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An image processing apparatus includes an ultrasonic image
obtaining unit configured to obtain an ultrasonic image by
capturing a subject by ultrasound, a generation unit config-
ured to generate a corresponding cross-sectional surface
which corresponds to an image capturing cross-sectional sur-
face of the ultrasonic image, which is parallel to a reference
direction, and which includes a position specified in advance
from a three-dimensional image of the subject, and a cross-
sectional image obtaining unit configured to obtain a cross-
sectional image of the three-dimensional image from the
generated corresponding cross-sectional surface.
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IMAGE PROCESSING APPARATUS,
ULTRASONIC PHOTOGRAPHING SYSTEM,
IMAGE PROCESSING METHOD THEREFOR,
AND STORAGE MEDIUM STORING
PROGRAM

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] Thepresent disclosure relates to an ultrasonic image
and an image processing apparatus which displays a refer-
ence image of the ultrasonic image, an ultrasonic photograph-
ing apparatus, an image processing method, and a program.

[0003] 2. Description of the Related Art

[0004] Inamedicalfield ora field of nondestructive inspec-
tion, an image obtained by capturing an inspection target,
such as a living body or other objects, is displayed in a
monitor and a person who performs inspection observes the
displayed image so that a lesion or a problem is detected.
Most of such images are represented as tomography images
(3D images) of insides of target objects. Examples of an
image collection apparatus (modality) used to capture tomog-
raphy images include an ultrasonic image diagnosis appara-
tus (ultrasonic apparatus), an optical coherence tomography
meter (OCT apparatus), a magnetic resonance imaging scan-
ner (MRI apparatus), and an X-ray computer tomography
apparatus (X-ray CT apparatus).

[0005] Image capturing of a lesion portion performed by
the ultrasonic apparatus is supported by displaying a cross-
sectional image such as an MRI image corresponding to an
ultrasonic tomography image, inspection performed by com-
paring a plurality of images with each other is enabled. In
Japanese Patent Laid-Open No. 2003-260056, in an ultra-
sonic photographing apparatus used to capture an image of a
human body, when ultrasonic scanning is performed using an
ultrasonic probe in a cross-sectional surface which is
orthogonal to a body axis, a cross-sectional image of 3D
image data corresponding to an ultrasonic image is displayed
as a reference image. Furthermore, the reference image is
normally displayed such that a direction from the dorsal to the
ventral side corresponds to an upward direction under the
constraint described above even when the ultrasonic probe is
inclined when the image is captured.

[0006] In the inspection, a specific position corresponding
to a lesion or a problem is recognized, and thereafter, the
positional relationship between the specific position and the
inspection target is recognized. By this, a detailed inspection
is enabled.

[0007] However, if the specific position is not viewed in the
ultrasonic image and the reference image due to a change of
an ultrasonic image-pickup position, it becomes difficult to
recognize the specific position and a large burden is required
to search for the specific position.

[0008] Inaddition, when a direction of the reference image
coincides with a direction of an ultrasonic image-pickup
cross-sectional surface, it is difficult to recognize a photo-
graphing position for an entire inspection target from the
images.

SUMMARY OF THE INVENTION

[0009] According to an embodiment of the present inven-
tion, there is provided an image processing apparatus includ-
ing an ultrasonic image obtaining unit configured to obtain an
ultrasonic image by capturing a subject by ultrasound, a gen-
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eration unit configured to generate a corresponding cross-
sectional surface which corresponds to an image capturing
cross-sectional surface of the ultrasonic image, which is sub-
stantially parallel to a reference direction, and which includes
a target position specified in advance from a three-dimen-
sional image of the subject, and a cross-sectional image
obtaining unit configured to obtain a cross-sectional image of
the three-dimensional image from the generated correspond-
ing cross-sectional surface.

[0010] According to another embodiment of the present
invention, there is provided an image processing apparatus
including a three-dimensional image obtaining unit config-
ured to obtain a prone-posture three-dimensional image by
photographing a subject in a prone posture using a three-
dimensional photographing apparatus and obtain a supine-
posture three-dimensional image by deforming the prone-
posture three-dimensional image, an ultrasonic image
obtaining unit configured to successively obtain two-dimen-
sional ultrasonic images obtained by photographing a subject
in a supine posture using an ultrasonic photographing appa-
ratus, a generation unit configured to generate, in accordance
with an image capturing cross-sectional surface of an
obtained two-dimensional ultrasonic image: a first cross-sec-
tional surface of the supine-posture three-dimensional image
which includes a target position, specified in advance using
the prone-posture three-dimensional image, and which is
substantially parallel to the image capturing cross-sectional
surface of the two-dimensional ultrasonic image; and a sec-
ond cross-sectional surface of the prone-posture three-dimen-
sional image obtained by replacing an angle defined by a
reference direction and the first cross-sectional surface by
substantially 0 degrees, a cross-sectional image obtaining
unit configured to obtain from the supine-posture three-di-
mensional image a first cross-sectional image associated with
the first cross-sectional surface and to obtain from the prone-
posture three-dimensional image a second cross-sectional
image associated with the second cross-sectional surface, and
a display controller configured to display the ultrasonic
image, the first cross-sectional image, and the second cross-
sectional image in an aligned manner.

[0011] Further features of the present invention will
become apparent from the following description of exem-
plary embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG.1is adiagram illustrating a configuration of an
image processing apparatus according to a first embodiment.
[0013] FIG. 2 is a diagram illustrating a hardware configu-
ration of the image processing apparatus.

[0014] FIG. 3isaflowchartillustrating an entire processing
procedure according to the first embodiment.

[0015] FIG. 4 is a diagram illustrating a state in which an
ultrasonic tomography image of a breast in a supine posture is
captured.

[0016] FIG.5isadiagram illustrating the ultrasonic tomog-
raphy image.

[0017] FIG. 6 is a diagram illustrating an MRI image.
[0018] FIG. 7 is a diagram schematically illustrating a pro-

cess of generating a cross-sectional image corresponding to
the ultrasonic tomography image from the MRI image.
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[0019] FIG. 8is a diagram illustrating a screen displayed in
a display unit under control of a display controller.

DESCRIPTION OF THE EMBODIMENTS

[0020] Hereinafter, embodiments of the present invention
will be described with reference to the accompanying draw-
ings.

First Embodiment

[0021] In a first embodiment, an obtainment of a cross-
sectional image from a 3D image photographed in a body
posture which is different from a body posture of an ultra-
sonic image is described as an example. In this example, a
reference direction corresponds to a direction of gravitational
force.

[0022] An image processing system according to this
embodiment will now be described.

[0023] Note that, although a term “photographing” and a
term “image capturing” have the same meaning in this
embodiment, the term “photographing” is used when a series
of processes including a process of setting conditions to a
process of obtaining an image is emphasized whereas the
term “image capturing” is used when an obtainment of an
image is particularly emphasized.

[0024] FIG. 1 illustrates a configuration of an image diag-
nosis system 1 according to this embodiment. As shown in
FIG. 1, an image processing apparatus 100 of this embodi-
ment is connected to a first image capturing apparatus 180, a
data server 190, a display unit 186, and an operation unit 188.
[0025] An ultrasonic image capturing apparatus is used as
the first image capturing apparatus 180 and transmits and
receives an ultrasonic signal through a probe to thereby cap-
ture an image of a test body. By this image capturing, an
ultrasonic image or an ultrasonic tomography image is
obtained. The term “tomography image” is particularly used
when a fact that the image represents an internal configuration
ofthe test body is emphasized. F1G. 4 is a diagram illustrating
a state in which an ultrasonic tomography image of a breast is
captured in a supine posture using the first image capturing
apparatus 180. FIG. 5 is a diagram illustrating the ultrasonic
tomography image. An ultrasonic tomography image 501
obtained by bringing a probe 411 into contact with a breast
surface 401 in the supine posture is successively input to the
image processing apparatus 100 through a tomography image
obtaining unit (ultrasonic image obtaining unit) 102.

