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(57) ABSTRACT

An image-processing device according to the present inven-
tion includes: a reflected light restoration unit that restores
reflected light on a surface of an object to be imaged, based
on a captured image of the object, an illumination superpo-
sition rate indicating a degree of influence of attenuation or
diffusion based on particles in the air of illumination light in
the captured image, and an illumination light color that is
information of a color of the illumination light; and an
illumination light restoration unit that restores the illumina-
tion light based on the restored reflected-light, and generates
a first output image in which the captured image is restored
based on the restored illumination light and the captured
image.
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IMAGE-PROCESSING DEVICE,
IMAGE-CAPTURING DEVICE,
IMAGE-PROCESSING METHOD, AND
STORAGE MEDIUM

REFERENCE TO RELATED APPLICATION

[0001] This application is a National Stage Entry of PCT/
JP2015/001000 filed on Feb. 26, 2015, which is based upon
and claims the benefit of priority from Japanese patent
application No. 2014-044438, filed on Mar. 6, 2014, the
disclosures of all of which are incorporated herein in their
entirety by reference.

TECHNICAL FIELD

[0002] The present invention relates to an image-process-
ing device, an image-capturing device, an image-processing
method, and a storage medium for storing a program.

BACKGROUND ART

[0003] There is a case that, in an outdoor imaging envi-
ronment, fine particles which drift in the air, such as water
particles which are generated in a bad weather like fog, mist,
haze or the like, smoke, sand dust, powder dust, or the like,
are included (hereinafter, fine particles are collectively
called ‘haze or the like’ in some cases). In the imaging
environment, as shown in FIG. 7, reflected light from an
object to be imaged is diffused by the particles existing in the
air while propagating through a path to a camera which is an
image-capturing device. As a result, the reflected light from
the object is attenuated to reach a camera sensor. Similarly,
an ambient light is diffused by the particles in the air to reach
the camera sensor. Therefore, light (observed light) which is
irradiated to the camera sensor is mixture light of the
attenuated reflected-light from the object and the diffused
ambient light. As a result, a captured image in the camera
sensor is an image which includes a degraded component
such as white haze.

[0004] The observed light I(x,A) of a wavelength A at a
pixel position x of the camera sensor is expressed such as
equation (1) by using the reflected light J(x,A) and the
ambient light A(A) at the same position. Here, “t(x,A)” in
equation (1) expresses indicates transmittance of the
reflected light. In the case that a state of the ambient air is
uniform, t(x,A) is expressed such as equation (2) by using a
diffusion coeflicient (k(A)) per a unit distance, and a distance
(d(x)) from the camera sensor to the object.

I, )=t(x,M)J(x,M)+(1=t(x,\)-4 (M) (€8]
1(x,h)=exp(-k(h) d(x)) @
[0005] Moreover, in the case of a wavelength band of the

visible light, it is conceivable that diffusion due to the
particles in the air is the same even if the wavelength is
different. Therefore, the observed light I(x,A) and the trans-
mittance t(x) are expressed such as equation (3) and equa-
tion (4).

T(x,N)=t(x) J(x, M)+(1-2(x))-A(N) 3)

x)=exp(-k-d(x)) Q)

[0006] An image restoration (estimation) technology,
which removes degradation of an image (influence of haze
or the like) caused by the particles in the air from an image
captured in this environment, estimates the reflected light
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J(x,)), which is not attenuated and comes from the object,
from the observed light I(x,A). Concretely, the image resto-
ration technology estimates the transmittance t(x) of the
reflected light is estimated and calculates the reflected light
J(x,\) such as equation (5).

1 1—1(x) ®)
Jx, \) = w (x, A) - o CAQ)

[0007] The above-mentioned image restoration (estima-
tion) technology requires estimating two pieces of informa-
tion of the reflected light J(x,A) and the transmittance t(x) for
each of pixels from the observed light I(x,A). Therefore, the
above-mentioned image restoration technology becomes an
ill-posed problem of which a solution is not found. There-
fore, some prior knowledge on the environment is required
for estimating the optimum solution of the reflected light
J(x,\) and the transmittance t(x) in the above-mentioned
image restoration technology.

[0008] Some technologies for removing influence of deg-
radation of the image based on the haze or the like by
estimating the reflected light or the transmittance have been
proposed so far. Out of those, methods executing correction
processing based on one image will be described with
reference to NPL 1 and NPL 2.

[0009] A method described in NPT 1 uses statistical
knowledge as prior knowledge. The knowledge is a knowl-
edge that, in a natural image which is not in a hazy situation
or the like, there is a pixel, value of which is O, in any one
of channels among the RGB color channels around a
focused pixel. Furthermore, the method described in NPT 1
is a method which generates a restored image based on the
statistical knowledge. Therefore, when there is no pixel,
value of which is 0, in any channels around the focused
pixel, the method described in NPT 1 regards, as influence
of superposition of the ambient light based on the haze or the
like, that a value does not become 0. Then, the method
described in NPT 1 calculates the transmittance based on a
value of the channel of the pixel around the focused pixel.

[0010] A method described in NPL 2 uses no correlation
between texture of an object and a distance to the object
(degree of superposition of the ambient light based on a
process of degradation due to the haze or the like) as the
prior knowledge. Then, the method described in NPL 2 is a
method which separates the reflected light and the ambient
light by focusing the above-mentioned un-correlation.
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SUMMARY OF INVENTION

Technical Problem

[0013] The methods of removing the degraded component
due to the haze or the like described in the above-mentioned
NPL 1 and NPL 2 assumes that the ambient light is illumi-
nated uniformly and illumination quantities of the ambient
light at each position within the imaging environment are
same. However, when image-capturing by using illumina-
tion light such as a lamp, illumination quantities of the
ambient light at each position within the imaging environ-
ment are not the same. Therefore, when capturing by using
the illumination light, the methods described in NPL 1 and
NPL 2 have a problem in which the methods do not work
correctly when removing the degraded component of the
captured image and restoring the image.

