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IMAGE CAPTURING APPARATUS AND
METHOD FOR CONTROLLING THE SAME,
AND NON-TRANSITORY COMPUTER-
READABLE STORAGE MEDIUM

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to an image capturing
apparatus, a method for controlling the same, and a compu-
ter-readable storage medium.

Description of the Related Art

[0002] A three-dimensional look-up table (hereinafter, a
3D-LUT) is generally used as means for correcting a color
and a contrast of an image. Many image capturing appara-
tuses can convert images based on the 3D-LUTs built in the
image capturing apparatuses or can retrieve the 3D-LUTs
generated by, for instance, external applications and convert
images.

[0003] In addition, for instance, a 3D-LUT for conversion
into a cinema-like image and a 3D-LUT aiming at a special
effect are often provided on, for instance, the Web for a
charge or for free. Therefore, a user can obtain a favorite
3D-LUT and convert an image.

[0004] However, the 3D-LUT provided on, for instance,
the Web is a 3D-LUT for conversion into an image that a
creator of the 3D-LUT thinks is good, and the image thereof
is not necessarily what all people think is good. Some peo-
ple may desire to perform the conversion with a reduced
effect. In such a case, it is necessary to perform processing
that first shoots an image without conversion with a 3D-
LUT and then combines, in post-production, the image as
shot with an image converted with the 3D-LUT, which
requires a lot of effort.

[0005] As means for changing a degree of change in an
image with a 3D-LUT, for instance, the literature: Japanese
Patent Laid-Open No. 2012-165147 discloses a technology
of detecting scenes and combining correction tables for each
of the scenes in accordance with reliability of a plurality of
candidate scenes.

[0006] In the above literature, the correction table changes
according to the determined scene, but the degree of correc-
tion is a level recognized as appropriate by a camera and
does not always match a preference of a user. Further,
even when the degree of correction is different from the pre-
ference of the user, it is difficult for the user to change it in
accordance with their preference.

SUMMARY OF THE INVENTION

[0007] According to an aspect of the invention, there is
provided an image capturing apparatus that includes an
image capturing unit, comprising: an acquisition unit that
acquires a first look-up table for converting image data; a
setting unit that sets a degree of application of the first
look-up table acquired by the acquisition unit; and a genera-
tion unit that generates a second look-up table from the first
look-up table based on the degree of application set by the
setting unit, wherein image data obtained by the image cap-
turing unit is converted using the second look-up table gen-
erated by the generation unit.
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[0008] According to the present invention, in image pro-
cessing with the look-up table, it is possible to obtain an
image corrected so as to have an image quality preference
of a user by changing the degree of application of the 3D-
LUT using only a single LUT processing circuit.

[0009] Further features of the present invention will
become apparent from the following description of exemp-
lary embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a block diagram illustrating an internal
configuration of an image capturing apparatus according to
an embodiment.

[0011] FIG. 2 is a diagram illustrating a flow of post-pro-
duction processing according to a first embodiment.

[0012] FIGS. 3A and 3B are diagrams illustrating flows of
processing of image processing blocks of the image captur-
ing apparatus according to the first embodiment.

[0013] FIG. 4 is a flowchart depicting image conversion
processing according to the first embodiment.

[0014] FIG. 5A is a diagram illustrating a part of 3D-LUT
data according to the first embodiment.

[0015] FIG. 5B is a diagram illustrating a part of the 3D-
LUT data according to the first embodiment.

[0016] FIG. 5C is a diagram illustrating a part of the 3D-
LUT data according to the first embodiment.

[0017] FIG. 6 is a diagram illustrating an example of a
display according to a second embodiment.

[0018] FIG. 7 is a diagram illustrating a flow of processing
of a 3D-LUT data generation method of the image capturing
apparatus according to a third embodiment.

[0019] FIG. 8 is a flowchart depicting image conversion
processing based on the 3D-LUT according to a fourth
embodiment.

[0020] FIGS. 9A and 9B are diagrams illustrating an
example of a 3D-LUT file according to the fourth
embodiment.

[0021] FIG. 10 is a diagram illustrating an example of a
display according to the fourth embodiment.

DESCRIPTION OF THE EMBODIMENTS

[0022] Hereinafter, embodiments will be described in
detail with reference to the attached drawings. Note, the fol-
lowing embodiments are not intended to limit the scope of
the claimed invention. Multiple features are described in the
embodiments, but limitation is not made an invention that
requires all such features, and multiple such features may be
combined as appropriate. Furthermore, in the attached draw-
ings, the same reference numerals are given to the same or
similar configurations, and redundant description thereof is
omitted.