[0026] Itisassumed that the data server 190 stores an MRI
image obtained by capturing an image of a breast of a subject
who is in a prone posture using an MRI apparatus serving as
a second image capturing apparatus 182 and further stores a
center position of a target lesion region in the MRI image.
FIG. 6 is a diagram illustrating the MRI image. An MRI
image 601 stored in the data server 190 is supplied to the
image processing apparatus 100 through a 3D-image obtain-
ing unit 106. Furthermore, a center position (hereinafter
referred to as a “lesion position™) of a target lesion region 603
stored in the data server 190 is supplied to the image process-
ing apparatus 100 through a target point specifying unit 107.
[0027] A position/posture measurement apparatus 184
measures a position and posture of'a probe 411 included in the
ultrasonic apparatus serving as the first image capturing appa-
ratus 180. The position/posture measurement apparatus 184
is configured by the FASTRAK of Polhemus, USA, or the like
and measures a position and posture of the probe 411 in a
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sensor coordinate system 420 (which is defined by the posi-
tion/posture measurement apparatus 184 as a reference coor-
dinate system). Note that the position/posture measurement
apparatus 184 may be configured in an arbitrary manner as
long as the position/posture measurement apparatus 184 can
measure a position and posture of the probe 411. A measured
position and posture of the probe 411 is successively supplied
to the image processing apparatus 100 through a position/
posture obtaining unit 104.

[0028] The image processing apparatus 100 includes the
following components.

[0029] The tomography image obtaining unit 102 succes-
sively obtains the ultrasonic tomography image 501 which is
successively captured in a predetermined frame rate and sup-
plied to the image processing apparatus 100. The tomography
image obtaining unit 102 transmits the ultrasonic tomography
image 501 to a shape data calculation unit 108, a grid-point-
group setting unit 112, and an image synthesizing unit 122.
[0030] The position/posture obtaining unit 104 succes-
sively obtains a position and posture of the probe 411 to be
supplied to the image processing apparatus 100 and transmits
the position and posture to the shape data calculation unit 108
and a corresponding-point-group calculation unit 114.
[0031] The 3D-image obtaining unit 106 obtains the 3D
MRI image 601 which is obtained by capturing an image of
the subject in the prone posture and which is input to the
image processing apparatus 100 and supplies the 3D MRI
image 601 to a physical conversion rule calculation unit 110.
Note that the 3D MRI image may be 3D volume data of the
subject obtained from an MRI image or may be a 2D MRI
cross-sectional image group.

[0032] The target point specifying unit 107 specifies in
advance a lesion position detected in the MRI image 601
which is captured in the prone posture and which is input to
the image processing apparatus 100 as a position of a target
point and supplies information on the target point position to
a target point conversion unit 113, an approximate plane
generation unit 116, and a cross-sectional-surface generation
unit 118. Note that such specifying of the position is per-
formed by the operation unit 188, for example. Furthermore,
“to specify in advance” means that the specifying has been
completed before a corresponding cross-sectional surface,
which will be described hereinafter, is generated.

[0033] The shape data calculation unit 108 calculates shape
data of a breast 400 in a supine posture in accordance with the
ultrasonic tomography image 501 and the position and pos-
ture of the probe 411 and supplies the shape data to the
physical conversion rule calculation unit 110.

[0034] The physical conversion rule calculation unit 110
calculates a physical conversion rule for converting a shape of
a breast surface 401 in the supine posture into a shape which
is substantially the same as a shape of a surface 602 of the
MRI image in the prone posture and supplies the physical
conversion rule to the target point conversion unit 113 and the
corresponding-point-group calculation unit 114.

[0035] The grid-point-group setting unit 112 sets a group of
grid points in a range represented by the ultrasonic tomogra-
phy image 501 and supplies information on the grid point
group to the corresponding-point-group calculation unit 114.
[0036] The target point conversion unit 113 converts the
lesion position specified in the MRI image 601 in the prone
posture into a position in the supine posture in accordance
with the physical conversion rule and supplies the converted
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position to the corresponding-point-group calculation unit
114 and the cross-sectional-surface generation unit 118.
[0037] The corresponding-point-group calculation unit
114 calculates a corresponding point group by shifting posi-
tions of grid points in accordance with the physical conver-
sion rule and supplies information on the corresponding point
group to the approximate plane generation unit 116 and the
cross-sectional-surface generationunit 118. The approximate
plane generation unit 116 and the cross-sectional-surface
generation unit 118 generate a corresponding cross-sectional
surface corresponding to the ultrasonic image. Here, the cor-
responding cross-sectional surface is a plane obtained by
performing predetermined conversion on an image-capturing
cross-sectional surface (photographing cross-sectional sur-
face) which is a plane including a 2D ultrasonic image and is
a cross-sectional surface used to obtain a 2D MRI sectional
image of the plane from the 3D MRI image. The term “cor-
responding” means that a position and posture of an ultra-
sonic image obtained under a certain constraint and a position
and posture of a corresponding cross-sectional plane obtained
under another constraint coincide with each other. For
example, when a cross-sectional surface of a 3D image cor-
responding to an ultrasonic image is simply referred to, a
cross-sectional surface which is in the same position and the
same inclination as a cross-sectional surface including the
ultrasonic image is meant. However, the corresponding cross-
sectional surface of this embodiment is not simple correspon-
dence but is fixed in a specific position and fixed in a direction
parallel to the reference direction.

[0038] The approximate plane generation unit 116 calcu-
lates a plane which includes the lesion position and which
approximates the corresponding point group, and supplies
information on the plane to the cross-sectional-surface gen-
eration unit 118.

[0039] The cross-sectional-surface generation unit 118 cal-
culates a replaced cross-sectional surface obtained by replac-
ing a number of posture parameters of an approximated plane
by fixed values and generates a corresponding cross-sectional
surface by estimating in-plane moving components. Thereaf-
ter, the cross-sectional-surface generation unit 118 supplies
information on the corresponding cross-sectional surface to a
cross-sectional-image obtaining unit 120. By this, the corre-
sponding cross-sectional surface which is parallel to the ref-
erence direction, which passes the position specified by the
target point specifying unit 107 in advance, and which has a
line which intersects with a plane including the ultrasonic
image and which is orthogonal to the reference direction may
be obtained. In addition, the corresponding cross-sectional
surface is parallel to a plane obtained by replacing an angle
defined by the image capturing cross-sectional surface of the
ultrasonic image and the reference direction by 0 degree and
passes the position specified by the target point specifying
unit 107 in advance.

[0040] Here, it is assumed that an angle defined by the
corresponding cross-sectional surface and the reference
direction means the minimum angle defined by an arbitrary
line which is parallel to the reference direction and the cor-
responding cross-sectional surface. Furthermore, the replace-
ment process performed here means a process of projecting
the image capturing cross-sectional surface onto a plane
which is parallel to the reference direction and which is
orthogonal to a line which forms an angle defined by the
reference direction and the image capturing cross-sectional
surface.
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[0041] The -cross-sectional-image obtaining unit 120
obtains a cross-sectional image by extracting a predetermined
range in the calculated cross-sectional surface from the 3D
image of the subject. The cross-sectional-image obtaining
unit 120 supplies the obtained cross-sectional image to the
image synthesizing unit 122.

[0042] The image synthesizing unit 122 synthesizes the
ultrasonic tomography image and the sectional image with
each other so as to obtain an image to be displayed. A display
controller 124 controls a monitor 206 so that the monitor 206
displays the image.

