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Description

Technical Field

[0001] The present invention relates to an image
processing device, an image processing method, and a
program.

Background Art

[0002] Hitherto, there is known a technology of embed-
ding watermarks in an image such as a still image and a
moving image. For example, in US 2013/0236046A1,
there is described a technology of embedding a water-
mark in an image in order to identify a source of the image
posted in an unauthorized website.
SHIN J-W ET AL: "A NEW WATERMARKING METHOD
USING ENTROPY-BASED REGION SEGMENTA-
TION", VISUAL COMMUNICATIONS AND IMAGE
PROCESSING; 20-1-2004-20-1-2004; SAN JOSE, vol.
3528, 1 January 1999 (1999-01 -01), pages 531-538,
XP001011305 discloses a method for inserting water-
marks into complex regions of an image. The complexity
of a region is determined by calculating a picture infor-
mation measure. Watermarks are inserted into regions
having a larger picture information measure value than
a predetermined threshold value.
[0003] Frederic Lusson ET AL: "A novel approach to
digital watermarking, exploiting colour spaces", SIGNAL
PROCESSING., vol. 93, no. 5, 1 May 2013 (2013-05-01),
pages 1268-1294, XP055371985 discloses a hybrid dig-
ital watermarking technique, based on the exploitation of
both the RGB and the YCbCr color spaces, using spatial
domain techniques.
[0004] VIKAS SAXENA ET AL: "Towards Increasing
the Robustness of Image Watermarking Scheme Against
Histogram Equalization Attack", SIGNAL PROCESSING
AND COMMUNICATIONS APPLICATIONS, 2007.
SIU2007. IEEE 15TH, IEEE, PISCATAWAY, NJ, USA,
1 June 2007 (2007-06-01), pages 1-4, XPO31132287
discloses an image preprocessing method for improving
the robustness of transformed domain based watermark-
ing schemes.

Summary of Invention

Technical Problem

[0005] Pixel values change in a region of an image in
which the watermark is embedded, and hence the wa-
termark can be detected by identifying the region in which
the pixel values have changed. However, it may be dif-
ficult to identify the region depending on the image. For
example, when a watermark is embedded in a region in
which a color presents a gradation, a pixel value of a
pixel in which the watermark is embedded may change
so as to be the same as adjacent pixel values. In this
case, even when the pixel value in the image is refer-

enced, the region in which the pixel values have changed
may not be identified, and the watermark may not thus
be detected.
[0006] The present invention has been made in view
of the above-mentioned problem, and therefore has an
object to increase certainty of the detection of a water-
mark embedded in an image.

Solution to Problem

[0007] In order to solve the above-mentioned problem,
an image processing device according to one embodi-
ment of the present invention includes: image data ac-
quisition means for acquiring image data; histogram gen-
eration means for generating, based on pixel values of
an image indicated by the image data acquired by the
image data acquisition means, a histogram for each re-
gion in the image; region selection means for determining
whether each region presents a gradation based on the
histogram for each region and selecting from the image
a region that does not present the gradation in the histo-
gram generated by the histogram generation means; and
image processing means for embedding a watermark in
the region selected by the region selection means where-
in the region selection means determines that the region
presents the gradation when a number of gradation val-
ues each having a frequency equal to or more than a
threshold in the histogram is less than a predetermined
number, and determines that the region does not present
the gradation when the number is equal to or more than
the predetermined number; or the region selection
means determines that the region presents the gradation
when the number of the gradation values each having a
frequency equal to or more than a threshold in the histo-
gram is equal to or more than a predetermined number,
and determines that the region does not present the gra-
dation when the number is less than the predetermined
number; or the region selection means determines that
the region presents the gradation when a distance be-
tween the gradation values each having a frequency
equal to or more than a threshold in the histogram is
shorter than a predetermined distance, and determines
that the region (41) does not present the gradation when
the distance is equal to or longer than the predetermined
distance.
[0008] An image processing method according to one
embodiment of the present invention includes: an image
data acquisition step of acquiring image data; a histo-
gram generation step of generating, based on pixel val-
ues of an image indicated in the image data acquired by
the image data acquisition step, a histogram for each
region in the image; a region selection step of determining
whether each region presents a gradation based on the
histogram for each region and selecting from the image
a region that does not present the gradation in the histo-
gram generated in the histogram generation step; and
an image processing step of embedding a watermark in
the region selected in the region selection step wherein
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the region selection step comprises determining that the
region presents the gradation when the number of the
gradation values each having a frequency equal to or
more than a threshold in the histogram is less than a
predetermined number, and determining that the region
does not present the gradation when the number is equal
to or more than the predetermined number; or the region
selection step comprises determining that the region
presents the gradation when the number of the gradation
values each having a frequency equal to or more than a
threshold in the histogram is equal to or more than a
predetermined number, and determining that the region
does not present the gradation when the number is less
than the predetermined number; or the region selection
step comprises determining that the region presents the
gradation when the distance between the gradation val-
ues each having a frequency equal to or more than a
threshold in the histogram is shorter than a predeter-
mined distance, and
determining that the region does not present the grada-
tion when the distance is equal to or longer than the pre-
determined distance .
[0009] A program according to one embodiment of the
present invention causes a computer to function as : im-
age data acquisition means for acquiring image data; his-
togram generation means for generating, based on pixel
values of an image indicated by the image data acquired
by the image data acquisition means, a histogram for
each region in the image; region selection means for de-
termining whether each region presents a gradation
based on the histogram for each region and selecting
from the image a region that does not present the gra-
dation in the histogram generated by the histogram gen-
eration means; and image processing means for embed-
ding a watermark in the region selected by the region
selection means wherein the region selection means de-
termines that the region presents the gradation when the
number of the gradation values each having a frequency
equal to or more than a threshold in the histogram is less
than a predetermined number, and determines that the
region does not present the gradation when the number
is equal to or more than the predetermined number; or
the region selection means determines that the region
presents the gradation when the number of the gradation
values each having a frequency equal to or more than a
threshold in the histogram is equal to or more than a
predetermined number, and determines that the region
does not present the gradation when the number is less
than the predetermined number; or the region selection
means determines that the region presents the gradation
when the distance between the gradation values each
having a frequency equal to or more than a threshold in
the histogram is shorter than a predetermined distance,
and determines that the region does not present the gra-
dation when the distance is equal to or longer than the
predetermined distance.
[0010] Further, an information storage medium ac-
cording to one embodiment of the present invention is a

computer-readable information storage medium having
the above-mentioned program stored thereon.
[0011] Further, in one aspect of the present invention,
the image is a color image having a plurality of color chan-
nels, the histogram generation means is configured to
generate the histogram in each of the plurality of color
channels based on the pixel values, the region selection
means is configured to select, in each of the plurality of
color channels, the region not presenting the gradation,
and the image processing means is configured to change
a numerical value in each of the plurality of the color
channels in the region selected by the region selection
means in the each of the plurality of the color channels,
to thereby embed the watermark in the region.
[0012] Further, in one aspect of the present invention,
the histogram generation means is configured to carry
out histogram equalization processing in each region in
the image, and then generate the histogram.
[0013] Further, in one aspect of the present invention,
the image processing device further comprises request
reception means for receiving a request for the image
data by a user, the watermark contains information for
identifying the user requesting the image data, and the
image processing device further comprises image provi-
sion means for providing the image data in which the
watermark is embedded by the image processing means
to the user who has made the request that is received
by the request reception means .
[0014] Further, in one aspect of the present invention,
the image processing means is configured to embed,
when the region selection means selects a plurality of
regions, the watermarks in all of the plurality of regions.
[0015] Further, in one aspect of the present invention,
the image processing means is configured to select,
when a plurality of regions are selected by the region
selection means, a predetermined number of regions in
an order starting from the region not presenting the gra-
dation out of the plurality of regions, and to embed the
watermarks in the predetermined number of regions.

Advantageous Effects of Invention

[0016] According to one embodiment of the present
invention, it is possible to increase certainty of the detec-
tion of a watermark embedded in an image.

Brief Description of Drawings

[0017]

FIG. 1 is a diagram for illustrating an overall config-
uration of an image processing system in an embod-
iment of the present invention.
FIG. 2 is a functional block diagram for illustrating
an example of functions to be implemented by the
image processing system.
FIG. 3 is a diagram for illustrating an example of an
image indicated by image data.
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FIG. 4 is an explanatory diagram for illustrating
processing of generating a histogram in a region.
FIG. 5 is an explanatory diagram for illustrating the
processing of generating a histogram in a region.
FIG. 6 is a diagram for illustrating how a watermark
is embedded.
FIG. 7 is a flowchart for illustrating an example of
watermark embedment processing.
FIG. 8 is a flowchart for illustrating an example of
watermark detection processing.
FIG. 9 is a functional block diagram for illustrating
modification examples of the present invention.

