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ULTRASONIC IMAGING APPARATUS AND
METHOD FOR GENERATING ULTRASONIC
IMAGE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an ultrasonic imag-
ing apparatus configured to transmit ultrasonic waves to a
subject and receive reflected waves from the subject. thereby
generating an ultrasonic image representing the inner surface
of a tissue having a tubular morphology, and also relates to a
method for generating an ultrasonic image.

[0003] 2. Description of the Related Art

[0004] An ultrasonic imaging apparatus is capable of trans-
mitting ultrasonic waves to a subject and, based on reflected
waves from the subject, generating and displaying a three-
dimensional image.

[0005] Moreover, a technique of setting a planar cut plane
and a viewpoint for three-dimensional image data and exclud-
ing an image showing a tissue existing between the cut plane
and the viewpoint to display the remaining image is known
(Japanese Unexamined Patent Application Publication No.
2006-223712).

[0006] For example, by generating three-dimensional
image data of a blood vessel by transmission and reception of
ultrasonic waves and, based on the three-dimensional image
data, generating and displaying an image representing the
inner surface of the blood vessel (a blood vessel wall), an
operator can observe the blood vessel wall. In the case of
observation of a blood vessel wall, a planar cut plane is set
along the long-axis direction of a blood vessel for three-
dimensional image data in which the blood vessel is repre-
sented. Then, an image representing the tissue existing
between the cut plane and the viewpoint is excluded, and the
remaining image is displayed. To be specific, a cut plane is set
for the three-dimensional image data representing the blood
vessel, the image representing the anterior wall of the blood
vessel existing between the cut plane and the viewpoint is
excluded, and the remaining image representing the posterior
wall is displayed. Consequently, an image representing part
of the blood vessel wall (posterior wall) is generated and
displayed.

[0007] However, in the conventional technique, animage is
excluded with a cut plane crossing three-dimensional image
data of a blood vessel, so that an image showing the entire
circumference of a blood vessel wall cannot be generated.
Since the image showing the entire circumference of the
blood vessel wall cannot be generated, the operator cannot
observe the entire circumference of the blood vessel wall at
one time. In the above example, an image showing the ante-
rior wall of the blood vessel existing between the cut plane
and the viewpoint is excluded. Therefore, it is possible to
generate and display an image showing the posterior wall, but
itis impossible to generate and display the image showing the
anterior wall. Thus, the operator can observe the image show-
ing the posterior wall, but cannot observe the image showing
the anterior wall. In other words, the operator cannot observe
the posterior wall and the anterior wall at one time.

[0008] Further, since the cut plane is formed by a planar
plane, it is difficult to set a planar cut plane along the blood
vessel existing on a three-dimensional space. Thus, it has
been impossible to easily observe a blood vessel wall in the
three-dimensional space. For example, it is difficult to set a
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cut plane by grasping the positional relation between a main
duct and a branch in the three-dimensional space.

[0009] For example, because a pancreatic duct snakes in a
three-dimensional space, it is difficult to appropriately set a
planar cut plane for a three-dimensional image showing a
pancreatic duct. In other words, itis difficult to set a planar cut
plane along the winding pancreatic duct. Therefore, it is dif-
ficult to generate and display an image that shows the inner
surface of the pancreatic duct at a desired position.

SUMMARY OF THE INVENTION

[0010] An object of the present invention is to provide an
ultrasonic imaging apparatus capable of easily generating an
image representing the inner surface of a tissue having a
tubular morphology, and also provide a method for generat-
ing the image. Moreover, an object of the present invention is
to provide an ultrasonic imaging apparatus capable of gener-
ating an image representing the entire circumference of the
inner surface of a tissue having a tubular morphology, and
also provide a method for generating the image.

[0011] In a first aspect of the present invention, an ultra-
sonic imaging apparatus comprises: an imaging part config-
ured to transmit ultrasonic waves to a specific tissue having a
tubular morphology in a three-dimensional region, and
acquire volume data representing the specific tissue; a tomo-
graphic image generator configured to generate tomographic
image data in a specified cross section of the specific tissue,
based on the volume data; a boundary setting part configured
to set a boundary of the specific tissue represented in the
tomographic image data; a developed image generator con-
figured to set a viewpoint at a specified position with respect
to the set boundary and execute a rendering process on the
volume data along a view direction from the viewpoint
toward the boundary, thereby generating developed image
datain which the specific tissue is developed along the bound-
ary; and a display controller configured to control a display to
display a developed image based on the developed image
data.

[0012] According to the first aspect of the present inven-
tion, the boundary of a specific tissue is set on a tomographic
image in a specified cross section, and the rendering process
is executed along a view direction from a specified viewpoint
toward the boundary, whereby developed image data in which
the specific tissue is developed along the boundary is gener-
ated. Consequently, it becomes possible to easily generate an
image showing the inner surface of a specific tissue. For
example, it becomes possible to easily generate an image
showing the inner surface of a tissue having a tubular mor-
phology.

[0013] Further, according to the first aspect of the present
invention, it is possible to generate an image showing the
entire circumference. For example, because it becomes pos-
sible to generate an image showing the entire circumference
of the inner surface of a blood vessel (blood vessel wall), so
that it is possible to observe the entire circumference of the
blood vessel wall at one time.

[0014] Inasecondaspectofthe present invention, a method
for generating an ultrasonic image comprises: transmitting
ultrasonic waves to a specific tissue having a tubular morphol-
ogy in a three-dimensional region and acquiring volume data
representing the specific tissue; generating tomographic
image data in a specified cross section of the specific tissue
based on the volume data; setting a boundary of the specific
tissue represented in the tomographic image data; setting a
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viewpoint at a specified position with respect to the set bound-
ary, and executing a rendering process on the volume data
along a view direction from the viewpoint toward the bound-
ary, thereby generating developed image data in which the
specific tissue is developed along the boundary; and display-
ing a developed image based on the developed image data.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a block diagram showing an ultrasonic
imaging apparatus according to a first embodiment of the
present invention.

[0016] FIG. 2 is a view schematically showing a blood
vessel.

[0017] FIG. 3 is a view showing a short-axis image of a
blood vessel.

[0018] FIG. 4 is a view showing a short-axis image of a
blood vessel.

[0019] FIG. 5 is a view showing a long-axis image of a
blood vessel.

[0020] FIG. 6 is a view showing a short-axis image of a
blood vessel.

[0021] FIG.71s a view showing an example of a developed

image of a blood vessel.

[0022] FIG. 8 is a view showing a short-axis image of a
blood vessel.
[0023] FIG.9isa flow chart showing a series of operations

by the ultrasonic imaging apparatus according to the first
embodiment of the present invention.

[0024] FIG. 10 is a block diagram showing an ultrasonic
imaging apparatus according to a second embodiment of the
present invention.

[0025] FIG.11is aview schematically showing a pancreas.
[0026] FIG.12A is a view showing a short-axis image of a
pancreas.
[0027] FIG. 12B is a view showing a short-axis image of a
pancreas.
[0028] FIG. 12C is a view showing a short-axis image of a
pancreas.
[0029] FIG.13isa flow chart showinga series of operations

by the ultrasonic imaging apparatus according to the second
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

First Embodiment

[0030] An ultrasonic imaging apparatus according to a first
embodiment of the present invention will be described with
reference to FIG. 1. FIG. 1 is a block diagram showing the
ultrasonic imaging apparatus according to the first embodi-
ment of the present invention.

[0031] An ultrasonic imaging apparatus 1 according to the
first embodiment comprises an ultrasonic probe 2, a trans-
ceiver 3, a signal processor 4, a data storage 5. an image
processor 6, a display controller 15, and a user interface (UI)
16. Moreover, the data storage 5, the image processor 6, the
display controller 15, and the user interface (UI) 16 may
compose a medical image processing apparatus.

[0032] As theultrasonic probe 2, a 2D array probe having a
plurality of ultrasonic transducers arranged two-dimension-
ally is used. The 2D array probe can scan a three-dimensional
region by transmission and reception of ultrasonic waves.
Alternatively, as the ultrasonic probe 2, a 1D array probe
having a plurality of ultrasonic transducers aligned in a speci-
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fied direction (scanning direction) may be used. Alternatively,
as the ultrasonic probe 2, a mechanical-type 1D array probe
capable of scanning a three-dimensional region by mechani-
cally swinging the ultrasonic transducers in a direction
(swinging direction) orthogonal to the scanning direction
may be used.

[0033] The transceiver 3 includes a transmitter and a
receiver. The transceiver 3 supplies electrical signals to the
ultrasonic probe 2 so as to generate ultrasonic waves and
receives echo signals received by the ultrasonic probe 2.

[0034] The transmitter of the transceiver 3 includes a clock
generation circuit, a transmission delay circuit, and a pulsar
circuit, which are not shown. The clock generation circuit
generates clock signals that determine the transmission tim-
ing and transmission frequency of the ultrasonic signals. The
transmission delay circuit executes transmission focus by
applying a delay at the time of transmission of ultrasonic
waves. The pulsar circuit has the same number of pulsars as
the number of individual channels corresponding to the
respective ultrasonic transducers. The pulsar circuit generates
a driving pulse at the transmission timing with a delay
applied, and supplies electrical signals to the respective ultra-
sonic transducers of the ultrasonic probe 2.

[0035] The receiver of the transceiver 3 includes a pream-
plifier circuit, an A/D conversion circuit, a reception delay
circuit, and an adder circuit, which are not shown. The pream-
plifier circuit amplifies echo signals outputted from the
respective ultrasonic transducers of the ultrasonic probe 2, for
each reception channel. The A/D conversion circuit executes
A/D conversion of the amplified echo signals. The reception
delay circuit applies a delay time necessary for determining
reception directionality to the echo signals after the A/D
conversion.

[0036] The adder circuit adds the delayed echo signals.
Through this addition, a reflection component from a direc-
tion according to the reception directionality is emphasized.
The signals having been subjected to the addition process by
the transceiver 3 may be referred to as “RF data.” The trans-
ceiver 3 outputs the RF data to the signal processor 4.

[0037] The signal processor 4 includes a B-mode proces-
sor. The B-mode processor images amplitude information of
the echoes and generates B-mode ultrasonic raster data from
the echo signals. To be specific, the B-mode processor
executes a band pass filter process to the signals sent from the
transceiver 3 and then detects the envelope of the outputted
signals. The B-mode processor then executes a compression
process by logarithmic transformation on the detected data,
thereby imaging the amplitude information of the echoes.

[0038] The signal processor 4 may include a Doppler pro-
cessor. The Doppler processor via executes quadrature detec-
tion on the received signals sent from the transceiver 3 to
extract a Doppler shift frequency, and further executes an FFT
(Fast Fourier Transformation) process, thereby generating
Doppler frequency distribution showing a blood-flow veloc-
ity. Moreover, the signal processor 4 may include a CFM
processor. The CFM processor images moving blood-flow
information. The blood-flow information is information such
as the velocity, dispersion and power, and is obtained as
binary information.

[0039] The ultrasonic probe 2, the transceiver 3, and the
signal processor 4 correspond to an example of the “imaging
part” of the present invention.
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[0040] The data storage 5 stores ultrasonic raster data out-
putted from the signal processor 4. The ultrasonic probe 2 and
the transceiver 3 scan a three-dimensional region within a
subject (volume scan).

