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IMAGE PROCESSING APPARATUS, IMAGE
PROCESSING METHOD, AND STORAGE
MEDIUM

BACKGROUND

Field

[0001] Dasclosure of this specification relates to an image
processing apparatus, an image processing method, and a
storage medium.

Description of the Related Art

[0002] An image subtraction techmique to support a user to
make a comparison between i1mages 1s known in medical
field (W0O2015/029135). In this techmique, registration
adjustment 1s performed between two 1mages captured at
different times, and a subtraction image that visualizes a
difference between the 1mages 1s displayed.

SUMMARY

[0003] It has now been determined that in a conventional
subtraction 1image, although a portion having pathological
change over time 1s visualized clearly, a portion without
having pathological change over time 1s visualized
unclearly, and accordingly, there 1s a case where the user
finds 1t dithicult to recognize what sort of pathological
change over time the subtraction 1mage represents.

[0004] According to an aspect of the present disclosure, a
user 1s enabled to recognize what sort of pathological change
over time the subtraction 1image represents.

[0005] According to another aspect of the present disclo-
sure, advantageous functions and effects can be derived from
respective configurations and embodiments of the present
disclosure such as ones detailed in the below-described
exemplary embodiments of the present disclosure, which
advantageous functions and eflects cannot be acquired from
conventional techniques.

[0006] According to another aspect of the present disclo-
sure, an 1mage processing apparatus supports detection of
pathological change over time in a portion of a captured
region, the captured region being common to a first image
and a second 1mage, the first image and the second i1mage
acquired by capturing a subject at different times. The 1mage
processing apparatus includes an acquisition unit configured
to acquire a subtraction image of the first image and the
second 1mage representing the pathological change over
time as a difference and a recording unit configured to record
information indicating said portion using a name different
from a name of the commonly included region 1n a storage
unit i association with the subtraction image.

[0007] According to another aspect of the present disclo-
sure, 1t can be possible to recognize what sort of pathological
change over time a subtraction 1mage represents.

[0008] Further features of the present disclosure will
become apparent from the following description of exem-
plary embodiments (with reference to the attached draw-

ngs).
BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 11sablock diagram illustrating an example of
an overall configuration of an i1mage processing system
including an 1mage processing apparatus according to a first
exemplary embodiment.
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[0010] FIG. 2 1s a flowchart illustrating an example of a
processing procedure according to the first exemplary
embodiment.

[0011] FIG. 3 1s a block diagram illustrating an example of
an overall configuration of an 1mage processing system
including an i1mage processing apparatus according to a
second exemplary embodiment.

[0012] FIG. 4 1s a flowchart illustrating an example of a
first processing procedure according to the second exem-
plary embodiment.

[0013] FIG. 5 1s a flowchart illustrating an example of a
second processing procedure according to the second exem-
plary embodiment.

[0014] FIG. 6 1s a flowchart illustrating an example of a
third processing procedure according to the second exem-
plary embodiment.

[0015] FIG. 71s adiagram illustrating an example of a first
screen displayed on a display unit of the 1image processing
apparatus according to the second exemplary embodiment.
[0016] FIG. 8 1s a diagram illustrating an example of a
second screen displayed on the display unit of the image
processing apparatus according to the second exemplary
embodiment.

[0017] FIG. 9 1s a flowchart illustrating an example of a
third processing procedure according to a third exemplary
embodiment.

[0018] FIG. 10 1s a diagram 1illustrating an example of a
screen displayed on a display unit of the 1image processing
apparatus according to the third exemplary embodiment.

DESCRIPTION OF THE EMBODIMENTS

[0019] Hereinatter, exemplary embodiments of an image
processing apparatus according to the present disclosure will
be described with reference to the appended drawings. A
scope of the present disclosure 1s not, however, limited to the
examples 1llustrated in the drawings.

[0020] An image processing apparatus according to a first
exemplary embodiment records a diagnosis support image in
association with attribute information including diagnosis
support region information. The diagnosis support image 1s
acquired from medical 1mages acquired by capturing a
subject through various types of medical image-capturing
apparatuses (modalities), such as an X-ray computed tomog-
raphy (CT) scanner and a magnetic resonance i1maging
(MRI) apparatus.

[0021] In the below-described exemplary embodiment, a
medical 1image captured by an 1mage-capturing apparatus,
such as a C'T scanner or an MRI apparatus, will be described
as an “original 1mage™ 1n order to distinguish the medical
image from the diagnosis support image. The original image
and the diagnosis support image are simply described as
“images” when these 1mages are described without being
distinguished from one another. In addition, the i1mages
according to the disclosure of this specification includes not
only images displayed on a display unit but also 1images
stored 1n a database or a storage unit as 1mage data.
[0022] Below-described exemplary embodiments are
merely examples to describe a processing method of the
image processing apparatus, and disclosure of this specifi-
cation 1s not limited to the exemplary embodiments.
[0023] FIG. 1 1s a block diagram 1illustrating an overall
configuration of an 1mage processing system including the
image processing apparatus according to the present exem-
plary embodiment.
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[0024] The 1image processing system includes an image
processing apparatus 100 and a database 130, which are
communicably connected to each other via a communication
means 120. In the present exemplary embodiment, the
communication means 120 1s configured of a local area
network (LAN).

[0025] The database 130 stores and manages data such as
a medical 1mage. The i1mage processing apparatus 100
acquires a medical 1mage managed by the database 130 via
the communication means (e.g., LAN) 120.

[0026] The image processing apparatus 100 includes, as a
functional configuration, a communication interface (IF)
101, a read only memory (ROM) 102, a random access
memory (RAM) 103, a storage unit 104, an operation unit
105, a display unit 106, and a control unit 107.

[0027] The communication IF 101 1s implemented by, for
example, a LAN card, and 1s responsible for communication
executed between an external apparatus (e.g., database 130)
and the 1mage processing apparatus 100. The ROM 102 1s,
for example, a non-volatile memory, and stores various
programs. The RAM 103 1s r, for example, a volatile
memory, and temporarily stores various kinds of informa-
tion. The storage unit 104 1s one example of a computer-
readable storage medium. The storage umit 104 1s, for
example, a large-capacity information storage device repre-
sented by a hard disk drive (HDD) or a solid state drive
(SSD), and various kinds of information are stored therein.
The operation unit 105 1s a keyboard or a mouse, and an
instruction from a user 1s mput to the image processing
apparatus 100 through the operation unit 105. The display
unit 106 1s a display, and displays various kinds of infor-
mation to the user. The control unit 107 1s implemented by
a central processing umt (CPU), and integrally controls
various types of processing executed by the 1image process-
ing apparatus 100.

[0028] The control umt 107 includes, as a functional
configuration, a reading unit 108, a diagnosis support image
generation unit 109, an attribute information generation unit
110, and a recording unit 111.

[0029] The reading unit 108 reads out an original image
and records the original 1image 1n the storage unit 104. The
diagnosis support image generation unit 109 generates a
diagnosis support image from the original 1mage by using a
known technique. The attribute information generation unit
110 generates attribute information of the diagnosis support
image by using the attribute information and the diagnosis
support region imnformation acquired from the original image
data. The recording unit 111 records attribute information of
a diagnosis support image and the diagnosis support image
in the storage unit 104 in association with each other.

