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IMAGE PROCESSING APPARATUS,
DISPLAY SYSTEM, IMAGE PROCESSING
METHOD AND STORAGE MEDIUM

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to an image process-
ing technique for projecting a moving image onto printed
matter in an overlapping manner.

Description of the Related Art

[0002] In recent years, in an image input device, such as
a digital camera, extension of a dynamic range (hereinafter,
called “D range”) an image capturing sensor can capture has
been progressing. Further, the technique has been put to
practical use, which extends the D range by performing
image capturing by changing exposure conditions at the time
of image capturing and combining a plurality of images
whose exposure conditions are different. On the other hand,
also in an image output device, such as a projector and a
printer, luminance and contrast have been increased and the
D range that can be reproduced is extended, but generally,
the level thereof does not reach that of the D range of an
image input device. Because of this, for example, the color
gamut of image information captured by a digital camera is
compressed and then output by a printer or a projector.
[0003] Regarding this point, for example, Japanese Patent
Laid-Open No. 2010-103863 has disclosed a technique to
extend the D range and the color gamut, which can be
reproduced, by projecting an image onto printed matter
output by a printer in an overlapping manner by a projector.
According to this technique, it is possible to reproduce an
input image more faithfully and an effective use of the
technique for a signage and a simulation is expected.
[0004] In the above-described technique to project an
image onto printed matter in an overlapping manner, in a
case where a projection imaged from a projector is changed
in a time series (for example, in a case where a moving
image is projected), the quality of the overlap results
changes sometimes depending on timing. Specifically, in a
case where the hue of a specific area in an image to be
reproduced (hereinafter, called a “reproduced image”) in an
overlapping manner is changed by changing the projection
image in a time series, the color of the specific area
sometimes becomes darker than the target color depending
on the contents of the projection image.

[0005] Consequently, an object of the present invention is
to make it possible to preferably reproduce a desired color
in a case where it is desired to change hue of a specific area
on a reproduced image in a time series, which is obtained by
projecting a projection image onto printed matter in an
overlapping manner.

SUMMARY OF THE INVENTION

[0006] The image processing apparatus according to the
present invention is an image processing apparatus that
generates a print image for outputting printed matter by a
printer onto which two or more images are projected in an
overlapping manner, and includes: an acquisition unit con-
figured to acquire an image at least including an object; and
a first generation unit configured to generate the print image
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by performing saturation reduction processing for an area of
the object in the acquired image.

[0007] Further features of the present invention will
become apparent from the following description of exem-
plary embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a diagram showing an example of a
configuration of a display system;

[0009] FIG. 2 is a function block diagram showing a
software configuration of a PC according to a first embodi-
ment;

[0010] FIG. 3 is a flowchart showing a flow of print image
generation processing according to the first embodiment;
[0011] FIG. 4 is a diagram showing an example of a frame
configuring an input moving image;

[0012] FIG. 5 is a diagram showing an example of a
reproduced image that appears on printed matter;

[0013] FIG. 6 is a diagram explaining a problem of the
present invention;

[0014] FIG. 7 is a diagram explaining a problem of the
present invention;

[0015] FIG. 8 is a function block diagram showing a
software configuration of a PC according to a second
embodiment;

[0016] FIG. 9 is a flowchart showing a flow of entire
image processing in the second embodiment;

[0017] FIG. 10 is a flowchart showing a flow of print
image generation processing according to a third embodi-
ment;

[0018] FIG. 11 is an explanatory diagram of a represen-
tative Lab value;

[0019] FIG. 12 is a function block diagram showing a
software configuration of a PC according to a fourth
embodiment;

[0020] FIG. 13 is a flowchart showing a flow of print
image generation processing according to the fourth
embodiment;

[0021] FIG. 14 is a diagram showing an example of a Ul
screen;

[0022] FIG. 15 is a diagram showing an example of the Ul
screen; and

[0023] FIG. 16 is a diagram showing an example of the Ul
screen.

DESCRIPTION OF THE EMBODIMENTS

[0024] Hereinafter, with reference to the attached draw-

ings, the present invention is explained in detail in accor-
dance with preferred embodiments. Configurations shown in
the following embodiments are merely exemplary and the
present invention is not limited to the configurations shown
schematically.

First Embodiment

[0025] FIG. 1 is a diagram showing an example of a
configuration of a display system to change the color of a
specific area (specific object) on printed matter by projecting
in an overlapping manner a projection image whose contents
are different in a time series by using a projector onto the
printed matter, such as a poster, posted on a wall or the like.
The display system in FIG. 1 has an image processing
apparatus (PC) 100, a monitor 108, an image forming
apparatus (printer) 109, an image projection device (projec-
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tor) 110, an input device 111, and an external storage device
112. Further, PC 100 internally has a CPU 101, a RAM 102,
a ROM 103, a main storage device 104, a main bus 105, a
general-purpose interface (/F) 106, and an output I/F 107.
First, the hardware configuration of the PC 100 is explained.
[0026] The CPU 101 is a processor that centralizedly
controls each unit within the PC 100. The RAM 102
functions as a main memory, a work area, and the like of the
CPU 101. The ROM 103 and the main storage device 104
store program groups and various applications for imple-
menting various kinds of processing including generation of
a print image and a projection image, to be explained below,
data used for various kinds of processing, and the like. The
main bus 105 connects each unit of the PC 100. The
general-purpose I/F 106 is a serial bus interface, such as
USB and IEEE 1394. The monitor 107 is, for example, a
liquid crystal display and functions as a user interface of the
PC 100. The printer 109 forms an image on a sheet by, for
example, the ink jet scheme, in accordance with a still image
(hereinafter, called “print image”) for printing generated by
the PC 100 and outputs the above-described printed matter.
The projector 110 projects in an overlapping manner a
projection image whose contents are different in a time
series onto printed matter, such as a poster posted on a wall.
The input device 111 is a keyboard or a mouse for a user to
perform various instruction operations. The external storage
device 112 is a large-capacity storage device, such as an
external HDD, and stores data, such as a moving image
captured by an image capturing device (digital camera), not
shown schematically, and supplies the data to the PC 100.
[0027] The PC 100 is controlled by the CPU 101 and reads
moving image data stored in the external storage device 112
and performs image processing, to be described later, and
generates print image data and projection image data. The
generated print image data is supplied to the printer 109 and
the generated projection image data is supplied to the
projector 110 via the general purpose I/F 106. Then, the
printer 109 performs printing processing based on the sup-
plied print image data and outputs printed matter. By the
printed matter output from the printer 109 being posted at a
predetermined position by a user and the projection image
being projected in an overlapping manner onto the printed
matter from the projector 110, a higher-quality reproduced
image whose D range and color gamut are extended is
obtained.

<Software Configuration of PC>

[0028] FIG. 2 is a function block diagram showing a
software configuration of the PC 100 according to the image
processing of the present embodiment. The PC 100 of the
present embodiment includes a buffer processing unit 201, a
data format conversion unit 202, and a print image genera-
tion unit 203. The buffer processing unit 201 secures a
predetermined storage area (image buffer) within the RAM
102 and stores processing-target moving image data. The
data format conversion unit 202 converts the moving image
data stored in the image buffer into a predetermined digital
format as needed. For example, the data format conversion
unit 202 performs decode processing of input moving image
data. Generally, the data capacity of the moving image
captured by a digital camera or the like is likely to become
large, and therefore, in many cases, the moving image data
is encoded for the purpose of reducing the data capacity (for
example, H.264 and the like). However, in the encoded state,
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it is not possible to make use of the moving image as a
projection image and the moving image is not suitable to the
processing by the next print image generation unit 203, and
therefore, the moving image data is decoded and converted
into the data format suitable to the processing. By the
conversion processing such as this, in the present embodi-
ment, the pixel value of each pixel in each frame configuring
the input moving image data is converted into the data
format represented in the RGB color space. That is, an RGB
value (r, g, b) at a pixel position (X, y) at time t of a converted
input moving image V is brought into a state where the RGB
value is known at any t, X, and y. In the present embodiment,
each value of RGB is represented by 16 bits (0 to 65535) and
(R, B)=(0, 0, 0) represents black and (R, B)=(65535, 65535,
65535) represents white. There may be a case where a
plurality of pieces of moving image data is input, whose
exposure conditions are different and prepared with, for
example, HDR (High Dynamic Range) imaging in mind. In
this case, the data format conversion unit 202 performs
processing to make it possible to handle each piece of
moving image data by the pixel value on the same basis.
Further, in a case where the color space of the input moving
image data is a color space other than RGB, necessary color
space conversion processing is also performed in the data
format conversion unit 202. Then, in the present embodi-
ment, the moving image data in which each pixel value of
each frame is represented in the RGB color space is output
as the image data to be projected by the projector 110.
[0029] The print image generation unit 203 generates a
print image to be supplied to the printing processing in the
printer 109 from the input moving image. A broken-line
arrow toward the print image generation unit 203 represents
that a “color reproduction characteristics LUT (lookup
table)” is referred to in the print image generation processing
and this will be explained in a third embodiment.

