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Description
TECHNICAL FIELD

[0001] The present invention relates to an image
processing apparatus, a control method for an image
processing apparatus, and a storage medium, and in par-
ticular to a technique to process medical images captured
by various types of medical image acquisition appara-
tuses (modalities).

BACKGROUND ART

[0002] In recent years, photoacoustic tomography
(PAT) imaging apparatuses (PAT apparatuses) have
been developed in the medical field. PAT apparatuses
excite absorbing materials inside an object by irradiating
the object with optical pulses, and detect photoacoustic
signals generated by thermoelastic expansion of the ab-
sorbing materials, so as to form images of properties of
the object related to optical absorption. That is to say,
images of an optical energy deposition amount distribu-
tion (optical energy absorption density distribution) inside
the object with respect to irradiation light are formed. Al-
so0, based on this, images of an optical absorption coef-
ficient distribution in the object related to an irradiation
wavelength are formed. Furthermore, based on optical
absorption coefficient distributions related to a plurality
of wavelengths, images of the states of materials con-
structing the object (e.g., oxygen saturation of hemoglob-
in) can also be formed. These images are expected to
visualize information related to new blood vessels gen-
erated inside and outside a tumor, such as cancer. Here-
inafter, these images are collectively referred to as pho-
toacoustic tomography images (PAT images).

[0003] With PAT apparatuses, irradiation is performed
with near infrared ray pulses with a small energy, and
therefore it is difficult to form images of deep parts of an
object compared to the case of X-rays and like. In view
of this, in Japanese Patent Laid-Open No. 2010-88627,
imaging is performed in a state where a breast is held by
two flat plates (hereinafter referred to as holding plates)
and reduced in thickness in one form of a PAT apparatus
using the breast as an object. At this time, an irradiation
range of the near infrared ray pulses (hereinafter referred
to as an imaging region) is set two-dimensionally on a
planar surface of a holding plate that holds the breast.
[0004] Japanese Patent Laid-Open No. 2007-29353
discloses a technique to display an X-ray irradiation field
and an X-ray detection field as visually distinguishable
pictures in such a manner that they are overlapped over
an appearance image obtained by imaging a body sur-
face of an object with a camera.

[0005] However, the techniques of Japanese Patent
Laid-Open No. 2010-88627 and Japanese Patent Laid-
Open No. 2007-29353 are problematic in that, in a case
where a region of attention in the object is not on the
body surface but is inside the body of the object, an ac-
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curate range of the region of attention is unknown, and
therefore it is difficult to appropriately set an imaging re-
gion.

[0006] US 2011/216958 A1 discloses that a three-di-
mensional position of a region of interest, which is iden-
tified on an MRI image, can be held and the position of
the region of interest on an ultrasonic tomographic image
can be calculated by using a result of a positioning proc-
ess. An application for superimposing obtained informa-
tion on an ultrasonic tomographic image may be provid-
ed, and a deformation parameter is estimated from infor-
mation relating to a direction of gravity and elasticity in-
formation.

[0007] Further relevant prior art can be found in US
2012/114213 A1, US 2013/182901 A1 and US
2012/262460 A1.

[0008] In view of the above problem, the present in-
vention provides a technique to set an imaging region
such that a region of attention inside an object is imaged
appropriately.

SUMMARY OF INVENTION

[0009] According to one aspect of the present inven-
tion, there is provided an image processing apparatus
as defined in the appended claims.

[0010] Furtherfeatures of the presentinvention will be-
come apparent from the following description of exem-
plary embodiments (with reference to the attached draw-

ings).
BRIEF DESCRIPTION OF DRAWINGS
[0011]

Fig. 1 shows functional configurations of an image
diagnostic system and an image processing appa-
ratus according to a first embodiment.

Fig. 2 is a schematic diagram showing an MRl image
of an object.

Fig. 3 is a schematic diagram showing a situation in
which imaging is performed by a PAT apparatus ac-
cording to the first embodiment.

Fig. 4 is a schematic diagram showing an appear-
ance image captured by a camera mounted on the
PAT apparatus.

Fig. 5is a flowchart showing a procedure of process-
ing of the image processing apparatus according to
the first embodiment.

Fig. 6 is a schematic diagram showing an imaging
region according to the first embodiment.

Figs. 7A to 7C are schematic diagrams showing ex-
amples of a display image according to the first em-
bodiment.

Fig. 8 shows functional configurations of an image
diagnostic system and an image processing appa-
ratus according to a second embodiment.

Fig. 9is a flowchart showing a procedure of process-
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ing of the image processing apparatus according to
the second embodiment.

Figs. 10A to 10C are schematic diagrams showing
examples of a displayimage according to the second
embodiment.

Fig. 11 shows functional configurations of an image
diagnostic system and an image processing appa-
ratus according to a third embodiment.

Fig. 12 is a schematic diagram showing a situation
in which imaging is performed by a second medical
imaging apparatus according to the third embodi-
ment.

Fig. 13 is a flowchart showing a procedure of
processing of the image processing apparatus ac-
cording to the third embodiment.

Fig. 14 is a schematic diagram showing an appear-
ance image of a breast captured by a camera from
a front side of an examinee in the third embodiment.

DESCRIPTION OF EMBODIMENTS

[0012] An exemplary embodiment(s) of the present in-
vention will now be described in detail with reference to
the drawings. It should be noted that the relative arrange-
ment of the components, the numerical expressions and
numerical values set forth in these embodiments do not
limit the scope of the present invention unless it is spe-
cifically stated otherwise.

(First Embodiment)

[0013] An image processing apparatus according to
the present embodiment enables confirmation and ad-
justment of an imaging region by converting an imaging
region of a photoacoustic tomography image (PAT im-
age) into a corresponding region in a pre-deformation
MRI (magneticresonance imaging)image and displaying
the corresponding region based on the result of estima-
tion of deformation at the time of holding a breast serving
as an object with two flat plates (holding plates). It is
assumed that an imaging region according to the present
embodiment denotes a candidate region that serves as
an index at the time of capturing a PAT image. An actual
range for capturing a PAT image (an irradiation range of
near infrared ray pulses) may be set separately with ref-
erence to the imaging region. The following describes an
image diagnostic system according to the present em-
bodiment and an image processing apparatus included
in this image diagnostic system.

<Configuration of Image Diagnostic System 1>

[0014] Fig. 1 shows a configuration of an image diag-
nostic system 1 according to the present embodiment.
The image diagnostic system 1 includes an image
processing apparatus 100, a first medical imaging appa-
ratus 180, a second medical imaging apparatus 182, a
display unit 184, an operation unit 186, and a data server
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190.

[0015] The first medical imaging apparatus 180 is an
MRI apparatus, and obtains an MRI image (first image)
by imaging a breast of an examinee in a prone position,
which is one example of a first shape state (an unheld
state in which the breast is not held by flat plates). Fig.
2 is a schematic diagram showing a two-dimensional im-
age obtained by slicing a three-dimensional MRI image
of the breast captured by the first medical imaging appa-
ratus 180 along a cross-section perpendicular to a crani-
ocaudal direction (a direction from the head side to the
feet side) of the examinee (axial cross-section). It is as-
sumed that, in the present embodiment, an MRI image
coordinate system C_MRI is defined as follows: one point
in an MRI image 200 is the origin, an axis representing
a direction from the right hand to the left hand of the
examinee is an X-axis, an axis representing a direction
from the anterior side to the posterior side of the exam-
inee is a Y-axis, and an axis representing a direction from
the feet to the head of the examinee is a Z-axis.

[0016] The second medical imaging apparatus 182 is
a photoacoustic tomography imaging apparatus (PAT
apparatus), and obtains a PAT image (second image) by
imaging the breast of the examinee in a second shape
state (a held state in which the breast is held by the flat
plates) through irradiation with near infrared ray pulses
within a range of an imaging region set by a later-de-
scribed imaging region setting unit 108 of the image
processing apparatus 100. Fig. 3 is a schematic diagram
showing a situation in which imaging is performed by the
second medical imaging apparatus 182. As shown in Fig.
3, an examinee 300 takes a prone position on a bed on
an upper surface of the second medical imaging appa-
ratus 182. An object, that is to say, a breast 301 on one
side is inserted into an opening 302 of the upper surface
of the second medical imaging apparatus 182. At this
time, in order forirradiation light to reach the internal parts
of the breast, the breast is held in a state where it is
pressurized by two transparent holding plates (a holding
plate 303 on the feet side and a holding plate 304 on the
head side), and imaged in a state where the thickness
thereof is reduced. It is assumed that, in the present em-
bodiment, the holding plate 303 and the holding plate
304 are both flat plates, and surfaces thereof that come
into contact with the breast (hereinafter referred to as
holding surfaces) are planar surfaces. The near infrared
ray pulses, which represent irradiation light, are emitted
by a non-illustrated light source in a direction orthogonal
to the planar surfaces of the holding plates 303, 304.
Photoacoustic signals generated inside the body in re-
sponse to irradiation with the near infrared ray pulses are
received by a non-illustrated ultrasound probe that is ar-
ranged to be orthogonal to the planar surfaces of the
holding plates 303, 304. In the present embodiment, a
PAT apparatus coordinate system C_PAT is defined as
follows. A plane parallel to the holding plates 303, 304 is
an XY-plane, an axis representing a direction from the
right hand to the left hand of the examinee is an X-axis,
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and an axis representing a direction from the anterior
side to the posterior side of the examinee is a Y-axis.
Also, a normal direction of the holding plates 303, 304 is
a Z-axis, and a direction from the feet to the head of the
examinee is a positive direction along the Z-axis. In ad-
dition, a lower end position on the right-hand side of the
inner planar surface of the holding plate 303 is the origin.
[0017] Furthermore, a camera 306 for capturing an ap-
pearance image of the breast (third image) is mounted
on the second medical imaging apparatus 182. The cam-
era 306 is placed in a position in which the appearance
of the breast can be imaged through the holding plate
303 from the feet side. C_CAM denotes a camera coor-
dinate system in which a position of a focal point of the
camera 306 is the origin. Itis assumed here that the cam-
era 306 has already been calibrated inthe PAT apparatus
coordinate system C_PAT. It is also assumed that a co-
ordinate conversion matrix T_CtoP from the camera co-
ordinate system C_CAM to the PAT apparatus coordi-
nate system C_PAT and internal parameters of the cam-
era, which have been obtained through the camera cal-
ibration, are held by the image processing apparatus 100
as known information.

[0018] Fig. 4 is a schematic diagram showing an ap-
pearance image 400 of the breast captured by the cam-
era 306. It is assumed that, in the present embodiment,
a lower right end of the appearance image 400 is the
origin of an appearance image coordinate system
C_IMG, and the appearance image 400 lies on a plane
at Z = 0. It should be noted that conversion from the
camera coordinate system C_CAM into the appearance
image coordinate system C_IMG can be carried outusing
general methods, and therefore a description thereof is
omitted.

