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(57) ABSTRACT

An image processing device includes: an image sequence
acquisition section that acquires an image sequence that
includes a plurality of constituent images; and a processing
section that performs an image summarization process that
deletes some of the plurality of constituent images included in
the image sequence to generate a summary image sequence,
the processing section detecting an observation target area
from each of the plurality of constituent images, selecting a
reference image and a determination target image from the
plurality of constituent images, calculating deformation
information about a deformation estimation target area
included in the reference image and the deformation estima-
tion target area included in the determination target image,
and determining whether or not the determination target
image can be deleted based on the observation target area
included in the reference image, the observation target area
included in the determination target image, and the deforma-
tion information.
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IMAGE PROCESSING DEVICE,
INFORMATION STORAGE DEVICE, AND
IMAGE PROCESSING METHOD

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of International
Patent Application No. PCT/JP2013/075080, having an inter-
national filing date of Sep. 18, 2013, which designated the
United States, the entirety of which is incorporated herein by
reference. Japanese Patent Application No0.2012-214532
filed on Sep. 27, 2012 and Japanese Patent Application No.
2013-093347 filed on Apr. 26, 2013 are also incorporated
herein by reference in its entirety.

BACKGROUND

[0002] Thepresent invention relates to an image processing
device, an information storage device, an image processing
method, and the like.

[0003] When still images are continuously captured in time
series at given time intervals, or when a spatial object is
covered by a number of images, or when a movie is captured,
and each image included in the movie is used as a still image,
for example, a very large number of temporally or spatially
continuous images (hereinafter may be referred to as “image
sequence”) are acquired. In such a case, it is likely that the
images that are closely situated in the image sequence (i.e.,
images that are close to each other temporally or spatially) are
similar images, and it is not likely that it is necessary to check
all of a large number of images in order to determine the
captured information. Since the number of images may typi-
cally be tens of thousands or more, it takes time for the user to
check all of the images.

[0004] Therefore, it has been desired to summarize the
original image sequence using an image sequence that
includes a smaller number of images by deleting some of the
images from the original image sequence. This process is
hereinafter referred to as “image summarization process”.
For example, JP-A-2009-5020 discloses an image summari-
zation method that extracts a scene change boundary image
included in the image sequence, or an image that represents
the image sequence, and allows images from which the infor-
mation represented by the image sequence can be easily
determined to remain.

[0005] Forexample, when capturing an in vivo image using
an endoscope apparatus, it is considered that the degree of
importance of a lesion area included in the in vivo image is
higher than that of other areas when performing diagnosis or
the like. JP-A-2010-113616 discloses a method that detects a
lesion area from an image.

[0006] When performing the image summarization process
on in vivo images, the image summarization process may be
performed so that an image from which a lesion area has been
detected using the method disclosed in JP-A-2010-113616 is
allowed to remain in the summary image sequence, and an
image from which a lesion area has not been detected is
deleted, since a high degree of importance and a high degree
of attention are paid to a lesion area, for example. However, a
lesion area may be detected from most of the images included
in the acquired image sequence depending on the disease, and
it may be inefficient (i.e., the effect of reducing the number of

Jul. 16, 2015

images may be low) to perform the image summarization
process based only on whether or not a lesion area has been
detected.

[0007] Therefore, the image summarization process may
be performed on images that include a lesion area using the
method disclosed in JP-A-2009-5020. In this case, when
applying the image summarization technique to the medical
field (e.g., endoscopic observation), for example, it is neces-
sary to prevent a situation in which a lesion area that cannot be
observed occurs due to deletion of an image in order to
prevent a situation in which the disease is missed.

[0008] Itmay be necessary to prevent a situation in which it
becomes impossible to observe an area other than a lesion
area due to deletion of an image. For example, JP-A-2007-
313119 discloses a method that detects a bubble area included
in an in vivo image, and JP-A-2010-115413 discloses a
method that detects a residue area. Since a mucous membrane
is covered by bubbles or a residue in a bubble area and a
residue area, these areas are not suitable for observation.
Specifically, an area that is included in an in vivo image, and
is not included in a bubble area and a residue area, has high
observation value as compared with a bubble area and a
residue area, and it is necessary to prevent a situation in which
it becomes impossible to observe such an area due to deletion
of'an image.

[0009] JP-A-2012-16454 discloses a method that detects a
dark area that is captured very darkly within an image, and
JP-A-2011-234931 discloses a method that detects a halation
area that is captured very brightly within an image. Since a
dark area and a halation area have extreme pixel values (i.e.,
the visibility of the object is poor), these areas are not suitable
for observation. Specifically, an area that is included in an
image, and is not included in a dark area and a halation area,
has high observation value as compared with a dark area and
a halation area, and it is necessary to prevent a situation in
which it becomes impossible to observe such an area due to
deletion of an image.

[0010] Specifically, when an area (e.g., a lesion area, an
area in which the mucous membrane is not covered, and an
area in which the visibility of the object is good) included in
an image that has high observation value as compared with
other areas is defined as an observation target area, it is
necessary to perform an image summarization process that
suppresses a situation in which it becomes impossible to
observe the observation target area due to deletion of an
image.

SUMMARY

[0011] According to one aspect of the invention, there is
provided an image processing device comprising:

[0012] animage sequence acquisition section that acquires
an image sequence that includes a plurality of constituent
images; and

[0013] a processing section that performs an image sum-
marization process that deletes some of the plurality of con-
stituent images included in the image sequence acquired by
the image sequence acquisition section to generate a sum-
mary image sequence,

[0014] the processing section detecting an observation tar-
get area from each constituent image among the plurality of
constituent images, selecting a reference image and a deter-
mination target image from the plurality of constituent
images, calculating deformation information about a defor-
mation estimation target area included in the reference image
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and the deformation estimation target area included in the
determination target image, and determining whether or not
the determination target image can be deleted based on the
observation target area included in the reference image, the
observation target area included in the determination target
image, and the deformation information.

[0015] According to another aspect of the invention, there
is provided an information storage device storing a program
causes a computer to function as:

[0016] animage sequence acquisition section that acquires
an image sequence that includes a plurality of constituent
images; and

[0017] a processing section that performs an image sum-
marization process that deletes some of the plurality of con-
stituent images included in the image sequence acquired by
the image sequence acquisition section to generate a sum-
mary image sequence,

[0018] the processing section detecting an observation tar-
get area from each constituent image among the plurality of
constituent images, selecting a reference image and a deter-
mination target image from the plurality of constituent
images, calculating deformation information about a defor-
mation estimation target area included in the reference image
and the deformation estimation target area included in the
determination target image, and determining whether or not
the determination target image can be deleted based on the
observation target area included in the reference image, the
observation target area included in the determination target
image, and the deformation information.

[0019] According to another aspect of the invention, there
is an image processing method comprising:

[0020] acquiring an image sequence that includes a plural-
ity of constituent images;

[0021] detecting an observation target area from each con-
stituent image among the plurality of constituent images;
[0022] selecting a reference image and a determination tar-
get image from the plurality of constituent images;

[0023] calculating deformation information about a defor-
mation estimation target area included in the reference image
and the deformation estimation target area included in the
determination target image;

[0024] determining whether or not the determination target
image can be deleted based on the observation target area
included in the reference image, the observation target area
included in the determination target image, and the deforma-
tion information; and

[0025] performing an image summarization process that
deletes some of the plurality of constituent images included in
the image sequence based on a determination result as to
whether or not the determination target image can be deleted
to generate a summary image sequence.

BRIEF DESCRIPTION OF DRAWINGS

[0026] FIGS. 1A to 1C are views illustrating the reasons
that a lesion area is used for an image summarization process.
[0027] FIG. 2 is another view illustrating the reasons that a
lesion area is used for an image summarization process.
[0028] FIG. 3 is a view illustrating a process according to
one embodiment of the invention.

[0029] FIG. 4 illustrates a configuration example of an
image processing device.

[0030] FIG. 5illustrates a configuration example of a dele-
tion determination section according to a first embodiment.
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[0031] FIG. 6 is a flowchart illustrating a process according
to one embodiment of the invention.

[0032] FIG. 7 is a flowchart illustrating the deletion deter-
mination section according to the first embodiment.

[0033] FIGS. 8A to 8C are views illustrating a reference
image/determination target image selection method.

[0034] FIG. 9is a view illustrating a process that calculates
a lesion coverage area based on a plurality of reference
images.

[0035] FIGS.10A and 10B are views illustrating a deletion
determination process using a first reference image and a
second reference image.

[0036] FIGS. 11A to 11D are views illustrating a process
according to a second embodiment.

[0037] FIG. 12 illustrates a configuration example of a
deletion determination section according to the second
embodiment.

[0038] FIG. 13 illustrates another configuration example of
the deletion determination section according to the second
embodiment.

[0039] FIG. 14 is a flowchart illustrating the deletion deter-
mination section according to the second embodiment.
[0040] FIG. 15 illustrates a configuration example of a
deletion determination section according to a third embodi-
ment.

[0041] FIG. 16 is a flowchart illustrating an image summa-
rization process according to the third embodiment.

[0042] FIG. 17 illustrates a basic configuration example of
an image processing device.

[0043] FIG. 18 is a view illustrating a method that calcu-
lates a coverage based on a coverage area.

[0044] FIG. 19 is a view illustrating a process that calcu-
lates an observation target area included in a reference image
and an observation target coverage area based on a bubble
area or the like.

[0045] FIG. 20 is a view illustrating a process that calcu-
lates an observation target area included in a determination
target image based on a bubble area or the like.

[0046] FIG. 21A illustrates an example of an observation
target common area, and FIG. 21B illustrates an example of
an observation target loss area.

[0047] FIG. 22 illustrates another configuration example of
an image processing device.

[0048] FIG. 23 illustrates a configuration example of a
deletion determination section according to a fourth embodi-
ment.

[0049] FIGS. 24A to 24E are views illustrating a erosion
process that utilizes a structural element performed on an
observation target loss area.

[0050] FIGS. 25A and 25B are views illustrating another
process that utilizes a structural element.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0051] According to one embodiment of the invention,
there is provided an image processing device comprising:
[0052] animage sequence acquisition section that acquires
an image sequence that includes a plurality of constituent
images; and

[0053] a processing section that performs an image sum-
marization process that deletes some of the plurality of con-
stituent images included in the image sequence acquired by
the image sequence acquisition section to generate a sum-
mary image sequence,
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[0054] the processing section detecting an observation tar-
get area from each constituent image among the plurality of
constituent images, selecting a reference image and a deter-
mination target image from the plurality of constituent
images, calculating deformation information about a defor-
mation estimation target area included in the reference image
and the deformation estimation target area included in the
determination target image, and determining whether or not
the determination target image can be deleted based on the
observation target area included in the reference image, the
observation target area included in the determination target
image, and the deformation information.

[0055] According to one embodiment of the invention, the
observation target area is detected from each image, and
whether or not the determination target image can be deleted
is determined based on the observation target area included in
the reference image, the observation target area included in
the determination target image, and the deformation informa-
tion about the reference image and the determination target
image. This makes it possible to determine whether or not the
determination target image can be deleted corresponding to
the degree by which the observation target area cannot be
observed, and implement an appropriate image summariza-
tion process as compared with the case of performing the
image summarization process using the deformation infor-
mation without taking account of the observation target area,
for example.

[0056] In the image processing device,

[0057] the processing section may calculate an observation
target coverage area by performing a deformation process
using the deformation information on the observation target
area included in the reference image, the observation target
coverage area being an area that is included in the determi-
nation target image, and is covered by the observation target
area included in the reference image, and may determine
whether or not the determination target image can be deleted
based on the calculated observation target coverage area, and
the observation target area included in the determination tar-
get image.

[0058] This makes it possible to determine whether or not
the determination target image can be deleted based on the
observation target coverage area that corresponds to an area
of'the determination target image that is covered by the obser-
vation target area included in the reference image, for
example.

[0059] In the image processing device,

[0060] the processing section may calculate an observation
target common area that is a common area of the observation
target coverage area and the observation target area included
in the determination target image, may calculate an observa-
tion target coverage that is a ratio of the calculated observa-
tion target common area with respect to the observation target
area included in the determination target image, and may
determine whether or not the determination target image can
be deleted based on the calculated observation target cover-
age.

