loss cost function.

An underexposed video enhancement based on the
perception-driven progressive fusion was proposed by
[27] Zhang et al. The noise and visual artifact in the
video can be reduced by preserving the texture.
Underwater image enhancement is interesting to take into
account, since the information of the red channel and
green channel is loss for deeper water [28]-[30].

In case of color restoration, a polynomial equation
based method was proposed by Pujiono er al [2B4Hor
coral reef underwater images. This polynomial is based
on the constancy of red, green, and blue colors in water.
There are two steps in this method. First, determining the
underwater color constancy function. Second, from
previous function, the coefficients are estimated by using
ordinary lesqueu'es. Pujiono’s result is better than
CLAHE in Peak Signal-to-Noise Ratio (PNSR) and is
able to restore the image in clear sea water conditions.
However, this method may fail when water is overcast.

To overcome the problem in heterogenous underwater
conditions, a two-way method in output enhancement for
underwater image color restoration was proposed by Li et
al [29]. The first way is to restore the natural and genuine
color appearance. The other way is to improve the
brightness and contrast by using a prior from the
histogram distribution. This method was based on
observation from the distribution of images from scene in
the outdoor. In estimating atm light for underwater
images, one cannot simply use the global outdoor
assumption as mentioned in [14], [15], [21], [25]. An
object might be brighter than the atm light itself. Li
incorporated the atm light extraction in underwater
images from [25] as a quad-tree subdivison hierarchical
search, DCP [15] as effect removal for suspended
particles, and determining the global atm light from the
direction of light.

Since blue has has a shortest wavelength [28], [29]
compared to green and red, it is certain that the direction
of atm light comes from a region which contains the
brightest red pixels. For loss information reduction, the
transmission map in the red channel is optimized.

Intermational Review on Computers and Software, Vol. 12, N. 1
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This is due to the fact that the red channel is the most
representative  for underwater images whereas the
remaining two channels are representative for outdoor
images. This method also gives results with reduced
artifacts.

In previous research, [31] has proposed method for
dehazing based on DCP. But, the recovered image color
is still dominated by global luminance.
m]upla et al [30] proposed an efficient and adaptive
contrast enhancement method for images using the
gamma correction and probabilistic distribution of
chromaticity pixels. This method contains two steps. The
first step is enhancing the brightness and contrast by
modifiying luminance pixel distribution. The second step
used a col@estoration framework to maintain the color
tone. The result of the method is able to preserve color
information.

The next adaptive color enhancement is from [17].
Huang proposed an AdaptGC based on a cumulative
probability  density funclm (CDF). This method
cumulatively sums up the probability density function
(PDF) of the grayworld image histogram. The result is
capable of restoring the low brightness image. The
shortcoming from this method is less effectiveness on
hazy scene images.

Some methods adapt the use of contrast limited
adaptive histogram equalization (CLAHE) [32], [33]. A
low light scene may result high noise and distortion [32].
The captured images in such a dark scene may contain
large size of dark block pixel, low visibility, and low
image quality. Jung er al algorithm converts the RGB
color into YUV color space. By enhancing the low light
image with a low-pass subband, this method yields a
clearer image. In biomedical imaging, a biocorthogonal
spline wavelet based on CLAHE is used in [33] for
cephalograms. A standard histogram equalization may
leads to overcontrast. This overcontrast was called
spikes. The spikes appear when the pixel which have
similar intensity are present into homogeneous blocks.
These spikes generate more noises and change the
distribution of pixel intensity of images. To overcome
this problem, enhanced version of CLAHE was
proposed.

III. Proposed Method

Obscured scene on top of the mountain happened due
to solfatara [1], [11], [12]. This chemical reaction
releases many kinds of gases, such as: SO,, H;0, carbon
monoxide (CO), carbon dioxide (CO,). H,.S, N,.
Moreover, if certain gas interact with rocks, it will induce
other compounds.