[0041] Through this volume scan, volume data showing the
three-dimensional region is acquired. The data storage 5
stores the volume data showing the three-dimensional region.
[0042] As an example, in the first embodiment, a tissue
having a tubular morphology is an imaging target, volume
scan is executed on the tubular tissue, and volume data show-
ing the tubular tissue is acquired. For example, a blood vessel
is an imaging target, and volume data showing the blood
vessel is acquired. Other than the blood vessel, a pancreas,
which is a tissue having a tubular morphology inside, may be
an imaging target.

[0043] The image processor 6 includes an image generator
7 and a boundary setting part 11.

[0044] Theimage generator 7 reads in volume data from the
data storage 5. Then, the image generator 7 executes image
processing on the volume data to generate ultrasonic image
data such as image data in an arbitrary cross section or three-
dimensional image data that sterically shows a tissue. The
image generator 7 outputs the generated ultrasonic image
data to the display controller 15. The display controller 15
receives the ultrasonic image data outputted from the image
generator 7, and controls a display 17 to display an ultrasonic
image based on the ultrasonic image data.

[0045] Theimage generator 7 and the boundary setting part
11 will be described. The image generator 7 includes a tomo-
graphic image generator 8, a developed image generator 9,
and a coupler 10.

[0046] Moreover, the boundary setting part 11 includes a
first boundary setting part 12 and a second boundary setting
part 13.

[0047] The tomographic image generator 8 reads in the
volume data stored in the data storage 5 and generates tomo-
graphic image data that is two-dimensional image data, based
on the volume data. Then, the tomographic image generator 8
outputs the generated tomographic image data to the display
controller 15. For example, the tomographic image generator
8 executes an MPR (Multi Planner Reconstruction) process
on the volume data, thereby generating image data (MPR
image data) in a cross section designated by the operator.
Then, the tomographic image generator 8 outputs the MPR
image data to the display controller 15. The display controller
15 receives the MPR image data outputted from the tomo-
graphic image generator 8 and controls the display 17 to
display an MPR image based on the MPR image data. For
example, the tomographic image generator 8 executes an
MPR process on volume data showing a blood vessel to
generate MPR image data in a cross section designated by the
operator.

[0048] Herein, taking a blood vessel as an example of the
tubular tissue, generation of image data showing the blood
vessel will be described with reference to FIG. 2 and FIG. 3.
FIG. 2 i3 a view schematically showing a blood vessel. FIG.
3 is a view showing a short-axis image of a blood vessel.
[0049] In the example shown in FIG. 2, the axis in a direc-
tion in which a blood vessel 20 extends is defined as the long
axis (Y-axis). The axes orthogonal to the long axis (Y-axis)
are defined as the short axis (X-axis) and the Z-axis. The
position of the blood vessel 20 is specified in accordance with
athree-dimensional orthogonal coordinate system defined by
the short axis (X-axis), the long axis (Y-axis). and the Z-axis.
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For example, the tomographic image generator 8 generates
tomographic image data in a cross section defined by the short
axis (X-axis) and the Z-axis of the blood vessel 20 shown in
FIG. 2.

[0050] Hereinafter, a cross section defined by the short axis
(X-axis) and the Z-axis will be referred to as the “short-axis
cross section,” and tomographic image data in a short-axis
cross section will be referred to as the “short-axis image data.”
[0051] For example, by executing volume rendering on
volume data, the image generator 7 generates three-dimen-
sional image data sterically showing the blood vessel 20, and
outputs the three-dimensional image data to the display con-
troller 15. The display controller 15 receives the three-dimen-
sionalimage data showing the blood vessel 20 from the image
generator 7, and controls the display 17 to display a three-
dimensional image based on the three-dimensional image
data. Then, the operator designates a cross section at a desired
position of the blood vessel by using an operation part 18
while observing the three-dimensional image of the blood
vessel 20 displayed on the display 17. For example, the opera-
tor designates a cross section (short-axis cross section)
defined by the short axis (X-axis) and the Z-axis by using the
operation part 18 while observing the three-dimensional
image of the blood vessel 20 displayed on the display 17.
When the position of the cross section is designated by using
the operation part 18, information indicating the position of
the short-axis cross section (coordinate information of the
short-axis cross section) is outputted from the user interface
16 to the image processor 6. To be specific, coordinate infor-
mation indicating the position of the short-axis cross section
on the long axis (Y-axis) and coordinate information on the
short axis (X-axis) and the Z-axis indicating the range of the
short-axis cross section are outputted from the user interface
(UT) 16 to the image processor 6. That is, coordinate infor-
mation (X, Y, Z), which indicates the position of the short-axis
cross section in a three-dimensional space shown by the
three-dimensional orthogonal coordinate system defined by
the X-axis, Y-axis and Z-axis, is outputted from the user
interface (UI) 16 to the image processor 6.

[0052] The tomographic image generator 8 receives the
coordinate information (X, Y, Z) of the short-axis cross sec-
tion outputted from the user interface 16 and executes an
MPR process on the volume data to generate the tomographic
image data in the short-axis cross section (short-axis image
data). Then, the tomographic image generator 8 outputs the
generated short-axis image data to the display controller 15.
[0053] The display controller 15 receives the short-axis
image data outputted from the tomographic image generator
8 and controls the display 17 to display a short-axis image
based on the short-axis image data.

[0054] Anexample of the short-axis image is shown in FIG.
3. The display controller 15 receives short-axis image data in
a short-axis cross section defined by the short axis (X-axis)
and Z-axis, from the tomographic image generator 8, and
controls the display 17 to display a short-axis image 30 based
on the short-axis image data. The short-axis image 30 repre-
sents an image in a cross section of the blood vessel 20 defined
by the short axis (X-axis) and the Z-axis. Because the blood
vessel 20 is a tissue having a tubular morphology, the cross
section of the tubular morphology is represented in the short-
axis image 30.

[0055] Ina state where the short-axis image 30 of the blood
vessel is displayed on the display 17, the operator designates
the boundary of a desired tissue by using the operation part
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18. For example, in the short-axis image 30 in a short-axis
cross section defined by the short axis (X-axis) and the Z-axis,
the operator designates the inner surface of the blood vessel (a
blood vessel wall 31) along the circumferential direction (¢
direction) of the blood vessel 20.

[0056] For example, the operator designates a boundary
33 A ofthe inner surface of the blood vessel along the circum-
ferential direction (100 direction) by using the operation part
18. To be specific, the operator designates the boundary 33A
by tracing the blood vessel wall 31 represented in the short-
axis image 30 displayed on the display 17 by using the opera-
tion part 18. When the boundary 33A is thus designated,
coordinate information of the boundary 33A is outputted
from the user interface (UT) 16 to the first boundary setting
part 12. To be specific, the coordinate information (X, Z) of
the short axis (X-axis) and the Z-axis in the short-axis cross
section of the boundary 33 A is outputted from the user inter-
face (UI) 16 to the first boundary setting part 12.

[0057] Thedisplay controller 15 may control the display 17
to display a track of a place designated by the operator. For
example, the display controller 15 controls the display 17 to
display a track of a place traced by the operator.

[0058] Upon reception of the coordinate information of the
boundary 33 A designated by the operator, the first boundary
setting part 12 sets the boundary 33 A to arange for generating
the developed image data of the blood vessel 20, in the short-
axis cross section where the short-axis image 30 has been
generated. The first boundary setting part 12 then outputs the
coordinate information of the boundary 33 A to the developed
image generator 9. The position (Y coordinate) on the long
axis (Y-axis) of the short-axis cross section where the short-
axis image 30 has been generated has been set in the image
processor 6. Therefore, as a result of designation of the
boundary 33 A on the short-axis cross section, the position (X,
Y, 7Z) of the boundary 33A in a three-dimensional space
represented by the three-dimensional orthogonal coordinate
system defined by the X-axis, Y-axis and Z-axis is specified,
and the coordinate information (X, Y, Z) indicating the posi-
tion is set in the developed image generator 9. In other words,
the position (X, Y, 7) of the boundary 33A in the three-
dimensional space is set by the developed image generator 9.
[0059] The operator may designate a plurality of points
along the inner surface of the blood vessel (blood vessel wall
31) by using the operation part 18. In the example shown in
FIG. 3, the operator designates points 32A-32E along the
blood vessel wall 31 by using the operation part 18. When the
points 32A-32E are thus designated along the blood vessel
wall 31, the coordinate information of the points 32A-32E are
outputted from the user interface (UI) 16 to the first boundary
setting part 12. To be specific, the coordinate information (X,
7) of the short axis (X-axis) and the Z-axis of the points
32A-32E in the short-axis cross section is outputted from the
user interface (UI) 16 to the first boundary setting part 12.
[0060] Upon reception of the coordinate information of the
points 32A-32E designated by the operator, the first boundary
setting part 12 interpolates the positions between the respec-
tive points and obtains the position of the boundary 33A in the
circumferential direction (¢ direction). For example, the first
boundary setting part 12 interpolates the position between the
adjacent points by an interpolation process such as linear
interpolation and spline interpolation, thereby obtaining the
position of the boundary 33 A in the circumferential direction
(¢ direction). The first boundary setting part 12 then outputs
the coordinate information of the boundary 33 A to the devel-
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oped image generator 9. Consequently, the position (X, Y, 7)
of the boundary 33 A in a three-dimensional space is set in the
developed image generator 9.

[0061] The first boundary setting part 12 may receive the
short-axis image data from the tomographic image generator
8 and detect the boundary of the inner surface of the blood
vessel (blood vessel wall 31) from the short-axis image data.
As the method for detecting the boundary of the blood vessel
wall, a conventional technique regarding boundary detection
can be employed. For example, the first boundary setting part
12 detects the boundary of the inner surface of the blood
vessel (blood vessel wall 31) based on the difference in lumi-
nance of the short-axis image 30, and outputs the coordinate
information of the boundary to the developed image genera-
tor 9.

[0062] Next, a process executed by the developed image
generator 9 will be described with reference to FIG. 4. F1G. 4
is a view showing a short-axis image of a blood vessel.
[0063] The developed image generator 9 reads in volume
data stored in the data storage 5, and sets a viewpoint in
rendering into the volume data. For example, as shown in
FIG. 4, the developed image generator 9 sets a viewpoint 35
within a range surrounded by the boundary 33 A in the short-
axis cross section where the short-axis image 30 has been
generated, based on the coordinate information of the bound-
ary 33A outputted from the first boundary setting part 12. For
example, upon reception of the coordinate information of the
boundary 33A from the first boundary setting part 12, the
developed image generator 9 obtains the center of gravity of
the range surrounded by the boundary 33A, and sets the
center of gravity as the viewpoint 35. Otherwise, in a state
where the short-axis image 30 is displayed on the display 17,
the operator may designate the viewpoint 35 by using the
operation part 18.

[0064] When the viewpoint 35 is designated by the opera-
tor, the coordinate information of the viewpoint 35 is output-
ted from the user interface (UI) 16 to the developed image
generator 9. The developed image generator 9 sets the point
designated by the operator as the viewpoint 35.