[0061] This makes it possible to determine whether or not
the determination target image can be deleted based on the
observation target coverage.

[0062] In the image processing device,

[0063] the processing section may determine that the deter-
mination target image can be deleted when the observation
target coverage is equal to or larger than a given threshold
value, and may determine that the determination target image
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cannot be deleted when the observation target coverage is
smaller than the given threshold value.

[0064] This makes it possible to determine whether or not
the determination target image can be deleted using the
threshold value determination process that utilizes the obser-
vation target coverage.

[0065] In the image processing device,

[0066] the processing section may calculate an observation
target loss area occupancy that is a ratio of an observation
target loss area with respect to the determination target image,
the observation target loss area being an area that is included
in the observation target area included in the determination
target image, but is not included in the observation target
coverage area, and may determine whether or not the deter-
mination target image can be deleted based on the calculated
observation target loss area occupancy.

[0067] This makes it possible to determine whether or not
the determination target image can be deleted based on the
observation target loss area occupancy.

[0068] In the image processing device,

[0069] the processing section may determine that the deter-
mination target image can be deleted when the observation
target loss area occupancy is smaller than a given threshold
value, and may determine that the determination target image
cannot be deleted when the observation target loss area occu-
pancy is equal to or larger than the given threshold value.
[0070] This makes it possible to determine whether or not
the determination target image can be deleted using the
threshold value determination process that utilizes the obser-
vation target loss area occupancy.

[0071] In the image processing device,

[0072] the processing section may determine probability
that an attention area included in the determination target
image is missed using an observation target loss area that is an
area that is included in the observation target area included in
the determination target image, but is not included in the
observation target coverage area, and may determine whether
or not the determination target image can be deleted based on
the probability that the attention area is missed.

[0073] This makes it possible to determine whether or not
the determination target image can be deleted from the view-
point of the probability that the attention area is missed, for
example.

[0074] In the image processing device,

[0075] the processing section may determine the probabil-
ity that the attention area included in the determination target
image is missed by determining whether or not an area having
a size corresponding to the attention area is included within
the observation target loss area.

[0076] This makes it possible to determine the probability
that the attention area is missed based on whether or not an
area having a size corresponding to the attention area is
included within the observation target loss area, for example.
[0077] In the image processing device,

[0078] the processing section may perform a erosion pro-
cess that utilizes a structural element that corresponds to the
attention area on the observation target loss area, may deter-
mine that the determination target image cannot be deleted
when it has been determined by the erosion process that a
residual area is present, and the attention area may be missed,
and may determine that the determination target image can be
deleted when it has been determined by the erosion process
that the residual area is not present, and the attention area is
not missed.
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[0079] This makes it possible to determine the probability
that the attention area is missed using the erosion process that
utilizes the structural element, for example.

[0080] In the image processing device,

[0081] the processing section may calculate an observation
target common area that is a common area of the observation
target coverage area and the observation target area included
in the determination target image, may calculate an observa-
tion target coverage that is a ratio of the calculated observa-
tion target common area with respect to the observation target
area included in the determination target image, may calcu-
late an observation target loss area occupancy that is a ratio of
an observation target loss area with respect to the determina-
tion target image, the observation target loss area being an
area that is included in the observation target area included in
the determination target image, but is not included in the
observation target common area, and may determine whether
or not the determination target image can be deleted based on
the calculated observation target coverage and the calculated
observation target loss area occupancy.

[0082] This makes it possible to use the observation target
coverage and the observation target loss area occupancy in
combination, and improve the determination accuracy when
determining whether or not the determination target image
can be deleted, for example.

[0083] In the image processing device,

[0084] the processing section may determine that the deter-
mination target image can be deleted when it has been deter-
mined that the determination target image can be deleted by at
least one of a determination based on the observation target
coverage and a determination based on the observation target
loss area occupancy.

[0085] This makes it possible to increase the probability
that it is determined that the determination target image can
be deleted, and improve the effect of reducing the number of
images, for example.

[0086] In the image processing device,

[0087] the processing section may detect an area of the
image other than a cover area as the observation target area.
[0088] This makes it possible to detect an area other than
the cover area as the observation target area.

[0089] In the image processing device,

[0090] the image sequence may be an in vivo image
sequence obtained by capturing inside of a living body, and
[0091] the cover area may be a bubble area or a residue area
included in the image.

[0092] This makes it possible to detect a bubble area or a
residue area as the cover area.

[0093] In the image processing device,

[0094] the processing section may detect an area of the
image other than an area for which an image signal is not
suitable for observation, as the observation target area.
[0095] This makes it possible to detect an area other than an
area that is not suitable for observation as the observation
target area.

[0096] In the image processing device,

[0097] the area for which the image signal is not suitable for
observation may be a dark area or a halation area included in
the image.

[0098] This makes it possible to detect a dark area or a
halation area as an area of which the image signal is not
suitable for observation.

[0099] In the image processing device,
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[0100] the image sequence may be an in vivo image
sequence obtained by capturing inside of a living body, and
[0101] the processing section may detect a lesion area or a
villus area included in the image as the observation target
area.

[0102] This makes it possible to detect a lesion area or a
villus area as the observation target area.

[0103] Another embodiment of the invention relates to an
information storage device storing a program that causes a
computer to function as each section described above.
[0104] According to another embodiment of the invention,
there is an image processing method comprising:

[0105] acquiring an image sequence that includes a plural-
ity of constituent images;

[0106] detecting an observation target area from each con-
stituent image among the plurality of constituent images;
[0107] selecting a reference image and a determination tar-
get image from the plurality of constituent images;

[0108] calculating deformation information about a defor-
mation estimation target area included in the reference image
and the deformation estimation target area included in the
determination target image;

[0109] determining whether or not the determination target
image can be deleted based on the observation target area
included in the reference image, the observation target area
included in the determination target image, and the deforma-
tion information; and

[0110] performing an image summarization process that
deletes some of the plurality of constituent images included in
the image sequence based on a determination result as to
whether or not the determination target image can be deleted
to generate a summary image sequence.

[0111] Exemplary embodiments of the invention are
described below. Note that the following exemplary embodi-
ments do not in any way limit the scope of the invention laid
out in the claims. Note also that all of the elements described
in connection with the following exemplary embodiments
should not necessarily be taken as essential elements of the
invention.

1. Method

[0112] A method used in connection with several exem-
plary embodiments of the invention is described below. It is
desirable to perform the image summarization process when
animage sequence that includes a large number of temporally
or spatially continuous images has been acquired, and the
user performs a process (e.g., medical practice (e.g., diagno-
sis) when the image sequence is an endoscopic image
sequence) using the image sequence. This is because the
number of images included in the image sequence is very
large, and it takes time for the user to check all of the images
included in the image sequence to make a determination.
Moreover, it is likely that similar images are included in the
image sequence, and the amount of information that can be
acquired is limited even if such similar images are thoroughly
checked.

[0113] Specific examples of such an image sequence
include an image sequence captured using a capsule endo-
scope. The capsule endoscope is a capsule-shaped endoscope
that includes a small camera, and captures an image at given
time intervals (e.g., twice a second). The capsule endoscope
remains inside a body for several hours (tens or more hours in
some cases) until it is discharged from the body, and several
tens of thousands of captured images are acquired during a



US 2015/0199590 A1

single examination. When the capsule endoscope moves
inside a living body, the capsule endoscope may stop or move
backward due to the motion of the living body, for example.
Therefore, a large number of captured images may include a
number of images that capture a similar object, and are not
useful for diagnosis or the like.

[0114] The image summarization process may be per-
formed so that a lesion area is detected from an image, an
image from which a lesion area has been detected is allowed
to remain in the summary image sequence, and an image from
which alesion area has not been detected is deleted. However,
a lesion area may be detected from most of the images
included in the acquired image sequence depending on the
disease. In this case, since it is determined that most of the
images cannot be deleted when the image summarization
process is performed based on whether or not a lesion area has
been detected, the effect of reducing the number of images is
low, and it is difficult to reduce the burden imposed on the user
(doctor).

[0115] Therefore, a known image summarization process
(e.g., the process disclosed in JP-A-2009-5020 that extracts a
scene change boundary image, or an image that represents the
image sequence) may be performed on images from which a
lesion area has been detected in order to improve the effect of
reducing the number of images. However, such a known
image summarization process does not take account of the
relationship between the object captured within the deletion
target image and the object captured within the image that is
allowed to remain when deleting an image. Therefore, a
lesion area that is captured within an image included in the
image sequence that is not subjected to the image summari-
zation process may not be captured within each image
included in the image sequence obtained by the image sum-
marization process. Since the degree by which a lesion area
that is captured within an image included in the original
image sequence is not included in each image included in the
image sequence obtained by the image summarization pro-
cess depends on the processing target image sequence, it is
difficult to control the degree using a known method.

[0116] This is undesirable in the medical field since it is
necessary to prevent a situation in which the attention area
(e.g., lesion area) is missed as much as possible. Therefore, it
is necessary to prevent a situation in which a lesion area that
cannot be observed occurs due to deletion of a given image as
much as possible when performing the image summarization
process.

[0117] Inorderto solve the above problems, several aspects
of the invention propose a method that selects a reference
image (i.e., an image that is allowed to remain (an image that
may be allowed to remain depending on the embodiment))
and a determination target image (i.e., a deletion determina-
tion target image), and performs the image summarization
process based on deformation information about the refer-
ence image and the determination target image.

[0118] For example, the image summarization process that
utilizes the deformation information about the reference
image and the determination target image may calculate a
coverage area within the determination target image by
deforming the reference image (see FIG. 18). The object
captured within the reference image corresponds to the object
captured within the coverage area within the determination
target image. Specifically, an area (hereinafter referred to as
“non-coverage area”) that is included in the determination

Jul. 16, 2015

target image, and is not included in the coverage area cannot
be covered by the reference image when the determination
target image is deleted.

[0119] Therefore, the degree by which an object range that
cannot be observed occurs is controlled by calculating the
ratio of the coverage area with respect to the determination
target image as the coverage, and determining whether or not
to delete the determination target image based on the calcu-
lated coverage, for example. For example, the determination
target image is deleted when the coverage is equal to or larger
than a threshold value, and is not deleted when the coverage
is less than the threshold value. In this case, the degree by
which an area that cannot be observed occurs can be con-
trolled by appropriately setting the threshold value.

[0120] However, when detecting a lesion area (observation
area (described later) in a broad sense), a lesion area is the
attention area within an image (see above). When a lesion
area (attention area) has been detected, it is unreasonable to
perform the process on the entire image (see FIG. 18), and
equally handle a lesion area and an area other than a lesion
area.

[0121] An example of such a situation is described below
with reference to FIGS. 1A to 1C. Note that an extreme shape
isused in FIGS. 1A to 1C for convenience of explanation. FIG
1A illustrates a coverage area obtained by deforming the
reference image using the deformation information, and pro-
jecting the deformed reference image onto the determination
target image. In this case, it is considered that it is determined
that the determination target image can be deleted since the
coverage 1s high to a certain extent, although the determina-
tion result differs depending on the threshold value and the
like used for the deletion determination process. In other
words, the area (i.e., non-coverage area illustrated in FIG. 1A)
that cannot be covered by the reference image when the
determination target image is deleted is sufficiently small.
[0122] However, when a lesion area included in the refer-
ence image is an area indicated by Al in FIG. 1B, the lesion
area (hereinafter may be referred to as “lesion coverage area™)
included in the reference image that has been deformed using
the deformation information corresponds to an area indicated
by A2 within the determination target image. When a lesion
area included in the determination target image is an area
indicated by A3 in FIG. 1C, most of the lesion area (A3)
included in the determination target image is included within
the non-coverage area, and cannot be observed if the deter-
mination target image is deleted.

[0123] In the example illustrated in FIGS. 1A to 1C, the
original lesion has a size corresponding to the lesion area
indicated by A3 in FIG. 1C, but only the upper left part of the
original lesion can be observed within the reference image in
a magnified state. However, it is determined that the determi-
nation target image can be deleted when the coverage is
calculated using the entire image (see FIG. 1A). Specifically,
it may be determined that the determination target image that
should be allowed to remain can be deleted by the determi-
nation process using the coverage that does not take account
of a lesion area, and a situation in which a number of lesion
areas cannot be observed may occur.