[0014] For example, as shown in FIG. 8, as the object to
be imaged becomes farther from the camera and the lamp,
the illumination light is more attenuated due to the particles
in the air on a path. As the object exists farther away, the
weaker illumination light is illuminated. That is, an illumi-
nation quantity of the illumination light by the lamp at each
position within the imaging environment is changed. There-
fore, the imaging environment does not match with model
equations of equations (1) and (3). As mentioned above, the
methods is described in NPL 1 and NPL 2 have the problem
in that it is impossible to appropriately correct the captured
image by using the illumination light.

[0015] The present invention is conceived by taking the
above-mentioned problem into consideration. An object of
the present invention is to provide an image-processing
device, an image-capturing device, an image-processing
method, and a storage medium storing a program which can
appropriately correct degradation of an image captured in an
environment where illumination light is not uniformly illu-
minated at each position within an imaging environment.

Solution to Problem

[0016] An image-processing device according to one
aspect of the present invention includes: a reflected light
restoration unit that restores reflected light on a surface of an
object to be imaged, based on a captured image of the object,
an illumination superposition rate indicating a degree of
influence of attenuation or diffusion based on particles in the
air of illumination light in the captured image, and an
illumination light color that is information of a color of the
illumination light; and an illumination light restoration unit
that restores the illumination light based on the restored
reflected-light, and generates a first output image in which
the captured image is restored based on the restored illumi-
nation light and the captured image.

[0017] An image-capturing device according one aspect of
the present invention includes: the above-mentioned image-
processing device; a reception unit that captures or receives
the captured image; and an output unit that outputs the first
to the third output images

[0018] An image-processing method according to one
aspect of the present invention includes: restoring reflected
light on a surface of an object to be imaged, based on a
captured image of the object, an illumination superposition
rate indicating a degree of influence of attenuation or
diffusion based on particles in the air of illumination light in
the captured image, and an illumination light color that is
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information of a color of the illumination light; and restoring
the illumination light based on the restored reflected-light,
and generating a first output image in which the captured
image is restored based on the restored illumination light
and the captured image.

[0019] A computer readable non-transitory storage
medium according to one aspect of the present invention
embodying a program, the program causing a computer to
perform a method, the method comprising: restoring
reflected light on a surface of an object to be imaged, based
on a captured image of the object, an illumination superpo-
sition rate indicating a degree of influence of attenuation or
diffusion based on particles in the air of illumination light in
the captured image, and an illumination light color that is
information of a color of the illumination light; and restoring
the illumination light based on the restored reflected-light,
and generating a first output image in which the captured
image is restored based on the restored illumination light
and the captured image.

Advantageous Effects of Invention

[0020] The present invention can bring about an advanta-
geous effect of appropriately correcting degradation of the
image which is an image captured in the environment where
the illumination light is not illuminated uniformly.

BRIEF DESCRIPTION OF DRAWINGS

[0021] FIG. 1 is a block diagram showing an example of
a configuration of an image-capturing device according to a
first exemplary embodiment of the present invention.
[0022] FIG. 2 is a block diagram showing an example of
a configuration of an image-processing device according to
the first exemplary embodiment.

[0023] FIG. 3 is a block diagram showing an example of
a configuration of a haze removal unit according to the first
exemplary embodiment.

[0024] FIG. 4 is a block diagram showing an example of
a configuration of an image-processing device according to
a second exemplary embodiment.

[0025] FIG. 5 is a block diagram showing an example of
a configuration of an image-processing device according to
a third exemplary embodiment.

[0026] FIG. 6 is a block diagram showing an example of
a configuration of an image-capturing device according to a
fourth exemplary embodiment.

[0027] FIG. 7 is a model diagram showing an example of
an imaging environment where the ambient light is illumi-
nated.

[0028] FIG. 8 is a model diagram showing an example of
an imaging environment where illumination light is illumi-
nated.

[0029] FIG. 9 is a block diagram showing an example of
a configuration of an information-processing device accord-
ing to a modification.

DESCRIPTION OF EMBODIMENTS

[0030] Next, exemplary embodiments of the present
invention will be described with reference to drawings.

[0031] The respective drawings illustrate the exemplary
embodiments of the present invention. However, the present
invention is not limited to the illustrations of respective



US 2017/0053384 Al

drawings. The same number is allocated to the same con-
figuration in the respective drawings, and their repeated
description may be omitted.

[0032] Moreover, in the drawings used in the following
description, a configuration of a part not related to the
description of the present invention is omitted and may not
be depicted in the drawings.

First Exemplary Embodiment

[0033] First, an image-capturing device 4 according to a
first exemplary embodiment of the present invention will be
described.

[0034] FIG. 1 is a block diagram showing an example of
a configuration of the image-capturing device 4 according to
the first exemplary embodiment of the present invention.
[0035] The image-capturing device 4 according to the first
exemplary embodiment includes an image-capturing unit 1,
an image-processing device 2, and an output unit 3.
[0036] The image-capturing unit 1 captures a captured
image (I(x,A)) of an object to be imaged. The image-
capturing unit 1 is constituted, for example, so as to include
an image sensor using a Charge Coupled Device (CCD) or
a Complementary Metal Oxide Semiconductor (CMOS).
The image-capturing unit 1 may receive the captured image
of the object from image-capturing equipment which is not
shown in the drawing. Therefore, the image-capturing unit 1
is also called a reception unit. Since the captured image
I(x,A) is generated based on light which is detected by the
image sensor, the captured image I(x,A) is also correspond-
ing to the observed light I(x,A) which is described in
Background Art.

