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Abstract. Fog is the most hindrance and unavoidable problem faced by drivers while driving. Due to foggy
condition and poor visibility, especially in early morning and late-night, drivers are unable to see distant object
on the road. As a result, possibility of road accident increases. In this article, a fast-real-time vision-based
defogging system is proposed to clear the vision of highway during driving in the foggy environmental condition. The proposed system can remove the haziness of the driver’s vision and can present a clear view of the
road within a very short span of time. Processing of each frame is comprised of four steps: calculation of
atmospheric light using minimum filter, transmission map, scene radiance and finally gamma correction is
applied for removing the haziness with perfect contrast adjustment. In order to reduce time complexity, instead
of estimating atmospheric light for each frame, it is calculated at an interval of 5000 frames. Many real-time
heuristic tests have been conducted during day as well at night on the highway and test analysis reveals that,
after defogging, the distance of visibility increases by more than 65% during heavy fog. Besides, there is a
massive increase in visibility during low foggy condition also.
Keywords.

Defogging; highway; minimum filter; transmission map; gamma correction.

1. Introduction
Fog is very fine moisture droplet in the air and it forms
from the suspension of tiny water droplets with a radius of
1–10 lm. Fog appears like a thick cloud near the earth’s
surface [1]. If the light falls on these droplets, then the light
gets scattered and the contrast gets lost, thereby creating
white dense visibility. As a result, drivers of any vehicle
cannot see very far distant object and drive very slowly
with a panic of accident in mind [2]. This is a common
problem for all types of vehicle on the road, and also for
train and flight. In case of highway, the driver is unable to
get a prominent view of the road, vehicles coming from
opposite direction, traffic signals and obstacles. In case of a
train, the loco pilot cannot see the signal and station clearly.
If the pilot of a flight faces the foggy condition and visibility is poor then it becomes very difficult during take-off
and landing. If a driver drives in foggy condition, then there
is a high chance of collision with vehicles coming from
opposite direction or with any pedestrian. Almost 1.4 million people die every year worldwide and an average of
3,287 people are dying per day because of road accident.
An additional 20–50 million people are injured or disabled
[3, 4]. In India, over 0.147 million people die and over 0.47
*For correspondence

million people gets injured every year. Every year in India,
foggy condition of the road causes death of more than 11
thousand people and almost 24 thousand people gets
injured [5].
Fog affects driving perception in many ways, i.e., it
reduces the visibility and perverts the driving speed. As a
result, the driver cannot drive with actual speed and he/she
is bound to drive with slow speed and with caution. Thus,
total traveling time increases than actual time and it is very
hard to distinguish between moving and stationary object.
Fog may exist during morning as well as at night are shown
in figure 1. The driver should be very careful, otherwise it
is not possible to understand whether other vehicles are
moving or at parking mode. Estimating the exact distance
of the vehicle coming from opposite direction is also very
tough during low visibility. If high beam light is used then
it is scattered throughout the fog and becomes hazier.
Therefore, using high beam light is also useless in this
situation. As the mist is an environmental condition, so it
cannot be avoided. As a result, huge number of accidents
occur which leads to death and many people gets injured
also. Moreover, many people reach late to their destination
due to slow speed, many trains run late and many flights get
cancelled.
Few researchers tried to solve the problem using image
processing techniques to remove the fog from a single
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Figure 1. Foggy condition on highway: (a) Morning. (b) Night.

image [6–12]. However, removing fog from a real-time
video is still an open area of research. In this article, a fast
fog removal technique has been introduced to clear the
vision of the driver in real-time for safe driving in the
highway. The remaining article is organized as follows.
Section 2 deals with literature survey, section 3 gives the
proposed methodology and implementation. Section 4
shows the experimental and simulation results, comparison
and time delay analysis followed by conclusion in
section 5.