Description of Embodiments

[1. Hardware Configuration of Image Processing System]

[0018] A description is now given of an image process-
ing system including an image processing device accord-
ing to an exemplary embodiment of the present invention.
FIG. 1 is a diagram for illustrating an overall configuration
of the image processing system in this embodiment. As
illustrated in FIG. 1, the image processing system 1 in-
cludes an image processing server 10 (an example of
the image processing device), a user terminal 20, and
an administrator terminal 30. The image processing serv-
er 10, the user terminal 20, and the administrator terminal
30 are connected to one another so as to transmit/receive
data to/from one another via a network 2. A description
is herein given while assuming that the number of each
of the image processing server 10, the user terminal 20,
and the administrator terminal 30 is one, but the number
of each thereof may be two or more.
[0019] The image processing server 10 is a server
computer. The image processing server 10 includes a
controller 11, a storage 12, and a communicator 13. The
controller 11 includes, for example, one or more micro-
processors. The controller 11 is configured to carry out
processing in accordance with programs and data stored
in the storage 12. The storage 12 includes a main storage
and an auxiliary storage. For example, the main storage
is a RAM, and the auxiliary storage is a hard disk drive,
a solid state drive, or the like. The communicator 13 in-
cludes a network card. The communicator 13 is config-
ured to carry out data communication via the network 2.
[0020] The user terminal 20 is a computer to be oper-
ated by a user, and is, for example, a personal computer,
a cellular phone (including a smartphone), or a personal
digital assistant (including a tablet computer). The user
terminal 20 includes a controller 21, a storage 22, a com-
municator 23, an operation device 24, and a display 25.
Hardware configurations of the controller 21, the storage
22, and the communicator 23 are the same as those of
the controller 11, the storage 12, and the communicator
13, respectively, and a description thereof is therefore
omitted.
[0021] The operation device 24 is an input device to
be operated by the user, and is, for example, a mouse,

a keyboard, and a touch panel. The operation device 24
is configured to transmit details of an operation by the
user to the controller 21. The display 25 is, for example,
a liquid crystal display or an organic EL display. The dis-
play 25 is configured to display a screen in accordance
with an instruction of the controller 21.
[0022] The administrator terminal 30 is a computer to
be operated by an administrator, and is, for example, a
personal computer, a cellular phone (including a smart-
phone), or a personal digital assistant (including a tablet
computer). Hardware configurations of a controller 31, a
storage 32, a communicator 33, an operation device 34,
and a display 35 of the administrator terminal 30 are the
same as those of the controller 21, the storage 22, the
communicator 23, the operation device 24, and the dis-
play 25, respectively, and a description thereof is there-
fore omitted.
[0023] Programs and data described as being stored
in the storages 12, 22, and 32 may be supplied to the
storages 12, 22, and 32 via the network 2. Moreover, the
hardware configurations of the image processing server
10, the user terminal 20, and the administrator terminal
30 are not limited to the above-mentioned examples, and
hardware of various computers can be applied thereto.
For example, each of the image processing server 10,
the user terminal 20, and the administrator terminal 30
may include a reader (for example, an optical disc drive
and a memory card slot) configured to read a computer-
readable information storage medium. In this case, pro-
grams and data stored in an information storage medium
may be supplied to the storages 12, 22, and 32 via the
reader.
[0024] In this embodiment, the image processing serv-
er 10 manages images of confidential information on a
company for which the user works. For example, the im-
age processing server 10 embeds watermarks in an im-
age requested by a user so as to allow identification of
the user when the user intentionally discloses the image
to the outside of the company. On this occasion, the im-
age processing server 10 embeds the watermark in a
region having a sparse color distribution in a histogram,
to thereby facilitate detection of the watermark. A detailed
description is now given of this technology.

[2. Functions to be implemented in Image Processing 
System]

[0025] FIG. 2 is a functional block diagram for illustrat-
ing an example of functions to be implemented in the
image processing system 1. In this embodiment, a de-
scription is mainly given of functions to be implemented
in the image processing server 10. As illustrated in FIG.
2, a data storage module 100, a request reception module
101, an image data acquisition module 102, a watermark
generation module 103, a histogram generation module
104, a region selection module 105, an image processing
module 106, and an image provision module 107 are
implemented in the image processing server 10.
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[2-1. Data Storage Module]

[0026] The data storage module 100 is implemented
mainly by the storage 12. The data storage module 100
is configured to store various types of data for embedding
watermarks in an image. For example, the data storage
module 100 stores a user database and an image data-
base.
[0027] The user database stores information on users
who use the image processing system 1. For example,
the user database stores user IDs (for example, employ-
ee numbers) each for uniquely identifying a user, and
private information on users. The private information in-
cludes, for example, a user name (for example, a name
and a user account), an assigned section of the user (for
example, a company name and a department to which
the user belongs), and contact information of the user
(for example, a phone number and an email address).
[0028] The image database stores information on im-
age data managed by the image processing server 10.
The image data may be still image data or moving image
data. Moreover, an image indicated by the image data
may be a grayscale image or a color image having a
plurality of color channels. In this embodiment, a descrip-
tion is given of a case in which the image data indicates
a color still image as an example.
[0029] The image data itself or only locations of the
image data may be stored in the image database. The
location of the image data is a storage location of the
image data, and is, for example, link information such as
a folder (directory) or a URL at which the image data is
stored. The image data may be stored in the image
processing server 10, or may be stored in another com-
puter connected to the image processing server 10 so
that the data can be transmitted/received to/from the im-
age processing server 10. Moreover, a type and a data
size of the image data may be stored in the image data-
base. The type of the image data is, for example, an
extension of the image data and color depth information.
[0030] The data stored in the data storage module 100
is not limited to the above-mentioned example. The data
storage module 100 may store various types of data. For
example, when information on a creator and administra-
tor of the image data is contained in the watermark, the
data storage module 100 may store the information on
the creator and the administrator for each piece of the
image data.

[2-2. Request Reception Module]

[0031] The request reception module 101 is imple-
mented mainly by the controller 11. The request recep-
tion module 101 is configured to receive a request for
image data by the user. The request for image data is an
acquisition request or a display request for the image
data. For example, the request reception module 101
receives information (file name, link information, and the
like) for identifying image data specified by the user from

the user terminal 20, to thereby receive the request for
the image data.

[2-3. Image Data Acquisition Module]

[0032] The image data acquisition module 102 is im-
plemented mainly by the controller 11. The image date
acquisition module 102 is configured to acquire image
data. In this embodiment, the user requests the image
data stored in the image database, and the image data
acquisition module 102 thus acquires the image data
specified by the user out of the plurality of pieces of image
data stored in the image database.

[2-4. Watermark Generation Module]

[0033] The watermark generation module 103 is im-
plemented mainly by the controller 11. The watermark
generation module 103 is configured to generate water-
marks. The watermark is also referred to as digital wa-
termark, and is generally an image embedded in order
to maintain confidentiality of data and protect copyright
of data. Visible and invisible watermarks exist, but, in this
embodiment, a description is given of a case in which
the watermark is invisible.
[0034] The watermark contains information on the im-
age stored in the image database. In other words, the
watermark contains information on the image in which
the watermark itself is to be embedded. This information
is information for maintaining the confidentiality of the
image and protecting the copyright of the image, and is,
for example, information for identifying the user who has
requested the image, information for identifying the cre-
ator of the image, and information for identifying the ad-
ministrator of the image. In the following, a description is
given of a case in which the watermark contains infor-
mation for identifying a user who has requested the image
data. The information for identifying the user is the infor-
mation stored in the user database, and is, for example,
the user ID, the user name, the assigned section, and
the contact information.
[0035] Moreover, the watermark may be indicated as
an image or a text. In this embodiment, a description is
given of a case in which the watermark is indicated as
an image. Further, as an example of the image, a de-
scription is given of a case in which a code defined by a
given standard is used. The code may be a barcode or
a 2D code. In the following, a description is given of a
case in which a 2D code is used as the watermark, and
the description is given of a QR code (trademark) as an
example of the 2D code.

