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(57) Abstract: A catalog of images whose lightness has been changed in accordance with human vision is generated. Images (S11
~ §15) are generated so as to respectively have reference shadow lightness, reference highlight lightness, desired lightness, lightness
that is visually perceived to evenly divide the lightness between the image of the reference shadow lightness and the image of the
desired lightness (S11 and S13), and lightness that is visually perceived to evenly divide the lightness between the image of the
desired lightness and the image of the reference highlight lightness (S13 and S12). The images (S11 ~ S15) are included in a catalog
image (GO).
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DESCRIPTION

APPARATUS AND METHOD FOR GENERATING CATALOG IMAGE AND PROGRAM
THEREFOR

Technical Field

The present invention ‘relates to an apparatus and a method
for generating a catalog image by generating a plurality of images
to be included in the catalog image from the same image, while Varying
the lightness thereof. The present invention also relates to a

prdgram for causing a computer to execute the method.

Background Art

When an image obtained by a digital camera or the like is
printed, image processing such as lightness conversion processing,
gradation conversion processing, white balance adjustment
processing, color conversion processing, and sharpness processing
is carried oud:~ thereon. The image after the image processing is then
printed to obtain a print of a desired image quality. However, in
conventional image processing, only one kind of parameter can be
specified in each type of processing. Therefore, printing needs to
be carried out repeatedly while changing a parameter in a trial and
error manner until a print of a desired image quality can be obtained.

For this reason, a system has been proposed in Japanese
Unexamined Patent Publication No. 11(1999)-136528 for letting a user
select a desired one of images from a catalog image. In this system,
processed images are obtained through image processing on the same
image with use of various kinds of parameters whose values are set
differently, and a catalog image is generated that includes the
processed images. According to this system, a trial and error
process is not necessary, and an image of a desired image quality
can be obtained efficiently.

In the case where a parameter of lightness has been changed
in image processing, the change in the parameter does not necessarily

agree with a change of lightness perceived by human vision. For
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example, in the case where the value of the parameter of lightness

has been doubled, the. lightness of an image before and after the

‘change does not seem to be doubled to human vision.

In the system described in Japanese Unexamined Patent
Publication No. 11(1999)-136528, a range of change in each of the
parameters is predetermined. Therefore, although parameters of
various kinds are used for lightness, a degree of change in each
of the parameters is predetermined. Consequently, the change does
not agree with the change in lightness perceived by human vision,
and a trial and error process still needs to be carried out until
an image having lightness satisfying a user can be obtained.

The present invention has been conceived based on
consideration of the above circumstances. An object of the present
invention is therefore to generate a catalog of images whose
lightness has been changed to become appropriate for perception by

human vision.

Disclosure of Invention

A catalog image generation apparatus of the present invention
comprises:

image generation means for generating, from image data
representing an image, a reference shadow image wherein a main
subject of the image has a reference shadow lightness, a reference
highlight image wherein the main subject has a reference highlight
lightness, and a desired lightness image wherein the main subject
has a desired lightness, and for generating from the image data at
least one first intermediate lightness image having lightness that
is visually perceived to evenly divide the lightness between the
reference shadow image and the desired lightness image, and at least
one second intermediate lightness image having lightness that is
visually perceived to evenly divide the lightness between the
reference highlight image and the desired lightness image; and

catalog image generation means for generating a catalog image
in which the reference shadow image, the at least one first

intermediate lightness image, the desired lightness image, the at
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least one second intermediate lightness image, and the reference
highlight image are arranged. '

The reference shadow lightness refers to lightness that barely
causes the main subject in the image to become unrecognizable due
to too much darkness. More specifically, the reference shadow

lightness may be lightness at a limit to cause this phenomenon or

‘lightness that causes the darkest pixel value in pixels of the main

subject to become slightly lighter (such as several percent in the-
distribution of a histogram of the main subject) than the darkest
lightness reproducible by a system.