2. Literature survey
Few existing algorithms on fog removal are available.
However, all of these are applicable for a single image and
for a particular environment, i.e., either day or night-time or
sea view, etc. Few of the existing approaches are explained
below.
Lin et al [13] proposed a de-hazing technique for video
as well as an image using a guided filter. The transmission
map produced by this technique is smooth as compared to
the depth information of an image.
Xu et al [14] developed a fog removal algorithm for
single image based on fixing a limit of contrast by
Adaptive Histogram Equalization. It clasps the histogram
of the image and reallocates all the clipped pixels to each
gray level by a maximum value. Hence, the fog can be
reduced.
Shuai et al [15] introduced the Wiener Filter to respond
to the problems such as colour distortion of the bright area
of the image using dark channel prior. The median
function is estimated by this algorithm using a median
filter based on the dark channel. Thus, the fog image
restoration problem is transformed into an optimization
problem, and by minimizing mean-square error a fogless
image is obtained.
Tripathi et al [16] proposed a fog removal technique
based on bilateral filtering. This method smoothens colour
as well as gray images without affecting edges using non-

linear grouping and taking mean from adjacent pixels. The
bilateral filter is used to estimate light of atmosphere and
recover the attenuation (reduces the scene contrast). The
algorithm replaces each pixel with the average value of
weight (may be: Gaussian distribution, Euclidean distance,
range differences like depth, distance, colour intensity of
pixels, etc.) of its neighbour pixel.
He et al [17] presented dark channel-prior to remove
haze from a single image. This method focuses on the
pixels that have the lowest intensity in colour (RGB)
channel. In foggy image, the air-light is the main reason for
the low-intensity dark pixels. Therefore, the haze transmission can be estimated by dark pixels. Combining soft
matching with a haze imaging model, a haze-free image
can be recovered.
Fattal [18] introduced a technique to estimate the transmission (optical) in foggy scenes from an input image.
Based on this approximation, the scene visibility is
increased from the scattered light and haze-free scene
contrasts are recovered. In addition to the transmission
function, this approach expresses a superior image construction model that accounts for surface-shading. The
colour of the mist is estimated by a similar principle.
Mai et al [19] proposed colour attenuation prior to
reconstruct the foggy image using depth scene and learning
(supervised) parameters. With the depth map, the transmission can be easily estimated and scene visibility can be
restored.
He et al [20] developed an algorithm to eliminate fog
from a single input frame by an optimal transmission map.
They precisely examined the visual model and reorganized
the preliminary transmission map under a supplementary
boundary prior.
Yang et al [21] proposed a super-pixel-based fog elimination method for the night time frame. The input frame is
decomposed into a glow-free and glow-foggy frame using
virtual smoothness. Then the air-light and dark channel is
computed for all the pixels in the glow-free foggy frame.
The transmission map is projected by the guided (weighted)
filter using dark channel. An adaptive threshold value is
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also supplied to the transmission map to remove noise and
finally the frame is restored.
Hu et al [22] proposed a single image defogging method
for visual surveillance of maritime. A scattering model and
a radiance decomposition algorithm are proposed to remove
the glow upshot on the air-light and recover a fog layer,
respectively. Then, a transmission-map is projected.
Finally, the proposed radiance compensation procedure
allows the fog-free image to reserve the natural radiance
data of the original image.

Page 3 of 11

40

3.1 Real-time video acquisition
Capturing of real-time dynamic video is called video
acquisition. It is the primary phase of processing an individual frame distinctly to solve the problem of hazy condition of the road. In this system, a High Definition web
camera is used to capture real-time video of the road. The
camera has been fixed inside the windshield glass as per the
position of the driver’s eye to generate an exact view of the
road. The camera is capable to acquire real-time video of
30 colour frames per second with a maximum resolution of
1280 9 720 pixels.

3. Proposed methodology
In this article, a fast novel approach is introduced to
remove fog in real-time from the driver’s vision at the
time of driving during day and night-time. As it is a realtime system, the time complexity is a most significant
issue along with prominent haze-free output. Hence, the
proposed model has been designed in a distinct manner so
that time consumption for processing each frame will be
less. The proposed model is based on transmission map
and scene radiance recovery. The transmission map is
assessed after estimating atmospheric light using a minimum filter followed by gamma correction. Atmospheric
light is estimated from intensity of pixels for the first
frame and is updated after an interval of 5000 frames.
Figure 2 represents the flowchart of the entire proposed
system.