<Print Image Generation Processing>

[0030] FIG. 3 is a flowchart showing a flow of the print
image generation processing according to the present
embodiment by the print image generation unit 203. In the
following, detailed explanation is given with reference to the
flow in FIG. 3. In the following explanation, symbol “S”
represents a step.

[0031] At S301, the input moving image data is stored in
the RAM 102 by the buffer processing unit 201. The input
moving image of the present embodiment is a moving image
that is made use of as it is as the projection image and the
hue of at least a part of the object existing in each frame
changes in a time series. At S302 that follows, the input
moving image data stored in the RAM 102 is read and the
processing to convert into the predetermined data format as
described above is performed by the data format conversion
unit 202. Due to this, the input moving image data is
converted into the data format in which each pixel in each
frame configuring the input moving image has a pixel value
represented in the device-dependent RGB color space.
[0032] At S303, all the pixel values of the print image to
be generated are initialized. Specifically, as the initial value
of each pixel, the pixel value in the frame at time t=0 of the
input moving image is set. At S304 that follows, a frame of
interest is determined from the frames configuring the input
moving image. Normally, from the frame at time t=0 (top
frame), the frame becomes the frame of interest in order. At
S305, the pixel position of interest (X, y) is determined.
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Normally, from the pixel position (x, y)=(0, 0) with the tope
left of the frame being taken to be the origin, the pixel
position becomes the pixel position of interest in order.
[0033] At S306, the pixel value of the print image at the
current point in time at the pixel position of interest is
compared with the pixel value in the frame of interest. In a
case where the pixel value of the frame of interest is larger
than the pixel value of the print image, the processing
advances to S307. In other cases, the processing advances to
S308.

[0034] At S307, the pixel value of the print image at the
pixel position of interest is updated. Specifically, a pixel
value I (x, y) of the print image at the pixel position of
interest (X, y) is replaced with a pixel value V (1, X, y) of the
moving image in the frame of interest t at the same pixel
position of interest (X, y). In this manner, the pixel value of
the print image at the pixel position of interest is updated
sequentially and the maximum pixel value within all the
frames of the input moving image is left as the pixel value
of the print image. Then, this processing is performed for
each channel of RGB. For example, it is assumed that the
pixel value of the moving image V(1=0, x, y) is (R, B)=
(65535, 0, 0), (R, B)=(65535, 0, 0) is set as the initial value
of'the print image I(X, y) at a certain pixel position (X, y), and
that the pixel value in a frame of interest V(t=1, x, y) is (R,
B)=(65280, 248, 260). In this case, the G component and the
B component in the frame of interest are larger than those of
the initial value, and therefore, the pixel value of the print
image I(x, y) is updated to (R, B)=(65535, 248, 260). Then,
it is assumed that the pixel value in the next frame of interest
V(t=2, x, y) is (R, B)=(65025, 496, 520). Similarly, the
larger component of the RGB value is taken, and therefore,
the pixel value of the print image I(x, y) is updated to (R,
B)=(65535, 496, 520). In this manner, for all the pixel
positions, only the maximum pixel value in all the frames is
left as a result I(x, y).

[0035] At S308, whether the processing is completed for
all the pixel positions of the print image is determined. In a
case where there is an unprocessed pixel position, the
processing returns to S305, and the next pixel position of
interest (X, y) is determined and the processing is continued.
On the other hand, in a case where the processing is
completed for all the pixel positions, the processing
advances to S309.

[0036] At S309, whether the processing of all the frames
of the input moving image is completed is determined. In a
case where there is an unprocessed frame, the processing
returns to S304, and the next frame of interest is determined
and the processing is continued. In a case where the pro-
cessing is completed for all the frames of the input moving
image, this processing is terminated. Then, I (X, y) at the
point in time of termination of this processing is print image
data to be output from the print image generation unit 203.
[0037] The above is the contents of the print image data
generation processing according to the present embodiment.
As described above, in the present embodiment, each frame
of the input moving image is referred to, which is the
projection image, and the print image is generated by taking
into consideration the change over time thereof.

<Meaning of Generating Print Image From Input Moving
Image>

[0038] The meaning of generating a still image (print
image) for printed matter, which is the projection destina-
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tion, by referring to each frame of an input moving image
used as a projection image and taking into consideration the
change over time thereof as described above is explained.
FIG. 4 is a diagram showing an example of a frame
configuring an input moving image. In this example, an
image 400 indicates a frame at time t0, an image 401
indicates a frame at time t1, and an image 402 indicates a
frame at time t2, respectively. It is assumed that a moving
object does not exist in this moving image scene and the
color in the area of an object 410 like a jewel changes as time
elapses. Specifically, it is assumed that the color of the object
410 is red at t0 and changes to green at t1, and to blue at 12
in order.

[0039] In a case where an arbitrary frame is selected from
a plurality of frames configuring an input moving image and
adopted as a print image and the input moving image is
projected onto the printed matter, which is the output result
thereof, in an overlapping manner, sometimes the original
effect is not obtained. For example, it is assumed that the
frame at t0 is adopted as a print image and each frame at time
t0 to time t2 is projected onto the printed matter thereof in
order. FIG. 5 shows a part of a reproduced image that
appears on the printed matter in this case. As shown in FIG.
5, in a reproduced image 501, a phenomenon occurs that the
color of the object 410 whose color changes becomes a
different dark color (becomes close to black, saturation is
reduced, and brightness is reduced) in each frame at t0 to t2.

[0040] The reason is explained by using FIG. 6. FIG. 6 is
a diagram schematically showing the spectra of the colors of
the object 410 like a jewel in each frame at t0 to t2. In each
of graphs 601 to 607, the horizontal axis represents the
wavelength of light and the vertical axis represents the
intensity of the spectral component. On the horizontal axis,
the approximate color corresponding to the wavelength band
is represented by B (blue), G (green), and R (red) in
accordance with the wavelength. Each of the graphs 601 to
603 represents the spectral component of the light projected
by the projector 110 and it is known that the color changes
from red to green and from green to blue as time changes
from t0 to t2. On the other hand, the graph 604 represents the
spectral component of reflectance of the print image. Here,
the print image is in the frame at t0 and remains unchanged
irrespective of time t and has the red spectral component.
However, the width of the spectral component is greater than
the width of the spectral component of the light projected
from the projector 110 and it cannot be said that both
coincide completely with each other. The reason is that the
color reproduction characteristics are different between the
printer 109 and the projector 110 even for the same red.