The reference highlight lightnes.s refers to lightness that
barely causes the main subject to become unrecognizable due to too
much light. More specifically, the reference highlight lightness
may be lightness as a limit to cause this phenomenon or lightness
that causes the lightest pixel value in the pixels of themain subject
to become slightly darker (such as several percent in the
distribution of the histogram of the main subject) than the lightest
lightness reproducible by the system.

In the catalog image generation apparatus of the present
invention, the catalog image generation means may generate the
catalog image by arranging the reference shadow image, the at least
one first intermediate lightness image, the at least one second
intermediate lightness image, and the reference highlight image in
this order while enlarging the desired lightness image to become
larger than the other images.

The catalog image generation apparatus of the present
invention may further comprise printing means for printing the
catalog image.

In this case, the catalog image generation apparatus of the
present invention may also comprise white balance processing means
for carrying out white balance adjustment processing on the catalog
image in accordance with a 1ight source in which a print of the catalog
image is viewed.

In the catalog image generation apparatus of the present

invention, the image data may be RAW image data.
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A catalog image generation method of the present invention
comprises the steps of:

generating, from image data representing an image, a reference
shadow image wherein a main subject of the image has a reference
shadow licjhtness, a reference hic_iyhligh’t image wherein the .main
subject has a reference highlight lightness, and a desired lightness
image wherein the main subject has a désired lightness;

generating, from the image data, at least one first
intermediate lightness image having lightness that is visually
perceived to evenly divide the lightness between the reference shadow
image and the desired lightness image, and at least one second
intérmediate lightness image having lightness that is visually
perceived to ev‘enly divide the lightness between the reference
highlight image and the desired lightness image; and

generating a catalog image in which the reference shadow image,
the at least one first intermediate lightness image, the desired
lightness image, the at least one second intermediate lightness image,
and the reference highlight image are arranged.

The catalog image generation method of the present invention
may be provided as a program for causing a computer to execute the
catalog image generation method.

Note that the program of the present invention may be provided
being recorded on a computer readable medium. Thos who are skilled
in the art would know that computer readable media are not limited
to any specific type of device, and include, but are not limited
to: floppy disks, CD’s, RAM’s, ROM’s, hard disks, magnetic tapes,
and internet downloads, in which computer instructions can be stored
and/or transmitted. Transmission of the computer instructions
through a network or through wireless transmission means is also
within the scope of the present invention. Additionally, computer
instructions include, but are not limited to: source, object, and
executable code, and can be in any language, including higher level
languages, assembly language, and machine language.

According to the present invention, the at least one first

intermediate lightness image and the at least one second intermediate



10

15

20

25

30

35

WO 2006/098480 PCT/JP2006/305618

lightness image are generated, in addition to the reference shadow
image, the desired lightness image, and the reference highlight image.
The at least one first intermediate lightness image has the lightness

that is visually perceived to evenly divide the lightness between
the reference shadow image and the desired lightness image while
the at least one second intermediate lightness image has the
lightness that is visually perceived to evenly divide the lightness
between the reference highlight image and the desired lightness image.
Therefore, in the catalog image having the reference shadow image,

the first intermediate lightness image or image, the desired
lightness image, the at least one second intermediate lightness image,
and the reference highlight image, a degree of change in the lightness

perceived visually is evenly divided between the reference shadow
image, the at least one first intermediate lightness image, and the
desired lightness image, as well as between the desired lightness

image, the at least one second intermediate lightness image, and
the reference highlight image. Consequently, a user viewing the
catalog image can appropriately select any one of the images having
the lightness desired by the user.

By carrying out the white balance adjustment processing on
the catalog image in accordance with the light source for viewing
the print at the time of printing of the catalog image, the catalog
image can be viewed in white balance in accordance with the light
source. Therefore, the user canmore appropriately select the image

having the lightness desired by the user.