3.2 Segregation of frames
As the camera is capable of capturing 30 coloured frames
per second (fps), so for dealing each frame distinctly we
need to segregate all the frames in real-time. For a dynamic
real-time video, light intensity of each frame varies in its
visual perception. For a 30-fps video, thirty frames run
sequentially one after another per second. To deal with each
frame exclusively, separation of frames is essential.
Therefore, separation of all the 30 frames is done in realtime for processing each frame distinctly.

3.3 Atmospheric light estimation by minimum filter
In computer graphics and computer vision, the atmospheric
scattering model [23–27] is widely used to describe the
formation of haze image by the following equation:
IðxÞ ¼ JðxÞtðxÞ þ Að1  tðxÞÞ

ð1Þ

where I(x) signifies the input foggy image, ‘A’ indicates the
global light of the atmosphere, J(x) represents the fog-free
image and t(x) represents the transmission map. It describes
the amount of light, which is not scattered and influences
the camera which is given as:
tðxÞ ¼ ebdðxÞ

Figure 2. Flowchart of the proposed real-time defogging system.

ð2Þ

where b is the fog factor and d(x) represents depth in the
image [17, 19]. For the image taken in clear weather,
b & 0 and without considering its effect, we got I & J. On
the other hand, when an image is taken in foggy weather
then b [ 0 and it becomes non-negligible. In (1) J (x)t(x) is
the direct attenuation and A(1 - t(x)) is the atmospheric
light. The image is divided into small patches of size X.
The fog exclusion aims to recover t, A, and J from I [28].
In the patches (non-sky regions), at least one of the three
colour channels (RGB) has very low (or nearly zero) light
intensity. A minimum filter is applied to local patches of
three RGB channels. The image obtained by using this
process has low-intensity values. The lowest intensity value
Jlowest(x) of a pixel is calculated as:
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J lowest ðxÞ ¼ min ð min J c ðyÞÞ

ð3Þ

yefXðxÞg cefr;g;bg

where J is a haze-free output frame [17, 25, 28], Jc is colour
channel of J, Jlowest is the lowest intensity of J and inclined
to be zero, and X(x) is a local patch positioned at x. The
lowest intensity is the result of two least operators: min

c2fr;g;bg

is made on all the pixels (figure 3b), and

min

y2fXðxÞg

is a

minimum filter (figure 3c). The least operators are
commutative.
After computing the lowest intensity (Jlow) from RGB,
the atmospheric light (A) is estimated. The coordinate of
the brightest (0.1%) pixels are selected and the highest
intensity value in each RGB colour channel is obtained
separately from these pixel locations [12, 17]. These three
intensity values from the RGB channels are considered as
atmospheric light (A). Hence ‘A’ is a 3 9 1 vector where
each value represents the highest intensity value among R,
G, and B. It has been assumed that the atmospheric light
(A) is globally constant and it does not change in all
adjacent frames for a fixed environmental condition. So,
calculating Atmospheric light (A) for each frame repeatedly
is of no use. Let us assume that the atmospheric light is
constant for all the frames of the video until a threshold
period. We have used the estimated atmospheric light
(A) that had been obtained from the first frame to recover
next 5000 frames which reduces the time complexity. The
value of Atmospheric light (A) can be estimated from the
pixels which contain the highest intensity in the input
frame. Then average of the intensity value of these pixels
(low intensity pixels) is computed and finally, the atmospheric light has been estimated.

3.4 Transmission map estimation
Transmission maps are computed for each real-time frame
by using Atmospheric light (Ac) of the first frame. Every
pixel of the input frame is divided by its corresponding
value in ‘A’ to compute three transmission channels
(RGB). We first normalize the equation of haze image (1)
by ‘A’:

(2020) 45:40

I c ðxÞ
J c ðxÞ
¼
tðxÞ
þ 1  tðxÞ
Ac
Ac

ð4Þ

(where the local patch X(x) is constant, the transmission is
t(x). The lowest intensity Jlowest is inclined to zero and Ac is
the corresponding value of the atmospheric light which is
always positive.)
Thereafter, lowest intensity on both sides of (4) is
computed by putting the minimum operator on both sides:




I c ðyÞ
J c ðyÞ
min min c
¼ tðxÞ min min c
þ 1  tðxÞ
c
c
A
A
y2XðxÞ
y2XðxÞ
ð5Þ
As J is a fog-free image, the lowest intensity of J is near
to zero, i.e.,:


