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FIG. 2

apparatus for image enhancement. In particular, there is provided a method
for image enhancement, the method comprising: estimating unsharpness of
the image (S201 -S204); determining a protection level of at least one pixel
in the image based on the unsharpness (S205); and modifying a value of the
at least one pixel to enhance the image, an amount of the modifying being
determined at least in part based on the protection level (5206-S210). A cor-
responding apparatus and user device are disclosed. The invention may be
applied to fog or haze removal from images or video without producing
over-removal artifacts. In some embodiments, the invention may also be
used to remove noise from low-light images.
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METHOD AND APPARATUS FOR IMAGE ENHANCEMENT

FIELD

[0001] Embodiments of the present invention relate to the image processing, and more

specifically, to a method and apparatus for image enhancement.

BACKGROUND

[0002] In past years, image capturing and processing technologies have significantly
developed. At present, image capturing devices such as camera and video camera can already
be integrated into various computing devices such as mobile phone, personal digital assistant
(PDA), tablet computer, laptop computer and the like. In the current image capturing and
processing technologies, one major challenge comes from the impact of the imaging case on
image quality. For example, in a low-light environment or a foggy natural environment, the
quality of the captured image would usually deteriorate significantly. For example, there

might be scene blurring in the image.

[0003] Some solutions have been proposed to address this problem. For example, it has
been proposed to capture a series of images using different parameters (e.g., exposure
parameters, focal distance, etc.) each time when a user issues command of image capturing
and to integrate these images to obtain a final image, thereby eliminating the negative impact
caused by the low light. However, such method needs a higher computation cost, and not all
image capturing devices allow control of parameters. More importantly, this solution cannot
meet the requirement of real-time image enhancement. For example, although the quality of
the final result may be enhanced, the quality of real-time image of the scene which is
represented in the view-finder is not improved. Therefore, user experience during the image
capturing process cannot be improved. Accordingly, such image enhancement solution is not

suitable for real-time image/ video enhancement.

[0004] Some other solutions solve this problem by virtue of computer software. For
example, image quality in a low-light condition may be enhanced through improving the
contrast of the image or video frame. Alternatively or additionally, a dedicated fog removal

process or low light removal process may be performed so as to eliminate the foggy area or
1



10

15

20

25

WO 2015/015051 PCT/FI12014/050594

low-illumination area in the image based on an imaging model. However, images obtained
by such method usually contain remarkable noises and are unstable. For example, the scale-
like visual effects would probably be produced in the area subject to fog removal or low light
removal, which introduces new noise during the image enhancement process. Such
phenomenon may be referred to as “over-removal”, which causes the result of image

enhancement unstable and unreliable and will affect the visual effect of the resulting image.

[0005] In view of the above, this field needs an image enhancement technology suitable

for real-time image enhancement and meanwhile avoids over-removal.

SUMMARY

[0006] In order to overcome the above problem in the prior art, the present invention

provides a method and apparatus for image enhancement.

[0007]  According to one aspect of the present invention, there is provided a method for
image enhancement. The method comprises: estimating unsharpness of the image;
determining a protection level of at least one pixel in the image based on the unsharpness;
and modifying a value of the at least one pixel to enhance the image, wherein an amount of

the modifying is determined at least in part based on the protection level.

[0008] According to another aspect of the present invention, there is provided an
apparatus for image enhancement. The apparatus comprises: an unsharpness estimating unit
configured to estimate unsharpness of the image; a modification protection unit configured
to determine a protection level of at least one pixel in the image based on the unsharpness;
and an image enhancing unit configured to modify a value of the at least one pixel to enhance
the image, wherein an amount of the modifying is determined at least in part based on the

protection level.

[0009] It would be understood through the following description that according to
embodiments of the present invention, when performing enhancement to an image, the
unsharpness (e.g., density of fog, darkness, etc.) in the image is quantitatively taken into
consideration. In this way, in the image enhancement, a modification amount for any given

pixel in the image can be adaptively determined at least in part based on the overall
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unsharpness of the image. Furthermore, in some optional embodiments, the modification
amount may also depend on whether the modified pixel is located in an unsharpness area.
According to embodiments of the present invention, for an image with heavy fog and/or very
dark light, the strength of image enhancement will be reduced accordingly. In this way, the
over-removal in the enhanced image can be effectively avoided, thereby obtaining a more
vivid, natural and acceptable visual effect. Moreover, embodiments of the present invention
are applicable for real-time image enhancement, such that the user may have a more intuitive
and convenient control to the image capturing process while obtaining an image of better

quality.

DESCRIPTION OF THE DRAWINGS

[0010] The above and other objectives, features and advantages of embodiments of the
present invention will become more comprehensible through reading the following detailed
description with reference to the accompanying drawings. In the drawings, several
embodiments of the present invention are illustrated in exemplary, not restrictive, manner.