[0019] The display unit 184 displays an imaging region
setting screen for setting an imaging region, a region of
interest setting screen for setting a region of interest, and
a display image generated by the image processing ap-
paratus 100. The operation unit 186 is a mouse, a key-
board, a physical switch, and the like, and accepts oper-
ational input from an operator.

[0020] The data server 190 holds MRI images 200 ob-
tained by the first medical imaging apparatus 180, and
these MRl images 200 are input to the image processing
apparatus 100 via a later-described medical image ob-
taining unit 102 of the image processing apparatus 100.

<Configurations of Functional Blocks of Image Process-
ing Apparatus 100>

[0021] The image processing apparatus 100 is con-
nected to the data server 190, the second medical imag-
ing apparatus 182, the display unit 184, and the operation
unit 186. The image processing apparatus 100 includes
the medical image obtaining unit 102, an appearance
image obtaining unit 104, a deformation information ob-
taining unit 106, the imaging region setting unit 108, a
corresponding region calculation unit 110, an adjustment
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determination unit 111, a display image generation unit
112, an end determination unit 113, a region of interest
setting unit 114, and a conversion region calculation unit
116, and the operations of the functional blocks are con-
trolled by a non-illustrated CPU reading and executing a
program.

[0022] The medical image obtaining unit 102 obtains
an MRI image 200 input to the image processing appa-
ratus 100, and outputs this MRI image 200 to the defor-
mation information obtaining unit 106 and the display im-
age generation unit 112.

[0023] The appearance image obtaining unit 104 ob-
tains an appearance image 400 input to the image
processing apparatus 100, and outputs this appearance
image 400 to the deformation information obtaining unit
106, the imaging region setting unit 108, and the display
unit 184.

[0024] The deformation information obtaining unit 106
calculates and obtains deformation information by de-
forming and positioning the MRI image 200 with respect
to the appearance image 400, and outputs this deforma-
tion information to the corresponding region calculation
unit 110.

[0025] The imaging region setting unit 108 sets an im-
aging region for capturing a PAT image on the imaging
region setting screen displayed on the display unit 184,
and outputs information of this imaging region to the cor-
responding region calculation unit 110, the display image
generation unit 112, and the second medical imaging ap-
paratus 182.

[0026] The corresponding region calculation unit 110
calculates, based on the deformation information ob-
tained by the deformation information obtaining unit 106,
a corresponding region in the MRI image 200 corre-
sponding to the imaging region set by the imaging region
setting unit 108, and outputs information of this corre-
sponding region to the display image generation unit 112
and the region of interest setting unit 114.

[0027] Based on an operation of the operator on the
operation unit 186, the adjustment determination unit 111
determines whether or not to set a region of interest by
adjusting the corresponding region obtained by the cor-
responding region calculation unit 110. The necessity of
such setting is determined by, for example, the operator
clicking a setting button arranged on a non-illustrated
monitor using a non-illustrated mouse and the like so as
to perform inputindicating whether or not to set the region
of interest by adjusting the corresponding region.
[0028] The display image generation unit 112 gener-
ates an image to be displayed on the imaging region set-
ting screen by overlapping the imaging region over the
appearance image 400. It also generates an image to be
displayed on the region of interest setting screen based
on the MRI image 200 and one of the corresponding re-
gion and the region of interest. These images are output
to the display unit 184.

[0029] The end determination unit 113 determines
whether or not to end a process for setting the imaging
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region based on an operation on the operation unit 186.
[0030] The region of interest setting unit 114 sets the
region of interest by adjusting the corresponding region
on the region of interest setting screen of the display unit
184, and outputs this region of interest to the display im-
age generation unit 112 and the conversion region cal-
culation unit 116.

[0031] The conversion region calculation unit 116 cal-
culates a corresponding region (hereinafter referred to
as a conversion region) in the object in an imaging state
corresponding to the region of interest, and outputs in-
formation of this conversion region to the imaging region
setting unit 108.

[0032] It should be noted that the configurations of the
above-described functional blocks are merely illustrative;
a plurality of functional blocks may compose one func-
tional block, and any of the functional blocks may be fur-
ther divided into a plurality of functional blocks.

<Processing Executed by Image Processing Apparatus
100>

[0033] Next, a description is given of a procedure of
processing executed by the image processing apparatus
100 according to the present embodiment with reference
to a flowchart of Fig. 5.

[0034] Instep S5000, the medical image obtaining unit
102 obtains an MRI image 200 of a breast in a prone
position input from the data server 190 to the image
processing apparatus 100. It is assumed that, in the
present embodiment, a nipple position in the MRI image
200 has been designated in advance.

[0035] Instep S5010, the appearance image obtaining
unit 104 obtains an appearance image 400 of the breast
of the examinee input from the second medical imaging
apparatus 182 to the image processing apparatus 100.
[0036] In step S5020, the deformation information ob-
taining unit 106 obtains deformation information for de-
forming the MRI image into the shape of the breast in the
imaging state. In the present embodiment, a deformation
function F (X, y, z) representing deformation from a pre-
hold state to a post-hold state, as well as a deformation
function F-1 (x, y, z) representing inverse deformation
from the post-hold state to the pre-hold state, is obtained
by deforming and positioning the MRI image 200 with
respect to the appearance image 400. It is assumed that
these deformation functions are used as the deformation
information. This positioning can be performed using, for
example, a technique in which a post-deformation breast
shape, which is obtained by applying to an MRl image a
simulation of physical deformation caused by pressuri-
zation with flat plates, is evaluated based on a two-di-
mensional breast shape extracted from an X-ray mam-
mography image, as disclosed in C. Tanner, et al.,
"Breast Shapes on Real and Simulated Mammograms",
Proc. Int. Workshop on Digital Mammography 2010
(IWDM 2010), LNCS 6136, pp. 540-547, 2010.

[0037] It should be noted that the present embodiment

10

15

20

25

30

35

40

45

50

55

is based on the premise that the posture of the examinee
inthe PAT image coordinate system C_PAT substantially
matches the posture of the examinee in the MRI image
coordinate system C_MRI. That is to say, it is assumed
that the breast is compressed by the two holding plates
303, 304 along a Z-axis direction of the MRI image co-
ordinate system C_MRI. Itis also assumed that a meas-
ured value of the distance between the two holding plates
(the thickness of the post-hold breast), d, is input from
the second medical imaging apparatus 182 to the image
processing apparatus 100, and information thereof is
used at the time of the physical deformation simulation.
It is further assumed that the deformation functions F (x,
y, z) and F-! (x, y, z) are calculated such that the nipple
position is the same in the pre-hold state and in the post-
hold state.

[0038] Itshould be noted that the deformation functions
are not limited to being calculated by deforming and po-
sitioning the MRI image 200 with respect to the appear-
ance image 400, and may be calculated using any other
method. For example, instead of capturing the appear-
ance image 400 with the camera 306, an external shape
of the breast may be obtained using a non-illustrated
ranging sensor, and the MRlimage 200 may be deformed
and positioned with respect to the external shape of the
breast. Alternatively, an ultrasound image of the internal
parts of the breast may be captured with a non-illustrated
ultrasound image obtaining unit provided in the second
medical imaging apparatus 182, and the MRI image 200
may be deformed and positioned with respect to the ul-
trasound image.

[0039] In step S5030, the deformation information ob-
taining unit 106 obtains rigid body conversion between
the MRI image coordinate system C_MRI and the PAT
apparatus coordinate system C_PAT. That is to say, a
coordinate conversion matrix T_MtoP from the MRI im-
age coordinate system C_MRI to the PAT apparatus co-
ordinate system C_PAT is derived. It is assumed that all
of the coordinate conversion matrices described below,
including T_MtoP, are 4 X 4 matrices representing trans-
lation and rotation of a coordinate system. The present
embodiment is based on the premise that the posture of
the examinee in the PAT apparatus coordinate system
C_PAT substantially matches the posture of the exami-
nee in the MRI image coordinate system C_MRI, and it
is assumed that coordinate conversion from the MRI im-
age coordinate system C_MRI into the PAT apparatus
coordinate system C_PAT can be expressed only by way
of translation. Under this premise, translational compo-
nents of T_MtoP are calculated such that the nipple po-
sition in the MRI image 200 obtained in step S5000
matches the nipple position of the examinee in the PAT
apparatus coordinate system C_PAT.

[0040] Here, the nipple position in the PAT apparatus
coordinate system C_PAT can be obtained using, for ex-
ample, a non-illustrated ranging apparatus placed in a
position in which the breast can be measured from a low-
er side of the opening 302 of the second medical imaging
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apparatus 182. That is to say, the nipple position in the
PAT apparatus coordinate system C_PAT can be ob-
tained by a user manually designating the nipple position
in a range image of the breast captured by the ranging
apparatus using a non-illustrated mouse, keyboard, and
the like. It is assumed that, at this time, the ranging ap-
paratus has already been calibrated in the PAT appara-
tus coordinate system C_PAT. It should be noted that
the nipple position in the PAT apparatus coordinate sys-
tem C_PAT is not limited to being obtained using the
ranging apparatus, and may be obtained using other ap-
paratuses and means capable of measuring three-di-
mensional positions, such as adigitizer and a stereo cam-
era.

[0041] In step S5040, the imaging region setting unit
108 configures initial setting of an imaging region of the
second medical imaging apparatus 182. For example,
an oblong including the entirety of a range in which a
PAT image can be captured by the second medical im-
aging apparatus 182 is set on the appearance image 400
as an initial value of the imaging region. It is assumed
that, in the present embodiment, an imaging region 603
is setin the appearance image coordinate system C_IMG
as shown in Fig. 6. Then, based on the initial value of the
imaging region in the appearance image coordinate sys-
tem C_IMG, an imaging region in the PAT apparatus co-
ordinate system C_PAT is obtained. For example, four
vertices of the set imaging region are first converted into
four points in the camera coordinate system C_CAM, four
intersections between the holding plate 303 and four
straight lines connecting these four points and the origin
of the camera coordinate system are obtained, and the
four intersections are converted into four points in the
PAT apparatus coordinate system C_PAT. Then, a rec-
tangle circumscribing these four points is regarded as an
imaging region in the PAT apparatus coordinate system
C_PAT.

[0042] In step S5050, the corresponding region calcu-
lation unit 110 calculates a corresponding region in the
MRI image 200 corresponding to the imaging region in
the PAT apparatus coordinate system C_PAT. Specifi-
cally, first, rigid body conversion from the imaging region
in the PAT apparatus coordinate system C_PAT into a
region in the MRI image coordinate system C_MRI is
carried out using an inverse conversion of the rigid body
conversion (the coordinate conversion matrix T_MtoP)
calculated in step S5030 (an inverse matrix of T_MtoP).
Next, by applying deformation processing to this region
using the deformation function F-1 (x, y, z) obtained in
step S5020, a corresponding region in the MRI image
coordinate system C_MRI is calculated.

