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APPARATUS AND METHOD FOR 
REMOVING FOG IN MAGE 

CROSS-REFERENCE TO RELATED 
APPLICATION 5 

This application is based on and claims the benefit of 
priority to Korean Patent Application No. 10-2014-0075851, 
filed on Jun. 20, 2014 in the Korean Intellectual Property 
Office, the disclosure of which is incorporated herein in its 10 
entirety by reference. 

TECHNICAL FIELD 

The present disclosure relates to an apparatus and a 
method for removing fog in an image, and more particularly, 
to a technology of providing a defogged image without a 
sense of difference by adaptively controlling defogging 
parameters in response to a density of fog. 

15 

2O 
BACKGROUND 

Fog is the phenomenon that water vapor in the atmo 
sphere is condensed and floats around the Surface of the 
earth. Since the fog has a particle larger than that of air, light 
is more scattered and an image obtained under the fog has 
reduced contrast and chroma due to the scattering of light. 
The image under the fog has low contrast and low color 

fidelity and thus accurate object recognition under the fog is 
impossible. 
An existing technology for removing fog in an image 

based on dark channel prior (DCP) removes fog using a 
transmission map depending on the following Equation 1 or 
Equation 2. In this case, as defogging parameters, A is set to 
be a brightest pixel value of an image or a brightness value 
corresponding to a dark channel of 0.01% and w is set to be 
a fixed value. 
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T=1-wxmin(min(RGB/A)) Equation 1 

40 
T=1-wxmed(min(RGB/A)) Equation 2 

In the Equations 1 and 2, T means a transmission map 
which represents a scattering degree of light depending on a 
distance and W means a weight. 

Therefore, the existing technology of removing fog in an 
image sets the defogging parameters without considering a 
density of fog and therefore causes deterioration in defog 
ging performance. 

In particular, the existing technology of removing fog in 
an image have no effect on a side mirrorless system which 
provides a rear side image of a vehicle to a driver through 
a display without side mirrors. 

45 

50 

SUMMARY 
55 

The present disclosure has been made to solve the above 
mentioned problems occurring in the prior art while advan 
tages achieved by the prior art are maintained intact. 
An aspect of the present disclosure provides an apparatus 

and a method for removing fog in an image capable of 60 
providing a defogged image without a sense of difference by 
adaptively controlling defogging parameters in response to 
a density of fog to remove fog. 

According to an exemplary embodiment of the present 
disclosure, an apparatus for removing fog in an image, 65 
includes a brightness curve generator configured to generate 
a brightness curve which represents an average brightness 

2 
value of pixels within rows for each row position in a pixel 
unit in an image; a maximum variation point detector 
configured to detect a position at which a difference between 
brightness values on the brightness curve generated by the 
brightness curve generator is largest; a normalization value 
detector configured to detect a normalization value based on 
the brightness value at a maximum variation point detected 
by the maximum variation point detector; a weight deter 
miner configured to determine a weight depending on a 
relative position of the maximum variation point detected by 
the maximum variation point detector on the basis of a 
Vanishing point of the image; and a controller configured to 
remove fog from the image based on the normalization value 
detected by the normalization value detector and the weight 
determined by the weight determiner. 

According to another exemplary embodiment of the pres 
ent disclosure, a method for removing fog in an image, 
includes generating, by a brightness curve generator, a 
brightness curve which represents an average brightness 
value of pixels within rows for each row position in a pixel 
unit in an image; detecting, by a maximum variation point 
detector, a position at which a difference between brightness 
values on the generated brightness curve is largest as a 
maximum variation point; detecting, by a normalization 
value detector, a normalization value on the basis of the 
brightness value at the detected maximum variation point; 
determining, by a weight determiner, a weight depending on 
a relative position of the detected maximum variation point, 
on the basis of a vanishing point of the image; and removing, 
by a controller, fog from the image on the basis of the 
detected normalization value and the determined weight. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of 
the present disclosure will be more apparent from the 
following detailed description taken in conjunction with the 
accompanying drawings. 

FIG. 1 is a diagram illustrating an apparatus for removing 
fog in an image according to an exemplary embodiment of 
the present disclosure; 

FIG. 2 is an example of a brightness curve according to 
an exemplary embodiment of the present disclosure; 

FIG. 3 is an example of a maximum variation point on the 
brightness curve according to an exemplary embodiment of 
the present disclosure; 

FIG. 4 is an example of a process of determining a weight 
according to an exemplary embodiment of the present 
disclosure; 

FIG. 5 is an example of a region of interest in an image 
according to an exemplary embodiment of the present 
disclosure; and 

FIG. 6 is a flow chart of a method for removing fog in an 
image according to an exemplary embodiment of the present 
disclosure. 