[2-5. Histogram Generation Module]

[0036] The histogram generation module 104 is imple-
mented mainly by the controller 11. The histogram gen-
eration module 104 is configured to generate, based on
pixel values of the image indicated by the image data

7 8 



EP 3 410 685 B1

6

5

10

15

20

25

30

35

40

45

50

55

acquired by the image data acquisition module 102, a
histogram for each region in the image. The histogram
indicates a frequency (number of pixels) of each grada-
tion value.
[0037] FIG. 3 is a diagram for illustrating an example
of an image indicated by the image data. In FIG. 3, an
upper left corner of an image 40 is set as an origin O of
a screen coordinate system (X-Y coordinate system). In
this embodiment, the image 40 is a color image, and a
pixel value of each of pixels of the image 40 thus contains
numerical values in respective color channels. For ex-
ample, the pixel value of an RGB color image contains
a numerical value Rxy in a red channel, a numerical value
Gxy in a green channel, and a numerical value Bxy in a
blue channel. The characters x and y indicate the coor-
dinates of the pixel. When the RGB color image is a 24-
bit image, the numerical value of each of the color chan-
nels is represented in 8 bits, and thus takes any numerical
value of from 0 to 255.
[0038] For example, the histogram generation module
104 generates a histogram based on the pixel values in
each of the color channels . Publicly-known various
methods can be applied as the generation method for
the histograms, but the histogram generation module 104
generates the histograms as follows, for example. The
generation method for the histogram in the red channel
is exemplified. In this case, the numerical value Rxy is
indicated as the gradation value on 256 levels of from 0
to 255, and hence the histogram generation module 104
refers to the numerical value Rxy in the red channel of
each of the pixels of the color image 40 to count the fre-
quency of each of the gradation values, to thereby gen-
erate the histogram in the red channel. The histogram
generation module 104 refers to the numerical values
Gxy and Bxy to count the frequencies of each of the gra-
dation values, to thereby generate the histograms also
in the green channel and the blue channel in the same
way. A description is given of the case in which the his-
togram generation module 104 generates the histogram
in each of the red channel, the green channel, and the
blue channel, but the histogram generation module 104
may generate one histogram (so-called brightness his-
togram), which is a sum of those three color channels.
[0039] In this embodiment, a description is given of a
case in which the histogram generation module 104 car-
ries out histogram equalization processing in each of the
regions in the image 40, and then generates the histo-
grams. The histogram equalization processing is
processing of converting respective pixel values so that
a graph indicating a cumulative value of the frequency in
the histogram becomes linear. Even when an uneven
distribution exists in the gradation value, an even distri-
bution in the gradation value can be achieved by applying
the histogram equalization processing to the image. As
the histogram equalization processing itself, publicly-
known various types of processing can be applied. For
example, the histogram generation module 104 acquires
the frequency of each of the gradation values in the region

in the image 40, to thereby identify the gradation value
at which the frequency is equal to or more than a refer-
ence (for example, equal to or more than 1) . The histo-
gram generation module 104 substitutes the identified
gradation value and the frequency thereof into a given
mathematical expression, to thereby carry out the histo-
gram equalization processing. This mathematical ex-
pression is defined so that a gradation value having a
frequency equal to or more than the reference is distrib-
uted in the range of the gradation value (in this case,
each numerical value is indicated in 8 bits, and the range
is thus from 0 to 255). For example, when the numerical
values Rxy in a certain region are concentrated in a range
of from 50 to 100, and frequencies of the other gradation
values are zero, the numerical values Rxy are converted
so that the gradation values of from 50 to 100 are distrib-
uted in the range of from 0 to 255, which can be expressed
in 8 bits.
[0040] FIG. 4 is an explanatory diagram for illustrating
processing of generating a histogram in a region 41. As
illustrated in FIG. 4, the region 41 is a region in which the
number of colors and changes in colors are relatively
small, and the numbers of pixels having the same colors
are thus large. In other words, the region 41 is a region
in which frequencies are concentrated in predetermined
gradation values. Therefore, when the histogram gener-
ation module 104 carries out the histogram equalization
processing in the region 41 to generate histograms, his-
tograms each having a sparse color distribution are gen-
erated. The example of FIG. 4 is a case in which the
histogram generation module 104 carries out the histo-
gram equalization processing in the red channel in the
region 41. For example, when the numerical values Rxy
of almost all of the pixels Pxy in the region 41 are 100
and 140, the frequencies are concentrated in 100 and
140, and the frequencies at other gradation values are
almost zero. Therefore, when the histogram generation
module 104 carries out the histogram equalization
processing in the region 41, a histogram having a sparse
distribution is generated as illustrated in FIG. 4.
[0041] FIG. 5 is an explanatory diagram for illustrating
processing of generating a histogram in a region 42. As
illustrated in FIG. 4, the region 42 is a region in which the
number of the colors and the change in colors are rela-
tively large, and the numbers of pixels in the same colors
are thus small. In other words, the region 42 is a region
in which the frequencies are not concentrated in prede-
termined gradation values, but are evenly distributed to
the respective gradation values. Therefore, when the his-
togram generation module 104 carries out the histogram
equalization processing in the region 42 to generate his-
tograms, histograms each having a sparse color distri-
bution are not generated. The example of FIG. 5 is a case
in which the histogram generation module 104 carries
out the histogram equalization processing in the red
channel in the region 42. For example, when the numer-
ical values Rxy of the respective pixels Pxy are evenly
distributed between 0 and 255 in the region 42, the fre-

9 10 



EP 3 410 685 B1

7

5

10

15

20

25

30

35

40

45

50

55

quencies at 0 to 255 are almost the same. Therefore,
when the histogram generation module 104 carries out
the histogram equalization processing in the region 42,
the color distribution does not become sparse as illus-
trated in FIG. 5.

[2-6. Region Selection Module]

[0042] The region selection module 105 is implement-
ed mainly by the controller 11. The region selection mod-
ule 105 is configured to select a region 41 having a sparse
color distribution in the histogram generated by the his-
togram generation module 104 from the image 40. In this
embodiment, the histogram is generated in each of the
color channels for a color image having the plurality of
color channels, and hence the region selection module
105 selects the region 41 having a sparse color distribu-
tion in the histogram generated by the histogram gener-
ation module 104 in each of the color channels.
[0043] Being sparse in the color distribution means that
a degree of sparseness (density) of gradation values at
which a frequency equal to or more than a predetermined
frequency appears is equal to more than a reference
(equal to or more than a reference density) . For example,
it is determined whether or not the color distribution is
sparse as follows.
[0044] For example, when the color distribution is
sparse, the frequencies are concentrated in specific gra-
dation values, and when the color distribution presents
a gradation, the frequencies are distributed to the respec-
tive gradation values. Thus, when the number of grada-
tion values each having a frequency equal to or more
than a first threshold T1 is equal to or more than a pre-
determined number, the region selection module 105
may determine that the color distribution is sparse. For
example, when the predetermined number is set to two,
the number of gradation values each having the frequen-
cy equal to or more than the threshold T1 is two, which
is equal to or more than the predetermined number, in
the histogram in the region 41 illustrated in FIG. 3, and
the region selection module 105 thus determines that the
color distribution in the region 41 is sparse. Meanwhile,
in the histogram in the region 42, the number of gradation
values having the frequency equal to or more than the
threshold T1 is zero, which is less than the predetermined
number, and the region selection module 105 thus de-
termines that the color distribution in the region 42 is not
sparse.
[0045] Moreover, for example, when the color distribu-
tion is sparse, the number of gradation values having a
frequency of 0 is large, and when the color distribution
presents a gradation, the gradation values having a fre-
quency of 0 hardly exists. Therefore, conversely to the
above description, the region selection module 105 may
determine that the color distribution is sparse when the
number of gradation values each having a frequency
equal to or more than a second threshold T2 (T2<<T1) is
less than a predetermined number. For example, when

the predetermined number is set to ten, the number of
gradation values each having the frequency equal to or
more than the threshold T2 is two, which is less than the
predetermined number, in the histogram in the region 41,
and the region selection module 105 thus determines
that the color distribution in the region 41 is sparse. Mean-
while, in the histogram in the region 42, the number of
gradation values having the frequency equal to or more
than the threshold T2 is large, which is equal to or more
than the predetermined number, and the region selection
module 105 thus determines that the color distribution in
the region 41 is not sparse.
[0046] Moreover, for example, when attention is fo-
cused not on the number of gradation values as de-
scribed above, but on a distance between peaks, when
the color distribution is sparse, the distances between
the peaks are long, and when the color distribution
presents a gradation, the distances between the peaks
are short. Therefore, the region selection module 105
may determine that the color distribution is sparse when
distances D between peaks (for example, a frequency
equal to more than the threshold T2 is considered as a
peak) are equal to or longer than a predetermined dis-
tance (for example, five). In this case, the distance D is
a value of a difference between a gradation value of a
certain peak and a gradation value of a neighboring peak.
For example, the predetermined distance may be deter-
mined based on the change amount of the numerical
values Rxy, Gxy, and Bxy by the image processing module
106 described later. This is because, when the numerical
values Rxy, Gxy, and Bxy are changed through the em-
bedment of the watermarks to become the same as
neighboring peaks, portions at which the watermarks are
embedded may not be able to be identified, and the nu-
merical values are thus prevented from being the same
as the neighboring peaks. For example, the distance D
is equal to or longer than the predetermined distance in
the histogram of the region 41, and hence the region
selection module 105 determines that the color distribu-
tion in the region 41 is sparse. Meanwhile, in the histo-
gram in the region 42, each of the distances D between
peaks is "1" or "2", which is less than the predetermined
distance, and the region selection module 105 thus de-
termines that the color distribution in the region 41 is not
sparse.
[0047] In the manner described above, the region se-
lection module 105 determines a region having a sparse
color distribution from the image 40, and selects the re-
gion. For example, the region selection module 105 iden-
tifies a region having a sparse color distribution in the red
channel, and selects the region as a region in which the
watermarks are to be embedded in the red channel.
Moreover, for example, the region selection module 105
identifies a region having a sparse color distribution in
the green channel, and selects the region as a region in
which the watermarks are to be embedded in the green
channel. The region selection module 105 identifies a
region having a sparse color distribution in the blue chan-
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nel, and selects the region as a region in which the wa-
termarks are to be embedded in the blue channel. The
region having a sparse color distribution is a region with-
out a gradation, and is a region having a large difference
in color (difference in color between a certain pixel and
pixels therearound). In other words, the region having a
sparse color distribution is a region having a great degree
of the change in color. Therefore, the region selection
module 105 selects a region in which a difference in color
is equal to or more than a reference.