[0124] Inthe example illustrated in FIG. 2, a coverage area
indicated by B1 is obtained by deforming the reference
image. A lesion area included in the reference image is an area
indicated by B2, and a lesion area included in the determina-
tion target image is an area indicated by B3. In this case, it is
determined that the determination target image cannot be
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deleted by the determination process using the coverage since
the ratio of the coverage area with respect to the determina-
tion target image is small. However, most of the lesion area
(B3) included in the determination target image is included
within the lesion coverage area obtained by deforming the
area indicated by B2, and the degree by which the lesion area
cannot be observed is low even if the determination target
image is deleted. In this case, since it is determined that the
determination target image that should be deleted cannot be
deleted by the determination process using the coverage that
does not take account of a lesion area, the number of images
included in the image sequence obtained by the image sum-
marization process increases (i.e., the effect of reducing the
number of images decreases), and the burden imposed on the
user may increase.

[0125] Inview of'the above, several aspects of the invention
propose a method that performs the image summarization
process by performing the deletion determination process
based on a lesion area instead of performing the deformation
process using the deformation information on the entire
image. Specifically, the deformation process using the defor-
mation information is performed on a lesion area included in
the reference image, and the lesion area is projected onto the
determination target image to calculate the reference image
lesion area deformation result (lesion coverage area) (see
FIG. 3). Whether or not the determination target image can be
deleted is determined based on the lesion area included in the
determination target image and the calculated lesion coverage
area. This makes it possible to prevent a situation in which the
problem described above with reference to FIGS. 1A to 2
occurs, and appropriately control the degree by which alesion
area cannot be observed due to deletion of the determination
target image (the degree by which a lesion area that cannot be
observed occurs due to deletion of the determination target
image).

[0126] Although an example has described above in which
it is necessary to prevent a situation in which it becomes
impossible to observe a lesion area due to deletion of the
determination target image, it may be necessary to prevent a
situation in which it becomes impossible to observe an area
other than a lesion area due to deletion of the determination
target image. For example, a mucous membrane is covered by
bubbles or a residue in a bubble area and a residue area that
may be detected using the method disclosed in JP-A-2007-
313119 0rJP-A-2010-115413.Itis considered that bubbles or
aresidue may be observed as the observation target. However,
a mucous membrane is normally given high observation pri-
ority, and a bubble area and a residue area are normally given
low observation priority. Specifically, while a serious prob-
lem does not occur even when a bubble area and a residue area
cannot be observed dueto deletion of the determination target
image, a serious problem occurs when an area other than a
bubble area and a residue area cannot be observed due to
deletion of the determination target image.

[0127] In a dark area and a halation area that may be
detected using the method disclosed in JP-A-2012-16454 or
JP-A-2011-234931, the visibility of the object is low since the
brightness is very low or high, and the observation priority
assigned to a dark area and a halation area is lower than that
assigned to a correct exposure area. Specifically, while a
serious problem does not occur even when dark area and a
halation area cannot be observed due to deletion of the deter-
mination target image, a serious problem occurs when an area
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other than dark area and a halation area cannot be observed
due to deletion of the determination target image.

[0128] Specifically, the processing target need not neces-
sarily be limited to a lesion area. When an image includes a
first area with high observation priority, and a second area
with low priority as compared with the first area, the image
summarization process may be performed by performing the
deletion determination process based on the first area instead
of'performing the deformation process that utilizes the defor-
mation information on the entire image. According to several
embodiments of the invention, a lesion area, an area in which
a mucous membrane is not covered (i.e., an area other than a
bubble area and a residue area), and an area in which visibility
is relatively high (i.e., an area other than a dark area and a
halation area) are determined to be the observation target
area, and the image summarization process is performed by
performing the deletion determination process based on the
observation target area.

[0129] For example, an image processing device may
include a processing section 100 and an image sequence
acquisition section 200 (see FIG. 17). The image sequence
acquisition section 200 acquires an image sequence that
includes a plurality of constituent images. The processing
section 100 performs an image summarization process that
deletes some of the plurality of constituent images included in
the image sequence acquired by the image sequence acquisi-
tion section 200 to generate a summary image sequence. The
processing section 100 detects the observation target area
from each constituent image among the plurality of constitu-
ent images, selects the reference image and the determination
target image from the plurality of constituent images, calcu-
lates the deformation information about the deformation esti-
mation target area included in the reference image and the
deformation estimation target area included in the determi-
nation target image, and determines whether or not the deter-
mination target image can be deleted based on the observation
target area included in the reference image, the observation
target area included in the determination target image, and the
deformation information.

[0130] First to third embodiments illustrate an example in
which the observation target area is a lesion area. The first
embodiment illustrates a method that calculates a lesion cov-
erage as an index value based on the deformation information,
alesion area included in the reference image, and a lesion area
included in the determination target image, and determines
whether or not the determination target image can be deleted.
The second embodiment illustrates a method that utilizes a
lesion loss area occupancy as an index value. The details of
each index value are described later. The third embodiment
illustrates a combination of the first embodiment and the
second embodiment, and modifications thereof. A fourth
embodiment illustrates an example in which the observation
target area is an area that excludes an area that cannot be
observed. In this case, the area that cannot be observed is a
bubble area, a residue area, a dark area, a halation area, or the
like, and the observation target area is an area of an image
other than a bubble area, a residue area, a dark area, a halation
area, and the like.

2. First Embodiment

[0131] A method is described below that sets a lesion area
to be the observation target area, and performs the deletion
determination process that determines whether or not the
determination target image can be deleted based on the lesion
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coverage (observation target coverage in a broad sense). A
system configuration example of the image processing device
will be described first, and the flow of the process will then be
described using a flowchart.

2.1 System configuration Example

[0132] FIG. 4 illustrates a system configuration example of
the image processing device according to the first embodi-
ment. The image processing device includes a processing
section 100, an image sequence acquisition section 200, and
a storage section 300.

[0133] The processing section 100 performs the image
summarization process that deletes some of a plurality of
images included in an image sequence acquired by the image
sequence acquisition section 200. The function of the pro-
cessing section 100 may be implemented by hardware such as
a processor (e.g., CPU) or an ASIC (e.g., gate array), a pro-
gram, or the like.

[0134] The image sequence acquisition section 200
acquires the image sequence that is subjected to the image
summarization process. The image sequence acquired by the
image sequence acquisition section 200 may include RGB
channel images that are arranged in time series. Alternatively,
the image sequence acquired by the image sequence acquisi-
tion section 200 may be a spatially continuous image
sequence (e.g., an image sequence that includes spatially
arranged images that have been captured using imaging
devices arranged in a row). Note that the images included in
the image sequence are not limited to RGB channel images.
Another color space (e.g., Gray channel image) may also be
used.

[0135] The storage section 300 stores the image sequence
acquired by the image sequence acquisition section 200, and
serves as a work area for the processing section 100 and the
like. The function of the storage section 300 may be imple-
mented by a memory (e.g., RAM), a hard disk drive (HDD),
or the like.

[0136] The processing section 100 may include a lesion
area detection section 1001, a deformation estimation target
area selection section 1002, a deformation information acqui-
sition section 1003, a reference image selection section 1004,
a determination target image selection section 1005, and a
deletion determination section 1006 (see FIG. 4). Note that
the configuration of the processing section 100 is not limited
to the configuration illustrated in FIG. 4. Various modifica-
tions may be made, such as omitting some of the elements
illustrated in F1G. 4, or adding other elements. Note that each
section illustrated in FIG. 4 is provided to describe each
subroutine when the image summarization process per-
formed by the processing section 100 is divided into a plural-
ity of subroutines. The processing section 100 does not nec-
essarily include each section illustrated in FIG. 4 as an
element.

[0137] The lesion area detection section 1001 detects a
lesion area from each image included in the image sequence.
Various types of disease (lesion area) may be detected, and a
lesion area may be detected using various methods. For
example, a lesion area may be detected using the method
disclosed in JP-A-2010-113616, or may be detected using
another method. Since an image from which a lesion area has
not been detected is not useful for a lesion observation pro-
cess and the like, it is unnecessary to allow an image from
which a lesion area has not been detected to remain in the
summary image sequence (i.e., the image sequence obtained
by the image summarization process). Therefore, the lesion
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region detection process may be performed on the image
sequence acquired by the image sequence acquisition section
200, and the subsequent process may be performed on an
image from which a lesion area has been detected.

[0138] The deformation estimation target area selection
section 1002 sets an area that is subjected to a deformation
estimation process (i.e., a process that acquires the deforma-
tion information). In the first embodiment, a lesion area is
subjected to the deformation process using the deformation
information. Specifically, the process can be performed when
deformation information sufficient to deform a lesion area
(e.g., information that projects each pixel included in a lesion
area onto the determination target image) is present. How-
ever, when only a lesion area is used to calculate the defor-
mation information, the accuracy of the calculated deforma-
tion information may be low when the lesion area is small, for
example. Therefore, the area used for the deformation esti-
mation process may be selected as the deformation estimation
target area. The entire area of the image may be selected as the
deformation estimation target area, or the deformation esti-
mation target area may be dynamically selected using infor-
mation about a lesion area, or the like. The image processing
device need not necessarily perform the selection process.
For example, a value that has been set before shipment of the
device may be used directly.

[0139] The deformation information acquisition section
1003 acquires the deformation information about two images
using information about the deformation estimation target
area. Note that the deformation information represents a
shape (range) in which the range captured within one image is
captured within the other image. The deformation informa-
tion may be the deformation parameter disclosed in JP-A-
2011-24763, for example. When determining whether or not
the determination target image can be deleted, the deforma-
tion information acquisition section 1003 acquires the defor-
mation information about the reference image selected by the
reference image selection section 1004 and the determination
target image selected by the determination target image selec-
tion section 1005, and the deletion determination process is
performed based on the acquired deformation information.
[0140] Note that the deformation information acquisition
section 1003 need not necessarily directly calculate the defor-
mation information about the reference image and the deter-
mination target image. For example, the deformation infor-
mation about contiguous images included in the processing
target image sequence may be calculated, and the deforma-
tion information about non-contiguous images may be calcu-
lated by combining the deformation information about con-
tiguous images. In this case, the deformation information
about the reference image and the determination target image
is calculated by combining the deformation information (all
of the deformation information in a narrow sense) about the
reference image, the determination target image, and contigu-
ous images between the reference image and the determina-
tion target image.

[0141] This makes it possible to reduce the processing load
when performing the deformation information calculation
process. Specifically, the deformation information can be
calculated using the method disclosed in JP-A-2011-24763,
for example. The processing load when performing the pro-
cess that combines a plurality of pieces of deformation infor-
mation is normally very low as compared with the process
that calculates the deformation information from the begin-
ning. For example, when the deformation information is a
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matrix, the processing load when performing a process that
calculates the matrix from two pieces of image information is
heavy, while it is very easy to synthesize a plurality of matri-
ces calculated in advance (since it suffices to calculate the
product of the matrices, for example).

[0142] For example, when the image sequence acquired by
the image sequence acquisition section 200 includes N
images, two images can be selected from the image sequence
in Nx(N-1)/2 combinations. Therefore, when directly calcu-
lating the deformation information about the reference image
and the determination target image, the heavy-load process
that calculates the deformation information from the begin-
ning may be performed N* times. On the other hand, it suf-
fices to perform the heavy-load process N-1 times when
using the deformation information about contiguous images.
[0143] The reference image selection section 1004 selects
the reference image from a plurality of images included in a
partial image sequence. The determination target image
selection section 1005 selects an image among the plurality of
images included in the partial image sequence that differs
from the reference image as the determination target image.
[0144] The deletion determination section 1006 performs
the deletion determination process that determines whether or
not the determination target image can be deleted based on the
deformation information about the reference image and the
determination target image. In the first embodiment, the dele-
tion determination section 1006 performs the deletion deter-
mination process that determines whether or not the determi-
nation target image can be deleted based on the lesion
coverage that represents the degree by which the lesion area
included in the determination target image is covered by the
lesion area included in the reference image.