DETAILED DESCRIPTION 

Hereinafter, exemplary embodiments of the present dis 
closure will be described in detail with reference to the 
accompanying drawings. 

FIG. 1 is a diagram illustrating an apparatus for removing 
fog in an image according to an exemplary embodiment of 
the present disclosure. 
As illustrated in FIG. 1, the apparatus for removing fog in 

an image according to the exemplary embodiment of the 
present disclosure includes a brightness curve generator 10, 
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a maximum variation point detector 20, a normalization 
value detector 30, a weight determiner 40, and a controller 
SO. 
The brightness curve generator 10 generates a brightness 

curve which represents an average brightness value of pixels 
within rows for each row position in a pixel unit in an image. 

Generally, an image is a set (matrix) of pixels. A row 
mentioned herein is a row in a matrix comprising pixels. 
Further, a new concept row having at least one row as a 
group may also be introduced. 

FIG. 2 illustrates an example of a brightness curve gen 
erated by the brightness curve generator 10. 

In FIG. 2, an X axis represents a row position in a pixel 
unit and a y axis represents an average brightness value of 
pixels which configure a row. 

Next, the maximum variation point detector 20 detects a 
position g, at which a difference between brightness values 
on the brightness curve generated by the brightness curve 
generator 10 is largest. 

Hereinafter, a function of the maximum variation point 
detector 20 will be described in detail with reference to FIG. 
3. 
As illustrated in FIG. 3, the maximum variation point 

detector 20 detects as the maximum variation point the 
position g, at which a difference between a brightness value 
c (i-w) at a point spaced to the left by a predetermined value 
w and a brightness value c (i+2) at a point spaced to the right 
by a predetermined value W is largest, on the basis of a 
brightness value c (i) at any point on the brightness curve. 
Here, the position at which the difference between the 
brightness values is largest means a contact at which a 
magnitude of a gradient of a straight line tangent to a curved 
line is largest. 

In this case, the maximum variation point detector 20 
detects the maximum variation point g, depending on the 
following Equation 3. 

Next, the normalization value detector 30 detects a nor 
malization value L based on a brightness value c (g) at the 
maximum variation point which is detected by the maximum 
variation point detector 20. That is, the normalization value 
detector 30 detects the normalization value L based on the 
following Equation 4. 

L. min(c(g)+C.1) Equation 4 

In the above Equation 4, C. represents a marginal value 
which prevents image Saturation. 

Next, the weight determiner 40 determines a weight w 
depending on a relative position between a vanishing point 
of an image and the maximum variation point detected by 
the maximum variation point detector 20. 

That is, the weight determiner 40 determines the weight 
depending on the relative position of the maximum variation 
point on the basis of the vanishing point in the image. 

Hereinafter, a function of the weight determiner 40 will be 
described in detail with reference to FIG. 4. 

In FIG. 4, reference numeral 410 represents the vanish 
ing point (accurately, a horizontal line including the vanish 
ing point) in the image and reference numeral 420 repre 
sents the maximum variation point (accurately, a horizontal 
line including the maximum variation point). 

Further, the position value in the image increases toward 
a lower portion of the image. That is, the lower portion of the 
image has a largest position value and an upper portion of 
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4 
the image has a lowest position value. Therefore, a position 
value of reference numeral 410 is smaller than that of 
reference numeral '420. 

Further, as fog is thickened, reference numeral 420 is 
away from reference numeral 410 downwardly with 
respect to the reference numeral 410. Therefore, as the 
reference numeral 420 becomes away from the reference 
numeral 410, the weight is increased, thereby increasing a 
defogging effect. 
The weight determiner 40 determines the weight w 

depending on the following Equation 5. 

gi > y Equation 5 
otherwise 

{ mink (gi - V) + win, War 
nin 

In the above Equation 5, k represents a convergence rate 
control constant, V represents the position of the vanishing 
point in the image, W, represents a minimum weight, and 
W, represents a maximum weight. 

Next, the controller 50 controls each component to nor 
mally perform their own functions. 

In particular, the controller 50 removes fog from the 
image based on the normalization value detected by the 
normalization value detector 30 and the weight determined 
by the weight determiner 40. That is, the controller 50 
removes fog from the image depending on the following 
Equation 6. 

Y - L. 

T. 

W Equation 6 i = Equation 6 
- L., T = 1 - WXminimin(min(RGBf L), 1) 

In the above Equation 6, J represents an image from 
which fog is removed, Y represents an input image (bright 
ness image), L represents the normalization value, T rep 
resents the transmission map, and W represents the weight. 

Further, T may also be replaced by the following Equa 
tion 7. 