Mostly, the scene radiance of the lake in the video is
affected by its surroundings. This luminance comes from
the vegetation around the lake and from the lake color
itself. Airlight plays a huge role in dehazing, especially
the dark channel prior (DCP). In our case, the camera
view does not cover the sky area, as seen in Fig. 2.

Copyright © 2017 Praise Worthy Prize S.rl. - All rights reserved

From time to time, the scene color keeps changing. In
the thick cloud condition, it becomes dark green. And in
a clear condition, it becomes light brown. Based on these
conditions, the authors mainly focused on restoring the
lake color in hazy conditions.

In this part, the proposed method was elaborated. The
authors focused on dehazing process by selecting fast
dehazing algorithm and enhancing ifefBontrast yields
more natural scene. Fig. 1 shows the block diagram of
the proposed algorithm. For the first step, the video was
extracted per frame.

Trans. Map Scene Recovery

1
Input Videos : Dark Channel : Adaptive

1 S 1

i ! Correction
1
i
I

: Color

1 Averaging
|
Y ATM Light | |
Frames ]

Extraction i A

1
1
1
i

]
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1
I
1
I
1
I
I
]
1
1
]
]
1
1
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1
]
1
I
I
I
1
1
1

Fig. 1. Proposed method. We incorporated dehazing method from Zhu
et al for depth estimation, adaptive gamma cormection from Zhang et af,
Huang er af for color averaging (CA)

Second, the dark channel of each frame was taken for
input hazy scenes. Then, the atm light in dark channel
images was estimated. The next step was to determine
the depth of input hazy images using the CAP model.
After the depth has been determined, the medium
transmission map can be estimated.

Prior to the last step for scene restoration procedure,
we first need to enhance color using AdaptGC and color
averaging.

The lake is located at 7° 56' 15.6156" § and 112° 1§

.3072" E (see Fig. 3) and monitored in real-time using

TV camera model Axis Q1755-E Network Camera,
with resolution 1280 x 720 and 10x optical and 12x
digital.

CCTVRAWAR St Grolof H16-11-00 070459

Fig. 2 CCTV field of view (FOV) above the lake
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Fig. 3. Location of Mt. Kelud, East Java Province, Indonesia

IH.1. Hazy Image Modelling

Accofflig to [34], [35], the image model on hazy
weather can be modelled as:

I, (m)=1J, (m)tmap(m)+a(l-mmap(m)) (1)

where s the coordinate position of pixels within the
imzlge,& the RGB color channel, I is the input hazy
scene, J is radiance of scene, rmap is the transmission
medium map, a is the ligl‘g' atmosphere .

When it comes to a homogeneous atmosphere
condition, the transmission medium rate fmap can be

—fd(m)

tmap (m) =e (2)

defined as:

where [ represents the scattering coefficient in the
atmosphere. It is important to consider that
depends on d[m]. s‘mccm coefficient f is ignored
due to the homogeneity of the atmosphere [14], [22].
And d(m) is the depth of image. The purpose of this

tmap

equation is simply to extract the J in Eq. (1) from I.In
spite of the fact that tmap remains constant in the local
patches. From Eq (1) and Eq (2), we know that:

0<tmap(m)=<1 (3)

As additional information, the attenuation model is
described in left side in Eq (1) by the term
J.(m)tmap(m) . It means that the clear scene is directly
transmitted through the medium without any disruption.
However, in natural hazy scenes, the next term is called
air-light, which is represented by a[lfxmap[m ]] from
the right side in Eq (1). This means that additional
element mean is fused [15], [20], [26], [36].

1.2, Color Attenuation Prior
Since DCP is prone to oversaturation for brighter

objects and gets darker when it fails on achieving low

Copyright © 2017 Praise Worthy Prize S.rl. - All rights reserved

atm light, Zhu [14] assumed that d is large enough for
the given certain threshold. Estimating ais probably
most suitable than calculating a . Thus, when d reaches
its threshold it means that:

I (m)=a 4

In hazy scene, an object far from the observers
naturally lies at great distance. Obviously, the distant
object has large depth. Consider that the depth is limited
to certain threshold d,. From this condition, the

remaining task is the depth estimation.