[0043] It should be noted that, in consideration of error
in the deformation information calculated in step S5020,
the calculated corresponding region may be adjusted to
be small. For example, a predetermined value may be
subtracted as amargin. Also, the deformation information
calculated in step S5020 may include information related
to errorin calculation of the deformation information (e.g.,
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a positioning residual), and the subtracted margin may
be decided on based on this information related to error.
For example, the corresponding region in the MRl image
coordinate system C_MRI can be calculated by re-setting
each face of a three-dimensional imaging region to be
smaller by the margin. This makes it possible to deter-
mine whether or not aregion of attention, such as atumor,
is included in the corresponding region more rigorously,
and hence to prevent a part of a region of attention, such
as the tumor, from deviating from the imaging region.
[0044] Instep S5060, the displayimage generation unit
112 generates a display image by overlapping the imag-
ing region (the imaging region 603 in Fig. 6) over the
appearance image 400, and outputs this display image
to the display unit 184. Here, the imaging region 603 may
be displayed in a frame line as shown in Fig. 6, and the
inside of the region may be filled with a predetermined
color and texture of predetermined transparency. Fur-
thermore, the user may be enabled to adjust the type of
the frame line, the filling color and texture, the transpar-
ency, and the like using the non-illustrated mouse, key-
board, and the like.

[0045] Furthermore, based on the MRl image 200 and
the corresponding region (or a region of interest set in
the later-described step S5080), the display image gen-
eration unit 112 generates an image to be displayed on
the imaging region setting screen of the display unit 184.
For example, as shown in Fig. 7A, a volume rendering
image (MRI_VR image) 700 of the MRI image inside a
corresponding region 702 (or a region of interest) is gen-
erated. That is to say, the display image generation unit
112 generates a volume rendering image of the first im-
age (MRI image 200) inside the corresponding region.
In this case, whether or not a region of attention, such
as a tumor 701, is included inside the corresponding re-
gion 702 (or the region of interest) can be confirmed.
Conversely, as shown in Fig. 7B, an MRI_VR image 700
outside the corresponding region 702 (or the region of
interest) may be generated. That is to say, the display
image generation unit 112 may generate a volume ren-
dering image of the firstimage (MRI image 200) outside
the corresponding region. In this case, whether or not a
part of a region of attention, such as the tumor 701, is
deviating from the corresponding region 702 (or the re-
gion of interest) can be confirmed. Alternatively, as
shown in Fig. 7C, an image may be generated by over-
lapping an MRI_VR image 700 of the entire MRI image
and a graphic showing the corresponding region 702 (or
the region of interest).

[0046] In step S5070, based on a user operation via
the operation unit 186, the adjustment determination unit
111 determines whether or not to set a region of interest
by adjusting the corresponding region in the MRI image
coordinate system C_MRI. For example, determination
information indicating whether or not to set the region of
interest by adjusting the corresponding region is input
by, for example, the operator clicking a setting button
arranged on the non-illustrated monitor using the non-
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illustrated mouse and the like. Alternatively, it may be
determined that the region of interest is to be set by ad-
justing the corresponding region when a non-illustrated
mouse cursor has moved onto the display image gener-
ated in step S5060. If it is determined that the region of
interestis to be set by adjusting the corresponding region,
processing proceeds to step S5080. On the other hand,
if it is determined that the region of interest is not to be
set by adjusting the corresponding region, processing
proceeds to step S5100.

[0047] Instep S5080, the region of interest setting unit
114 adjusts the corresponding region in the MRI image
coordinate system C_MRI based on a user operation via
the operation unit 186. Then, it newly sets the adjusted
region as a region of interest. For example, the corre-
sponding region can be adjusted (enlarged and reduced)
by displaying the display image generated in step S5060
on the display unit 184 and moving vertices, lines, and
faces of a graphic showing the corresponding region on
the displayed image using the non-illustrated mouse. Al-
ternatively, the adjustment may be made by moving the
entirety of the corresponding region using the non-illus-
trated mouse. Furthermore, the adjustment may be made
by inputting a movement amount, an enlargement ratio,
and the like of the entire corresponding region using the
non-illustrated keyboard.

[0048] In step S5090, the conversion region calcula-
tion unit 116 calculates a region (conversion region) on
the object in the imaging state corresponding to the re-
gion of interest set in step S5080. Specifically, first, by
applying deformation processing to the region of interest
in the MRI image coordinate system C_MRI using the
deformation function F (x, y, z) obtained in step S5020,
the region of interest is converted into a region of a post-
hold shape state in the MRI image coordinate system
C_MRI. Then, rigid body conversion into a region in the
PAT apparatus coordinate system C_PAT (conversion
region) is carried out using the coordinate conversion
matrix T_MtoP calculated in step S5030.

[0049] It should be noted that the conversion region
may be calculated after the setting of the region of interest
is completed, instead of calculating the conversion region
each time the setting of the region of interest is changed.
It is sufficient to input the determination to complete the
setting by, for example, the operator clicking a completion
button arranged on the non-illustrated monitor using the
non-illustrated mouse.

[0050] In step S5100, based on the conversion region
calculated in step S5090, the imaging region setting unit
108 calculates an imaging region of a PAT image cap-
tured by the second medical imaging apparatus 182.
Specifically, a cuboid circumscribing the conversion re-
gion calculated in step S5090 is calculated, and this
cuboid is newly regarded as a three-dimensional imaging
region. It is assumed that line segments of the cuboid
are parallel to corresponding axes of the PAT apparatus
coordinate system C_PAT, and two faces parallel to the
XY-plane lieonZ=0and Z=d.
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[0051] Here, in consideration of error in the deforma-
tion information calculated in step S5020, the imaging
region may be adjusted to be large. For example, a pre-
determined value may be added as a margin. Also, the
deformation information calculated in step S5010 may
include information related to error in calculation of the
deformation information (e.g., a positioning residual),
and the added margin may be decided on based on this
information related to error. For example, among the fac-
es of the three-dimensional imaging region, four faces
other than the two faces parallel to the XY-plane are re-
set to be larger by the margin. This makes it possible to
prevent a part of a region of attention, such as a tumor
701, from deviating from the imaging region.

[0052] It should be noted that the imaging region in the
PAT apparatus coordinate system C_PAT may further
be converted into an imaging region in the appearance
image coordinate system C_IMG and displayed on the
imaging region setting screen of the display unit 184 to-
gether with the appearance image 400. In this case, the
imaging region in the PAT apparatus coordinate system
C_PAT is first converted into an imaging region in the
camera coordinate system C_CAM using the inverse ma-
trix of the coordinate conversion matrix T_CtoP from the
camera coordinate system C_CAM to the PAT apparatus
coordinate system C_PAT. Then, it is sufficient to calcu-
late the imaging region in the appearance image coordi-
nate system C_IMG through conversion from the camera
coordinate system C_CAM into the appearance image
coordinate system C_IMG.

[0053] In step S5110, the end determination unit 113
determines whether or not to end a process for setting
the imaging region based on an operation on the opera-
tion unit 186. For example, it determines to end the proc-
ess when the operator clicks an end button arranged on
the non-illustrated monitor using the non-illustrated
mouse. If it determines to end the process, it causes
processing of the image processing apparatus 100 to
end. On the other hand, if it does not determine to end
the process, processing proceeds to step S5120 and the
setting of the imaging region is executed.

[0054] In step S5120, based on an operation on the
operation unit 186, the imaging region setting unit 108
adjusts the imaging region of the PAT image captured
by the second medical imaging apparatus 182. Specifi-
cally, the appearance image 400 is displayed on the dis-
play unit 184, and the user manually adjusts a range of
the setimaging region 603 (two-dimensional rectangular
region) on the displayed image using the non-illustrated
mouse, keyboard, and the like. It is assumed that, in the
present embodiment, a mark indicating a region of atten-
tion, such as a tumor, is drawn on a body surface of an
object (e.g., a breast) with a pen and the like, and the
user adjusts the range of the imaging region 603 such
that it includes, for example, the entirety of this mark
based oninformation that the user has visually confirmed
onthe displayed image. Thatis to say, the imaging region
setting unit 108 re-sets the imaging region by accepting
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input of the imaging region 603 on the third image (the
appearance image 400) based on a user operation via
the operation unit 186.

[0055] Furthermore, based on the imaging region 603
in the appearance image coordinate system C_IMG, the
imaging region in the PAT apparatus coordinate system
C_PAT is obtained through a process similar to step
S5040. For example, four vertices of the imaging region
603 are converted into four points in the camera coordi-
nate system C_CAM, four intersections between the
holding plate 303 and four straight lines connecting these
four points and the origin of the camera coordinate sys-
tem are obtained, and the four intersections are convert-
ed into four points in the PAT apparatus coordinate sys-
tem C_PAT. Then, a rectangle circumscribing these four
points is set as the imaging region in the PAT apparatus
coordinate system C_PAT. Here, a cuboid region formed
by pushing an imaging region (a rectangular region) on
a two-dimensional plane at Z = 0 in the PAT apparatus
coordinate system C_PAT from Z = 0 to Z = d (the dis-
tance between the post-hold flat plates) is set as the
three-dimensional imaging region. Thereafter, process-
ing returns to step S5050, and subsequent processes
are repeated. That is to say, the corresponding region
calculation unit 110 re-calculates the corresponding re-
gion in accordance with the re-setting of the imaging re-
gion in step S5050, and the display image generation
unit 112 re-generates the display image in accordance
with the re-calculation of the corresponding region in step
S5060.

[0056] The processing sequence of the image
processing apparatus 100 is executed in the above-de-
scribed manner. Thereafter, the second medical imaging
apparatus 182 captures a PAT image based on the set
imaging region.

[0057] As described above, the image processing ap-
paratus 100 according to the present embodiment in-
cludes a first image obtaining unit (the medical image
obtaining unit 102) that obtains a first image (the MRI
image 200) of an object (e.g., a breast) in the first shape
state (an unheld state), the imaging region setting unit
108 that sets an imaging region (the imaging region 603)
of the object in the second shape state (a held state in
which the object is held by the holding plates 303, 304),
the deformation information obtaining unit 106 that ob-
tains deformation information (a deformation function) in-
dicating deformation of the object from the second shape
state (the held state) to the first shape state (the unheld
state), the corresponding region calculation unit 110 that
calculates a corresponding region (the corresponding re-
gion 702) in the first shape state (the unheld state) cor-
responding to the imaging region (the imaging region
603) based on the deformation information (the deforma-
tion function), and the display image generation unit 112
that generates a display image (an MRI_VR image, an
MIP image) based on the firstimage (the MRl image 200)
and the corresponding region (the corresponding region
702).
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[0058] In this way, when setting an imaging region of
a PAT image, a corresponding region that corresponds
to this imaging region can be displayed on an MRl image
of the object, thereby allowing for visualization of a range
to be imaged out of a reference image, such as an MRI
image. Therefore, the user can adjust the imaging region
while confirming the display.

[0059] In this way, in the present embodiment, an im-
aging region of a PAT image can be set such that a region
of attention, such as a tumor, inside the object is imaged
appropriately.