[0037] The image-processing device 2 corrects degrada-
tion (for example, degradation due to haze or the like) of the
captured image I(x,A) based on at least any one of attenu-
ation or diffusion of illumination light illuminated to the
object by particles (for example, haze or the like) in the air.
Concretely, the image-processing device 2 restores an
attenuated component of reflected light from the object
based on diftusion light of the illumination light caused by
the particles in the air. Then, the image-processing device 2
restores the attenuated component of the illumination light
based on the diffusion light and the restored reflected-light.
Furthermore, the image-processing device 2 corrects (re-
stores) the captured image I(x,A) based on the restored
illumination light to generate an output image O(X,A).
Therefore, the image-processing device 2 may be called a
correction unit. The output image O(x,A) is also a corrected
captured-image. The output image O(x,A) is also a degra-
dation removal image.

[0038] The output unit 3 outputs the output image O(x,A)
generated by the image-processing device 2 generates, that
is, the corrected captured-image I(x,A). The output unit 3 is,
for example, a display or a printer.

[0039] Next, the image-processing device 2 will be
described in detail.

[0040] FIG. 2 is a block diagram showing the image-
processing device 2 according to the first exemplary
embodiment.

[0041] The image-processing device 2 of the first exem-
plary embodiment includes an illumination light color esti-
mation unit 11, a structure component extraction unit 12, an
illumination superposition rate estimation unit 13, and a
haze removal unit 14.
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[0042] The illumination light color estimation unit 11
estimates an illumination light color A(A) which is informa-
tion on a color of the illumination light, as the ambient light
in an imaging environment. A method of estimating the
illumination light color A(A) in the present exemplary
embodiment is not limited particularly. As one of the meth-
ods of estimating the illumination light color A(A), there is
a method of generating an intensity histogram of quantities
of light for each wavelength, and making the values of
quantities of light, which are at top a % intensity of
wavelengths, the illumination light color A(A) by using a
predetermined parameter (c). Alternatively, the present
exemplary embodiment may use the method which is
described in NPL 1 or NPL 2.

[0043] The structure component extraction unit 12
removes a fine change in the image from captured image
I(x,A), and extracts comprehensive structure (for example,
color or brightness of a flat area portion of the image) in the
image configured with the flat area portion, in which a
change of a pixel value is few, and a strong edge portion, in
which the change is large. Hereinafter, the comprehensive
structure is called a structure component (B(x,))). A method
of extracting the structure component B(x,)) in the present
exemplary embodiment is not limited particularly. As an
example of the method of extracting the structure compo-
nent B(x,)), there is a method which uses the all-variation
norm minimization. The method which uses the all-variation
norm minimization is a method related to a technology
which removes a vibration component in the image. This
method extracts the structure component B(x,}) of the image
based on information which is acquired by solving the
minimization problem expressed such as equation (6) by
using the image (in this case, captured image I(x,A)). Here,
L is a predetermined parameter for controlling a quantity of
vibration to be removed. The method which uses the all-
variation norm minimization can not only remove a fine
vibration component but also remove a vibration which has
a long period of time (low frequency) by combining the
multi-resolution analysis. An integral of first term in a
parenthesis of equation (6) is an integral of all variations of
the structure component B(x,A) on the xy plane. A second
term is a multiplication of w2 and a square of two-dimen-
sional norm of a difference between the captured image
I(x,A) and the structure component B(x,A). In equation (6),
description of ‘(x,A)’ is omitted. ‘U’ under ‘min’ is a mark
(cup) expressing that all are included. That is, equation (6)
indicates the minimum out of all cases which can be
imagined.

4 Ao ©
min( f IV Bldxdy— 51 - BI)

[0044] As an illumination superposition rate c(x), the
illumination superposition rate estimation unit 13 estimates
a ratio of the illumination light at a time of emission to the
illumination light reaching a camera sensor as a result of
diffused by the particles in the air for each of pixels by using
the illumination light color A(A) and the structure compo-
nent B(x,A). That is, the illumination superposition rate
estimation unit 13 estimates a degree of influence of attenu-
ation or diffusion of the illumination light which is caused by
the particles in the air. As mentioned above, the illumination
superposition rate c(x) is a value indicating the degree of
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influence of attenuation or diffusion of the illumination light
which is caused by the particles in the air.

[0045] An example of an equation for calculating the
illumination superposition rate c(x) at a pixel position X is
expressed such as equation (7). However, and k, is a
parameter indicating the predetermined ratio.

. Blx,A) @)
clx) =k -rg}\nm
[0046] For example, the ratio k, may be changed so as to

be expressed such as the equation (8) by using luminance

lumi(x) around a focused pixel. However, k; .. and th, are
predetermined parameters.
Kimax if lumi(x) > thy (8
ky(x) = lumi(x) .
lmax* otherwise
[0047] Two examples of calculating the luminance lumi

(x) are expressed such as equation (9) and equation (10).

lumi(x) = maxy, (B(x, A)) 9
tamit = TR (BG, 1) + ming (Bx, 1)) 10)
umi(x) = 2

[0048] When the illumination superposition rate c(x)

exceeds a predetermined maximum value th,, the illumina-
tion superposition rate c¢(x) may be adjusted so as not to
exceed the maximum value by be performed a clip process-
ing such as equation (11).

c(x) if c(x) < thy (1D
clx) = .
{ thy  otherwise
[0049] The haze removal unit 14 generates the output

image O(x,A) which is an image removing and correcting a
degraded component due to the haze or the like based on the
captured image I(x,A), the illumination light color A(A), and
the illumination superposition rate c¢(x). That is, the haze
removal unit 14 removes the diffusion light, due to the
particles in the air, of the illumination light illuminated to the
object to be imaged, and restores the attenuated component
of the reflected light of the object. Furthermore, the haze
removal unit 141 generates the output image O(x,A) based
on restoration of the attenuation component of the illumi-
nation light illuminated to the object.

[0050] Therefore, the haze removal unit 14, as shown in
FIG. 3, includes a reflected light restoration unit 21 and an
illumination light restoration unit 22.