[0030] Functions of respective units included in the con-

trol unit 107 will be described in detail with reference to the
flowchart in FIG. 2.

[0031] In the below-described exemplary embodiment, 1t
1s assumed that image data 1s saved 1n a format compliant
with an 1nternational standard, 1.e., a standard of the digital
imaging and communication in medicine (DICOM), which
specifies a medical 1image format and communication pro-
cedure. A format compliant with the DICOM standard 1s
assumed to specifically describe attribute information of
image data. However, the format does not have to be
compliant with the DICOM standard as long as attribute
information similar to the below-described attribute infor-
mation can be saved in association with the image.
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[0032] Hereinafter, an image saved in a format compliant
with the DICOM standard 1s described as a DICOM image.
Further, the above-described DICOM header generally
refers to a data area 1n which information other than infor-
mation about a pixel value of DICOM data 1s recorded. The
DICOM header includes examination information, patient
information, and 1image attribute information.

[0033] First, processing procedure of the image processing
apparatus 100 according to the present exemplary embodi-

ment will be described with reterence to the flowchart in
FIG. 2

Receiving User Instruction

[0034] In step S1001, the control unit 107 receives a user
instruction mput from the operation unit 105. Herein, 1t 1s
assumed that the control unit 107 receives, for example, an
instruction for generating a diagnosis support 1mage.
Although there are a wide variety of user instructions
relating to control executed by the control unit 107, descrip-
tion of the other user 1nstructions will be omitted 1n order to
simply describe the disclosure of this specification.

Acquiring Original Image Specification Information

[0035] In step S1002, the control unit 107 receives infor-
mation (hereinafter, referred to as “original 1image specifi-
cation information”) for specilying one or more original
images used for generating the diagnosis support image
input to the operation unit 105. The number of original
images varies depending on the type of diagnosis support
image to be acquired. Hereinafter, in order to specifically
describe the present exemplary embodiment, a processing
procedure using a subtraction 1image as a diagnosis support
image will be described as an example. The subtraction
image 1s generated by calculating a difference between two
original images after registration 1s adjusted between the two
original 1mages. Heremafter, two CT images acquired by
capturing the same subject at different times are used as the
original 1mages. The CT images are three-dimensional
images and a subtraction image acquired from the two CT
images 1s also a three-dimensional image. In other words,
the subtraction 1image described 1n this specification illus-
trates pathological change over time between the first image
and the second 1mage acquired by capturing the subject at
different times as a difference. More specifically, the sub-
traction 1mage 1llustrates pathological change over time of a
portion of a captured region as a difference. The atoremen-
tioned portion 1s a portion of a region commonly included in
the first and the second 1mages acquired by capturing the
subject at different times, and a name used for the afore-
mentioned portion 1s different from a name of the afore-
mentioned region commonly included 1n the first and the
second 1mages. However, disclosure of this specification 1s
not limited to the following exemplary embodiment, and can
be applied to a case where an optional diagnosis support
image acquired from the optional types and the optional
number of original 1mages 1s used.

Reading Out Original Image

[0036] In step S1003, based on the original image speci-
fication information received 1n step S1002, the reading unit
108 reads out original 1image data (e.g., two pieces of CT
image data) from the database 130 via the communication IF
101 and the LAN 120, and records the original image data
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in the storage unit 104. An area including a common region
1s captured 1n the two pieces of original image data. At this
time, 1f a size of the RAM 103 1s large enough, the read
original image data may be recorded in the RAM 103.

Generating Diagnosis Support Image

[0037] In step S1004, the diagnosis support 1mage gen-
eration unit 109 acquires a diagnosis support image from the
original 1mage data recorded 1n the storage unit 104 (or the
RAM 103) by using a known technique. In other words, the
diagnosis support image generation unit 109 generates a
subtraction 1mage from the two pieces of CT image data by
using a known 1mage registration adjustment technique and
a known subtraction technique. For example, in the regis-
tration adjustment processing, registration 1s adjusted after
pixel sizes of the two original images are adjusted 1sotropi-
cally, so that pixels that express a region common to the two
original 1images substantially conform to each other. The
diagnosis support image generation unit 109 further acquires
information (e.g., diagnosis support region information or
region information) to identity a region of the patient’s body
where diagnosis 1s supported by the generated diagnosis
support 1mage. For example, a name of a region directly
input by the user may be acquired as the diagnosis support
region information. Alternatively, an optional name may be
selected by the user from a plurality of region names
displayed on the display unit 106 1n a tab format. The
diagnosis support region information 1s not limited to the
name of the region, and may be a display parameter such as
a window level and a window width (WL/WW) which
enable the user to visually recognize a selected portion when
the selected portion 1s emphasized. The region name and the
display parameter are examples of the diagnosis support
region information, and the information 1s not limited to the
above.

[0038] The processing 1n step S1004 may be executed
after the processing in step S1005.

Generating Attribute Information

[0039] In step S1005, the attribute information generation
unit 110 acquires attribute information from the original
image data recorded in the storage unit 104 or the RAM 103.

[0040] The attribute information generation unit 110 then
generates attribution information of the diagnosis support
image by using the attribute information acquired from the
original 1mage data and the diagnosis support region infor-
mation acquired 1n step S1004. If the original 1images are
DICOM 1mages, attribute information of the image 1s writ-
ten 1n the DICOM headers. Herein, of the two CT 1mages
(original images), the CT image captured at a later time point
1s specified as a diagnosis target 1image.

[0041] In this case, patient information, such as a patient’s
name, and attribute information, such as an examination
region, are acquired from the DICOM headers of the
DICOM 1mage captured at a later time point. An examina-
tion date/time 1s acquired from each of the DICOM headers
of the two CT 1mages. The attribute information generation
unit 110 uses the attribute information, which 1s acquired
from the DICOM headers of the original images, as the
attribute information of the diagnosis support image. The
attribute 1nformation generation umt 110 further uses a
predetermined DICOM tag to write the diagnosis support
region 1nformation into the DICOM header.
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[0042] For example, 1f the diagnosis support image 1s a
subtraction 1mage generated from the two CT images of a
captured abdominal region, which emphasizes a diflerence
of a bone region, the diagnosis support region information
indicating “bone region” 1s associated with the subtraction
image. This corresponds to an example of a configuration 1n
which a name of a portion of a region associated with the
diagnosis support 1mage 1s different from a name of the
region commonly 1ncluded in the two original 1mages asso-
ciated with the original 1images. The above-described name
1s merely an example, and the captured region may be
“pectoral region”, “thoraco-abdominal region”, or “cephalic
region’”, and the portion of the region may be “liver”, “lung
field”, or “brain”. Alternatively, a display parameter, such as
(WL/WW)=(3500/2500), 1s associated with the diagnosis
support 1mage.

[0043] In a case where the information acquired from the
DICOM header of the original image 1s not used as the
attribute information of the diagnosis support image, infor-
mation does not have to be written into a DICOM tag that
1s not to be used, or a certain value that does not depend on
the original value may be written. For example, if the
information about (WL/WW) of the original image 1s not
used as the attribute information of the diagnosis support
image, values such as “(0/800)” are written regardless of the
original values. In other words, 1t 1s not necessary to
maintain the attribute information of the original image.
[0044] A name or a value of the information to be asso-
ciated with the diagnosis support 1mage 1s one example and
1s not limited thereto.