Restoring the view for video processing is a
challenging task. This is due to the minimum information
and the need of brief process for each frame. According
to the computer vision principle, human eyes can clearly
distinguish haze and natural objects. Inspired by [14], it
was found that brightness and saturation of natural scenes
are linearly correlated. As illustrated in Figs. 4, a near
haze-free region has high saturation and low brightness
(see Fig. 4(d)). Along with the high density of the haze,
the saturation also decrease. The lower the value of
saturation the nearer the object to white. For middle
range (see Fig. 4(c)), it was found that saturation and
brightness are nearly equal. And for more distant objects
(see Fig. 4(b)), saturation decreases and brightness
increases. This 1s mainly caused by the high influence of
haze [20], [34], [35]. A naturally obscure scene, which is
affected by haze, happens at a distant area. Cumulative
haze gets thicker along with object range [15]. This is
what the authors called a linear correlation between
saturation and brightness. Random samples were taken
from natural hazy scene. Three blocks of 40x40 pixels
are picked in different spot of the image: near, middle,
and far (see Figs. 4). Comparing saturation and
brightness (see Fig. 6) it was clearly seen that the
difference and its correlation to the scene depth. The
mean of the saturation and brightness was calculated.
Considering that the correlation between density of the
haze and the scene’s depth, the result is: .

5

dochowv—s (5)

where d.h,v and s are the depth of scene, the haze

density, brightness, and saturation respectively. This
statistical measure is called color attenuation prior [14].

Figs. 4. The intensity of haze and scene are correlated. (a) Full scene,
(b) Far scene. (c) Middle scene. and (d) Near scene

Intermational Review on Computers and Software, Vol. 12, N. 1
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@) )

Figs. 5. Hazy image processing until transmission map using parameters gained from training. (a) Input hazy images. (b) our depth map.
and (¢) our refined transmission map

8 c
& View

Fig. 6. Saturation starts descending for near to far view (A), (B)and
(C) respectively. And vice versa for the brightness value. It stants
ascending for near to far object. We get these values
by taking the mean of each patches as samples

111.3. Atmospheric Light Estimation

In natural outdoor images, where the proportion of
scene is adequate, human eyes can clearly distinguish
between sky and land. Mostly, the sky area is the source
of light. The sunlight propagates through the atmosphere.
When it collides with thick clouds, light is dispersed
[35], [37]. This dispersion causes clouds to be brighter.
Other possibilities sources of light are object reflecting
the sunlight. An object brighter than the sky can greatly
affect the radiance of the scene. Since the camera
position on the top of Mt. Kelud is directly facing the
lake and the lake reflects the sunlight with good weather
it is difficult to estimate the atm light. Moreover, the
emitted fog sometimes can become the light source (see
Fig. 5(b)(4)). The other light source comes from an
object that reflects the light (see Figs. 5(b)(1)-(3)). This
can be proved by using the DCP assumption [14], [15] by
picking the brightest color or using quad-tree subdivision
from [25].

Copyright © 2017 Praise Worthy Prize Sl - All rights reserved
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Based on DCP, in a hazy scene [Jlsfre are some parts
with high intensity. The pixels ﬁeﬂ in descending
order according to its intensity. Then, the top 0.1 % of
the brightest pixels were picked from dark channel [15],
[29]. As proposed by He [15], the dark channel could be
achieved by getting the lowest intensity (see Eq. (6))
color channel from certain size patches:

n (Je (nJ)]

mi,
celr.g b}

I (m)= min ( (6)

yeplx)

where J? is the dark channel, ¢ is the RGB channel, m
is the position within video frame, and n is position
within frame patches p(m) positioned in m.