In the accompanying drawings,

[0011] FIG. 1 illustrates a flow chart of a method for enhancing an image according to

exemplary embodiments of the present invention;

[0012] FIG. 2 illustrates a flow chart of a method for enhancing an image according to

another exemplary embodiment of the present invention;

[0013] FIG. 3 illustrates a schematic diagram of estimating an unsharpness of an image

according to exemplary embodiments of the present invention;

[0014] FIG. 4 illustrates a schematic diagram of performing fog-removal processing
according to the exemplary embodiments of the present invention and the tradition method,

respectively;

[0015] FIG. 5 illustrates a schematic diagram of performing low light removal processing
according to the exemplary embodiments of the present invention and the tradition method,

respectively;
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[0016] FIG. 6 illustrates a block diagram of an apparatus for enhancing an image

according to the exemplary embodiments of the present invention;

[0017] FIG. 7 illustrates a schematic block diagram of a user equipment according to

exemplary embodiments of the present invention.

[0018] Throughout the drawings, same or corresponding reference numerals indicate the

same or corresponding parts.

DETAILED DESCRIPTION

[0019] The principle and spirit of the present invention will be described with reference
to several exemplary embodiments shown in the accompanying drawings. It should be
understood that these embodiments are described only for enabling those skilled in the art to
better understand and implement the present invention, not intended to limit the scope of the

present invention in any manner.

[0020] Reference is first made to FIG. 1, in which a flow chart of a method 100 for image
enhancement according to one exemplary embodiment of the present invention is presented.
Please note that in the context of the present application, the term “image” may be a static
image or an image (i.e., frame) in a moving image (e.g., video). The image may be captured
using an appropriate capturing device/ means, and may be stored and processed in any

appropriate format. The scope of the present invention is not limited in this regard.

[0021] As shown, the method 100 is entered at step S101 where the unsharpness of an
image being processed is estimated. As used herein the term “unsharpness” refers to the
degree of indistinct or blur in an image caused, for example, by the environmental factors
when the image is captured. It would be appreciated that various factors such as fog, haze,
smog, rain and snow, low-light and the like may cause blur in the image. Conventionally, the
image enhancement process does not take into account the unsharpness in the image in a
quantitative way, thereby causing occurrence of phenomena such as over-removal. In
contrast, according to embodiments of the present invention, the overall unsharpness of the
image is estimated quantitatively so as to enhance the image sharpness while avoiding over-

removal.
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[0022] For the convenience of discussion, in the description below, “fog density” may be
used as an example of unsharpness. However, it is only exemplary, without suggesting any
limitations on the scope of the present invention. It would be appreciated that various
embodiments described hereinafter with reference to fog density are likewise suitable for
image blur caused by other factors. For example, the unsharpness caused by low-light
condition is referred to as darkness. According to embodiments of the present invention,
darkness may be converted into fog density, and the image enhancement may be realized by
fog removal processing. For example, an image captured in a low-light condition may be
inverted to convert the low-light area into a high-brightness area. At this point, the high-
brightness area may be regarded as a foggy area. In this way, the darkness of the original

image may be indicated by fog density of the inverted image.

[0023]  According to embodiments of the present invention, at step S101, various manners
may be utilized to estimate the image sharpness ofthe image. With fog density as an example,
the brightness of pixels in a foggy area in the image is always higher than pixels in other
areas. Therefore, in some embodiments, an average color value of a plurality of pixels (e.g.,
the brightest top 20% pixels) whose brightness in the image is higher than a predetermined
threshold may be defined as fog density. Please note that it is only exemplary. Any currently
known or future developed appropriate methods may all be used to estimate the fog density
in the image. Other exemplary embodiments in this regard will be described in detail

hereinafter.

[0024] Next, the method 100 proceeds to step S102, where a protection level of at least
one pixel in the image is determined based on the unsharpness of the image determined at
step S101. Here, the “at least one pixel” refers to a pixel(s) whose value will be changed in
the image enhancement. In these embodiments, the protection level may be determined with
respect to all of the pixels in the image. Alternatively, the protection levels of pixels in some
specific areas in the image. Such an area may be automatically determined or manually

specified by the user. The scope of the present invention is not limited in this regard.

[0025]  As used herein the term “protection level” refers to the processing strength or
amplitude with respect to the associated pixel in image enhancement. The processing

strength is reduced with the protection level increases. According to embodiments of the

5
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present invention, in general, the protection level for each pixel in the image increases as the
overall unsharpness of an image increases. In this way, for an image captured in a thin fog
condition, the fog removal process will be performed with relatively large amplitude, thereby
improving the sharpness of a scene in the image. On the other hand, for an image captured
in a heavy fog condition, the fog removal process will be performed with relatively smaller
amplitude, thereby preventing occurrence of over-removal like in the conventional solutions.
According to embodiments of the present invention, any appropriate increasing function may
be utilized to establish the correlation between the unsharpness and the protection levels of
pixels in the image, such that the pixel protection level increases with increase of the image
unsharpness. For example, piecewise function, step function, linear function, index function,
logarithm function, and the like, may be used in conjunction with embodiments of the

present invention. Several embodiments in this regard will be described in detail later.