Recording Diagnosis Support Image

[0045] In step S1006, the recording unit 111 records the
diagnosis support image acquired in step S1004 1n the
storage unit 104 (or the RAM 103) 1n association with the
attribute 1nformation of the diagnosis support image
acquired 1n step S1005. It the diagnosis support 1mage 1s a
three-dimensional 1mage and 1s also a DICOM image, each
of tomographic 1mages constituting the three-dimensional
image 1s regarded as a DICOM (tomographic) image. In
other words, each of the DICOM (tomographic) images
includes a DICOM header including the attribute informa-
tion of the diagnosis support image and 1mage data corre-
sponding to a single tomographic image of the diagnosis
support 1mage.

[0046] In step S1006, the recording unit 111 may further
writes the diagnosis support image associated with the
attribute information into the database 130 via the commu-

nication IF 101 and the LAN 120.

[0047] As described above, the processing of the image
processing apparatus 100 1s executed.

[0048] Through the above-described configuration, the
attribute information of the diagnosis support image and the
diagnosis support image can be recorded 1n association with
cach other, the user can easily recognize which portion of the
captured region 1s emphasized in the diagnosis support
image. As illustrated in, for example, an 1mage display area
804 1n FIG. 8, a subtraction image only emphasizes a portion
with pathological change over time, it 1s not easy for the user
to recognize a portion with the difference just by looking at
the subtraction image. However, even in the above-de-
scribed situation, the user can easily recognize a difference
of what portion of the captured region 1s illustrated in the
subtraction 1mage by referring to the attribute information
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associated with the diagnosis support image. With the
above-described configuration, data can be sorted for each of
the diagnosis support regions to be noticed even in a case
where a large volume of 1mage data 1s stored in the database
130 or the storage unit 104.

Variation Example 1-1

[0049] In the present exemplary embodiment, the diagno-
s1s support 1image 1s recorded 1n the storage unit 104 (or the
RAM 103) in association with the attribute information of
the diagnosis support image which 1s generated by the
attribute information generation umt 110 after the diagnosis
support 1mage 1s generated from the original 1mage data
(e.g., two pieces of CT 1image data) by the diagnosis support
image generation unit 109.

[0050] However, 1f the diagnosis support image 1s previ-
ously stored in the storage unit 104 or the database 130, the
image processing apparatus 100 may acquire the diagnosis
support image from the storage unit 104 or the database 130
to associate the attribute information including diagnosis
support region information with the diagnosis support
1mage.

[0051] Through the above-described configuration, with
respect to the diagnosis support image already stored 1n the
storage unit 104 or the database 130, the 1mage processing
apparatus 100 can associate the attribute information with-
out necessity to generate the diagnosis support 1mage from
the original 1mage again. Therefore, the diagnosis support
image associated with the attribute information including the
diagnosis support region information can be recorded with-
out occupying the capacity of the database 130 or the storage
unit 104.

[0052] An 1mage processing apparatus according to a
second exemplary embodiment 1s an apparatus displaying a
plurality of images, capable of setting or changing one or
more display modes of the images.

[0053] An exemplary embodiment described below 1is
merely an example for describing a processing method of
the 1mage processing apparatus, and thus disclosure of this
specification 1s not limited thereto.

[0054] FIG. 3 1s a block diagram illustrating an overall
configuration of an 1mage processing system including an
1mage processing apparatus according to the present exem-
plary embodiment. A configuration of the image processing
system according to the present exemplary embodiment can
be the same as or similar to that of the first exemplary
embodiment. A control unit of the 1image processing appa-
ratus has a different functional configuration, and thus a
functional configuration thereof will be described below.
Functional configurations of the rest of constituent elements
can be the same as or similar to those of the first exemplary
embodiment, so further description thereof will be omitted.
[0055] The 1image processing system includes an image
processing apparatus 300 and a database 330, which are
communicably connected to each other via a communication
means 320. In the present exemplary embodiment, the
communication means 320 1s configured of a local area
network (LAN).

[0056] The database 330 stores and manages data, such as
a medical image. The i1mage processing apparatus 300
acquires a medical image managed by the database 330 via
the communication means (e.g., LAN) 320.

[0057] A control unit 307 includes, as a functional con-
figuration, a reading unit 308, a diagnosis support image
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generation unit 309, an attribute information generation unit
310, a recording unit 311, an attribute information acquisi-
tion unmit 312, a determination unit 313, a tomographic image
acquisition unit 314, and a display control unit 315. Func-
tions of respective units included 1n the control unit 307 wall
be described with reference to flowcharts in FIGS. 4 to 6.
[0058] A first processing procedure of the 1mage process-
ing apparatus 300 according to the present exemplary
embodiment will be described with reference to the tlow-

chart in FIG. 4.

Receiving User Instruction

[0059] In step S2001, the control unit 307 receives a user
istruction input to the operation unit 305.

Determining User Instruction

[0060] In step S2002, the control unit 307 determines the
processing to be executed next based on the user istruction
input to the operation unit 305. If the user instruction 1s an
instruction to generate a diagnosis support image (“DIAG-
NOSIS SUPPORT IMAGE GENERATION INSTRUC-
TION” 1 step S2002), the processing proceeds to step
S2003. If the user struction 1s an 1image display instruction
(“IMAGE DISPLAY INSTRUCTION” 1n step S2002), the
processing proceeds to step S2004. Although there are a
wide variety of user instructions relating to control executed
by the control unit 307, description of the other user instruc-
tions will be omitted to simply describe the disclosure of this
specification.

Processing for Generating Diagnosis Support Image

[0061] In step S2003, the control unit 307 executes pro-
cessing for generating the diagnosis support image described
in FIG. 5, and ends the processing.

Processing for Displaying Image

[0062] In step S2004, the control unit 307 executes 1mage
processing described in FIG. 6, and ends the processing.

[0063] A second processing procedure performed by the
image processing apparatus 300 according to the present
exemplary embodiment will be described with reference to
the flowchart in FIG. 5. Specifically, FIG. § 1s a flowchart
illustrating details of the processing procedure (e.g., pro-

cessing for displaying the diagnosis support image) executed
in step S2003 1n FIG. 4.

Acquiring Original Image Specification Information

[0064] In step S2101, the control unit 307 receives infor-
mation (hereinafter, referred to as “original 1image specifi-
cation information”) for specilying one or more original
images used for generating the diagnosis support image
from the operation unit 305. Herein, the number of original
images varies depending on the type of diagnosis support
image to be generated. In order to specifically describe the
present exemplary embodiment, a processing procedure
using a subtraction 1mage as a diagnosis support image will
be described below as an example. The subtraction 1mage 1s
generated by calculating a difference between two original
images after registration 1s adjusted between the two original
images. Further, 1n the below-described processing proce-
dure, two C'T 1images acquired by capturing the same patient
at two different time points are used as the original images.
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The CT mmages are three-dimensional 1mages, and thus a
subtraction 1image generated from the two CT 1images 1s also
a three-dimensional image.