[0060] Theimage processingapparatus 100 according
to the present embodiment also includes the region of
interest setting unit 114 that sets a region of interest by
adjusting a corresponding region (the corresponding re-
gion 702) (by, for example, enlarging and reducing the
corresponding region), and the conversion region calcu-
lation unit 116 that calculates a conversion region in the
second shape state (held state) corresponding to the re-
gion of interest by deforming the set region of interest
based on the deformation information, and the imaging
region setting unit 108 sets an imaging region of the ob-
ject based on the calculated conversion region.

[0061] In this way, after the region of interest in which
the user is more interested is set by adjusting the range
of the corresponding region in a reference image, such
as an MRl image, an imaging region can be set such that
it includes this region of interest (such that a region of
attention, such as a tumor, inside the object is imaged
appropriately).

[0062] While the present embodiment has described
an exemplary case in which a breast of a human body is
regarded as an object, embodiments of the present in-
vention are not limited in this way, and any object may
be used.

<Modification Example 1>

[0063] While the present embodiment has described
an exemplary case in which a corresponding region or
an imaging region is re-set based on information related
to error in calculation of deformation information, embod-
iments of the present invention are not limited in this way.
For example, the image processing apparatus 100 may
hold a predetermined margin as known information in
advance, and a calculated region may be re-set based
on this predetermined margin. At this time, a value of a
predetermined margin used to re-set a corresponding
region to be small may be different from a value of a
predetermined margin used to re-set an imaging region
to be large.

[0064] Furthermore, apredetermined value may be set
also in consideration of a PAT image reconstruction
method. For example, when a reconstruction method is
used that allows for reconstruction over a range larger
than animaging region, the predetermined value may be
set to a small value.
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<Modification Example 2>

[0065] While the present embodiment has described
an exemplary case in which a corresponding region and
animagingregion are re-set based oninformation related
to errorin calculation of deformation information, embod-
iments of the presentinvention are not limited in this way.
For example, another region that is different from the
corresponding region and the imaging region may be
newly set and displayed in a mode different from the cor-
responding region and the imaging region. In this case,
a three-dimensional volume rendering image of an MRI
image may be displayed based on the newly set region.
Alternatively, it may be displayed based on both of the
newly setregion and a three-dimensional imaging region;
at this time, a region between the newly set region and
the three-dimensional imaging region may be displayed
as a volume rendering image in a different mode.

<Modification Example 3>

[0066] While the present embodiment has described
an exemplary case in which a three-dimensional volume
rendering image of an MRI image is displayed based on
a three-dimensional corresponding region, embodi-
ments of the present invention are not limited in this way.
Forexample, an axial cross-section (XY-plane) ofan MRI
image and a graphic obtained by cutting out a three-di-
mensional corresponding region along the axial cross-
section may be displayed. Also, only the inside or outside
of the corresponding region along the axial cross-section
may be displayed. At this time, an axial cross-section
including the tumor 701 may be selected and displayed,
or axial cross-sections between Z = 0 and Z = d (the
distance between the post-hold flat plates) may be dis-
played in sequence so as to enable confirmation of
whether or not the entirety of the tumor 701 is included.
Also, confirmation of a corresponding region is not limited
to being enabled on an axial cross-section of an MRI
image, and may be enabled on a sagittal cross-section
(YZ-plane) and a coronal cross-section (XZ-plane). Fur-
thermore, confirmation of a corresponding region is not
limited to being enabled on an axial cross-section, a sag-
ittal cross-section, and a coronal cross-section of a de-
formation MRIimage, and may be enabled on any cross-
section including a curved cross-section. Moreover, a
cross-sectional image according to the present modifi-
cation example may be a maximum value projection im-
age (an MIP (maximum intensity projection) image) ob-
tained by projecting a maximum pixel value within a pre-
determined range from a cross-section onto the cross-
section. That is to say, the display image generation unit
112 may generate a volume rendering image or a max-
imum value projection image of a first image (an MRI
image) outside or inside a corresponding region.
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<Modification Example 4>

[0067] While the present embodiment has described
an exemplary case in which an MRI apparatus is used
as thefirst medicalimaging apparatus 180, embodiments
of the present invention are not limited in this way. For
example, an X-ray CT (computed tomography) appara-
tus, a PET (positron emission tomography)/SPECT (sin-
gle photon emission CT) apparatus, a three-dimensional
ultrasound apparatus, and the like can be used thereas.
Also, any other modality may be used thereas. In this
case, a firstimage includes various images, such as an
X-ray CT image, a tomography image, and an ultrasound
image. When these modalities are used, itis sufficient to
obtain the deformation function F (x, y, z) by not only
estimating deformation by pressurization with flat plates,
but also estimating deformation caused by differences in
a body position for imaging (e.g., gravitational deforma-
tion from a supine position to a prone position). It should
be noted that gravitational deformation from a supine po-
sition to a prone position can be estimated using, for ex-
ample, a method based on a gravitational deformation
simulation disclosed in Y. Hu, et al., "A statistical motion
model based on biomechanical simulations", Proc. MIC-
CAIl 2008, Part I, LNCS 5241, pp. 737-744, 2008.

[0068] Also, the first medical imaging apparatus 180
and the second medical imaging apparatus 182 may be
the same imaging apparatus, and images obtained by a
PAT apparatus imaging the same object in the past may
be regarded as a first image. Furthermore, while the
present embodiment has described an exemplary case
in which a PAT apparatus is used as the second medical
imaging apparatus 182, embodiments of the present in-
vention are not limited in this way. For example, an X-
ray mammography apparatus, an ultrasound diagnostic
apparatus, and any other modality may be used thereas.

<Modification Example 5>

[0069] While the present embodiment has described
an exemplary case in which the initial setting and adjust-
ment of the imaging region 603 of a PAT image captured
by the second medical imaging apparatus 182 are con-
figured on the appearance image 400, embodiments of
the present invention are not limited in this way. For ex-
ample, coordinate values of four vertices indicating an
imaging region in the PAT apparatus coordinate system
C_PAT may be input directly using the non-illustrated
keyboard and the like.

(Second Embodiment)

[0070] A second embodiment describes a case in
which an imaging region of a PAT image is automatically
set based on a region of interest set in an MRI image.
The following describes an image processing apparatus
according to the present embodiment, centering on dif-
ferences from the first embodiment.
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<Configuration of Image Diagnostic System 8>

[0071] Fig. 8 shows a configuration of an image diag-
nostic system 8 according to the present embodiment. It
should be noted that processing units that have the same
functions as those in Fig. 1 are given the same numbers
and signs thereas, and a description thereof is omitted.
[0072] The image diagnostic system 8 includes an im-
age processing apparatus 800, a first medical imaging
apparatus 180, a second medical imaging apparatus
182, a display unit 884, an operation unit 186, and a data
server 190.

<Configurations of Functional Blocks of Image Process-
ing Apparatus 800>

[0073] The image processing apparatus 800 is con-
nected to the data server 190, the second medical imag-
ing apparatus 182, the display unit 884, and the operation
unit 186. The image processing apparatus 100 includes
a medical image obtaining unit 102, an appearance im-
age obtaining unit 104, a deformation information obtain-
ing unit 106, an imaging region setting unit 108, a display
image generation unit 812, an end determination unit
813, aregion of interest setting unit814, and a conversion
region calculation unit 116. Here, the image processing
apparatus 800 does notinclude the corresponding region
calculation unit 110, which is included in the image
processing apparatus 100 described in the first embod-
iment.

[0074] The display image generation unit 812 gener-
ates a display image based on an MRI image 200 that
the medical image obtaining unit 102 has obtained from
the data server 190 and on a region of interest set by the
region of interest setting unit 814, and displays the display
image on a region of interest setting screen of the display
unit 884.

[0075] The end determination unit 813 determines
whether or not to end a process of the region of interest
setting unit 814 for setting a region of interest.

[0076] The region of interest setting unit 814 sets a
region of interest on the region of interest setting screen
of the display unit 884, and outputs information of this
region of interest to the display image generation unit
812 and the conversion region calculation unit 116.
[0077] The display unit 884 displays the region of in-
terest setting screen for setting a region of interest, and
a display image generated by the image processing ap-
paratus 800.

[0078] It should be noted that the configurations of the
above-described functional blocks are merely illustrative;
a plurality of functional blocks may compose one func-
tional block, and any of the functional blocks may be fur-
ther divided into a plurality of functional blocks.
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<Processing Executed by Image Processing Apparatus
800>

[0079] Next, a description is given of a procedure of
processing executed by the image processing apparatus
800 according to the present embodiment with reference
to a flowchart of Fig. 9.

[0080] The processes of step S5040, step S5050, step
S5070, step S5080, and step S5110, which are included
in the processing executed by the image processing ap-
paratus 100 according to the first embodiment described
with reference to Fig. 5, are not executed in the present
embodiment. The present embodiment differs in that
processes of the later-described step S9060 and step
S9100 are executed in place of the processes of step
S5060 and step S5100. The present embodiment also
differs in that step S9055 precedes the process of step
S9060, and step S9065 and step S9067 follow the proc-
ess of step S9060. Processes of step S9000 to step
S9030 and step S9090 are similar to the processes of
step S5000 to step S5030 and step S5090, respectively.
The following description centers mainly on the differenc-
es.

[0081] First,instep S9055, theregion ofinterest setting
unit 814 configures initial setting of a region of interest in
an MRI image coordinate system C_MRI. For example,
a cuboid including the entirety of the MRI image 200 is
set as an initial value of the region of interest.

[0082] In step S9060, as shown in Figs. 10A to 10C,
the display image generation unit 812 generates a dis-
play image based on avolume renderingimage (MRI_VR
image) 1000 of the MRI image and a region of interest
1002, and displays the display image on the region of
interest setting screen of the display unit 884. For exam-
ple, it is sufficient to have the inside of the region of in-
terest volume rendered and displayed as shown in Fig.
10A. In this case, whether or not a region of attention,
such as a tumor 1001, is included inside the region of
interest can be confirmed. Conversely, the outside of the
region of interest may be volume rendered and displayed
as shown in Fig. 10B. In this case, whether or not a part
of the region of interest, such as the tumor 1001, is de-
viating from a corresponding region can be confirmed.
Alternatively, as shown in Fig. 10C, a volume rendering
image of the entire MRI image and a graphic showing
the region of interest may be displayed in an overlapped
manner.

[0083] In step S9065, the end determination unit 813
determines whether or not to end a process for setting
the region of interest based on a user operation via the
operation unit 186. For example, it determines to end the
process when an operator clicks an end button arranged
on a non-illustrated monitor using a non-illustrated
mouse. If it determines to end the process, processing
proceeds to step S9090. On the other hand, if it deter-
mines not to end the process, processing proceeds to
step S9067.