[0065] Then, the developed image generator 9 sets a view
direction 36 radially extending from the viewpoint 35 in a
short-axis cross section including the viewpoint 35. The
developed image generator 9 then executes, on the volume
data showing the blood vessel 20, volume rendering along the
view direction 36 set in the short-axis cross section where the
short-axis image 30 has been generated. Through this volume
rendering, the developed image generator 9 generates image
data in which the inner surface of the blood vessel 20 is
developed along the boundary 33A in the short-axis cross
section where the short-axis image 30 has been generated
(hereinafter, may be referred to as “developed image data”™).
In other words, the developed image generator 9 executes
volume rendering along the view direction 36 on the volume
data representing the blood vessel 20, thereby generating
developed image data in which the inner surface of the blood
vessel 20 is developed in the circumferential direction (¢
direction) along the boundary 33A. For example, the devel-
oped image generator 9 executes coordinate transformation
of an image on the boundary 33 A to a two-dimensional image
as a plane, thereby generating developed image data repre-
senting the inner surface of the blood vessel 20.

[0066] Forexample, by setting the boundary 33 A along the
blood vessel wall 31 of the blood vessel, developed image
data in which the blood vessel wall 31 of the blood vessel is
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developed in the short-axis cross section where the short-axis
image 30 has been generated is generated. That is, in the
short-axis cross section where the short-axis image 30 has
been generated, the developed image data by development
along the circumferential direction (¢ direction) shown in
FIG. 4 is generated.

[0067] Further, the first boundary setting part 12 outputs the
coordinate information of the boundary 33A set on the short-
axis image 30, to the second boundary setting part 13. The
second boundary setting part 13 sets a plurality of short-axis
cross sections at different positions in the long axis (Y-axis)
direction. The second boundary setting part 13 then sets a
boundary in the circumferential direction (¢ direction) having
the same shape and size as the boundary 33A, in a plurality of
short-axis cross sections at different positions in the long axis
(Y-axis) direction.

[0068] Here, a plurality of short-axis cross sections will be
described with reference to F1G. 5. FIG. 5 is a view showing
a long-axis image of a blood vessel.

[0069] For example, the second boundary setting part 13
reads in volume data from the data storage 5 and, from the
volume data, extracts volume data showing the blood vessel
20. As the method for extracting the volume data showing the
blood vessel 20, a conventional technique related to an image
extracting method can be used. For example, the second
boundary setting part 13 extracts volume data showing the
blood vessel 20 based on the luminance value of the volume
data.

[0070] The second boundary setting part 13 then sets a
short-axis cross section orthogonal to the long axis (Y-axis),
at preset specified intervals in a preset specified range, along
the long axis (Y-axis) of the blood vessel 20 having been
extracted. With reference to FIG. 5, a detailed description will
be given. In FIG. 5, along-axis image 40 is an image in a cross
section defined by the long axis (Y-axis) and the Z-axis of the
blood vessel 20. Hereinafter, a cross section defined by the
long axis (Y-axis) and the Z-axis will be referred to as a
“long-axis cross section.” In FIG. 5, an image 41 represents a
tumor, for example.

[0071] The second boundary setting part 13 sets a short-
axis cross section defined by the short axis (X-axis) and the
Z-axis, at preset specified intervals within a preset specified
range along the long axis (Y-axis) of the blood vessel 20. In
the example shown in FIG. 5, the second boundary setting
part 13 sets a plurality of short-axis cross sections 37A-37N,
at preset specified intervals within a preset specified range
along the long axis (Y-axis). Then, the second boundary set-
ting part 13 sets a boundary having the same shape and size as
the boundary 33A at the individual short-axis cross sections
37A-37N based on the coordinate information (X, 7) of the
boundary 33A set on the short-axis image 30. For example,
the second boundary setting part 13 sets a boundary in the
circumferential direction (¢ direction) having the same shape
and size as the boundary 33A at the short-axis cross section
37A and sets a boundary in the circumferential direction (¢
direction) having the same shape and size as the boundary
33 A at the short-axis cross section 37B. The second boundary
setting part 13 then sets a boundary in the circumferential
direction (¢ direction) having the same shape and size as the
boundary 33A, at each of the short-axis cross sections 37A-
37N. In other words, the second boundary setting part 13 sets
a boundary in the circumferential direction (¢ direction) at
each of the short-axis cross sections 37A-37N, thereby
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obtaining the coordinate information (X,Y, Z) ofa plurality of
boundaries in a three-dimensional space.

[0072] Thespecified range and specified interval for setting
short-axis cross sections are previously stored in a storage
(not shown). The second boundary setting part 13 sets the
plurality of short-axis cross sections 37A-37N at preset speci-
fied intervals in a preset specified range along the long axis
(Y-axis) based on the specified range and the specified inter-
val stored in the storage. Otherwise, the operator may change
the range and intervals for setting the short-axis cross sections
as necessarily by using the operation part 18.

[0073] The second boundary setting part 13 may set bound-
aries having different sizes and shapes for the individual
short-axis cross sections 37A-37N. In this case, the second
boundary setting part 13 detects the contour (boundary) of the
blood vessel wall for the individual short-axis cross sections.
For example, the second boundary setting part 13 detects the
contour (boundary) of the inner surface of a blood vessel
(blood vessel wall) for the individual short-axis cross sections
based on the difference in luminance of volume data. The
second boundary setting part 13 then sets the detected contour
(boundary) as a contour (boundary) of the blood vessel wall at
the individual short-axis cross sections 37A-37N. To be spe-
cific, based on the difference in luminance of the volume data,
the second boundary setting part 13 detects the contour (con-
tour in the ¢ direction) of the blood vessel wall at the short-
cross section 37A, and detects the contour (contour in the ¢
direction) of the blood vessel wall at the short-axis cross
section 37B. Then, the second boundary setting part 13
detects the contour (contour in the ¢ direction) of the blood
vessel wall for the individual short-axis cross sections,
[0074] Then, the second boundary setting part 13 outputs,
to the developed image generator 9, the coordinate informa-
tion (X, Y, Z) of the contour (boundary) in the circumferential
direction (¢ direction) set at each of the short-axis cross
sections 37A-37N. Consequently, the position (X, Y, Z) of
each contour (each boundary) in the three-dimensional space
is set by the developed image generator 9.

[0075] Thedeveloped image generator 9 sets a viewpoint in
volume rendering within a range surrounded by the boundary
at the short-axis cross sections 37A-37N, based on the coor-
dinate information (X, Y, 7) of the boundary at the short-axis
cross sections 37A-37N outputted from the second boundary
setting part 13. To be specific, the developed image generator
9 sets a viewpoint within a range surrounded by the boundary
in the circumferential direction (¢ direction) set in the short-
axis cross section 37A, and sets a viewpoint within a range
surrounded by the boundary in the circumferential direction
(¢ direction) set in the short-axis cross section 37B, based on
the coordinate information (X. Y, Z) of the boundaries. Simi-
larly in the short-axis cross sections 37C-37N, the developed
image generator 9 sets a viewpoint within a range surrounded
by the boundary in the circum{ferential direction (¢ direction)
set at each of the short-axis cross sections 37C-37N, based on
the coordinate information (X, Y, 7) of the boundaries. For
example, the developed image generator 9 obtains the center
of gravity of the range surrounded by the boundary in the
circumferential direction (¢ direction) set at the short-axis
cross section 37A, and sets the position of the center of
gravity as the viewpoint of the short-axis cross section 37A.
Further, the developed image generator 9 obtains the center of
gravity of the range surrounded by the boundary in the cir-
cumferential direction (¢ direction) set in the short-axis cross
section 37B, and sets the position of the center of gravity as
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the viewpoint in the short-axis cross section 37B. Then, the
developed image generator 9 sets the center of gravity of a
range surrounded by the boundary in the circumferential
direction (¢ direction) set in each of the short-axis cross
sections 37A-37N as the viewpoint in each of the short-axis
cross sections 37A-37N.

[0076] For each of the short-axis cross sections 37A-37N,
the developed image generator 9 sets a view direction radially
extending from the viewpoint. The developed image genera-
tor 9 executes volume rendering along the view direction set
in each of the short-axis cross sections 37A-37N. Through
this volume rendering, the developed image generator 9 gen-
erates developed image data in which the inner surface of the
blood vessel 20 is developed in the circumferential direction
(¢ direction) along the boundary, in each of the short-axis
cross sections 37A-37N. Then, the developed image genera-
tor 9 outputs, to the coupler 10, the generated developed
image data generated in each of the short-axis cross sections
37A-37N. For example, the developed image generator 9
executes coordinate transformation of the image on the
boundary to a two-dimensional image as a plane for each of
the short-axis cross sections 37A-37N, and generates devel-
oped image data in each of the short-axis cross sections 37A-
37N.

[0077] The operator may designate the boundaries of the
individual short-axis cross sections. In this case, the tomo-
graphic image generator 8 generates short-axis image data in
a short-axis cross section, at preset specified intervals in a
preset specified range, along the long axis (Y-axis) of the
blood vessel 20. For example, as shown in FIG. 5, the tomo-
graphic image generator 8 generates short-axis image data in
each of the short-axis cross sections 37A-37N. The tomo-
graphic image generator 8 then outputs the short-axis image
data in each of the short-axis cross sections 37A-37N to the
display controller 15. The display controller 15 controls the
display 17 to display a short-axis image based on the short-
axis image data in each of the short-axis cross sections 37A-
37N. For example, the display controller 15 controls the
display 17 to sequentially display each of the short-axis
images in each of the short-axis cross sections 37A-37N in
accordance with the positions of the short-axis cross sections.

[0078] Then, the operator designates the boundary of the
blood vessel wall for each of the short-axis images in the
short-axis cross sections 37 A-37N by using the operation part
18 while observing the short-axis images in the short-axis
cross sections 37A-37N displayed on the display 17. When
the boundary in the circumferential direction (¢ direction) at
each short-axis cross section is designated by the operator, the
coordinate information of the boundary in the circumferential
direction (¢ direction) designated in each short-axis cross
section is outputted from the user interface (UI) 16 to the first
boundary setting part 12. To be specific, the coordinate infor-
mation (X, Z) of the short axis (X-axis) and the Z-axis of the
boundary in each short-axis cross section is outputted to the
first boundary setting part 12 from the user interface (UT) 16.
Then, the first boundary setting part 12 sets, as the boundary
of each short-axis image, the boundary (boundary in the ¢
direction) of the blood vessel wall designated in each short-
axis image, and outputs the coordinate information of the
boundary in each short-axis image to the developed image
generator 9. The position (Y coordinate) on the long axis
(Y-axis) of each short-axis cross section has been set by the
image processor 6. Therefore, the position (X, Y, Z) of each
boundary in the three-dimensional space represented by the
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three-dimensional orthogonal coordinate system defined by
the X-axis, Y-axis and Z-axis is specified as a result of desig-
nation of the boundary at each short-axis cross section. Then,
the coordinate information (X, Y, Z) indicating the position of
each boundary is set by the developed image generator 9. In
other words, the position (X, Y, Z) of each boundary in the
three-dimensional space is set by the developed image gen-
erator 9.

[0079] As described above, the developed image generator
9 sets a viewpoint for each boundary in the circumferential
direction ($ direction) set in each short-axis cross section.
Then, the developed image generator 9 executes volume ren-
dering on the volume data and for each of the short-axis cross
sections, generates developed image data in which the inner
surface of the blood vessel 20 is developed in the circumfer-
ential direction (¢ direction) along the boundary. Then, the
developed image generator 9 outputs, to the coupler 10, the
developed image data generated for each of the short-axis
cross sections.