Reading Out Original Image

[0065] In step S2102, based on the original 1mage speci-
fication information received 1n step S2101, the reading unit
308 reads out original image data (two pieces of CT 1mage
data) from the database 330 via the commumnication IF 301
and the LAN 320, and records the original image data in the
storage unit 304. At this time, 1f a size of the RAM 303 1s

large enough, the read original image data may be stored 1n
the RAM 303.

Generating Diagnosis Support Image

[0066] In step S2103, the diagnosis support image gen-
eration unit 309 generates a diagnosis support image from
the original image data recorded 1n the storage unit 304 (or
the RAM 303) by using a known technique. Specifically, the
diagnosis support image generation unit 309 generates a
subtraction 1mage from the two pieces of CT 1mage data by
using a known image registration adjustment technique and
a known subtraction technique. The diagnosis support image
generation unit 309 further generates, as described in the
first exemplary embodiment, information (e.g., diagnosis
support region information or region information) which
identifies that diagnosis of what region of the patient’s body
1s supported by the generated diagnosis support image.

Generating Attribute Information of Diagnosis
Support Image

[0067] In step S2104, the attribute information generation
unit 310 acquires attribute information from the original
image data recorded in the storage unit 304 (or the RAM
303), and further acquires the diagnosis support region
information generated in step S2103. Then, the attribute
information generation unit 310 generates attribute informa-
tion of the diagnosis support image by using the attribute
information and the diagnosis support region information
acquired from the original image data. If the original images
are DICOM 1mages, attribute information of the image 1s
written into the DICOM headers. Herein, of the two CT
images regarded as the original images, the CT image
captured at a later time point 1s specified as a diagnosis target
image. In this case, patient information, such as a patient’s
name, and attribute information, such as an examination
region, are acquired from a header of the DICOM image
captured at a later time point. An examination date/time 1s
acquired from each of the DICOM headers of the two CT
images. The attribute information generation unit 310 uses
the attribute information, which 1s acquired from the
DICOM headers of the original images, as the attribute
information of the diagnosis support image. The attribute
information generation unit 310 further uses a predeter-
mined DICOM tag to write the diagnosis support region
information into the DICOM header.

Writing Diagnosis Support Image

[0068] In step S2105, the recording unit 311 records the

diagnosis support 1image generated in step S2103 and the

attribute information of the diagnosis support 1mage gener-
ated 1n step S2104 1n the storage unit 304 (or the RAM 303)
in association with each other. If the diagnosis support image
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1s a three-dimensional 1image and 1s also a DICOM 1mage,
cach of tomographic images constituting the three-dimen-
sional 1mage 1s regarded as a DICOM (tomographic) image.
In other words, each of the DICOM (tomographic) images
includes a DICOM header including the attribute informa-
tion of the diagnosis support image and 1mage data corre-
sponding to a single tomographic image of the diagnosis
support 1image.

[0069] Hereinatter, the diagnosis support image stored in
association with the attribute information of the diagnosis
support 1mage 1s simply referred to as “diagnosis support
image’” for the sake of simplicity. In step S2105, the record-
ing unit 311 may further write the diagnosis support image
into the database 330 via the communication IF 301 and the
LAN 320.

[0070] Next, a third processing procedure of the image
processing apparatus 300 according to the present exem-
plary embodiment will be described with reference to the
flowchart 1n FIG. 6. FIG. 6 1s a flowchart 1llustrating details
of the processing procedure (i.e., processing for displaying
images) executed 1n step S2004 in FIG. 4.

Receiving Image Specification Information

[0071] In step S2201, the control unit 307 receives infor-
mation to specily an image to be displayed on the display
umt 306 (hereinafter, referred to as “image specification
information”) mput through the operation unit 305.

Reading Out Image

[0072] In step S2202, the reading unit 308 checks whether
an 1mage specified by the image specification information
received 1n step S2201 (hereinafter, referred to as “specified
image’”’) has already been stored in the storage unit 304 (or
the RAM 303). If the specified image has already been
stored, 1t 1s not necessary to further execute the processing
in step S2202. On the other hand, 1f the specified image has
not been stored, the reading unit 308 reads out 1image data
from the database 330 via the communication IF 301 and the
L AN 320 based on the image specification information, and
records the image data in the storage unit 304 (or the RAM

303).

Acquiring Attribute Information of Image

[0073] In step S2203, the attribute information acquisition
unit 312 reads out the specified 1mage from the storage unit
304 (or the RAM 303) and acquires attribute information of
the 1mage. If the specified image 1s a DICOM image, the
attribute information acquisition unit 312 acquires the attri-
bute information of the image from a DICOM header of the
specified 1mage.

Determining Diagnosis Support Image

[0074] In step S2204, the determination unit 313 checks
the attribute information of the specified image and deter-
mines whether the specified 1mage 1s the diagnosis support
image. The determination unit 313 may determine whether
the specified image 1s the diagnosis support 1mage based on
an 1mage type, or based on existence of a DICOM tag
indicating diagnosis support region information, which 1s
different from a DICOM tag indicating an 1imaging region,
in the attribute information of the specified image. In a case
where a DICOM tag indicating diagnosis support region
information 1s previously included in both of the original
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image and the diagnosis support image, the determination
unit 313 may make a determination based on whether
information indicating the diagnosis support region exists in
the DICOM tag. The processing proceeds to step S2205
regardless of whether the specified image 1s the diagnosis
support 1mage (YES/NO i step S2204). If the specified
image 1s the diagnosis support image (YES 1n step S2204),
the processing proceeds to step S2209. The determination
unit 313 determines whether the specified image 1s the
diagnosis support image based on existence of the diagnosis
support region information. The determination unit 313
records the diagnosis support region information in the
RAM 303 when the diagnosis support region information
exists, and records information indicating non-existence of
the diagnosis support region information (hereinafter,
referred to as “NULL information™) in the RAM 303 when

the diagnosis support region information does not exist.

[0075] The determination unit 313 may advances the
processing to step S2209 after the processing in steps S2205
to S2208 1s completed, or may concurrently advance the
processing to steps S2209 and step S2205 11 the processing
can be executed concurrently.

Acquiring Tomographic Image

[0076] In step S2205, the control unit 307 determines
whether the specified image 1s a three-dimensional 1mage
consisting of a plurality of tomographic images. If the
specified 1mage 1s a three-dimensional 1mage, the control
unit 307 acquires a tomographic 1image of a predetermined
position (e.g., starting position). Alternatively, if the speci-
fied 1image 1s a three-dimensional 1image, the control unit 307
receives 1nformation to specily a position of the tomo-
graphic 1mage (hereinafter, referred to as “tomographic
position information™) from the operation unit 305, and
acquires a tomographic image specified by the received
tomographic position information. On the other hand, 11 the
specified 1mage 1s a two-dimensional 1image, the control unit
307 acquires the two-dimensional image by taking the
two-dimensional 1mage itself as equivalent to the above-
described tomographic image. Finally, the control unit 307
records, 1n the RAM 303, the tomographic 1image acquired
through one of the above-described methods 1n association

with the diagnosis support information (or NULL informa-
tion) stored 1n the RAM 303 1n step S2204.