[0051] The reflected light restoration unit 21 removes the
diffusion light due to the illumination light from the captured
image I(x,A), and furthermore restores the attenuation of the
reflected light caused by the particles in the air on a path
from the object to the camera sensor. Based on the above-
mentioned processing, the reflected light restoration unit 21
restores the reflected light D, (x,A) on a surface of the object.
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As an example of a concrete method of restoration of the
reflected light D, (x,)), there is a method of calculating the
reflected light D, (x,A) such as equation (12) by regarding a
relation among the reflected light D, (x,)), the input image
1(x,)), the illumination light color A(A), and the illumination
superposition rate c(x) as being thoroughly approximate to
the environment expressed such as equation (1).

1 (12
Dy(x. 1) = 1_—M(1(x, ) —cx)-AQ)

[0052] In order to reduce influence caused by a difference
from the past imaging environment or an estimation error on
the illumination superposition rate c(x), the reflected light
restoration unit 21 may use a method of calculating the
reflected light D, (x,A) such as equation (13) using a prede-
termined parameter k,. Alternatively, the reflected light
restoration unit 21 may use a method of calculating the
reflected light D (x,A) such as equation (15) using an
exponential value y calculated by using a predetermined
parameter k; shown as equation (14).

k> a3
Dy(x. 1) = 1_—M(1(x, ) —cx)-AQ)

ks 14

y(x) = 1——c(x)

I(x, /1)) (15)

Dix, 1) = A A

[0053] Alternatively, as a mixed method of the calculating
method of equation (13) and equation (15), the reflected
light restoration unit 21 may use a minimum value C,,,,, of
the illumination superposition rate c(x) calculated such as
equation (16). For example, the reflected light restoration
unit 21 may use a method which calculates a temporary
correction result D', (x,A) such as equation (17), and calcu-
lates the reflexed light D, (x,A) by correcting D', (x,A) such as
equation (19) by using exponential value y' determined by
equation (18).

Cin = MR (C(x) 16)
ko (17
Dix, 1) = T Ul A) = Cmin - AD))
Jon k3 (18)
Y= 1 —c(x) + conin
D (x, \) 7 (x) (19)
Di(x, 1) =A(/\)'( am ]
[0054] The illumination light restoration unit 22 restores

diffusion or attenuation of the illumination light illuminated
to the object based on the reflected light D, (x,A), which is
generated by the reflected light restoration unit 21, on the
surface of the object. Then, the illumination light restoration
unit 22 generates the output image O(x,A) from the captured
image I(x,A) based on the illumination light restored diffu-
sion or attenuation. As an example of generating the output
image O(x,A), there is a method which calculates the output
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image O(x,A) by using a predetermined parameter k, such as
equation (20) or a method which, such as equation (22),
calculates the output image O(x,A) by using an exponential
value v,(x) calculated by using a predetermined parameter
ks such as equation (21).

k 20
O, /I):l_—z(x)Dl(x, by @9
k (21
v2(x) = 1——Z(x)
O, Y2 22)
oG, /I):A(/I)-(l—( :&))] ]

[0055] The first exemplary embodiment removes, for
example, degradation of the image due to the particles in the
air (for example, haze) in image illuminated by a lamp
arranged adjacently to the image-capturing device 4 (for
example, camera) under a dark environment such as at the
night, or in a tunnel, and restores influence due to attenuation
of the illumination light. Accordingly, the first exemplary
embodiment can achieve an advantageous effect that it is
possible to generate a high quality image even when cap-
turing with using the illumination light such as the lamp.

[0056]

[0057] The illumination light color estimation unit 11
estimates the illumination light color A(A). The structure
component extraction unit 12 extracts the structure compo-
nent B(x,\) of the captured image. The illumination super-
position rate estimation unit 13 estimates the illumination
superposition rate c(x). Then, that is because the haze
removal unit 14 generates the output image O(x,A) corrected
a factor of degrading the image such as the haze scene, based
on the captured image I(x,A), the illumination light color
A()), and the illumination superposition rate c(x).

The reason is shown in the following.

Second Exemplary Embodiment

[0058] A second exemplary embodiment will be
described.
[0059] FIG. 4 is a block diagram showing an example of

an image-processing device 2 according to the second
exemplary embodiment of the present invention.

[0060] The image-processing device 2 according to the
second exemplary embodiment includes the illumination
light color estimation unit 11, the structure component
extraction unit 12, the illumination superposition rate esti-
mation unit 13, the haze removal unit 14, and an exposure
correction unit 15. As mentioned above, the image-process-
ing device 2 according to the second exemplary embodiment
is different from the image-processing device 2 according to
the first exemplary embodiment in a point including the
exposure correction unit 15. Other components of the
image-processing device 2 according to the second exem-
plary embodiment are similar as those of the image-process-
ing device 2 according to the first exemplary embodiment
respectively. Furthermore, the image-capturing unit 1 and
the output unit 3 in the image-capturing device 4 are similar.
Therefore, description of the same component is omitted,
and operations of the exposure correction unit 15 which are
peculiar in this exemplary embodiment will be described in
the following.
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[0061] The exposure correction unit 15 generates an out-
put image O,(x,}) (referred to as a second output image or
an exposure correction image) which is adjusted brightness
of'the whole image based on the output image O(x,A) (a first
output image) which is outputted from the haze removal unit
14 and is removed the degraded component. Generally,
image capturing is executed with appropriate setting of a
dynamic range of light quantity received by the camera
sensor in the imaging environment. The correction executed
by the haze removal unit 14 virtually changes the imaging
environment from the captured image I(x,A) in a hazy
environment to the output image O(x,A) in a hazy-free
environment. Therefore, there is a case that the dynamic
range of the first output image O(x,A) removed the degra-
dation component is different from the dynamic range set to
the image-capturing device 4 at a time of capturing. For
example, there is a case that the output image O(x,A)
removed the degradation component is too bright or too
dark. Then, the exposure correction unit 15 corrects the first
output image O(x,A) removed the degradation component
such as setting an appropriate dynamic range to generate the
second output image O,(x,A). As mentioned above, the
second output image O,(x,A) is a captured image which is
corrected, and, especially, an image which is corrected
exposure so as to be appropriate dynamic range.