[0080] The coupler 10 receives the developed image data
generated for the individual short-axis cross sections, and
couples the plurality of developed image data. Each of the
developed image data is generated for each of a plurality of
short-axis cross sections along the long axis (Y-axis) of the
blood vessel 20. Therefore, the coupler 10 arranges the devel-
oped image data of the respective short-axis cross sections on
the long axis (Y-axis) and couples the plurality of developed
image data in accordance with the position (Y coordinate) of
the short-axis cross section on the long axis (Y-axis), thereby
generating one developed image data in a specified range of
the long axis (Y-axis). Then, the coupler 10 outputs the devel-
oped image data to the display controller 15. The display
controller 15 receives the developed image data outputted
from the coupler 10 and controls the display 17 to display a
developed image based on the developed image data.

[0081] The developed image generator 9 may develop the
inner surface of the blood vessel 20 in the circumferential
direction (¢ direction) along the boundary of each short-axis
cross section, assuming a specified position in the circumfer-
ential direction (¢ direction) is a reference position and the
reference position is the end part of the developed image.
Consequently, it becomes possible to align the position of the
end part of a tissue represented in the developed image data at
each short-axis cross section. Furthermore, the coupler 10
couples the developed image at each short-axis cross section,
so the developed image data at each short-axis cross section
may be coupled by aligning the position of the end part of the
tissue represented in the developed image data at each short-
axis cross section. Consequently, it becomes possible to gen-
erate developed image data in which the position of a tissue
represented in the developed image at each minor cross sec-
tion has been aligned. The reference position is described
with reference to FIG. 6. FIG. 6 is a view showing a short-axis
image of a blood vessel.

[0082] The developed image generator 9 defines the Z-axis
that passes the center of gravity 35 of a range surrounded by
the described boundary 33A. Furthermore, the developed
image generator 9 defines a crossing point of the Z-axis that
passes the center of gravity 35 and the boundary 33A as a
reference position P. For example, the developed image gen-
erator 9 defines the position at 0° as the reference position P
in the circumferential direction (¢ direction) that is defined on
the basis that one circumference is 360°. Then, the developed
image generator 9 generates developed image data by devel-
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oping the inner surface of the blood vessel 20 in the circum-
ferential direction (¢ direction) along the boundary 33A, in
which the reference position P is the end part of the developed
image.

[0083] Thedeveloped image generator 9 sets the position at
0° in the circumferential direction (¢ direction) as a reference
position, for the boundary in the circumferential direction (¢
direction) set in each short-axis cross section. The developed
image generator 9 generates developed image data at each
short-axis cross section by developing the inner surface of the
blood vessel 20 in the circumferential direction (¢ direction)
along the boundary, in which the end part thereof is each
reference position. The developed image generator 9 outputs
the developed image data at each short-axis cross section to
the coupler 10.

[0084] As described above, the coupler 10 couples the
developed image data generated for an individual short-axis
cross section and generates one developed image data. Con-
sequently, the developed image data at each short-axis cross
section may be coupled by aligning the position of the end
part of a tissue shown by a developed image at each short-axis
cross section. Consequently, it is possible to generate one
developed image data in which the position of the developed
image at each short-axis cross section has been aligned.
[0085] Anexample of the developed image data coupled by
the coupler 10 is shown in F1G. 7. FIG. 7 is a view showing an
example of a developed image. A developed image 50 shown
in FIG. 7 is an image generated by developing the inner
surfaces in the respective short-axis cross sections at different
long-axis (Y-axis) positions, in the circumferential direction
(¢ direction) along the boundaries set for the respective short-
axis cross sections, and coupling them. A specified position in
each short-axis cross section is regarded as the reference
position P. By developing the inner surface ofthe blood vessel
20 in each short-axis cross section in the circumferential
direction (¢ direction) along each boundary and regarding the
reference position P as the end of the tissue represented in the
developed image, it is possible to obtain a developed image in
which the positions of the tissue represented in the developed
images in each short-axis cross section are aligned.

[0086] In a case where the boundary 33A is set for the
short-axis image 30 and boundaries are not set for a plurality
of short-axis cross sections, the display controller 15 may
control the display 17 to display a developed image based on
developed image data in which the inner surface of the blood
vessel 20 is developed in the circumferential direction (¢
direction) along the boundary 33A. In other words, if a
boundary is set for only one short-axis cross section, the
display controller 15 may control the display 17 to display a
developed image based on developed image data in which the
inner surface of the blood vessel 20 is developed in the cir-
cumferential direction (¢ direction) along the boundary set
for the one short-axis cross section.

[0087] As described above, by generating developed image
data in which the inner surface of the blood vessel 20 is
developed in the circumferential direction (¢ direction) along
the boundary, for each of the short-axis cross sections, and
coupling the developed image data of the respective short-
axis cross sections along the long axis (Y-axis), it becomes
possible to generate image data representing the entire cir-
cumference of the inner surface of the blood vessel 20. By
display of this image, the operator can observe the entire
circumference of the inner surface of the blood vessel 20 at a
time. In other words, it becomes possible to observe the inner
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surface of the blood vessel 20 with 360 degrees in the circum-
ferential direction (¢ direction). For example, as shown in
FIG. 7, it becomes possible to observe at a time the presence/
absence of a tumor 51 in the blood vessel wall and the distri-
bution of the tumors 51 in the blood vessel wall, from the
developed image 50. That is, it becomes possible to display, in
the form of a plane, the tubular space wall of a tubular tissue
such as blood vessels distributed in a three-dimensional
space, and observe the entire circumference of the tubular
space wall at a time.

[0088] The range for rendering by the developed image
generator 9 may be changed. The range for rendering will be
described with reference to FIG. 8. FIG. 8 is a view showing
ashort-axis image of a blood vessel. For example, as shown in
FIG. 8, the developed image generator 9 sets another bound-
ary 38A having a shape similar to the shape of the boundary
33A, outside the boundary 33A set in a short-axis cross sec-
tion. The developed image generator 9 then executes volume
rendering on the data between the boundary 33A and the
boundary 38A. For example, the developed image generator
9 sets the boundary 38 A ata position away from the boundary
33A by a preset specified distance. Otherwise, the operator
may designate the boundary 38A by using the operation part
18 while observing the short-axis image 30 displayed on the
display 17. In this case, the coordinate information of the
boundary 38A is outputted from the user interface (UI) 16 to
the developed image generator 9. Upon reception of the coor-
dinate information of the boundary 38A designated by the
operator, the developed image generator 9 generates devel-
oped image data by executing volume rendering on the data
between the boundary 33A and the boundary 38A.

[0089] Moreover, the developed image generator 9 may
generate developed image data of each short-axis cross sec-
tion so that a relative positional relation in the circumferential
direction (¢ direction) of points composing a boundary set in
a short-axis image does not change.

[0090] In other words, the developed image generator 9
adjusts the distances among the points in the developed image
so that the relative positional relation in the circumferential
direction (¢ direction) of the points composing the boundary
set in the short-axis image becomes equal to the relative
positional relation in the circumferential direction (¢ direc-
tion) of points in the developed image obtained by developing
in the circumferential direction (¢ direction) along the bound-
ary.

[0091] As one example, the developed image generator 9
adjusts the distance between the points in a developed image
so that the relative positional relation in the circumferential
direction (¢ direction) of points composing the boundary 33 A
set in the short-axis image 30 and the relative positional
relation in the circumferential direction (¢ direction) of points
in a developed image obtained by developing in the circum-
ferential direction (¢ direction) along the boundary 33A
becomes equal. Consequently, the operator can accurately
grasp the positional relation of tumors or the like in a devel-
oped image.

[0092] Theuserinterface 161s provided with the display 17
and the operation part 18. The display 17 is composed of a
monitor such as a CRT and a liquid crystal display, on which
an ultrasonic image such as a tomographic image, a devel-
oped image, a three-dimensional image or the like is dis-
played on a screen. The operation part 18 is composed of a
keyboard, a mouse, a trackball, a TCS (Touch Command
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Screen) or the like, by which a short-axis cross section, a
boundary or the like is designated by the operator.

[0093] Theimage processor 6 is provided witha CPU (Cen-
tral Processing Unit), and a storage device such as a ROM
(Read Only Memory), a RAM (Random Access Memory)
and an HDD (Hard Disk Drive), which are not shown. An
image-generation program for executing the function of the
image generator 7 and a boundary setting program for execut-
ing the function of the boundary setting part 11 are stored in
the storage device. The image-generation program includes a
tomographic-image generation program for executing the
function of the tomographic image generator 8, a developed-
image generation program for executing the function of the
developed image generator 9, and a coupling program for
executing the function of the coupler 10.

[0094] The boundary setting program includes a first
boundary setting program for executing the function of the
first boundary setting part 12 and a second boundary setting
program for executing the function of the second boundary
setting part 13.

[0095] By execution of the tomographic-image generation
program by the CPU, tomographic image data in a designated
cross section is generated. Further, by execution of the devel-
oped-image generation program by the CPU, a viewpoint is
set within a range surrounded by a boundary set on a tomo-
graphic image, and by execution of volume rendering on
volume data, developed image data developed in the circum-
ferential direction (¢ direction) along the boundary is gener-
ated.

[0096] Moreover, by execution of the coupling program by
the CPU, a plurality of developed image data are coupled and
one developed image data is generated.

[0097] Further, by execution of the first boundary setting
program by the CPU, a range set on a short-axis image is set
as arange for generating developed image data. Furthermore,
by execution of the second boundary setting program by the
CPU, each of the ranges set in a plurality of short-axis cross
sections is set as a range for generating developed image data.
[0098] The image processor 6 may include a GPU (graph-
ics processing unit), instead of the CPU. In this case, the GPU
executes each of the programs.

[0099] Further, the display controller 15 is provided with a
CPU and a storage device such as ROM, RAM and HDD,
which are not shown. A display control program for executing
the function of the display controller 15 is stored in the stor-
age device. By execution of the display control program by
the CPU, the display 17 is controlled to display ultrasonic
images based on ultrasonic image data such as short-axis
image data and developed image data generated by the image
processor 6.

(Operation)

[0100] Next, a series of operations by the ultrasonic imag-
ing apparatus 1 according to the first embodiment of the
present invention will be described with reference to FIG. 9.
FIG. 9 is a flow chart showing a series of operations by the
ultrasonic imaging apparatus according to the first embodi-
ment of the present invention.

(Step S01)

[0101] First, the ultrasonic probe 2 and the transceiver 3
scan a subject with ultrasonic waves, and volume data of the
subject is thereby acquired. The acquired volume data is
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stored in the data storage 5. For example, assuming a blood
vessel is a target to image, volume data representing the blood
vessel is acquired.