[0041] Here, the spectral component in a reproduced
image in a case where the projection image is projected onto
the print image in an overlapping manner is obtained by
multiplying the spectral component of the light projected by
the projector 110 and the spectral component of reflectance
of the print image for each wavelength. The graph 605 to
607 represent the multiplication results at t0 to t2. In the
graph 605 corresponding to t0, the overlap portion of the
spectral component in the graph 601 and the spectral com-
ponent of the graph 604 remains. The width of the spectral
component in the graph 605 is narrower than those both in
the graph 601 and in the graph 604 and this means that more
vivid red is obtained. In this manner, a reproduced image
obtained by projecting a projection image in an overlapping
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manner brings about, the effect to increase saturation and
contributes to extension of the D range and the color gamut.

[0042] On the other hand, in the graph 606 corresponding
to t1 and in the graph 607 corresponding to t2, there is
almost no wavelength band in which the spectral component
of the projection light and the spectral component of reflec-
tance overlap, and therefore, the spectral component in the
reproduced image becomes almost zero in the entire wave-
length band. Due to this, the reflected light from the printed
matter becomes difficult to perceive. This is the reason that
the color of the object whose color is changed by projecting
projection images different in a time series in an overlapping
manner is reproduced as a different dark color for each
projection image at each timing.

[0043] It is known from FIG. 6 that the above-described
problem is likely to occur at the portion at which the color
changes comparatively largely as time elapses, that is, in the
image area in which the hue changes and the wavelength
band of the spectral component is narrow (=color is vivid).
Then, even in the image area in which the color changes
comparatively largely as time elapses, in a case where the
saturation of the print image is low or in a case where the
color is an achromatic color, such a problem is unlikely to
occur. The reason is that as shown in FIG. 7, in these cases,
the width (wavelength band) of a spectral component 701 of
reflectance is wide, and therefore, even though the hue
changes, the spectral component of the projection light
remains in the multiplication results (graph 702 to 704) by
the spectral component of the projection light.

[0044] From the above fact, it is known that it is possible
to avoid the occurrence of the above-described problem by
suppressing the saturation of the print image. However, it is
also desirable to avoid such a situation in which it is no
longer possible to obtain the effect to increase saturation by
projecting a projection image in an overlapping manner by
doing so. Further, in a case where only the avoidance of the
occurrence of the above-described problem is taken into
consideration, for example, there is such a method of coping
with the problem by representing the portion at which the
color changes in solid white on the printed matter. However,
by such a coping method, it is no longer possible to obtain
another effect to reinforce a feeling of resolution obtained by
projecting a projection image in an overlapping manner. In
a case where an image is projected from the projector,
deterioration of a feeling of resolution of an image is likely
to occur because a shift occurs in the focus resulting from an
inclination of the position and orientation of the main body
and a shift in the projection surface. However, in the printed
matter, the resolution does not change after the output, and
therefore, by projecting a projection image from the projec-
tor onto the image in the printed matter in an overlapping
manner, it is possible to obtain the effect to reinforce a
feeling of resolution in the reproduced image. Further, it is
possible for the dark color of, such as the contour, to give a
clearer impression by representing both the image in the
printed matter and the projection image from the projector
dark to increase a feeling of contrast. Consequently,
although there is a risk that the area in which the color
changes largely as time elapse becomes dark in a reproduced
image, it is easier to obtain the effect of the projection in an
overlapping manner in a case where image information
representing the shape and color of the object at the portion
at which color changes is left in the print image.
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[0045] With the above in mind, as one policy in a case
where a print image is generated from a projection image
(=input moving image), it is considered to generate a print
image by reducing saturation on the whole. In this case, it is
possible to obtain the effect, such as an increase in satura-
tion, to a certain extent while obtaining resistance to a
change in projected color. However, it is possible to obtain
more merits by the projection in an overlapping manner by
the following policy. The policy is that in a case where there
is a change in color in at least a part of the area, such as a
specific object in a moving image to be projected, particu-
larly in an area in which the hue changes largely, saturation
in the area in the print image is suppressed to low and
breaking of color reproduction as time elapses is suppressed,
and on the other hand, in an area in which the hue in the
moving image to be projected does not change largely,
saturation is not suppressed and the effect to extend the D
range and the color gamut at the time of the projection in an
overlapping manner is sought. By doing so, it is also
possible to obtain the effect by the projection in an over-
lapping manner while avoiding breaking of an image due to
the change (see FIG. 6).

[0046] Inthe present embodiment, by the method in which
all the frames of the input moving image are referred to and
the maximum pixel value at each pixel position is adopted,
the print image, which is the source of the printed matter, is
generated. By this method, in the area of the object 410 like
a jewel described previously in which the color change, for
example, from red to green and then to blue, I (x, y) of each
channel of RGB will be as follows. Here, it is assumed that
the RGB value representing red is (65535, 0, 0), the RGB
value representing green is (0, 65535, 0), and the RGB value
representing blue is (0, 0, 65535). Then, the RGB value of
1 (x, y) of each channel in a case where the processing is
completed for all times t will be (65535, 65535, 65535). That
is, the RGB value represents white. In this manner, in the
area of the object 410 like a jewel, saturation is suppressed.
Further, the RGB value representing red may be, for
example, (54000, 0, 0), that is, each value of RGB is not
required to be “65535”, which is the maximum value. The
same applies to green and blue. In this case, the RGB value
of I (x,y) is (54000, 54000, 54000) and represents gray close
to white, and therefore, it is also possible to suppress
saturation. In a case where each value of RGB approximates
to one another, the effect of saturation reduction is obtained,
and therefore, the values do not need to be the same
completely. In this manner, in each pixel, the maximum
value remains and the color becomes close to white, and
therefore, saturation is suppressed finally. On the other hand,
at the portion other than the object 410 (image area in which
the color hardly changes as time elapses), the RGB value
whose value is almost constant across a plurality of frames
remains as it is, and therefore, it is possible to keep satura-
tion as it is.

<Modification Example>

[0047] Inthe present embodiment, in order to put the color
close to white for which it is possible to use the D range of
the projector 110 as it is (on the basis of white screen), the
maximum value at each pixel position is adopted for each
channel of RGB, but it may also be possible to put the color
close to, for example, gray. That is, it may also be possible
to adopt one close to the intermediate value (“32768” in a
case of 16 bits) at each pixel position. Further, in a case
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where many colors are caused to make a transition, it is
supposed that the average value of the colors becomes close
to an achromatic color, and therefore, it may also be possible
to adopt the average value in place of the maximum value.
[0048] Furthermore, in the present embodiment, the satu-
ration reduction processing is performed for the entire object
whose color changes, but it may also be possible to perform
the saturation reduction processing by excluding the edge
portion of the object. Specifically, it may also be possible to
extract the edge component of an object whose color
changes, to perform the saturation reduction processing by
taking only the internal area thereof as a target, and to leave
the non-edge component as it is.

[0049] Further, in the present embodiment, a print image
is generated from an input moving image, but this is not
limited. For example, it may also be possible to generate a
print image by performing processing to rewrite the RGB
value of each pixel configuring an object whose color
changes in a still image prepared by capturing the same
scene as that of an input moving image so that each value
becomes the same. At this time, by replacing one of the three
components of RGB with the maximum value, a color closer
to white is obtained. Further, it may also be possible to
replace the three components of RGB with the average value
of the three components of RGB. In this manner, it is also
possible to perform the method of reducing saturation with-
out referring to an input moving image.

[0050] As above, according to the present embodiment, a
print image is generated by taking into consideration the
change over time of a part of an object in a plurality of
projection images. Due to this, in a case where at least two
projection images whose color of a part of an object is
different are projected onto printed matter in an overlapping
manner, it is possible to prevent the portion at which it is
desired to cause a change in color to occur in a reproduced
image from becoming dark.

[Second Embodiment]

[0051] In the first embodiment, the aspect is explained in
which a print image is generated from a moving image
planned to be used as a projection image and the moving
image is projected onto the obtained printed matter in an
overlapping manner. In a case of this aspect, it is possible to
suppress the portion at which it is desired to cause a change
in color to occur in a reproduced image from being repro-
duced as a dark color, but at the same time, there is a
disadvantage that the reproduced image becomes a color too
bright and vivid on the whole. Consequently, an aspect is
explained as a second embodiment in which a projection
image is reconstructed in accordance with a print image so
as to prevent such a disadvantage from occurring in a
reproduced image.