[0043] For example, in a field of the mammary gland
department, image diagnosis may be performed in the follow-
ing order: a position of a lesion portion is identified in an
image obtained by capturing a breast using an MRI apparatus,
and thereafter, a state of the portion is captured by an ultra-
sonic apparatus for observation. Here, in a general photo-
graphing protocol in the mammary gland department, image
capturing using an MRI apparatus is performed in a prone
posture and image capturing using an ultrasonic apparatus is
performed in a supine posture in many cases. In this case, a
doctor estimates a position of the lesion portion in the supine
posture from the position of the lesion portion identified in the
MRI image captured in the prone posture taking deformation
of the breast caused by a difference of a photographing pos-
ture into consideration and thereafter captures the estimated
position of the lesion portion using the ultrasonic apparatus.
[0044] However, since the deformation ofthe breast caused
by a difference of a photographing posture is considerably
large, the position of the lesion portion in the supine posture
which is estimated by the doctor may be considerably differ-
ent from an actual position. To address this problem, a general
method for generating a virtual supine-posture MRI image by
performing a deformation process on a prone-posture MRI
image may be used. A position of the lesion portion in the
virtual supine-posture MRI image may be calculated in accor-
dance with information on deformation from the prone pos-
ture to the supine posture. Alternatively, the position of the
lesion portion in the image may be directly obtained by per-
forming interpretation of the generated virtual supine-posture
MRI image. If the accuracy of the deformation process is
high, the actual lesion portion in the supine posture exists in
the vicinity of the lesion portion in the virtual supine-posture
MRI image.

[0045] Therefore, in the image diagnosis system 1, a cross-
sectional surface including the target position is set in accor-
dance with the ultrasonic tomography image obtained by
capturing the target object in a first physical deformation
state, the reference direction in the 3D image obtained by
capturing the target object in a second physical deformation
state, and the target position included in the 3D image. Then
an image of the set cross-sectional surface is extracted from
the 3D image so as to be displayed with the ultrasonic tomog-
raphy image in an array. By this, the positional relationship
between the image of the cross-sectional surface of the 3D
image and the target object can be easily recognized while a
search for the position in the ultrasonic tomography image
corresponding to the target position in the 3D image is facili-
tated. In this embodiment, a case where the breast of the
subject is set as the target object and the MRI image obtained
by capturing the breast in the prone posture using the MRI
apparatus is used as the 3D image is described as an example.
Furthermore, in this embodiment, a case where the direction
of gravitational force obtained when the MRI image is cap-
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tured is set as the reference direction and the center position in
the target lesion region included in the MRI image is set as the
target position is described as an example. Moreover, in this
embodiment, it is assumed that the target object is in the state
of the supine posture relative to the direction of gravitational
force in the first physical deformation state and is in the state
of the prone posture relative to the direction of gravitational
force in the second physical deformation state.

[0046] An outline of a process realized by the image pro-
cessing system described above will be described with refer-
ence to FIG. 7. In this process, in order to perform positioning
of the MRI image and the ultrasonic tomography image, the
ultrasonic tomography image and the cross-sectional image
generated from the MRI image corresponding to the ultra-
sonic tomography image are synthesized with each other and
a resultant image is displayed in the monitor 206. In an upper
left portion in FIG. 7, a cube representing the target object
(breast) in the supine posture and the probe 411 are shown.
Furthermore, in an upper central portion in FIG. 7, a plane 720
which approximates a sectional surface (curved surface) cal-
culated in accordance with the ultrasonic tomography image
and the lesion position is represented by a dotted line. In an
upper right portion in FIG. 7, a replaced cross-sectional sur-
face 721 obtained by replacing a tilt angle (pitch angle) by 0
is represented by a dotted line. In a lower portion in FIG. 7, a
display state of the obtained ultrasonic tomography image
501 and a sectional image 722 generated from the MRI image
601 in the prone posture is shown.

[0047] Note that the tilt angle or the pitch angle means an
incident angle of an image-capturing cross-sectional surface
ofanultrasonic image in a position on a body surface to which
the ultrasonic probe contacts. In addition, an azimuth angle is
defined by a direction of the ultrasonic probe obtained when
the ultrasonic probe orthogonally contacts to the body sur-
face. Although an azimuth angle of the captured ultrasonic
image and an azimuth angle of the obtained 2D MRI cross-
sectional image coincide with each other, tilt angles thereof
do not coincide with each other.

[0048] An operator (a doctor or a technician) presses the
probe 411 on a target object 400 so as to obtain the ultrasonic
tomography image 501 of the target object 400 in the supine
posture. In the upper left portion in FIG. 7, a capturing image
region 502 of the ultrasonic tomography image 501 is repre-
sented by a solid line and a plane including the capturing
image region 502 is represented by a dotted line. The captur-
ing image region 502 is included in the image-capturing
cross-sectional surface obtained by the probe 411. Since a
position and posture of the probe 411 is measured by the
position/posture measurement apparatus 184, information on
a position and posture of the ultrasonic tomography image
501 relative to the target object 400 can be obtained. Since the
first image capturing apparatus 180 captures different images
every time the position and posture of the probe 411 is
changed, a corresponding cross-sectional surface may be
changed by the approximate plane generation unit 116 and
the cross-sectional-surface generation unit 118. In this case, a
direction of the corresponding cross-sectional surface fixed
by the reference direction and the specified position is
changed to a rotation direction having an axis in a recumbent
posture reference direction in accordance with a direction of
the image-capturing cross-sectional surface of the ultrasonic
image.

[0049] By this, since a tilt angle of the corresponding cross-
sectional surface is fixed whereas an azimuth angle of the
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corresponding cross-sectional surface is changed in accor-
dance with an azimuth angle of the ultrasonic probe 411, an
image which can be easily compared with the ultrasonic
image can be obtained.

[0050] On the other hand, in the MRI image 601 in the
prone posture, a center position (lesion position) 703 included
in the target lesion region 603 is specified. The operator
searches the ultrasonic tomography image 501 obtained by
capturing the target object in the supine posture by operating
the probe 411 for a lesion region corresponding to the target
lesion region 603 with reference to the cross-sectional image
722 including the lesion position 703 specified in the MRI
image 601 in the prone posture.

[0051] Whenreceiving the position and posture of the ultra-
sonic tomography image 501 and the lesion position 703, the
image processing system described above generates the sec-
tional image 722 from the MRI image 601 in accordance with
the information. First, a plane including the lesion position
which is converted into that in the supine posture is obtained
in a posture the same as that of the ultrasonic tomography
image 501. Next, a cross-sectional surface (curved surface)
which is included in the MRI image 601 and which corre-
sponds to the calculated plane is obtained, and a plane 720
including the lesion position 703 is obtained by approximat-
ing the curved surface. Here, since the physical deformation
state obtained when the ultrasonic tomography image 501 is
captured and the physical deformation state obtained when
the MRI image 601 is captured are considerably different
from each other, the posture of the plane 720 may be consid-
erably different from the posture of the ultrasonic tomogra-
phy image 501. Therefore, it is not easy to recognize the
positional relationship between the plane 720 and the target
object. Accordingly, in this embodiment, the sectional image
722 including the lesion position 703 is calculated by replac-
ing a tilt angle (pitch angle) of the approximate plane 720 by
0. In the sectional image 722, a direction of gravitational force
corresponds to a downward direction in a screen. Through the
process described above, the sectional image 722 which
includes the lesion position 703 and which has the direction of
gravitational force corresponding to the downward direction
in the screen may be displayed irrespective of the posture of
the probe 411. As a result, the search for the lesion region in
the ultrasonic tomography image which corresponds to the
target lesion region can be facilitated. Furthermore, since the
direction of the cross-sectional image can be recognized in
advance, the doctor may easily recognize the positional rela-
tionship between the cross-sectional image and the target
object. Furthermore, since the position in the cross-sectional
image can be represented by a simple line in a body mark
representing a simple shape of the breast, the positional rela-
tionship between the position and the target object (breast in
the prone posture) can be easily recognized.