[0026]  Alternatively or additionally, according to embodiments of the present invention,
the protection level of pixel may also be associated with the relationship between the pixel
and the overall unsharpness of the image. For example, for a given fog density, if the
difference between the value of a pixel and the density of fog is relatively small, it may
indicate that the pixel is more likely to be located in a foggy area, resulting in a higher
protection level. On the contrary, if the difference between the value of a pixel and the
density of the fog is relatively large, it may indicate that the pixel is less likely to be located
in the foggy area, resulting in a lower protection level. In this way, the pixels in a foggy or
heavy-fog area may be processed in a weaker strength, while the pixels in a fogless or thin-

fog arca may be processed in a relatively large strength.

[0027] Next, at step S103, the image enhancement processing is performed to at least one
pixel in the image. In an image enhancement process such as fog removal and low light
removal, values of relevant pixels will be changed to raise the sharpness of the image. In
particular, according to embodiments of the present invention, an amount of modifying the
pixel is at least in part determined by the protection level determined at step S102. With fog
removal as an example, as stated above, the amount of pixel modification may decrease as
the protection level increases. On the contrary, the amount of pixel modification may

increase as the protection level decreases.
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[0028] In the embodiment as depicted in FIG. 1, the method 100 ends after step S103.
According to embodiments of the present invention, the unsharpness (¢.g., fog density) of
an image is introduced into a process of image enhancement (e.g., fog removal processing).
Therefore, according to embodiments of the present invention, the processing strength of
cach pixel may be dynamically and adaptively determined based on the overall unsharpness
of the image and the area where the pixel is located. In this way, an appropriate tradeoff may
be achieved between image enhancement and visual effect, thereby achieving a more vivid,

natural and acceptable visual effect.

[0029] FIG. 2 shows a method 200 for image enhancement according to another
exemplary embodiment. The method 200 may be regarded as a kind of specific
implementation of the method 100 as described above with reference to FIG. 1. As shown,
after the method 200 starts, at steps S201-S203, unsharpness of the image to be enhanced is
estimated. In other words, steps S201-S203 correspond to step S101 in method 100 as

described above in terms of functions.

[0030] Specifically, at step S201, the spatial structure information is extracted from the
image. According to embodiments of the present invention, the spatial structure information
is for describing structural features of a scene contained in the image. In some embodiments,
the extraction of spatial structure information may be implemented by applying edge
extraction on the image. In other words, edge information in the image may be used as the
structure information. In this regard, any currently known or future developed edge

extracting algorithm may be used in conjunction with embodiments of the present invention.

[0031] Additionally or alternatively, filtering processes with different sizes may be
executed on the image so as to realize extraction of structure information. For example, as
shown in FIG. 3, a first filter of a first size may be used to filter an original image 300 to
obtain a first intermediate image 301. Additionally, a second filter of a second size is used
to filter the original image 300 to obtain a second intermediate image 302, wherein the
second size is larger than the first size. In other words, compared with the first filter, the
second filter is a large scale filter. According to embodiments of the present invention, the
first filter and the second filter, for example, may be a linear filter, a Gaussian filter, or the

like. Then, the difference between the first intermediate image 301 and the second

7
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intermediate image 302 is calculated to obtain a differential image 303. Information included
in the differential image 303 may be used as the spatial structure information of the scene in
the original image 300. Other method of extracting structure information from the image is

also feasible, and the scope of the present invention is not limited in this regard.

[0032] Next, at step S202, a corrected image is generated based on the original image and
the spatial structure information extracted at step S201. For example, in some embodiments,
the corrected image may be obtained by removing spatial structure information from the
original image 300. Still with reference to FIG. 3, it is possible to generate the corrected
image 304 by subtracting the differential image 302 from the original image 300.
Alternatively, the corrected image may be generated by removing the spatial structure
information from a derived image of the original image. For example, in some embodiments,
the corrected image 304 may be generated by subtracting the differential image 303 from
the second intermediate image 301 (an intermediate image derived through the second filter
of a larger size). Other embodiments are also feasible, and the scope of the present invention

is not limited thereto.

[0033] Next, at step S203, unsharpness of the original image is estimated based on the
corrected image. For example, pixels whose brightness is higher than a threshold in the
corrected image may be selected. The threshold may be determined in advance or
dynamically. By way of example, it is possible to select a particular number of brightest
pixels in the image, for example, the 20% brightest pixels. An average of the values of the
selected pixels (e.g., value in one or more color channels) is calculated as the value of the

unsharpness of the image.

[0034] It can be scen that at steps S201-S203 as described above, the structure
information in the original image 300 is removed in the corrected image 304. In this way,
The unsharpness of the image will not be over-estimated due to some objects in light colors
existing in the foreground structure. In this way, compared with directly estimating the
unsharpness of the original image, the estimated unsharpness can better reflect the

environmental factors when the original image is captured.