[0145] As illustrated in FIG. 5, the deletion determination
section 1006 may include a lesion coverage area calculation
section 1009, a lesion common area calculation section 1010,
a lesion coverage calculation section 1011, and a threshold
value determination section 1012. Note that the configuration
of'the deletion determination section 1006 is not limited to the
configuration illustrated in FIG. 5. Various modifications may
be made, such as omitting some of the elements illustrated in
FIG. 5, or adding other elements.

[0146] The lesion coverage area calculation section 1009
deforms a lesion area included in the reference image, and
projects the deformed lesion area onto the determination tar-
get image by utilizing the deformation information (deforma-
tion parameter) about the two images to calculate the lesion
coverage area. The lesion common area calculation section
1010 calculates a lesion common area that is a common area
of the calculated lesion coverage area and a lesion area
included in the determination target image.

[0147] The lesion coverage calculation section 1011 calcu-
lates the lesion coverage based on the lesion coverage area.
The lesion coverage is the ratio of the lesion common area
with respect to the lesion area included in the determination
target image (i.e., an area that is included in the lesion area
included in the determination target image, and is covered by
the lesion area included in the reference image). The lesion
coverage is calculated as the area ratio of the lesion common
area to the lesion area included in the determination target
image.

[0148] The threshold value determination section 1012
compares the calculated lesion coverage with a given thresh-
old value. The lesion area included in the determination target
image is sufficiently covered by the lesion area included in the
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reference image when the lesion coverage is equal to or larger
than the threshold value. In this case, it is determined that the
determination target image can be deleted. The degree by
which the lesion area cannot be observed due to deletion of
the determination target image is high when the lesion cov-
erage is less than the threshold value. In this case, it is deter-
mined that the determination target image cannot be deleted.
[0149] FIG. 3 illustrates the process performed by the dele-
tion determination section 1006. The lesion coverage area
calculation section 1009 deforms the lesion area (C1)
included in the reference image, and projects the deformed
lesion area onto the determination target image to calculate
the lesion coverage area (C2). The lesion common area cal-
culation section 1010 calculates the common area of the
lesion area (C3) included in the determination target image
and the lesion coverage area (C2) as the lesion common area
(C4). The lesion coverage calculation section 1011 calculates
the lesion coverage by calculating the area ratio “(lesion
common area C4)/(lesion area C3)”, and the threshold value
determination section 1012 compares the calculated lesion
coverage with a given threshold value.

2.2 Flow of Process

[0150] The flow of the image summarization process
according to the first embodiment is described below with
reference to FIG. 6 (flowchart). A lesion area is detected from
each image included in the image sequence acquired by the
image sequence acquisition section 200 (S101). The subse-
quent process is performed on an image from which a lesion
area has been detected in the step S101.

[0151] The deformation estimation target area used for the
deformation estimation process is selected (S102), and the
deformation estimation process is performed using the
selected deformation estimation target area (S103). The
deformation estimation process corresponds to the process
that calculates the deformation information about two con-
tiguous images based on the deformation estimation target
area.

[0152] The reference image is selected from the image
sequence (S104). When the step S104 is performed for the
first time, the first image included in the image sequence may
be selected as the reference image. When the step S104 is
performed for the second or subsequent time (i.e., when the
step S104 is performed after the step S106), the determination
target image that has been determined to be allowed to remain
by the deletion determination process in the step S106 is
selected as the next reference image. The selected reference
image is allowed to remain in the summary image sequence.
Note that the image summarization process is terminated
when the reference image cannot be selected from the partial
image sequence due to an error or the like.

[0153] When the reference image has been seclected, the
determination target image is selected from the images
included in the image sequence (S105). The determination
target image is selected from the images that follow the ref-
erence image in the image sequence. More specifically, when
the step S105 is performed for the first time after the reference
image has been selected or updated in the step S104, the
image that immediately follows the reference image is
selected as the determination target image. When the kth
image from the reference image has been selected as the
determination target image, the (k+1)th image from the ref-
erence image (i.e., the selection position is shifted by 1) is
selected as the next determination target image. When the
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deletion determination process has been performed on the last
image included in the image sequence, the determination
target image cannot be selected in the step S105. In this case,
the image summarization process is terminated.

[0154] When the reference image and the determination
target image have been selected, whether or not the determi-
nation target image can be deleted is determined based on the
deformation information about the reference image and the
determination target image calculated in the step S103 (or
acquired by combining a plurality of pieces of deformation
information calculated in the step S103), the lesion area
detected from the reference image, and the lesion area
detected from the determination target image (S106).

[0155] The flow of the deletion determination process per-
formed in the S106 is described below with reference to FIG.
7 (flowchart). The lesion area included in the reference image
is deformed using the deformation information (deformation
parameter) to calculate the lesion coverage area (S201). The
common area of the lesion area included in the determination
target image and the calculated lesion coverage area is calcu-
lated as the lesion common area (S202), and the ratio of the
lesion common area with respect to the lesion area included in
the determination target image is calculated as the lesion
coverage (S203). The calculated lesion coverage is compared
with a given threshold value (S204) to determine whether or
not the determination target image can be deleted.

[0156] When it has been determined that the determination
target image can be deleted in the step S106, the determina-
tion target image is updated (S105). When it has been deter-
mined that the determination target image cannot be deleted
(i.e., the lesion area included in the determination target
image cannot be covered by the reference image) in the step
S106, it is necessary to allow the determination target image
to remain in the summary image sequence. Therefore, the
determination target image that has been determined to be
allowed to remain in the step S106 is selected as the next
reference image in the step S104.

[0157] FIGS. 8A to 8C illustrate the image summarization
process that is performed on the image sequence as described
above. As illustrated in FIG. 8 A, the image sequence includes
N images. The first image included in the image sequence is
selected as the reference image, and the second image
included in the image sequence is selected as the determina-
tion target image. The lesion coverage of the determination
target image by the reference image is calculated, and
whether or not the determination target image can be deleted
is determined.

[0158] When it has been determined that the determination
target image can be deleted, the next determination target
image is selected. Specifically, the third image is selected as
the determination target image (i.e., the position of the deter-
mination target image is shifted backward) (see FIG. 8B).
Whether or not the determination target image can be deleted
is determined using the reference image and the new deter-
mination target image, and the determination target image is
updated until it is determined that the determination target
image cannot be deleted.

[0159] When it has been determined that the second to
(k=1)th images can be deleted (i.e., the lesion areas included
in the second to (k—1)th images are covered by the reference
image to the extent set based on the threshold value), and the
kth image cannot be deleted (see FIG. 8C), the second to
(k=1)th images are deleted (i.e., the second to (k—1)th images
are not allowed to remain in the summary image sequence).
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Since most of the lesion area included in the kth image is lost
when the kth image is deleted even if the reference image is
allowed to remain in the summary image sequence, it is
necessary to allow the kth image to remain in the summary
image sequence. Therefore, the kth image is set to be the next
reference image.

[0160] When the next reference image has been selected,
the image that immediately follows the selected reference
image is selected as the determination target image, and the
process illustrated in FIGS. 8A to 8C is performed. The
subsequent process is performed in the same manner as
described above. When it has been determined that the deter-
mination target image can be deleted, the subsequent image is
selected as the determination target image. When it has been
determined that the determination target image cannot be
deleted, the determination target image that cannot be deleted
is selected as the reference image. When the deletion deter-
mination process has been performed on all of the images
included in the image sequence, the process is terminated.

2.3 Modifications

[0161] The reference image/determination target image
selection method may be modified in various ways. For
example, a plurality of reference images may be selected. In
this case, the number of lesion areas corresponds to the num-
ber of images selected as the reference image, and the lesion
area included in the determination target image that is cov-
ered by at least one of the lesion areas is not lost even if the
determination target image is deleted. Therefore, an area that
corresponds to the sum set of an area calculated by deforming
the lesion area included in each reference image may be used
as the lesion coverage area (see FIG. 9). The lesion common
area calculation process, the lesion coverage calculation pro-
cess, and the determination process using the threshold value
after calculating the lesion coverage area are performed in the
same manner as described above.

[0162] A plurality of reference images may be selected by
selecting one reference image that precedes the determination
target image, and one reference image that follows the deter-
mination target image (two reference images in total) (see
FIGS. 10A and 10B). In this case, the images between the two
reference images are sequentially selected as the determina-
tion target image. When it has been determined that all of the
images between the two reference images can be deleted, the
two reference images are allowed to remain in the summary
image sequence, and the images between the two reference
images are deleted. This makes it possible to implement the
deletion determination process that ensures that the degree by
which a lesion area is lost due to deletion of an image is equal
to or lower than a given value.

[0163] When performing the deletion determination pro-
cess taking account of a reduction in the number of summary
images, a position may be searched that satisfies the condi-
tions whereby all of the images between the first reference
image (forward reference image) and the second reference
image (backward reference image) can be deleted, and the
first reference image and the second reference image are
situated farthest from each other. In this case, when the first
reference image has been determined, the value k is searched
that satisfies the conditions whereby all of the images
between the first reference image and the second reference
image can be deleted when the kth image is selected as the
second reference image, and at least one of the images
between the first reference image and the second reference
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image cannot be deleted when the (k+1)th image is selected as
the second reference image. When the value k that satisfies
the above conditions has been found, the kth image is selected
as the next first reference image, and the second reference
image is selected from the images that follow the kth image
(first reference image). The deletion determination process is
performed while sequentially selecting the images between
the first reference image and the second reference image as
the determination target image, and the process is performed
that searches the next second reference image that satisfies the
conditions whereby all of the images between the first refer-
ence image and the second reference image can be deleted,
and the first reference image and the second reference image
are situated farthest from each other. When using this method,
the second reference image is a candidate for an image that is
allowed to remain in the summary image sequence, while the
first reference image is necessarily allowed to remain in the
summary image sequence.

[0164] Note that the reference image and the determination
target image may be selected using various other methods.
[0165] According to the first embodiment, the image pro-
cessing device includes the image sequence acquisition sec-
tion 200 that acquires an image sequence that includes a
plurality of constituent images, and the processing section
100 that performs the image summarization process that
deletes some of the plurality of constituent images included in
the image sequence acquired by the image sequence acquisi-
tion section 200 to generate a summary image sequence (see
FIG. 4). The processing section 100 detects the observation
target area from each constituent image among the plurality
of constituent images, selects the reference image and the
determination target image from the plurality of constituent
images, and calculates the deformation information about the
deformation estimation target area included in the reference
image and the deformation estimation target area included in
the determination target image. The processing section 100
determines whether or not the determination target image can
be deleted based on the observation target area included in the
reference image, the observation target area included in the
determination target image, and the deformation information.
[0166] The term “observation target area” used herein
refers to an area of animage that should be observed with high
priority over other areas, or an area of an image that can be
observed. The observation target area may be a lesion area as
described above in connection with the first embodiment, or
may be an area other than a bubble area, a residue area, a dark
area, and a halation area as described later in connection with
the fourth embodiment.

[0167] The term “deformation estimation target area” used
herein refers to an area that is processed when calculating the
deformation information about images (particularly the
deformation information about the reference image and the
determination target image). The deformation estimation tar-
get area may be the entire image, or may be part of the image.
The processing section 100 may select the deformation esti-
mation target area, or the deformation estimation target area
may be set in advance.

[0168] This configuration makes it possible to determine
whether or not the determination target image can be deleted
based on the observation target area detected from the refer-
ence image, the observation target area detected from the
determination target image, and the deformation information.
Itis possible to appropriately control the degree by which the
object cannot be observed due to deletion of an image by
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utilizing the deformation information. In particular, it is pos-
sible to suppress a situation in which a lesion is missed when
performing the image summarization process on in vivo
images captured using an endoscope apparatus. When the
observation target area is not used, an image that should not
be deleted may be deleted (see FIGS. 1A to 1C), or an image
that should be deleted cannot be deleted (see FIG. 2). The
method according to the first embodiment can solve these
problems.

[0169] The processing section 100 may calculate the obser-
vation target coverage area by performing the deformation
process using the deformation information on the observation
target area included in the reference image, the observation
target coverage area being an area that is included in the
determination target image, and is covered by the observation
target area included in the reference image. The processing
section 100 may determine whether or not the determination
target image can be deleted based on the calculated observa-
tion target coverage area, and the observation target area
included in the determination target image.