Brief Description of the Drawings
Figure 1 is a block diagram showing the configuration of a
catalog image generation apparatus of an embodiment of the present
invention;
Figure 2 shows an example of luminance histogram;
Figure 3 shows how a correction value M1 is calculated;
Figure 4 shows how a correction value M2 is calculated;
Figure 5 shows how a correction value M3 is calculated;

Figure 6 shows a state wherein values of luminance D1, D2,
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and D3 of images S1, S2, and S3 are arranged along a luminance axis;
Figure 7 shows an example of a catalog image; and
Figure 8 is a flow chart showing a procedure carried out in
the embodiment.

Best Mode for Carrying Out the Invention .

Hereinafter, an embodiment of the present invention will be
described with reference to the accompanying drawings. Figure 1l is
a block diagram showing the configuration of a catalog image
generation apparatus in the embodiment. As shown in Figure 1, a
catalog image generation apparatus 1 in this embodiment comprises
an input unit 11, an image generation unit 12, a catalog image
generation unit 13, a storage unit 14, and an eutput unit 15. The
catalog image generation apparatus 1 generates a catalog image from
image data input from the input unit 11, and outputs the catalog
image from the output unit 15.

In this embodiment, the image data input from the input unit
11 are RAW image data.

More specifically, the catalog image generation apparatus 1
shown in Figure 1 is mainly realized by a processor (not shown)
operating according to a predetermined program. The processor may
comprise a stand-alone computer; Alternatively, the processor may
also be used for realizing a function of equipment for viewing images,
for example.

The input unit 11 is used to input the image data for generating
the catalog image and various kinds of data used for processing.
The input unit 11 is an input device of a stand-alone computer, for
example. In the case where the input unit 11 is built in equipment,
the input unit 11 is a memory used for sending data to another
functional block.

The image generation unit 12 carries out processing for
generating images to be included in the catalog image according to
a predetermined program. How the image generationunit 12 generates
the images will be described later.

The catalog image generation unit 13 carries out processing
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for generating the catalog image having the images generated by the
image generation unit 12, according to a predetermined program.

The storage unit 14 stores various kinds of information that
is necessary for the image generation unit 12 to generate the images.
More specifically, the storage unit 14 stores spectral luminance
data regarding a light source used in image viewing (hereinafter
simply referred to as the observation.light source), a spectral
reflectance of a photo sensitive material used in printing of the
éatalog image, color adaptation levels in various kinds of light
sources, preferable remaining light color levels in the various kinds
of light sources, and spectral sensitivities for models of cameras
that obtain images, which are all necessary for the image processing
unit 12 to carry out white balance adjustment processing as will
be described later. In addition, the storage unit 14 temporarily
stores a conversion profile for white balance adjustment that is
generated as will be described later.

The output unit 15 is used for outputting image data
representing the catalog image. The output unit 15 is an output
device of a stand-alone computer, for example. In this embodiment,
the output unit 15 is a printer.

Generation of the images by the image generation unit 12 will
be described next. Based on camera model information added to a
header of image data SO input from the input unit 11 for processing,
the image generation unit 12 obtains from the storage unit 14 one
of the spectral sensitivities corresponding to the model of the
camera by which the image data SO have been obtained. Thereafter,
the image generation unit 12 also obtains the spectral luminance
data of the observation light source input from the input unit 11,
a corresponding one of the color adaptation levels and a
corresponding one of the remaining light color levels in the
observation light source, and the spectral reflectance of the photo
sensitive material used for printing the catalog image.

The image generation unit 12 then obtains parameters for white
balance from the image data SO. The parameters for white balance

can be found by calculating a mean of each of RGB colors comprising
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the image data SO and by thereafter calculating a ratio of the mean
to the mean of G.

The image generation unit 12 also calculates a spectral
reflectance of the main subject in the image, based on the spectral
sensitivity of the camera, and generates the conversion profile used
for white balance conversion from the white balance parameters, a
spectral luminance of the observation light source, the color
adaptation level in the observation light source, the remaining light
color ‘level -in the observation light source, and the spectral
reflectance of the photo sensitive material. The image generation
unit 12 temporarily stores the conversion profile in the storage
unit 14.