Determining Density Conversion Method of
Tomographic Image

[0077] In step S2206, the determination unit 313 acquires
information for specifying a density conversion method of
the specified 1mage (hereinafter, referred to as ““density
conversion specification information”) from the attribute
information of the specified image, and records the density
conversion specification information in the RAM 303
together with the identification information of the specified
image. The determination unit 313 then determines a density
conversion method of the tomographic 1image acquired 1n
step S2205 based on the density conversion specification
information. In a case where the specified 1mage 1s a
DICOM 1mage, a WL value and a WW value included 1n the
DICOM header are taken as the density conversion speci-
fication information, and the density conversion method 1s
specified by a density conversion formula described in the

DICOM standard. A table 1 describes an example of the

Apr. 30, 2020

identification information and the density conversion speci-
fication information (e.g., a WL value and a WW value) of
the image when the specified image 1s a DICOM 1mage. The
identification information of the image may be, for example,
a series 1nstance unique identifier (UID) included in the
DICOM header, or may be, for example, information indi-

cating a saving destination of the tomographic 1image stored
in the RAM 303 in step S2205.

TABLE 1
Identification Information of Image WL Value WW Value
Identification Information of Image 1 40 450
Identification Information of Image 2 60 400

Generating Display Image from Tomographic
Image

[0078] In step S2207, the display control unit 315 gener-
ates an 1mage to be displayed on the display unit 306
(hereinafter, referred to as “display image”) based on the
tomographic 1image acquired 1n step S2205 and the density
conversion method of the tomographic 1mage determined 1n
step S2206. If the tomographic image 1s selected from
DICOM 1mages, a pixel value (e.g., 8-bit value) of the
display 1mage 1s calculated and acquired by assigning the
WL value, the WW value, and a pixel value (e.g., 16-bit
value) of the tomographic image to the density conversion

formula described 1n the DICOM standard.

Displaying Display Image

[0079] Instep S2208, the display control unit 315 displays
the display image generated in step S2207 on the display
unit 306.

[0080] The display control unit 3135 also displays a display
image of the tomographic 1image acquired from the original
image, generated in below-described step S2210, on the
display unit 306, so that the originally-displayed display
image 1s replaced.

Determining Density Conversion Method of
Tomographic Image Acquired from Original Image

[0081] In step S2209, the determination unit 313 acquires
a data set including the diagnosis support region information
(or NULL information) and the tomographic image stored in
the RAM 303 1n steps S2204 and S2205. This data set exists
by the number corresponding to the number of display
images already displayed. The determination unit 313 then
takes out a tomographic 1image associated with the NULL
information but not associated with the diagnosis support
region information. Herein, all of the tomographic 1mages
associated with the NULL information 1s acquired from the
original 1mage. The determination unit 313 further deter-
mines a display mode of the tomographic image acquired
from the original image based on the type of the original
image (e.g., CT or MRI) and the diagnosis support region
information of the diagnosis support image determined 1n
step S2204. In the present exemplary embodiment, the
display mode of the tomographic image determined based
on the diagnosis support region information includes a
display parameter of the tomographic image. In the present
exemplary embodiment, a density conversion parameter of
the tomographic 1mage 1s determined as a specific example
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of the display parameter. The determination unit 313
acquires a type of the original 1mage from the attribute
information of the tomographic image. A density conversion
method 1s determined with respect to the DICOM 1mage by
determining the density conversion specification informa-
tion (1.e., the WL value and the WW value) as the density
conversion parameter.

[0082] A table 2 describes an example of the density
conversion specification information (e.g., the WL value and
the WW value) previously defined with respect to the type
of original 1image and the diagnosis support region informa-
tion. By previously determining a WL value and a WW
value suitable for observing each region as the values used
for observing a corresponding region with respect to each of
the 1mage types and diagnosis support regions, the user can
change a density value of each of the original images to a
value suitable for observing the region by simply displaying
the diagnosis support image. Accordingly, the user can save
time and eflort to reset the WL value and the WW value of
cach of the original images.

TABLE 2

Type of Original Diagnosis Support

Image Region Information WL Value  WW Value
CT Bone 500 2500

CT Soft Tissue 35 350

CT Brain 35 150

CT Lung Field —-600 1500
[0083] The control unit 307 may determine preprocessing

that 1s to be executed on a tomographic i1mage to be
displayed, based on the diagnosis support region iforma-
tion. For example, content of the preprocessing suitable for
observing a region 1s previously defined for each diagnosis
support region, and a tomographic 1mage 1s displayed after
the specified preprocessing 1s executed based on the
acquired diagnosis support region information. With this
configuration, a display mode can be determined based on
the diagnosis support region information. Smoothing pro-
cessing for reducing noise 1s executed when the diagnosis
support region information indicates, for example, “Bone”,
whereas the smoothing processing 1s not executed when the
diagnosis support region information indicates another
region.

Generating Display Image of Tomographic Image
Acquired from Original Image

[0084] In step S2210, the display control unit 315 gener-
ates a display image of the tomographic image acquired
from the original image based on the tomographic 1mage of
the original 1mage recorded 1n the RAM 303 1n step S2205
and the density conversion method of the tomographic
image determined 1n step S2209.

[0085] A screen example of a display image generated
through the above-described processing steps 1s displayed

on the display unit 306 will be described with reference to
FIGS. 7 and 8.

[0086] FIG. 71sa diagram illustrating an example of a first
screen displayed on the display unit 306 of the image
processing apparatus 300 according to the present exem-
plary embodiment. Specifically, FIG. 7 illustrates an
example of the screen to be displayed when a doctor as a
user structs the 1image processing apparatus 300 to display
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two original images (e.g., a CT 1mage captured in the past
and a CT mmage as a diagnosis target captured later). The
screen as 1llustrated 1n FIG. 7 can be acquired by executing
the processing performed 1n steps S2201 to S2208 1n FIG. 6.
The number of original 1images displayed on the display unit
306 does not always have to be two, and one of the CT 1mage
captured 1n the past and the CT 1mage as a diagnosis target
captured later may be displayed on the display unit 306. In
other words, the display control unit 315 corresponds to one
example of a display control unit which displays at least one
of the first image and the second 1image on a display unit.

[0087] In FIG. 7, a tomographic image acquired from the
CT mmages captured in the past 1s displayed on an image
display area 701. A tomographic image acquired from the
CT 1mage as a diagnosis target 1s displayed on an image
display area 702. At this time, density conversion using, for
example, the WL value and the WW value illustrated in the
table 1 1s executed on the display images displayed on the
image display areas 701 and 702. These WL value and the
WWW value are set by a doctor or a climical radiologist
according to the purpose of capturing a CT 1mage. The CT
image 1s used to show morphology (e.g., internal structure)
of a patient’ body, and can be applied to various medical
examinations. Thus, there 1s a case where the CT 1mage 1s
observed for the purpose different from the purpose the CT
image 1s captured for. Since one CT 1mage may be observed
for various purposes, the density 1s not always converted to
be suitable for displaying a region which the doctor would
like to observe even 1f the WL value and the WW value
specified 1n the DICOM header are used. Therefore, a
density conversion method conventionally has been speci-
fied newly according to a diagnostic purpose when the
image 1s observed by the doctor.