1114, Depth and Transmission Map Estimation

Predicting the medium transmission in hazy scenes is
an ill-posed problem. Numerous transmission map
estimation approaches have been developed based on
DCP [22], [26], [38]. He [15] has been using different
equations for r(m) which results:

tmap[m] =1l—-® min (min L (n)] (7)
€ a,

yeplm)

where rmap is the medium transmission, @ is a contant
valued 095 to keep the aerial perspective [15], I are
input hazy frames, and a is atmosphere source. The
problem in eq. (7) is that the result #map depends on the
a. The low value of a leads to darker frames and
oversaturation for bright objects other than sky.
Assuming that depth is limited to certain threshold, the
result is:

d(m) = d.r.‘rres (8)

International Review on Computers and Software, Vol. 12, N. 1
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where d,, ..
Eq. (2), represents the range within the frame. Since Eq.
(5) 1s based intuitive result, a robust model could be

furtherly defined as follows:

is the depth limit. The depth scene, d(m) in

LJT[J?:II):,LJ +J.q_v[m]+i_;s[m] (9

where d(m) is the depth map centered at m , Aq ,/13 and
Ay are coefficients respectively. Inspired by Zhu's [14]
approarch, the Gaussion distribution for random error &

. . 3
and zero mean variances foro~ were used, and the result
18

d[m]n—p(d[mnx’i] ,il,i_q]:N(U,rrl] (10)
N(0.6%) =N (4 +4v+29) (11)

By using the maximum likelihood estimation for each
coefficient, from Eq. (8), the result 1s:

d_.—{ Ay g v )+ Ass(m; }}
H J— (12)
By maximizing L it is possible to estimate the
parameters A;,4,,4; and o . Both sides are taken from
Eq. (11) using the natural logarithmic and partial
derivative for each parameter. To assist the calculation,
the matrix P and vector r were declared, then the
previous matrix complemented vector f | the result is:

I vy 5 d,
L v 5 A d,
P=|1 .. .|r=|4|f= (13)
1 A
] ]:JI SJI d’f
By combining Eq. (12) and Eq. (13), we get:
-1
=(p"P) P'r (14)

50 sample images sized 600 x 400 pixel were collected
from Google, a total 1.2 million points for this training.
Then, we get the result to restore the transmission map.
The result was tested (see Figs. 5) using parameters
ApsAs, and A4 to extract the transmission map from dark
channel. The restored transmission map contains patches.
In order to preserve the original quality, the result needs
to be smoothed the result.

111.5. Enhanced Dehazing Scene Recovery

Since the condition on the top of summit is
fluctuatively changing, the captured videos usually yield

Copyright © 2017 Praise Worthy Prize S.rl. - All rights reserved

various scene colors. In prior research proposed
algorithms [14], [15], they used the same technique based
on the existing color channel and model in Eq (1) result
in color distortion at a certain condition. However, the
authors were able to reduce color distortion.

One of the key for dehazing is restoring the medium
transmission. Here, a method for gamma correction was
adapted. The new enhanced transmission for our method
18

tmap(m) !
Ten [m] = ]"i-nak.s [ v ] (15)
ks
l+——  z>T,.
7=0 Towres e (16)

1 2= T}m‘s

where 7,,(m) 1s the enhanced transmission map, V, ;. is
the maximum intensity from grayworld frame, y is the
adaptive gamma value obtained from Eq.(16), z is the
intensity value where the cumulative distribution
function (cdf) reaches 0.1, and T, is the limit
intensity. The value of T, was set to 110. This value is
obtained from observing data using crater lake images
from clear to cloudy weather. It was found that for
z=0.1, the minimum 7}, - is 110.