First Embodiment

[0023] FIG. 1 is a block diagram illustrating an internal
configuration of an image capturing apparatus 100 accord-
ing to the first embodiment. In FIG. 1, an image capturing
lens 103 is a lens group including a zoom lens, a focus lens,
and a shift lens, and forms an optical image of a subject on
an image capturing surface of an image capturing unit 22.
An aperture 101 is an aperture used for adjusting an amount
of light, and an ND 104 is a neutral density (ND) filter for
reducing light. The image capturing unit 22 includes an
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image capturing element that converts an optical image
formed on the image capturing surface of itself into an elec-
tric signal and includes, for instance, a CCD or a CMOS
element. The image capturing unit 22 also has functions
of, for instance, controlling accumulation by an electronic
shutter, changing an analog gain, and changing a reading
speed. An A/D converter 23 is used to convert an analog
image signal output from the image capturing unit 22 into
a digital signal.

[0024] Under the control by a system controller 50, an
image processing unit 24 performs processing, such as pre-
determined pixel interpolation processing, resizing proces-
sing, such as reduction processing, detection processing of,
for instance, luminance information, color information, or a
characteristic subject, color conversion processing, gamma
correction processing, and digital gain addition processing
on digital image data (hereinafter simply referred to as
image data) from the A/D converter 23 or data from a mem-
ory control unit 15. Examples of the image processing
method include image processing by a dedicated calculation
circuit and image processing by a 3D-LUT processing cir-
cuit. Additionally, the image processing unit 24 performs
predetermined calculation processing using the image data
obtained by capturing, and transmits the calculation result to
the system controller 50. Based on the transmitted calcula-
tion result, the system controller 50 performs, for instance,
exposure control, distance measurement control, and white
balance control. Thus, for instance, autofocus (AF) proces-
sing, automatic exposure (AE) processing, and auto white
balance (AWB) processing in through-the-lens (TTL)
method are performed. In addition, the system controller
50 performs image shake correction by operating the shift
lens of the image capturing lens 103 or shifting an image by
the image processing unit 24 with respect to a movement or
a posture change of the image capturing apparatus 100 due
to, for instance, a camera shake detected by a gyro 40.
[0025] The image data from the A/D converter 23 is writ-
ten in a memory 32 via the image processing unit 24 and the
memory control unit 15 or written directly via the memory
control unit 15. The memory 32 stores image data captured
by the image capturing unit 22 and converted into digital
data by the A/D converter 23, and image data displayed on
a display unit 28. The memory 32 is also used to temporarily
store an image that is image-processed by the image proces-
sing unit 24 and to return the image to the image processing
unit 24 again, which then applies another image process.
The memory 32 is provided with a sufficient storage capa-
city to store a predetermined time of moving images and
voices. The memory 32 also serves as a memory for image
display (video memory).

[0026] A D/A converter 13 converts data for image dis-
play stored in the memory 32 into an analog signal and sup-
plies the analog signal to the display unit 28. The image data
for display written to the memory 32 is displayed by the
display unit 28 via the D/A converter 13. The display unit
28 performs display according to the analog signal from the
D/A converter 13 on a display device, such as an LCD. A
digital signal that has been A/D-converted by the A/D con-
verter 23 and accumulated in the memory 32 is analog-con-
verted by the D/A converter 13, and the signal is sequen-
tially transferred to be displayed on the display unit 28.
Thus, electronic viewfinder is achieved and through-image
display can be performed.
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[0027] A non-volatile memory 56 is an electrically erasa-
ble and recordable memory, and, for instance, an EEPROM
is used. The non-volatile memory 56 stores programs exe-
cuted by the system controller 50, and various parameters
and constants for processing. Here, the program is for per-
forming various flowcharts described later.

[0028] The system controller 50 is constituted by a CPU
and controls the whole image capturing apparatus 100. By
executing the programs stored in the non-volatile memory
56 described above, each processing according to the pre-
sent embodiment described later is performed. A RAM is
used as a system memory 52, and, for instance, a constant
for operation of the system controller 50, a variable, and a
program read from the non-volatile memory 56 are devel-
oped to the system memory 52. The system controller 50
also performs display control by controlling, for instance,
the memory 32, the D/A converter 13, and the display unit
28.

[0029] A system timer 53 is a clock unit that measures a
time used for various controls and a time of a built-in clock.
A mode selection switch 60, a recording switch 61, and an
operation unit 70 are operation means for inputting various
operation instructions from the user to the system controller
50.

[0030] The mode selection switch 60 switches an opera-
tion mode of the system controller 50 to any of, for instance,
a moving-image recording mode, a still image recording
mode, and a playback mode. Examples of modes included
in the moving-image recording mode and the still image
recording mode include an auto mode, an auto scene deter-
mination mode, a manual mode, various scene modes
becoming shooting settings depending on shooting scenes,
a program AE mode, and a custom mode. Operating the
mode selection switch 60 allows directly switching to any
of these modes included in the moving image shooting
mode. Alternatively, after the mode is once switched to the
moving image shooting mode by the mode selection switch
60, the mode may be switched to any of these modes
included in the moving image shooting mode using another
operation member. The recording switch 61 switches a state
between a shooting standby state and a shooting state. When
the recording switch 61 is turned on, the system controller
50 starts a series of operations from reading a signal from
the image capturing unit 22 to writing moving image data to
an external recording medium 150.