(Step S02)

[0102] Next, the operator designates a short-axis cross sec-
tion at an arbitrary position in the volume data representing
the blood vessel, by using the operation part 18. For example,
the image generator 7 reads in volume data from the data
storage 5, and executes volume rendering on the volume data,
thereby generating three-dimensional image data sterically
representing the blood vessel. Then, the display controller 15
controls the display 17 to display a three-dimensional image
based on the three-dimensional image data. The operator
designates a short-axis cross section at an arbitrary position
by using the operation part 18 while observing the three-
dimensional image of a blood vessel displayed on the display
17. The coordinate information (X, Y, Z) of the short-axis
cross section designated by the operator is outputted from the
user interface (UI) 16 to the tomographic image generator 8.

(Step S03)

[0103] Thetomographic image generator 8 generates short-
axis image data in the cross section designated by the opera-
tor, by executing an MPR process on the volume data repre-
senting the blood vessel. Then, the tomographic image
generator 8 outputs the short-axis image data in the short-axis
cross section to the display controller 15.

(Step S04)

[0104] The display controller 15 controls the display 17 to
display a short-axis image based on the short-axis image data
generated by the tomographic image generator 8. For
example, as shown in FIG. 3, the display controller 15 con-
trols the display 17 to display the short-axis image 30 of the
blood vessel.

(Step S05)

[0105] Then, the operator designates the boundary 33A of
the inner surface of the blood vessel by using the operation
part 18 while observing the short-axis image 30 displayed on
the display 17. When the boundary 33A is designated, the
coordinate information (X, Z) of the boundary 33 A is output-
ted from the user interface (UI) 16 to the first boundary setting
part 12. Furthermore, upon reception of the coordinate infor-
mation of the boundary 33A designated by the operator, the
first boundary setting part 12 sets the boundary 33 A as arange
for generating developed image data of the blood vessel 20.
The first boundary setting part 12 then outputs the coordinate
information of the boundary 33A to the developed image
generator 9. Consequently, the position (X, Y, Z) of the
boundary 33 A in a three-dimensional space is set in the devel-
oped image generator 9. Otherwise, upon reception of short-
axis image data from the tomographic image generator 8, the
first boundary setting part 12 may detect the contour of the
inner surface of the blood vessel (blood vessel wall 31) from
the short-axis image data and output the coordinate informa-
tion of the contour to the developed image generator 9.

(Step S06)

[0106] Then, the operator determines whether to change
the position of the short-axis cross section. In the case of
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changing the position of the short-axis cross section (Step
S06, Yes), the operator designates a short-axis cross section at
an arbitrary position by using the operation part 18 while
observing the three-dimensional image of the blood vessel or
short-axis image in any short-axis cross sections 37A-37N
displayed on the display 17 (Step S02). The coordinate infor-
mation (X,Y, Z) of the short-axis cross section designated by
the operator is outputted from the user interface (UI) 16 to the
tomographic image generator 8. Then, a boundary in the
short-axis cross section designated by the operator is set
through execution of the aforementioned steps S03 to S05.
The first boundary setting part 12 then outputs the coordinate
information of the boundary in the short-axis cross section to
the developed image generator 9.

[0107] In the case of further changing the position of the
short-axis cross section (Step S06, Yes), the process of Step
S02 to Step S05 is carried out. For example, in the case of
setting boundaries for a plurality of short-axis cross sections,
the process of Step S02 to Step S05 is repeatedly executed.
For example, as shown in FIG. 5, the tomographic image
generator 8 generates short-axis image data in each of the
short-axis cross sections 37A-37N. Then, the display control-
ler 15 controls the display 17 to display a short-axis image
based on the short-axis image data in each of the short-axis
cross sections 37A-37N.

[0108] The operator designates the boundary (boundary in
the ¢ direction) of the inner surface of the blood vessel 20, for
each of the short-axis images in the short-axis cross sections
37A-37N by using the operation part 18 while observing the
short-axis image in each of the short-axis cross sections 37A-
37N displayed in the display 17. In this case, the first bound-
ary setting part 12 sets the boundary (boundary in the ¢
direction) of the inner surface of the blood vessel 20 desig-
nated in each of the short-axis images, as a boundary in each
of the short-axis images. The first boundary setting part 12
then outputs the coordinate information of the boundary in
each of the short-axis images to the developed image genera-
tor 9. Consequently, the position (X, Y, Z) of each of the
boundaries in a three-dimensional space is set in the devel-
oped image generator 9.

[0109] Onthe other hand, in a case where the positionof the
short-axis cross section is not changed (Step S06, No), the
operation proceeds to Step S07.

[0110] Itisalso possible to automatically set a plurality of
short-axis cross sections at different positions in the long-axis
direction (Y direction), and automatically set a boundary in
each of the short-axis cross sections. In this case, the second
boundary setting part 13 reads in volume data from the data
storage 5 and, from the volume data, extracts volume data
representing the blood vessel 20. Then, the second boundary
setting part 13 sets a plurality of short-axis cross sections
37A-37N at preset specified intervals in a preset specified
range along the long-axis direction (Y direction) of the blood
vessel 20 having been extracted, as shown in FIG. 5. The
second boundary setting part 13 then sets a boundary having
the same shape and size as the boundary 334, in each of the
short-axis cross sections 37A-37N.

[0111] Otherwise, the second boundary setting part 13 may
extract the contour of the blood vessel wall in each of the
short-axis cross sections 37A-37N and set contours (bound-
aries) different from each other. The second boundary setting
part 13 outputs the coordinate information of the boundary in
the circumferential direction (¢ direction) set in each of the
short-axis cross sections 37A-37N, to the developed image
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generator 9. Consequently, the position (X, Y, Z) of each
boundary in the three-dimensional space is set in the devel-
oped image generator 9.

(Step S07)

[0112] When setting of the boundary for the short-axis
cross section is finished (Step S06, No), the developed image
generator 9 sets a viewpoint within a range surrounded by the
boundary in the circumferential direction (¢ direction) set for
the short-axis cross section. The developed image generator 9
executes volume rendering on the volume data, thereby gen-
erating developed image data in which the inner surface of the
blood vessel 20 is developed in the circumferential direction
(¢ direction) along the boundary. The developed image gen-
erator 9 outputs the developed image data to the display
controller 15.

[0113] Inacase where boundaries are set for a plurality of
short-axis cross sections, the developed image generator 9
sets a viewpoint for each of the boundaries in the circumfer-
ential direction (¢ direction) set in each of the short-axis cross
sections, and executes volume rendering on the volume data
to generate developed image data developed in the circum-
ferential direction ($ direction) for each of the short-axis
cross sections. Then, the developed image generator 9 out-
puts, to the coupler 10, the developed image data generated
for each of the short-axis cross sections. The coupler 10
generates one developed image data by coupling the devel-
oped image data of the respective short-axis cross sections.
Then, the coupler 10 outputs the coupled developed image
data to the display controller 15.

(Step S08)

[0114] The display controller 15 receives the developed
image data from the developed image generator 9 and con-
trols the display 17 to display a developed image based on the
developed image data. In a case where the developed image
data is generated for each of a plurality of short-axis cross
sections, the display controller 15 receives the developed
image data from the coupler 10 and, as shown in FIG. 7,
controls the display 17 to display the developed image 50
based on the developed image data.

[0115] As described above, it becomes possible to generate
developed image data representing the entire circumference
of the inner surface of the blood vessel 20 (blood vessel wall),
by developing the inner surface in the short-axis cross section
of the blood vessel 20 in the circumferential direction (§
direction) along the boundary. The operator can observe the
entire circumference of the inner surface of the blood vessel
20 (blood vessel wall) at a time by displaying a developed
image based on the developed image data. In other words, the
operator can observe the inner surface of the blood vessel 20
(blood vessel wall) with 360 degrees in the circumferential
direction (¢ direction).

(Medical Image Processing Apparatus)

[0116] A medical image processing apparatus may be com-
posed of the data storage 5, the image processor 6, the display
controller 15 and the user interface (UI) 16 that are described
above. This medical image processing apparatus receives
volume data from an external ultrasonic imaging apparatus.
Then, the medical image processing apparatus generates
developed image data in which the inner surface of a tubular
tissue is developed, based on the volume data, and displays a
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developed image based on the developed image data. Thus,
the medical image processing apparatus is capable of produc-
ing the same effects as the ultrasonic imaging apparatus 1
according to the first embodiment.

Second Embodiment

[0117] Next, an ultrasonic imaging apparatus according to
a second embodiment of the present invention will be
described with reference to FIG. 10. FIG. 10 is a block dia-
gram showing the ultrasonic imaging apparatus according to
the second embodiment of the present invention.

[0118] An ultrasonic imaging apparatus 1A according to
the second embodiment comprises an ultrasonic probe 2, a
transceiver 3, a signal processor 4, a data storage 5, an image
processor 6A, a display controller 15, and a user interface
(UT) 16. A medical image processing apparatus may be com-
posed of the data storage 5, the image processor 6A, the
display controller 15, and the user interface (UT) 16.

[0119] The ultrasonic probe 2, the transceiver 3, the signal
processor 4, the data storage 5, the display controller 15, and
the user interface (UI) 16 have the same functions as in the
first embodiment described above.

[0120] The ultrasonic imaging apparatus 1A according to
the second embodiment is provided with the image processor
6A in place of the image processor 6. The image processor 6A
will be described below.

[0121] The image processor 6A includes an image genera-
tor 7A and a boundary setting part 11A. The image generator
7A includes a tomographic image generator 8 and a devel-
oped image generator 9A.

[0122] The boundary setting part 11A includes a first
boundary setting part 12A and a second boundary setting part
13A.

[0123] As in the first embodiment described above, the
tomographic image generator 8 reads in volume data stored in
the data storage 5 and generates image data in a cross section
designated by an operator. In the second embodiment, as an
example, a pancreas is an imaging target.

[0124] Thetomographic image generator 8 generates MPR
image data in a cross section designated by the operator, by
executing an MPR process on volume data representing a
pancreas.

[0125] Taking a pancreas as an example, generation of
image data of the pancreas will be described with reference to
FIG. 11, FIG. 12A, FIG. 12B, and FIG. 12C. FIG. 11 is a view
schematically showing a pancreas.

[0126] FIG.12A, FI1G. 12B, and FIG. 12C are views show-
ing short-axis images of a pancreas.

[0127] In the example shown in FIG. 11, an axis in the
direction of extension of a pancreas 60 is defined as a long
axis (Y-axis), and axes orthogonal to the long axis (Y-axis) are
defined as a short axis (X-axis) and a Z-axis. The position of
the pancreas 60 is specified according to a three-dimensional
orthogonal coordinate system defined by the short axis
(X-axis), long axis (Y-axis), and Z-axis.

[0128] For example, the tomographic image generator 8
generates tomographic image data in a cross section defined
by the short axis (X-axis) and Z-axis of the pancreas 60 shown
in FIG. 11. The pancreas 60 is a tubular space tissue, and a
pancreatic duct 62 is formed within a body of pancreas 61. In
the second embodiment, as in the first embodiment above, a
cross section defined by the short axis (X-axis) and Z-axis is
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referred to as a “short-axis cross section,” and tomographic
image data in the short-axis cross section is referred to as a
“short-axis image data”

[0129] For example, the image generator 7A executes vol-
ume rendering on volume data to generate three-dimensional
image data sterically representing the pancreas 60, and out-
puts the three-dimensional image data to the display control-
ler 15. The display controller 15 receives the three-dimen-
sional image data showing the pancreas 60 from the image
generator 7A, and controls the display 17 to display a three-
dimensional image based on the three-dimensional image
data.