[0035]  Still with reference to FIG. 2, if the currently processed image is a frame in a

motion pictures (e.g., video), according to some optional embodiments, the unsharpness of
8
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at least one previous frame in a video may be utilized at step S204 to update the unsharpness
of the current image. Such update on time axis helps to improve the continuity and
smoothness of unsharpness. Specifically, suppose the estimated unsharpness of the current

image is D;, then the D; may be updated as follows:

Dt 2(1—7’])'th1 +77'Dt

(=)D Y A=) D, M

wherein D; represents the previously calculated unsharpness (1 =2, ..., f) of the ith frame in
the video, and # represents the smoothing parameter which may range in [0, 1] (for
example, which may be 0.5). Through such smoothing on time axis, it may be avoided that

estimation of the image unsharpness jumps between video frames.

[0036] Next, the method 200 proceeds to step S205, where a protection level of at least
one pixel in the image is determined. It would be appreciated that step S205 as described
here is a specific implementation of step S102 in method 100 as described above with
reference to FIG. 1. Specifically, at step S205, for any given pixel in the image, an adjusting
factor for the pixel may be calculated based on the value of the pixel and the unsharpness
estimated at step S203. According to embodiments of the present invention, the adjusting
factors will be used to control the processing strength for associated pixels during the image

enhancement process.

[0037] In some embodiments, for the pixel (x, y) in the image, its adjusting factor may be

calculated as follows:

Gt,j(xsy)_Dt
|Dt_5| (2)

coff ;(x,y) =

wherein j represents a color channel, for example, j € {R,G, B} in the RGB (red, green,
blue) color space; G, ; (x,¥) represents an initial value of the pixel in the color channel j;
D; represents the unsharpness of the image; and 0 isan prior coefficient representing the
sharpness. It is to be understood that in this embodiment, the range of the adjusting factor

ranges between [0, 1].
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[0038]  Still consider the example of a foggy image, wherein Dy indicates the density of
the fog, while the coefficient 0 isa pixel value of an image captured under a clean and
fogless condition. For example, in some embodiments, 0 may be 128 or any other
appropriate value. It would be appreciated that the adjusting factor coff as derived from
equation (2) is inversely proportional to the density of the fog, while in direct proportion to
the difference between the value of the current pixel and the density of the fog. Therefore,
the adjusting factor not only indicates the density degree of the fog in the image, but also
represents the probability that the current pixel is located in an unclear area in the image (i.c.,
whether the pixel is located in a foggy area or a fogless area). In these embodiments, the
adjusting factor may serve as the protection level of the pixel and be used for adjusting the
processing strength for the pixel during pixel enhancement, as described in detail below.

[0039]  Still with reference to FIG. 2, in some optional embodiments, at step S206, the
transmission information of atmospheric light at a given pixel in the image. In this regard,
various currently known or future developed methods may be used to estimate transmission
information of atmospheric light at a pixel. For example, in some embodiments, a
transmission map may be obtained based on the original image. The value of each point in
the transmission map reflects the atmospheric light transmission condition of a
corresponding pixel in the original image. As an example, the transmission map may be
roughly estimated by optimizing the imaging model based on dark channel prior to albedo
estimation. Various methods of obtaining the transmission map are known in the art, which

will not be detailed here.

[0040] Next, in some optional embodiments, the method 200 proceeds to step S207,
where atmospheric light of the image is estimated. As known, the atmospheric light forms
the basis of the visual effect of human beings, and visual effects caused by nature factors
such as fog are essentially formed by absorption and diffusion of the atmospheric light.
When estimating the atmospheric light, in some embodiments, the value of a pixel with the
highest brightness in the image may be directly taken as the value of atmospheric light.
Alternatively, in order to exclude the impact of some light-colored (e.g., white) objects in
the scene so as to further improve the accuracy of atmospheric light, the atmospheric light
may be estimated based on a plurality of random seeds. Specifically, at first, M seeds (M is

any natural number greater than 1, e.g., 50) are randomly placed in the image, wherein each

10
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seed is represented by a polygon, for example, a rectangle of a (m/2)*(n/2). For each seed,
the minimum values ¢; of respective color channels (e.g., R, G and B channels) of each pixel
within the associated rectangle are obtained, and an average ¢ of all c; of that seed is
calculated. Then, a seed with the largest average ¢ is selected from the M seeds, and the
other M-1 seeds are discarded. For the selected seed, M seeds are randomly placed again in
its associated rectangle, and the rectangle frame for each seed is narrowed to (m/4)*(n/4),
for example. The seed selection process based on the average color value is repetitively
iterated, until the size of the associated rectangles of the seeds is below a predetermined
threshold. The value (e.g., color value) of the pixel with the largest gray value in the rectangle

of the remaining seed is selected as the value of atmospheric light in the image.