[0031] By selecting and operating various function icons
displayed on the display unit 28, functions are appropriately
assigned for respective operation members of the operation
unit 70 for each scene, and the operation members operate
as various function buttons. Examples of the function but-
tons include, an end button, a return button, an image feed-
ing button, a jump button, a narrow-down button, and an
attribute change button. For instance, when a menu button
is pressed, a menu screen on which various settings can be
performed is displayed on the display unit 28. The user can
intuitively perform various settings by using the menu
screen, arrow keys in four directions of up, down, right,
and left, and a SET button displayed on the display unit 28.
[0032] A power supply control unit 80 includes, for
instance, a battery detection circuit, a DC-DC converter,
and a switch circuit for switching a block to be energized,
and detects whether a battery is mounted, the type of the
battery, and a remaining battery level. The power supply
control unit 80 controls the DC-DC converter based on the
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detection result and an instruction from the system control-
ler 50, and supplies a required voltage to each unit including
the external recording medium 150 for a required period.
[0033] A power supply unit 30 includes primary batteries,
such as an alkaline battery and a lithium battery, secondary
batteries, such as a NiCd battery, a NiMH battery, and a Li
ion battery, and an AC adapter. An I/F 18 is an interface with
the external recording medium 150, such as a memory card
and a hard disk, and an external display device 160. The
external recording medium 150 is a recording medium,
such as a memory card, for recording a shot image and
exchanging data with the outside, and, for instance, a semi-
conductor memory is used as the external recording medium
150.

[0034] In the present embodiment, a description will be
given of an operation in a case where the image capturing
apparatus 100 retrieves a 3D-LUT generated by an external
application operating on an information processing appara-
tus represented by, for instance, a PC and a tablet and con-
verts an image. Therefore, it is assumed that the user stores
the 3D-LUT generated by the application operating on the
information processing apparatus owned by the user as a file
in the external recording medium 150.

[0035] First, the user inserts (connects) the external
recording medium 150 storing the 3D-LUT file into a slot
(not illustrated) of the image capturing apparatus 100. Then,
the user operates the operation unit 70 to input a retrieving
operation of the 3D-LUT. Upon receiving this operation, the
system controller 50 once stores character strings described
in the 3D-LUT file acquired via the I/F 18 in the system
memory 52, and analyzes the character strings. The system
controller 50 converts the character string into a numerical
value, generates 3D-LUT data in a data format that can be
handled by the image processing unit 24, and records it in
the system memory 52 or the non-volatile memory 56.
Thereafter, the generated 3D-LUT data is converted into
an image by a 3D-LUT processing unit of the image proces-
sing unit 24, thereby allowing obtaining a target image.
Although the description is given on the assumption that
the 3D-LUT data is described in character strings in the
3D-LUT file in the present embodiment, but the 3D-LUT
data may be described in a binary format or other formats.
Although the external recording medium 150 storing the
3D-LUT file is connected to the image capturing apparatus
100 in the above example, for instance, the image capturing
apparatus 100 and the information processing apparatus
may be directly connected via the I/F 18 and the image cap-
turing apparatus 100 may download the 3D-LUT from the
information processing apparatus.

[0036] Next, with reference to FIG. 2, an example of a
flow of general processing performed in post-production
when a degree of application of the 3D-LUT is changed
will be described. Although an application often used in
post-production has a function of converting an image
based on the 3D-LUT, a contrivance is required to change
the degree of application of the 3D-LUT.

[0037] First, various image processing 202 is applied to an
input image 201. This is image processing excluding the
3D-LUT whose degree of application is desired to be chan-
ged, and includes many processes, such as tone and color
correction. In this example, the processing is performed on
the input image 201, but the processing may be performed
after image composition described later or need not to be
performed. Next, the processing is branched, and the
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image is converted by 3D-LUT processing 203 only in one
side. After that, the image output from the 3D-LUT proces-
sing 203 and the other branched image are combined by
image composition processing 204 to obtain an output
image 205. The degree of application of the 3D-LUT can
be adjusted by changing a composition ratio based on the
degree of application. In the example of FIG. 2, the degree
of application is 80%.