[0130] Then, the operator designates a cross section of the
pancreas at a desired position by using the operation part 18
while observing the three-dimensional image of the pancreas
60 displayed on the display 17.

[0131] Forexample, the operator designates a cross section
(short-axis cross section) parallel to the short axis (X-axis) by
using the operation part 18 while observing a three-dimen-
sional image of the pancreas 60 displayed on the display 17.
When the position of the cross section is designated with the
operation part 18, information indicating the position of the
short-axis cross section (coordinate information of the short-
axis cross section) is outputted from the user interface 16 to
the image processor 6A. To be specific, coordinate informa-
tion indicating the position of the short-axis cross section on
the long axis (Y-axis) and coordinate information of the short
axis (X-axis) and Z-axis indicating the range of the short-axis
cross section are outputted from the user interface (UI) 16 to
the image processor 6A. That is, coordinate information (X,
Y, Z) indicating the position of the short-axis cross section in
a three-dimensional space represented by the three-dimen-
sional orthogonal coordinate system defined by the X-axis,
Y-axis and Z-axis is outputted from the user interface (UT) 16
to the image processor 6A.

[0132] For example, the operator designates a short-axis
cross section 63A by using the operation part 18. Conse-
quently, the coordinate information (X, Y, 7) indicating the
position of the short-axis cross section 63 A is outputted from
the user interface (UI) 16 to the image processor 6A.

[0133] Then, the tomographic image generator 8 receives
the coordinate information (X, Y, 7) of the short-axis cross
section outputted from the user interface 16, and executes an
MPR process on the volume data, thereby generating the
tomographic image data in the short-axis cross section. For
example, the tomographic image generator 8 receives coor-
dinate information (X, Y, Z) of the short-axis cross section
63A, and executes an MPR process on the volume data,
thereby generating short-axis image data in the short-axis
cross section 63A.

[0134] Then, the tomographic image generator 8 outputs
the generated short axis image data to the display controller
15. The display controller 15 receives the short-axis image
data outputted from the tomographic image generator 8, and
controls the display 17 to display a short-axis image based on
the short-axis image data.

[0135] One example of a short-axis image is shown in FIG.
12. The display controller 15 receives short-axis image data in
the short-axis cross section 63A of the pancreas 60 from the
tomographic image generator 8 and controls the display 17 to
display a short-axis image 71 based on the short-axis image
data, for example, as shown in FIG. 12A.

[0136] The short-axis image 71 represents an image in the
short-axis cross section 63A of the pancreas 60. The pancreas
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60 is a tubular space tissue, and for example, a pancreatic duct
62 is shown in the short-axis image 71.

[0137] On the other hand, the first boundary setting part
12A generates data indicating a cut plane line for designating
the boundary between a range for generating developed
image data and a range from which an image is excluded, in
a short-axis image. The cut plane line has a linear shape
having a specified length. For example, the first boundary
setting part 12A generates data indicating a cut plane line
having a specified length. The cut plane line is displayed on
the display 17 in the form of a linear line. The first boundary
setting part 12A outputs, to the display controller 15, the
coordinate information (X, Z) of the cut plane line in a short-
axis cross section defined by the short axis (X axis) and
Z-axis. The display controller 15 controls the display 17 to
display the cut plane line at a preset initial position in a
superimposed state on a short-axis image, in accordance with
the coordinate information (X, Z) of the cut plane line. In the
example shown in FIG. 12A, the display controller 15 con-
trols the display 17 to display a cut plane line 80 in a super-
imposed state on the short-axis image 71. The line designated
by the cut plane 80 represents the boundary between a range
for generating developed image data and a range from which
an image is excluded.

[0138] As described above, in a state in which the short-
axis image 71 and the cut plane line 80 are being displayed on
the display 17, the operator gives an instruction to move the
cut plane line 80 by using the operation part 18. For example,
the operator moves the cut plane line 80 to a desired position
by giving an instruction to move the same in the short axis
(X-axis) direction, an instruction to rotate the same in the
circumferential direction (¢ direction), or an instruction to
move the same in the Z-axis direction by using a mouse or a
trackball of the operation part 18.

[0139] Every time receiving an instruction to move a cut
plane line from the operation part 18, the first boundary
setting part 12A generates data that indicates a new cut plane
line according to the instruction to move the same. Then, the
first boundary setting part 12A outputs the coordinate infor-
mation (X, Z) of the new cut plane line to the display control-
ler 15. When the display controller 15 receives the coordinate
information (X, 7Z) of the new cut plane line from the first
boundary setting part 12A, the new cut plane line is displayed
on the display 17.

[0140] Inthe example shown in FIG. 12A, the operator sets
the cut plane line 80 so as to cross the pancreatic duct 62, by
using the operation part 18.

[0141] When setting of the cut plane line 80 on the short-
axis image 71 is finished, the operator gives an instruction to
end the setting by using the operation part 18. The instruction
to end the setting is outputted from the user interface (UT) 16
to the image processor 6A. Upon reception of the instruction
to end the setting, the first boundary setting part 12A outputs
the coordinate information (X, Z) of the cut plane line 80 at
the moment, to the second boundary setting part 13A.
[0142] The position (Y coordinate) of the short-axis cross
section 63A on the long axis (Y-axis) where the short-axis
image 71 is generated is set in the image processor 6A.
Therefore, if the position of the cut plane line 80 is designated
on a short-axis cross section, the position (X, Y, 7) of the cut
plane line 80 is specified in a three-dimensional space repre-
sented in the three-dimensional orthogonal coordinate sys-
tem defined by the X-axis, Y-axis and Z-axis, and the coordi-
nate information indicating the position is set in the second
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boundary setting part 13A. In other words, the position (X, Y,
7) of the cut pane line 80 in a three-dimensional space will be
set in the second boundary setting part 13A.

[0143] Then, a cut plane line is set for a plurality of short-
axis cross sections. For example, as shown in FIG. 11, the
operator designates a short-axis cross section 63B by using
the operation part 18 while observing a three-dimensional
image of the pancreas 60 displayed on the display 17. Con-
sequently, the coordinate information (X, Y, Z) indicating the
position of the short-axis cross section 63B is outputted from
the user interface (UI) 16 to the image processor 6A.

[0144] Then, upon reception of the coordinate information
(X,Y, Z) of the short-axis cross section 63B designated by the
operator, the tomographic image generator 8 generates short-
axis image data in the short-axis cross section 63B by execut-
ing an MPR process on the volume data. Then, the tomo-
graphic image generator 8 outputs the generated short-axis
image data to the display controller 15.

[0145] Upon reception of the short-axis image data in the
short-axis cross section 63B of the pancreas 60 from the
tomographic image generator 8, for example, as shown in
FIG. 12B, the display controller 15 controls the display 17 to
display a short-axis image 73 based on the short-axis image
data. The short-axis image 73 represents an image in the
short-axis cross section 63B of the pancreas 60. The pancre-
atic duct 62 is also shown in the short-axis image 73.

[0146] Then, the first boundary setting part 12A generates
data indicating the cut plane line, and as shown in FIG. 12B,
the display controller 15 controls the display 17 to display a
cut plane line 81 in a superimposed state on the short-axis
image 73. The line designated by the cut plane line 81 repre-
sents the boundary between a range for generating developed
image data and a range from which an image is excluded.
Then, the operator sets the cut plane line 81 at a desired
position by using the operation part 18. In the example shown
in FIG. 12B, the cut plane line 81 is set so as to cross the
pancreatic duct 62.

[0147] When setting of the cut plane line 81 on the short-
axis image 73 is finished, the operator gives an instruction to
end the setting by using the operation part 18. When the
instruction to end the setting is received, the first boundary
setting part 12A outputs the coordinate information (X, Z) of
the cut plane line 81 at that moment, to the second boundary
setting part 13A. As described above, the position (Y coordi-
nate) on the long axis (Y-axis) of the short-axis cross section
63B is set in the image processor 6A. Therefore, the position
(X,Y, Z) of the cut plane line 81 in a three-dimensional space
will be set in the second boundary setting part 13A.

[0148] Likewise, when a short-axis cross section 63C
shown in FIG. 11 is designated by the operator, as shown in
FIG. 12C, the display controller 15 causes the display 18 to
display a short-axis image 75 in the short-axis cross section
63C. When a cut plane line 82 is set on the short-axis image
75, the coordinate information (X, Y, 7Z) of the cut plane line
82 is set by the second boundary setting part 13A.

[0149] Then, in a like manner for the cross sections 63A
and 63B, a cut plane line is set for the short-axis cross sections
63C-63N. The first boundary setting part 12A outputs, to the
second boundary setting part 13 A, the coordinate information
(X,Y, Z) of the cut plane line that has been set for each of the
short-axis cross sections 63C-63N.

[0150] The tomographic image generator 8 may generate
short-axis image data at preset specified intervals in a preset
specified range along the long axis (Y-axis) of the pancreas
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60. For example, as shown in FIG. 11, the tomographic image
generator 8 generates short-axis image data at each short-axis
cross section of the short-axis cross sections 63A-63N. More-
over, the tomographic image generator 8 outputs the short-
axis image data in each of the short-axis cross sections 63 A-
63N to the display controller 15. The display controller 15
controls the display 17 to display a short-axis image based on
the short-axis image data in each of the short-axis cross sec-
tions 63A-63N.

[0151] For example, the display controller 15 controls the
display 17 to sequentially display each short-axis image in
each of the short-axis cross sections 63A-63N according to
the positions of the short-axis cross sections.

[0152] Furthermore, the first boundary setting part 12A
generates data indicating a cut plane line, and the display
controller 17 controls the display 17 to display the cut plane
line in a superimposed state on each short-axis image. The
operator designates the position of the cut plane line with
respect to each short-axis image in the short-axis cross sec-
tions 63A-63N by using the operation part while observing a
short-axis image in the short-axis cross sections 63A-63N
that is being displayed on the display 17. As described above,
when the cut plane line is set on the short-axis image in each
of the short-axis cross sections 63A-63N, the coordinate
information (X, Y, Z) of the cut plane line that has been set on
each short-axis image is outputted from the first boundary
setting part 12A to the second boundary setting part 13A.
[0153] The second boundary setting part 13A forms a cut
plane in a three-dimensional space by coupling the adjacent
cut plane lines, based on the coordinate information (X, Y, 7)
of the cut plane line in each of the short-axis cross sections
63A-63N outputted from the first boundary setting part 12A.
For example, the second boundary setting part 13A obtains
the position (X.Y, Z) of a cut plane in a three-dimensional
space by interpolating between the adjacent cut plane lines.
More specifically, the second boundary setting part 13A
obtains the position of a cut plane in a three-dimensional
space by interpolating between the adjacent cut plane lines by
executing an interpolating process such as linear interpola-
tion and spline interpolation. Then, the second boundary set-
ting part 13A outputs, to the developed image generator 9A,
the coordinate information (X, Y, Z) indicating the position of
the cut plane in a three-dimensional space.

[0154] Consequently, the position (X, Y, Z) of the cut plane
in the three-dimensional space is set in the developed image
generator 9A.