[0084] Instep S9067, the region of interest setting unit
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814 adjusts a range of the region of interest in the MRI
image coordinate system C_MRI based on a user oper-
ation via the operation unit 186. For example, the range
of the region of interest is adjusted by displaying the dis-
play image generated in step S9060 on the region of
interest setting screen of the display unit 884 and moving
vertices, lines, and faces of a graphic showing the region
of interest on the displayed image using the non-illustrat-
ed mouse. Alternatively, the adjustment may be made
by moving the entirety of the region of interest using the
non-illustrated mouse. Furthermore, the adjustment may
be made by inputting a movement amount, an enlarge-
ment ratio, and the like of the entire region of interest
using a non-illustrated keyboard. In this way, the region
of interest setting unit 814 re-sets the region of interest
1002 by accepting input of the region of interest 1002 on
a first image (the MRI image 200) based on a user op-
eration. After the process of step S9067, processing re-
turns to step S9060, and the display image generation
unit 812 re-generates the display image.

[0085] In step S9100, based on a conversion region
calculated in step S9090, which is a process similar to
step S5090, the imaging region setting unit 108 sets an
imaging region for a PAT image captured by the second
medical imaging apparatus 182. Here, if the region of
interest has been re-set in step S9067, the conversion
region calculation unit 116 has re-calculated the conver-
sion region in accordance with the re-setting of the region
ofiinterest 1002 in step S9090. In this case, in step S9100,
the imaging region setting unit 108 re-sets the imaging
region in accordance with the re-calculation of the con-
version region. The specific substance of the process is
similar to step S5100, and therefore a description thereof
is omitted.

[0086] It should be noted that, in step S9020, the de-
formation information obtaining unit 106 may further ob-
tain information related to error in estimation of deforma-
tion of an object from a first shape state to a second
shape state, in addition to the deformation information.
In this case, in step S9090, the conversion region calcu-
lation unit 116 may calculate the conversion region based
on the deformation information and information related
to the error.

[0087] The processing sequence of the image
processing apparatus 800 is executed in the above-de-
scribed manner. Thereafter, the second medical imaging
apparatus 182 captures a PAT image based on the set
imaging region.

[0088] As described above, the image processing ap-
paratus 800 according to the present embodiment in-
cludes a first image obtaining unit (the medical image
obtaining unit 102) that obtains a first image (the MRI
image 200) of an object (e.g., a breast) in the first shape
state (an unheld state), the region of interest setting unit
814 that sets a region of interest (the region of interest
1002) of the object on the first image (the MRI image
200), the deformation information obtaining unit 106 that
obtains deformation information (a deformation function)
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indicating deformation of the object from the first shape
state (the unheld state) to the second shape state (a held
state in which the object is held by holding plates 303,
304), the conversion region calculation unit 116 that cal-
culates a conversion region in the second shape state
corresponding to the region of interest (the region of in-
terest 1002) in the first shape state (the unheld state)
based on the deformation information (the deformation
function), and the imaging region setting unit 108 that
sets an imaging region of the object in the second shape
state (held state) based on the conversion region.
[0089] This makes it possible to set a region of interest
in areference image (an MRlimage) obtained by imaging
an object in a shape state that is different from a shape
state at the time of capturing of a PAT image, and to
automatically set an imaging region of the PAT image
based on this region of interest. Also, as the user can
adjust the region of interest while confirming the display,
the imaging region can be set appropriately.

[0090] In this way, in the present embodiment, an im-
aging region of a PAT image and the like can be set such
that a region of attention, such as a tumor, inside the
object is imaged appropriately.

[0091] While the present embodiment has described
an exemplary case in which a cuboid region of interest
is set, embodiments of the present invention are not lim-
ited in this way, and a region of interest may have any
shape, such as a cylindrical and an ellipsoidal shape.
Also, a region of interest may be obtained by manually
or automatically extracting an outline of a region of at-
tention, such as a tumor. Furthermore, a region of a
cuboid and the like enclosing the extracted region may
be manually or automatically set, and this region may be
regarded as a region of interest. It should be noted that
modification examples similar to those of the first embod-
iment are applicable in the present embodiment.

(Third Embodiment)

[0092] While the first and second embodiments have
described an exemplary case in which a PAT apparatus
used as the second medical imaging apparatus 182
adopts a scheme whereby an object is held by two flat
plates, embodiments of the present invention are not lim-
ited in this way, and any holding scheme may be used.
The present embodiment describes a case in which a
PAT apparatus is used that adopts a scheme whereby
an objectis held by pressing one holding member against
a body in such a manner that the object is pressurized
and thus thinned, instead of causing two holding mem-
bers to hold the object therebetween. In particular, the
present embodiment describes a case in which a stretch-
able holding film is used as a holding member. The fol-
lowing describes animage processing apparatus accord-
ing to the present embodiment, centering on differences
from the first embodiment.
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<Configuration of Image Diagnostic System 11>

[0093] Fig. 11 shows a configuration of an image di-
agnostic system 11 according to the present embodi-
ment. It should be noted that processing units that have
the same functions as those in Fig. 1 are given the same
numbers and signs thereas, and a description thereof is
omitted.

[0094] The image diagnostic system 11 includes an
image processing apparatus 1100, a first medical imag-
ing apparatus 180, a second medical imaging apparatus
1182, a display unit 184, an operation unit 186, and a
data server 190.

[0095] The second medical imaging apparatus 1182
is a photoacoustic tomography imaging apparatus (PAT
apparatus), and obtains a PAT image (second image) by
imaging a breast of an examinee in a second shape state
(a state in which the breast is pressurized by the holding
film) throughirradiation with near infrared ray pulses with-
in a range of an imaging region set by a later-described
imaging region setting unit 108 of the image processing
apparatus 1100. Fig. 12 is a schematic diagram showing
a situation in which imaging is performed by the second
medical imaging apparatus 1182. The examinee takes a
prone position on a bed on an upper surface 1202 of the
second medical imaging apparatus 1182. An object, that
is to say, a breast 1201 on one side is inserted into an
opening 1203 of the upper surface 1202 of the second
medical imaging apparatus 1182. At this time, in order
for irradiation light in a direction from a nipple toward a
pectoralis major to reach the internal parts of the breast,
the breast is held in a state where it is pressurized by a
transparent holding film 1204 in a direction from the nip-
ple to the pectoralis major, and imaged in a state where
the thickness thereof is reduced. Here, the holding film
1204 has a certain tension force, and has a planar shape
before the breast 1201 is inserted. The holding film 1204
is placed in a deformed and warped state by the inserted
breast 1201 applying pressure thereto. That is to say, in
the present embodiment, a surface that comes into con-
tact with the breast (a holding surface) is a curved sur-
face.

[0096] The second medical imaging apparatus 1182
includes an imaging unit 1209 made up of an irradiation
unit 1208 and an ultrasound probe 1205. The imaging
unit 1209 is attached to a movable stage 1207 so as to
image parts thereabove (from a viewpoint of the imaging
unit 1209, a direction orthogonal to the upper surface
1202). The irradiation unit 1208 irradiates the object with
nearinfrared ray pulses, which representirradiation light.
The ultrasound probe 1205 receives photoacoustic sig-
nals generated inside the objectin response to irradiation
of the near infrared ray pulses. That is to say, the second
medical imaging apparatus 1182 images the breast with-
in a range of an imaging region while the movable stage
1207 is causing the imaging unit 1209 to move (scan)
within the range of the imaging region. In the present
embodiment, a PAT apparatus coordinate system
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C_PAT is defined as follows. A plane parallel to the upper
surface 1202 is an XZ-plane, an axis representing a di-
rection from the right hand to the lefthand of the examinee
is an X-axis, and an axis representing a direction from
the feet to the head of the examinee is a Z-axis. Also, a
normal direction of the upper surface 1202 is a Y-axis,
and a direction from the anterior side to the posterior side
of the examinee is a positive direction along the Y-axis.
In addition, a lower end position on the right-hand side
of the upper surface 1202 is the origin.

[0097] Also, a non-illustrated camera for capturing an
appearance image (a third image) of the breast is mount-
ed on the second medical imaging apparatus 1182. This
camera is placed in a position in which the appearance
of the breast can be imaged through the holding film 1204
from a front side of the examinee. C_CAM denotes a
camera coordinate system in which a position of a focal
point of the camera is the origin. It is assumed here that
the camera has already been calibrated in the PAT ap-
paratus coordinate system C_PAT.Fig. 14 is aschematic
diagram showing an appearance image 1400 of the
breast captured by the camera from the front side of the
examinee. Itis assumed that, in the presentembodiment,
the appearance image 1400 lies on an XZ-plane atY =0.

<Configurations of Functional Blocks of Image Process-
ing Apparatus 1100>

[0098] The image processing apparatus 1100 is con-
nected to the data server 190, the second medical imag-
ing apparatus 1182, the display unit 184, and the oper-
ation unit 186. The image processing apparatus 1100
includes a medical image obtaining unit 102, an appear-
ance image obtaining unit 104, a deformation information
obtaining unit 1106, an imaging region setting unit 108,
a corresponding region calculation unit 110, an adjust-
ment determination unit 111, a display image generation
unit 112, an end determination unit 113, a region of in-
terest setting unit 114, and a conversion region calcula-
tion unit 116.

[0099] The deformation information obtaining unit
1106 calculates and obtains deformation information by
deforming and positioning an MRI image 200 with respect
to the breast being pressurized by the holding film 1204,
and outputs this deformation information to the corre-
sponding region calculation unit 110.

<Processing Executed by Image Processing Apparatus
1100>

[0100] Next, a description is given of a procedure of
processing executed by the image processing apparatus
1100 according to the present embodiment with refer-
ence to a flowchart of Fig. 13. Compared to the process-
ing executed by the image processing apparatus 100 ac-
cording to the first embodiment, which has been de-
scribed with reference to Fig. 5, processes of step
S13020, step S13040, step S13100, and step S13120
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according to the present embodiment differ from the cor-
responding processes of step S5020, step S5040, step
S$5100, and step S5120.