[2-7. Image Processing Module]

[0048] The image processing module 106 is imple-
mented mainly by the controller 11. The image process-
ing module 106 is configured to embed watermarks in
the region 41 selected by the region selection module
105. The image processing module 106 changes one or
more of the numerical values Rxy, Gxy, and Bxy contained
in the pixel value, to thereby embed watermarks. In this
embodiment, the region is selected in each of the color
channels by the region selection module 105, and hence
the image processing module 106 changes the numerical
values in the color channel in the region selected in each
of the color channels by the region selection module 105,
to thereby embed a watermark in the region.
[0049] FIG. 6 is a diagram for illustrating how the wa-
termark is embedded. In the following, a description is
given of a case in which the region selection module 104
selects the region 41 in all of the color channels. In other
words, a description is given of a case in which the image
processing module 106 embeds the watermark 50 in the
region 41 in all of the color channels.
[0050] As described above, in this embodiment, the
watermark 50 is a 2D code. Each of cells of the 2D code
takes any one of values of 0 and 1. For example, a cell
corresponding to "0" does not have a color, and a cell
corresponding to "1" has a color. Herein, not having a
color means having the same color as a background
color, and having a color means having a color different
from the background color. In other words, a region cor-
responding to a cell of "0" of the watermark 50 to be
embedded in the red channel does not have a color of
red, and a region corresponding to a cell of "1" has the
color of red. Similarly, a region corresponding to a cell of
"0" of the watermark 50 to be embedded in the green
channel and the blue channel does not have a color of
green and a color of blue, respectively, and a region cor-
responding to a cell of "1" has the color of green and the
color of blue, respectively. Therefore, in FIG. 4, the wa-
termark 50 is illustrated in black, but the watermark 50
to be embedded in each of the color channels actually
has the color of red, green, or blue. One cell of the 2D
code of the watermark 50 may be constructed of one
pixel or a plurality of pixels of the image. For example,
when a watermark 50 large enough to withstand image
compression is employed, one cell is only required to be
constructed of a plurality of pixels.

[0051] For example, the image processing module 106
does not change the pixel value of the pixel correspond-
ing to the cell of "0" of the watermark 50, and changes
the pixel value of the pixel corresponding to the cell of
"1" of the watermark 50. Specifically, the image process-
ing module 106 does not change a pixel value (Rxy, Gxy,
Bxy) of a pixel Pxy corresponding to the cell of "0" of the
watermark 50, and changes to (Rxy+1, Gxy+1, Bxy+1) the
pixel value of a pixel Pxy corresponding to the cell of "1"
of the watermark 50. As described above, in this case, a
description is given of the case in which the watermark
is embedded in all of the color channels, and each of all
of the numerical values Rxy, Gxy, and Bxy thus increases
by one. Thus, the pixel values of the region in which the
watermark 50 is embedded only slightly change, and
hence, as illustrated in FIG. 4, the watermark 50 is in a
state in which the watermark 50 is less likely to be no-
ticeable with the human eyes (invisible state).
[0052] A description has been given of the case in
which the image processing module 106 increases the
numerical values Rxy, Gxy, and Bxy in the respective color
channels by one, but the image processing module 106
may change the numerical values by two or more. When
the changes in the numerical values Rxy, Gxy, and Bxy
are too large, the invisibility may not be maintained, and
the change amounts may thus be less than a threshold
(for example, four). Moreover, instead of increasing the
numerical values, the image processing module 106 may
decrease the numerical values Rxy, Gxy, and Bxy in the
respective color channels. In this case, the image
processing module 106 may decrease the pixel value of
the pixel corresponding to the cell of "0" of the watermark
50, and does not change the pixel value of the pixel cor-
responding to the cell of "1" of the watermark 50. More-
over, the change amount of the numerical values Rxy,
Gxy, and Bxy in the respective color channels may be a
fixed value or a variable value.
[0053] Moreover, the number of watermarks 50 to be
embedded in one region may not be one, but may be two
or more. The number of the watermarks 50 to be embed-
ded in one region may be the same for all of the pieces
of image data stored in the image database, or may be
different for each piece of the image data. Further, the
number of the watermarks 50 may be a fixed value or a
variable value. When the number of the watermarks 50
is a variable value, the number of the watermarks 50 may
be determined under a certain condition such as the user
or the image data, or may be randomly determined.
[0054] Moreover, in the above-mentioned example, a
description is given of the case in which the color distri-
butions are sparse in all of the three color channels in
the region 41, but when the color distributions are sparse
only in a part of the color channels, the image processing
module 106 changes the numerical values only in the
part of the color channels. For example, when the color
distribution is sparse only in the red channel in the region
41, the image processing module 106 changes the nu-
merical values Rxy only in the red channel. Even when
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only a part of the color channels have sparse color dis-
tributions, the watermark may be embedded in all of the
color channels. Further, even when all of the three color
channels have sparse color distributions, the image
processing module 106 is not always required to embed
the watermarks in all of the color channels, and may em-
bed the watermark in any one or two of the color channels.
In this case, the color channel in which the watermark is
to be embedded may be fixed, or may be variable under
a given condition.

[2-6. Image Provision Module]

[0055] The image provision module 107 is implement-
ed mainly by the controller 11. The image provision mod-
ule 107 is configured to provide image data (namely, im-
age data having changed pixel values) in which the wa-
termarks are embedded by the image processing module
106 to the user from which the request is received by the
request reception module 101. For example, the image
provision module 107 may transmit the image data itself
in which the watermarks are embedded to the user ter-
minal, or without transmitting the image data itself, trans-
mit only data (display data for a screen) for displaying
the image in which the watermarks are embedded on the
display 25 to the user terminal.

[3. Processing to be carried out in Image Processing Sys-
tem]

[0056] A description is now given of watermark em-
bedment processing of embedding watermarks in an im-
age and watermark detection processing of detecting wa-
termarks embedded in an image as examples of process-
ing to be carried out in the image processing system 1.
The processing described below is an example of
processing to be carried out by the functional blocks il-
lustrated in FIG. 2.
[0057] FIG. 7 is a flowchart for illustrating an example
of the watermark embedment processing. The process-
ing illustrated in FIG. 7 is carried out by the controller 11
operating in accordance with the program stored in the
storage 12, and the controller 21 operating in accordance
with the program stored in the storage 22.
[0058] As illustrated in FIG. 7, first, when the user car-
ries out a predetermined operation from the operation
device 24 in the user terminal 20, the controller 21 re-
quests image data from the image processing server 10
(Step S1). The request for the image data is only required
to be carried out in a predetermined form, and contains,
for example, information (file name, link information, and
the like) for identifying the requested image data. When
the request is transmitted from the user terminal 20 to
the image processing server 10, it is assumed that a user
ID and an IP address are transmitted, and the image
processing server 10 can thus identify which user is mak-
ing the access.
[0059] When the request for the image data is received