The image generation unit 12 extracts the main subject from
an image SO represented by the image data SO0. In this embodiment,
the main subject is a human face. By using a known face recognition
algorithm, the image generation unit 12 recognizes the face in the
image SO, and extracts an area of the recognized face as the main
subject. The image generation unit 12 then finds a histogram of
luminance of pixels in the extracted face area. Figure 2 shows an
example of the luminance histogram.

The image generation unit 12 calculates a correction value
M1l for correcting lightness of the image SO so as to cause the face
area to have reference shadow lightness. More specifically, the
image generation unit 12 finds a correction value M1’ for causing
the luminance of an area Ds of the darkest shadow in a histogram
HO shown in Figure 3 to become 0 whereby the darkest shadow area
Ds becomes unrecognizable due to too much darkness. The image
generation unit 12 then finds the correction value Ml by shifting
the correction value M1’ to the lighter side by approximately 3%
of distribution of the histogram HO.

The image generation unit 12 also finds a correction value
M2 for correcting the lightness of the image SO so as to cause the
face area to have reference highlight lightness. More specifically,
the image generation unit 12 finds a correction value M2’ for causing

luminance of an area Dh of the lightest highlight in the histogram
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HO shown in Figure 4 to become a maximum luminance (shown by adding
a mark to the axis of luminance in each of Figures 3 to 5) whereby
the lightest highlight area Dh becomes unrecognizable due to too
much light. The image generation unit 12 then finds the correction
value M2 by shifting the correction value M2’ to the darker side
by approximately 3% of the distribution of the histogram HO.

The image generation unit 12 also finds a correction value
M3 by shifting the histogram HO so that the face area is within a
predetermined range of desired skin-color lightness, as shown in
Figure 5.

The image generation unit 12 generates a half-processed image
S0’ by carrying out gradation conversion processing, color
correction processing, and sharpness processing on the image SO.
Thereafter, the image generation unit 12 generates a first image
S1 having the face area as the main subject in the reference shadow
lightness, by correcting the half-processed image SO’ with use of
the correction value Ml. Theimagegenerationunitlzalsogénerates
a second image S2 having the face area in the reference highlight
lightness, by correcting the half-processed image S0’ with use of
the correction valueM2. The image generationunit 12 then generates
a third image S3 having the face area in desired lightness, by
correcting the half-processed image SO’ with use of the corréction
value M3.

The image generation unit 12 thereafter generates an
intermediate lightness image S4 whose lightness is visually
perceived to evenly divide the lightness between the image S1 and
the image S3. Values D1, D2, and D3 of luminance of the images SI,
S2, and S3 are shown along a luminance axis in Figure 6. In Figure
6, each of the luminance values is a mean of luminance values of
all the pixels in the corresponding one of the images S1 to S3. If
an image S4 is found to have a luminance value as a mean of the
luminance values D1 and D2, the image S4 to human vision does not
seem to have the mean luminance between the luminance values D1 and
D2 of the images S1 and S2. Since human vision is more sensitive

in a darker range of lightness than in a lighter range thereof, a
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change in lightness is more easily perceived in the darker range
even if a degree of the change is small.

Fér this reason, the image generation unit 12 generates the
image S4 so that a difference between a luminance value D4 of the
image S4 and the luminance value D1 of the image S1 (that is, D4-D1)
can be smaller than a difference between the luminance value D3 of
the image S3 and the luminance value D4 of the image S4 (That is,
D3-D4) . More specifically, the image generation unit 12 generates
the image S4 so as to satisfy o<p where (D4-D1):(D3-D4) = o:f.

The image generation unit 12 also generates an intermediate
lightness image S5 whose lightness is visually perceived to evenly
divide the lightness between the image S3 and the image S2. More
specifically, the image generation unit 12 generates the image S5
so that a difference between a luminance value D5 of the image S5
and the luminance value D3 of the image S3 (that is, D5-D3) can be
smaller than a difference between the luminance value D2 of the image
S2 and the luminance value D5 of the image S5 (That is, D2-D5). In
other words, the image generation unit 12 generates the image S5
so as to satisfy o<p where (D5-D3): (D2-D5) = a:f. Values of o and
B are the same for the case of generation of the image 54 and the
image S5.