Inspired by [36] for recovering scene on bad weather,
we calculate the mean of each pixel RGB channel. Here,
the result is:

ZZC xy) (§))]

x=1y=1
where u. is the average intensity of each color channel,
s is the total of pixels, p,gq are height and width of each

frame respectively, and G,

is the intensity position
(x,y). Each channel with the average intensity g was

subtracted, therefore:
S, =M, — M, (18)

where ¢ is the different color pixel, u, is average of one
channel x where _te{r.g.b}

Now, there is all needed to recover the radiance of
scene J according to Eq. (1). Since the atm light a has
been estimated and the enhanced transmission map ¢, is
known from Eq (14) and Eq (15), the recovered scene
can be defined as:

I.(m)-a, +3.

Loy ()

J.(m)=(a, -8, )+

(19
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where J_.(m) is the recovered scene radiance, a is the
estimated atm light, Tare input hazy frames, & is the
average color difference, and tmap(m) is the estimated

transmission map. The proposed method managed to
dehaze, as shown in Fig. 10(f).

IV. Experiments and Results

Finally, algorithms were tested with images of
pumpkins and crowded people. The purpose of this test
that we want to know the performance of this method
compared to the previous dehazing method. The
penemcc measured were fog density and entropy.

In this section, the performance of the proposed
method was evaluated by comparing it with the previous
4 dehazing algorithms. One of them is the most popular
dehazing algorithm, the DCP proposed by He [15], the
second one is based on adaptive DCP [21], the third is
from [39], the fourth is from [14], and the last one is
from [38]. Let’s call the four algorithms by He (DCP),
Meng (ADCP), Tarel, Zhu (CAP), and from Chen for
High-Speed Gain Intervention Reﬂamem (HGIR).

The experiment was conducted using a PC with 2 GB
RAM memory, Intel Core i5 processor, CPU clock 1.70
GHz, and NVIDIA GeForce 740M. The first step for
video extraction was to load the video. Then, each frame
was splitted and processed for each algorithm. This video
contained 30 frames per second, RGB sized 800 x 450
pixel. The lake was recorded for about 1 minute. After
frame extraction, the following step was the preparation
for the dehazing procedure. The first step was taking the
dark channel of each frame. From this dark channel, it
was picked the top 0.1 % brightess pixel as inspired by
[15],[36].

IV.1. Medium Transmission Enhancement

In this part, the proposed method was simulated using
generated data obtained from Google. The method was
compared with the previous dehazing methods. Guided
image filtering [16] was also implemented to smooth the
result because dark channel patches contain block of
windows [15], [40].

When airlight was estimated, the transmission map
value was separately estimated. As in Eq. (2), map(m)
depends on the depth map. The depth d(m) was
estimated from Eq. (9) using the pseudo-inverse matrix
as in Eq. (14). The results of this training are the

coefficient parameters 4, =00910 ,4, =0.6960 , and

Ay =-0.T7198 .

The transmission map opposites its depth. The video
tends to be slow. The haze moves slowly. He used Eq.
(7) to estimate the transmission map. However, the
resulted rmap may cause oversaturation (see Fig.
10(b)(1)). Chen’s [38] proposed a frmap estimation using
HGIR filter obtained f'l calculating the different
intensities between the dark channel and minimum
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channel for each pixel and then dividing gthe total
number of pixels in the dark channel. Instead of using the
assumption of fmap estimation, by which it is possible to
get the estimated depth map, the transmission map was
directly calculated using Eq. (2). The scattering
coefficient /i can be abandoned in case of homogeneous
atmosphere.

The final [f6k of this proposed method is the
restoration of scene radiance. As we have the atm light a
and transmission map rmap , prior to the final task, there

is one last step that must be done. The restored image
when using tmap without gamma correction is still not
quite satisfying. The color of the ground around the lake
is still influenced by, mostly, the global scene color such
as blue when the haze is thicker. Therefore, the
luminance of the ground could be obstructed. In order to
overcome this problem, the solution is enhancing the
luminance color by using popular color enhancement
called gamma correction. The gamma value for normal
image scene 1s equal to 1. Normally, for outdoor
grayscale images, when the value is lower than 1, the
luminance color will increase. And vice versa. In this
case, the gamma correction for fmap was implemented.
Thus, the value of gamma must be higher than 1 if the
aim is to increase the luminance. The gamma value was
instead limited to prevent oversaturation which may be
caused by the high intensity lake color (as we can see in
Figs. 10).