[0170] The observation target coverage area corresponds to
the lesion coverage area described above in a narrow sense.
Note that the observation target coverage area may be an area
obtained by deforming the observation target area included in
the reference image calculated by the method described later
in connection with fourth embodiment using the deformation
information. Note that other pieces of information calculated
based on a lesion area can also be extended to information
calculated based on the observation area that is a term that
includes a lesion area in the same manner as the lesion cov-
erage area that can be extended to the observation target
coverage area.

[0171] This makes it possible to calculate the observation
target coverage area (C2 in the example illustrated in FIG. 3)
by deforming the observation target area (C1 in the example
illustrated in FIG. 3) included in the reference image, and
determine whether or not the determination target image can
be deleted based on the calculated observation target cover-
age area, and the observation target area (C3 in the example
illustrated in FIG. 3) included in the determination target
image. Since the observation target coverage area corre-
sponds to the observation target area that can be observed
even if the determination target image is deleted by allowing
the reference image to remain, it is possible to appropriately
control the degree by which the observation target area cannot
be observed by utilizing the observation target coverage area,
and the observation target area included in the determination
target image.

[0172] The processing section 100 may calculate the obser-
vation target common area that is a common area of the
observation target coverage area and the observation target
area included in the determination target image, and calculate
the observation target coverage that is the ratio of the calcu-
lated observation target common area with respect to the
observation target area included in the determination target
image. The processing section 100 may determine whether or
not the determination target image can be deleted based on the
calculated observation target coverage.

[0173] More specifically, the processing section 100 may
determine that the determination target image can be deleted
when the observation target coverage is equal to or larger than
a given threshold value. The processing section 100 may
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determine that the determination target image cannot be
deleted when the observation target coverage is smaller than
the given threshold value.

[0174] The observation target common area corresponds to
the observation target coverage area described above in a
narrow sense, and the observation target coverage corre-
sponds to the lesion coverage described above in a narrow
sense.

[0175] This makes it possible to calculate the observation
target coverage based on the observation target common area
(C4 in the example illustrated in FIG. 3), and determine
whether or not the determination target image can be deleted.
Since the observation target common area is an area that is
included in the observation target area included in the deter-
mination target image, and is covered by the observation
target area included in the reference image, the observation
target coverage is an index value that represents the degree of
coverage of the observation target area included in the deter-
mination target image by the observation target area included
in the reference image. Therefore, the determination target
image can be deleted when the observation target coverage is
high, and cannot be deleted when the observation target cov-
erage is low. Specifically, whether or not the observation
target coverage is equal to or larger than a given threshold
value may be determined.

[0176] The image sequence may be an in vivo image
sequence obtained by capturing the inside of a living body,
and the processing section 100 may detect a lesion area or a
villus area included in an image as the observation target area.
[0177] The term “villus” refers to a protrusion that is
present on the inner wall of an intestine, and the term “villus
area” refers to an area of an image for which it has been
determined that villi are captured.

[0178] This makes it possible to implement the image sum-
marization process that suppresses a situation in which a
lesion area or a villus area (i.e., observation target area) can-
not be observed due to deletion of an image. Since a lesion
area is very important when diagnosing or treating a subject,
it is very advantageous to allow a lesion area to be observed
after performing the image summarization process. It has
been known that resistance to bacteria decreases when villous
atrophy has occurred. Therefore, it is useful to observe a
villus area in order to determine the condition of a subject, and
a villus area can be considered in the same manner as a lesion
area.

[0179] Note that part or most of the process performed by
the image processing device and the like according to the first
embodiment may be implemented by a program. In this case,
the image processing device and the like according to the first
embodiment are implemented by causing a processor (e.g.,
CPU) to execute a program. Specifically, a program stored in
an information storage device is read, and executed by a
processor (e.g., CPU). The information storage device (com-
puter-readable device) stores a program, data, and the like.
The function of the information storage device may be imple-
mented by an optical disk (e.g., DVD or CD), ahard disk drive
(HDD), a memory (e.g., memory card or ROM), or the like.
The processor (e.g., CPU) performs various processes
according to the first embodiment based on the program
(data) stored in the information storage device. Specifically, a
program that causes a computer (i.e., a device that includes an
operation section, a processing section, a storage section, and
an output section) to function as each section according to the
first embodiment (i.e., a program that causes a computer to
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execute the process implemented by each section) is stored in
the information storage device.

[0180] The image processing device and the like according
to the embodiments of the invention may include a processor
and amemory. The processor may be a central processing unit
(CPU), for example. Note that the processor is not limited to
a CPU. Various other processors such as a graphics process-
ing unit (GPU) or a digital signal processor (DSP) may also be
used. The processor may be a hardware circuit that includes
an application-specific integrated circuit (ASIC). The
memory stores a computer-readable instruction. Each section
of the image processing device and the like according to the
embodiments of the invention is implemented by causing the
processor to execute the instruction. The memory may be a
semiconductor memory (e.g., SRAM or DRAM), aregister, a
hard disk, or the like. The instruction may be an instruction
included in an instruction set of a program, or may be an
instruction that causes a hardware circuit of the processor to
operate.

3. Second Embodiment

[0181] A method that implements the deletion determina-
tion process using a lesion area as the observation target area,
and using a lesion loss area occupancy (observation target
loss area occupancy in a broad sense) as an index value, is
described below. A configuration example of the image pro-
cessing device according to the second embodiment is the
same as that illustrated in FIG. 4 (except for the process
performed by the deletion determination section 1006), and
detailed description thereof is appropriately omitted. The
flow of the process according to the second embodiment is the
same as that illustrated in FIG. 6 (flowchart) (except for the
process performed in the step S106), and detailed description
thereof is appropriately omitted.

3.1 Deletion Determination Process that Utilizes Lesion Loss
Area Occupancy

[0182] The reason that the deletion determination process
that utilizes the lesion loss area occupancy is performed is
described below with reference to FIGS. 11A to 11D. FIGS.
11A and 11B illustrate an example in which the lesion cov-
erage area and the lesion common area are calculated in the
same manner as in FIG. 3 when a lesion area is included in the
reference image and the determination target image as illus-
trated in FIGS. 11A and 11B. In the example illustrated in
FIG. 11A, since the ratio of the lesion common area with
respect to the lesion area included in the determination target
image is large (80%), it is determined that the determination
target image can be deleted by the determination process
based on the lesion coverage area. In the example illustrated
in FIG. 11B, since the ratio of the lesion common area with
respect to the lesion area included in the determination target
image is small (50%), it is determined that the determination
target image cannot be deleted by the determination process
based on the lesion coverage area.

[0183] However, the above determination is questionable
taking account of the size of an area (hereinafter referred to as
“lesion loss area” (i.e., a lesion area that cannot be observed
within the reference image when the determination target
image is deleted)) that is included in the lesion area included
in the determination target image, but is not included in the
lesion common area. FIG. 11C illustrates the lesion loss area
in the example illustrated in FIG. 11A, and FIG. 11D illus-
trates the lesion loss area in the example illustrated in FIG.
11B. As is clear from FIGS. 11C and 11D, the lesion loss area
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illustrated in FIG. 11C is larger than the lesion loss area
illustrated in FIG. 11D. Specifically, the effect of reducing the
number of images decreases due to the determination process
based on the lesion coverage by allowing the large lesion loss
area illustrated in FIG. 11C to be lost by deleting the deter-
mination target image illustrated in FIG. 11A, and allowing
the determination target image illustrated in FIG. 11B to
remain in order to protect the small lesion loss area illustrated
in FIG. 11D.

[0184] Inthe second embodiment, whether or not the deter-
mination target image can be deleted is determined using an
index value that is set from a viewpoint differing from that of
the lesion coverage in order to deal with the above problem.
Specifically, the lesion loss area is calculated as illustrated in
FIGS. 11C and 11D, and whether or not the determination
target image can be deleted is determined using the size of the
calculated lesion loss area. However, the size (area) of an area
(e.g., the number of pixels included in an area) differs rela-
tively depending on the size (area) of the entire image. For
example, a 50,000-pixel area within an image having a total
number of pixels of 100,000 is considered to be a large area
that covers half of the image, and a 50,000-pixel area within
an image having a total number of pixels of 1,000,000 is
considered to be a small area that occupies only a small part
of'the image. Therefore, the ratio of the lesion loss area with
respect to the determination target image is used for the
deletion determination process as the lesion loss area occu-
pancy instead of using the size (area) of the lesion loss area.

3.2 System Configuration Example

[0185] A configuration example of the image processing
device according to the second embodiment is the same as
that illustrated in FIG. 4. FIG. 12 illustrates a configuration
example of the deletion determination section 1006 accord-
ing to the second embodiment. As illustrated in FIG. 12, the
deletion determination section 1006 may include a lesion
coverage area calculation section 1009, a lesion loss area
calculation section 1013, a lesion loss area occupancy calcu-
lation section 1014, and a threshold value determination sec-
tion 1015. Note that the configuration of the deletion deter-
mination section 1006 is not limited to the configuration
illustrated in FIG. 12. Various modifications may be made,
such as omitting some of the elements illustrated in FIG. 12,
or adding other elements.

[0186] The lesion coverage area calculation section 1009
deforms a lesion area included in the reference image, and
projects the deformed lesion area onto the determination tar-
get image to calculate the lesion coverage area (see the first
embodiment). The lesion loss area calculation section 1013
calculates the lesion loss area from the calculated lesion cov-
erage area and a lesion area included in the determination
target image. The lesion loss area may be calculated by
excluding the lesion coverage area from the lesion area
included in the determination target image.

[0187] The lesion loss area occupancy calculation section
1014 calculates the lesion loss area occupancy based on the
lesion loss area. The lesion loss area occupancy is the ratio of
the lesion loss area with respect to the determination target
image (i.e., an area that is included in the lesion area included
in the determination target image, and is not covered by the
lesion area included in the reference image). The lesion loss
area occupancy is calculated as the area ratio of the lesion loss
area to the determination target image.
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[0188] The threshold value determination section 1015
compares the calculated lesion loss area occupancy with a
given threshold value. When the lesion loss area occupancy is
smaller than the threshold value, the size (i.e., the relative size
based on the size of the entire determination target image) of
an area that is included in the lesion area included in the
determination target image, and cannot be observed due to
deletion of the determination target image is sufficiently
small. Therefore, it is determined that the determination tar-
get image can be deleted. When the lesion loss area occu-
pancy is equal to or larger than the threshold value, the degree
by which the lesion area cannot be observed due to deletion of
the determination target image is high. Therefore, it is deter-
mined that the determination target image cannot be deleted.
[0189] Note that the deletion determination section 1006
according to the second embodiment may not directly calcu-
late the lesion loss area. Specifically, the deletion determina-
tion section 1006 may include a lesion coverage area calcu-
lation section 1009, a lesion common area calculation section
1010, a lesion loss area occupancy calculation section 1014,
and a threshold value determination section 1015 (see FIG.
13).

[0190] In this case, the lesion coverage area calculation
section 1009 deforms the lesion area (C1) included in the
reference image, and projects the deformed lesion area onto
the determination target image to calculate the lesion cover-
age area (C2), and the lesion common area calculation section
1010 calculates the common area of the lesion area (C3)
included in the determination target image and the lesion
coverage area (C2) as the lesion common area (C4) (see the
first embodiment) (see FIG. 3). The size (area) of the lesion
loss area is calculated by subtracting the size (area) of the
lesion common area from the size (area) of the lesion area
included in the determination target image. Therefore, the
lesion loss area occupancy calculation section 1014 calcu-
lates the lesion loss area occupancy by calculating the area
ratio “(lesion area C3-lesion common area C4)/(lesion area
C3)”, and the threshold value determination section 1015
compares the calculated lesion loss area occupancy with a
given threshold value.