The image generation unit 12 then adj'usts the white balance
of the images S1 through S5 by using the conversion profile found
as has been described above, and generates finally processed images
S11 ~ S15.

The catalog image generation unit 13 changes sizes of the
images S11 ~ S15 so that the image S13 can be larger than the images
S11, Sl12, S14, and S15. The catalog image generation unit 13 then
generates a catalog image GO by arranging the images S11, S14, S15,
and S12 in this order below the image S13 as shown in Figure 7. It
is preferable for lightness correction values to be displayed below
the images S11, S14, S15, and S12 relative to a reference lightness
correction value of the image S13 that is assumed tobe 0. The catalog
image generation unit 13 may generate a catalog image having the

images S1 ~ S5 so that the catalog image GO canbe generated by carrying



10

15

20

25

30

35

WO 2006/098480 - PCT/JP2006/305618
11

out the white balance adjustment processing using the conversion
profile thereon.

A procedure carried out in this embodiment will be described
next. Figure 8 is a flow chart showing the procedure carried out
in this embodiment. The procedure starts when the input unit 11
receives input of thé image to be processed. The image generation
unit 12 firstly generates the images S1 ~ S5 (Step ST1l). The image
generatibn unit 12 generates the processed images S11 ~ S15 by
carrying out the white balance adjustment processing on the images
S1 ~ 85 with use of the conversion profile (Step ST2). The catalog
image generation unit 13 generates the catalog image GO (Step ST3),
and the output unit 15 prints the catalog image GO (Step ST4) to
end the procedure.

As has been described above, the images S11 ~ S15 are generated
in this embodiment to respectively have the reference shadow
lightness, the reference highlight lightness, the desired lightness,
the lightness that is visually perceived to evenly divide the
lightness between the images S11 and S13, the lightness that is
visually perceived to evenly divide the lightness between the images
S13 and S12. The images S11 ~ S15 are then included in the catalog
image GO. Therefore, in the catalog image GO, the change in the
lightness of the images S11, S14, S13, S15 and S12 seems to be evenly
divided to human vision. Consequently, a user viewing the catalog
image GO can appropriately select any one of the images having the
lightness desired by the user.

Furthermore, since the white balance adjustment prdcessing
is carried out at the time of printing of the catalog image GO
according to the observation light source in which the print of the
catalog image GO is viewed, the catalog image GO can be viewed in
the white balance according to the observation light source. As a
result, the user can more appropriately select any one of the images
having the lightness desired by the user.

In the embodiment descried above, the images S4 and S5 are
generated so as to satisfy a<f. However, in the case where the change

in the lightness is not large, o may be equal to $ if the lightness
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is evenly divided according to human vision. Therefore, the images
S4 and S5 may be generated so as to satisfy a=B.

In the above embodiment, the image S14 is generated by evenly
dividing the lightness between the images S11 and S13 according to
human vision. However, the lightness may be divided in a visually
even manner between the image S11 and the image S13 so that more
intermediate lightness images can be generated. In addition, the
image S15 is generated by evenly dividing the lightness between the .
images S13 and S12 according to human vision. However, the lightness
may be divided in a visually even manner between the image S13 and
the image S12 so that more intermediate lightness images can be
generated. In this case, a luminance value of each of the
intermediate luminance images internally divides a range between
the luminance values of the neighboring intermediate lightness
images, the image S11, the image S12, or the image S12 in the ratio
of a:B in the luminance axis, satisfying the condition a=pB.

In the embodiment described above, only the image S13 is
enlarged, and the images S11, S14, S15, and S12 are arranged below
the image S13 in this order. However, all the images may have the
same size. In this case, the images S11, S14, S13, S15, and S12 are
arranged in this order.