T=1-ixminmed(min(RGB/L)),1) Equation 7 

For reference, the dark channel used in the exemplary 
embodiment of the present disclosure is a generally widely 
used technology and a method for removing fog from an 
image is not a gist of the present disclosure. 
The exemplary embodiment of the present disclosure 

removes fog from the image as the related art, but newly 
defines the defogging parameters (normalization value and 
weight) and adaptively sets the defogging parameters in 
response to the density of fog, thereby increasing the defog 
ging effect. 

Meanwhile, the exemplary embodiment of the present 
disclosure may be applied to the side mirrorless system of a 
vehicle. In this case, to reduce the time required to remove 
fog, it is preferable to remove fog from a specific region 
(region of interest), not to remove fog from all the rear side 
images of the vehicle photographed by a camera. 
To this end, the exemplary embodiment of the present 

disclosure may further include a region of interest extractor 
(not illustrated). As illustrated in FIG. 5, the region of 
interest extractor extracts a region of interest 510 having an 
NxM (here, N and M represent the number of pixels) size in 
the overall image, in which a position of the region of 
interest 510 is fixed. That is, the position of the region of 
interest 510 is preferably a position at which it is tangent to 
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a rear side of an own vehicle so that a driver may confirm 
other vehicles positioned at the rear side of the own vehicle. 
The region of interest image extracted by the region of 

interest extractor is input to the brightness curve generator 
10. 

FIG. 6 is a flow chart of a method for removing fog in an 
image according to an exemplary embodiment of the present 
disclosure. 

First of all, the brightness curve generator 10 generates a 
brightness curve which represents an average brightness 
value of pixels within rows for each row position in a pixel 
unit in an image (601). 

Next, the maximum variation point detector 20 detects, as 
the maximum variation point, the position at which the 
difference between the brightness values on the brightness 
curve generated by the brightness curve generator (602). 

Next, the normalization value detector 30 detects the 
normalization value based on the brightness value at the 
maximum variation point detected by the maximum varia 
tion point detector 20 (603). 

Next, the weight determiner 40 determines the weight 
depending on the relative position of the maximum variation 
point detected by the maximum variation point detector 20 
on the basis of the vanishing point of the image (604). 

Next, the controller 50 removes fog from the image based 
on the normalization value detected by the normalization 
value detector 40 and the weight determined by the weight 
determiner 40 (605). 
By the process, it is possible to provide the defogged 

image without the sense of difference. 
As described above, according to the exemplary embodi 

ments of the present disclosure, it is possible to provide the 
defogged image without the sense of difference by adap 
tively controlling the defogging parameters in response to 
the density of fog to remove fog. 

Further, it is possible to apply the apparatus and method 
for removing fog in an image to the side mirrorless system 
of the vehicle according to the exemplary embodiments of 
the present disclosure by adaptively controlling the defog 
ging parameters in response to the density of fog to remove 
fog. 
As described above, although the present disclosure has 

been described with reference to exemplary embodiments 
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6 
and the accompanying drawings, it would be appreciated by 
those skilled in the art that the present disclosure is not 
limited thereto but various modifications and alterations 
might be made without departing from the scope defined in 
the following claims. 
What is claimed is: 
1. A method for removing fog in an image, comprising: 
generating, by a controller, a brightness curve which 

represents an average brightness value of pixels within 
rows for each row position in a pixel unit in the image: 

detecting, by the controller, a position g, at which a 
difference between a brightness value c(i-W) at a point 
spaced to the left by a predetermined value and a 
brightness value c(i+2) at a point spaced to the right by 
the predetermined value w is largest as a maximum 
Variation point on the basis of a brightness value c (i) 
at any point on the brightness curve: 

detecting, by the controller, a normalization value on the 
basis of the brightness value at the detected maximum 
variation point; 

determining, by the controller, a weight depending on a 
relative position of the detected maximum variation 
point, on the basis of a vanishing point of the image: 
and 

removing, by the controller, fog from the image on the 
basis of the detected normalization value and the deter 
mined weight. 

2. The method according to claim 1, wherein in the 
detecting of the normalization value, a smaller value of a 
result value obtained by adding a marginal value to the 
brightness value at the maximum variation point and 1 is 
detected as the normalization value. 

3. The method according to claim 1, wherein in the 
determining of the weight, the weight is increased as the 
maximum variation point is away from the vanishing point 
downwardly based on the vanishing point. 

4. The method according to claim 1, wherein the image is 
a rear side image of a vehicle. 

5. The method according to claim 4, further comprising: 
extracting, by the controller, a region of interest having a 

predetermined size which is tangent to the rear side of 
the vehicle from the rear side image. 
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