[0088] FIG. 8 1s a diagram 1illustrating an example of a
second screen displayed on the display unit 306 of the image
processing apparatus 300 according to the present exem-
plary embodiment. The display unit 306 corresponds to one
example of a display unit capable of displaying a first image,
a second 1mage, and a subtraction 1mage. Specifically, FIG.
8 1s a screen example 1llustrating a state where the doctor
displays a diagnosis support image in addition to two
original images. When the doctor thinks that it 1s diflicult to
make a diagnosis only based on the original images, the
doctor can conduct observation by further adding the diag-
nosis support image to acquire diagnosis support informa-
tion. Accordingly, quality of diagnosis can be improved. By
executing all of the processing steps performed 1n FIG. 6, the
screen example 1llustrated in FIG. 8 can be acquired.

[0089] In FIG. 8, 1n addition to the tomographic images
acquired from two CT 1mages, a tomographic 1mage
acquired from a subtraction image used as a diagnosis
support 1mage 1s displayed 1n an 1image display area 804. By
executing the processing in steps S2201 to S2208 1llustrated
in FIG. 6, an 1image displayed in the image display area 804
can be acquired. By further executing the processing in steps
S2209 to S2210, the display images displayed 1n the image
display area 701 and 702 illustrated 1n FIG. 7 are changed
to the images 1llustrated 1n FIG. 8. Herein, 1f the diagnosis
support 1mage 1s a subtraction image generated for the
purpose of detecting the bone lesions, a WL value (500) and
a WW value (2500) for “bones” 1llustrated in the table 2 are
used 1n step S2209. Accordingly, the display images dis-
played 1n the image display areas 701 and 702 are displayed
at the density suitable for observing bones. In other words,
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the display control unit 315 1s an example of a display
control unit that changes and displays display parameters of
images other than a subtraction 1mage displayed on a display
unit based on information indicating a portion of a region
commonly included in original 1images. Alternatively, the
display control unit 315 corresponds to an example of a
display control unit which changes a display parameter of an
original 1mage to a display parameter of a subtraction image
to display the original image again in a case where the
display parameter of the original image displayed on a
display unit 1s different from the display parameter of the
subtraction 1mage.

[0090] According to the disclosure of the present specifi-
cation described above, a density conversion method of the
original image 1s determined based on the diagnosis support
region information stored as the attribute information of the
diagnosis support image, so that a display mode of the image
can be determined without asking additional time and effort
of the user. Since 1t 1s possible to make display parameters
of the onginal image and the diagnosis support image
conform to each other, visibility of lesions and quality of
diagnosis can be improved.

[0091] Similar to the 1mage processing apparatus accord-
ing to the second exemplary embodiment, an 1mage pro-
cessing apparatus according to a third exemplary embodi-
ment 1s an apparatus which displays a plurality of 1mages,
capable of setting (e.g., changing) one or more display
modes of the images.

[0092] An mmage processing system including the image
processing apparatus according to the present exemplary
embodiment has an apparatus configuration can be the same
as or similar to the apparatus configuration illustrated 1n
FIG. 3, so further description of the apparatus configuration
will be omitted. The first and the second processing proce-
dures controlled by the control unit 307 of the image
processing apparatus 300 according to the present exem-
plary embodiment can respectively be the same as or similar
to the processing procedures illustrated in FIGS. 4 and S.
Thus, further description of the first and the second process-
ing procedures performed in the present exemplary embodi-
ment will be also omitted.

[0093] A third processing procedure performed in the
image processing apparatus 300 according to the present
exemplary embodiment will be described with reference to
the flowchart illustrated 1n FIG. 9. Specifically, the flowchart
1llustrates details of the processing procedure, 1.e., the pro-

cessing for displaying an image, executed i step S2004
illustrated in FIG. 4.

Receiving Image Specification Information

[0094] In step S3301, the control unit 307 receives infor-
mation to specily an image to be displayed on the display
unit 306 (hereinafter, referred to as “image specification
information”) input through the operation unit 305.

Reading Out Image

[0095] Instep S3302, the reading unit 308 checks whether

an 1mage specified by the image specification information
received 1n step S3301 (hereinafter referred to as “specified
image”’) has already been stored 1n the storage unit 304 (or
the RAM 303). If the specified image has already been
stored, 1t 1s not necessary to further execute the processing
in step S3302. On the other hand, 1f the specified image has
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not been stored, the reading unit 308 reads out 1image data
from the database 330 via the communication IF 301 and the
L AN 320 based on the image specification information, and
records the image data in the storage unit 304 (or the RAM

303).

Acquiring Attribute Information of Image

[0096] In step S3303, the attribute information acquisition
unit 312 reads out the specified 1mage from the storage unit
304 (or the RAM 303) and acquires attribute information of
the 1mage. If the specified image 1s a DICOM image, the
attribute information acquisition unit 312 acquires the attri-
bute information of the 1image from a DICOM header of the
specified 1mage.

Determining Diagnosis Support Image

[0097] In step S3304, the determination umt 313 checks

the attribute information of the specified image and deter-
mines whether the specified 1image 1s a diagnosis support
image. If the specified 1image 1s not the diagnosis support
image (NO 1n step S3304), the processing proceeds to step
S3305. If the specified 1image 1s the diagnosis support image
(YES 1n step S3304), the processing proceeds to step S3306.
The determination unit 313 determines whether the specified
image 1s the diagnosis support image depending on whether
the diagnosis support region information exists in the attri-
bute information of the specified image. The determination
unit 313 records the diagnosis support region information in
the RAM 303 when the diagnosis support region informa-
tion exists. The determination unit 313 records information
indicating non-existence of the diagnosis support region
information (1.e., “NULL information”)in the RAM 303
when the diagnosis support region information does not
exist.

Acquiring Superimposed Display Information of
Original Image

[0098] In step S3305, the determination unit 313 acquires
information of the original image to be displayed on a screen
(herematfter, referred to as “display information of the origi-
nal 1mage™) from the attribute information of the specified
image. Display information of the original image includes
patient information (e.g., a patient ID, a patient name, age,
and sex), a modality (e.g., a type of 1image-capturing appa-
ratus), and examination information (e.g., examination date/
time and an examination region). The display information of
the original image may be determined previously, or may be
selected (changed) according to a user instruction received
through the operation unit 305. Detailed description of a
selecting method of the display information will be omatted.
In step S3305, the determination unit 313 acquires informa-
tion to be superimposed and displayed on a display area of
the original image (hereinafter, referred to as “superimposed
display information of the original 1image™) by converting a
display mode of the display information of the original
image into a display mode to display the information on a
screen of the display unit 306. Examples of the superim-
posed display information of the original image include
display information of the original image converted into one
or more rows of character strings and display information of
the original image converted into one or more predetermined
figures. Alternatively, a part of the display information of the
original 1mage may be converted into a character strings,
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whereas another part of the display information of the
original image may be converted into a figure. In step S3305,
the determination unmit 313 further records the above-de-
scribed superimposed display information of the original

image 1n the RAM 303.