[0155] The developed image generator 9A reads in volume
data that has been stored in the data storage 5 and sets a
viewpoint for rendering in the volume data. For example, as
shown in FIG. 11, FIG. 12A, FIG. 12B, and FIG. 12C, the
developed image generator 9A sets a viewpoint 77 outside the
volume data showing the pancreas 60. For example, the
developed image generator 9A sets the viewpoint 77 at a
preset specified position (X, Y, 7). The coordinate informa-
tion indicating the specified position (X, Y, 7) is previously
stored in a storage part, which is not shown. The developed
image generator 9A sets the viewpoint 77 at a specified posi-
tion (X, Y, Z) according to the coordinate information stored
in the storage part. The operator may designate the position of
the viewpoint 77 by using the operation part 18. When the
position of the viewpoint 77 is designated by the operator, the
coordinate information (X, Y, Z) of the viewpoint 77 is out-
putted from the user interface (UI) 16 to the developed image
generator 9A.
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[0156] The developed image generator 9A sets the point
designated by the operator as viewpoint 77.

[0157] Then, the developed image generator 9A sets view
directions 78 parallel to each other from the direction in
which the viewpoint 77 is set, and executes volume rendering
on the volume data along the view directions 78, thereby
generating developed image data. At this moment, the devel-
oped image generator 9A generates the developed image data
of the pancreas 60 by performing volume rendering on the
volume data that is contained in one of the ranges divided by
the cut plane as the boundary.

[0158] For example, the developed image generator 9A
generates developed image data in which the pancreas 60 is
developed in the circumferential direction (¢ direction),
based on data that is contained in a range other than the data
included in the range between the viewpoint 77 and the cut
plane. Consequently, developed image data is generated from
which the image between the viewpoint 77 and the cut plane
is excluded.

[0159] For example, when the cut plane is set along the
pancreatic duct 62, an image between the viewpoint 77 and
the cut plane is excluded.

[0160] Consequently, the developed image generator 9A
generates developed image data in which part of the inner
surface of the pancreatic duct 62 is excluded and the other
portion of the inner surface has been developed in the circum-
ferential direction (¢ direction). Consequently, the developed
image data is generated in which part of the inner surface of
the pancreatic duct 62 is developed in the circumferential
direction (¢ direction). The developed image generator 9A
outputs the developed image data to the display controller 15.
The display controller 15 receives the developed image data
from the developed image generator 9A and controls the
display 17 to display a developed image based on the devel-
oped image data.

[0161] As described above, it becomes possible to easily
form a cut plane in a three-dimensional space by setting a cut
plane line while observing a short-axis image at an arbitrary
position and interpolating between the cut plane lines set in
each short-axis image. More specifically, the operator only
has to set a cut plane line on each short-axis image while
observing a short-axis image at short-axis cross sections that
are in different positions from each other to make it possible
to form a cut plane toward the long axis (Y-axis) direction
(depth direction) simply by setting a cut plane line on each
short-axis image. Consequently, it becomes possible to easily
form a cut plane in a three-dimensional space.

[0162] Conventionally, the setting of a cut plane toward the
depth direction in a three-dimensional space has been diffi-
cult, involving complicated work by an operator. However,
according to the ultrasonic imaging apparatus 1A related to
the second embodiment, it becomes possible to easily setacut
plane in a three-dimensional space only by setting a cut plane
line while observing a short-axis image.

[0163] In particular, it is extremely difficult in the conven-
tional technique to set a cut plane along a tubular tissue when
the tissue is wavy. On the contrary, according to the ultrasonic
imaging apparatus 1A of the second embodiment, a cut plane
in athree-dimensional space is formed simply by setting a cut
plane line at a desired position for each short-axis image
while observing the short-axis image. Therefore, even if a
tubular tissue is wavy, it is possible to set a cut plane in a
three-dimensional space along the tubular tissue. For
example, it is possible to easily set a cut plane in a three-
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dimensional space along the pancreatic duct 62 shown in FIG.
11. Consequently, it becomes possible to observe the inner
surface of the pancreatic duct 62 along the pancreatic duct 62.
[0164] The image processor 6A is provided with a CPU,
and a storage device such as ROM, RAM and HDD, which are
not shown. The storage device stores an image-generation
program for executing the function of the image generator 7A
and a boundary setting program for executing the function of
the boundary setting part 11A. The image-generation pro-
gram includes a tomographic-image generation program for
executing the function of the tomographic image generator 8
and a developed-image generation program for executing the
function of the developed image generator 9A. The boundary
setting program includes a first boundary setting program for
executing the function of the first boundary setting part 12A
and a second boundary setting program for executing the
function of the second boundary setting part 13A.

[0165] By execution of the tomographic-image generation
program by the CPU, tomographic image data in a designated
cross section is generated. Further, a viewpoint is set outside
the volume data by execution of the developed-image gen-
eration program by the CPU, and developed image data is
generated by execution of volume rendering on, excluding
data included in a range between a cut plane and the view-
point in the volume data, data contained in the remaining
range.

[0166] Further, by execution of the first boundary setting
program by the CPU, data indicating a cut plane line for
displaying on a short-axis image is generated. Moreover,
when the second boundary setting program is executed by the
CPU, for cut plane lines set in a plurality of short-axis cross
sections, interpolation between the adjacent cut plane lines is
executed, and a cut plane is formed in a three-dimensional
space.

[0167] The image processor 6A may include a GPU,
instead of the CPU, In this case, the GPU executes each of the
programs.

(Operation)

[0168] Next, a series of operations by the ultrasonic imag-
ing apparatus 1A according to the second embodiment of the
present invention will be described with reference to FIG. 13.
FIG. 13 is a flow chart showing a series of operations by the
ultrasonic imaging apparatus according to the second
embodiment of the present invention.

(Step S10)

[0169] First, the ultrasonic probe 2 and the transceiver 3
scan a subject with ultrasonic waves, and volume data of the
subject is thereby acquired. The acquired volume data is
stored in the data storage 5. For example, assuming a pancreas
is an imaging target, volume data representing the pancreas is
acquired.

(Step S11)

[0170] Next, the operator designates a short-axis cross sec-
tion at an arbitrary position of the volume data representing
the pancreas by using the operation part 18. For example, the
image generator 7A reads in volume data from the data stor-
age 5, and executes volume rendering on the volume data,
thereby generating three-dimensional image data sterically
representing the pancreas. Then, the display controller 15
controls the display 17 to display a three-dimensional image
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based on the three-dimensional image data. The operator
designates a short-axis cross section at an arbitrary position
by using the operation part 18 while observing the three-
dimensional image of the pancreas displayed on the display
17. Coordinate information (X, Y, Z) of the short-axis cross
section designated by the operator is outputted from the user
interface (UT) 16 to the tomographic image generator 8. For
example, the operator designates the short-axis cross section
63A of the pancreas 60 shown in FIG. 11 by using the opera-
tion part 18. Consequently, the coordinate information (X, Y,
7) of the short-axis cross section 63A is outputted from the
user interface (UI) 16 to the tomographic image generator §.

(Step S12)

[0171] The tomographic image generator 8 executes an
MPR process on the volume data representing the pancreas to
generate tomographic image data in the short-axis cross sec-
tion designated by the operator.

[0172] Then, the tomographic image generator 8 outputs
the short-axis image data in the short-axis cross section to the
display controller 15.

[0173] For example, the tomographic image generator 8
generates tomographic image data in the short-axis cross
section 63A, and outputs the tomographic image data to the
display controller 15.

(Step S13)

[0174] The display controller 15 controls the display 17 to
display a short-axis image based on the short-axis image data
generated by the tomographic image generator 8. For
example, as shown in FIG. 12A, the display controller 15
controls the display 17 to display the short-axis image 71 in
the short-axis cross section 63A.

(Step S14)

[0175] Further, the first boundary setting part 12A gener-
ates data indicating a cut plane line. Then, as shown in FIG.
12A, the display controller 15 controls the display 17 to
display the cut plane line 80 in a superimposed state on the
short-axis image 71. Then, the operator moves the cut plane
line 80 to a desired position by using the operation part 18. In
the example shown in FIG. 12A, the cut plane line 80 is set so
as to cross the pancreatic duce 62. When setting of the cut
plane line 80 is finished, the first boundary setting part 12A
outputs the coordinate information (X, 7)) of the cut plane line
80 at this time point, to the second boundary setting part 13A.
Consequently the position (X, Y, Z) of the cut plane line 80 in
a three-dimensional space is set in the second boundary set-
ting part 13A.

(Step S15)

[0176] Then, the operator determines whether to change
the position of the short-axis cross section. In the case of
changing the position of the short-axis cross section (Step
S15, Yes), the operator designates a short-axis cross section at
an arbitrary position by using the operation part 18 while
observing the three-dimensional image of the pancreas dis-
played on the display 17 (Step S11). For example, the opera-
tor designates the short-axis cross section 63B of the pancreas
60 shown in FIG. 11 by using the operation part 18. The
coordinate information (X, Y, Z) of the short-axis cross sec-
tion designated by the operator is outputted to the tomo-
graphic image generator 8 from the user interface (UI) 16.
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Then, by executing the aforementioned process of Step S12 to
Step S14, a cut plane line is set in the short-axis cross section
63B designated by the operator. The first boundary setting
part 12A outputs the coordinate information of the cut plane
line set in the short-axis cross section 63B to the second
boundary setting part 13A.

[0177] Consequently, the position (X, Y, Z) of the cut plane
line 81 in the thee-dimensional space is set in the second
boundary setting part 13A.

[0178] In the case of further changing the position of the
short-axis cross section (Step S15, Yes), the process of Step
S11 to Step S14 is executed. In the case of setting cut plane
lines in a plurality of short-axis cross sections, the process
from Step S11 to Step S14 is repeatedly executed. For
example, as shown in FIG. 11, the tomographic image gen-
erator 8 generates short-axis image data in each of the short-
axis cross sections 63C-63N. Then, the display controller 15
controls the display 17 to display a short-axis image based on
the short-axis image data in each of the short-axis cross sec-
tions 63C-63N.

[0179] The operator sets a cut plane line for each of the
short-axis cross sections 63C-63N. The first boundary setting
part 12A outputs, to the second boundary setting part 13A, the
coordinate information (X, Y, Z) of the cut plan line set in each
of the short-axis cross sections 63C-63N.

[0180] On the other hand, if the position of the short-axis
cross section is not changed (Step S15, No), the operation
proceeds to Step S16.

[0181] The tomographic image generator 8 may generate
short-axis image data at preset specified intervals in a preset
specified range along the long axis (Y-axis) of the pancreas
60. For example, as shown in FIG. 11, the tomographic image
generator 8 generates short-axis image data in each of the
short-axis cross sections 63A-63N. The display controller 15
controls the display 17 to display a short-axis image based on
the short-axis image data in each of the short-axis cross sec-
tions 63A-63N. For example, the display controller 15 con-
trols the display 17 to display the respective short-axis images
in the short-axis cross sections 63A-63N, in the order of the
positions of the short-axis cross sections.

[0182] Furthermore, the first boundary setting part 12A
generates data indicating the cut plane line, and the display
controller 17 controls the display 17 to display the cut plane
line in a superimposed state on each of the short-axis images.
The operator designates the position of the cut plane line for
each of the short-axis images in the short-axis cross sections
63A-63N, by using the operation part 18 while observing the
short-axis images in the cross sections 63A-63N displayed on
the display 17. Thus, when the cut plane line is set on the
short-axis image in each of the short-axis cross sections 63 A-
63N, the coordinate information (X, Y, Z) of the cut plane line
set on each of the short-axis images is outputted from the first
boundary setting part 12A to the second boundary setting part
13A.