in the image processing server 10, the controller 11 refers
to the user database, and acquires information including
the user ID of the user who has requested the image data
(Step S2) . In Step S2, the controller 11 acquires infor-
mation to be embedded as the watermarks based on the
request for the image data. This information may contain
a time and date of the request for the image data by the
user, and a time and date of provision of the image data
to the user.
[0060] The controller 11 generates the watermarks
based on the information acquired in Step S2 (Step S3).
It is assumed that a program for generating the water-
marks is stored in the storage 12. In this embodiment,
the 2D code is used as the watermark, and a publicly-
known 2D code builder may thus be used. In Step S3,
the controller 11 inputs the information acquired in Step
S2 into the 2D code builder, to thereby generate the wa-
termarks.
[0061] The controller 11 refers to the image database,
to thereby acquire the image data requested by the user
(Step S4). The controller 11 selects a region in an image
indicated by the image data (Step S5). In Step S5, the
controller 11 selects a candidate of the region in which
the watermark is to be embedded. For example, the con-
troller 11 may sequentially select the region starting from
a predetermined position in the image, or may use a ran-
dom number to randomly select the region.
[0062] The controller 11 carries out the histogram
equalization processing on the region selected in Step
S5, to thereby generate histograms (Step S6). In Step
S6, the controller 11 carries out the histogram equaliza-
tion processing in each of the color channels, and thus
generates three histograms in the red channel, the green
channel, and the blue channel.
[0063] The controller 11 determines whether the color
distribution in the region selected in Step S5 is sufficiently
sparse based on the histograms generated in Step S6
(Step S7). In Step S7, the controller 11 uses the thresh-
olds T1 and T2 to carry out the determination processing,
or uses the distances D between the peaks to carry out
the determination processing as described above. The
determination in Step S7 is carried out in each of the
color channels. When the color distribution is determined
to be sparse in one or more color channels, in Step S7,
it is determined that the color distribution is sufficiently
sparse.
[0064] When the color distribution is determined to be
sufficiently sparse (Y in Step S7), the controller 11 selects
the region selected in Step S5 as a region in which the
watermark is to be embedded, and embeds the water-
mark generated in Step S3 (Step S8) . In Step S8, the
controller 11 changes the numerical values in the color
channels determined to be sparse out of the numerical
values Rxy, Gxy, and Bxy in the region in which the wa-
termark is to be embedded, based on the method de-
scribed with reference to FIG. 6.
[0065] The controller 11 determines whether or not to
finish the embedment of the watermark (Step S9). The
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determination processing in Step S9 is only required to
be carried out under a predetermined condition. For ex-
ample, the condition may be a condition that a predeter-
mined number of watermarks have been embedded, or
a condition that a region to be selected no longer exists.
[0066] When the embedment is determined to be fin-
ished (Y in Step S9), the controller 11 transmits the image
data in which the watermarks are embedded in Step S8
to the user terminal 20 (Step S10). When a region having
a sparse color distribution is not found, the controller 11
may transmit the image data without the watermarks be-
ing embedded, or may embed the watermarks at posi-
tions that are defined in advance or randomly selected,
and then transmit the image data. When the image data
is received in the user terminal 20, the controller 21 dis-
plays the received image data on the display 25 (Step
S11).
[0067] When the watermark embedment processing
described above is carried out, the user is brought into
a state in which the user can upload the received image
data, a screen shot of the display 25, and the like to a
computer on the network 2. The watermark detection
processing described below is processing of detecting
the watermarks embedded in the color image uploaded
to the computer on the network 2 in the administrator
terminal 30.
[0068] FIG. 8 is a flowchart for illustrating an example
of the watermark detection processing. The processing
illustrated in FIG. 8 is carried out by the controller 31
operating in accordance with a program stored in the
storage 32. As illustrated in FIG. 8, first, the controller 31
acquires the image data disclosed on the computer on
the network 2 (Step S21). In Step S21, the controller 31
may receive the image data from the computer on the
network 2, or may read out the image data downloaded
to the storage 32 in advance.
[0069] The controller 31 selects a region in the color
image indicated by the image data acquired in Step S21
(Step S22). In Step S22, the controller 31 is only required
to select the region in the color image based on a pre-
determined method, and may sequentially select a region
having a predetermined size from a predetermined po-
sition in the image, or may randomly select a region. The
processing starting from Step S22 is carried out in each
of the color channels. In other words, the controller 31
carries out processing from Step S22 and subsequent
steps in the red channel, carries out processing from Step
S22 and subsequent steps in the green channel, and
carries out processing from Step S22 and subsequent
steps in the blue channel.
[0070] The controller 31 carries out, in each of the color
channels, histogram equalization processing for the re-
gion selected in Step S22 (Step S23). In Step S23, the
controller 31 carries out the histogram equalization
processing in each of the color channels, and thus gen-
erates three histograms in the red channel, the green
channel, and the blue channel. The histogram equaliza-
tion processing may be applied to the entire image, but

through application of the histogram equalization
processing to a part of the regions, distances between
peaks in each of the gradation values can be increased,
and hence the watermarks tend to appear more remark-
ably. Consequently, the watermarks can be detected
more easily.
[0071] The controller 31 refers to the histograms gen-
erated in Step S23, to thereby select a specific gradation
value (or a peak) (Step S24). In Step S24, the controller
31 compares frequencies appearing in the histogram with
a threshold, and selects a gradation value at which the
frequency equal to or more than a reference appears.
This threshold is assumed to be stored in the storage 32.
[0072] The controller 31 determines whether or not a
part or all of the watermark can be detected at the gra-
dation value selected in Step S24 in any one of the color
channels (Step S25). In Step S25, the controller 31 de-
termines whether or not predetermined patterns con-
tained in the watermark are detected. When the 2D code
is used as the watermark as in this embodiment, the con-
troller 31 searches for the three finder patterns arranged
at corners of the 2D code. For example, when one or two
finder patterns are detected, the controller 31 determines
that a part of the watermark is detected, and when the
three finder patterns are detected, the controller 31 de-
termines that all of the watermark is detected.
[0073] When it is determined that a part or all of the
watermark can be detected (Y in Step S25), the controller
31 determines whether or not the detected watermark is
complete (Step S26). When the watermarks are detected
in a plurality of color channels in Step S25, the processing
in Step S26 is carried out in each of the plurality of color
channels. Moreover, when the 2D code is used as the
watermark as in this embodiment, in Step S26, the con-
troller 31 is only required to determine whether or not the
watermark can be read by a publicly-known 2D code
reader. Moreover, for example, the controller 31 may de-
termine whether or not predetermined patterns contained
in the watermarks have been detected. The pattern may
be the same as or different from the pattern used in the
determination in Step S25. In Step S26, the controller 31
may determine whether or not the alignment pattern, the
timing pattern, or format information has been detected
through use of the pattern matching.
[0074] When it is determined that the watermark is
complete (Y in Step S26), the controller 31 reads a mes-
sage contained in the watermark, and displays the mes-
sage on the display 35 (Step S27), and the processing
is finished. In Step S27, the controller 31 displays on the
display 35 the information contained in the watermark,
for example, the user ID.
[0075] On the other hand, when it is determined that
the watermark is not complete (N in Step S26), the con-
troller 31 refers to the storage 32, and determines wheth-
er or not parts of the watermark that have already been
detected exist (Step S28) . It is assumed that parts of the
watermark that were previously detected in Step S25 are
stored in the storage 32.
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[0076] When it is determined that parts of the water-
mark exist (Y in Step S28), the controller 31 composes
the part of the watermark detected in Step S25 and the
parts of the watermark that have already been detected
(Step S29). In Step S29, the controller 31 arranges pre-
determined patterns contained in each of the parts of the
watermarks at predetermined positions, to thereby com-
pose the watermark. For example, when the 2D code is
used as the watermark as in this embodiment, the finder
patterns are arranged at the three corners, and the finder
patterns contained in the respective parts of the water-
mark are thus arranged at the corners . In Step S29, the
controller 31 may compose a part of the watermark de-
tected in one color channel and a part of the watermark
detected in another color channel.
[0077] The controller 31 determines whether or not the
watermark composed in Step S29 is complete (Step
S30). The processing in Step S30 is the same as that in
Step S26. When the watermark is determined to be com-
plete (Y in Step S30), in Step S27, the message is read
out, and the processing is finished. On the other hand,
when the watermark is determined not to be complete
(N in Step S30), the processing proceeds to Step S32.
[0078] When it is determined in Step S25 that a part
or all of the watermark cannot be detected (N in Step
S25), the controller 31 determines whether or not the
selection of the gradation value in Step S24 is to be fin-
ished (Step S31). In Step S31, the controller 31 deter-
mines whether or not a gradation value that has not been
selected yet exists. When it is determined that the selec-
tion of the gradation value is not to be finished (N in Step
S31), the controller 31 returns to the processing in Step
S24, and the detection processing for the watermark is
carried out for a next gradation value.
[0079] On the other hand, when it is determined that
the selection of the gradation value is to be finished (Y
in Step S31), the controller 31 determines whether or not
all regions have been selected in Step S22 (Step S32).
When it is determined that a region that has not been
selected exists (N in Step S32), the controller 32 returns
to the processing in Step S22, and the detection process-
ing for the watermark is carried out for a next region.
[0080] On the other hand, when it is determined that
the selection of the region is to be finished (Y in Step
S32), the controller 31 displays on the display 35 an error
message indicating that the watermark has failed to be
detected (Step S33), and the processing is finished.
[0081] With the above-mentioned image processing
system 1, the watermarks are embedded in regions in
which color distributions are sparse, and the watermarks
are thus easily detected, and hence the certainty of de-
tecting watermarks can be increased. For example, as
in the image 40 illustrated in FIG. 3, the certainty of the
detection of the watermarks is increased by embedding
the watermarks not in the region 42 presenting a grada-
tion, but in the region 41 having a large difference in color.
[0082] Moreover, the image processing server 10 se-
lects a region having a sparse color distribution in each

of the color channels, to thereby embed the watermark.
Thus, a larger number of watermarks can be embedded,
and the invisibility of the watermarks can also be in-
creased. For example, in a region in which the color dis-
tribution is sparse in the red channel while the color dis-
tribution is not sparse in the green channel or the blue
channel, the color distribution may be considered not to
be sparse as a whole, and the watermarks may thus be
not to be embedded. However, such a region is selected
as a region in which the watermark is to be embedded
by selecting a region in each of the color channels, and
a larger number of the watermarks can thus be embed-
ded. Further, when the watermarks are embedded in all
of the color channels, a total change amount of the pixel
value increases. However, the total change amount of
the pixel value can be suppressed by embedding the
watermarks only in color channels each having a sparse
color distribution, and the invisibility of the watermarks
can thus be increased. For example, when the water-
marks are embedded in all of the color channels in a
region in which the color distribution is sparse in the red
channel while the color distribution is not sparse in the
green channel or the blue channel, the pixel value chang-
es by a total of three. However, when the watermark is
embedded only in the red channel, the pixel value chang-
es only by one, and the invisibility can thus be increased.
[0083] Moreover, the determination of whether or not
the color distribution is sparse can accurately be made
by generating the histogram after the histogram equali-
zation processing in each region. As a result, the water-
mark can be embedded in a region in which the water-
mark can more easily be detected, and the probability of
detecting the watermark can thus be increased.
[0084] Moreover, the information for identifying the us-
er who has requested the image data from the image
processing server 10 is contained in the watermarks, and
hence, for example, even when the user leaks an image
that is confidential information on a company to the out-
side of the company, the user can be identified from the
watermarks. As a result, the leakage of the image can
be prevented beforehand.