[0041] In some optional embodiments, if the current image is a frame in a video, then the
atmospheric light estimated at step S207 may be updated based on the atmospheric light of

at least one previous frame in the video:

At,j = (1_’7)'147—1,]' +’7'At,j
= (1_’7)2 'At—z,j +(1_’7)"7'At—1,j +’7'At,j

Lo ®
== A Y00 4,

Wherein 4;;(i=2, ...,¢) represents the value of the atmospheric light of the ith frame in the
color channel j, # represents the smooth coefficient, which may range from 0 to 1 and may
be set to 0.5, for example. Through such smoothness on the time axis, discontinuity of

estimation of the atmospheric light between video frames may be avoided.

[0042] Please note that the step S207 is optional. In some embodiments, the value of
atmospheric light may be predetermined or user-inputted. Besides, in an embodiment of
calculating the atmospheric light, it does not necessarily utilize the atmospheric light of a

previous image to perform update and smoothness in time.

[0043] Return to FIG. 2, at step S208, a deviation degree between the atmospheric light
of the image and the real scene radiance is calculated based on the value of the pixel, the
unsharpness of the image and the transmission information of the atmospheric light. For

example, in some embodiments, the deviation degree of the atmospheric light associated

11
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with the pixel (x, ¥) may be calculated as follows:

Gz,j(xay) - Dz
F(x,y) 4

wherein G, ;(x,¥) represents the value of the pixel (e.g., the value in the color channel j),
whose range is, for example, between [0, 255]; D; indicates unsharpnes of the image;
P(x,y) represents the atmospheric light transmission information at the pixel. Please note
that it is only an example, and any appropriate function may be employed to characterize the
relationship between the deviation degree of the atmospheric light at a pixel and the
unsharpness of the image and/or the value of that pixel. The scope of the present invention

is not limited in this regard.

[0044]  Then at step S209, the deviation degree of the atmospheric light calculated at step
S208 is adjusted using the adjusting factor calculated at step S205. For example, in some
embodiments, the adjustment of the deviation degree of the atmospheric light may be

realized as follows:

Gz,j(x’y)_Dz

Bloyy A ®)

As described above, in the embodiment as described in FIG. 2, the adjusting factor
essentially represents the protection level of the pixel. Therefore, when the unsharpness in
the image is relatively high and/or the probability that the pixel being considered falls in an
unclear region is relatively large, the deviation degree will be significantly reduced.
Accordingly, the amplitude for modification of the pixel in the image enhancement

processing will be small, as discussed above.

[0045] The method 200 then proceeds to step S210, where the value of the pixel is
modified based on the adjusted deviation degree and the atmospheric light to achieve
enhancement of the original image. For example, in some embodiments, the modification to

the pixel value may be implemented as follows:

12
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Gt,j(x’y)_Dt .
W coﬁ’j (x,y)+ 4, (6)

G, (x,y)=
wherein G, ,(x,¥) isthe modified value of the pixel in the color channel j, whose value may
range, for example, in [0, 255]. It would be appreciated that according to equation (6), the
image enhancement such as fog removal is implemented by approximating 4, ; by the
term (G[,]-(X,y) —D,)/ F(x,y) . In this way, the value of the pixel may be modified
adaptively based on the transmission of the atmospheric light at the pixel and the deviation
between such transmission and the real scene radiance. Specifically, the amount of
modification for the pixel value may be determined based on the unsharpness (e.g., fog
density) in the image and the probability that the pixel is in an unclear area (¢.g., foggy area).

As aresult the over-removal can be effectively avoided.

[0046]  Still consider fog removal as an example, and suppose that ¢ =128 in equation
(2) for calculating the adjusting factor, which means that the image might be rather clear
without fog. At this point, the value of the pixel may be modified with a greater amount.
Otherwise, if D, >>128, it indicates that heavy fog might exist in the image. Hence, more

, D, +|D, —128|] will be faded by the adjusting

pixels satisfying G, ;(x,y) €[D, — |Dt —128
factor to ensure that the amount of modification in the image enhancement will not be too
much. Moreover, for any given fog density, the area in which the pixel values are close to D,

will not be enhanced too much, thereby preventing over-removal.

[0047] The method 200 ends after step S210. Please note that several steps in the method
200 may be omitted, as stated above. Moreover, the sequence of method steps will not be
restricted. For example, the atmospheric, the transmission of the atmospheric light, and the
calculation of the adjusting factor may be executed in any sequence or even executed
concurrently. It should be also noted that various features as described with reference to FIG.
2 are merely exemplary. For example, although color channel is described above with
reference to the RGB color model, those skilled in the art would understand that the scope
of the present invention will not be restricted in this regard. Any currently known or future
developed appropriate color channel may be used in conjunction with the embodiments of

the present application.
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[0048]  Referto FIG. 4, in which an example of performing image enhancement according
to embodiments of the present invention is presented. In FIG. 4, images 401 and 402 are
images resulting from performing fog removal processing to the image 400 captured under
a foggy condition according to embodiments of the present invention and the traditional
method, respectively. According to the conventional solutions, the unsharpness (fog density
in this example) of the image is not taken into account. Rather, the value of the brightest
pixel in the image is simply estimated as atmospheric light. It can be seen that the image 402
resulting from such conventional solutions contains an apparent scale-like feature, which
dampens the overall visual effect of the image. On the contrary, in the image 401 resulting
from processing according to embodiments of the present invention, a good balance is

achieved between image enhancement and visual effect.