Different conditions of the crater lake require different
handlings from gamma correction. AdaptGC was utilized
rather than manually setting the gamma value. In
previous research [31], before the incorporation of
AdaptGC, the process of dehazing solely relied on
restoring the scene radiance without enhancing the
contrast. Therefore, the restored color is still influenced
by the global luminance. This is one of the shortcomings
of CAP compared to DCP, when the DCP can remove
haze but still results in oversaturation for the lake (see
Fig. 10(b)(1)).

To maintain or even to strengthen the enhanced tmap,
we should find the mean of each pixel in the RGB
channel should be found by using Eq.(15). The averaging
process is capable of distributing color by enhancing it
with AdaptGC. Finally, the scene was restored using
Eq.(17).

V2. Simulation Results

In this part, the proposed method was simulated along
with other algorithms Tarel [39], He et al for the DCP
with guidance image filter [15], [16], Meng for ADCP
[21], Zhu et al for CAP [14], Chen et al for HGIR based
on DCP [38] for various outdoor images. A haze-free
scene image must have certain requirements. Those are
the consistency of color and the lowest possible content
of block-like artifacts and halo effects.

Popular sample images, which have been used in
many dehazing algorithms, were taken for comparison.
The pumpkin image seen in Figs. 7 was compared. In
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Tarel’s result, it was able to restore dense fog. The
distant pumpkin’s contrast increased. Not many of the
halo effects are shown in this data. The edge of the
pumpkin tends instead to be overcontrast in white color.
The DCP also can handle thick haze. The edges of the
pumpkin can be preserved but the sky region may fail. It
tends to be oversaturated, which results in the appearance
of red color on the sky. In some parts of the pumpkins,
halo effects and artifacts appeared. DCP results are
almost similar to ADCP, but the oversaturation in ADCP
is reduced.

In HGIR, the color of pumpkins is oversaturated and
the haze is just slightly reduced. The proposed algorithms
and CAP result seem similar. As shown on Fig. 7(g) (the
blue arrows), the proposed method is able to increase
color contrast for near objects.

The algorithm was also compared on the people crowd
image, as shown in Figs. 8. The skin color of people has
high contrast which results in a clear distinguished color
between dark brown and light brown. For distant people,
DCP gives better result than ADCP but l gives block-
like artifacts. The ADCP distant object color is affected
by global color. Thus, the result of ADCP tends to be
bluish. Equal to the pumpkin results, HGIR also tends to
be oversaturated. The skin, flower, and bandana colors
are more in contrast than the others. Also, in some edges,
CAP tends to be brighter. For example: the edge of the
Jacket corner is getting brigther. In the proposed method,
the face brown color are almost evenly distributed. This
makes the face color look natural.

IV.3. Quantitative Results

In order to ease the analysis, different images of crater
lake were taken under any weather condition. 15 images
were taken for comparison. Then, all the images were
sorted by the name that preceeded by Img_ (such as,
Img_1,Img_2, ..., Img_15). Our results were compared

with different algorithms in terms of FADE and Entropy.
The higher the FADE value the smaller the fog density
vise versa. Table I shows the result of evaluation using
FADE. CAP results achieved the highest FADE value
compared to the others. CAP algorithm achieved the
highest value of FADE. This method failed in removing
thick haze. HGIR has a slightly lower average value than
CAP followed by Tarel's and ADCP. The DCP has a
slight average fog estimation than ADCP and also
overpowered the other methods four times for Img_6,
Img 8, Img_11, and Img_14. The proposed method
managed to have the best fog density estimation for the
average value.