[0052] The sectional image 722 of the generated MRI
image and the ultrasonic tomography image 501 (specifically,
the capturing image region 502) are individually displayed in
the monitor 206. The operator can perform positioning by
determining whether the target lesion regions included in the
respective images coincide with each other while a position in
which the probe 411 abuts is changed.

[0053] FIG. 8isadiagram illustrating an image obtained by
synthesizing the ultrasonic tomography image and the cross-
sectional image with each other. In an upper right portion in
FIG. 8, the ultrasonic tomography image 501 is shown. Fur-
thermore, in an upper left portion in FIG. 8, the cross-sec-
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tional image (first MRI sectional image) which includes the
lesion position and which is obtained from a 3D MRI image
obtained by converting the 3D MRIimage of the subject in the
prone posture into a 3D MRI image of the subject in the
supine posture is shown. This MRI image is the cross-sec-
tional image (first MRI sectional image) of the corresponding
cross-sectional surface which is parallel to the image-captur-
ing sectional surface of the ultrasonic image and which
includes the specified lesion position. In a lower left portionin
FIG. 8, an MRIimage in the prone posture is shown. The MRI
image of the prone posture shows a cross-sectional surface
including the lesion position and also shows an image (second
MRI sectional image) obtained by replacing the tilt angle
(pitch angle) by 0.

[0054] The ultrasonic tomography image 501 in the upper
right portion in FIG. 8 and a supine-posture MRI sectional
image 801 in an upper left portion in FIG. 8 are both cross-
sectional images of the target object in the supine posture. By
this, the doctor can easily search the ultrasonic tomography
image for the lesion region while easily recognizing the rela-
tionship between internal tissue structures of the two sec-
tional images. On the other hand, the MRI image 601 in the
prone posture in the lower left portion in FIG. 8 is not so
different from the ultrasonic tomography image 501 in the
upper right portion in FIG. 8 in terms of the posture, and a
direction of gravitational force normally corresponds to a
downward direction in the screen. Therefore, the doctor can
recognize the relationship between the two sectional images
and easily recognize the positional relationship between the
target object in the prone posture and the sectional image.
Accordingly, the doctor can recognize the positional relation-
ship between the target object in the prone posture and the
sectional image in accordance with the three tomography
images shown in FIG. 8 and can easily search the ultrasonic
tomography image in the supine posture for the lesion region.
[0055] FIG. 3 is a flowchart illustrating an entire procedure
of a process performed by the image processing apparatus
100.

(S3000) Obtainment of MRI Image

[0056] In step S3000, the image processing apparatus 100
obtains the MRI image 601 of the breast in the prone posture
which is supplied from the data server 190 to the image
processing apparatus 100 as a process performed by the
3D-image obtaining unit 106. In this embodiment, an MRI
coordinate system 600 is defined. The MRI coordinate system
600 has an origin corresponding to a certain point included in
the MRI image 601, an X axis corresponding to an axis
representing a direction from right to left of a human body, a
Y axis corresponding to an axis representing a direction from
an ventral side to a dorsal side of the human body, and a Z axis
corresponding to an axis representing a direction from feet to
a head ofthe human body. In addition, a direction of the Y axis
ofthe MRI coordinate system 600 (a direction of gravitational
force) is determined as a reference direction. Note that the
reference direction may be a positive direction or a negative
direction of the Y axis in this embodiment.

(S3005) Obtainment of Target Point

[0057] In step S3005, the image processing apparatus 100
obtains a center position xsL. (lesion position 703) of the
target lesion region 603 included in the MRI image 601 in the
prone posture which is supplied from the data server 190 to
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the image processing apparatus 100 as a process performed
by the target point specifying unit 107.

(S3010) Obtainment of Ultrasonic Tomography
Image

[0058] In step S3010, the image processing apparatus 100
obtains the ultrasonic tomography image 501 which is suc-
cessively supplied from the first image capturing apparatus
180 to the image processing apparatus 100 as a process per-
formed by the tomography image obtaining unit 102. It is
assumed that positions of pixels of the ultrasonic tomography
image 501 are represented by an ultrasonic image coordinate
system 500 (which is defined as a coordinate system having
an XY plane corresponding to a plane representing the ultra-
sonic tomography image and a Z axis corresponding to an
axis which is orthogonal to the XY plane). In this embodi-
ment, a center position of the ultrasonic tomography image
501 is determined as an origin of the ultrasonic image coor-
dinate system 500. Note that the positions of the pixels of the
ultrasonic tomography image 501 are included only ina plane
which satisfies the following equation: Z=0.

(S3020) Obtainment of Probe Position and Posture

[0059] In step S3020, the image processing apparatus 100
obtains the position and posture of the probe 411 which is
successively supplied from the position/posture measure-
ment apparatus 184 to the image processing apparatus 100 as
a process performed by the position/posture obtaining unit
104.

(S3030) Calculation of Shape

[0060] In step S3030, the image processing apparatus 100
obtains a breast shape in the supine posture as a process
performed by the shape data calculation unit 108. Specifi-
cally, position coordinate vectors are obtained at a time when
the operator operates the probe such that a center portion 412
of a tip of the probe contacts to a plurality of portions in the
breast surface 401 in the supine posture. The breast shape in
the supine posture is represented as a group of the position
coordinate vectors.

(S3040) Calculation of Physical Conversion Rule

[0061] In step S3040, the image processing apparatus 100
calculates a physical conversion rule for converting the breast
shape in the supine posture into a breast shape substantially
coincide with a breast shape in the prone posture as a process
performed by the physical conversion rule calculation unit
110. First, a conversion matrix of four rows and four columns
which represents a rule of rigid body conversion from the
breast in the supine posture to the breast in the prone posture
is calculated in accordance with a rigid body portion of the
breast in the supine posture (a rib bone 504 in the ultrasonic
tomography image 501, for example) and rigid body portions
of the breast in the prone posture (rib bones 605 included in
the MRI image 601). For this calculation, a general method
such as the iterative closest point method (ICP method) may
be used. Next, a nonrigid body conversion rule for converting
the breast shape in the supine posture into a breast shape
which substantially coincides with the breast shape in the
prone posture taking physical deformation into consideration
is calculated. The nonrigid body conversion rule is repre-
sented by a group of 3D displacement vectors which represent
amounts of movements of grid points (which are intersections
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obtained by dividing a square region including the entire
breast 400 in the supine posture into a grid) included in the
MRI coordinate system 600 caused by the conversion from
the grid points in the supine posture to those in the prone
posture. Furthermore, a group of 3D reversed displacement
vectors which represent amounts of movements caused by
conversion from the prone posture to the supine posture is
also calculated. Note that, for the calculation of the nonrigid
body conversion rule, a method based on a gravitational
deformation simulation disclosed in Y. Hu, D. Morgan, H. U.
Ahmed, D. Pendse, M. Sahu, C. Allen, M. Emberton and D.
Hawkes, “A statistical motion model based on biomechanical
simulations,” proc. miccai 2008, Part I, LNCS 5241, pp.
737-744, 2008 may be used. The physical conversion rule
from the prone posture to the supine posture in this embodi-
ment includes the rigid body conversion rule and the nonrigid
body conversion rule. Furthermore, the image processing
apparatus 100 calculates a conversion matrix Tis which is
used to convert the ultrasonic image coordinate system 500
into the MRI coordinate system 600 in accordance with the
position and posture of the probe 411 and the rule of the rigid
body conversion from the breast in the supine posture to the
breast in the prone posture. This conversion matrix represents
a position and posture of the ultrasonic tomography image
501 in the MRI coordinate system 600.

(S3045) Conversion of Target Point

[0062] In step S3045, the image processing apparatus 100
performs the following process as a process performed by the
target point conversion unit 113. Specifically, a lesion posi-
tion xsL' in the supine posture is calculated by displacing the
center position xsL representing the lesion position 703 in the
MRI image 601 in the prone posture in accordance with the
3D reversed displacement vector group calculated in step
S3040 so that the prone posture is converted into the supine
posture.