[0038] When the processing in post-production described
with reference to FIG. 2 is performed by the image captur-
ing apparatus 100, the image processing unit 24 is supposed
to have a configuration of a processing block as illustrated in
FIG. 3A. First, image processing prior to the 3D-LUT pro-
cessing is performed on an input image 301 by an image
processing unit 302, and the input image 301 is recorded
once in a RAM 303. Next, the image read out from the
RAM 303 is converted based on the 3D-LUT by a 3D-
LUT processing unit 304 and is recorded in a RAM 305.
Thereafter, the images recorded in the RAM 303 and the
RAM 305 are input to an image compositing unit 306, and
image composition is performed here at a ratio based on a
degree of application 307 set in the menu by the operation
unit 70, and the combined image is output as an output
image 308. Note that although image processing is per-
formed in the image processing unit 302 and then image
composition is performed in the image compositing unit
306 here, image processing in the image processing unit
302 may be performed after the image composition, or no
processing may be performed in the image processing unit
302. Although the RAM 303 and the RAM 305 are
expressed as different RAMs here, they may be different
areas in the same RAM.

[0039] The present embodiment features that the proces-
sing performed in the block denoted by reference numerals
303 to 306 in FIG. 3A generates data as one 3D-LUT to
simplify the processing block. A generation method of the
3D-LUT data in consideration of the degree of application in
this case will be described later.

[0040] FIG. 3B illustrates a block diagram of the image
processing unit 24 according to the present embodiment.
First, an image processing unit 312 performs image proces-
sing before 3D-LUT processing on an input image 311.
After that, a 3D-LUT processing unit 314 converts the
image based on a 3D-LUT 319 generated in consideration
of a degree of application 317 to generate an output image
318.

[0041] FIG. 4 depicts a flowchart expressing a flow of pro-
cessing of the system controller 50 according to the present
embodiment.

[0042] First, in S401, the system controller 50 acquires
3D-LUT data. Next, in S402, the system controller 50
acquires the degree of application set by the operation
from the operation unit 70 by the user via the menu. There-
after, in S403, the system controller 50 corrects the data
constituting the 3D-LUT on the 3D-LUT data acquired in
S401 based on the degree of application acquired in S402
and generates the 3D-LUT data in consideration of the
degree of application. The generation method of 3D-LUT
data in consideration of the degree of application will be
described later. Finally, in S404, the system controller 50
sets the generated 3D-LUT in the image processing unit
24, and causes the image processing unit 24 to convert the
image data. Accordingly, an image on which a suitable
image quality effect is provided can be acquired.
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[0043] Next, the generation method of 3D-LUT data in
consideration of the degree of application will be described.
[0044] In the present embodiment, since the effect is too
strong in the image obtained by converting the image based
on the 3D-LUT aiming at image quality effect, a case in
which the user inputs an instruction to suppress the degree
of application of the 3D-LUT to 80% via the operation unit
70 will be described.

[0045] First, FIG. 5A illustrates a part of 3D-LUT (here-
inafter also referred to as an image quality effect LUT) data
generated by an external application and retrieved to the
image capturing apparatus 100. Here, while a LUT that is
17 Grid 3D-LUT for an RGB signal incremented from an R-
component is used an example, it may be a LUT for a signal
other than RGB or the arrangement of the data may be dif-
ferent. In the embodiment, each of the RGB values is repre-
sented as 0 to 1 (decimal point).

[0046] To reproduce a state in which images on which
conversion based on the 3D-LUT is performed and images
for which the 3D-LUT is not used are combined at a ratio of
80:20 with one 3D-LUT, the system controller SO prepares a
3D-LUT in which input is equal to output (hereinafter a
through look-up table or a through LUT). Since the through
LUT has a relationship of input and output equal to the
input, it can be easily generated. FIG. 5B illustrates a part
of the through LUT data. Then, the system controller 50
calculates each piece of data constituting the image quality
effect LUT and the through LUT by the equation (1) shown
in the following formula (1) to combine the data at the ratio
of 80:20 and generates a composite LUT. Composite LUT =
(image quality effect LUT data) x 0.8 + (through LUT data)
x 0.2 ..(1)

[0047] For instance, in the case of 17-Grid 3D-LUT, per-
forming calculation of the equation (1) on 14739, which is
equal to 17 x 17 x 17 x 3, pieces of data can generate the
composite LUT combined at the ratio of 80:20. FIG. 5C
illustrates an example of the composite LUT generated by
the system controller 50. In the embodiment, a grid interval
is compensated by, for instance, linear interpolation
processing.

[0048] The system controller 50 sets the composite LUT
generated as described above in the image processing unit
24. As a result, the image processing unit 24 can perform
image conversion equivalent to the 3D-LUT processing unit
314 in FIG. 3B, and can achieve a result equivalent to the
image processing in the block illustrated in FIG. 3A with a
simpler block as in FIG. 3B.