[0049] FIG. 5 shows another example of performing image enhancement according to
embodiments of the present invention. In FIG. 5, images 501 and 502 are images resulting
from performing low light removal processing to the image 500 that is captured under a low
light condition according to embodiments of the present invention and the traditional method,
respectively. It may be seen that the resulting image 501 after being subject to low light

removal according to embodiments of the present invention has a better visual effect.

[0050] Now, refer to FIG. 6, in which a block diagram of an apparatus 600 for image
enhancement according to one exemplary embodiment of the present invention is presented.
As shown in the figure, the apparatus 600 comprises: an unsharpness estimating unit 601
configured to estimate unsharpness of the image; a modification protecting unit 602
configured to determine a protection level of at least one pixel in the image based on the
unsharpness; and an image enhancing unit 603 configured to modify a value of the at least
one pixel to enhance the image, wherein an amount of the modifying is determined at least

in part based on the protection level.

[0051] In some embodiments, the apparatus 600 may further comprise: a structure
extracting unit configured to extract spatial structure information from the image. In these
embodiments, the unsharpness estimating unit 601 may be further configured to estimate the
unsharpness based on the image and the spatial structure information. Moreover, the

apparatus 600 may further comprise: a first filtering unit configured to filter the image to
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obtain a first intermediate image utilizing a first filter of a first size; and a second filtering
unit configured to filter the image to obtain a second intermediate image using a second filter
of a second size, the second size being greater than the first size. At this point, the structure
extracting unit may be configured to calculate a difference between the first intermediate
image and the second intermediate image as the spatial structure information.
Correspondingly, the unsharpness estimating unit 601 may be configured to remove the
spatial structure information from the second intermediate image to generate a corrected
image, and calculate an average of pixels with brightness greater than a threshold in the

corrected image as the unsharpness.

[0052] In some embodiments, the image being processed may be a frame in the video. At
this point, the apparatus 600 may further comprise: an unsharpness updating unit configured
to update the unsharpness of the image utilizing the unsharpness of at least one frame before

the image in the video.

[0053] In some embodiments, the modification protecting unit 602 may comprise: an
adjusting factor calculating unit configured to calculate an adjusting factor for the at least
one pixel based on the value of the at least one pixel and the unsharpness, the adjusting factor
at least indicating a probability of the at least one pixel belonging to the unclear area in the
image. in these embodiments, the apparatus 600 may further comprise: a transmission
estimating unit configured to estimate the transmission information of the atmospheric light
at the at least one pixel; a deviation calculating unit configured to calculate a deviation
degree between the atmospheric light at the at least one pixel and a real scene radiance based
on the value of the at least one pixel, the unsharpness and the transmission information; and
an adjusting unit configured to adjust the deviation degree using the adjusting factor.
Correspondingly, the image enhancing unit 603 is configured to modify the value of the at

least one pixel based on the adjusted deviation degree and the atmospheric light.

[0054] In some embodiments, the apparatus 600 may further comprise: an atmospheric
light estimating unit configured to iteratively estimate atmospheric light in the image using
a plurality of seeds randomly distributed in the image for the modifying of the value of the
at least one pixel. Optionally, if the image is a frame in a video, the apparatus 600 may further

comprise: an atmospheric light updating unit configured to update the atmospheric light of
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the image by utilizing the atmospheric light in at least one frame before the image in the

video.

[0055]  As stated above, in some embodiments, the unsharpness of an image refers to fog

density or darkness in the image.

[0056] It should be understood that for the clarity purpose, FIG. 6 does not show optional
units or sub-units contained in apparatus 600. It is to be understood that all features described
with respect to FIGS. 1 and 2 are also applicable to apparatus 600. Moreover, the term “unit”
used here may be a hardware module or a software unit module. Accordingly, apparatus 600
may be implemented in various forms. For example, in some embodiments apparatus 600
may be implemented using software and/or firmware partially or completely, e.g.,
implemented as a computer program product embodied on a computer readable medium.
Alternatively or additionally, apparatus 600 may be implemented partially or completely
based on hardware, for example, implemented as an integrated circuit (IC) chip, application-
specific integrated circuit (ASIC), system on chip (SOC) or field programmable gate array

(FPGA). The scope of the present invention is not limited in this regard.

[0057] Now, refer to FIG. 7, in which a block diagram of an exemplary user equipment
700 in which the exemplary embodiments of the present invention may be implemented is
presented. The user equipment 700 may a mobile device with an unlimited communication
capability. However, it should be understood that it is only exemplary and non-restrictive.
Other user equipment types may also easily employ embodiments of the present invention,
such as a portable digital assistant (PDA), a pager, a mobile computer, a mobile TC, a gaming
device, a laptop, a camera, a video camera, a GSP device and other type of voice and textual
communication system. A fixed type of user equipment may likewise simply use

embodiments of the present invention.