[0062] As an example of a method in that the exposure
correction unit 15 generates the second output image O,(x,
M), there is a method that normalizes the first output image
O(x,A) based on the maximum value in the first output image
O(x,A) and generates a second output image O,(x,A) such as
equation (23).

Ortx = 0D (23)
2N ot )
YA
[0063] Alternatively, the exposure correction unit 15 may

use an average luminance value (ave) of the first output
image O(x,A) and an average luminance value (tar) which is
a predetermined target value. That is, the exposure correc-
tion unit 15 calculates the average luminance value ave of
the first output image O(x,)), and calculates an exponential
value y;, which transforms the average luminance value ave
into the average luminance value tar which is the target
value such as equation (24). Then, the exposure correction
unit 15 may correct the first output image O(x,A) by using
the exponential value v;, and generate the second output
image O,(x,A) such as equation (25).

_ In(zar) 24)

r3= In{ave)
01(x, 1) = (O(x, A))"3 25
[0064] The second exemplary embodiment can achieve an

advantageous effect that it is possible to acquire the image
which has an appropriate dynamic range in addition to the
advantageous effect of the first exemplary embodiment.
[0065] The reason is that the exposure correction unit 15
generates the second output image O,(X,A) which is appro-
priately corrected the dynamic range of the first output
image O(x,\).
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Third Exemplary Embodiment

[0066] A third exemplary embodiment will be described.
[0067] FIG. 5 is a block diagram showing an example of
a configuration of an image-processing device 2 according
to the third exemplary embodiment.

[0068] The image-processing device 2 according to the
third exemplary embodiment includes the illumination light
color estimation unit 11, the structure component extraction
unit 12, the illumination superposition rate estimation unit
13, a haze removal unit 14', an exposure correction unit 15',
a texture component calculation unit 16, and a texture
component modification unit 17.

[0069] As mentioned above, the image-processing device
2 according to the third exemplary embodiment is different
from the image-processing device 2 according to the second
exemplary embodiment in a point that including the texture
component calculation unit 16 and the texture component
modification unit 17. Furthermore, the image-processing
device 2 according to the third exemplary embodiment is
different in a point that including the haze removal unit 14'
and the exposure correction unit 15' instead of the haze
removal unit 14 and the exposure correction unit 15. Other
components of the image-processing device 2 according to
the third exemplary embodiment are same as those of the
image-processing device 2 according to the first or the
second exemplary embodiment. The image-capturing unit 1
and the output unit 3 in the image-capturing device 4 are
same. Therefore, description of the same component is
omitted, and operations of the texture component calculation
unit 16, the texture component modification unit 17, the haze
removal unit 14', and the exposure correction unit 15' will be
described.

[0070] The texture component calculation unit 16 calcu-
lates a component (hereinafter, defined as texture component
T(x,h)) which expresses a fine pattern (texture component or
noise component) in the image and is a difference (residual)
between the captured image I(x,A) and the structure com-
ponent B(x,A), such as equation (26).

T )=I(x, =B, k) (26)

[0071] The haze removal unit 14', as same as the haze
removal unit 14, generates the first output image O(x,A)
removed degradation of the image from the captured image
I(x,A). Furthermore, the haze removal unit 14' corrects the
structure component B(x,A) (first structure component) by
applying the same processing, and generates a structure
component B (x,A) (second structure component) removed
the degraded component which is corrected. That is, the
second structure component B, (x,A) is a structure compo-
nent removed the degraded. More concretely, the illumina-
tion light restoration unit 22 executes the above-mentioned
processing based on the restored illumination light.

[0072] The exposure correction unit 15', as same as the
exposure correction unit 15, generates the second output
image O,(x,A) from the first output image O(x,A). Further-
more, the exposure correction unit 15' generates a structure
component B,(x,A) (third structure component) which is
corrected exposure by applying the same processing to the
second structure component B, (x,A) removed the degraded
component.

[0073] The texture component modification unit 17
restrains excessive emphasis or amplification of noise,
which is generated based on the processing by the haze
removal unit 14' and the exposure correction unit 15', of the
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texture within the second output image O,(x,A), and gener-
ates a third output image O;(X,A) modified the texture
component. As mentioned above, the third output image
O;(x,)) is a captured image which is corrected too.

[0074] A texture component T,(x,A) (second texture com-
ponent) in the third output image O5(x,A) is calculated by
using the second output image O,(x,A) and the exposure
correction structure component B,(x,A) (third structure com-
ponent) such as equation (27).

T (%, \)=05(x,M)-B5(x,\) 27

[0075] As an example of a method of restraining the
excessive emphasis of the texture, there is a method men-
tioned in the following. First, the method calculates an
amplification rate r(x,A) of the texture based on the correc-
tion processing such as equation (28). Then, the method
calculates a texture component T5(x,A) (third texture com-
ponent) restrained excessive emphasis by using a predeter-
mined upper limit value of the amplification rate r,,, such
as equation (29).

_hxd 28)
e T
Tyod) = { Dx, A if rx, A < Finax 29)
Fmax - T(x, A) otherwise
[0076] Alternatively, as a method of restraining the noise

included in the texture component, there is a method
expressed as equation (30). The method expressed as equa-
tion (30) removes vibration based on the noise from the third
texture component T5(x,A) by using a standard deviation a of
the noise calculated from a feature of camera and an
amplification rate of the texture, and generates a texture
component T,(x,A) (fourth texture component) which is
restrained noise. However, sgn(.) is a function which indi-
cates a sign.