[0049] In the present embodiment, the operation in the
case where the 3D-LUT generated by the external applica-
tion is retrieved to the image capturing apparatus 100, the
image quality effect by the 3D-LUT is corrected based on
the degree of application, and then the image is converted
has been described. However, the correction based on the
degree of application may be performed on the 3D-LUT
recorded in advance in the image capturing apparatus 100.
In addition, correction based on the degree of application
may be performed again on the 3D-LUT after correction
based on the degree of application has been performed
once. In this case, the degree of application may be
expressed in consideration of correction of the degree of
application of at the first stage, or the state after the correc-
tion at the first stage may be expressed as 100%.
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[0050] Although the degree of application is expressed by
the percentage in the present embodiment, the user may
select abstract expression, such as large, medium, or small.

Second Embodiment

[0051] In the first embodiment, the method of generating
the 3D-LUT data based on the degree of application desig-
nated by the user has been described, but it is difficult to
estimate what degree of application will provide the favorite
image quality for the user from the image converted based
on the original image quality effect LUT. Therefore, in the
present embodiment, a user interface effective for determin-
ing the degree of application will be described. The config-
uration of the image capturing apparatus according to the
present embodiment is similar to that of the first embodi-
ment (FIG. 1), and therefore the description thereof will be
omitted.

[0052] While viewing the captured image displayed on the
display unit 28 or the external display device 160, the user
operates the operation unit 70 to set the value of the degree
of application from the menu. Here, a case of displaying it
on the display unit 28 will be described.

[0053] The system controller 50 generates the composite
LUT based on the degree of application set in the menu and
sets the composite LUT in the image processing unit 24.
Then, the image processing unit 24 displays the image con-
verted with the composite LUT on the display unit 28. Then,
while viewing the image obtained by the conversion, the
user operates the operation unit 70 to adjust the composition
ratio (degree of application) according to his/her preference.
Hereinafter, this processing is repeated until the image
desired by the user is displayed.

[0054] However, the more appropriate degree of applica-
tion can be determined by comparison with the image before
conversion based on the 3D-LUT and the image with the
degree of application of 100%, rather than determination
of the degree of application using only the image after
correction.

[0055] Therefore, in the present embodiment, as illu-
strated in FIG. 6, the region of the captured image displayed
on the display unit 28 is divided into three, and an image 601
not converted with the 3D-LUT, an image 602 converted
based on the 3D-LUT, and an image 603 converted based
on the 3D-LUT that has been corrected based on the degree
of application are displayed in the respective regions. Thus,
the user can easily determine at what degree of application
the optimal image quality effect can be achieved. In the case
of FIG. 6, the user can freely set the degree of application by
scrolling a window for setting the degree of application at
the upper right of the screen up and down by operating the
operation unit 70. Every time the degree of application is
changed by the user, the system controller 50 generates the
3D-LUT based on the degree of application, sets it in the
image processing unit 24, and converts the captured
image. Then, the system controller 50 displays the image
data obtained by the conversion as the image 603 (updates
the image 603). Note that the image 602 and the image 603
may be displayed in two regions instead of providing the
three regions for displaying the images.

[0056] To simultaneously generate a plurality of images
having different conversion states with the 3D-LUT, it is
necessary to hold the respective images obtained in the
block diagram of FIG. 3A in the RAM and combine them
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in one screen. However, reducing a frame rate of each image
and generating and combining a plurality of images in a time
division manner allows implementing it in the simpler pro-
cessing block illustrated in FIG. 3B. At this time, for
instance, the frame rate of an image other than the image
based on the degree of application may be decreased.
Further, the image not converted with the 3D-LUT and the
image converted based on the 3D-LUT may be images in
which a part of them are trimmed, not the entire angle of
View.

[0057] As another means, an image not converted with the
3D-LUT, an image converted based on the 3D-LUT, and an
image converted based on the 3D-LUT corrected based on
the degree of application may be switched and displayed in a
time division manner, or an image not converted with the
3D-LUT or an image converted based on the 3D-LUT may
be displayed only when the user instructs it. Additionally,
based on the instruction from the user, recording is per-
formed as a plurality of still images or continuous moving
images while the degree of application is automatically
changed at every predetermined period, such as one-second
intervals, and the optimum degree of application may be
found from the recorded content.

[0058] As aresult, the user can compare the image quality
effect of the 3D-LUT and determine the optimum degree of
application.

Third Embodiment

[0059] In the first embodiment, the method of generating
the 3D-LUT data by performing calculation using the equa-
tion (1) based on the degree of application designated by the
user has been described. However, when respective compo-
nents of color spaces handled in the 3D-LUT are calculated
with the same degree of application, the image does not
always become a favorite image for the user. Therefore, in
the present third embodiment, a setting method of the degree
of application and a generation method of 3D-LUT data
with higher flexibility will be described. The configuration
of the image capturing apparatus according to the present
third embodiment is similar to that of the first embodiment,
and therefore description thereof will be omitted.