[0052] Explanation of the contents in common to those of
the first embodiment, such as the basic configuration of the
display system, is omitted and in the following, different
points are explained mainly.

[0053] FIG. 8 is a function block diagram showing a
software configuration of the PC 100 according to image
processing of the present embodiment. The PC 100 of the
present embodiment has a luminance information derivation
unit 801, a reflectance information derivation unit 802, and
a projection image generation unit 803, in addition to the
buffer processing unit 201, the data format conversion unit
202, and the print image generation unit 203. FIG. 9 is a
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flowchart showing a flow of the entire image processing in
the present embodiment. In the following, along the flow in
FIG. 9, processing in each function block shown in FIG. 8
is explained.

[0054] S901 and S902 correspond to S301 and S302,
respectively, in the flow in FIG. 3 of the first embodiment.
That is, after input moving image data is stored in the RAM
102 by the buffer processing unit 201, the input moving
image data is converted into moving image data in which
each pixel within a frame has the RGB value by the data
format conversion unit 202.

[0055] At S903, the luminance information derivation unit
801 derives luminance information from the input moving
image after the data format conversion. Specifically, the
luminance information derivation unit 801 converts the
RGB value of each pixel in each frame of the input moving
image into device-independent tri-stimulus value XYZ
(hereinafter, simply described as “XYZ”) representing lumi-
nance. Here, the way of thinking in a case where luminance
information is derived from an input moving image is
explained. Generally, in a digital camera, physical lumi-
nance information (XYZ) of a scene to be captured is
converted into a signal value by an image capturing sensor
and then stored. The signal value thus stored has a linear
relationship with the luminance information before the con-
version. Then, a specific correspondence relationship
between the luminance information and the signal value
changes depending on the exposure condition at the time of
image capturing. In the present embodiment, an LUT
describing a correspondence relationship between lumi-
nance information and a signal value in an image capturing
sensor of a camera having captured an input moving image
is prepared and stored in advance for each exposure condi-
tion. Then, it is assumed that a signal value corresponding to
luminance information is determined by referring to an LUT
in accordance with the exposure condition at the time of
image capturing (hereinafter, called “image capturing char-
acteristics LUT”). It is possible to create the image capturing
characteristics LUT by capturing various reference objects
whose luminance value is different and already known under
a plurality of exposure conditions and storing the captured
image data in association with the luminance value and the
signal value. Further, by applying predetermined gamma
characteristics taking into consideration the human visual
characteristics to the signal value determined by referring to
the image capturing characteristics LUT, the conversion into
the pixel value (here, RGB value) is performed. Conse-
quently, by tracing the course of the conversion reversely, it
is also possible to convert the RGB value into luminance
information. A specific conversion procedure at this time is
as follows. First, by performing inverse conversion with the
above-described gamma characteristics for the RGB value,
the RGB value is converted into a signal value. Then, the
signal value is converted into luminance information by
acquiring and referring to the exposure condition at the time
of'image capturing of the input moving image and the image
capturing characteristics LUT at that time. In this manner,
luminance information on each pixel position in each frame
of the input moving image is obtained. It may also be
possible to create in advance the image capturing charac-
teristics LUT taking into consideration the operation by the
gamma characteristics and to enable inter-conversion
between the RGB value and the luminance information by
one-time processing. In either case, at this conversion step,
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conversion is performed so that, for example, in a case of (R,
B)=(10000, 22000, 16000), (X, Y, Z)=(2200, 4000, 3500) is
obtained, in a case of (R, B)=(1700, 3200, 2500), (X, Y,
Z)=(500, 630, 600) is obtained, and so on.

[0056] At S904, the print image is generated from the
input moving image by the print image generation unit 203.
Details of the generation of the print image are already
explained at S304 to S309 of the flow in FIG. 3 of the first
embodiment, and therefore, explanation is omitted.

[0057] Next, at S905, the reflectance information deriva-
tion unit 802 derives reflectance information from the print
image generated at S904. Here, the reflectance information
is data in the array format like an image having the same size
as that of the print image and as the pixel value thereof, the
reflectance information has a value not less than 0 and not
more than 1, which represents the reflectance of the printed
matter (for XYZ) in a case where the print image is output
by the printer 109. Here, the way of thinking at the time of
deriving reflectance information from a print image is
explained. Here, it is assumed that the printer 109 is an ink
jet printer. In a case of the ink jet scheme, printed matter is
obtained by ejecting color materials (inks) onto a printing
medium (sheet) in accordance with the RGB value specified
by print image data and by the ejected inks penetrating into
the sheet and fixing therein. The color of the printed matter
is represented by the reflectance on the sheet surface chang-
ing in accordance with the ink having fixed. Consequently,
the RGB value of the print image data, which is input to the
printer 109, and the reflectance of the sheet (printed matter)
correspond to each other. Then, in the present embodiment,
the reflectance information is obtained from the print image
by preparing and storing in advance an LUT (hereinafter,
referred to as “print characteristics LUT”) in which the
correspondence relationship between the RGB value of the
print image and the reflectance on the printed matter is
described and by referring to the print characteristics LUT.
The print characteristics LUT is data indicating the charac-
teristics across the entire range of the RGB value, in which
that in a case where the printer 109 outputs a specific RGB
value for a certain pixel, the pixel has specific reflectance for
XYZ is specified in association. For example, such a cor-
respondence relationship is specified in which in a case
where the input value is (R, B)=(0, 0, 0), the reflectance is
(0.023, 0.025, 0.020), in a case where the input value is
(46260, 46260, 46260), the reflectance is (0.40, 0.42, 0.38),
and so on. It is possible to create the print characteristics
LUT by printing an outputting a patch chart having various
RGB values by the printer 109, measuring the reflectance of
the output patch by using a colorimeter, and storing the RGB
value and the reflectance in association with each other.

[0058] At S906, the projection image generation unit 803
reconstructs the moving image to be projected onto the
printed matter by the projector 110 from the input moving
image based on the luminance information derived at S903
and the reflectance information derived at S905. Here, the
way of thinking at the time of generating the projection
image from the input moving image is explained. First, the
luminance in the reproduced image obtained by the projec-
tion image being projected onto the printed matter in an
overlapping manner is represented by equation (1) below.

luminance in reproduced image=luminance of light
illuminating reproduced imagexreflectance of

printed matter equation (1)
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[0059] However, here, it is assumed that ambient light is
ignored and it is possible to approximate the light illumi-
nating the reproduced image only to the projection light by
the projector 110. That is, “luminance of light illuminating
reproduced image” =“luminance to be projected by projec-
tor”. Then, it is assumed that the target to be reproduced in
the reproduced image is the scene itself represented by the
input moving image (scene-faithful reproduction). The tar-
get in this case is equal to the luminance information derived
at S903. Consequently, a relationship of “luminance in
reproduced image”=“target to be reproduced”="derived
luminance information’ holds. Further, the reflectance of the
printed matter is acquired as the reflectance information at
S905. Then, because of the faithful reproduction of the
target, it is possible to represent the luminance to be pro-
jected by the projector 110 by equation (2) below.

luminance to be projected by projector=luminance

information=reflectance information equation (2)

[0060] Here, the right side of the above-described equa-
tion (2) is already known, and therefore, it is possible to find
the left side. That is, the result of dividing the target
luminance by the reflectance of the printed matter is the
luminance in the moving image to be projected. In this
manner, the luminance to be projected by the projector 110
is known. In the present embodiment, the XYZ value is
obtained as the luminance information and the Y component
is shown as an example. For example, it is assumed that the
XYZ value=(500, 630, 600) is found from the RGB value=
(1700, 3200, 2500) of the input moving image at a certain
pixel position (X, y). In this case, the target to be reproduced
of the Y component is “630”. Next, it is assumed that the
RGB value I (%, y) of the print image at the above-described
pixel position (X, y) is determined as I (x, y)=(46260, 46260,
46260). The reflectance for the value of the Y component in
the print image at this time is “0.42” as described previously.
The value of the Y component to be reproduced finally in the
reproduced image is “630” and the reflectance at that portion
is “0.42”, and therefore, the value of the Y component to be
projected by the projector is found as 630+0.42=1,500.