As shown in Table II, entropy values from all
algorithms are compared. The best value was given by
CAP. Its high entropy value and low standard deviation
makes the CAP the best method. Under some conditions
(Img_3, Img_8, Img_9), the DCP get the top position of
entropy among the others. And for once, ADCP is also
capable of getting the highest entropy for Img_13.
Neither Tarel nor HGIR are able to get the highest
entropy. In some conditions the proposed method
manages to get the highest entropy value but the average
value was the second lowest after Tarel’s. This was
mainly caused by high entropy variance values. Overall,
if we sort the algorithms for entropy, the rank shows that
Tarel is the last. And the top is CAP. This achievement is
caused by the capability of CAP of preserving dctail
while the second is DCP for all 15 images. As shown in
Table I, the proposed method gave the best results
compared to the other algorithms in terms of fog density
(1.60912). However, it achieved small values based on
entropy, compared to the others. Zhu achieved best
entropy value (7.352013). In Figs. 10, the image restored
using the proposed method is shown with different
gamma values.

Figs. 7. Simulation result using pumpkins image. (a) Input hazy image. (b) Tarel. (c) DCP. (d) ADCP, (e) CAP. (f) HGIR, and (g) Our result
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Figs. 8. Simulation result using people image. (a) Input hazy image, (b) Tarel, (¢) DCP, (d) ADCP. (e) CAP. (f) HGIR, and (g) Our result.
The edge and overcontrast of image can be seen clearly

(b)

Figs. 9. (a) Input in various hazy conditions. (b) He's result, (¢) Meng's result, (d) Tarel's result. (e) Zhu's result. and (f) Our result

Copyright © 2017 Praise Worthy Prize S.rl. - All rights reserved International Review on Computers and Software, Vol. 12, N. 1

49




0. V. Putra et al.

TABLE
FADE DATA
Algorithms
Image
name
Tarel DCP ADCP CAP HGIR Our
Img_1 1.9779 15885 1.6848 22714 2.1634 1.1653
Img 2 2.6072 17083 1.9582 2.268 2.1385 0.9886
Img 3 3.0589 17016 1.7284 25594 22876 12604
Img_4 2,558 19048 23111 26533 2.1942 13162
Img_5 2.8491 19587 2.1463 29275 2.5315 18896
Img 6 2.558 21698 2.2606 3261 3.0208 24518
Img 7 23874 18043 1.9899 26297 2.4353 1.7896
Img_8 23414 20317 2.4234 32869 29615 23768
Img_9 2.4587 1.7608 1.8332 24332 2.5266 12229
Img_10 23167 17700 20675 25813 23195 16619
Img_11 2.8187 17327 1.9634 27007 26183 20876
Img 12 2.3836 19021 2.1823 25032 26523 12936
Img_13 24378 16172 17776 24833 22876 15567
Img_14 2.3621 19062 2.1475 28201 2.6004 19936
Img_15 2.3983 20098 2.44 29422 29911 10822
Avg 250002 1 837827 2.060947 268868 251524 1.60912
TABLEII
ENTROPY DATA
Algorithms
Image
name
Tarel DCP ADCP CAP HGIR Our
Img_1 7.0898 74764 7.4439 76687 7.3795 60533
Img 2 6.7091 69826 6.8403 72583 6.7122 4.1988
Img_3 6.376 74821 7.2056 70650 7.2437 73422
Img_4 6.8837 68617 6.7322 7A558 7.2307 60232
Img_5 6.6446 7218 6.9856 72073 7.3039 7.609
Img_6 6.8505 74033 7.1082 72812 7.3588 75075
Img_7 6.864 7.1345 70662 74287 7.4019 74701
Img_8 7.2338 74828 7.1507 72862 7.3454 7479
Img_9 6.0434 73185 72106 7.33 70081 6.8037
Img_10 6.8551 72254 6.9903 7.466 7.5145 75315
Img_11 667 74014 70411 71579 7.2585 74622
Img_12 70271 73130 7.0806 76632 7.3768 6.784
Img_13 6.9425 70882 7.3142 71567 6.8411 7.1569
Img_14 6.9228 75293 71168 74646 7.5493 75974
Img_15 7.052 71915 6.8821 73897 7.2721 5.3001
Avg 687156 7273973 7083893 7352013 7.2591 69473

V.4, Qualitative Results

Almost every haze removal algorithms is capable of
getting good results by removing haze in outdoor images.
However, it is hard to measure them just by viewing.
Thus, the previous algorithms were compared under
different weather conditions with various haze densities.
Some of the images contained bright objects which make
most of dehazing aﬂithms prone to overbrightness.