(S3050) Setting of Grid Point Group

[0063] In step S3050, the image processing apparatus 100
first divides a rectangular region representing a range of the
ultrasonic tomography image 501 into a grid shape having
equal intervals and sets a group of intersections of the grid as
a group of grid points (not shown) as a process performed by
the grid-point-group setting unit 112. It is assumed that the
grid points at least include the origin of the ultrasonic image
coordinate system 500 and four vertices ((-Xmin, —Ymin),
(Xmin, -Ymin), (-Xmin, Ymin), and (Xmin, Ymin)) of the
rectangular region representing the range of the ultrasonic
tomography image 501. In addition, itis assumed that the grid
points further include terminal points ((-Xmin, 0), (Xmin, 0),
(0, =Ymin), and (0, Ymin)) of the X axis and the Y axis.

(S3060) Calculation of Corresponding Point Group

[0064] Instep S3060, first, the image processing apparatus
100 shifts all the grid points set in step S3050 by the same
distance in the Z axis direction so that positions of the grid
points and the lesion position are located on the same plane as
a process performed by the corresponding-point-group cal-
culation unit 114. Thereafter, the image processing apparatus
100 converts the positions of the grid points in the supine
posture into positions of the grid points in the prone posture in
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accordance with the physical conversion rule so as to obtain a
corresponding point group. Hereinafter, a detailed process in
this step will be described.

[0065] First, a lesion position xiL in the ultrasonic image
coordinate system 500 is obtained by the following expres-
sion in accordance with the lesion position xsL' obtained by
converting the lesion position xsL into that in the supine
posture and the conversion matrix Tis used to convert the
ultrasonic image coordinate system 500 into the MRI coor-
dinate system 600.

xiL=xsL"Tis-1 [¢8]

[0066] Next, z coordinates of all the grid points set in step
S3050 are set as z coordinate values of the lesion position xil,
in the ultrasonic image coordinate system 500. Positions of
the grid points obtained by this correspond to positions of the
grid points set when the probe 411 is virtually subjected to
parallel shift to the lesion position while the posture of the
probe 411 is maintained. Then, positions of the grid points in
the MRI coordinate system 600 are obtained by the following
equation.

xsn=xinIis 2)

[0067] Here, an expression “xin=[xin yin zil, 1]T” repre-
sents a homogeneous coordinate expression in a 3D space in
a position of an n-th grid point (n=1 to N:N is a total number
of the grid points) in the ultrasonic image coordinate system
500. Here, “zil.” represents a z coordinate value of the lesion
position xilL in the ultrasonic image coordinate system 500.
Furthermore, an expression “xsn=[xsn ysn zsn 1]T represents
a position of an n-th grid point in the MRI coordinate system
600.

[0068] Then, the obtained positions xsn of the grid points
are subjected to physical conversion in accordance with the
3D displacement vector group obtained in step S3040 so that
positions xdn (n=1 to N) of a group of points (a group of
corresponding points) included in the MRI image 601 in the
prone posture which correspond to the positions obtained
after the conversion of the group of the grid points are
obtained. Note that since a physical deformation state
obtained when the ultrasonic tomography image 501 is cap-
tured and a physical deformation state obtained when the
MRI image 601 is captured are different from each other, the
corresponding points in the group are normally not located on
the same plane.

(S3070) Calculation of Approximate Plane

[0069] In step S3070, the image processing apparatus 100
obtains a plane which approximates the corresponding point
group in accordance with the positions of the point group
(corresponding point group) included in the MRI image 601
and the lesion position xsL in the prone posture as a process
performed by the approximate plane generation unit 116.
Specifically, a plane (approximate plane) 720 which matches
the largest number of the corresponding points xdn (n=1 to N)
in the group under constraint condition in which the plane 720
includes the lesion position xsL in the prone posture is
obtained by a general plane fitting method such as the least-
square method or the maximum likelihood estimation
method.

(S3080) Calculation of Cross-Sectional Surface

[0070] In step S3080, the image processing apparatus 100
performs the following process as a process performed by the
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cross-sectional-surface generation unit 118. First, a posture
of the approximate plane 720 in the MRI coordinate system
600 is obtained by means of Euler angle. Specifically, a yaw
angle, a pitch angle, and a roll angle of the approximate plane
720 in the MRI coordinate system 600 are obtained. Next, a
cross-sectional surface is obtained by replacing the pitch
angle by 0 and the cross-sectional surface is subjected to
parallel shift so that a replaced cross-sectional surface 721
including the lesion position xsL. representing the lesion
region 603 included in the MRI image 601 in the prone
posture is obtained. By performing the process in this step
described above, the replaced cross-sectional surface 721
including the lesion position 703 and a normal line which is
orthogonal to the reference direction (a direction of the'Y axis
of the MRI coordinate system 600, that is, a direction of
gravitational force) is obtained.

[0071] Here, since the replaced cross-sectional surface 721
obtained in the process described above has a degree of free-
dom in a position and a rotation in the surface, the image
processing apparatus 100 estimates in-plane movement com-
ponents of the replaced cross-sectional surface 721. Specifi-
cally, a specific range used when the cross-sectional image
722 is extracted from the replaced cross-sectional surface 721
is determined. First, the lesion position xsL. included in a
replaced cross-sectional surface coordinate system (a coordi-
nate system which includes a plane which represents the
replaced cross-sectional surface 721 and which is defined as
an XY plane and an axis which is orthogonal to the XY plane
and which is defined as a Z axis) is subjected to parallel shift
in the plane so that the lesion position xsL coincide with the
lesion position xiL, in the ultrasonic image coordinate system
500. In this way, a position of the replacement cross-sectional
surface in the plane is determined. Next, the Y axis of the
replaced cross-sectional surface coordinate system is caused
to be matched with the Y axis (reference direction) of the MRI
coordinate system 600 so that an in-plane rotation of the
replaced cross-sectional surface coordinate system is deter-
mined.

[0072] Furthermore, the image processing apparatus 100
calculates vertex coordinates of a rectangle which has verti-
ces (-Xminl, -Yminl), (Xminl, -Yminl), (-Xminl,
Yminl), and (Xminl, Yminl) and which includes all feet of
perpendiculars extending from the group of corresponding
points xdn to the replaced cross-sectional surface 721. Then,
the rectangle is determined as the specific range used to
extract the sectional image 722 in the next step. Note that the
specific range may be enlarged when the operator clicks an
enlargement button disposed on the monitor 206 using a
mouse 205, for example, so that a larger range is specified in
the replaced cross-sectional surface 721.

(83090) Generation of Cross-Sectional Image

[0073] In step S3090, the image processing apparatus 100
generates the sectional image 722 by extracting the specific
range of the replaced cross-sectional surface 721 calculated
in step S3080 from the MRI image 601 as a process per-
formed by the cross-sectional-image obtaining unit 120.
Here, since a general method for generating an image in a
specific range in a specified plane from a 3D image is used, a
detailed description thereof is omitted.

(S3100) Image Synthesis

[0074] In step S3100, the image processing apparatus 100
generates an image including the ultrasonic tomography
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image 501 and the sectional image 722 which are arranged
adjacent to each other as shown in the lower portion in FIG. 7
as a process performed by the image synthesizing unit 122
and displays the image in the monitor 206.

(S3110) End?

[0075] In step S3110, the image processing apparatus 100
determines whether the entire process is to be terminated. For
example, the operator clicks an end button disposed on the
monitor 206 so as to input a determination of the end of the
process. When the determination is affirmative, the entire
process of the image processing apparatus 100 is terminated.
On the other hand, when the determination is negative, the
process returns to step S3010 and the process from step S3010
to step S3100 is executed again on an ultrasonic tomography
image 501 and position and posture data of the probe 411
which are newly obtained.