Ta(x, A) = (B0
if |T3(x, A)| <o(x, A)

0
{ sen(T3(x, A)- (T3 (x, Dl - o(x, A)) otherwise

[0077] The texture component modification unit 17 gen-
erates a third output image O3(x,A) by combining the third
structure component B2(x,A) with the fourth texture com-
ponent T4(x,A) such as equation (31).

O3, N)=B5 (%, M+ T4(x,\) 31

[0078] The third exemplary embodiment can achieve an
advantageous effect that it is possible acquire the image
which is restrained the excessive emphasis and the ampli-
fication of the noise of the texture in addition to the
advantageous effects of the first and the second exemplary
embodiments.

[0079]

[0080] The texture component calculation unit 16 calcu-
lates the first texture component T(x,A). The haze removal
unit 14' generates the second structure component B, (x,A)
corrected degradation of the in addition to the first output
image O(x,A). The exposure correction unit 15' generates the

The reason is as follows.
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third structure component B,(x,A) corrected exposure based
on the second structure component in addition to the second
output image O,(X,\).

[0081] Then, the texture component modification unit 17
calculates the second texture component T,(x,A) based on
the second output image O,(x,A) and the third structure
component B,(x,A). Furthermore, in order to restrain the
excessive emphasis, the texture component modification
unit 17 calculates the third texture component T,(x,A) based
on the first texture component T, (x,A) and the second texture
component T,(x,A). Furthermore, the texture component
modification unit 17 calculates the fourth texture component
T,(x,A) restrained the vibration due to the noise in the third
texture component T,(x,A). Then, that is because the texture
component modification unit 17 generates the third output
image O;(x,A) which is restrained the excessive emphasis or
the amplification of the noise of texture based on the third
structure component B,(x,A) and the fourth texture compo-
nent T,(X,A).

Fourth Exemplary Embodiment

[0082] A fourth exemplary embodiment will be described.
[0083] FIG. 6 is a block diagram showing an example of
a configuration of an image-capturing device 4 according to
the fourth exemplary embodiment.

[0084] A point that the image-capturing device 4 accord-
ing to the fourth exemplary embodiment is different from the
image-capturing device 4 in the first to the third exemplary
embodiments is a point that the image-capturing device 4
according to the fourth exemplary embodiment includes an
illumination device 30 and a setting unit 31. Since other
components of the image-capturing device 4 according to
the fourth exemplary embodiment are same as those of the
image-capturing device 4 according to the first to the third
exemplary embodiments, description of the same compo-
nents is omitted, and the illumination device 30 and the
setting unit 31 will be described.

[0085] The illumination device 30 is arranged at adjacent
position to the image-capturing unit 1, and illuminates the
illumination light to object to be imaged with start of
capturing. The illumination device 30 is, for example, a
flash-lamp.

[0086] The setting unit 31 switches between an execution
setting and a suspension setting of correcting processing for
image degradation (for example, the haze or the like) in the
image-processing device 2. In capturing under a hazy envi-
ronment, there is a case intentionally making the haze
reflected in a captured image. In this case, by using the
setting unit 31, the user of the image-capturing device 4 can
suspend the correcting processing for degradation of image
in the image-processing device 2.

[0087] In the image-capturing device 4 according to the
fourth exemplary embodiment, the illumination device 30 is
arranged at the position adjacent to the image-capturing unit
1. Therefore, the captured image under the illumination light
by the illumination device 30 tends to receive influence of
particles in the air. However, the image-processing device 2
of the fourth exemplary embodiment can achieve an advan-
tageous effect that it is possible to appropriately correct
influence of the haze in the captured image.

[0088] The reason is that the image-processing device 2 of
the image-capturing device 4 can generate the output images
(the first output image O(x,A) to the third output image
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O5(x,MA)) corrected the influence of the particles in the air
based on the operations described in the first to the third
exemplary embodiments.

[0089] Furthermore, the image-capturing device 4 accord-
ing to the fourth exemplary embodiment can achieve advan-
tageous effect of generating an image intentionally reflected
the haze or the like.

[0090] The reason is as follows. The image-capturing
device 4 according to the fourth exemplary embodiment
includes the setting unit 31 which suspends the correcting
processing for degradation of the image in the image-
processing device 2. Accordingly, that is because the user
can suspend the correcting processing for degradation of the
image by using the setting unit 31, and can intentionally
make degradation of the image due to the haze or the like
reflected in the captured image.

[0091] Here, it is needless to say that the above-mentioned
first to the fourth exemplary embodiments are applicable to
not only a still image but also a moving image.

[0092] Moreover, it is possible to install the image-pro-
cessing devices 2 according to the first to the fourth exem-
plary embodiments in various kinds of capturing equipment
or various kinds of devices processing the image, as an
image processing engine.

[0093] <Modification>

[0094] The image-processing devices 2 or the image cap-
turing devices 4 according to the first to the fourth exem-
plary embodiments are configured as shown in the follow-
ing.

[0095] For example, each of components of the image-
processing devices 2 or the image-capturing devices 4 may
be configured with a hardware circuit.

[0096] Alternatively, in the image-processing device 2 or
the image capturing device 4, each of components may be
configured by using a plurality of devices which are con-
nected through a network.

[0097] For example, the image-processing device 2 of
FIG. 2 may be configured so as to be a device which includes
the haze removal unit 14 shown in FIG. 3 and is connected
with a device including the illumination light color estima-
tion unit 11, a device including the structure component
extraction unit 12, and a device including the illumination
superposition rate estimation unit 13 through a network. In
this case, the image-processing device 2 should receive the
captured image I(x,A), the illumination superposition rate
c¢(x), and the illumination light color A(A) through the
network, and generate the first output image I(x,}) based on
the above-mentioned operations. As above-mentioned, the
haze removal unit 14 shown in FIG. 3 is the minimum
configuration of the image-processing device 2.