The previous state-of-the-art dehazing algorithms
[14], [ Y [21], [39] are compared on crater lake images.
Fig. f¥8) is the original input hazy image. Fig. 9(b) to
Fig. 9(e) are the results of He et al, Meng et al, Tarel et
al, and Zhu et al. And finally Fig. 9(f) is the proposed
dehazing method.
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%g. 7(b) and Fig. 7(d) show an almost perfect ability
to remove haze which belongs to He's and Tarel's
respectively. He's result tend to oversaturate because the
lake color is brighter than other objects. When the haze
getting thicker, Meng’s and He’s result tend to be bluish
for the land around the lake because of the dominant
blue-greenish color. The crater lake images were tested
using DCP algorithms. The halo effect appeared around
the edge of lake as we can see clearly on Fig. 9(2)(b),
Fig. 9(3)(b), and Fig. 9(6)(b). This happened mainly due
to the block artifacts from dark channel itself. This halo
effect can be reduced by using ADCP. A small amount of
shadows, probably from the cloud which passed through
above the lake appeared as a reflection on the surface of
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the lake water. Both DCP and ADCP leave th@usc
haze effect above the area of the image (see Fig. 9(6)(b)
and Fig. @I(c).

Meng er al's results are almost similar to the result of
He et al. Since Meng et al method advances the DCP
technique using the boundary constraint. Our results
compared to Zhu et al.'s results are closely equal. This
happened due to the fact that the proposed method was
developed based on color attenuation prior enhanced
color strenching by reducing atmospheric light by
average color channel.

In Tarel's, the edge of object such as truck trails and
rocks can be clearly seen in Figs. 9(1)(d) — (6)(d). But,
Tarel’s could not handle thick fog. Moreover, Tarel’s

(c)

algorithm could not remove the fog in small edge
regions. The haze@sll remains in some corners of the
lake, as shown on Fig. 9(1)(d), Fig. 9(2)(d), Fig. 9(3)(d),
and Fig. 9(5)(d). The upper limit and lower limit for the
corrected gamma were taken as 2.75 and 1, respectively.
The traditional gamma correction identifies that the
higher gamma value means a darker image. And the
lower gamma value will cause images to be brighter.
Normally, the gamma is used to correct a grayscale
image. But, in our case, since we corrected only the
transmission map, the higher corrected gamma value
results in oversaturation on the lake and the land around
it will be darker.

(d)

U]

Figs. 10. Various restored images with its corresponding gamma value. (1b) y = 0.5, (Zb) v =075, (1d) v = 1.0, {2d) y= 1.25, (1D vy = 1.50,
and (2f) y=1.75

V. Conclusion and Discussion

In this paper, a dehazing technique was proposed
based on color attenuation prior and adaptivemnilcd
gamma correction. This approach incorporates state-of-
the-art methods: dark channel prior, color attenuation
prior, and gamma correction.

The proposed method gains the second lowest result in
entropy (6.9473) and the best fog density estimation
(1.60912). With enhanced color using adaptive gamma
correction, this method achieved superiority over
previous approaches yet still it is not possible to recover
the true lake color since the dominance environment
color affects the results. Interestingly, this problem
proves that dehazing is an ill-posed problem.

In natural images, some scenes contain both
foreground and background objects. Our method failed to
preserve the color of foreground object. This will be the
focus of future research on the dehazing process,
separating foreground and background objects so that the
color of foreground objects can be preserved.
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