[4. Modification Examples]

[0085] The present invention is not limited to the
above-mentioned embodiment. The present invention
may appropriately be modified without departing from the
purport of the present invention.
[0086] FIG. 9 is a functional block diagram of modifi-
cation examples of the present invention. As illustrated
in FIG. 9, a determination module 108 and a random
selection module 109 are implemented in addition to the
functions of the embodiment in the modification exam-
ples described below.

(1) For example, the above-mentioned image data
also includes moving image data. In the moving im-
age, a plurality of still images are continuously re-
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produced. When the watermark embedment
processing is carried out for each of the still images,
the processing becomes complex. Therefore, when
the user requests the moving image data, the water-
marks may be embedded at randomly determined
positions, and the watermark embedment process-
ing described in the embodiment may be carried out
only when the user requests the still image data.
In the image processing system 1 in Modification Ex-
ample (1) of the present invention, the determination
module 108 and the random selection module 109
are implemented. The determination module 108 is
implemented mainly by the controller 11. The deter-
mination module 108 is configured to determine
whether the image data acquired by the image data
acquisition module 102 is still image data or moving
image data. The determination module 108 refers to
a data format of the image data, to thereby make the
determination. For example, the determination mod-
ule 108 may refer to an extension of the image data
or a property of the image data. In this case, the data
format is stored in the image database, and the de-
termination module 108 thus refers to the image da-
tabase, to thereby make the determination.
The random selection module 109 is implemented
mainly by the controller 11. The random selection
module 109 is configured to randomly select a region
from the image 40. The size of the region may be
fixed or may randomly be determined. For example,
the random selection module 109 generates a ran-
dom number based on a random number generation
algorithm, and selects a region containing a position
determined based on the random number . This po-
sition maybe screen coordinates obtained by assign-
ing the random number to a predetermined mathe-
matical expression.
The image processing module 106 embeds the wa-
termark in the region selected by the region selection
module 105 when the determination module 108 de-
termines that the image data is still image data. The
image processing module 106 embeds the water-
mark in the region randomly selected by the random
selection module 109 when the determination mod-
ule 108 determines that the image data is moving
image data. Processing itself of embedding the wa-
termark is the same as the method described in the
embodiment.
With Modification Example (1), because moving im-
age data contains a large number of images and a
possibility of detecting a watermark in any of the im-
ages is thus high, a processing load on the image
processing server 10 can be decreased by embed-
ding watermarks in a randomly selected region.
(2) Moreover, for example, when the region selection
module 105 selects a plurality of regions, the image
processing module 106 may embed the watermarks
in all of the plurality of regions. In this case, the region
selection module 105 may select regions until a se-

lectable region no longer exists in the image, or may
select regions until a predetermined number of re-
gions have been selected. Processing itself of em-
bedding the watermark in each of the regions is the
same as the method described in the embodiment.
With Modification Example (2), a larger number of
watermarks can be embedded in an image.
(3) Moreover, for example, in the embodiment, a de-
scription is given of the case in which, when a plu-
rality of regions each having a sparse color distribu-
tion exist, the watermarks are embedded in all of the
plurality of regions, but the watermarks may not be
embedded in all of the plurality of regions, but may
be embedded in an order starting from a region hav-
ing the most sparse color distribution.
When a plurality of regions are selected by the region
selection module 105, the image processing module
106 selects a predetermined number of regions in
an order starting from a region having the most
sparse color distribution in the histogram generated
by the histogram generation module 104 out of the
plurality of regions, and embeds the watermarks in
the predetermined number of regions. The image
processing module 106 determines a degree of
sparseness of the color distribution based on the his-
togram. For example, the image processing module
106 selects a predetermined number of regions in
an order starting from a region having the largest
number of gradation values equal to or more than
the threshold T1. Moreover, for example, the image
processing module 106 may select a predetermined
number of regions in an order starting from a region
having the smallest number of gradation values
equal to or more than the threshold T2. Moreover,
for example, the image processing module 106 may
select a predetermined number of regions in an order
starting from a region having the longest distance D.
With Modification Example (3), the watermark is em-
bedded in a region having a more sparse color dis-
tribution with higher priority, and the probability of
detecting the watermark can thus be increased.
(4) Moreover, Modification Examples (1) and (2) or
Modification Examples (1) and (3) may be combined
with each other.

[0087] Moreover, for example, in the embodiment, a
description has been given of the case in which the wa-
termark detection processing is carried out in the respec-
tive color channels, but, for example, when only a part
of the watermarks has successfully been detected in the
respective color channels, the watermarks detected in
the respective color channels may be composed. For ex-
ample, detection of one watermark may be tried by com-
posing a part of the watermark detected in the red chan-
nel, a part of the watermark detected in the green chan-
nel, and a part of the watermark detected in the blue
channel. Moreover, for example, when the watermarks
are detected in a plurality of color channels, priorities may
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be assigned to the respective color channels, and the
watermark in a color channel having a higher priority may
be trusted. For example, when priority higher than that
assigned to the watermark in the green channel is as-
signed to the watermark in the red channel, and the wa-
termarks are detected both in the red channel and the
green channel, the message may be output based on
the watermark in the red channel.
[0088] Moreover, for example, the image processing
module 106 may embed watermarks having directions
different from one another in an image. Moreover, for
example, the image processing module 106 may embed
watermarks having sizes different from one another in
an image. Moreover, for example, a watermark to be em-
bedded in one color channel and a watermark to be em-
bedded in another color channel may overlap each other.
Moreover, a description has been given of the case in
which a region selected in one color channel by the region
selection module 105 and a region selected in another
color channel by the region selection module 105 are the
same, but the regions may overlap each other partially
or may not overlap each other at all. In other words, the
region selection module 105 may select regions so that
a region in one color channel and a region in another
color channel are different from each other.
[0089] Moreover, for example, a description has been
given of the case in which the watermarks are embedded
in still image data, but watermarks may be embedded in
moving image data. Moreover, for example, the water-
marks may be embedded not in a color image but in a
grayscale image. Further, a code other than the 2D code
may be used as the watermark, and an image and a text
other than the code may be used as the watermark. More-
over, for example, any information may be contained in
the watermark, and information other than the informa-
tion on the user who has requested the image data may
be contained.
[0090] Moreover, for example, the functions described
as being implemented in the image processing server 10
may be implemented in another computer (for example,
the user terminal 20 or the administrator terminal 30) . In
this case, the computer in which the functions described
above are implemented corresponds to the image
processing device of the present invention. Moreover,
out of the above-mentioned functions, functions other
than the image data acquisition module 102, the histo-
gram generation module 104, the region selection mod-
ule 105, and the image processing module 106 may be
omitted.

Claims

1. An image processing device, comprising:

image data acquisition means (102) for acquir-
ing image data;
histogram generation means (104) for generat-

ing, based on pixel values of an image (40) in-
dicated by the image data acquired by the image
data acquisition means (102), a histogram for
each region (41) in the image (40);
region selection means (105) for determining
whether each region (41) presents a gradation
based on the histogram for each region (41) and
selecting from the image (40) a region (41) that
does not present the gradation in the histogram
generated by the histogram generation means
(104); and
image processing means (106) for embedding
a watermark in the region (41) selected by the
region selection means (105),
wherein:

the region selection means (105) deter-
mines that the region (41) presents the gra-
dation when a number of gradation values
in the histogram each having a frequency
equal to or more than a threshold is less
than a predetermined number, and
determines that the region (41) does not
present the gradation when the number is
equal to or more than the predetermined
number; or
the region selection means (105) deter-
mines that the region (41) presents the gra-
dation when the number of the gradation
values in the histogram each having a fre-
quency equal to or more than

a threshold is equal to or more than a predeter-
mined number, and

determines that the region (41) does not
present the gradation when the number is
less than the predetermined number; or
the region selection means (105) deter-
mines that the region (41) presents the gra-
dation when a distance between the grada-
tion values in the histogram each having a
frequency equal to or more than a threshold
is shorter than a predetermined distance,
and
determines that the region (41) does not
present the gradation when the distance is
equal to or longer than the predetermined
distance.