[0060] Hereinafter, the 3D-LUT data generation method
according to the present embodiment will be described
with reference to the block diagram illustrated in FIG. 7 as
an example. It should be understood that the respective com-
ponents illustrated in the same drawing are set to the image
processing unit 24 by the system controller 50.

[0061] First, the system controller 50 converts a through
LUT 701 by an RGB-YUV conversion block 703 to gener-
ate a through LUT 701’ for a YUV color space represented
by one luminance (Y) and two color differences (U, V).
Similarly, the system controller 50 converts an image qual-
ity effect LUT 702 by an RGB-YUV conversion block 704
to generate an image quality effect LUT data 702’ fora YUV
color space of one luminance (Y) and two color differences
U, v).

[0062] Then, the system controller S0 generates 3D-LUT
data 706 for a YUV color space by combining the through
LUT data 701" and the image quality effect LUT data 702’ in
accordance with the degree of application set independently
for each of the luminance and the color differences by the
user. Then, the system controller 50 converts the generated
3D-LUT data 706 for a YUV color space by a YUV-RGB
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conversion block 707 to generate 3D-LUT data for an RGB
color space, and sets it in the image processing unit 24.
[0063] Hereinafter, a specific example of the generation
method of 3D-LUT data in consideration of the degree of
application that can be adjusted for each of the components
of a YUV signal will be described. In the present embodi-
ment, the signal of a luma component Y is assumed as an
image obtained by conversion using 100% of the 3D-LUT
aiming at the image quality effect. For signals of chroma
components U, V, a case in which the degrees of application
of the 3D-LUT are suppressed to be 80% and 50%, respec-
tively, will be described as an example.

[0064] Each data constituting the through LUT 701’ and
the image quality effect LUT 702’ is calculated by the equa-
tions indicated by the following (2) to (4) to generate a 3D-
LUT 706 for a YUV color space.

Luma Component Y

[0065] Composite LUT = (image quality effect LUT data
702" x 1.0 + (through LUT data 701" x 0.0 ...(1)

Chroma Component U

[0066] Composite LUT = (image quality effect LUT data
702") x 0.8 + (through LUT data 701") x 0.2 ...(2)

Chroma Component V

[0067] Composite LUT = (image quality effect LUT data
702" x 0.5 + (through LUT data 701" x 0.5 ...(3)

[0068] As described above, by decomposing the data into
the luma component and the chroma components and
adjusting the degree of application for each of the compo-
nents, it is possible to generate a 3D-LUT 706 finely
adjusted to the image preference of the user. However, the
generated 3D-LUT is for a YUV color space. Therefore, the
system controller S0 converts the 3D-LUT 706 in the YUV-
RGB conversion block to generate a 3D-LUT 319 for an
RGB color space.

[0069] Although the case where the RGB signal is con-
verted into the YUV signal and the degree of application is
adjusted for each component has been described in the pre-
sent embodiment, the degree of application may be adjusted
for each component of the RGB signal without performing
conversion. Further, it is not necessary to be limited to the
conversion into the YUV signal, and each process can be
similarly performed in another color space, for instance, an
L*a*b* space and an ICtCp space.

Fourth Embodiment

[0070] In the first to third embodiments, the method in
which the user freely sets the degree of application of the
3D-LUT has been described. However, in the case of the
3D-LUT as the color space conversion rather than the 3D-
LUT as the image quality effect, since the aspect as format
conversion is the main purpose, there is a case where it is not
desirable that the user can freely set the degree of applica-
tion. In addition, there is a case where a LUT creator does
not want to change the degree of application as the intention
of the LUT creator. Further, there is a case where it is desired
to set a value smaller than 100% as the initial value of the
degree of application to give room for changing the degree
of application in a direction of increasing the degree of
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application. Therefore, in the present fourth embodiment, a
method of reading information on whether the degree of
application included in the 3D-LUT can be changed or not
or is unrecommended, and the initial value of the degree of
application, and performing an operation according to it will
be described with reference to a flowchart of FIG. 8. Note
that the information on whether the degree of application
included in the 3D-LUT can be changed or not or is unrec-
ommended, and the information on the initial value of the
degree of application may be described by being attached to
the main 3D-LUT data, such as a file header of the 3D-LUT
file.

[0071] In S801, the system controller 50 reads the 3D-
LUT file from the external recording medium 150 similarly
to the first embodiment, and stores it in the system memory
52. At this time, like the lines staring from “#” in FIGS. 9A
and 9B, to read the 3D-LUT including the information on
the change in the degree of application and the information
on the initial value of the degree of application, the informa-
tion is also read together.