3.3 Flow of Process

[0191] The flow of the deletion determination process
according to the second embodiment is described below with
reference to FIG. 14 (flowchart). The lesion area included in
the reference image is deformed using the deformation infor-
mation (deformation parameter) to calculate the lesion cov-
erage area (S301). An area that is included in the lesion area
included in the determination target image, but is not included
in the calculated lesion coverage area is calculated as the
lesion loss area (S302), and the ratio of the lesion loss area
with respect to the determination target image is calculated as
the lesion loss area occupancy (S303). The calculated lesion
loss area occupancy is compared with a given threshold value
(S304) to determine whether or not the determination target
image can be deleted.

[0192] According to the second embodiment, the process-
ing section 100 calculates the observation target loss area
occupancy that is the ratio of the observation target loss area
with respect to the determination target image, the observa-
tion target loss area being an area that is included in the
observation target area included in the determination target
image, but is not included in the observation target coverage
area. The processing section 100 determines whether or not
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the determination target image can be deleted based on the
calculated observation target loss area occupancy.

[0193] More specifically, the processing section 100 may
determine that the determination target image can be deleted
when the observation target loss area occupancy is smaller
than a given threshold value. The processing section 100 may
determine that the determination target image cannot be
deleted when the observation target loss area occupancy is
equal to or larger than the given threshold value.

[0194] This makes it possible to perform the deletion deter-
mination process based on the observation target loss area
occupancy. As illustrated in FIGS. 11A to 11D, the determi-
nation process that utilizes the observation target coverage is
performed based on the observation target area included in
the determination target image, and does not take account of
the size of the observation target area that cannot be observed
due to deletion of the determination target image. Specifi-
cally, the determination process that utilizes the observation
target coverage allows a situation in which the relatively large
area illustrated in FIG. 11C cannot be observed, and does not
allow a situation in which the relatively small area illustrated
in FIG. 11D cannot be observed. Since whether or not the
determination target image can be deleted is determined
based on the ratio of the observation target loss area with
respect to the determination target image when using the
observation target loss area occupancy, it is possible to appro-
priately determine whether or not the determination target
image can be deleted. Note that the observation target loss
area occupancy is an index value that represents an area that
cannot be observed dueto deletion of the determination target
image. Therefore, the determination target image can be
deleted when the observation target loss area occupancy is
low, and cannot be deleted when the observation target loss
area occupancy is high. Specifically, whether or not the obser-
vation target loss area occupancy is equal to or larger than a
given threshold value may be determined.

4. Third Embodiment

[0195] A method that implements the deletion determina-
tion process using a lesion area as the observation target area,
and using the lesion coverage and the lesion loss area occu-
pancy (observation target coverage and observation target
loss area occupancy in a broad sense) as index values, is
described below. A configuration example of the image pro-
cessing device according to the third embodiment is the same
as that illustrated in F1G. 4 (except for the process performed
by the deletion determination section 1006), and detailed
description thereof is appropriately omitted. The flow of the
process according to the third embodiment is the same as that
illustrated in FIG. 6 (flowchart) (except for the process per-
formed in the step S106), and detailed description thereof is
appropriately omitted.

4.1 System Configuration Example and Flow of Process

[0196] A configuration example of the image processing
device according to the third embodiment is the same as that
illustrated in FIG. 4. FIG. 15 illustrates a configuration
example of the deletion determination section 1006 accord-
ing to the third embodiment. As illustrated in FIG. 15, the
deletion determination section 1006 may include a lesion
coverage area calculation section 1009, a lesion common area
calculation section 1010, a lesion coverage calculation sec-
tion 1011, a lesion loss area occupancy calculation section
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1014, and a threshold value determination section 1016. Note
that the configuration of the deletion determination section
1006 is not limited to the configuration illustrated in FIG. 15.
Various modifications may be made, such as omitting some of
the elements illustrated in FIG. 15, or adding other elements.
[0197] The lesion coverage area calculation section 1009
deforms the lesion area (C1) included in the reference image,
and projects the deformed lesion area onto the determination
target image to calculate the lesion coverage area (C2), and
the lesion common area calculation section 1010 calculates
the common area of the lesion area (C3) included in the
determination target image and the lesion coverage area (C2)
as the lesion common area (C4) (see the first embodiment)
(see FIG. 3). The lesion coverage calculation section 1011
calculates the ratio of the lesion common area (C4) with
respect to the lesion area (C3) included in the determination
target image as the lesion coverage, and the lesion loss area
occupancy calculation section 1014 calculates the ratio of the
lesion loss area (C3-C4) with respect to the determination
target image as the lesion loss area occupancy.

[0198] Thethreshold value determination section 1016 per-
forms a first threshold value determination process that com-
pares a first threshold value with the lesion coverage, and a
second threshold value determination process that compares
a second threshold value with the lesion loss area occupancy.
[0199] The method that utilizes the lesion coverage and the
method that utilizes the lesion loss area occupancy may be
combined in various ways. The second embodiment that uti-
lizes the lesion loss area occupancy deals with a problem in
which the determination target image that should be deleted
taking account of the size of the lesion loss area cannot be
deleted by the process that utilizes the lesion coverage (see
FIG. 11B). Specifically, the image summarization process
may be performed using the method that utilizes the lesion
coverage to output an intermediate image sequence, and the
image summarization process may be performed on the inter-
mediate image sequence using the method that utilizes the
lesion loss area occupancy to generate the summary image
sequence.

[0200] A specific flow of the process is described below
with reference to FI1G. 16 (flowchart). The steps S401 to S406
in FIG. 16 are the same as the steps S101 to S106 in FIG. 6. In
the step S406, the deletion determination process that utilizes
the lesion coverage (see the steps S201 to S204 in FIG. 7) is
performed in the same manner as in the step S106 in FIG. 6.
When the reference image or the determination target image
cannot be selected in the step S404 or S405, the image sum-
marization process that utilizes the lesion coverage is termi-
nated, and the intermediate image sequence is acquired.
[0201] The steps S407 to S409 are performed on the inter-
mediate image sequence. In the step S409, the deletion deter-
mination process that utilizes the lesion loss area occupancy
(seethe steps S301 to S304 in FIG. 14) is performed. A lesion
area is detected, the deformation estimation target area is
selected, and the deformation information is acquired using
the results obtained in the steps S402 and S403. Therefore, the
image summarization process that utilizes the lesion loss area
occupancy is performed on the intermediate image sequence
in the steps S407 to S409.

[0202] Alternatively, both the lesion coverage and the
lesion loss area occupancy may be calculated, and the first
threshold value determination process that utilizes the lesion
coverage, and the second threshold value determination pro-
cess that utilizes the lesion loss area occupancy may be per-
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formed during a single deletion determination process, and a
determination target image that has been determined to be
deletable by at least one determination process may be
deleted. The first embodiment and the second embodiment
may be combined in various other ways.

4.2 Modifications

[0203] A simple index value may be used instead of the
lesion loss area occupancy. The second embodiment aims at
dealing with a problem in which the determination target
image that should be deleted taking account of the size of the
lesion loss area cannot be deleted by the process that utilizes
the lesion coverage (see FIG. 11B). Therefore, it is desirable
to use the lesion loss area in order to make a strict determi-
nation.

[0204] However, it is considered that the situation illus-
trated in FIG. 11B normally occurs when the ratio of the
lesion area included in the determination target image with
respect to the determination target image is small (i.e., when
the size of the lesion area included in the determination target
image is small). Specifically, a lesion area occupancy that is
the ratio of the lesion area included in the determination target
image with respect to the determination target image (e.g.,
size (area) of lesion area included in determination target
image/size (area) of determination target image) may be used
as the index value instead of the lesion loss area occupancy.
[0205] In this case, however, it is impossible to implement
the image summarization process that utilizes the deforma-
tion information, and a problem occurs in the same manner as
in the case of using a method that performs the image sum-
marization process without taking account of the relationship
between the objects in different images. Therefore, it is not
appropriate to use the lesion area occupancy as a modification
of the second embodiment, and it is necessary to use the
lesion area occupancy in combination with the lesion cover-
age described above in connection with the first embodiment.
Specifically, the lesion area occupancy is used instead of the
lesion loss area occupancy described above in connection
with the third embodiment. In this case, since the deformation
information is not required for the process that utilizes the
lesion area occupancy, it is possible to reduce the processing
load as compared with the basic method according to the third
embodiment, for example.

[0206] More specifically, the deletion determination pro-
cess is performed based on the lesion coverage, and it is
determined that the determination target image can be
deleted, even when it has been determined that the determi-
nation target image cannot be deleted, on condition that the
lesion area occupancy of the determination target image is
less than a given threshold value (see FIG. 11B).

[0207] Since it is undesirable to use the lesion area occu-
pancy alone, it is desirable to mainly perform the deletion
determination process based on the lesion coverage, and use
the deletion determination process based on the lesion area
occupancy as an auxiliary means.

[0208] According to the third embodiment, the processing
section 100 calculates the observation target common area
that is a common area of the observation target coverage area
and the observation target area included in the determination
target image, and calculates the observation target coverage
that is the ratio of the calculated observation target common
area with respect to the observation target area included in the
determination target image. The processing section 100 cal-
culates the observation target loss area occupancy that is the
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ratio of the observation target loss area with respect to the
determination target image, the observation target loss area
being an area that is included in the observation target area
included in the determination target image, but is not included
in the observation target common area. The processing sec-
tion 100 determines whether or not the determination target
image can be deleted based on the calculated observation
target coverage and the calculated observation target loss area
occupancy.

[0209] More specifically, the processing section 100 may
determine that the determination target image can be deleted
when it has been determined that the determination target
image can be deleted by at least one of the determination
based on the observation target coverage and the determina-
tion based on the observation target loss area occupancy.
[0210] This makes it possible to perform the deletion deter-
mination process using both the observation target coverage
and the observation target loss area occupancy in combina-
tion. The observation target coverage and the observation
target loss area occupancy may be combined in various ways.
For example, when it is determined that the determination
target image can be deleted when it has been determined that
the determination target image can be deleted by at least one
of'the determination based on the observation target coverage
and the determination based on the observation target loss
area occupancy, the effect of reducing the number of images
can be improved, and the burden imposed on the user can be
reduced as compared with the case of using the observation
target coverage or the observation target loss area occupancy
alone.

[0211] The processing section 100 may calculate the obser-
vation target common area that is a common area of the
observation target coverage area and the observation target
area included in the determination target image, and calculate
the observation target coverage that is the ratio of the calcu-
lated observation target common area with respect to the
observation target area included in the determination target
image. The processing section 100 may calculate the obser-
vation target area occupancy that is the ratio of the observa-
tion target area included in the determination target image
with respect to the determination target image. The process-
ing section 100 may determine whether or not the determi-
nation target image can be deleted based on the calculated
observation target coverage and the calculated observation
target area occupancy.

[0212] More specifically, the processing section 100 may
determine that the determination target image can be deleted
even when it has been determined that the determination
target image cannot be deleted based on the observation target
coverage, on condition that the observation target area occu-
pancy is less than a given threshold value.

[0213] This makes it possible to simply implement the
method according to the third embodiment. The size of the
observation target area that cannot be observed due to dele-
tion of the determination target image can be accurately cal-
culated by calculating the observation target loss area occu-
pancy. However, since it is considered that the determination
target image that should be deleted cannot be deleted when
the ratio of the observation target area included in the deter-
mination target image with respect to the determination target
image is small (see FIG. 11B), the same effect can be
achieved by utilizing the observation target area occupancy
that can be easily calculated. However, since the deformation
information is not used to calculate the observation target area
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occupancy, the advantage achieved by the deformation infor-
mation (i.e., it is possible to control the degree by which the
observation target area cannot be observed) is lost when the
observation target area occupancy is used alone. Therefore, it
is desirable to determine whether or not the determination
target image can be deleted using the observation target cov-
erage based on the deformation information, and then use the
observation target area occupancy as an auxiliary means.

5. Fourth Embodiment

[0214] Anexamplein which an area other thana cover area,
or an area other than an area that is not suitable for observa-
tion, is detected as the observation target area, is described
below. The term “cover area” refers to a bubble area and a
residue area, and the term ““area that is not suitable for obser-
vation” refers to a dark area and a halation area. Note that the
process after the observation target area has been detected
may be implemented by applying any of the first to third
embodiments. In this case, the process is performed in the
same manner as described above, and detailed description
thereof is omitted. The observation target loss area may be
calculated in the same manner as in the second embodiment,
and a erosion process that utilizes a structural element may be
performed on the observation target loss area to determine
whether or not the determination target image can be deleted.
The details of the process that utilizes a structural element are
described later.