2. The image processing device according to claim 1,
wherein the image (40) is a color image having a
plurality of color channels,
wherein the histogram generation means (104) is
configured to generate the histogram in each of the
plurality of color channels based on the pixel values,
wherein the region selection means (105) is config-
ured to select, in each of the plurality of color chan-
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nels, the region(41) not presenting the gradation,
and
wherein the image processing means (106) is con-
figured to change a numerical value in each of the
plurality of the color channels in the region (41) se-
lected by the region selection means (105) in the
each of the plurality of the color channels, to thereby
embed the watermark in the region (41).

3. The image processing device according to claims 1
or 2, wherein the histogram generation means (104)
is configured to carry out histogram equalization
processing in each region (41) in the image (40), and
then generate the histogram.

4. The image processing device according to any one
of claims 1 to 3,
wherein the image processing device further com-
prises request reception means for receiving a re-
quest for the image data by a user,
wherein the watermark contains information for iden-
tifying the user requesting the image data, and
wherein the image processing device further com-
prises image provision means for providing the im-
age data in which the watermark is embedded by
the image processing means (106) to the user who
has made the request that is received by the request
reception means .

5. The image processing device according to any one
of claims 1 to 4, wherein the image processing
means (106) is configured to embed, when the re-
gion selection means (105) selects a plurality of re-
gions (41), the watermarks in all of the plurality of
regions (41) .

6. The image processing device according to any one
of claims 1 to 5, wherein the image processing
means (106) is configured to select, when a plurality
of regions (41) are selected by the region selection
means (105), a predetermined number of regions
(41) in an order starting from the region (41) not pre-
senting the gradation out of the plurality of regions
(41), and to embed the watermarks in the predeter-
mined number of regions (41).

7. An image processing method, comprising:

an image data acquisition step of acquiring im-
age data;
a histogram generation step of generating,
based on pixel values of an image (40) indicated
by the image data acquired in the image data
acquisition step, a histogram for each region
(41) in the image;
a region selection step of determining whether
each region (41) presents a gradation based on
the histogram for each region (41) and selecting

from the image (40) a region (41) that does not
present the gradation in the histogram generat-
ed in the histogram generation step; and
an image processing step of embedding a wa-
termark in the region (41) selected in the region
selection step,
wherein:

the region selection step comprises deter-
mining that the region (41) presents the gra-
dation when the number of the gradation
values in the histogram each having a fre-
quency equal to or more than a threshold is
less than a predetermined number, and
determining that the region (41) does not
present the gradation when the number is
equal to or more than the predetermined
number; or
the region selection step comprises deter-
mining that the region (41) presents the gra-
dation when the number of the gradation
values in the histogram each having a fre-
quency equal to or more than a threshold is
equal to or more than a predetermined
number, and
determining that the region (41) does not
present the gradation when the number is
less than the predetermined number; or
the region selection step comprises deter-
mining that the region (41) presents the gra-
dation when the distance between the gra-
dation values in the histogram each having
a frequency equal to or more than a thresh-
old is shorter than a predetermined dis-
tance, and
determining that the region (41) does not
present the gradation when the distance is
equal to or longer than the predetermined
distance.

8. A computer program comprising instructions which,
when the program is executed by a computer, cause
the computer to carry out the method of claim 7.

Patentansprüche

1. Bildverarbeitungsvorrichtung, die Folgendes um-
fasst:

ein Bilddatenerfassungsmittel (102) zum Erfas-
sen von Bilddaten;
ein Histogrammerzeugungsmittel (104) zum Er-
zeugen eines Histogramms für jede Region (41)
in dem Bild (40), basierend auf Pixelwerten ei-
nes Bildes (40), das durch die Bilddaten ange-
geben ist, die durch das Bilddatenerfassungs-
mittel (102) erfasst sind;
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ein Regionauswahlmittel (105) zum Bestimmen,
ob jede Region (41) eine Gradation basierend
auf dem Histogramm für jede Region (41) dar-
stellt, und Auswählen einer Region (41) aus dem
Bild (40), die die Gradation in dem Histogramm
nicht darstellt, das durch das Histogrammerzeu-
gungsmittel (104) erzeugt wird; und
ein Bildverarbeitungsmittel (106) zum Einbetten
eines Wasserzeichens in die Region (41), die
durch das Regionauswahlmittel (105) ausge-
wählt ist, wobei:

das Regionauswahlmittel (105) bestimmt,
dass die Region (41) die Gradation darstellt,
wenn eine Anzahl von Gradationswerten in
dem Histogramm, die jeweils eine Frequenz
aufweisen, die wenigstens ein Schwellen-
wert ist, kleiner als eine vorbestimmte An-
zahl ist, und bestimmt, dass die Region (41)
die Gradation nicht darstellt, wenn die An-
zahl wenigstens die vorbestimmte Anzahl
ist; oder
das Regionauswahlmittel (105) bestimmt,
dass die Region (41) die Gradation darstellt,
wenn die Anzahl der Gradationswerte in
dem Histogramm, die jeweils eine Frequenz
aufweisen, die wenigstens ein Schwellen-
wert ist, wenigstens eine vorbestimmte An-
zahl ist, und bestimmt, dass die Region (41)
die Gradation nicht darstellt, wenn die An-
zahl kleiner als die vorbestimmte Anzahl ist;
oder
das Regionauswahlmittel (105) bestimmt,
dass die Region (41) die Gradation darstellt,
wenn ein Abstand zwischen den Gradati-
onswerten in dem Histogramm, die jeweils
eine Frequenz aufweisen, die wenigstens
ein Schwellenwert ist, kürzer als ein vorbe-
stimmter Abstand ist, und bestimmt, dass
die Region (41) die Gradation nicht darstellt,
wenn der Abstand gleich dem oder länger
als der vorbestimmte(n) Abstand ist.

2. Bildverarbeitungsvorrichtung nach Anspruch 1, wo-
bei das Bild (40) ein Farbbild ist, das mehrere Farb-
kanäle aufweist, wobei das Histogrammerzeu-
gungsmittel (104) konfiguriert ist, um das Histo-
gramm in jedem der mehreren Farbkanäle basie-
rend auf den Pixelwerten zu erzeugen, wobei das
Regionauswahlmittel (105) konfiguriert ist, um in je-
dem der mehreren Farbkanäle die Region (41) aus-
zuwählen, die die Gradation nicht darstellt, und wo-
bei das Bildverarbeitungsmittel (106) konfiguriert ist,
um einen numerischen Wert in jedem der mehreren
Farbkanäle in der Region (41) zu ändern, die durch
das Regionauswahlmittel (105) in jedem der mehre-
ren Farbkanäle ausgewählt ist, um dadurch das
Wasserzeichen in die Region (41) einzubetten.

3. Bildverarbeitungsvorrichtung nach Anspruch 1 oder
2, wobei das Histogrammerzeugungsmittel (104)
konfiguriert ist, um ein Histogrammausgleichsverar-
beiten in jeder Region (41) in dem Bild (40) durch-
zuführen und dann das Histogramm zu erzeugen.

4. Bildverarbeitungsvorrichtung nach einem der An-
sprüche 1 bis 3, wobei die Bildverarbeitungsvorrich-
tung ferner ein Anforderungsempfangsmittel zum
Empfangen einer Anforderung für die Bilddaten
durch einen Benutzer umfasst, wobei das Wasser-
zeichen Informationen zum Identifizieren des Benut-
zers enthält, der die Bilddaten anfordert, und wobei
die Bildverarbeitungsvorrichtung ferner ein Bildbe-
reitstellungsmittel zum Bereitstellen der Bilddaten,
in die das Wasserzeichen durch das Bildverarbei-
tungsmittel (106) eingebettet ist, an den Benutzer
umfasst, der die Anforderung gestellt hat, die durch
das Anforderungsempfangsmittel empfangen wird.

5. Bildverarbeitungsvorrichtung nach einem der An-
sprüche 1 bis 4, wobei das Bildverarbeitungsmittel
(106) konfiguriert ist, um, wenn das Regionauswahl-
mittel (105) mehrere Regionen (41) auswählt, die
Wasserzeichen in alle der mehreren Regionen (41)
einzubetten.

6. Bildverarbeitungsvorrichtung nach einem der An-
sprüche 1 bis 5, wobei das Bildverarbeitungsmittel
(106) konfiguriert ist, um, wenn mehrere Regionen
(41) durch das Regionauswahlmittel (105) ausge-
wählt sind, eine vorbestimmte Anzahl von Regionen
(41) in einer Reihenfolge, die bei der Region (41)
beginnt, die die Gradation nicht darstellt, aus den
mehreren Regionen (41) auszuwählen, und um die
Wasserzeichen in die vorbestimmte Anzahl von Re-
gionen (41) einzubetten.