[0061] Then, the luminance to be projected by the projec-
tor 110 is known, and therefore, the pixel value (RGB value)
of the projection image is found from the luminance. In the
present embodiment, an LUT (hereinafter, called “projection
characteristics LUT”) in which a correspondence relation-
ship between the pixel value of the projection image input to
the projector 110 and the luminance information (XYZ) on
the light to be projected is described is prepared and stored
in advance. Then, by referring to the projection character-
istics LUT, the RGB value of each frame of the projection
image is obtained from the luminance (XYZ value) to be
projected by the projector. The projection characteristics
LUT is an LUT specifying the relationship between the input
pixel value (RGB value) to the projector 110 and the XYZ
value in the projection image for the entire range of the pixel
value. For example, in a case where the input pixel value is
(R, B)=(12000, 12000, 12000), (X, Y, Z)=(240, 250, 270) is
obtained. Further, in a case where (R, B)=(23000, 23000,
23000), (X, Y, Z)=(1400, 1500, 1600) is obtained. The
correspondence relationship such as this is specified. It is
possible to create the projection characteristics LUT by
projecting and outputting a patch chart having various RGB
values by the projector 110, measuring the luminance (XYZ
value) of the output patch by using a colorimeter, and storing
the RGB value and the XYZ value in association with each
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other. Then, by referring to the projection characteristics
LUT such as this, the luminance to be projected by the
projector 110 is converted into the RGB value of each frame
of the projection image. For example, in a case where the
luminance value to be projected by the projector is (X, Y,
7)=(1400, 1500, 1600), from the specific example of the
projection characteristics LUT described above, it is known
to perform conversion into (R, B)=(23000, 23000, 23000).

[0062] There may be a case where the “luminance to be
projected by the projector”, which is an input value, exceeds
the luminance that can be output by the projector 110 in the
conversion using the projection characteristics LUT. In the
case such as this, it is not possible to convert the luminance
as it is into the RGB value, which is the output value of the
projection image, and therefore, it is better to perform
conversion after performing the processing, such as clip-
ping, linear compression, and gamma correction, for the
“luminance to be projected by the projector”. Lastly, by
encoding the set of the pixel values in units of frames thus
obtained into an appropriate moving image format, a pro-
jection image is completed.

[0063] The above is the contents of the image processing
of the present embodiment, in which reconstruction of an
optimum projection image is also performed, in addition to
generation of a print image.

<Modification Example>

[0064] In the present embodiment, by referring to the
image capturing characteristics LUT corresponding to the
exposure condition at the time of capturing the input moving
image, the luminance information is obtained from the input
moving image. However, what is required is that it is
possible to obtain the luminance information corresponding
to the input moving image at S903, and therefore, the
method is not limited to the example described above. For
example, it may also be possible to include a reference
object whose luminance information is already known at the
time of capturing the input moving image and to obtain the
XYZ value from the RGB value of the entire input moving
image by taking the RGB value of the reference object
portion as a reference.

[0065] Further, for example, the image capturing charac-
teristics LUT that is referred to in order to obtain the
luminance information is normally a 3-t0-3 LUT between
RGB and XYZ, but the LUT is not limited to this. It may
also be possible to prepare three kinds of one-dimensional
LUT, that is, R-X, G-Y, and B-Z, and to apply these LUTs
by making use of the fact that the tendency is similar on the
whole between the RGB color space and the XYZ color
space. Further, it may also be possible to prepare only one
kind of LUT, such as white light luminance (=Y), and to
apply the LUT to three pairs of R-X, G-Y, and B-Z. Due to
this, it is possible to simplify creation of the image capturing
characteristics LUT and conversion processing using the
image capturing characteristics LUT.

[0066] As above, according to the present embodiment, a
projection image that is projected onto printed matter in an
overlapping manner is reconstructed based on a generated
print image by also taking into consideration the printing
characteristics of a printer and the projection characteristics
of a projector. Due to this, it is made possible to obtain a
reproduced image more faithful to the scene of the input
moving image.
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[Third Embodiment]

[0067] In the first and second embodiments, the print
image is generated by referring to the RGB value of each
frame of the input moving image. In this case, the processing
is comparatively simple, but the color specified by the RGB
value and the appearance (visual impression) of the image
do not necessarily coincide well with each other. Conse-
quently, an aspect is explained as a third embodiment in
which a print image further taking into consideration a
visual impression is generated. Explanation of the contents
in common to those of the first and second embodiments is
omitted and in the following, different points are explained
mainly.

[0068] In the present embodiment, an example is
explained in which the print image generation unit 230
generates a print image from an input moving image by
performing image processing via the L*a*b* color space,
which is one of uniform color spaces. Hereinafter, for
simplification, * is omitted and “L*a*b*” is simply
described as “Lab”.

[0069] FIG. 10 is a flowchart showing a flow of print
image generation processing according to the present
embodiment, which corresponds to the flow in FIG. 3 of the
first embodiment. In the following, detailed explanation is
given with reference to the flow in FIGS. 10.

[0070] S1001 and S1002 correspond to S301 and S302,
respectively, in the flow in FIG. 3 of the first embodiment.
That is, after input moving image data is stored in the RAM
102 by the buffer processing unit 201, the input moving
image data is converted into moving image data in which
each pixel within a frame has the RGB value by the data
format conversion unit 202.

[0071] AtS1003, a frame of interest is determined from all
the frames configuring the input moving image. At S1004, a
pixel of interest within the frame of interest is determined.
Usually, the pixel of interest is determined in order from the
pixel located at the top left of the frame. At S1005 that
follows, the RGB value of the pixel of interest is converted
into the Lab value. This conversion is performed by prepar-
ing and storing in advance a LUT in which the color
reproduction characteristics of the printer 109, that is, the
value in the Lab color space corresponding to the RGB value
to be input to the printer 109 is described, and by referring
to the LUT. This LUT is the “color reproduction character-
istics LUT” shown in FIG. 2. In the color reproduction
characteristics LUT, a relationship, such as one in which in
a case where the RGB value is (25000, 25000, 25000), the
Lab value is (41.0, 0.33, 0.82), in a case where the RGB
value is (65535, 0, 0), the Lab value is (53.9, 68.9, 52.0), and
so on, is specified. This color reproduction characteristics
LUT is obtained by outputting a patch chart of various RGB
values by the printer 109, measuring the output patch by a
colorimeter, and storing the RGB value and the Lab value in
association with each other. Then, at S1006, whether the
processing is completed for all the pixels within the frame of
interest is determined. In a case where there is an unpro-
cessed pixel, the processing returns to S1004, and the next
pixel of interest is determined and the processing is contin-
ued. In a case where all the pixels are processed, the
processing advances to S1007. At S1007, whether the pro-
cessing is completed for all the frames of the input moving
image is determined. In a case where there is an unprocessed
frame, the processing returns to S1003, and the next frame
of interest is determined and the processing is continued.
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[0072] In a case where the processing up to this step is
completed and the Lab values of all the pixels of all the
frames of the input moving image are obtained, the process-
ing advances to S1008. The Lab value of each pixel after the
conversion means the Lab value corresponding to each pixel
in a case where each frame of the input moving image is
printed and output from the printer 109. Here, it is assumed
that the RGB value of the frame at time t of the input moving
image is represented as V (1, x, y) and the Lab value of the
frame at time t after the conversion is represented as L (t, x,
¥)-