J lowest ðxÞ ¼ min min J c ðyÞ ¼ 0
ð6Þ
y2fXðxÞg

c

As Ac is continuously positive, so


J c ðyÞ
min min c
¼0
c
A
y2fXðxÞg

ð7Þ

Putting (7) into (5), the transmission t(x) is estimated by


I c ðyÞ
ð8Þ
tðxÞ ¼ 1  min min c
c
A
y2fXðxÞg
Since the sky is infinite and transmission is almost zero,
Equation (8) can be used for both non-sky and sky regions.
There is no need to separate the sky region. Atmosphere is
not completely rid of particles even in clear days. There
always exists some fog at distant objects. However, the
occurrence of haze is a basic key for a human to notice
depth. If the haze is removed thoroughly, then the frame
may look unnatural and feeling of depth may be lost. So,
we can retain a very small amount of fog for the distant
object intended for a natural look, by familiarizing a constant parameter x (0 \ x B 1)) in equation (8):


I c ðyÞ
tðxÞ ¼ 1  w min min c
ð9Þ
c
A
y2fXðxÞg

Figure 3. Calculation of lowest intensity of pixels. (a) An arbitrary frame J. (b) Calculated minimum of RGB values. (c) Calculated
minimum filter achieved from (b). i.e., lowest intensity of J. which has 15 9 15 patch size (X).
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The value of x is dependent on the application. As we
decrease the patch size, we can use a slightly lower value
for x (&0.7) and for large patch size, the x value can be
increased [12, 17, 28]. Here, a constant value has been fixed
at 0.8 so that it will outfit for almost all types of frames. A
transmission map of the input hazy frame is shown in
figure 4.

40

provided. This power factor is recognized as gamma
[29, 30]. Gamma can be represented while increasing the
intensity of shady frame by
I ¼ Vc
and while decreasing the intensity of bright frame by
I ¼ V 1=c

3.5 Scene radiance recovery
With the help of atmospheric light and estimated transmission map, the scene radiance is recovered according to
(1). However, the straight attenuation J(x)t(x) can be zero
without any transmission. The calculated scene radiance (J)
may have noise. Hence, the transmission t(x) should be
controlled by a lower limit t0, i.e., slight haze is preserved.
The ultimate scene radiance J(x) is recovered by
JðxÞ ¼

IðxÞ  A
þA
maxðtðxÞ; t0 Þ

ð10Þ

Here a typical value of t0 = 0.1 is used. It needs to be
increased when a frame contains substantial sky region,
otherwise, the sky region may wind up with artefacts which
means that the frame will not look smooth and pleasant.
Since the scene radiance is not bright like the atmospheric
light, the frame after haze elimination looks dim. So, the
exposure of J(x) is increased for display [17].

3.6 Gamma correction
After completion of the above phases, the haziness of a
frame due to fog is almost clear. However, it needs more
improvement in contrast adjustment so that the frame will
be more prominent and convenient. Here, the Gamma
correction method is applied to each frame to get the final
prominent view. The intensity of a display screen that emits
light is generally not a linear function. The intensity formed
by a monitor depends on the power factor of the voltage

ð11Þ

ð12Þ

where the voltage (V) is the electron flow related to the
intensity of light (I) emitted by the monitor and c (gamma)
is the power factor (constant). The representation of the
light intensity output of the display screen for different
gamma (c) value is shown in figure 5.
By gamma correction method the non-linearity function
can be corrected. The steps for gamma correction using a
lookup table is as follows:
1. The fog-free frame is taken after scene radiance as input
frame
2. Maximum intensity of pixel (consider estimated atmospheric light) is calculated
3. Gamma value is chosen
4. LookUp table is designed
5. The Value of input pixels is mapped to the LookUp table
After observing the extreme value of intensity from the
estimated atmospheric light, the vital step is the formation
of the lookup table and selecting the value of gamma [31].
The formation of the lookup table for an 8-bit image frame
is shown below.
LookUp  Table




½0 : Max intensityc 

¼ Max intensity 

Max intensity

ð13Þ

Consider a sample frame where the highest intensity is
221, and the value of gamma (c) applied is 3. So, the
formation of the lookup table for each Index position will
be:

Figure 4. Transmission Map Estimation. (a) Foggy input frame. (b) Estimated transmission maps.
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Figure 5. Changes in the intensity of light for different values of gamma (c).