5.1 Detection of Observation Target Area

[0215] FIG. 22 illustrates a configuration example of the
image processing device according to the fourth embodiment.
A processing section 100 included in the image processing
device includes an observation target area detection section
1017, a deformation estimation target area selection section
1002, a deformation information acquisition section 1003, a
reference image selection section 1004, a determination tar-
get image selection section 1005, and a deletion determina-
tion section 1006. Note that the deletion determination sec-
tion 1006 and the like have a configuration in which the block
relating to a lesion area (see F1G. 5, for example) is extended
to the observation target area.

[0216] The observation target area detection section 1017
detects the observation target area. A cover area or an area that
is not suitable for observation can be detected from an image
using various known methods (see JP-A-2007-313119, JP-A-
2010-115413, JP-A-2012-16454, JP-A-2011-234931). In
this case, the degree of importance of the detected area is
relatively low, differing from the lesion area described above
in connection with the first to third embodiments. Specifi-
cally, the observation target area detection section 1017
according to the fourth embodiment detects a cover area or an
area that is not suitable for observation, and detects an area of
the acquired image other than the detected cover area or the
detected area that is not suitable for observation, as the obser-
vation target area.

[0217] FIG. 19 illustrates a specific example of the above
process. In FIG. 19, a bubble area has been detected from the
reference image, and the entire reference image and the
bubble area have been deformed using the deformation infor-
mation, and projected onto the determination target image. In
this case, the bubble area included in the reference image
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corresponds to the cover area, and an area of the reference
image other than the bubble area corresponds to the observa-
tion target area.

[0218] An area ofthe determination target image other than
the area in which the entire reference image is projected, is not
covered by the reference image. An area of the determination
target image in which the bubble area is projected is covered
by the reference image, but bubbles are captured, and cover
the mucous membrane and the like in an area of the reference
image corresponding to the area in which the bubble area is
projected. Specifically, the area in which the bubble area is
projected is not a useful area. Therefore, an area of the deter-
mination target image that is covered by the reference image
and is useful (i.e., observation target coverage area) is the
hatched area A illustrated in FIG. 19.

[0219] The observation target area is also detected from the
determination target image. For example, when a bubble area
has been detected as illustrated in FIG. 20, the area B that is an
area of the determination target image other than the bubble
area is detected as the observation target area.

[0220] The process after the information about the obser-
vation target coverage arca and the observation target area
included in the determination target image has been acquired
is performed in the same manner as in the first to third
embodiments. Specifically, the process may be performed
using a common area of the observation target coverage area
A and the observation target area B included in the determi-
nation target image as the observation target common area
(see FIG. 21A) in the same manner as in the first embodiment.
Alternatively, the process may be performed using an area of
the observation target area B included in the determination
target image other than the observation target coverage area
(i.e., an area other than the area A) as the observation target
loss area (see FIG. 21B) in the same manner as in the second
embodiment. Alternatively, the process may be performed
using both the observation target common area and the obser-
vation target loss area in the same manner as in the third
embodiment. These processes are performed in the same
manner as described above, and detailed description thereof
is omitted.

5.2 Erosion Process that Utilizes Structural Element

[0221] In the fourth embodiment, whether or not the deter-
mination target image can be deleted may be determined from
the viewpoint of the probability that the attention area having
a given size is missed due to deletion of an image. In this case,
whether or not the entirety of the attention area having a given
size is included within an area that cannot be observed due to
deletion of the determination target image may be deter-
mined. A case where the entirety of the attention area is
included within an area that cannot be observed due to dele-
tion of the determination target image corresponds to a case
where the information about the attention area is lost due to
deletion of the determination target image when the attention
area is present in an area of the determination target image
that cannot be observed due to deletion of the determination
target image. In this case, the attention area may be missed.
When the entirety of the attention area is not included within
an area that cannot be observed due to deletion of the deter-
mination target image, an area of the attention area situated
outside the above area can be covered by the reference image.
Therefore, it is possible to observe at least part of the attention
area by allowing the reference image to remain.

[0222] Theerosion process that utilizes a structural element
that corresponds to the attention area may be performed to
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implement the above determination process. An example of
the process that utilizes the structural element that corre-
sponds to the attention area is described below. As illustrated
in FIG. 323, the deletion determination section 1006 may
include a structural element generation section 1018, an
observation target loss area calculation section 1019, and an
attention area miss probability determination section 1020.
Note that the configuration of the deletion determination sec-
tion 1006 is not limited to the configuration illustrated in FI1G.
23. Various modifications may be made, such as omitting
some of the elements illustrated in FIG. 23, or adding other
elements.

[0223] The structural element generation section 1018 gen-
erates the structural element that is used for the process per-
formed by the attention area miss probability determination
section 1020 based on the attention area. For example, an area
having the same shape and the same size as those of the
attention area is set to be the structural element. Note that the
structural element is not limited thereto.

[0224] The observation target loss area calculation section
1019 calculates an area that cannot be observed due to dele-
tion of the determination target image. This process is the
same as the process that calculates the observation target loss
area (see FIG. 21B).

[0225] The attention area miss probability determination
section 1020 performs a determination process that deter-
mines the probability that the attention area captured within
the determination target image is not observed (captured)
within the reference image (i.e., the attention area is missed)
when the determination target image is deleted.

[0226] A specific flow of the process is described below.
The structural element generation section 1018 generates the
structural element based on the attention area. The structural
element generation section 1018 sets an area having a size and
a shape that should not be missed to be the structural element
taking account of a typical size and the like of the attention
area. For example, when the attention area is a lesion, and a
lesion that is larger than a circle having a diameter of 30 pixels
within the image is severe, and should not be missed, a circle
having a diameter of 30 pixels is set to be the structural
element.

[0227] When the reference image and the determination
target image have been selected, the observation target loss
area calculation section 1019 calculates the observation target
loss area as described above with reference to FIG. 21B.

[0228] The attention area miss probability determination
section 1020 determines the probability that the attention area
is missed. Specifically, the attention area miss probability
determination section 1020 performs the erosion process that
utilizes the structural element on the observation target loss
area to determine whether or not a residual area is present (as
described below with reference to FIG. 24D).

[0229] A specific example of the erosion process is
described below with reference to FIGS. 24A to 24E. As
illustrated in FIG. 24A, the observation target loss area is
necessarily a closed area, and the boundary of the observation
target loss area can be set. For example, an outer boundary
BO1 and an inner boundary BO2 are set in FIG. 24A. Note
that the observation target loss area may be formed by a
plurality of discontinuous areas (see FIG. 21B). In such a
case, the erosion process may be performed on each area.
FIGS. 24A to 24E illustrate an example in which a single
continuous area is used as the observation target loss area.
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[0230] The erosion process that utilizes the structural ele-
ment removes the overlapping area of the observation target
loss area and the structural element when a reference point of
the structural element is set at the boundary of the observation
target loss area. For example, when a circular area is set to be
the structural element, and the reference point of the struc-
tural element is the center of the circle, the erosion process
draws a circle so that the center of the circle is situated at the
boundary of the observation target loss area, and excludes the
overlapping area of the circle and the observation target loss
area from the observation target loss area. Specifically, a
circle is drawn around a point situated at the outer boundary
BO1 of the observation target loss area (see FIG. 24A), and
the overlapping area of the circle and the observation target
loss area (i.e., the semicircular area indicated by the diagonal
lines in FIG. 24 A) is excluded from the observation target loss
area.

[0231] Since the outer boundary BO1 is processed dis-
cretely, and includes a plurality of points, the above process
may be performed on each point among the plurality of
points. For example, a circle may be sequentially drawn
around points situated at the outer boundary BO1 in a given
direction (see FIG. 24A), and the overlapping area of each
circle and the observation target loss area may be excluded
from the observation target loss area.

[0232] When part of the boundary of the observation target
loss area coincides with the boundary of the determination
target image, for example, the observation target loss area
may have only a single boundary. In such a case, the above
process may be performed on the single boundary. When the
observation target loss area has the outer boundary BO1 and
the inner boundary BO2 (see FIG. 24 A), the above process is
performed on the outer boundary BO1 and the inner boundary
BO2. Specifically, a circle is drawn around a point situated at
the inner boundary BO2 (see FIG. 24B), and the overlapping
area of each circle and the observation target loss area is
excluded from the observation target loss area. This process is
repeatedly performed on each point situated at the inner
boundary BO2.

[0233] The size (area) of the observation target loss area is
reduced by thus performing the erosion process. For example,
the left part of the observation target loss area illustrated in
FIG. 24A is completely deleted (i.e., no residual area is
present) by the erosion process performed on the outer
boundary BO1 (see FIG. 24A) and the erosion process per-
formed on the inner boundary BO2 (see FIG. 24B). On the
other hand, a residual area RE that is not deleted by the
erosion process performed on the outer boundary BO1 and
the erosion process performed on the inner boundary BO2
occurs in the lower right part of the observation target loss
area (see FIG. 24C). Specifically, only the residual area RE
remains as a result of performing the erosion process that
utilizes the structural element over the entire observation
target loss area (see FIG. 24D).

[0234] The meaning of the erosion process when using a
circle having a radius r as the structural element is discussed
below. The observation target loss area (i.e., closed area) is
considered to be an area that is surrounded by a boundary
(different boundaries (e.g., BO1 and BO2) or a single bound-
ary). When the erosion process is performed on the boundary,
a point among the points included in the observation target
loss area that is situated at a distance equal to or shorter than
r from each point situated at the boundary is determined to be
the deletion target. Specifically, the distance from the point
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included in the residual area (that is excluded from the dele-
tion target) to an arbitrary point situated at the boundary is
longer than r. Therefore, a circle having a radius r that is
drawn around an arbitrary point within the residual area does
not intersect each boundary. This means that the entirety of
the attention area represented by a circle having a radius r that
is drawn around a point within the residual area is included
within the observation target loss area. Note that the above
basic idea is also applied even when the structural element has
a shape (e.g., quadrangle) other than a circle.

[0235] Specifically, when the residual area is present, an
area that corresponds to the structural element is included
within the observation target loss area (see the lower right part
in FIG. 24E). When the attention area (e.g., lesion) is situated
at such a position, and the determination target image is
deleted, it is likely that the attention area cannot be observed
even if the reference image is allowed to remain. When the
residual area is not present, at least part of the attention area is
included within an area that is not lost (see the upper left part
in FIG. 24E). In this case, at least part of the attention area
remains in the reference image even if the determination
target image is deleted. Note that the term “area that is not
lost” corresponds to an area included in the observation target
coverage area that is covered by the reference image and is
useful, or an area that need not be covered by the reference
image since the area is not included in the observation target
area included in the determination target image.

[0236] Therefore, the attention area miss probability deter-
mination section 1020 performs the erosion process that uti-
lizes the structural element on the observation target loss area,
and determines whether or not the determination target image
can be deleted based on whether or not the residual area is
present.

[0237] The deletion determination process that utilizes the
structural element is not limited to the deletion determination
process that utilizes the erosion process. It suffices that the
deletion determination process that utilizes the structural ele-
ment determines whether or not the structural element is
included within the observation target loss area. For example,
the deletion determination process that utilizes the structural
element may be implemented using a simple method that
calculates a value that corresponds to the maximum size
(diameter) of the observation target loss area based on the
distance (e.g., k1 to k6) from the point (e.g., p1 to p6) at the
boundary of an area other than the observation target loss area
to the boundary of the determination target image, or the
distance from the point at the boundary of the determination
target image to the boundary of an area other than the obser-
vation target loss area, and compares the calculated value
with the minimum size of the structural element (e.g., a struc-
tural element having the same size as that of the attention
area) (see FIGS. 25A and 25B). Note that F1G. 25 A illustrates
an example in which the determination target image has a
square shape, and FIG. 25B illustrates an example in which
the determination target image has a circular shape. The pro-
cess that utilizes the structural element may also be per-
formed on the observation target loss area (lesion loss area)
described above in connection with the first to third embodi-
ments.