[0101] Instep S13020, the deformation information ob-
taining unit 1106 obtains deformation information for de-
forming the MRI image into the shape of the breast being
pressurized by the holding film 1204. The processing ex-
ecuted by the image processing apparatus 1100 accord-
ing to the present embodiment is on the premise that the
posture of the examinee in the PAT image coordinate
system C_PAT substantially matches the posture of the
examinee in an MRI image coordinate system C_MRI.
Thatis to say, itis assumed that the breastis compressed
by the holding film 1204 substantially along a Y-axis di-
rection of the MRI image coordinate system C_MRI. Itis
also assumed that the external shape of the breast 1201
and the shape of a pectoralis major in the MRI image 200
are input at the time of a physical deformation simulation.
[0102] Here, the external shape of the breast 1201 in
the PAT apparatus coordinate system C_PAT can be
obtained using, for example, one or more ranging appa-
ratuses 1206 that are placed in a position in which the
breast on the second medical imaging apparatus 1182
can be measured (in the example of Fig. 12, ranging ap-
paratuses 1206A, 1206B). That is to say, the external
shape of the breast 1201 can be obtained by a user man-
ually designating a breast region in range images of the
breast captured by the ranging apparatuses 1206 using
a non-illustrated mouse, keyboard, and the like. It is as-
sumed that, at this time, the ranging apparatuses 1206
have already been calibrated in the PAT apparatus co-
ordinate system C_PAT. Here, a nipple position in the
PAT apparatus coordinate system C_PAT can also be
obtained using the ranging apparatuses 1206. It should
be noted that, in place of the external shape of the breast
1201, the shape of the holding film 1204 may be obtained
and used with the use of the ranging apparatuses 1206.
[0103] Also, the shape of the pectoralis major in the
MRI image coordinate system C_MRI can be obtained
by applying a known image analysis method or the user’s
manual designation using the non-illustrated mouse,
keyboard, and the like with respect to the MRl image 200.
[0104] In step S13040, the imaging region setting unit
108 configures initial setting of an imaging region of the
second medical imaging apparatus 182. It is assumed
that, in the present embodiment, an imaging region 1403
is setin an appearance image coordinate system C_IMG
as shown in Fig. 14. Then, based on an initial value of
the imaging region in the appearance image coordinate
system C_IMG, an imaging region in the PAT apparatus
coordinate system C_PAT is obtained. For example, four
vertices of the set imaging region are first converted into
four points in the camera coordinate system C_CAM, four
intersections between the upper surface 1202 and four
straight lines connecting these four points and the origin
of the camera coordinate system are obtained, and the
four intersections are converted into four points in the
PAT apparatus coordinate system C_PAT. Then, a rec-
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tangle circumscribing these four points is regarded as an
imaging region in the PAT apparatus coordinate system
C_PAT.

[0105] In step S13100, based on a conversion region
calculated in step S11090, the imaging region setting unit
108 calculates an imaging region of a PAT image cap-
tured by the second medical imaging apparatus 1182.
Specifically, a cuboid circumscribing the conversion re-
gion calculated in step S11090 is calculated, and this
cuboid is newly regarded as a three-dimensional imaging
region. It is assumed that line segments of the cuboid
are parallel to corresponding axes of the PAT apparatus
coordinate system C_PAT.

[0106] In step S13120, based on an operation on the
operation unit 186, the imaging region setting unit 108
adjusts the imaging region of the PAT image captured
by the second medical imaging apparatus 1182. Specif-
ically, the appearance image 1400 is displayed on the
display unit 184, and the user manually adjusts a range
of the set imaging region 1403 (two-dimensional rectan-
gular region) on the displayed image using the non-illus-
trated mouse, keyboard, and the like. Furthermore,
based on the imaging region in the appearance image
coordinate system C_IMG, an imaging region in the PAT
apparatus coordinate system C_PAT is obtained through
a process similar to step S13040. For example, four ver-
tices of the imaging region are converted into four points
in the camera coordinate system C_CAM, four intersec-
tions between the upper surface 1202 and four straight
lines connecting these four points and the origin of the
camera coordinate system are obtained, and the four in-
tersections are converted into four points in the PAT ap-
paratus coordinate system C_PAT. Then, arectangle cir-
cumscribing these four points is set as the imaging region
in the PAT apparatus coordinate system C_PAT. Here,
a cuboid region formed by pushing an imaging region (a
rectangular region) on a two-dimensional plane atY = 0
in the PAT apparatus coordinate system C_PAT from Y
=0 to Y = d (the distance from the upper surface 1202
to the deepest portion of the holding film 1204) is set as
the three-dimensional imaging region.

[0107] As described above, the image processing ap-
paratus 1100 according to the present embodiment in-
cludes a first image obtaining unit (the medical image
obtaining unit 102) that obtains a first image (the MRI
image 200) of an object (e.g., a breast) in a first shape
state (an unheld state), the imaging region setting unit
108 that sets an imaging region of the object in a second
shape state (a held state in which the object is held by
the holding film 1204), the deformation information ob-
taining unit 1106 that obtains deformation information (a
deformation function) indicating deformation of the object
from the second shape state (the held state) to the first
shape state (the unheld state), the corresponding region
calculation unit 110 that calculates a corresponding re-
gioninthefirstshape state (the unheld state) correspond-
ing to the imaging region based on the deformation in-
formation (the deformation function), and the display im-
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age generation unit 112 that generates a display image
(an MRI_VR image, an MIP image) based on the first
image (the MRI image 200) and the corresponding re-
gion.

[0108] In this way, when setting an imaging region of
a PAT image, a corresponding region that corresponds
to this imaging region can be displayed on an MRl image
of the object, thereby allowing for visualization of a range
to be imaged out of a reference image, such as an MRI
image. Therefore, the user can adjust the imaging region
while confirming the display. The present embodiment
also allows for reduction in the burden of the examinee
compared to a configuration in which a breast is pressu-
rized from both sides.

<First Modification Example of Third Embodiment>

[0109] While the present embodiment has described
an exemplary case in which an object is held by one
holding film in such a manner that the object is pressu-
rized and thus thinned, embodiments of the present in-
vention are not limited in this way. For example, a breast
may be held in a thinned state by placing the breast in
an arch-shaped or bowl-shaped container (holding con-
tainer) serving as a holding member. If the shape of the
holding container is known, it is sufficient to estimate de-
formation of an MRI image such that the shape of the
objectinthe MRIimage matches the shape of the holding
container. On the other hand, if the shape of the holding
container is unknown, or if there is a matching agent or
a matching liquid between the holding container and the
object, deformation of the MRI image may be estimated
in accordance with the external shape of a side surface
of the breast obtained by a ranging apparatus. Also, the
breast may be held by a planar holding plate pressed
thereagainst from a direction of a nipple. In this case, a
combination of the external shape of a side surface of
the breast obtained by a ranging apparatus and the pla-
nar shape of the breast may be used as the external
shape of the breast.

<Second Modification Example of Third Embodiment>

[0110] While the present embodiment has described
an exemplary case in which the imaging region 1403 is
a two-dimensional rectangular region, embodiments of
the present invention are not limited in this way. For ex-
ample, the imaging region 1403 may be a region en-
closed by a circle or an ellipse depending on a method
in which the movable stage 1207 causes the imaging unit
1209 to move (scan). Alternatively, it may be a region
enclosed by any closed curve.

[0111] The present invention makes it possible to set
an imaging region such that a region of attention inside
an object can be imaged appropriately.

10

15

20

25

30

35

40

45

55

14

Other Embodiments

[0112] Embodiment(s) of the present invention can al-
so be realized by a computer of a system or apparatus
that reads out and executes computer executable in-
structions (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 me-
dium’) 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
performed by the computer of the system or apparatus
by, for example, reading out and executing the computer
executable instructions from the storage medium to per-
form the functions of one or more of the above-described
embodiment(s) and/or controlling the one or more circuits
to perform the functions of one or more of the above-
described embodiment(s). The computer may comprise
one or more processors (e.g., central processing unit
(CPU), micro processing unit (MPU)) and may include a
network of separate computers or separate processors
toread out and execute the computer executable instruc-
tions. The computer executable instructions may be pro-
vided to the computer, for example, from a network or
the storage medium. The storage medium may include,
forexample, 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.

[0113] While the presentinvention has been described
with reference to exemplary embodiments, it is to be un-
derstood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following
claims is to be accorded the broadest interpretation so
as to encompass all such modifications and equivalent
structures and functions.

[0114] This application claims the benefit of Japanese
Patent Application Nos. 2014-006215, filed January 16,
2014 and 2014-230105, filed November 12, 2014 which
are hereby incorporated by reference herein in their en-
tirety.

Claims
1. Animage processing apparatus (100) comprising:

first image obtaining means (102) for obtaining
a first image of an object in a first shape state;
imaging region setting means (108) for setting
an imaging region of the object in a second
shape state;

deformation information obtaining means (106)
for obtaining deformation information indicating
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deformation of the object from the second shape
state to the first shape state;

corresponding region calculating means (110)
for calculating a corresponding region that cor-
responds to the imaging region in the first shape
state based on the deformation information; and
display image generating means (112) for gen-
erating a display image by overlapping the cor-
responding region on the first image

before imaging the object in the second shape
state,

wherein the imaging region setting means (108)
outputs information of the imaging region to a
medical imaging apparatus in order to image the
imaging region of the object in the second shape
state.

The image processing apparatus according to claim
1, wherein

theimaging region setting means re-sets theimaging
region by accepting input of the imaging region
based on a user operation.

The image processing apparatus according to claim
2, wherein

the corresponding region calculating means re-cal-
culates the corresponding region in accordance with
the re-setting of the imaging region.

The image processing apparatus according to claim
3, wherein

the display image generating means re-generates
the display image in accordance with the re-calcu-
lation of the corresponding region.

The image processing apparatus according to any
of claims 1 to 4, wherein

the deformation information obtaining means further
obtains information related to error in estimation of
deformation of the object from the second shape
state to the first shape state, and

the corresponding region calculating means calcu-
lates the corresponding region based on the defor-
mation information and the information related to the
error.

The image processing apparatus according to any
of claims 1 to 5, wherein

the display image generating means generates avol-
ume rendering image or a maximum value projection
image of the firstimage inside the corresponding re-
gion.

The image processing apparatus according to any
of claim 1 to 5, wherein

the display image generating means generates avol-
ume rendering image or a maximum value projection
image of the first image outside the corresponding
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region.

The image processing apparatus according to any
of claims 1 to 7, further comprising:

region of interest setting means for setting a re-
gion of interest by adjusting the corresponding
region; and

conversion region calculating means for calcu-
lating a conversion region that corresponds to
the region of interest in the second shape state
by deforming the region of interest based on the
deformation information, wherein

the imaging region setting means sets the im-
aging region of the object based on the conver-
sion region.

The image processing apparatus according to any
of claims 1 to 8, wherein
the first image is an MRI image of the object.

The image processing apparatus according to any
of claims 1 to 8, further comprising

appearance image obtaining means for obtaining an
appearance image of the objectin the second shape
state, wherein

the display image generating means further gener-
ates a display image by overlapping the imaging re-
gion over the appearance image.

The image processing apparatus according to any
of claims 1 to 10, wherein

the imaging region is a region for capturing a second
image of the object.

The image processing apparatus according to claim
11, wherein

the second image is a photoacoustic tomography
image of the object.

A controlmethod foranimage processing apparatus,
the control method comprising:

obtaining afirstimage of an objectin afirst shape
state;

setting an imaging region of the object in a sec-
ond shape state;

obtaining deformation information indicating de-
formation of the object from the second shape
state to the first shape state;

calculating a corresponding region that corre-
sponds to the imaging region the first shape
state based on the deformation information; and
generating a display image by overlapping the
corresponding region on the first image

before imaging the object in the second shape
state,

wherein the setting includes outputting informa-
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tion of the imaging region to a medical imaging
apparatus in order to image the imaging region
of the object in the second shape state.