[0076] In this way, the process of the image processing
apparatus 100 is performed.

[0077] As described above, in the image processing appa-
ratus of this embodiment, an image of a cross-sectional sur-
face including a lesion position of an MRI image can be
displayed in accordance with a reference direction (so that a
direction of gravitational direction corresponds to a down-
ward direction) irrespective of a posture of a probe. As a
result, the positional relationship between an image of the
cross-sectional surface of the MRI image and a target object
can be easily recognized.

[0078] Note that, although the case where a breast of a
human body is set as a target object has been described as an
example in this embodiment, embodiments of the present
invention are not limited to this and a target object may be
arbitrarily determined. Furthermore, although the case where
a lesion position specified in an MRI image is determined as
a target position has been described as an example in this
embodiment, the embodiments of the present invention are
not limited to this and a center position of a region represent-
ing a scar of treatment at biopsy in an MRI image or a center
position of a region representing a hematoma may be deter-
mined as a target position, for example.

Second Embodiment

[0079] In asecond embodiment, an ultrasonic correspond-
ing cross-sectional image is generated when an inclination of
an ultrasonic tomography image relative to a direction of
gravitational force is equal to or larger than a predetermined
angle. A system configuration is the same as that of the first
embodiment, and therefore, a description thereof is omitted.
[0080] In the first embodiment, the case where the yaw
angle, the pitch angle, and the roll angle of the approximate
plane are obtained and the pitch angle is replaced by 0 so that
the replaced cross-sectional surface is obtained has been
described as an example. However, embodiments of the
present invention are not limited to this, and a pitch angle is
not replaced by 0 when a degree of inclination relative to a
reference direction (a direction of gravitational force) of an
ultrasonic tomography image is larger than a predetermined
threshold value (45 degrees, for example). In this case, an
approximate plane generation unit 116 and a cross-sectional-
surface generation unit 118 generate only a 2D MRI cross-
sectional image of a cross-sectional surface which corre-
sponds to an image capturing cross-sectional surface of an
ultrasonic image, which includes a specified position, and
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which includes a corresponding cross-sectional surface (and
other corresponding cross-sectional surfaces) which is paral-
lel to the image capturing cross-sectional surface.

[0081] On the other hand, when the degree of the inclina-
tion of the ultrasonic image relative to the reference direction
is equal to or smaller than the predetermined threshold value,
the process of the first embodiment is performed. According
to this modification, when an inclination of an ultrasonic
tomography image relative to a reference direction is large,
the relationship between the ultrasonic tomography image
and the cross-sectional surface corresponding to the image
capturing surface of the ultrasonic image is prevented from
being complicated.

Third Embodiment

[0082] Inathird embodiment, a prone-posture MRI image,
a supine-posture deformed MRI image, and an US (ultra-
sonic) image are displayed in an aligned manner. A system
configuration is the same as that of the first embodiment, and
therefore, a description thereof is omitted.

[0083] Inthe first embodiment, although the case where the
cross-sectional image of the MRI image in the prone posture
is generated and the generated image is displayed along with
the ultrasonic tomography image in an aligned manner has
been described as an example, embodiments of the present
invention are not limited to this. For example, an MRI image
in a supine posture may be generated from an MRI image 601
in a prone posture in accordance with a physical conversion
rule and a cross-sectional image of a range of an ultrasonic
tomography image 501 may be generated, and the generated
image may be displayed along with a cross-sectional image of
the MRI image 601 and an ultrasonic tomography image in an
aligned manner.

Fourth Embodiment

[0084] In a fourth embodiment, an MRI image in a supine
posture and an MRI image other than an MRI image in a
prone posture or an MRI image which is not deformed by the
gravity but deformed by pressure of a coil, pressure of a
probe, or the like are displayed. A system configuration is the
same as that of the first embodiment, and therefore, a descrip-
tion thereof is omitted.

[0085] Although the case where the breast is in the supine
state relative to the direction of gravitational force in the first
deformation state whereas the breast is in the prone state
relative to the direction of gravitational force in the second
deformation state has been described as an example in the first
embodiment, embodiments of the present invention are not
limited to this. First and second deformation states are not
limited to a supine posture and a prone posture but may be an
arbitrary state including a sideways posture, a standing pos-
ture, and a sitting posture. Furthermore, the first and second
deformation states may be the same as each other.

[0086] Moreover, the deformation states may be different
from each other owing to not only the direction of gravita-
tional force but also pressure of a mammo coil, not shown,
used for an MRI image capturing or pressure of a probe 411
onto a breast at a time of ultrasonic image capturing. When
the deformation is generated owing to the pressure of the

Oct. 4, 2012

prove 411 onto the breast, a distance measurement apparatus
capable of measuring a shape of the breast which gradually
changes is used.

Fifth Embodiment

[0087] In a fifth embodiment, images other than an MRI
image and a US (ultrasonic) image are displayed. A system
configuration is the same as that of the first embodiment, and
therefore, a description thereof is omitted.

[0088] Although the case where the MRI apparatus is used
as the second image capturing apparatus 182 has been
described as an example in the first embodiment, embodi-
ments of the present invention are not limited to this. For
example, an X-ray CT apparatus, a photoacoustic tomogra-
phy apparatus, an OCT apparatus, a PET/SPECT, or a 3D
ultrasonic apparatus may be used.

Sixth Embodiment

[0089] In a sixth embodiment, an image rotated relative to
a center of the image, for example, is displayed. A system
configuration is the same as that of the first embodiment, and
therefore, a description thereof is omitted.

[0090] Although the case where the replaced cross-sec-
tional surface including the lesion position is calculated has
been described as an example in the first embodiment,
embodiments of the present invention are not limited to this
and a replaced cross-sectional surface may be calculated
independently from a lesion position. In this case, step S3005
and step S3045 are not required. Furthermore, z coordinates
of grid points set in step S3050 are not changed, that is, 0.
Then, in step S3070, an approximate plane is calculated with-
out a constraint condition in which the approximate plane
includes a lesion position. Furthermore, when a cross-sec-
tional surface is calculated in step S3080, a foot of a perpen-
dicular extending from a corresponding point of an origin of
an ultrasonic image coordinate system 500 is determined as a
replaced cross-sectional surface coordinate system.

Seventh Embodiment

[0091] Ina seventh embodiment, not only replacement of a
pitch angle (tilt angle) by 0 degree but also replacement of a
yaw angle by 0 degree is performed. A system configuration
is the same as that of the first embodiment, and therefore, a
description thereof is omitted.

[0092] In the first embodiment, the case where the yaw
angle, the pitch angle, and the roll angle of the approximate
plane in the MRI coordinate system 600 are obtained and the
pitch angle is replaced by O so that the replaced cross-sec-
tional surface in the MRI coordinate system 600 is obtained
has been described as an example. However, embodiments of
the present invention are not limited to this. The yaw angle
may be also replaced by 0 so that a replaced cross-sectional
surface which is parallel to an original tomography image
obtained when an MRIimage 601 is captured is calculated. In
this embodiment, a mode in which the yaw angle is not
replaced by 0 may be switched to a mode in which the yaw
angle is replaced by 0 when an operator specifies a candidate
position in the ultrasonic tomography image 501 which cor-
responds to a lesion position in the MRI image 601, for
example. In this case, a position specifying unit 123 capable
of specifying an arbitrary position in an ultrasonic image
specifies the candidate position in response to an input from
an operation unit 188. A display controller 124 displays an
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obtained cross-sectional image in a display unit 186 when the
position specifying unit 123 specifies the candidate position.
In this way, the display controller 124 changes display in the
display unit 186. In this case, it can be determined whether the
corresponding lesion candidate specified in the ultrasonic
tomography image 501 is the same lesion as that specified in
the MRI image 601 by referring back to the tomography
image obtained when the MRI image 601 is captured. Fur-
thermore, the mode in which the yaw angle is replaced by 0
may be switched to the mode in which the yaw angle is not
replaced by 0 of this embodiment when the operator cancels
the specifying of the candidate position. Specifically, a setting
of a cross-sectional surface may be changed in accordance
with a state of an obtainment of a position corresponding to a
lesion position.