[0058] The user equipment 700 may comprise one or more antennas 712 in operable
communication with a transmitter 714 and a transceiver 716. The user equipment 700 further
comprises at least one processor controller 720. It should be understood that the controller
720 comprises a circuit required for performing the functions of the mobile terminal 700.
For example, the controller 720 may comprise a digital signal processor device, a

microprocessor device, an A/D converter, a D/A converter, and other support circuits. The
16
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control and signal processing functions of the apparatus 700 are allocated based on
respective capabilities of these devices. The user equipment 700 may also comprise a user
interface, for example, may comprise a ringer 722, a speaker 724, a loudspeaker 726, a

display 728, and a keypad 730, all of which are coupled to the controller 720.

[0059] The user equipment 700 may also comprise a camera module 736. According to
embodiments of the present invention, the camera module 736 at least may comprise an
image capturing module for capturing a static image and/or a dynamic image, and an image
enhancement apparatus (e.g., apparatus 600) as described above. Of course, the image
enhancement apparatus may also be located in the user equipment 700 independent of the

camera module 736. The scope of the present invention is not limited in this regard.

[0060] The user equipment 700 further comprises a battery 734, such as a vibration
battery pack for supplying power to various circuits needed for operating the mobile terminal
700, and alternatively providing a mechanical vibration as a detectable output. The user
equipment 700 further comprises a user identification module (UIM) 738. The UIM 738 is
generally a memory device having an inbuilt processor. The UIM 738 may for example
comprise a subscriber identification module (SIM), a universal integrated circuit card
(UICC), a universal subscriber identification module (USIM) or a removable user
identification module (R-UIM), etc. The UIM 738 may comprise a card connection detection

module according to embodiments of the present invention.

[0061] The user equipment 700 may further comprise a memory. For example, the user
equipment 700 may comprise a volatile memory 740, ¢.g., a volatile random access memory
(RAM) for temporarily storing data in a cache area. The user equipment 700 may further
comprise other non-volatile memory 742 which may be embedded or mobile. The non-
volatile memory 742 may be additionally or alternatively comprise an EEPROM and a flash
memory, and the like. The memory may store a random item in a plurality of information
segments and the data used by the user equipment 700, so as to perform the functions of the
apparatus 700. It should be understood that the structural block diagram in FIG. 7 is only for
illustration purposes, not intended to limit the scope of the present invention. In some cases,

some devices may be increased or decreased as required.

[0062]  For the purpose of illustration only, several exemplary embodiments of the present
17
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invention have been described above. Embodiments of the present invention can be
implemented in software, hardware or combination of software and hardware. The hardware
portion can be implemented by using dedicated logic; the software portion can be stored in
a memory and executed by an appropriate instruction executing system such as a
microprocessor or dedicated design hardware. Those of ordinary skill in the art may
appreciate the above system and method can be implemented by using computer-executable
instructions and/or by being contained in processor-controlled code, which is provided on
carrier media like a magnetic disk, CD or DVD-ROM, programmable memories like a read-
only memory (firmware), or data carriers like an optical or electronic signal carrier. The
system of the present invention can be embodied as semiconductors like very large scale
integrated circuits or gate arrays, logic chips and transistors, or hardware circuitry of
programmable hardware devices like field programmable gate arrays and programmable
logic devices, or software executable by various types of processors, or a combination of the

above hardware circuits and software, such as firmware.

[0063] Note although several units or sub-units of the system have been mentioned in the
above detailed description, such division is merely exemplary and not mandatory. In fact,
according to embodiments of the present invention, the features and functions of two or more
means described above may be embodied in one means. On the contrary, the features and
functions of one means described above may be embodied by a plurality of means. In
addition, although in the accompanying drawings operations of the method of the present
invention are described in specific order, it is not required or suggested these operations be
necessarily executed in the specific order or the desired result be achieved by executing all
illustrated operations. On the contrary, the steps depicted in the flowcharts may change their
execution order. Additionally or alternatively, some steps may be omitted, a plurality of steps
may be combined into one step for execution, and/or one step may be decomposed into a

plurality of steps for execution.

[0064] Although the present invention has been described with reference to several
embodiments, it is to be understood the present invention is not limited to the embodiments
disclosed herein. The present invention is intended to embrace various modifications and

equivalent arrangements comprised in the spirit and scope of the appended claims. The scope
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of the appended claims accords with the broadest interpretation, thereby embracing all such

modifications and equivalent structures and functions.
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I/We claim:

1. A method for enhancing an image, the method comprising:

estimating unsharpness of the image;

determining a protection level of at least one pixel in the image based on the
unsharpness; and

modifying a value of the at least one pixel to enhance the image, an amount of the

modifying being determined at least in part based on the protection level.

2. The method according to claim 1, wherein estimating unsharpness of the image
comprises:
extracting spatial structure information from the image; and

estimating the unsharpness based on the image and the spatial structure information.