(Step S16)

[0183] When setting of the cut plane line for the short-axis
cross section is finished (Step S15, No), the second boundary
setting part 13 A obtains the position (X, Y, 7Z) of the cut plane
in a three-dimensional space, by interpolating between the
adjacent cut plane lines, based on the coordinate information
(X, Y, Z) of the cut plane line in each of the short-axis cross
sections 63A-63N outputted from the first boundary setting
part 12A. The second boundary setting part 13A outputs the
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coordinate information (X,Y, Z) indicating the position of the
cut plane in the three-dimensional space, to the developed
image generator 9A. Consequently, the position (X,Y, Z) of
the cut plane in the three-dimensional space is set in the
developed image generator 9A.

(Step S17)

[0184] Asshown in FIG. 11, FIG. 12A, FIG. 12B and FIG.
12C, the developed image generator 9A sets the viewpoint 77
outside the volume data that represents the pancreas 60. Fur-
ther, the developed image generator 9A sets the view direc-
tions 78 parallel to each other, from the direction in which the
viewpoint 77 is set. Then, the developed image generator 9A
generates developed image data in which the pancreas 60 is
developed in the circumferential direction (¢ direction) based
on, excluding data in a range between the viewpoint 77 and
the cut plane, data contained in the remaining range. Conse-
quently, developed image data from which an image between
the viewpoint 77 and the cut plane is excluded is generated.
The developed image generator 9A outputs the generated
developed image data to the display controller 15.

(Step S18)

[0185] Uponreception of of the developed image data from
the developed image generator 9A, the display controller 15
controls the display 17 to display a developed image based on
the developed image data.

[0186] Thus, the operator can easily form a cut plane in a
three-dimensional space simply by setting a cut plane line on
each of short-axis images while observing the short-axis
images in short-axis cross sections different from each other.
Consequently, even if a tubular tissue is wavy, itis possible to
set a cut plane along the tubular tissue, and it is possible to
generate a developed image in which the inner surface of the
tubular tissue is developed. As a result, even if a tubular tissue
is wavy, the operator can observe the inner surface of the
tubular tissue.

(Medical Image Processing Apparatus)

[0187] The abovementioned data storage 5, image proces-
sor 6A, display controller 15 and user interface (UI) 16 may
compose a medical image processing apparatus. The medical
image processing apparatus receives volume data from an
external ultrasonic imaging apparatus.

[0188] Then, the medical image processing apparatus gen-
erates a cut plane by interpolating between the cut plane lines,
and generates developed image data of a tissue having a
tubular morphology based on the volume data. As described
above, the medical image processing apparatus can produce
the same effect as the ultrasonic imaging apparatus 1A
according to the second embodiment.

What is claimed is:

1. An ultrasonic imaging apparatus comptrising:

an imaging part configured to transmit ultrasonic waves to
a specific tissue having a tubular morphology in a three-
dimensional region and acquire volume data represent-
ing the specific tissue;

a tomographic image generator configured to generate
tomographic image data in a specified cross section of
the specific tissue, based on the volume data;

a boundary setting part configured to set a boundary of the
specific tissue represented in the tomographic image
data;
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adeveloped image generator configured to set a viewpoint
at a specified position with respect to the set boundary
and execute a rendering process on the volume data
along a view direction from the viewpoint toward the
boundary, thereby generating developed image data in
which the specific tissue is developed along the bound-
ary; and
a display controller configured to control a display to dis-
play a developed image based on the developed image
data.
2. The ultrasonic imaging apparatus according to claim 1,
wherein:
the boundary setting part sets the boundary by surrounding
the specific tissue; and
the developed image generator sets the viewpoint inside a
range surrounded by the boundary and executes a ren-
dering process on the volume data along a view direction
from the viewpoint radially toward the boundary in the
specified cross section, thereby generating the devel-
oped image data.
3. The ultrasonic imaging apparatus according to claim 1,
wherein:
the display controller controls the display to display a
tomographic image based on the tomographic image
data;
the boundary setting part receives a boundary designated
on the tomographic image displayed in the display; and
the developed image generator generates developed image
data in which the specific tissue is developed along the
boundary received by the boundary setting part.
4. The ultrasonic imaging apparatus according to claim 2,
wherein:
the boundary setting part sets the boundary by surrounding
the specific tissue, and further sets another boundary ata
position that is outside the boundary and that is a speci-
fied distance away from the boundary; and
the developed image generator sets the viewpoint inside
the range surrounded by the boundary and executes a
rendering process on data between the boundary and the
other boundary along the view direction from the view-
point radially toward the boundary in the specified cross
section, thereby generating the developed image data.
5. The ultrasonic imaging apparatus according to claim 2,
wherein:
the boundary setting part sets cross sections parallel to the
specified cross section at specified intervals along the
specific tissue, and sets boundaries by surrounding the
specific tissue in the respective cross sections; and
the developed image generator sets viewpoints inside
ranges surrounded by the respective boundaries, respec-
tively, and executes a rendering process on the volume
data along a view direction from the respective view-
points radially toward the respective boundaries in the
respective cross sections, thereby generating the devel-
oped image data in which the specific tissue is developed
along each of the boundaries.
6. The ultrasonic imaging apparatus according to claim 5,
wherein:
the boundary setting part sets a boundary having a same
shape and same size as the boundary set in the specified
cross section, in each of the cross sections.
7. The ultrasonic imaging apparatus according to claim 5,
wherein:
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the tomographic image generator generates tomographic
image data in each of the cross sections set at the speci-
fied intervals, based on the volume data;

the display controller controls the display to display tomo-
graphic images in the respective cross sections based on
the tomographic image data in the respective cross sec-
tions;

the boundary setting part receives the boundaries desig-
nated on the respective tomographic images displayed in
the display; and

the developed image generator generates developed image
data in which the specific tissue is developed along each
of the boundaries received by the boundary setting part.

8. The ultrasonic imaging apparatus according to claim 1,

wherein:

the tomographic image generator sets cross sections paral-
lel to the specified cross section at specified intervals
along the specific tissue, and generates tomographic
image data in each of the cross sections set at the speci-
fied intervals, based on the volume data;

the display controller controls the display to display tomo-
graphic images in the respective cross sections based on
the tomographic image data in the respective cross sec-
tions, and further display cut plane lines in a superim-
posed state on the tomographic images in the respective
cross sections, respectively;

the boundary setting part receives designation of a position
where each of the cut plane lines in the respective cross
sections crosses the specific tissue represented in the
tomographic images in the respective cross sections and,
for the cut plane lines in the respective cross sections,
interpolates between the cut plane lines set in adjacent
cross sections, thereby generating a two-dimensional
cut plane crossing the specific tissue represented in the
tomographic images in the respective cross sections, and
setting the boundary of the specific tissue by the cut
plane; and

the developed image generator sets the viewpoint at a
specified position with respect to the cut plane, and
executes a rendering process on the volume data along a
view direction from the viewpoint toward the boundary
where the specific tissue crosses the cut plane, thereby
generating developed image data in which the specific
tissue is developed along the boundary based on data
contained in a range excluding a range between the
viewpoint and the cut plane.

9. A method for generating an ultrasonic image, compris-

ing:

transmitting ultrasonic waves to a specific tissue having a
tubular morphology in a three-dimensional region and
acquiring volume data representing the specific tissue;

generating tomographic image data in a specified cross
section of the specific tissue based on the volume data;

setting a boundary of the specific tissue represented in the
tomographic image data;

setting a viewpoint at a specified position with respect to
the set boundary, and executing a rendering process on
the volume data along a view direction from the view-
point toward the boundary, thereby generating devel-
oped image data in which the specific tissue is developed
along the boundary; and

displaying a developed image based on the developed
image data.
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10. The method for generating an ultrasonic image accord-
ing to claim 9, wherein:
the boundary is set by surrounding the specific tissue; and
by setting the viewpoint inside a range surrounded by the
boundary, and executing a rendering process on the vol-
ume data along a view direction from the viewpoint
radially toward the boundary in the specified cross sec-
tion, the developed image data is generated.
11. The method for generating an ultrasonic image accord-
ing to claim 9, wherein:
atomographic image based on the tomographic image data
is displayed; and
a boundary designated on the displayed tomographic
image is received, and developed image data in which
the specific tissue is developed along the received
boundary is generated.
12. The method for generating an ultrasonic image accord-
ing to claim 10, wherein:
the boundary is set by surrounding the specific tissue, and
further, another boundary is set at a position that is
outside the boundary and that is a specified distance
away from the boundary; and
by setting the viewpoint inside a range surrounded by the
boundary, and executing a rendering process on data
between the boundary and the other boundary along the
view direction from the viewpoint radially toward the
boundary in the specified cross section, the developed
image data is generated.
13. The method for generating an ultrasonic image accord-
ing to claim 10, wherein:
cross sections parallel to the specified cross section are set
at specified intervals along the specific tissue, and
boundaries are set by surrounding the specific tissue in
the respective cross sections; and
by setting viewpoints inside respective ranges surrounded
by the respective boundaries, and executing a rendering
process on the volume data along a view direction from
each of the viewpoints radially toward each of the
boundaries in the respective cross sections, the devel-
oped image data in which the specific tissue is developed
along each of the boundaries is generated.
14. The method for generating an ultrasonic image accord-
ing to claim 13, wherein:
a boundary having a same shape and same size as the
boundary set in the specified cross section is set in each
of the cross sections.
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15. The method for generating an ultrasonic image accord-
ing to claim 13, wherein:

tomographic image data in the respective cross sections set
at the specified intervals are generated based on the
volume data;

tomographic images in the respective cross sections based
on the tomographic image data in the respective cross
sections are displayed; and

each of the boundaries designated on the displayed respec-
tive tomographic images is received, and developed
image data in which the specific tissue is developed
along each of the received boundaries is generated.

16. The method for generating an ultrasonic image accord-
ing to claim 9, wherein:

cross sections parallel to the specified cross section are set
at specified intervals along the specific tissue, and tomo-
graphic image data in the respective cross sections set at
the specified intervals are generated based on the volume
data;

tomographic images in the respective cross sections based
on the tomographic image data in the respective cross
sections are displayed, and further, cut plane lines are
displayed on the tomographic images in the respective
cross sections in a superimposed state;

by receiving designation of'a position where each ofthe cut
plane lines in the respective cross sections crosses the
specific tissue represented in each of the tomographic
images in the respective cross sections, and interpolating
between the cut plane lines setin adjacent cross sections
for the cut plane lines in the respective cross sections, a
two-dimensional cut plane crossing the specific tissue
represented in each of the tomographic images in the
respective cross sections is generated, and the boundary
of the specific tissue is set by the cut plane; and

by setting the viewpoint at a specified position with respect
to the cut plane, and executing a rendering process on the
volume data along a view direction from the viewpoint
toward the boundary where the specific tissue crosses
the cut plane, developed image data in which the specific
tissue is developed along the boundary is generated
based on data contained in a range excluding a range
between the viewpoint and the cut plane.
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