Eighth Embodiment

[0093] In an eighth embodiment, a direction other than a
direction of gravitational force is determined as a reference
direction. A system configuration is the same as that of the
first embodiment, and therefore, a description thereof is omit-
ted.

[0094] Although the case where the direction of gravita-
tional force is determined as the reference direction has been
described as an example in the first embodiment, embodi-
ments of the present invention are not limited to this. For
example, a direction from a nipple 606 to a center of a lesion
region 603 in an MRI image 601 may be determined as a
reference direction. By this, a cross-sectional image reliably
includes a lesion region and a nipple. Accordingly, a cross-
sectional image of the MRI image 601 corresponding to an
ultrasonic tomography image 501 can be displayed for a
doctor so that the doctor can easily recognize the positional
relationship between the cross-sectional image and a target
object.

[0095] As another example, a cross-sectional-surface gen-
eration unit 118 functions as a setting unit which sets a ref-
erence direction in accordance with a photographing body
posture obtained when an MRI image is captured. For
example, when an MRI image is obtained by capturing an
image of a subject in a prone posture or a supine posture, a
direction of gravitational force may be determined as a refer-
ence direction whereas when an MRI image or a CT image is
obtained by capturing an image of the subject in a standing
posture or a sitting posture, a body axis may be determined as
a reference direction.

[0096] By obtaining a cross-sectional image constituted by
a corresponding cross-sectional surface which includes a
position which is specified in advance and which is parallel to
the reference direction, it become easy to retrieve and recog-
nize a position which is specified using the image, and in
addition, it becomes easy to recognize the positional relation-
ship between an inspection target and the image. In this way,
a person who performs inspection can easily perform detailed
examination.

Other Embodiments

[0097] Although the case where the present invention is
applied to an ultrasonic photographing apparatus which cap-
tures an image of a living body as a subject has been described
as an example in the foregoing embodiments, embodiments
of'the present invention are not limited to this, and the present
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invention is applicable to an ultrasonic photographing appa-
ratus which performs nondestructive inspection on an object
other than living bodies.

[0098] Furthermore, although the corresponding cross-sec-
tional surface is generated taking the state of deformation of
the subject caused by different photographing body postures
into consideration, the present invention is applicable to a
case where a subject which is not deformed is photographed.

[0099] An apparatus which integrally has functions of the
image processing apparatus 100 and the ultrasonic image
capturing apparatus may be provided. In this case, a term
“obtainment” of an ultrasonic image or an MRI image by an
image processing apparatus includes meaning of an obtain-
ment of an ultrasonic image by image capturing.

[0100] Although the corresponding cross-sectional surface
is parallel to the plane obtained by replacing an angle defined
by the corresponding cross-sectional surface and the refer-
ence direction by 0 degree as described above, it is not nec-
essarily the case that the angle is precisely 0 degree and a little
amount of error may be accepted (i.e. substantially O
degrees). That is, the image should be recognized as an image
along the reference direction when viewed by a user. The
angle may be precisely 0 degree. Furthermore, also in terms
of parallelism, a small amount of error which does not affect
the person who performs inspection is accepted. As for the
term “orthogonal” and the term “coincident” similarly
include tolerance.

[0101] The “obtainment” of the cross-sectional image
included in the corresponding cross-sectional surface per-
formed by the image processing apparatus 100 as described in
the foregoing embodiments includes transmission of infor-
mation on the corresponding cross-sectional surface to an
external image processing apparatus which has a 3D image
and an obtainment of a cross-sectional image in response to
the transmission.

[0102] The present invention may be realized as other
embodiments such as a system, an apparatus, a method, a
program, and a storage medium. Specifically, the present
invention is applicable to a system including a plurality of
apparatuses having functions of an image processing appara-
tus in a distributed manner or applicable to a single apparatus.

[0103] A program code which is installed in a computer to
realize the functions and the processes of the present inven-
tion by the computer also realizes the present invention.

[0104] FIG. 2 is a diagram illustrating a configuration of
hardware for realizing functions of units shown in FIG. 1 by
operating software and hardware in combination. An image
processing apparatus 200 includes a CPU 201, aRAM 202, a
ROM 203, a storage unit 207, a storage medium drive 208,
and an I/F 209 and is connected to a keyboard 204, a mouse
205, and a monitor 206.

[0105] The CPU 201 controls the entire computer using
programs and data which are stored in the RAM 202 and the
ROM 203 and which are used to realize the processes shown
in FIG. 3 described above. Furthermore, the CPU 201 con-
trols execution of the software in the units so as to realize the
functions of the units. The RAM 202 includes an area which
temporarily stores the programs and the data which realize
the process shown in FIG. 3 described above and which are
loaded from the storage unit 207 and the storage medium
drive 208 and further includes a work area used by the CPU
201 to perform various processes. The ROM 203 generally
stores programs and setting data of a computer. The keyboard
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204 and the mouse 205 are input devices and an operator
inputs various instructions to the CPU 201 using the keyboard
204 and the mouse 205.

[0106] The monitor 206 is constituted by a CRT or a liquid
crystal display and displays an ultrasonic tomography image,
a cross-sectional image, and the like. Furthermore, the moni-
tor 206 can display messages to be displayed, GUIs, and the
like.

[0107] The storage unit 207 functions as a large capacity
information storage unit such as a hard disk drive, and stores
programs used to realize the processes shown in FIG. 3 as
described above which are executed by an OS (operating
system) and the CPU 201. Moreover, “general information”
described in this embodiment is stored in the storage unit 207
and the information is loaded to the RAM 202 where appro-
priate.

[0108] The storage medium drive 208 reads programs and
data stored in a storage medium such as a CD-ROM or a
DVD-ROM in response to an instruction issued by the CPU
201 and supplies the programs and the data to the RAM 202
or the storage unit 207.

[0109] TheI/F 209 includes a digital input/output port such
as an analog video port or the IEEE1394 and an Ethernet port
used to output various information to the outside. The input
data is supplied to the RAM 202 through the I/F 209. Some of
the functions ofthe tomography image obtaining unit 102, the
position/posture obtaining unit 104, the 3D-image obtaining
unit 106, and the target point specifying unit 107 are realized
by the I/F 209. The components described above are con-
nected to one another through a bus 210.

[0110] As mentioned above, Aspects of the present
embodiment can also be realized by a computer ofa system or
apparatus (or devices such as a CPU or MPU) that reads out
and executes a program recorded on a memory device to
perform the functions of the above-described embodiment(s),
and by a method, the steps of which are performed by a
computer of a system or apparatus by, for example, reading
out and executing a program recorded on a memory device to
perform the functions of the above-described embodiment(s).
For this purpose, the program is provided to the computer for
example via a network or from a recording medium of various
types serving as the memory device (e.g., computer-readable
medium).

[0111] While the present invention has been described with
reference to exemplary embodiments, it is to be understood
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.
[0112] This application claims the benefit of Japanese
Patent Application No. 2011-081994, filed Apr. 1, 2011,
which is hereby incorporated by reference herein in its
entirety.

What is claimed is:

1. An image processing apparatus comprising:

an ultrasonic image obtaining unit configured to obtain an
ultrasonic image by capturing a subject by ultrasound;

a generation unit configured to generate a corresponding
cross-sectional surface which corresponds to an image
capturing cross-sectional surface of the ultrasonic
image, which is substantially parallel to a reference
direction, and which includes a target position specified
in advance from a three-dimensional image of the sub-
ject; and

Oct. 4, 2012

a cross-sectional image obtaining unit configured to obtain
a cross-sectional image of the three-dimensional image
from the generated corresponding cross-sectional sur-
face.