3. The method according to claim 2, wherein extracting spatial structure
information from the image comprises:

filtering the image using a first filter of a first size to obtain a first intermediate
image;

filtering the image using a second filter of a second size to obtain a second
intermediate image, which second size is greater than the first size; and

calculating a difference between the first intermediate image and the second

intermediate image as the spatial structure information.

4. The method according to claim 3, wherein estimating the unsharpness based on
the image and the spatial structure information comprises:

removing the spatial structure information from the second intermediate image to
generate a corrected image; and

calculating an average of pixels with brightness greater than a threshold in the

corrected image as the unsharpness.

5. The method according to claim 1, wherein the image is a frame in a video, the

method further comprising:
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updating the unsharpness of the image using the unsharpness of at least one frame

before the image in the video.

6. The method according to claim 1, wherein determining a protection level of at
least one pixel in the image based on the unsharpness comprises:

calculating an adjusting factor for the at least one pixel based on the value of the at
least one pixel and the unsharpness, the adjusting factor at least indicating a probability for

the at least one pixel belonging to an unclear area in the image.

7. The method according to claim 6, wherein modifying a value of the at least one
pixel comprises:

estimating transmission information of atmospheric light at the at least one pixel;

calculating a deviation degree between the atmospheric light at the at least one pixel
and a real scene radiance based on the value of the at least one pixel, the unsharpness, and
the transmission information;

adjusting the deviation degree using the adjusting factor; and

modifying the value of the at least one pixel based on the adjusted deviation degree

and the atmospheric light.

8. The method according to claim 1, further comprising:
iteratively estimating atmospheric light of the image using a plurality of seeds

randomly distributed in the image for the modifying of the value of the at least one pixel.

9. The method according to claim &, wherein the image is a frame in a video, the
method further comprising:
updating the atmospheric light of the image using the atmospheric light of at least

one frame before the image in the video.

10. The method according to any of claims 1 to 9, wherein the unsharpness of the

image is a density of fog or darkness in the image.
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11. An apparatus for enhancing an image, the apparatus comprising:

an unsharpness estimating unit configured to estimate unsharpness of the image;

a modification protecting unit configured to determine a protection level of at least
one pixel in the image based on the unsharpness; and

an image enhancing unit configured to modify a value of the at least one pixel to
enhance the image, an amount of the modifying being determined at least in part based on

the protection level.

12. The apparatus according to claim 11, further comprising:

a structure extracting unit configured to extract spatial structure information from
the image; and

wherein the unsharpness estimating unit is configured to estimate the unsharpness

based on the image and the spatial structure information.

13. The apparatus according to claim 12, further comprising:

a first filtering unit configured to filter the image using a first filter of a first size to
obtain a first intermediate image;

a second filtering unit configured to filter the image using a second filter of a second
size to obtain a second intermediate image, which second size is greater than the first size;

wherein the structure extracting unit is configured to calculate a difference between
the first intermediate image and the second intermediate image as the spatial structure

information.

14. The apparatus according to claim 13, wherein the unsharpness estimating unit
is configured to remove the spatial structure information from the second intermediate image
to generate a corrected image, and to calculate an average of pixels with brightness greater

than a threshold in the corrected image as the unsharpness.

15. The apparatus according to claim 11, wherein the image is a frame in a video,

the apparatus further comprising:
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an unsharpness updating unit configured to update the unsharpness of the image

using the unsharpness of at least one frame before the image in the video.

16. The apparatus according to claim 11, wherein the modification protecting unit
comprises:

an adjusting factor calculating unit configured to calculate an adjusting factor for
the at least one pixel based on the value of the at least one pixel and the unsharpness, the
adjusting factor at least indicating a probability for the at least one pixel belonging to an

unclear area in the image.

17. The apparatus according to claim 16, further comprising:

a transmission estimating unit configured to estimate transmission information of
atmospheric light at the at least one pixel;

a deviation calculating unit configured to calculate a deviation degree between the
atmospheric light at the at least one pixel and a real scene radiance based on the value of the
at least one pixel, the unsharpness, and the transmission information;

an adjusting unit configured to adjust the deviation degree using the adjusting factor;
and

wherein the image enhancing unit is configured to modify the value of the at least

one pixel based on the adjusted deviation degree and the atmospheric light.

18. The apparatus according to claim 11, further comprising:
an atmospheric light updating unit configured to iteratively estimate atmospheric
light of the image using a plurality of seeds randomly distributed in the image for the

modifying of the value of the at least one pixel.

19. The apparatus according to claim 18, wherein the image is a frame in a video,
the apparatus further comprising:
an atmospheric light updating unit configured to update the atmospheric light of the

image using the atmospheric light of at least one frame before the image in the video.
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20. The apparatus according to any of claims 11 to 19, wherein the unsharpness of

the image is a density of fog or darkness in the image.

21. A device, comprising:
a controller;
an image capturing apparatus configured to capture an image; and

an apparatus for enhancing the image according to any of claims 11-20.
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