[0073] At S1008, the pixel position of interest (X, y) is
determined. At S1009 that follows, the representative Lab
value through all the frames at the pixel position of interest
(%, y) is found. Specifically, a distribution average of L (t, X,
y) across all the frames at the pixel position of interest (X, y)
is found and the Lab value at the pixel position is taken as
the representative Lab value. Hereinafter, the representative
Lab value is described as L_rep (x, y). FIG. 11 is an
explanatory diagram of the representative Lab value and on
the a-b plane of the Lab color space, a distribution of the Lab
value that changes with time at two kinds of arbitrary pixel
position, that is, (x1, y1) and (x2, y2), is indicated by black
circle plot points. A plot point group 1101 is a distribution
example of the Lab value for a certain pixel whose color
changes comparatively. Then a solid white point 1102 indi-
cates a distribution average (average Lab value) of the plot
point group 1101. The Lab value at the solid white point
1102 is adopted as a representative Lab value (L_rep (x1,
y1)) at the arbitrary pixel position (x1, y1). On the other
hand, a plot point group 1104 is a distribution example of a
pixel whose change in color is comparatively small. Then, a
solid white point 1105 indicates a distribution average
(average Lab value) of the plot point group 1104. The Lab
value at the solid white point 1105 is adopted as a repre-
sentative Lab value (L_rep (X2, y2)) at the arbitrary pixel
position (x2, y2).

[0074] At next S1010, whether the distribution of the Lab
value through all the frames at the pixel position of interest
(%, y) is included within a predetermined range on the a-b
plane is determined. This determination is for checking
whether the pixel of interest is a pixel whose change in color
is large or a pixel whose change in color is small. In the
present embodiment, whether or not the distribution range
on the a-b plane of the Lab value (L (t, X, y)) through all the
frames at the pixel position of interest (x, y) is included
inside a circle having a predetermined radius of th_r with the
representative Lab value as a center. In the example in FIG.
11, whether or not the distribution range of the plot point
group 1101 is included inside a circle 1103 and the distri-
bution range of the plot point group 1104 is included inside
a circle 1106 are determined, respectively. As actual pro-
cessing, it is sufficient to check whether the distance on the
a-b plane between the Lab value and the representative Lab
value at each plot point is less than or equal to a predeter-
mined threshold value of th_r. In the example in FIG. 11, for
the plot point group 1101, the distribution range is not
included inside the circle 1103, and therefore, it is deter-
mined that the pixel of interest is a pixel whose change in
color is large. On the other hand, for the plot point group
1104, the distribution range is included inside the circle
1106, and therefore, it is determined that the pixel of interest
is a pixel whose change in color is small. At this time, which
value the radius th_r of the circle is set to is arbitrary and the
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radius is determined with reference to the relationship
between a color difference AE and visual characteristics. For
example, such a value as th_r=10 is set. In a case where the
results of the determination indicate that the distribution of
the Lab value through all the frames at the pixel position of
interest is included within the predetermined range on the
a-b plane, the processing advances to S1012. On the other
hand, in a case where it is determined that the distribution is
not included within the predetermined range, the processing
advances to S1011.

[0075] At S1011, processing to adjust the representative
Lab value of each pixel determined at S1109 so that satu-
ration is reduced while keeping brightness and hue. In the
present embodiment, an upper limit value of th_C of the
saturation is determined in advance and the value of [._rep
(X, y) is adjusted so that the saturation of the representative
Lab value (L_rep (x, y)) becomes lower than or equal to the
upper limit th_C. Specifically, the representative Lab value
is reduced so that the distance from the origin does not
exceed the upper limit value th_C while keeping the incli-
nation from the origin on the a-b plane of the representative
Lab value. This is equivalent to moving the solid white point
1102 to a solid white point 1102' whose distance from the
origin is equal to the upper limit value th_C. Due to this, it
is possible to reduce the saturation of the pixel in the print
image, which corresponds to a pixel of the input moving
image, whose change in color is comparatively large. In a
case where the saturation of the representative Lab value is
lower than the upper limit value th_C, the adjustment of
saturation is not performed. The reason is that in the pixel,
the change in color is comparatively large, but the change is
in the vicinity of achromatic color, and therefore, the satu-
ration is sufficiently low already and the degree of necessity
to reduce saturation is low. Which value the upper limit
value th_C is set to at the time of determining whether or not
saturation adjustment is necessary is arbitrary and for
example, it is sufficient to set the value to the same value as
th_r specifying the radius of the above-described circle.
[0076] At S1012, whether the processing is completed for
all the pixel positions is determined. In a case where there
is an unprocessed pixel position, the processing returns to
S1008, and the next pixel position of interest (x, y) is
determined and the processing is continued. In a case where
the processing is completed for all the pixel positions, the
processing advances to S1013.

[0077] At S1013, the representative Lab values of all the
pixels are converted into the RGB values. It may be possible
to perform this conversion by performing inverse conversion
using the color reproduction characteristics LUT described
previously. In this manner, the image in which each pixel has
the RGB value, which is obtained by performing the image
processing via the Lab color space, a uniform color space, is
output as the print image.

[0078] The above is the contents of the print image data
generation processing according to the present embodiment.

<Modification Example>

[0079] In the present embodiment, even in a case where it
is determined that the change in color is large (Yes at
S1010), on a condition that the saturation of the represen-
tative Lab value is lower than the upper limit value deter-
mined in advance, the saturation is regarded as being suf-
ficiently low and the saturation adjustment is not performed.
However, it may also be possible to perform predetermined
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saturation reduction processing in a case where the change
in color is larger than or equal to a predetermined level. For
example, the representative Lab value is changed so as to
coincide with the Lab value whose saturation is the mini-
mum of the Lab values distributed on the a-b plane, the
saturation of the representative Lab value is multiplied by a
predetermined reduction constant (for example, 0.5), and so
on. As described above, it may also be possible to perform
the adjustment processing to reduce saturation for all the
pixels whose change in color is larger than or equal to a
predetermined level.

[0080] Further, in the present embodiment, in order to
check whether the pixel of interest is a pixel whose change
in color is large or a pixel whose change in color is small,
whether or not the distribution of the Lab value is included
within the predetermined circle on the a-b plane from the
representative Lab value is determined. However, the deter-
mination method is not limited to this and for example, it
may also be possible to find the hue angle of the distribution
of the Lab value and to determine whether or not the
difference between the maximum value and the minimum
value of the hue angle is included within a predetermined
range.

[0081] Further, in the present embodiment, after all the
pixel values of all the frames are converted into the Lab
values, the representative Lab value at each pixel position is
determined and the adjustment to change the representative
Lab value from the point of view of saturation and hue is
performed. However, for example, it may also be possible to
perform processing in the form of the flow in FIG. 3 of the
first embodiment. That is, first, as the initial value of all the
pixel values of the print image, all the pixel values after the
color conversion in the top frame of the input moving image
are adopted. Next, in the frame at each time t of the input
moving image, the RGB value of each pixel is converted
into the Lab value. Then, for each pixel, the Lab value is
updated so that the value that is larger is left for the L
component and the value whose absolute value is smaller is
left for the a component and the b component, respectively.
This is performed for all times t and the Lab value of each
pixel, which is left finally, is converted into the RGB value
and this is taken at the print image. By doing the above, the
similar print image as that of the present embodiment is also
obtained.

[0082] Further, in the present embodiment, by using the
color reproduction characteristics LUT of the printer, the
Lab value for generating the print image is derived. How-
ever, for example, it may also be possible to handle the RGB
value of each frame of the input moving image as, for
example, the value in the device-independent sSRGB color
space and to find the Lab value from a predetermined
calculation equation on the assumption of a light source
environment, such as D50.

[0083] According to the present embodiment, the bright-
ness, saturation, and hue of the pixel in each frame are
determined via a uniform color space closer to human
senses, and therefore, compared to the first embodiment, it
is possible to evaluate which frame has higher saturation and
the like with a higher accuracy.