2. The image processing apparatus according to claim 1,

wherein the generation unit is arranged to newly generate a
corresponding cross-sectional surface in accordance
with a change of the image capturing cross-sectional
surface by rotating the corresponding cross-sectional
surface in accordance with a rotation of the image cap-
turing cross-sectional surface relative to an axis extend-
ing in the reference direction.

3. The image processing apparatus according to claim 1,

wherein the generation unit is arranged to newly generate a
corresponding cross-sectional surface in accordance
with a change of the image capturing cross-sectional
surface by rotating the corresponding cross-sectional
surface in accordance with a rotation of the image cap-
turing cross-sectional surface relative to an axis extend-
ing in the reference direction, the corresponding cross-
sectional surface newly generated being not rotated in
accordance with a movement of inclination of the image
capturing cross-sectional surface relative to the refer-
ence direction.

4. The image processing apparatus according to claim 1,

wherein the generation unit is arranged to generate the
corresponding cross-sectional surface which is substan-
tially parallel to the reference direction, which includes
the target position specified in advance, and which has a
line which intersects with the image capturing cross-
sectional surface of the ultrasonic image and which is
substantially orthogonal to the reference direction.

5. The image processing apparatus according to claim 1,

wherein the generation unit is arranged to determine
whether the corresponding cross-sectional surface is to
be generated in accordance with an angle defined by the
reference direction and the captured ultrasonic image.

6. The image processing apparatus according to claim 5,

wherein the generation means is arranged to generate the
corresponding cross-sectional surface when the angle
defined by the reference direction and the obtained ultra-
sonic image is equal to or smaller than a threshold value
whereas the generation means is arranged not to gener-
ate the corresponding cross-sectional surface when the
angle is larger than the threshold value.

7. The image processing apparatus according to claim 6,

wherein the generation unit is arranged to generate, when
the corresponding cross-sectional surface is not to be
generated, another corresponding cross-sectional sur-
face which is substantially parallel to a plane including
the ultrasonic image and which includes a target position
specified in advance, and

the cross-sectional image obtaining unit is arranged to
obtain a cross-sectional image of the other correspond-
ing cross-sectional surface from the three-dimensional
image of the subject.

8. The image processing apparatus according to claim 1,

further comprising:

a display controller configured to display the ultrasonic
image and the cross-sectional image.

9. The image processing apparatus according to claim 8,

wherein the display controller is arranged to change a
cross-sectional image to be displayed in accordance
with an angle defined by the reference direction and the
ultrasonic image.
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10. The image processing apparatus according to claim 8,

further comprising:

a display controller configured to display a first MRI cross-
sectional image of another corresponding cross-sec-
tional surface which is a three-dimensional MRI image
obtained by converting a three-dimensional MRI image
of a prone posture into a three-dimensional MRI image
of a supine posture, which is substantially parallel to the
ultrasonic image, and which includes a target position
specified in advance and display a second MRI cross-
sectional image of the generated corresponding cross-
sectional surface in an aligned manner.

11. The image processing apparatus according to claim 1,

further comprising:

a setting unit configured to set the reference direction in
accordance with a body posture of the subject obtained
when a three-dimensional image of the subject is pho-
tographed.

12. The image processing apparatus according to claim 1,

wherein the cross-sectional image is obtained by photo-
graphing the subject in a prone posture and the ultra-
sonic image is obtained by photographing the subject in
a posture other than the prone posture.

13. The image processing apparatus according to claim 1,

further comprising:

aspecifying unit configured to specify an arbitrary position
in the ultrasonic image.
14. The image processing apparatus according to claim 13,

further comprising:

a display controller configured to display the obtained
cross-sectional image in accordance with the specifying
performed by the specifying unit.

15. An image processing apparatus comprising:

a three-dimensional image obtaining unit configured to
obtain a prone-posture three-dimensional image by pho-
tographing a subject in a prone posture using a three-
dimensional photographing apparatus and obtain a
supine-posture three-dimensional image by deforming
the prone-posture three-dimensional image;

an ultrasonic image obtaining unit configured to succes-
sively obtain two-dimensional ultrasonic images
obtained by photographing a subject in a supine posture
using an ultrasonic photographing apparatus;

a generation unit configured to generate, in accordance
with an image capturing cross-sectional surface of an
obtained two-dimensional ultrasonic image: a first
cross-sectional surface of the supine-posture three-di-
mensional image which includes a target position, speci-
fied in advance using the prone-posture three-dimen-
sional image, and which is substantially parallel to the
image capturing cross-sectional surface of the two-di-
mensional ultrasonic image; and a second cross-sec-
tional surface of the prone-posture three-dimensional
image obtained by replacing an angle defined by a ref-
erence direction and the first cross-sectional surface by
approximately O degrees;

a cross-sectional image obtaining unit configured to obtain
from the supine-posture three-dimensional image a first
cross-sectional image associated with the first cross-
sectional surface and to obtain from the prone-posture
three-dimensional image a second cross-sectional
image associated with the second cross-sectional sur-
face; and

a display controller configured to display the ultrasonic
image, the first cross-sectional image, and the second
cross-sectional image in an aligned manner.
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16. The image processing apparatus according to claim 1,

wherein the reference direction corresponds to a direction

of gravitational force.

17. The image processing apparatus according to claim 1,

wherein the target position specified in advance is one of a

position of a lesion, a position of a region representing a
scar and a region representing a hematoma.

18. An ultrasonic photographing system comprising:

the image processing apparatus according to claim 1;

a display unit configured to display the ultrasonic image

and the cross-sectional image; and

an ultrasonic unit configured to obtain the ultrasonic image

by photographing the subject.

19. An image processing method comprising:

obtaining an ultrasonic image by capturing a subject by

ultrasound;

generating a corresponding cross-sectional surface which

corresponds to an image capturing cross-sectional sur-
face of the ultrasonic image, which is substantially par-
allel to a reference direction, and which includes a target
position specified in advance from a three-dimensional
image of the subject; and

obtaining a cross-sectional image of the three-dimensional

image from the generated corresponding cross-sectional
surface.
20. An image processing method comprising:
obtaining a prone-posture three-dimensional image by
photographing a subject in a prone posture using a three-
dimensional photographing apparatus and obtaining a
supine-posture three-dimensional image by deforming
the prone-posture three-dimensional image;

successively obtaining two-dimensional ultrasonic images
obtained by photographing a subject in a supine posture
using an ultrasonic photographing apparatus;

generating, in accordance with an image capturing cross-
sectional surface of an obtained two-dimensional ultra-
sonic image: a first cross-sectional surface of the supine-
posture three-dimensional image which includes a target
position, specified in advance using the prone-posture
three-dimensional image, and which is substantially
parallel to the image capturing cross-sectional surface of
the two-dimensional ultrasonic image; and a second
cross-sectional surface of the prone-posture three-di-
mensional image obtained by replacing an angle defined
by a reference direction and the first cross-sectional
surface by approximately 0 degrees;

obtaining from the supine-posture three-dimensional

image a first cross-sectional image associated with the
first cross-sectional surface and obtaining from the
prone-posture three-dimensional image a second cross-
sectional image associated with the second cross-sec-
tional surface; and

displaying the ultrasonic image, the first cross-sectional

image, and the second cross-sectional image in an
aligned manner.

21. A computer-readable medium storing thereon a com-
puter-executable program which, when executed by a com-
puter in an image processing apparatus, causes the image
processing apparatus to carry out the method of claim 20.

22. A computer-readable medium storing thereon a com-
puter-executable program which, when loaded into a com-
puter, causes the computer to control the image processing
apparatus according to claim 1.
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