[0072] In S802, the system controller 50 determines
whether the information on the initial value of the degree
of application is included in the information read in S801.
FIG. 9A illustrates the 3D-LUT not including the informa-
tion on the initial value of the degree of application, and
FIG. 9B illustrates the 3D-LUT including the information
on the initial value of the degree of application. When the
system controller 50 determines that the information on the
initial value of the degree of application is not included, the
system controller 50 advances the processing to S803. When
the system controller 50 determines that it is included, the
system controller S0 advances the processing to S804.
Although an example in which the 3D-LUT is expressed
by the character string is shown in the present embodiment,
information on the numerical value data of the 3D-LUT and
the change in the degree of application may be expressed in
any format including a binary format.

[0073] 1In S803, since the system controller S0 determines
that the 3D-LUT does not include the initial value of the
degree of application in S802, the system controller 50 sets
the degree of application 317 to 100%.

[0074] In S804, the system controller SO sets the degree of
application 317 to the degree of application read in S801.
[0075] In S805, the system controller 50 determines
whether the information read in S801 includes information
indicating that the degree of application is allowed to be
changed or not or is not recommended. FIG. 9A illustrates
the 3D-LUT file including the information indicating that
the degree of application is not allowed to be changed, and
FIG. 9B illustrates the 3D-LUT file including the informa-
tion indicating that the change in the degree of application is
unrecommended. The system controller 50 analyzes the 3D-
LUT file and attempts to extract the information on the
degree of application. Then, the system controller 50
advances the processing to S806 when the system controller
50 determines that the extracted information includes the
information on the change in the degree of application or
the degree of application being unrecommended, and
advances the processing to S807 when the system controller
50 determines that the information includes the information
on the change in the degree of application being not
allowed. When the system controller 50 determines that
the information is not included or the information indicating
that the degree of application is allowed to be changed is
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included, the system controller 50 advances the processing
to S808. Although an example in which the 3D-LUT is
expressed by the character string is shown in the present
embodiment, information on the numerical value data of
the 3D-LUT and the change in the degree of application
may be expressed in any format including a binary format.

[0076] In S806, when the user changes the degree of appli-
cation through a user interface, the system controller 50
changes the user interface to a mode of displaying a warn-
ing, such as a warning 1002 in FIG. 10. The warning 1002 is
displayed when the user sets a degree of application differ-
ent from a recommended value. For instance, although the
recommended value for the degree of application is 50%,
when the user attempts to set 60% to the degree of applica-
tion, the system controller 50 displays “The recommended
value for the degree of application of the LUT is 50%”. The
warning may be displayed at the time of entering the user
interface for changing the degree of application. Different
from the warning 1002, information indicating the recom-
mended value, such as a recommended value display 1001,
may be displayed.

[0077] In S807, the system controller 50 locks the user
interface for changing the degree of application such that
the user cannot change the degree of application. Except
for that, for instance, the user interface for changing the
degree of application cannot be entered, or even when the
user attempts to select a different degree of application, the
degree of application may be disabled, and the degree of
application may be returned to the original degree of
application.

[0078] In S808, similarly to the first embodiment, the sys-
tem controller 50 sets the 3D-LUT 319 generated in consid-
eration of the degree of application 317 in the 3D-LUT pro-
cessing unit 304. In this case, the degree of application 317
is the degree of application set in S803 or S804.

[0079] In the present embodiment, the method in which
the information on the initial value of the degree of applica-
tion read from the 3D-LUT, whether the degree of applica-
tion 1s allowed to be changed or not, or not recommended is
read and reflected to the degree of application 317 and the
user interface has been described. According to the present
embodiment, in the 3D-LUT in which the change in the
degree of application is not desirable, it is possible to prohi-
bit changing the degree of application or to notify the user of
the change being not recommended. In addition, it is possi-
ble to set the initial value of the degree of application to a
value lower than 100% (maximum value) to provide room
for increasing the degree of application.

[0080] Note that, in the present embodiment, a pattern of
whether the degree of application is allowed to be changed
or not or unrecommended has been described, but it is also
conceivable that the degree of application can be changed
only for a user who satisfies a condition. For instance, a
configuration in which while the degree of application is
basically fixed for use, the user who has acquired a license
can change the degree of application is considered.

Other Embodiments

[0081] Embodiment(s) of the present invention can also be
realized by a computer of a system or apparatus that reads
out and executes computer executable instructions (e.g., one
or more programs) recorded on a storage medium (which
may also be referred to more fully as a ‘non-transitory com-
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puter-readable storage medium’) to perform the functions of
one or more of the above-described embodiment(s) and/or
that includes one or more circuits (e.g., application specific
integrated circuit (ASIC)) for performing the functions of
one or more of the above-described embodiment(s), and by
a method performed by the computer of the system or appa-
ratus by, for example, reading out and executing the compu-
ter executable instructions from the storage medium to per-
form the functions of one or more of the above-described
embodiment(s) and/or controlling the one or more circuits
to perform the functions of one or more of the above-
described embodiment(s). The computer may comprise
one or more processors (e.g., central processing unit
(CPU), micro processing unit (MPU)) and may include a
network of separate computers or separate processors to
read out and execute the computer executable instructions.
The computer executable instructions may be provided to
the computer, for example, from a network or the storage
medium. The storage medium may include, for example,
one or more of a hard disk, a random-access memory
(RAM), a read only memory (ROM), a storage of distribu-
ted computing systems, an optical disk (such as a compact
disc (CD), digital versatile disc (DVD), or Blu-ray Disc
(BD)™)_ a flash memory device, a memory card, and the
like.