[0098] Alternatively, in the image-processing device 2 or
the image capturing device 4, a plurality of components may
be configured with single hardware.

[0099] Alternatively, the image-processing device 2 or the
image-capturing device 4 may be realized as a computer
device which includes a Central Processing Unit (CPU), a
Read Only Memory (ROM), and a Random Access Memory
(RAM). Furthermore, the image-processing device 2 or the
image capturing device 4 may be realized as a computer
device which includes an Input and Output Circuit (I0C)
and a Network Interface Circuit (NIC) in addition to the
above-mentioned components.

[0100] FIG. 9 is a block diagram showing an example of
configuration of an information-processing device 600
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according to the present modification as the image-process-
ing device 2 or the image capturing device 4.

[0101] The information-processing device 600 includes a
CPU 610, a ROM 620, a RAM 630, an internal storage
device 640, an I0C 650, and a NIC 680 to configure a
computer device.

[0102] The CPU 610 reads out a program from the ROM
620. Then, the CPU 610 controls the RAM 630, the internal
storage device 640, the IOC 650, and the NIC 680 based on
the read program. Then, the computer device including the
CPU 610 controls the components, and realizes each func-
tion as each component shown in FIG. 1 to FIG. 6.

[0103] When realizing each function, the CPU 610 may
use the RAM 630 or the internal storage device 640 as a
temporary storage of the program.

[0104] Alternatively, the CPU 610 may read out the pro-
gram included in a storage medium 700 which stores the
program so as to be computer-readable, by using a storage
medium reading device not shown in the drawing. Alterna-
tively, the CPU 610 receives the program from an external
device not shown in the drawing through the NIC 680, and
stores the program into the RAM 630, and operates based on
the stored program.

[0105] The ROM 620 stores the program executed by the
CPU 610, and fixed data. The ROM 620 is, for example, a
programmable-ROM (P-ROM), or a flash ROM.

[0106] The RAM 630 temporarily stores the program
executed by the CPU 610, and data. The RAM 630 is, for
example, a dynamic-RAM (D-RAM).

[0107] The internal storage device 640 stores data and the
program which the information-processing device 600
stores for a long period. Furthermore, the internal storage
device 640 may operate as a temporary storage device of the
CPU 610. The internal storage device 640 is, for example, a
hard disc device, a magneto-optical disc device, SSD (Solid
State Drive), or a disc array device.

[0108] Here, the ROM 620 and the internal storage device
640 are a non-transitory storage media. Meanwhile, the
RAM 630 is a transitory storage medium. The CPU 610 can
execute based on the program which the ROM 620, the
internal storage device 640, or the RAM 630 stores. That is,
the CPU 610 can execute by using the non-transitory storage
medium or the transitory storage medium.

[0109] The IOC 650 mediates data between the CPU 610
and an input equipment 660, and between the CPU 610 and
a display equipment 670. The IOC 650 is, for example, an
1/0O interface card, or a USB (Universal Serial Bus) card.
[0110] The input equipment 660 is equipment which
receives an input instruction from an operator of the infor-
mation-processing device 600. The input equipment is, for
example, a keyboard, a mouse, or a touch panel.

[0111] The display equipment 670 is equipment which
displays information for the operator of the information-
processing device 600. The display equipment 670 is, for
example, a liquid-crystal display.

[0112] The NIC 680 relays data communication with an
external device, which is not shown in the drawing, through
anetwork. The NIC 680 is, for example, a local area network
(LAN) card.

[0113] The information-processing device 600 which is
configure in this manner can achieve an advantageous as
same as the image-processing device 2 or the image-cap-
turing device 4.
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[0114] The reason is that the CPU 610 of the information-
processing device 600 can realize same functions of the
image-processing device 2 or the image capturing device 4
based on the program.

[0115] The whole or part of the exemplary embodiments
disclosed above can be described as, but not limited to, the
following supplementary notes.

[0116] (Supplementary Note 1)
[0117] An image-processing device includes:
[0118] a reflected light restoration unit that restores

reflected light on a surface of an object to be imaged, based
on a captured image of the object, an illumination superpo-
sition rate indicating a degree of influence of attenuation or
diffusion based on particles in the air of illumination light in
the captured image, and an illumination light color that is
information of a color of the illumination light; and an
illumination light restoration unit that restores the illumina-
tion light based on the restored reflected-light, and generates
a first output image in which the captured image is restored
based on the restored illumination light and the captured
image.

[0119] (Supplementary Note 2)

[0120] The image-processing device according to supple-
mentary note 1 includes:

[0121] an illumination light color estimation unit that
estimates the illumination light color;

[0122] a structure component extraction unit that extracts
a first structure component indicating comprehensive struc-
ture of the captured image; and

[0123] an illumination superposition rate estimation unit
that estimates the illumination superposition rate based on
the estimated illumination light color and the first structure
component.

[0124] (Supplementary Note 3)

[0125] The image-processing device according to supple-
mentary note 2 includes:

[0126] an exposure correction unit that generates a
second output image based on correction of adjusting
brightness of the first output image.

[0127] (Supplementary Note 4)

[0128] The image-processing device according to supple-
mentary note 3 includes:

[0129] atexture component calculation unit that calculates
a first texture component which is a difference between the
captured image and the first structure component, wherein
[0130] the illumination light restoration unit generates a
second structure component in which the first structure
component is corrected based on the restored illumination
light, and

[0131] the exposure correction unit generates a third struc-
ture component by correcting exposure of the second struc-
ture component, wherein

[0132] the image-processing device further including:
[0133] a texture component modification unit that calcu-
lates a second texture component based on the second output
image and the third structure component, calculates a third
texture component in which excessive emphasis is restrained
based on the first texture component and the second texture
component, calculates a fourth texture component in which
vibration of the third texture component is restrained, and
generates a third output component by modifying the second
output image based on the fourth texture component and the
third structure component.
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[0134] (Supplementary Note 5)

[0135] An image-capturing device includes:

[0136] the image-processing device according to any one
of supplementary notes 1 to 4;

[0137] a reception unit that captures or receives the cap-

tured image; and

[0138] an output unit that outputs the first to the third
output images.