Acquiring Superimposed Display Information of
Diagnosis Support Image

[0099] In step S3306, the determination unit 313 acquires
information of the diagnosis support image to be displayed
on a screen (hereinafiter, referred to as “display information
of the diagnosis support image”) from the attribute infor-
mation of the specified image. Although a part of the display
information of the diagnosis support image is the same as the
display information of the original 1mage, diagnosis support
region information (or NULL information) stored in the
RAM 303 1n step S3304 1s acquired as unique information
to the display information of the diagnosis support image.
When the diagnosis support image 1s a subtraction image,
display information of the original image acquired from two
original images can be included in the display information of
the subtraction image because two original images are used
to acquire the subtraction image. For example, 11 the first and
the second original images include different information
(e.g., examination date/time), the two pieces of different
information are displayed individually as the display infor-
mation of the subtraction image. If the first and the second
original 1mages include common information (e.g., a patient
name and an examination region), the information 1s dis-
played collectively. The display information of the diagnosis
support 1mage may be determined previously, or may be
selected (changed) according to a user instruction received
from the operation unit 305 (detailed description of a
selecting method of the display information will be omatted).
In step S3306, the determination umt 313 converts a display
mode of the display information of the diagnosis support
image mnto a display mode for displaying information on a
screen of the display umit 306. Through this processing,
informationto be superimposed and displayed on a display
area of the diagnosis support image (hereinafter, referred to
as “superimposed display information of the diagnosis sup-
port 1mage™) 1s acquired. Similar to the superimposed dis-
play information of the original image, the superimposed
display information of the diagnosis support image may be
one or more rows of character strings, one or more figures,
or a combination of the character strings and figures. In step
S3306, the determination unit 313 further records the above-
described superimposed display information of the diagno-
s1s support 1mage in the RAM 303.

Acquiring Tomographic Image

[0100] In step S3307, the control unit 307 determines
whether the specified image 1s a three-dimensional 1image
consisting of a plurality of tomographic images. If the
specified 1mage 1s a three-dimensional 1image, the control
unit 307 acquires a tomographic 1image of a predetermined
position (e.g., first position). Alternatively, the control unit
307 receives information for specilying a position of the
tomographic image (hereinafter, referred to as “tomographic
position information”) through the operation unit 305, and
acquires a tomographic image specified by the received
tomographic position information. On the other hand, 1t the
specified image 1s a two-dimensional 1mage, the control unit
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307 acquires the two-dimensional image by taking the
two-dimensional 1mage 1itself as equivalent to the above-
described tomographic image. Finally, the control unit 307
records the tomographic image acquired through one of the
above-described methods in the RAM 303 in association
with the diagnosis support region information (or NULL

information) stored in the RAM 303 in step S3304.

Determining Density Conversion Method of
Tomographic Image

[0101] In step S3308, the determination unit 313 acquires
information to specily a density conversion method of the
specified 1image (hereinafter, referred to as “density conver-
sion specification information”) from the attribute informa-
tion of the specified image. The determination unit 313
determines a density conversion method of the tomographic
image acquired 1n step S3307 based on the density conver-
s1on specification information. In a case where the specified
information 1s a DICOM 1mage, the WL value and the WW
value included 1n the DICOM header are acquired as the
density conversion specification information, and the den-
sity conversion method 1s specified by a density conversion

formula described in the DICOM standard.

Acquiring Display Image from Tomographic Image

[0102] Instep S3309, the display control unit 315 acquires
an 1mage to be displayed on the display unit 306 (hereinafter,
referred to as “display image”) based on the tomographic
image acquired in step S3307 and the density conversion
method of the tomographic image determined 1n step S3308.
If the tomographic 1image 1s selected from DICOM images,
a pixel value (e.g., 8-bit value) of the display image 1is
calculated and acquired by assigning the WL value, the WW
value, and a pixel value (e.g., 16-bit value) of the tomo-

graphic 1mage to the density conversion formula described
in the DICOM standard.

Displaying Display Image

[0103] Instep S3310, the display control unit 315 displays
the display image generated in step S3309 on the display
umt 306. The display control umt 315 superimposes and
displays, on the display image, the superimposed display
information of the original image or the diagnosis support
image that has been stored 1n the RAM 303 1n step S3305 or
S3306. At this time, the display control unit 315 displays the
superimposed display information based on the diagnosis
support region information (or NULL information) deter-
mined and stored 1n the RAM 303 1n step S3304. Specifi-
cally, the display control unit 315 displays the superimposed
display information of the original image if diagnosis sup-
port region information 1s not stored in the RAM 303 (or the
storage unit 304), and displays the superimposed display
information of the diagnosis support image 1f diagnosis
support region information 1s stored in the RAM 303 (or the
storage unit 304).

[0104] Accordingly, the display control unit 315 performs
as an example of a display control unit which superimposes
and displays information indicating a diagnosis support
region on a subtraction image. More specifically, the display
control unit 315 performs as an example of a display control
umt which superimposes and displays information indicat-
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ing a portion (e.g., bone) of a region (e.g., abdominal region)
commonly included in the original 1images on a subtraction
1mage.

[0105] A screen example illustrating a state where the
display 1mage and the superimposed display image gener-
ated through the above-described processing steps are dis-
played on the display unit 306 will be described with
reference to FIG. 10.

[0106] FIG. 10 1s a diagram 1illustrating an example of a
screen displayed on the display unit 306 of the image
processing apparatus 300 according to the present exem-
plary embodiment. Specifically, the screen example illus-
trates a state where the doctor displays a diagnosis support
image 1n addition to two original images. When the doctor
determines that 1t 1s diflicult to make a diagnosis only based
on the original images, the doctor can conduct observation
by turther adding the diagnosis support image to acquire
diagnosis support information. Thus, quality of diagnosis
can be improved. By executing all of the processing steps
illustrated 1n FIG. 9, the screen example illustrated 1n FIG.
10 can be acquired.

[0107] In FIG. 10, a tomographic image acquired from a
CT mmage captured 1n the past 1s displayed on an image
display area 1001, and a tomographic image acquired from
a CT image as a diagnosis target 1s displayed on an image
display area 1002. A tomographic image acquired from a
subtraction 1mage as a diagnosis support image 1s displayed
on an image display area 1004. Superimposed display infor-
mation of the original 1image 1s further superimposed and
displayed on the 1image display areas 1001 and 1002. Super-
imposed display information of the diagnosis support image
1s superimposed and displayed on the image display area
1004. As illustrated in FIG. 10, information indicating a
diagnosis support region 1s displayed as the superimposed
display information of the diagnosis support image. Thus,
the user can easily recognize the diagnosis support region.
The superimposed display information of the diagnosis
support 1mage 1illustrated i FIG. 10 includes the examina-
tion dates and times of the first and the second 1images. Since
two examination dates and times are displayed on the first
and the second 1mages, the user can instantly recognize from
which original images captured at two different time points
the subtraction image regarded as a diagnosis support image
1s generated.

[0108] The above-described display method of attribute
information 1s merely an example, and the display method 1s
not limited thereto. For example, the diagnosis support
region mnformation may be displayed as a pop-up display
when the user operates the operation unit 305 to adjust a
cursor to a portion of the diagnosis support image repre-
senting a difference value, displayed on the image display
area 1004. It 1s preferable that the pop-up display be
displayed without overlapping with a portion where the
difference value 1s displayed.

[0109] As described above, according to the disclosure of
the specification, a display mode of the image can be
determined automatically by generating the superimposed
display information based on the diagnosis support region
information (or NULL information) stored as the attribute
information of the image. Further, by superimposing and
displaying the superimposed display information on the
image, a region emphasized 1n the diagnosis support image
can easily be recognized when the user looks at the diagnosis
support image, so that quality of diagnosis can be improved.
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According to the above-described exemplary embodiments,
different information 1s superimposed and displayed on each
of the original image and the diagnosis support image. Thus,
after the user knows the region captured in the image from
the information superimposed and displayed on the original
images, the user can recognize a portion to be noticed 1n the
region from the information superimposed and displayed on
the diagnosis support image, accordingly. Therefore, it 1s
possible to improve quality of diagnosis.