In the embodiment described above, the image data to be
processed are RAW image data, and the RAW image data have more
information than a compressed image such as an image of JPEG format.
Therefore, if the model of the camera used for photography of the
image is known, colors of the subject can be faithfully reproduced
from color characteristics of the camera model. For this reason,
when the half-processed image S0’ is generated in the above
embodiment, color correction equivalent to color reproduction in
photography with use of a specific film can be carried out. In
addition, color correction enabling faithful reproduction of an
original color of the subject can also be carried out. Furthermore,
color correction enabling more faithful reproduction of green, skin
color, gray, light blue, and the like can be carried out. Moreover,

color correction enabling faithful reproduction of a specific color



WO 2006/098480 . PCT/JP2006/305618

13

in the subject (such as a color of cherryblossom, sea, autumn foliage,
and snow) can also be carried out.

In the above-described embodiment, the image data are RAW
image data. However, the catalog image GO can be generated from

compressed image data such as JPEG data in the same manner as the
RAW image data.



10

15

20

25

30

35

WO 2006/098480 - PCT/JP2006/305618
14

CLATMS

1. A catalog image generation apparatus comprising:

image generation means for generating, from image data
representing an image, a reference shadow image wherein a main
subject of the image has a reference shadow lightness, a reference
highlight image wherein the main subject has a reference highlight
lightness, and a desired lightness image wherein the main subject
has a desired lightness, and for generating from the image data at
least one first intermediate lightness image having lightness that
is visually perceived to evenly divide the lightness between the
reference shadow image and the desired lightness image, and at least
one second intermediate lightness image having lightness that is
visually perceived to evenly divide the lightness between the
reference highlight image and the desired lightness image; and

catalog image generation means for generating a catalog image
in which the reference shadow image, the at least one first
intermediate lightness image, the desired lightness image, the at
least one second intermediate lightness image, and the reference
highlight image are arranged.

2. The catalog image generation apparatus according to Claim
1, wherein the catalog image generation means generates the catalog
image by arranging the reference ‘shadow image, the at least one first
intermediate lightness image, the at least one second intermediate
lightness image, and the reference highlight image in this order
while enlarging the desired lightness image to become larger than
the other images.

3. The catalog image generation apparatus according to Claim
1 or 2 further comprising printing means for printing the catalog
image.

4. The catalog image generation apparatus according to Claim
3 further comprising white balance processing means for carrying
out white balance adjustment processing on the catalog image in
accordance with a light source in which a print of the catalog image

is viewed.
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5. The catalog image generation apparatus according to any
one of Claims 1 to 4, wherein the image data are RAW image data.

6. A catalog image generation method comprising the steps

of:

generating, from image data representing an image, a reference
shadow image wherein a main subject of the image has a reference
shadow lightness, a reference highlight image wherein the main
subject has a reference highlight lightness, and a desired lightness
image wherein the main subject has a desired lightness;

generating, from the image data, at least one first

 intermediate lightness image having lightness that is visually

perceived to evenly divide the lightness between the reference shadow
image and the desired lightness image, and at least one second
intermediate lightness image having lightness that is visually
perceived to evenly divide the lightness between the reference
highlight image and the desired lightness image; and

generating a catalog image in which the reference shadow image,
the at least one first intermediate lightness image, the desired
lightness image, the at least one second intermediate lightness image,
and the reference highlight image are arranged.

7. Aprogram for causing a computer to execute a catalog image
generat'ion method comprising the steps of:

generating, from image data representing an image, a reference
shadow image wherein a main subject of the image has a reference
shadow lightness, a reference highlight image wherein the main
subject has a reference highlight lightness, and a desired lightness
image wherein the main subject has a desired lightness;

generating, from the image data, at least one first
intermediate lightness image having lightness that is wvisually
perceived to evenly divide the lightness between the reference shadow
image and the desired lightness image, and at least one second
intermediate lightness image having lightness that is wvisually
perceived to evenly divide the lightness between the reference
highlight image and the desired lightness image; and

generating a catalog image in which the reference shadow image,
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the at least one first intermediate lightness image, the desired
lightness image, the at least one second intermediate lightness image,

and the reference highlight image are arranged.
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