[0139] (Supplementary Note 6)

[0140] The image-capturing device according to supple-

mentary note 5 includes:

[0141] an illumination unit that illuminates the illumina-
tion light; and
[0142] a setting unit that switches settings of an execution

and a suspension of correcting process to the captured image
in the image-processing device.

[0143] (Supplementary Note 7)
[0144] An image-processing method includes:
[0145] restoring reflected light on a surface of an object to

be imaged, based on a captured image of the object, an
illumination superposition rate indicating a degree of influ-
ence of attenuation or diffusion based on particles in the air
of illumination light in the captured image, and an illumi-
nation light color that is information of a color of the
illumination light; and

[0146] restoring the illumination light based on the
restored reflected-light, and generating a first output image
in which the captured image is restored based on the restored
illumination light and the captured image.

[0147] (Supplementary Note 8)

[0148] A computer readable non-transitory storage
medium embodying a program, the program causing a
computer to perform a method, the method comprising:
[0149] restoring reflected light on a surface of an object to
be imaged, based on a captured image of the object, an
illumination superposition rate indicating a degree of influ-
ence of attenuation or diffusion based on particles in the air
of illumination light in the captured image, and an illumi-
nation light color that is information of a color of the
illumination light; and

[0150] restoring the illumination light based on the
restored reflected-light, and generating a first output image
in which the captured image is restored based on the restored
illumination light and the captured image.

[0151] While the invention has been particularly shown
and described with reference to exemplary embodiments
thereof, the invention is not limited to these embodiments. It
will be understood by those of ordinary skill in the art that
various changes in form and details may be made therein
without departing from the spirit and scope of the present
invention as defined by the claims.

REFERENCE SIGNS LIST

[0152] 1 Image-capturing unit

[0153] 2 Image-processing device

[0154] 3 Output unit

[0155] 4 Image-capturing device

[0156] 11 Illumination light color estimation unit

[0157] 12 Structure component extraction unit

[0158] 13 Illumination superposition rate estimation
unit

[0159] 14 Haze removal unit

[0160] 14' Haze removal unit

[0161] 15 Exposure correction unit
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[0162] 15' Exposure correction unit

[0163] 16 Texture component calculation unit
[0164] 17 Texture component modification unit
[0165] 21 Reflected light restoration unit
[0166] 22 Ilumination light restoration unit
[0167] 30 Illumination device

[0168] 31 Setting unit

[0169] 600 Information-processing device
[0170] 610 CPU

[0171] 620 ROM

[0172] 630 RAM

[0173] 640 Internal storage device

[0174] 650 IOC

[0175] 660 Input equipment

[0176] 670 Display equipment

[0177] 680 NIC

[0178] 700 Storage medium

What is claimed is:

1. An image-processing device comprising:

a reflected light restoration unit that restores reflected
light on a surface of an object to be imaged, based on
a captured image of the object, an illumination super-
position rate indicating a degree of influence of attenu-
ation or diffusion based on particles in the air of
illumination light in the captured image, and an illu-
mination light color that is information of a color of the
illumination light; and

an illumination light restoration unit that restores the
illumination light based on the restored reflected-light,
and generates a first output image in which the captured
image is restored based on the restored illumination
light and the captured image.

2. The image-processing device according to claim 1

comprising:

an illumination light color estimation unit that estimates
the illumination light color;

a structure component extraction unit that extracts a first
structure component indicating comprehensive struc-
ture of the captured image; and

an illumination superposition rate estimation unit that
estimates the illumination superposition rate based on
the estimated illumination light color and the first
structure component.

3. The image-processing device according to claim 2

comprising:

an exposure correction unit that generates a second output
image based on correction of adjusting brightness of
the first output image.

4. The image-processing device according to claim 3

comprising:

a texture component calculation unit that calculates a first
texture component which is a difference between the
captured image and the first structure component,
wherein

the illumination light restoration unit generates a second
structure component in which the first structure com-
ponent is corrected based on the restored illumination
light, and

the exposure correction unit generates a third structure
component by correcting exposure of the second struc-
ture component, wherein

the image-processing device further including:

a texture component modification unit that calculates a
second texture component based on the second output



US 2017/0053384 Al

image and the third structure component, calculates a
third texture component in which excessive emphasis is
restrained based on the first texture component and the
second texture component, calculates a fourth texture
component in which vibration of the third texture
component is restrained, and generates a third output
component by modifying the second output image
based on the fourth texture component and the third
structure component.

5-6. (canceled)

7. An image-processing method, comprising:

restoring reflected light on a surface of an object to be
imaged, based on a captured image of the object, an
illumination superposition rate indicating a degree of
influence of attenuation or diffusion based on particles
in the air of illumination light in the captured image,
and an illumination light color that is information of a
color of the illumination light; and

10
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restoring the illumination light based on the restored
reflected-light, and generating a first output image in
which the captured image is restored based on the
restored illumination light and the captured image.

8. A computer readable non-transitory storage medium
embodying a program, the program causing a computer to
perform a method, the method comprising:

restoring reflected light on a surface of an object to be

imaged, based on a captured image of the object, an
illumination superposition rate indicating a degree of
influence of attenuation or diffusion based on particles
in the air of illumination light in the captured image,
and an illumination light color that is information of a
color of the illumination light; and

restoring the illumination light based on the restored

reflected-light, and generating a first output image in
which the captured image is restored based on the
restored illumination light and the captured image.
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