[0082] While the present invention has been described
with reference to exemplary embodiments, it is to be under-
stood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following claims
is to be accorded the broadest interpretation so as to encom-
pass all such modifications and equivalent structures and
functions.

[0083] This application claims the benefit of Japanese
Patent Application No. 2022-024918, filed Feb. 21, 2022,
which is hereby incorporated by reference herein in its
entirety.

What is claimed is:
1. An image capturing apparatus that includes an image
capturing unit, comprising:

an acquisition unit that acquires a first look-up table for
converting image data;

a setting unit that sets a degree of application of the first
look-up table acquired by the acquisition unit; and

a generation unit that generates a second look-up table from
the first look-up table based on the degree of application
set by the setting unit,

wherein image data obtained by the image capturing unit is
converted using the second look-up table generated by
the generation unit.

2. The apparatus according to claim 1, wherein

the acquisition unit acquires the first look-up table from a
predetermined memory included in the image capturing
apparatus.

3. The apparatus according to claim 1, wherein

the acquisition unit acquires the first look-up table from an
outside of the image capturing apparatus.

4. The apparatus according to claim 1, further comprising

a display unit that displays a first image obtained by the
image capturing unit, a second image obtained by con-
verting the first image with the first look-up table, and a
third image obtained by converting the first image with
the second look-up table in an arrangement,
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wherein the setting unit reproduces the second look-up
table by the generation unit every time the degree of
application is changed, and
wherein the display unit displays the third image obtained
by the conversion with the second look-up table gener-
ated every time the degree of application is changed in an
arrangement with the first image and the second image.
5. The apparatus according to claim 1, further comprising:
a first conversion unit that converts a look-up table for an
RGB color space into a look-up table for a color space
having one luma component and two chroma compo-
nents; and
a second conversion unit that converts the look-up table for
the color space having the one luma component and the
two chroma components into a look-up table foran RGB
color space,
wherein the setting unit sets a degree of application to each
of the luma component and the two chroma components,
and
wherein the generation unit:
converts each of a through look-up table for an RGB
color space having a relationship of input and output
equal to the input and a first look-up table for an RGB
color space acquired by the acquisition unit by the first
conversion unit;
combines the luma components and the chroma compo-
nents of the twolook-up tables obtained by the conver-
sionaccording to degrees of applications of the respec-
tive components to generate a look-up table having
data of a luma component and two chroma compo-
nents after the combination; and
converts the generated look-up table by the second con-
version unit to generate the second look-up table.
6. The apparatus according to claim 1, further comprising
a determination unit that extracts information attached to
the first look-up table acquired by the acquisition unit,
and determines whether the extracted information
includes information indicating whether a change in the
degree of application is allowed and information on an
initial value of the degree of application;
wherein the generation unit:
generates the second look-up table in accordance with
the initial value when a result of the determination by
the determination unit indicates that the initial value of
the degree of application is set;
generates the second look-up table on an assumption that
the degree of application is maximum when the result
ofthe determination by the determination unit is deter-
mined that the initial value of the degree of application
1S not set;
disables a setting of the degree of application by the set-
ting unit when the result of the determination by the
determination unit is determined that the change in
the degree of application is not allowed; and
generates the second look-up table in accordance with
the setting of the degree of application by the setting
unit when the result of the determination by the deter-
mination unit is determined that the change in the
degree of application is allowed.
7. A method of controlling an image capturing apparatus
that includes an image capturing unit, comprising:
acquiring a first look-up table for converting image data;
setting a degree of application of the first look-up table
acquired in the acquiring; and
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generating a second look-up table from the first look-up
table based on the degree of application set in the setting,

wherein image data obtained by the image capturing unit is
converted using the second look-up table generated in the
generating.

8. A non-transitory computer-readable storage medium
storing a program which, when read and executed by a com-
puter, caused the computer to execute the steps of a method of
controlling an image capturing apparatus that includes an
image capturing unit, the method comprising:

acquiring a first look-up table for converting image data;

setting a degree of application of the first look-up table

acquired in the acquiring; and
generating a second look-up table from the first look-up
table based on the degree of application set in the setting,

wherein image data obtained by the image capturing unit is
converted using the second look-up table generatedin the
generating.
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