[Fourth Embodiment]

[0084] In the embodiments described above, the print
image is generated based on only the frame configuring the
input moving image. Next, an aspect is explained as a fourth
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embodiment, in which a print image is generated by adding
information specified by a user. In the following, explana-
tion is given based on the third embodiment, however, it is
also possible to combine the present embodiment with the
first and second embodiments. Explanation of the contents
in common to those of the preceding embodiments is
omitted and in the following, different points are explained
mainly.

[0085] FIG. 12 is a function block diagram showing a
software configuration of the PC 100 based on FIG. 2
described previously according to image processing of the
present embodiment. The PC 100 of the present embodiment
includes the buffer processing unit 201, the data format
conversion unit 202, the print image generation unit 203,
and a user specified-information processing unit 1201. Com-
pared to the function block diagram in FIG. 2 on which FIG.
12 is based, a large different lies in that the user specified-
information processing unit 1201 is added. The user speci-
fied-information processing unit 1201 receives a still image
reflecting the intention of a user for a print image and area
specification instructions to limit the area for which image
processing is performed to a part of the area via a user
interface and delivers them to the print image generation
unit 203 as user specified-information. Then, the print image
generation unit 203 of the present embodiment generates a
print image in accordance with the user specified-informa-
tion. FIG. 13 is a flowchart showing a flow of print image
generation processing according to the present embodiment.
In the following, explanation is given along the flow in
FIGS. 13.

[0086] S1301 and S1302 correspond to S1001 and S1002,
respectively, in the flow in FIG. 10 of the third embodiment.
That is, after input moving image data is stored in the RAM
102 by the buffer processing unit 201, the input moving
image data is converted into moving image data in which
each pixel within a frame has the RGB value by the data
format conversion unit 202.

[0087] At S1303, the user specified-information process-
ing unit 1201 acquires data of the still image specified by a
user (hereinafter, called “user specified-image”). In a case of
the present embodiment, one frame selected by a user from
among a plurality of frames configuring the input moving
image is acquired as a user specified-image. FIG. 14 is an
example of a user interface screen (Ul screen) that is
displayed on the monitor 108 at the time of a user selecting
an arbitrary frame from the input moving image. On the left
side of a Ul screen 1400 in FIG. 14, a display field 1401 in
which an input moving image is displayed in units of frames,
a seek bar 1402 corresponding to the entire time of the input
moving image, and a slider 1403 indicating which position
the frame being displayed is located at for the entire time
exist. The position of the slider 1403 and the frame being
displayed are interlocked with each other and a user selects
a desired frame by moving the slider 1403 by operating a
cursor 1404 with a mouse or the like. Further, on the right
side of the UI screen 1400, an instruction field 1405 for
performing color tone correction for the frame being dis-
played relating to the user selection exists. In the example in
FIG. 14, as one example of color tone correction, a graph for
adjusting a tone curve is displayed in the instruction field
1405. It is possible for a user to correct a color tone into a
desired color tone by performing a drug operation with the
mouse or the like by putting the cursor 1404 on the tone
curve. In a case where a user presses down a Determine
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button 1406 at the point in time at which a frame with a
preferred color tone is obtained, the frame for which the
color tone correction has been performed is acquired as a
user specified-image.

[0088] At S1304, the user specified-information process-
ing unit 1201 acquires a weight w for the user specified-
image acquired at S1303. It is assumed that the weight w is
a real number not smaller than O and not larger than 1
(O=w=1). It may also be possible to acquire a specified value
determined in advance or for a user to specify an arbitrary
value. Here, subsequent explanation is given on the assump-
tion that w=0.5 is acquired.

[0089] At S1305, as at S1005 in the flow in FIG. 10 of the
third embodiment, the RGB value in the user specified-
image acquired at S1303 is converted into the Lab value by
referring to the color reproduction characteristics LUT.
[0090] At S1306, the user specified-information process-
ing unit 1201 sets a processing area for each frame of the
input moving image. FIG. 15 is an example of a Ul screen
at the time of a user specifying a specific area for the frame
being selected (drawing of elements not in relation to this
step is omitted). A user draws a rectangle 1501 within a
target frame by operating the cursor 1404. At this time, it
may also be possible to make adjustment to further limit the
selected area along the contour component of an object as
implemented by general image processing software (for
example, GIMP or the like). In a case where a user having
specified an arbitrary area presses down an OK button 1502,
the area specified by the above-described rectangle 1501 is
set as a processing area.

[0091] At S1307, by the print image generation unit 203,
each piece of processing at S1003 to S1013 of the flow in
FIG. 10 of the third embodiment is performed for the input
moving image and an print image in which each pixel has
the Lab value is generated. However, the calculation of the
representative Lab value and the saturation adjustment
thereof (S1008 to S1013) are performed only for the pixels
within the processing area set at S1306 as a target. As
described above, by limiting the processing-target area to the
area that needs the processing (the area desired by a user or
the area whose change in color is large), it is possible to
reduce the total processing time.

[0092] At S1308, by referring to the weight w of the user
specified-image, which is acquired at S1304, correction
processing to put the Lab value of each pixel of the print
image generated at S1307 (for the pixel within the process-
ing area, the representative Lab value) closer to the Lab
value of the corresponding pixel in the user specified-image
is performed. Specifically, the ab components in the Lab
value at a point that internally divides the coordinates on the
a-b plane of the Lab value of the print image and those of the
user specified-image in a ratio of w: (1-w) is taken as the ab
components of the Lab value of a new print image. In a case
of the present embodiment, the weight w=0.5, and therefore,
the ab components of the Lab value of the new print image
are the average value of the Lab value of the print image and
the Lab value of the user specified-image. In a case where
the value of the weight w is larger than 0.5, the ab compo-
nents of the Lab value of the print image become closer to
the ab components of the Lab value of the user specified-
image. For the value of the [ component, it is sufficient to
take the value of the L. component in the Lab value of the
user specified-image as the value of the I component in the
Lab value of the new print image.
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[0093] Lastly, at S1309, the corrected Lab values of all the
pixels in the print image are converted into the RGB values.
This conversion processing is the same as that at S1013 in
the flow in FIG. 10 of the third embodiment and it is
sufficient to perform inverse conversion using the color
reproduction characteristics LUT described previously. In
this manner, the image in which the intention of a user is
reflected more is output as the print image. The above is the
contents of the print image data generation processing
according to the present embodiment.

<Modification Example>

[0094] In the present embodiment, the rectangle, which is
the processing area, is specified by a user with the mouse or
the like, but it may also be possible to automatically set the
processing area based on the change in color in each frame
of the input moving image. Specifically, it is sufficient to
scan each frame of the input moving image, to extract a pixel
whose change in the pixel value as time elapses is large, and
to set the pixel as the processing area. At this time, it may
also be possible to present the extraction results to a user and
to cause the user to set a processing area. It may also be
possible to determine the magnitude of the change in the
pixel value by whether or not the pixel value changes by a
predetermined threshold value or more from the RGB value
in a specific frame, or by whether or not the pixel value
distribution in the RGB color space is included within a
predetermined distance from the average value, or by com-
bining both methods. Further, it may also be possible to
enable a user to directly set a processing target for each
object within a frame.

[0095] Further, in the present embodiment, only for the ab
components of the Lab value of the generated print image,
the processing to put the Lab value closer to the Lab value
of the user specified-image based on the specified weight w
and for the L. component, the Lab value of the user specified-
image is used. This is the result of giving priority to the
intention of a user for the L. component because the lumi-
nance of the reproduced image is affected also by the
brightness of the print image, but not so much compared to
the ab components (saturation, hue components). However,
it may also be possible to put the Lab value closer to the Lab
value of the user specified-image for the I component as in
the case with the ab components.