LookUp  Table ¼ 221 


½0 : to : 2213
221

!





3.8 Real-time video display
ð14Þ

After forming the lookup table, the value of pixels of the
input frame are mapped to the values in the lookup table.
The intensity value of the first pixel of the frame is
observed which is then matched using the index of the
lookup table (see figure 6). Finally, matching value in the
lookup table is accumulated. In this way, all the frames
have been corrected one after another [32–34].

3.7 Video reconstruction using processed frames
Video reconstruction is the final phase to generate a fresh
real-time video by arranging multiple frames sequentially
at a static speed. After completion of gamma correction,
all the processed frames are ready. Finally, a reconstruction of the fresh video is done by arranging all processed
frames in the actual sequence acquired by the camera. In
this proposed system, the video reconstruction is continued till the end. The reconstruction of the real-time video
is made with a fixed speed of 30 fps (as the acquired realtime video is 30 fps) to display the actual video. It will
enable the driver to have a real-time live video with a
comfortable view.

At the time of reconstruction of fresh video, it is displayed
on 13 inches full HD monitor (resolution: 1920 9 1200) in
landscape mode. The monitor has been installed just below
the windshield glass in the car and just above the dashboard. Therefore, the driver can have a comfortable look
during driving.

4. Experimental results
Rigorous real-time testing of the proposed system has
been conducted in different foggy condition on highways. The original foggy scenario and also the quality
of the reconstructed frame in a different foggy condition
have been observed. To get accuracy, random frames
have been considered as samples for observation. The
accuracy obtained by the proposed system is given in
table 1.
The proposed method has also been applied on ‘‘The
Foggy Driving Dataset’’ [35] (contains 101 frames during
foggy driving) and ‘‘Foggy Cityscapes’’ [36]. An outstanding result has been observed on both the datasets. The
result obtained from the dataset is shown in table 2.
In tables 1 and 2, it is observed that for most of the
frames, defogging is done prominently using the proposed
system. Now the visibility distance (maximum distance
from where any object can be visible) of any vehicle before
and after defogging with increasing rate is shown in table 3.

4.1 Simulation results

Figure 6. Mapping the values of pixel comparing to the values
in the look-up table.

After conducting a test for frames with dense foggy condition during day and night-time on highways, an outstanding result has been observed. Most of the frames
contain a prominent view of road along with increase in
visibility distance. The simulation results of our proposed
system are shown in figure 7. Figure 7a–d represent input
foggy frames, frames with calculated lowest intensity,
estimated transmission map and the final output frame after
defogging, respectively.
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Table 1. Test result observed in different foggy conditions during day and night.
Road
condition

No. of Sample Foggy
frames observed

Defogged prominently using
proposed system

Not defogged properly using
proposed system

Accuracy in
percentage (%)

1134

1106

28

97.53

1280

1278

2

99.84

1106

1088

18

98.37

1190

1181

9

99.24

Heavy fog:
day
Low fog:
day
Heavy fog:
night
Low fog:
night

Table 2. Test result observed by the proposed method on the Foggy Driving dataset and Foggy Cityscapes dataset.
Road
condition

No. of sample foggy
frames observed

Defogged prominently using
proposed system

Not defogged properly using
proposed system

Heavy fog: day

55

53

2

96.36

Low fog: day
Foggy
Heavy fog: day
cityscapes
Low fog: day

46
412

46
405

0
7

100
98.30

618

614

4

99.35

Dataset
Foggy
driving

Accuracy in
percentage (%)

Table 3. Visibility distance before defogging and after defogging with rate of increasing visibility distance.
Condition of
highway