14. A computer-readable storage medium storing a pro-

gram for causing a computer to execute a control
method for an image processing apparatus, the con-
trol method comprising:

obtaining afirstimage of an objectin afirstshape
state;

setting an imaging region of the object in a sec-
ond shape state;

obtaining deformation information indicating de-
formation of the object from the second shape
state to the first shape state;

calculating a corresponding region that corre-
sponds to the imaging region the first shape
state based on the deformation information; and
generating a display image by overlapping the
corresponding region on the first image

before imaging the object in the second shape
state,

wherein the setting includes outputting informa-
tion of the imaging region to a medical imaging
apparatus in order to image the imaging region
of the object in the second shape state.

Patentanspriiche

Bildverarbeitungsvorrichtung (100) mit

einer ersten Bilderhalteeinrichtung (102) zum
Erhalten eines ersten Bildes eines Objekts in
einem ersten Formzustand,

einer Bildgebungsregioneinstelleinrichtung
(108) zum Einstellen einer Bildgebungsregion
des Objekts in einem zweiten Formzustand,
einer Deformationsinformationserhalteeinrich-
tung (106) zum Erhalten von Deformationsinfor-
mationen, die eine Deformation des Objekts von
dem zweiten Formzustand in den ersten Form-
zustand angeben,

einer  Entsprechungsregionberechnungsein-
richtung (110) zum Berechnen einer Entspre-
chungsregion, die der Bildgebungsregion in
dem ersten Formzustand entspricht, beruhend
auf den Deformationsinformationen, und

einer Anzeigebilderzeugungseinrichtung (112)
zur Erzeugung eines Anzeigebildes durch Uber-
lagern der Entsprechungsregion auf dem ersten
Bild vor einer Bildgebung des Objekts in dem
zweiten Formzustand,

wobei die Bildgebungsregioneinstelleinrichtung
(108) Informationen der Bildgebungsregion zu
einer medizinischen Bildgebungsvorrichtung
zum Abbilden der Bildgebungsregion des Ob-
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jekts in dem zweiten Formzustand ausgibt.

Bildverarbeitungsvorrichtung nach Anspruch 1, wo-
bei die Bildgebungsregioneinstelleinrichtung die
Bildgebungsregion durch Annehmen einer Eingabe
der Bildgebungsregion beruhend auf einer Benutz-
erbedienung neu einstellt.

Bildverarbeitungsvorrichtung nach Anspruch 2, wo-
bei die Entsprechungsregionberechnungseinrich-
tung die Entsprechungsregion in Ubereinstimmung
mit der Neueinstellung der Bildgebungsregion neu
berechnet.

Bildverarbeitungsvorrichtung nach Anspruch 3, wo-
bei die Anzeigebilderzeugungseinrichtung das An-
zeigebild in Ubereinstimmung mit der Neuberech-
nung der Entsprechungsregion neu erzeugt.

Bildverarbeitungsvorrichtung nach einem der An-
spriiche 1 bis 4, wobei

die  Deformationsinformationserhalteeinrich-
tung ferner Informationen hinsichtlich eines
Fehlers in einer Schatzung einer Deformation
des Objekts von dem zweiten Formzustand in
den ersten Formzustand erhalt, und

die Entsprechungsregionberechnungseinrich-
tung die Entsprechungsregion beruhend auf
den Deformationsinformationen und den Infor-
mationen hinsichtlich des Fehlers berechnet.

Bildverarbeitungsvorrichtung nach einem der An-
spriiche 1 bis 5, wobei die Anzeigebilderzeugungs-
einrichtung ein Volumen-Rendering-Bild oder ein
Maximalwert-Projektionsbild des ersten Bildes in der
Entsprechungsregion erzeugt.

Bildverarbeitungsvorrichtung nach einem der An-
spriiche 1 bis 5, wobei die Anzeigebilderzeugungs-
einrichtung ein Volumen-Rendering-Bild oder ein
Maximalwert-Projektionsbild des ersten Bildes au-
Rerhalb der Entsprechungsregion erzeugt.

Bildverarbeitungsvorrichtung nach einem der An-
spriiche 1 bis 7, ferner mit

einer interessierende Region-Einstelleinrich-
tung zum Einstellen einer interessierenden Re-
gion durch Anpassen der Entsprechungsregion
und

einer Umwandlungsregionberechnungseinrich-
tung zur Berechnung einer Umwandlungsregi-
on, die der interessierenden Region in dem
zweiten Formzustand entspricht, durch Defor-
mieren der interessierenden Region beruhend
auf den Deformationsinformationen, wobei

die Bildgebungsregioneinstelleinrichtung die
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Bildgebungsregion des Objekts beruhend auf
der Umwandlungsregion einstellt.

Bildverarbeitungsvorrichtung nach einem der An-
spriiche 1 bis 8, wobei das erste Bild ein MRI-Bild
des Objekts ist.

Bildverarbeitungsvorrichtung nach einem der An-
spriiche 1 bis 8, ferner mit

einer Erscheinungsbilderhalteeinrichtung zum
Erhalten eines Erscheinungsbildes des Objekts
in dem zweiten Formzustand, wobei

die Anzeigebilderzeugungseinrichtung ferner
ein Anzeigebild durch Uberlagern der Bildge-
bungsregion Uber dem Erscheinungsbild er-
zeugt.

Bildverarbeitungsvorrichtung nach einem der An-
spriiche 1 bis 10, wobei die Bildgebungsregion eine
Region zum Aufnehmen eines zweiten Bildes des
Objekts ist.

Bildverarbeitungsvorrichtung nach Anspruch 11,
wobei das zweite Bild ein fotoakustisches Tomogra-
phiebild des Objekts ist.

Steuerverfahren fir eine Bildverarbeitungsvorrich-
tung, wobei das Steuerverfahren umfasst

Erhalten eines ersten Bildes eines Objekts in
einem ersten Formzustand,

Einstellen einer Bildgebungsregion des Objekts
in einem zweiten Formzustand,

Erhalten von Deformationsinformationen, die ei-
ne Deformation des Objekts von dem zweiten
Formzustand in den ersten Formzustand ange-
ben,

Berechnen einer Entsprechungsregion, die der
Bildgebungsregion des ersten Formzustands
entspricht, beruhend auf den Deformationsin-
formationen, und

Erzeugen eines Anzeigebildes durch Uberla-
gern der Entsprechungsregion auf dem ersten
Bild vor Abbilden des Objekts in dem zweiten
Formzustand,

wobei das Einstellen ein Ausgeben von Infor-
mationen der Bildgebungsregion zu einer medi-
zinischen Bildgebungsvorrichtung zum Abbil-
den der Bildgebungsregion des Objekts in dem
zweiten Formzustand enthalt.

Computerlesbares Speichermedium, das ein Pro-
gramm zur Veranlassung eines Computers zur Aus-
fihrung eines Steuerverfahrens flr eine Bildverar-
beitungsvorrichtung speichert, wobei das Steuerver-
fahren umfasst

Erhalten eines ersten Bildes eines Objekts in einem
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ersten Formzustand,

Einstellen einer Bildgebungsregion des Objekts in
einem zweiten Formzustand,

Erhalten von Deformationsinformationen, die eine
Deformation des Objekts von dem zweiten Formzu-
stand in den ersten Formzustand angeben,
Berechnen einer Entsprechungsregion, die der Bild-
gebungsregion des ersten Formzustands entspricht,
beruhend auf den Deformationsinformationen, und
Erzeugen eines Anzeigebildes durch Uberlagern der
Entsprechungsregion auf dem ersten Bild vor Abbil-
den des Objekts in dem zweiten Formzustand,
wobei das Einstellen ein Ausgeben von Informatio-
nen der Bildgebungsregion zu einer medizinischen
Bildgebungsvorrichtung zum Abbilden der Bildge-
bungsregion des Objekts in dem zweiten Formzu-
stand enthalt.

Revendications

Appareil de traitement d’image (100), comprenant :

un premier moyen d’obtention d’image (102)
destiné a obtenir une premiére image d’un objet
dans un état de premiére forme ;

un moyen de définition de région de formation
d'image (108) destiné a définir une région de
formation d’image de I'objet dans un état de se-
conde forme ;

un moyen d’obtention d’informations de défor-
mation (106) destiné a obtenir des informations
de déformation indiquant une déformation de
I'objet de I'état de seconde forme a I'état de pre-
miére forme ;

un moyen de calcul de région correspondante
(110) destiné a calculer une région correspon-
dante qui correspond a la région de formation
d’'image dans I'état de premiére forme sur la ba-
se des informations de déformation ; et

un moyen de génération d’'image d’affichage
(112) destiné a générer une image d’affichage
par une superposition de la région correspon-
dante de la premiére image avant de former une
image de I'objet dans I'état de seconde forme,
dans lequel le moyen de définition de région de
formation d’'image (108) délivre des informa-
tions de la région de formation d’image a un ap-
pareil d'imagerie médicale afin de former une
image de la région de formation d'image de I'ob-
jet dans I'état de seconde forme.

Appareil de traitement d'image selon la revendica-
tion 1, dans lequel

le moyen de définition de région de formation d’'ima-
ge redéfinit la région de formation d’image par une
acceptation d’'une entrée de la région de formation
d’'image sur la base d’une opération d'utilisateur.
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Appareil de traitement d'image selon la revendica-
tion 2, dans lequel

le moyen de calcul de région correspondante recal-
cule la région correspondante conformément a la
redéfinition de la région de formation d'image.

Appareil de traitement d'image selon la revendica-
tion 3, dans lequel

le moyen de génération d’image d’affichage regéne-
re 'image d’affichage conformément au recalcul de
la région correspondante.

Appareil de traitement d’'image selon I'une quelcon-
que des revendications 1 a 4, dans lequel

le moyen d’obtention d’informations de déformation
obtient en outre des informations associées a une
erreur d’estimation de déformation de I'objet de I'état
de seconde forme a I'état de premiére forme, et

le moyen de calcul de région correspondante calcule
la région correspondante sur la base des informa-
tions de déformation et des informations associées
alerreur.

Appareil de traitement d’'image selon I'une quelcon-
que des revendications 1 a 5, dans lequel

le moyen de génération d’'image d’affichage génere
une image de rendu de volume ou une image de
projection de valeur maximale de la premiére image
a l'intérieur de la région correspondante.

Appareil de traitement d’'image selon I'une quelcon-
que des revendications 1 a 5, dans lequel
le moyen de génération d’'image d’affichage génere
une image de rendu de volume ou une image de
projection de valeur maximale de la premiere image
a I'extérieur de la région correspondante.

Appareil de traitement d’'image selon I'une quelcon-
que des revendications 1 a 7, comprenant en outre :

un moyen de définition de région d’intérét des-
tiné a définir une région d’intérét par un réglage
de la région correspondante ; et

un moyen de calcul de région de conversion
destiné a calculer une région de conversion qui
correspond a la région d’intérét dans I'état de
seconde forme par une déformation de larégion
d’intérét sur la base des informations de défor-
mation, ou

le moyen de définition de région de formation
d’'image définit la région de formation d'image
de I'objet sur la base de la région de conversion.

Appareil de traitement d’'image selon I'une quelcon-
que des revendications 1 a 8, dans lequel
la premiere image est une image d’'IRM de l'objet.