[0096] Further, in the present embodiment, for the ab
components of all the pixels, the ab components are rewrit-
ten by the ab components at the internally dividing point that
puts the Lab value of the print image closer to the Lab value
of the user specified-image based on the specified weight w.
However, in a case where the color represented by the Lab
value of the print image and the color represented by the Lab
value of the user specified-image are colors close to each
other on the Lab space, the meaning of rewriting is small and
on the contrary, there is a possibility that the slight change
from the color intended by a user is more influential.
Consequently, in a case where the color different AE
between the color represented by the Lab value of the print
image and the color represented by the Lab value of the user
specified-image is smaller than or equal to a predetermined
threshold th_E, it may also be possible to rewrite the Lab
value of the print image by the Lab value of the user
specified-image by giving priority to the intention of a user.
At this time, the threshold value th_E is arbitrary and for
example, th_E may be set to 5.
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[0097] Further, in the present embodiment, the user speci-
fied-image is created based on the frame configuring the
input moving image. However, the creation method is not
limited to this. For example, it may also be possible to create
the user specified-image based on another still image or
another moving image obtained by capturing the same scene
as that of the input moving image. For example, the pro-
jection image may be a moving image for projection onto
only a part of the printed matter, and it may also be possible
to cut out a part of the print image in accordance with the
input moving image and take the cutout image as the user
specified-image. At this time, it may also be possible to
analyze the frame after acquiring the input moving image,
estimate an image file estimated to have captured the same
scene from a predetermined database, and to suggest the
image file to a user as a candidate of the user specified-image
(see FIG. 16). For the analysis such as this, it is possible to
use a publicly known technique to calculate similarity
between images. In a case where the image size is not the
same, it is sufficient to perform resolution conversion pro-
cessing as needed.

[0098] According to the present embodiment, printed mat-
ter in which the intention of a user is reflected more directly
is obtained. Due to this, for example, it is possible to exhibit
even printed matter alone in the state where no projection
image is projected in an overlapping manner by the projector
as printed matter with a tint intended by a user to a certain
extent.

(Other Embodiments)

[0099] In the above-described embodiments, as a projec-
tion image in which the color of a part of an object changes,
a moving image is explained as an example. However, it is
possible to implement projection in which the color of an
object changes similarly also by projecting a plurality of still
images in a switching manner.

[0100] It is also possible to implement the present inven-
tion by supplying a program implementing one or more
functions of the above-described embodiments to a system
or an apparatus via a network or a storage medium and to
cause one or more processors in the computer of the system
or the apparatus to read and execute the program. Further, it
is also possible to implement the present invention by a
circuit (for example, ASIC) implementing one or more
functions.

[0101] 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
computer-readable storage medium’) to perform the func-
tions 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 func-
tions of one or more of the above-described embodiment(s),
and by a method performed by the computer of the system
or apparatus by, for example, reading out and executing the
computer executable instructions from the storage medium
to perform 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 com-
prise one or more processors (e.g., central processing unit
(CPU), micro processing unit (MPU)) and may include a
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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 distributed comput-
ing 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.

[0102] According to the present invention, in a technique
to project an image onto printed matter in an overlapping
manner, a print image for the above-described printed matter
is generated by taking into consideration the change in the
projection image over time. Due to this, it is possible to
suppress trouble that a portion at which it is desired to cause
the change in color to occur in a reproduced image is
reproduced in a dark color.

[0103] 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.

[0104] This application claims the benefit of Japanese
Patent Application No. 2018-100784, filed May 25, 2018
which is hereby incorporated by reference wherein in its
entirety.

What is claimed is:

1. An image processing apparatus that generates a print
image for outputting printed matter onto which two or more
images are projected in an overlapping manner, the appara-
tus comprising:

an acquisition unit configured to acquire an image at least

including an object; and

a first generation unit configured to generate the print

image by performing saturation reduction processing
for an area of the object in the acquired image.

2. The image processing apparatus according to claim 1,
wherein

onto the printed matter, at least a first image and a second

image in which color of the object is different from that
in the first image are projected successively in an
overlapping manner.

3. The image processing apparatus according to claim 1,
wherein

the two or more images are frames configuring a moving

image and

in the moving image, the object changes in color in a time

series.

4. The image processing apparatus according to claim 3,
wherein

the first generation unit performs the saturation reduction

processing in a case where the change in color is larger
than a predetermined threshold value.

5. The image processing apparatus according to claim 3,
wherein

the change in color is a change in hue.

6. The image processing apparatus according to claim 1,
wherein

the two or more images are represented in an RGB color

space and
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the saturation reduction processing is processing to
approximate a pixel value of each channel of RGB in
the area of the object.

7. The image processing apparatus according to claim 6,

wherein

the saturation reduction processing is performed via a
pixel value obtained by converting a pixel value rep-
resented in an RGB color space into a uniform color
space.

8. The image processing apparatus according to claim 7,

wherein

the uniform color space is a Lab color space and

the saturation reduction processing is processing to adjust
a distance from the origin so as not to exceed a
predetermined upper limit value while substantially
keeping an inclination from the origin on an a-b plane
of a pixel value represented in a Lab color space.

9. The image processing apparatus according to claim 3,

wherein

in the saturation reduction processing, for the area of the
object, the maximum pixel value through each of the
frames is adopted for each channel of RGB.

10. The image processing apparatus according to claim 3,

wherein

in the saturation reduction processing, the pixel value of
each channel of RGB in the area of the object whose
color changes in each of the frames is rewritten to the
same value.

11. The image processing apparatus according to claim 1,

wherein

the saturation reduction processing is performed by
excluding an edge portion of the area of the object.

12. The image processing apparatus according to claim 3,

further comprising:

a second generation unit configured to generate the mov-
ing image based on the print image generated by the
first generation unit.

13. The image processing apparatus according to claim

12, wherein

the second generation unit generates a moving image so
that a result of dividing target luminance in a result of
the projection onto the printed matter being performed
by reflectance of the printed matter becomes luminance
in the moving image to be projected.

14. The image processing apparatus according to claim 1,

further comprising:

a user interface receiving specification relating to genera-
tion of the print image, wherein

the first generation unit generates the print image based on
information specified via the user interface.

15. The image processing apparatus according to claim

14, wherein

information specified by a user via the user interface is
data of a still image at least including the object whose
color changes, in which intention of a user for the print
image is reflected and
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the first generation unit generates the print image by
performing processing to put the print image close to
the still image.

16. The image processing apparatus according to claim

14, wherein

information specified by a user via the user interface is
information relating to an area for which the saturation
reduction processing is performed and

the first generation unit performs the saturation reduction
processing for an area specified by the information.

17. A display system that projects two or more images
onto printed matter in an overlapping manner by using a
projector, wherein

at least two images of the two or more images include the
same object as that existing in an image printed on the
printed matter and whose color is different and

saturation of an area of the object in the image printed on
the printed matter is low compared to saturation of an
area corresponding to the two or more images.

18. A method in an image processing apparatus that
generates a print image for outputting printed matter onto
which two ore more images are projected in an overlapping
manner, the method comprising the steps of:
acquiring, by an acquisition unit of the image processing
apparatus, an image at least including an object; and

generating, by a generation unit of the image processing
apparatus, the print image by performing saturation
reduction processing for an area of the object in the
image acquired at the acquisition step.

19. Amethod in a display system that projects two or more
images onto printed matter in an overlapping manner by
using a projector, the method comprising the step of:

projecting, by a projection unit of the display system, at

least two images including the same object as that
existing in an image printed on the printed matter and
whose color is different, wherein

saturation of an area of the object in the image printed on
the printed matter is low compared to saturation of an
area corresponding to the at least two images.

20. A non-transitory computer readable storage medium
storing a program for causing a computer to perform a
method in an image processing apparatus that generates a
print image for outputting printed matter onto which two or
more images are projected in an overlapping manner, the
method comprising the steps of:
acquiring, by an acquisition unit of the image processing
apparatus, an image at least including an object; and

generating, by a generation unit of the image processing
apparatus, the print image by performing saturation
reduction processing for an area of the object in the
image acquired at the acquisition step.
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