7. Bildverarbeitungsverfahren, das Folgendes um-
fasst:

einen Bilddatenerfassungsschritt zum Erfassen
von Bilddaten;
einen Histogrammerzeugungsschritt zum Er-
zeugen eines Histogramms für jede Region (41)
in dem Bild, basierend auf Pixelwerten eines Bil-
des (40), das durch die Bilddaten angegeben
ist, die in dem Bilddatenerfassungsschritt er-
fasst sind;
einen Regionauswahlschritt zum Bestimmen,
ob jede Region (41) eine Gradation basierend
auf dem Histogramm für jede Region (41) dar-
stellt, und Auswählen einer Region (41) aus dem
Bild (40), die die Gradation in dem Histogramm
nicht darstellt, das in dem Histogrammerzeu-
gungsschritt erzeugt wird; und
einen Bildverarbeitungsschritt zum Einbetten ei-
nes Wasserzeichens in die Region (41), die in
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dem Regionauswahlschritt ausgewählt wird,
wobei:

der Regionauswahlschritt das Bestimmen,
dass die Region (41) die Gradation darstellt,
wenn die Anzahl der Gradationswerte in
dem Histogramm, die jeweils eine Frequenz
aufweisen, die wenigstens ein Schwellen-
wert ist, kleiner als eine vorbestimmte An-
zahl ist, und das Bestimmen umfasst, dass
die Region (41) die Gradation nicht darstellt,
wenn die Anzahl wenigstens die vorbe-
stimmte Anzahl ist; oder
der Regionauswahlschritt das Bestimmen,
dass die Region (41) die Gradation darstellt,
wenn die Anzahl der Gradationswerte in
dem Histogramm, die jeweils eine Frequenz
aufweisen, die wenigstens ein Schwellen-
wert ist, wenigstens eine vorbestimmte An-
zahl ist, und das Bestimmen umfasst, dass
die Region (41) die Gradation nicht darstellt,
wenn die Anzahl kleiner als die vorbestimm-
te Anzahl ist; oder
der Regionauswahlschritt das Bestimmen,
dass die Region (41) die Gradation darstellt,
wenn der Abstand zwischen den Gradati-
onswerten in dem Histogramm, die jeweils
eine Frequenz aufweisen, die wenigstens
ein Schwellenwert ist, kürzer als ein vorbe-
stimmter Abstand ist, und das Bestimmen
umfasst, dass die Region (41) die Gradation
nicht darstellt, wenn der Abstand gleich
dem oder länger als der vorbestimmte(n)
Abstand ist.

8. Computerprogramm, das Anweisungen umfasst,
die, wenn das Programm durch einen Computer aus-
geführt wird, den Computer veranlassen, das Ver-
fahren nach Anspruch 7 durchzuführen.

Revendications

1. Dispositif de traitement d’image, comprenant :

un moyen d’acquisition de données d’image
(102) pour acquérir des données d’image ;
un moyen de génération d’histogramme (104)
pour générer, sur la base de valeurs de pixel
d’une image (40) indiquées par les données
d’image acquises par le moyen d’acquisition de
données d’image (102), un histogramme pour
chaque région (41) dans l’image (40) ;
un moyen de sélection de région (105) pour dé-
terminer si chaque région (41) présente une gra-
dation basée sur l’histogramme pour chaque ré-
gion (41) et sélectionner à partir de l’image (40)
une région (41) qui ne présente pas la gradation

dans l’histogramme généré par le moyen de gé-
nération d’histogramme (104) ; et
un moyen de traitement d’image (106) pour in-
corporer un filigrane dans la région (41) sélec-
tionnée par le moyen de sélection de région
(105) :

le moyen de sélection de région (105) dé-
terminant que la région (41) présente la gra-
dation lorsqu’un nombre de valeurs de gra-
dation dans l’histogramme ayant chacune
une fréquence égale ou supérieure à un
seuil est inférieur à un nombre prédétermi-
né, et
déterminant que la région (41) ne présente
pas la gradation lorsque le nombre est égal
ou supérieur au nombre prédéterminé ; ou
le moyen de sélection de région (105) dé-
terminant que la région (41) présente la gra-
dation lorsque le nombre de valeurs de gra-
dation dans l’histogramme ayant chacune
une fréquence égale ou supérieure à un
seuil est égal ou supérieur à un nombre pré-
déterminé, et déterminant que la région (41)
ne présente pas la gradation lorsque le
nombre est inférieur au nombre
prédéterminé ; ou
le moyen de sélection de région (105) dé-
terminant que la région (41) présente la gra-
dation lorsqu’une distance entre les valeurs
de gradation dans l’histogramme ayant cha-
cune une fréquence égale ou supérieure à
un seuil est plus courte qu’une distance pré-
déterminée, et
déterminant que la région (41) ne présente
pas la gradation lorsque la distance est éga-
le à, ou au delà de, la distance prédétermi-
née.

2. Dispositif de traitement d’image selon la revendica-
tion 1,
l’image (40) étant une image couleur ayant une plu-
ralité de canaux de couleur,
le moyen de génération d’histogramme (104) étant
configuré pour générer l’histogramme dans chacun
de la pluralité de canaux de couleur sur la base des
valeurs de pixel,
le moyen de sélection de région (105) étant configuré
pour sélectionner, dans chacun de la pluralité de ca-
naux de couleur, la région (41) ne présentant pas la
gradation, et
le moyen de traitement d’image (106) étant configuré
pour changer une valeur numérique dans chacun de
la pluralité des canaux de couleur dans la région (41)
sélectionnée par le moyen de sélection de région
(105) dans chacun de la pluralité des canaux de cou-
leur, pour ainsi incorporer le filigrane dans la région
(41).
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3. Dispositif de traitement d’image selon les revendi-
cations 1 ou 2, le moyen de génération d’histogram-
me (104) étant configuré pour effectuer un traitement
d’égalisation d’histogramme dans chaque région
(41) dans l’image (40), puis générer l’histogramme.

4. Dispositif de traitement d’image selon l’une quelcon-
que des revendications 1 à 3,
le dispositif de traitement d’image comprenant en
outre un moyen de réception de demande pour re-
cevoir une demande pour les données d’image par
un utilisateur,
le filigrane contenant des informations pour identifier
l’utilisateur demandant les données d’image, et
le dispositif de traitement d’image comprenant en
outre un moyen de fourniture d’image pour fournir
les données d’image dans lesquelles le filigrane est
incorporé par le moyen de traitement d’image (106)
à l’utilisateur qui a fait la demande qui est reçue par
le moyen de réception de demande.

5. Dispositif de traitement d’image selon l’une quelcon-
que des revendications 1 à 4, le moyen de traitement
d’image (106) étant configuré pour incorporer, lors-
que le moyen de sélection de région (105) sélection-
ne une pluralité de régions (41), les filigranes dans
toute la pluralité de régions (41).

6. Dispositif de traitement d’image selon l’une quelcon-
que des revendications 1 à 5, le moyen de traitement
d’image (106) étant configuré pour sélectionner,
lorsqu’une pluralité de régions (41) sont sélection-
nées par le moyen de sélection de région (105), un
nombre prédéterminé de régions (41) dans un ordre
commençant par la région (41) ne présentant pas la
gradation hors de la pluralité de régions (41), et pour
incorporer les filigranes dans le nombre prédétermi-
né de régions (41).

7. Procédé de traitement d’image, comprenant :

une étape d’acquisition de données d’image
pour acquérir des données d’image ;
une étape de génération d’histogramme consis-
tant à générer, sur la base des valeurs de pixel
d’une image (40) indiquées par les données
d’image acquises dans l’étape d’acquisition de
données d’image, un histogramme pour chaque
région (41) dans l’image ;
une étape de sélection de région pour détermi-
ner si chaque région (41) présente une grada-
tion basée sur l’histogramme pour chaque ré-
gion (41) et sélectionner à partir de l’image (40)
une région (41) qui ne présente pas la gradation
dans l’histogramme généré dans l’étape de gé-
nération d’histogramme ; et
une étape de traitement d’image consistant à
incorporer un filigrane dans la région (41) sélec-

tionnée dans l’étape de sélection de région :

l’étape de sélection de région comprenant
la détermination selon laquelle la région
(41) présente la gradation lorsque le nom-
bre de valeurs de gradation dans l’histo-
gramme ayant chacune une fréquence éga-
le ou supérieure à un seuil est inférieur à un
nombre prédéterminé, et
la détermination selon laquelle la région
(41) ne présente pas la gradation lorsque
le nombre est égal ou supérieur au nombre
prédéterminé ; ou
l’étape de sélection de région comprenant
la détermination selon laquelle la région
(41) présente la gradation lorsque le nom-
bre des valeurs de gradation dans l’histo-
gramme ayant chacune une fréquence éga-
le ou supérieure à un seuil est égal ou su-
périeur à un nombre prédéterminé, et
la détermination selon laquelle la région
(41) ne présente pas la gradation lorsque
le nombre est inférieur au nombre
prédéterminé ; ou
l’étape de sélection de région comprenant
la détermination selon laquelle la région
(41) présente la gradation lorsque la distan-
ce entre les valeurs de gradation dans l’his-
togramme ayant chacune une fréquence
égale ou supérieure à un seuil est plus cour-
te qu’une distance prédéterminée, et
la détermination selon laquelle la région
(41) ne présente pas la gradation lorsque
la distance est égale à, ou au delà de, la
distance prédéterminée.

8. Programme informatique comprenant des instruc-
tions qui, lorsque le programme est exécuté par un
ordinateur, amènent l’ordinateur à effectuer le pro-
cédé de la revendication 7.
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