No. of sample foggy
frames observed

Average visibility distance
(meter) before defogging

Average visibility distance
(meter) after defogging

Heavy fog:
day
Low fog: day
Heavy fog:
night
Low fog:
night

112

55

91

65.45

118
102

200
51

750
85

275
66.66

109

185

450

143.24

4.2 Qualitative comparison with popular methods
To compare the output of defogged frames by different
existing methods, various foggy frames are used from ‘‘The
Foggy Driving Dataset’’ [35] and ‘‘Foggy Cityscapes’’ [36].
Figure 8a depicts the original foggy input frame to be
defogged. Figure 8b–d show the result of He et al [17], Xu
et al [14] and Zhu et al [19], respectively. The outcome of
the proposed technique is exposed in figure 8e. As shown in
figure 8b, most of the fog is eliminated but the frame
becomes darker since the contrast of the image is high. In
figure 8c, Xu’s result shows that due to histogram equalization, the output is defogged with scattered light

Rate of increasing
visibility (%)

throughout the frame. Figure 8d indicates Zhu’s result
using colour attenuation prior which gives a slightly better
defogged output, but the proper enhancement of brightness
and contrast is not done. However, figure 8e represents the
defogged output using the proposed methodology which
gives a prominent view with perfect contrast adjustment
and every object is visible prominently.

4.3 Time delay analysis
In the case of driving, timing-factor is very crucial. If a
driver is unable to see the road view during the exact time
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Figure 7. Real-time Fog removal result. (a) Input foggy frames. (b) Obtained lowest intensity. (c) Calculated transmission maps.
(d) Restored fog-free frames after Scene Radiance Recovery and gamma correction.

when it occurs, then the chance of accident will be very
high. There should not be a vast difference between live
video acquisition and reconstructed video display. In this
proposed system, the time consumption of the entire process is only a few milliseconds for which a driver will feel
like an original real-time live video. Therefore, the lowest
intensity of pixels followed by atmospheric light (A) are
calculated for the first frame only. It is updated after an
interval of every 5000 frames, which saves the computation
time.

Then, estimation of transmission map, scene radiance
recovery and gamma correction (for final contrast adjustment) have been performed for all the frames. Total time
consumption by the proposed system for different frame
size in two different systems (CPU1 and CPU2) of different
CPU speed is shown in figure 9.
The total processing time of different single image haze
removal algorithm is estimated. Here, dark channel prior
[17] and colour attenuation prior [19] is compared with the
proposed method of various frame resolution (1024 9 786,
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Figure 8. Qualitative comparison of different defogging methods. (a) The input foggy frames, (b) He et al’s results [17], (c) Xu et al’s
results [14], (d) Zhu et al’s results [19]. (e) Our results by the proposed method.

Figure 9. Time delay observation in two different CPU (CPU1: Intel(R) Core (TM) i5 8250U CPU @ 1.60Ghz 1.80GHz, CPU2:
Intel(R) Core (TM) i7 2600 CPU @ 3.40Ghz 3.40GHz).
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Figure 10. Comparison of time delay (consumption of processing time for each frame) with two popular methods in various frame size.

600 9 450 and 441 9 450). The time delay comparison is
shown in figure 10.

5. Conclusion
The article introduces an effective and fast defogging system in real-time foggy environment on the highway. As a
driver feel a baleful problem due to foggy condition on
highways, it is very dangerous to drive any type of vehicles
during foggy condition. So, eliminating fog from environment is not possible as it is a natural climatic situation due
to suspension of tiny water droplets spread on the earth’s
surface. Few existing methods of fog removal are available,
but those are for a single image only. To solve the stated
problem, this proposed system introduces an effective and
fast real-time defogging system for the driver. A driver can
drive any vehicle safely even during heavy foggy condition
on the highway by using this system. The proposed
approach focused mainly on two issues: Firstly, fog should
be removed in real-time so that the driver can have a clear
vision of the road with maximum visibility distance. Secondly, the time complexity should be as less as possible
because it is a real-time phenomenon where time is the
most important factor. The test has been conducted in different foggy conditions during day and night-time and
achieved an outstanding result with a minimum time delay
(only a few milliseconds). This proposed system can be
used in any vehicle which generally runs during foggy
condition. By the proposed system, a driver can have a very
clear view of the road during fog. Both driver and passenger can be out of risk by using this system. Pedestrian
can also walk on the road safely if everybody uses the

proposed system. Road accident and delay in reaching the
destination due to fog will also decrease.
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