[0238] According to the fourth embodiment, the processing
section 100 determines the probability that the attention area
included in the determination target image is missed using the
observation target loss area that is an area that is included in
the observation target area included in the determination tar-
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get image, but is not included in the observation target cov-
erage area, and determines whether or not the determination
target image can be deleted based on the probability that the
attention area is missed.

[0239] The term “attention area” used herein refers to an
area for which the observation priority for the user is rela-
tively higher than that of other areas. For example, when the
user is a doctor, and desires to perform treatment, the atten-
tion area refers to an area in which a mucous membrane area
or a lesion area is captured.

[0240] Ifthe doctor desires to observe bubbles or feces, the
term “‘attention area” refers to an area that includes a bubble
area or a feces area. In this case, bubbles or a residue is a
useful object for observation, and a bubble area or a residue
area is not considered to be an unnecessary area. Specifically,
the attention area for the user differs depending on the objec-
tive of observation, but is necessarily an area for which the
observation priority for the user is relatively higher than that
of other areas.

[0241] This makes it possible to determine whether or not
the determination target image can be deleted from the view-
point of the probability that the attention area is missed. It is
determined that the determination target image cannot be
deleted when the attention area is not missed unless the deter-
mination target image is deleted, but is missed due to deletion
of'the determination target image even if the reference image
is allowed to remain. The probability that the attention area is
missed may be determined using various methods. For
example, it may be determined that the attention area may be
missed when the attention area is captured within the deter-
mination target image to have a large size, but may be cap-
tured within the reference image to have a small size (or may
not be captured within the reference image).

[0242] The processing section 100 may determine the prob-
ability that the attention area is missed by determining
whether or not an area having a size corresponding to the
attention area is included within the observation target loss
area.

[0243] This makes it possible to determine the probability
that the attention area is missed based on the inclusion rela-
tionship between the observation target loss area and an area
having a size corresponding to the attention area, and deter-
mine whether or not the determination target image can be
deleted. A case where an area having a size corresponding to
the attention area is included within the observation target
loss area corresponds to a case where the attention area hav-
ing a given size is captured within the determination target
image, but may not be captured within the reference image. In
this case, it is determined that the determination target image
cannot be deleted since the attention area may be missed. On
the other hand, when an area having a size corresponding to
the attention area is not included within the observation target
loss area, at least part of the attention area captured within the
determination target image is necessarily captured within the
reference image. Therefore, it is determined that the determi-
nation target image can be deleted.

[0244] The processing section 100 may perform the erosion
process that utilizes the structural element that corresponds to
the attention area on the observation target loss area, deter-
mine that the determination target image cannot be deleted
when it has been determined by the erosion process that the
residual area is present, and the attention area may be missed,
and determine that the determination target image can be
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deleted when it has been determined by the erosion process
that the residual area is not present, and the attention area is
not missed.

[0245] The term “structural element” used herein refers to
an element that represents the processing unit used for the
erosion process. For example, the structural element is the
circular element illustrated in FIG. 24 A and the like. The term
“erosion process” used herein refers to a process that deletes
an area corresponding to the structural element from the
processing target area (see FIGS. 24 A to 24E).

[0246] This makes it possible to accurately determine
whether or not the entirety of the structural element (having
the same size as that of the attention area) is included within
the observation target loss area. The presence or absence of
the residual area corresponds to whether or not the entirety of
the structural element is included within the observation tar-
get loss area (see FIGS. 24 A to 24E). Since whether or not the
entirety of the structural element is included within the obser-
vation target loss area is strictly determined, the accuracy of
the determination as to whether or not the determination
target image can be deleted can be increased as compared
with the method described above with reference to FIGS. 25A
and 25B, for example. Note that the method described above
with reference to FIGS. 25A and 25B may be used when it is
important to reduce the processing load, for example.

[0247] Theprocessing section 100 may detect an area of the
image other than the cover area as the observation target area.
[0248] More specifically, the image sequence may be an in
vivo image sequence obtained by capturing the inside of a
living body, and the cover area may be a bubble area or a
residue area included in the image.

[0249] This makes it possible to use an area other than the
cover area as the observation target arca. The term “cover
area” used herein refers to an area in which bubbles or a
residue is captured to cover the observation target object (e.g.,
mucous membrane). An area other than the cover area is an
area which is not necessarily an area that should be observed
(e.g., lesion area or villus area (see the first to third embodi-
ments)), but in which at least a covering object is not captured.
Specifically, since the observation priority of an area other
than the cover area is relatively high, it is useful to implement
the image summarization process that suppresses a situation
in which an area other than the cover area cannot be observed.
[0250] Theprocessing section 100 may detect an area of the
image other than an area for which the image signal is not
suitable for observation, as the observation target area.
[0251] An areafor which the image signal is not suitable for
observation may be a dark area or a halation area included in
the image.

[0252] This makes it possible to use an area other than an
area that is not suitable for observation as the observation
target arca. An area that is not suitable for observation is an
area (e.g., dark area or halation area) in which blocked up
shadows or blown out highlights occur since the pixel values
are very large or small, and the observation target object
cannot be sufficiently observed. Since the observation prior-
ity of an area other than an area that is not suitable for obser-
vation is relatively high, it is desirable to use an area other
than an area that is not suitable for observation as the obser-
vation target area.

[0253] The first to fourth embodiments according to the
invention and the modifications thereof have been described
above. Note that the invention is not limited to the first to
fourth embodiments and the modifications thereof. Various
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modifications and variations may be made of the first to fourth
embodiments and the modifications thereof without depart-
ing from the scope of the invention. A plurality of elements
described above in connection with the first to fourth embodi-
ments and the modifications thereof may be appropriately
combined to implement various configurations. For example,
an arbitrary element may be omitted from the elements
described above in connection with the first to fourth embodi-
ments and the modifications thereof. The elements described
above in connection with the first to fourth embodiments and
the modifications thereof may be appropriately combined.
Any term cited with a different term having a broader mean-
ing or the same meaning at least once in the specification and
the drawings can be replaced by the different term in any
place in the specification and the drawings. Specifically, vari-
ous modifications and applications are possible without mate-
rially departing from the novel teachings and advantages of
the invention.

1. An image processing device comprising:

an image sequence acquisition section that acquires an
image sequence that includes a plurality of constituent
images; and

a processing section that performs an image summariza-
tion process that deletes some of the plurality of con-
stituent images included in the image sequence acquired
by the image sequence acquisition section to generate a
summary image sequence,

the processing section detecting an observation target area
from each constituent image among the plurality of con-
stituent images, selecting a reference image and a deter-
mination target image from the plurality of constituent
images, calculating deformation information about a
deformation estimation target area included in the ref-
erence image and the deformation estimation target area
included in the determination target image, and deter-
mining whether or not the determination target image
can be deleted based on the observation target area
included in the reference image, the observation target
area included in the determination target image, and the
deformation information.

2. The image processing device as defined in claim 1,

the processing section calculating an observation target
coverage area by performing a deformation process
using the deformation information on the observation
target area included in the reference image, the observa-
tion target coverage area being an area that is included in
the determination target image, and is covered by the
observation target area included in the reference image,
and determining whether or not the determination target
image can be deleted based on the calculated observa-
tion target coverage area, and the observation target area
included in the determination target image.

3. The image processing device as defined in claim 2,

the processing section calculating an observation target
common area that is a common area of the observation
target coverage area and the observation target area
included in the determination target image, calculting an
observation target coverage that is a ratio of the calcu-
lated observation target common area with respect to the
observation target area included in the determination
target image, and determining whether or not the deter-
mination target image can be deleted based on the cal-
culated observation target coverage.
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4. The image processing device as defined in claim 3,

the processing section determining that the determination
target image can be deleted when the observation target
coverage is equal to or larger than a given threshold
value, and determining that the determination target
image cannot be deleted when the observation target
coverage is smaller than the given threshold value.

5. The image processing device as defined in claim 2,

the processing section calculating an observation target
loss area occupancy that is a ratio of an observation
target loss area with respect to the determination target
image, the observation target loss area being an area that
is included in the observation target area included in the
determination target image, but is not included in the
observation target coverage area, and determining
whether or not the determination target image can be
deleted based on the calculated observation target loss
area occupancy.

6. The image processing device as defined in claim 5,

the processing section determining that the determination
target image can be deleted when the observation target
loss area occupancy is smaller than a given threshold
value, and determining that the determination target
image cannot be deleted when the observation target loss
area occupancy is equal to or larger than the given
threshold value.

7. The image processing device as defined in claim 2,

the processing section determining probability that an
attention area included in the determination target image
is missed using an observation target loss area that is an
area that is included in the observation target area
included in the determination target image, but is not
included in the observation target coverage area, and
determining whether or not the determination target
image can be deleted based on the probability that the
attention area is missed.

8. The image processing device as defined in claim 7,

the processing section determining the probability that the
attention area included in the determination target image
is missed by determining whether or not an area having
a size corresponding to the attention area is included
within the observation target loss area.

9. The image processing device as defined in claim 7,

the processing section performing a erosion process that
utilizes a structural element that corresponds to the
attention area on the observation target loss area, deter-
mining that the determination target image cannot be
deleted when it has been determined by the erosion
process that a residual area is present, and the attention
area may be missed, and determining that the determi-
nation target image can be deleted when it has been
determined by the erosion process that the residual area
is not present, and the attention area is not missed.

10. The image processing device as defined in claim 2,

the processing section calculating an observation target
common area that is a common area of the observation
target coverage area and the observation target area
included in the determination target image, calculating
an observation target coverage that is a ratio of the cal-
culated observation target common area with respect to
the observation target area included in the determination
target image, calculating an observation target loss area
occupancy that is a ratio of an observation target loss
area with respect to the determination target image, the
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observation target loss area being an area that is included
in the observation target area included in the determina-
tion target image, but is not included in the observation
target common area, and determining whether or not the
determination target image can be deleted based on the
calculated observation target coverage and the calcu-
lated observation target loss area occupancy.

11. The image processing device as defined in claim 10,

the processing section determining that the determination
target image can be deleted when it has been determined
that the determination target image can be deleted by at
least one of a determination based on the observation
target coverage and a determination based on the obser-
vation target loss area occupancy.

12. The image processing device as defined in claim 1,

the processing section detecting an area of the image other
than a cover area as the observation target area.

13. The image processing device as defined in claim 12,

the image sequence being an in vivo image sequence
obtained by capturing inside of a living body, and

the cover area being a bubble area or a residue area
included in the image.

14. The image processing device as defined in claim 1,

the processing section detecting an area of the image other
than an area for which an image signal is not suitable for
observation, as the observation target area.

15. The image processing device as defined in claim 14,

the area for which the image signal is not suitable for
observation being a dark area or a halation area included
in the image.

16. The image processing device as defined in claim 1,

the image sequence being an in vivo image sequence
obtained by capturing inside of a living body, and

the processing section detecting a lesion area or a villus
area included in the image as the observation target area.

17. An information storage device storing a program that

causes a computer to function as:

an image sequence acquisition section that acquires an
image sequence that includes a plurality of constituent
images; and

a processing section that performs an image summariza-
tion process that deletes some of the plurality of con-
stituent images included in the image sequence acquired
by the image sequence acquisition section to generate a
summary image sequence,

the processing section detecting an observation target area
from each constituent image among the plurality of con-
stituent images, selecting a reference image and a deter-
mination target image from the plurality of constituent
images, calculating deformation information about a
deformation estimation target area included in the ref-
erence image and the deformation estimation target area
included in the determination target image, and deter-
mining whether or not the determination target image
can be deleted based on the observation target area
included in the reference image, the observation target
area included in the determination target image, and the
deformation information.

18. An image processing method comprising:

acquiring an image sequence that includes a plurality of
constituent images;

detecting an observation target area from each constituent
image among the plurality of constituent images;
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selecting a reference image and a determination target
image from the plurality of constituent images;

calculating deformation information about a deformation
estimation target area included in the reference image
and the deformation estimation target area included in
the determination target image;

determining whether or not the determination target image
can be deleted based on the observation target area
included in the reference image, the observation target
area included in the determination target image, and the
deformation information; and

performing an image summarization process that deletes
some of the plurality of constituent images included in
the image sequence based on a determination result as to
whether or not the determination target image can be
deleted to generate a summary image sequence.
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