[0110] As described in the second and the third exemplary
embodiments, a display mode of the image can be set 1thout
increasing the time and eflort of the user even 1n a case
where a plurality of 1images or a plurality of settable display
modes exists, according to the disclosure of the specifica-
tion.

Other Embodiments

[0111] Embodiment(s) can also be realized by a computer
of a system or apparatus that reads out and executes com-
puter executable instructions (e.g., one or more programs)
recorded on a storage medium (which may also be referred
to more fully as a ‘non-transitory computer-readable storage
medium’) to perform the functions of one or more of the
above-described embodiment(s) and/or that includes one or
more circuits (e.g., application specific integrated circuit
(ASIC)) for performing the functions of one or more of the
above-described embodiment(s), and by a method per-
formed by the computer of the system or apparatus by, for
example, reading out and executing the computer executable
instructions from the storage medium to perform the func-
tions of one or more of the above-described embodiment(s)
and/or controlling the one or more circuits to perform the
functions of one or more of the above-described embodi-
ment(s). The computer may comprise one or more proces-
sors (e.g., central processing unit (CPU), micro processing
unit (MPU)) and may include a network of separate com-
puters or separate processors to read out and execute the
computer executable instructions. The computer executable
instructions may be provided to the computer, for example,
from a network or the storage medium. The storage medium
may include, for example, one or more of a hard disk, a
random-access memory (RAM), a read only memory
(ROM), a storage of distributed computing systems, an
optical disk (such as a compact disc (CD), digital versatile
disc (DVD), or Blu-ray Disc (BD)™), a flash memory
device, a memory card, and the like.

[0112] While the present disclosure has been described
with reference to exemplary embodiments, it 1s to be under-
stood that the invention 1s not limited to the disclosed
exemplary embodiments. The scope of the following claims
1s to be accorded the broadest interpretation so as to encom-
pass all such modifications and equivalent structures and
functions.

[0113] This application claims the benefit of Japanese
Patent Application No. 2018-202866, filed Oct. 29, 2018,
which 1s hereby incorporated by reference herein in its
entirety.

What 1s claimed 1s:

1. An 1mage processing apparatus that supports detection
of pathological change over time 1n a portion of a captured
region, the captured region common to a first image and a
second 1mage, the first image and the second 1image acquired
by capturing a subject at different respective times, the
Image processing apparatus comprising;:
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an acquisition unit configured to acquire a subtraction
image of the first image and the second 1mage repre-
senting the pathological change over time as a differ-
ence; and

a recording unit configured to record information indicat-
ing said portion using a name different from a name of
the commonly included captured region 1n a storage
unit 1n association with the subtraction image.

2. The 1mage processing apparatus according to claim 1,
wherein the information indicating said portion 1s informa-
tion that 1s not associated with the first image and the second
1mage.

3. The 1mage processing apparatus according to claim 1,
wherein the acquisition unit acquires the subtraction image
by generating the subtraction 1mage from the first image and
the second 1mage.

4. The 1image processing apparatus according to claim 1,
wherein the acquisition unit acquires the subtraction image
by reading out the subtraction image recorded 1n the storage
unit.

5. The 1mage processing apparatus according to claim 1,
further comprising:

a display control unit configured to display at least one of
the first image and the second 1mage on a display unait;
and

a determination unit configured to determine a display
mode of an 1mage to be displayed on the display unit
based on the information indicating said portion.

6. The 1mage processing apparatus according to claim 5,
wherein the display control unit displays an image that 1s or
to be displayed on the display unit 1n a display mode
determined by the determination unit.

7. The 1image processing apparatus according to claim 3,
wherein the display control unit executes processing includ-
ing at least one of smoothing processing and density con-
version processing on an image to be displayed on the
display unait.

8. The 1mage processing apparatus according to claim 3,
wherein the display control unit superimposes and displays
information that 1s different from information superimposed
and displayed on the first image and the second 1mage by at
least one 1tem on the subtraction 1image.

9. The 1image processing apparatus according to claim 3,
wherein the display control unit superimposes and displays
information indicating said portion on the subtraction image.

10. The 1mage processing apparatus according to claim 5,

wherein the display control unit displays the information
indicating said portion on the subtraction image as a
pop-up display, and

wherein the pop-up display 1s displayed without overlap-
ping said portion.

11. An 1mage processing apparatus comprising a display

control unit configured to display a subtraction image and an
original 1mage of the subtraction 1image on a display unait,
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wherein, the display control unit changes a display param-
eter of the original 1mage to a display parameter of the
subtraction image to display the original 1image, 1n a
case where the display parameter of the original image
displayed on the display unit 1s different from the
display parameter of the subtraction image.

12. The image processing apparatus according to claim 1,

wherein the commonly included captured region 1s a
pectoral region, an abdominal region, a thoraco-ab-
dominal region, or a cephalic region, and

wherein said portion of the region 1s a bone portion, a
liver, a lung field, or a brain.

13. An 1mage processing method comprising:

displaying, through first display, a plurality of images on
a display unit with a first display parameter; and

displaying, through second display, a subtraction image

generated from the plurality of 1images on the display
unit with a second display parameter,

wherein the second display includes processing to change
the parameter of the plurality of 1images to the second
parameter and to display the plurality of images, 1n a
case where the first display parameter and the second
display parameter are different from each other.

14. An 1mage processing method to support detection of
pathological change over time 1n a portion of a captured
region, the captured region common to a first image and a
second 1mage, the first image and the second 1image acquired
by capturing a subject at different respective times, the
image processing method comprising:

acquiring a subtraction 1mage of the first image and the

second 1mage representing the pathological change
over time as a difference; and

recording information indicating said portion using a
name different from a name of the commonly included
captured region in a storage unit 1n association with the
subtraction 1mage.

15. A non-transitory computer-readable storage medium
storing a program for causing a computer to perform an
image processing method to support detection of pathologi-
cal change over time 1n a portion of a captured region, the
captured region common to a first image and a second
image, the first image and the second image acquired by
capturing a subject at different respective times, the 1image
processing method comprising:

acquiring a subtraction 1mage of the first image and the
second 1mage representing the pathological change
over time as a difference; and

recording information indicating said portion using a
name different from a name of the commonly 1included
captured region in a storage unit 1n association with the
subtraction 1mage.

x s e e s



	Page 1 - Bibliography/Abstract
	Page 2 - Drawings
	Page 3 - Drawings
	Page 4 - Drawings
	Page 5 - Drawings
	Page 6 - Drawings
	Page 7 - Drawings
	Page 8 - Drawings
	Page 9 - Drawings
	Page 10 - Drawings
	Page 11 - Drawings
	Page 12 - Description
	Page 13 - Description
	Page 14 - Description
	Page 15 - Description
	Page 16 - Description
	Page 17 - Description
	Page 18 - Description
	Page 19 - Description
	Page 20 - Description
	Page 21 - Description/Claims
	Page 22 - Claims