10. Appareil de traitement d’'image selon I'une quelcon-
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que des revendications 1 a 8, comprenant en outre
un moyen d’obtention d'image d’aspect destiné a ob-
tenir une image d’aspect de I'objet dans I'état de se-
conde forme, ou

le moyen de génération d'image d’affichage géneére
en outre une image d’affichage par une superposi-
tion de la région de formation d’image sur I'image
d’aspect.

Appareil de traitement d'image selon I'une quelcon-
que des revendications 1 a 10, dans lequel

la région de formation d’image est une région de
capture d’'une seconde image de I'objet.

Appareil de traitement d'image selon la revendica-
tion 11, dans lequel

la seconde image est une image de tomographie
photo-acoustique de I'objet.

Procédé de commande d’un appareil de traitement
d’'image, le procédé de commande comprenant les
étapes consistant a :

obtenir une premiere image d’un objet dans un
état de premiére forme ;

définirune région de formation d’'image de I'objet
dans un état de seconde forme ;

obtenir des informations de déformation indi-
quant une déformation de I'objet de I'état de se-
conde forme a I'état de premiére forme ;
calculer une région correspondante qui corres-
pond a la région de formation d’image de I'état
de premiéere forme sur la base des informations
de déformation ; et

générer une image d’affichage par une super-
position de la région correspondante sur la pre-
miére image avant de former une image de I'ob-
jet dans I'état de seconde forme,

dans lequel la définition consiste a délivrer en
sortie des informations de la région de formation
d’'image a un appareil d'imagerie médicale afin
de former une image de la région de formation
d’'image de I'objet dans I'état de seconde forme.

Support d'informations lisible par ordinateur conte-
nant en mémoire un programme destiné a amener
un ordinateur a exécuter un procédé de commande
pour un appareil de traitement d'image, le procédé
de commande comprenant les étapes consistant a :

obtenir une premiere image d’un objet dans un
état de premiére forme ;

définirune région de formation d’'image de I'objet
dans un état de seconde forme ;

obtenir des informations de déformation indi-
quant une déformation de I'objet de I'état de se-
conde forme a I'état de premiére forme ;
calculer une région correspondante qui corres-
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pond a la région de formation d'image de I'état
de premiére forme sur la base des informations
de déformation ; et

générer une image d’affichage par une super-
position de la région correspondante sur la pre-
miére image avant de former une image de I'ob-
jet dans I'état de seconde forme,

dans lequel la définition consiste a délivrer en
sortie des informations de la région de formation
d’'image a un appareil d'imagerie médicale afin
de former une image de la région de formation
d’'image de I'objet dans I'état de seconde forme.

10

15

20

25

30

35

40

45

50

55

19

36



EP 3 094 260 B1

l

- ™~
914 sy ma ~ LINNAV1dSIT |81
el ﬁ ; 001
y | ,
1INA NOLLYNIN313a]_| sz Sy
i b k1N NoILvyaNa)]
T JOVII AVTdSIT [~
¢ o 7
v
1INNONILLZS | ) | [LINN NOLLYNIWY3L3a] |LIND zzmu__Hm,uﬁ__mo.Eo
~ INFWISPPQY [+
1S343INI 40 zo_ouw_ M | onona oo
A (
: vl o
LINA NOLLYINOWD |/, J O eas? L[ LINn ONINIVL80
NOIO3H NOISHEND NOlitwos30 || F0W Wl
801 0l bl
0 | okt 70 oL 20
LNNONILIZS = LINN ONINIVLE0
NOIDZY ONIDVWI IOV IONVHYIddy
[ |
06L~{ HINISVLVA
A
28l
4 2
~ [snLvavddv oniowwi 081 ~] SNLYHVdY ONIOVMI
. TWDIGIN ANODIS TWOIGIN 1SHI

20



EP 3 094 260 B1

FIG. 2 Curi_

201 200
FIG. 3
300
LY 1306
%!
182 ! Ccam
FIG. 4
Y
Z

Cive

21



EP 3 094 260 B1

( START )

T FIG. 5
OBTAIN MRI IMAGE —~—$5000
v
OBTAIN APPEARANCE IMAGE [~ 55010
Y
OBTAIN DEFORMATION N
INFORMATION S$5020
Y
CALCULATE RIGID N
BODY CONVERSION $5030
K’
INITIAL SETTING OF g
IMAGING REGION S5040
CALCULATE |
CORRESPONDING REGION S$5050
‘4'
GENERATE DISPLAY IMAGE |~ S5060
S5070
ADJUST CORRESPONDING YES
REGION? i
- SS080~ et REGION OF INTEREST
i
S8090~1 AL CULATE CONVERSION REGION
1]
S5100~  CALCULATE IMAGING REGION
S5110
v T
END? NO S5120
YES 1 y=

ADJUST IMAGING REGION

END

22




EP 3 094 260 B1

6

FIG

TA

FIG.

700

O
N

FIG.

23



EP 3 094 260 B1

) 98k  LINN
8 ©Old N - LINNAVdSIO |—~pgg
£18 i 008
. 2
LINN NOLLYNIWY3130 L onissg S ILvady
an3 ) ) 218~ [INN NOLLVYaNT® |
S 39VINI AV1dSIO
LINNONILIAS | ¢
1S343LNI 40 NOIOTY |~ 5
?
vi8

A

LINNNOLLYINOTYD | J L oeeig0° | 1inn oniNvLE0

NOIOTY zo_mmm_>zwo O a0t 3O ¥Id3
3
wov_‘ 9Ll va 901 c0l
LINN ONILL3S LINA ONINIVLE0
NOI934 ONISVMI 39VIN| JONVHY3ddY
/
061~  HIAYISVLIVC
[ |
281
Y ¢
SNLVAVddY ONIOWNI 081~ SNLY2vddY ONIOVI
T70IA3W ANOD3S T¥OIQ3N 1SuI

24



EP 3 094 260 B1

FIG. 9

( smrT )
]

OBTAIN MRI IMAGE 59000

Y

OBTAIN APPEARANCE IMAGE ~ [™~S9010

\

OBTAIN DEFORMATION

INFORMATION 59020
\

BODY CONVERSION | -59030
Y

INITIAL SETTING OF | _s9055

REGION OF INTEREST

i

\

GENERATE DISPLAY IMAGE ~—S§9060

1 S9065
NO

END?

Y

YES  S9067~]  ADJUSTREGION OF INTEREST
$9090 |

N

CALCULATE CONVERSION REGION

S9100
-

SET IMAGING REGION

o)

25



EP 3 094 260 B1

26



EP 3 094 260 B1

981 —— 1INN
cLl ﬁ , 0oLl
) 2
—— A_ SNLYYYddY
LINN zo_%w__\,_m_mo ONISSI00Yd IOV
d Jld LINA NOLLYNANTD |
I JOVINI AYTdSId
e LLL T ?
) AN
[ LINN NOILYNINY3L3Q
LINRONILIAS [ 97 INawisnray LINANRLYAN VO
ASJH3INI 40 zo%mm < ONIANOJSTHYOD
viL bl
Y oLl
LINNNOILYINDTYD | P LINN ONINIVLEO LINN ONINIVLEO
NOI9OTY NOISHIANOD |~ N NOLLYWHOANI ™1 39vWi Tvoiqan
> oL zo_H<_A‘mOmmm —
801 9Ll 2 , Zol
; Y 1IN ONINIVLEO 0L
1INN ONILL3S JOVINI
NOI9FH ONIOVWI JONVYYIddY
4
Z8Ll
Y ¢ 061 —— Y3AY3SVLVQ
SNLYYVddY ONIOVWI
TvOIQaW ANOD3S I
SNLYYYddY
S 081 —~— ONIOVII
" LL ©14 TVOITaW 1SYI4

27



EP 3 094 260 B1

FIG. 12

1206B 1203

X
Z ; 1182

28



EP 3 094 260 B1

(smar ) FIG. 13

OBTAIN MRI IMAGE L\“313000
!
OBTAIN APPEARANCE IMAGE [~ $13010

Y

OBTAIN DEFORMATION N
INFORMATION $13020

1

CALCULATE RIGID
BODY CONVERSION 513030

Y

INITIAL SETTING OF
IMAGING REGION ™ 513040

-

Y

CALCULATE
CORRESPONDING REGION - 513050

\
GENERATE DISPLAY IMAGE ~—S13060

S$13070

ADJUST CORRESPONDING > =>
REGION? !
M SET REGION OF INTEREST
!
130901 Al CULATE CONVERSION REGION
i
$13100~  CA CULATE IMAGING REGION
$13110 —
- NO $13120
YES " |

ADJUST IMAGING REGION
END |

29



EP 3 094 260 B1

Cime 1405

1400

i==t-—1403

30



EP 3 094 260 B1

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be

excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

JP 2010088627 A [0003] [0005]
JP 2007029353 A [0004] [0005]
US 2011216958 A1 [0006]
US 2012114213 A1 [0007]

Non-patent literature cited in the description

C. TANNER et al. Breast Shapes on Real and Sim-
ulated Mammograms. Proc. Int. Workshop on Digital
Mammography 2010 (IWDM 2010), LNCS 6136,
2010, 540-547 [0036]

31

US 2013182901 A1 [0007]
US 2012262460 A1 [0007]
JP 2014006215 A [0114]
JP 2014230105 A [0114]

Y. HU et al. A statistical motion model based on bi-
omechanical simulations. Proc. MICCAI 2008, Part
I, LNCS 5241, 2008, 737-744 [0067]



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

RHA

RIEEHRI(IF)

£

HAh A TF 30k

ShEREELE

BEG®F)

B&LEER , BECERZNRHGENEENR
EP3094260A1 K (AE)B
EP2015737331 FER
ERER N &4t

ERER N &t

ERERA S

ENDO TAKAAKI
SATOH KIYOHIDE

ENDO, TAKAAKI
SATOH, KIYOHIDE

A61B8/13 A61B5/00 A61B5/055 A61B6/00

patsnap

2016-11-23

2015-01-08

AB61B5/0035 A61B5/0037 A61B5/0091 A61B5/0095 A61B5/055 A61B5/4312 A61B2576/02 GO6T7/30
G06T2207/10088 G06T2207/10132 G06T2207/30068 G16H30/40 GO6T7/0012 GO6T2207/20021

G06T2207/30168
TBK

2014006215 2014-01-16 JP
2014230105 2014-11-12 JP

EP3094260B1
EP3094260A4

Espacenet

—MEGLERE B F-EERIRE , ATRELTE R
REWWENE -G REXERERE AT HIENREXEHIRE
EEZRRSZERERRIRE , ATRERTUENE KRS
HE-RRSHEFENEREENNXBITERE , ATREZLEE
BUTEX N T 5 —FRRSH & XS N X REGERERE ,
RATRES -BENENXESEERIREK,


https://share-analytics.zhihuiya.com/view/65c9ea5c-5b6e-40ec-a635-b37208e293de
https://worldwide.espacenet.com/patent/search/family/053543012/publication/EP3094260A1?q=EP3094260A1

