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ULTRASOUND IMAGING APPARATUS AND
METHOD FOR ACQUIRING ULTRASOUND
IMAGE

TECHNICAL FIELD

[0001] The present invention relates to an ultrasound imag-
ing apparatus that acquires a three-dimensional image of an
observation object, and also relates to a method for acquiring
an ultrasound image.

BACKGROUND ART

[0002] An ultrasound imaging apparatus capable of gener-
ating and displaying three-dimensional image data of a sub-
ject is known.

[0003] A three-dimensional image is generated by an
image processing method such as volume rendering, and
displayed on a screen. However, when an unnecessary part
exists around a region to observe (a region of interest (ROI)),
the unnecessary part is an obstacle and makes it difficult to
observe a three-dimensional image included in the region of
interest. Thus, in conventional arts, an unnecessary image,
which is not included in a region of interest, is removed. For
example, while a range to display a three-dimensional image
is adjusted or a three-dimensional image is rotated, an unnec-
essary image is removed from each plane (e.g., Japanese
Unexamined Patent Publication JP-A 2006-223712).

[0004] Now, a conventional method for displaying a three-
dimensional image will be described with reference to FIGS.
1 and 2. FIGS. 1 and 2 are screen views for describing a
conventional method for displaying a three-dimensional
image included in a region of interest (ROI). Acquisition and
display of a three-dimensional image of a fetus will be
described here.

[0005] In the conventional method, by imaging a subject
with an ultrasound probe, tomographic image data as two-
dimensional image data is acquired at first. Then, as shown in
FIG. 1, a tomographic image 100 is displayed on a display.
The tomographic image 100 includes a fetus image 101.
Then, before acquisition of three-dimensional image data, a
region of interest (ROI) is set on the tomographic image 100.
[0006] For example, a marker 102 for designating a three-
dimensional scan range and a marker 103 for designating a
range to execute rendering and generate a three-dimensional
image are displayed on the tomographic image 100. In the
example shown in FIG. 1, the marker 102 has a fan-like shape
for execution of convex scan. Moreover, the marker 103 indi-
cating the range to execute rendering has a rectangular shape.
The position and size of the marker 103 change in accordance
with change of the position and shape of the marker 102.
When the position and size of the marker 102 are arbitrarily
changed by an operator, the position and size of the marker
103 are also changed in conjunction with the change of the
marker 102.

[0007] When the marker 102 and the marker 103 are thus
set on the tomographic image, a three-dimensional range
designated with the marker 102 is scanned with ultrasound
waves. Then, rendering is executed on, of data acquired in the
scan, data within a range designated by the marker 103, and
three-dimensional image data included in the range desig-
nated by the marker 103 is thereby generated.

[0008] In a case that the fetus image 101 is included in the
range indicated by the marker 103 and no unnecessary image
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is included in the range indicated by the marker 103, a three-
dimensional image of the fetus is displayed.

[0009] However, in the conventional method, it is difficult
to appropriately display a three-dimensional image of the
fetus because an image other than the fetus image 101
remains in the range indicated by the marker 103.

[0010] Therefore, in the conventional method, in order to
remove the obstacle, by removing an image between a view-
point and a region of interest (ROI) while rotating a three-
dimensional image on a screen, a three-dimensional image
included in the region of interest (ROI) is visualized.

[0011] Forexample, as showninFIG. 2,a cutplane line 104
is set on the tomographic image 100 and, after an image
between a viewpoint and the cut plane line 104 is removed,
the remaining image is three-dimensionally displayed. This
operation needs setting of the cut plane line 104 for each plane
by rotating a three-dimensional image. Therefore, there is a
need for setting the cut plane line from a certain view direc-
tion to remove an image and thereafter setting the cut plane
line from another view direction to remove an image. Thus,
there is a need for executing the abovementioned operation
many times so that a three-dimensional image 105 represent-
ing a fetus shown in FIG. 2 is finally obtained.

DISCLOSURE OF THE INVENTION
Problem that the Invention is to Solve

[0012] When displaying the three-dimensional image 105
while displaying the tomographic image 100, it is demanded
to display a three-dimensional image from which an unnec-
essary part is removed. However, the cut plane line should be
repetitively set from all directions because it is impossible to
cut other planes only by regulating the cut plane line. Thus,
the operation is complicated, and it is impossible to display a
desired three-dimensional image with a simple operation.
Furthermore, there is a problem that, since a professional skill
is required to repetitively operate the cut plane line to extract
anobject like a fetus, the object cannot be extracted with ease.
[0013] Besides, even when an image is removed by cube
cut, an unnecessary part still remains. Therefore, it is neces-
sary to remove the unnecessary part after displaying a three-
dimensional image. Accordingly, in the conventional art, the
operation is complicated, and it is difficult to extract a desired
object with a simple operation. Therefore, it is difficult to
extract a desired three-dimensional image (a three-dimen-
sional image included in a region of interest) in a short time
period.

[0014] The present invention has been made to solve the
abovementioned problem, and an object of the present inven-
tion is to provide an ultrasound imaging apparatus capable of
easily displaying a three-dimensional image included in a
region ofinterest (ROI), and also provide a method for acquir-
ing an ultrasound image.

Means for Solving the Problem

[0015] A first aspect of the present invention provides an
ultrasound imaging apparatus, comprising: a scanner config-
ured to transmit ultrasound waves to a subject and receive
reflected waves from the subject; an image generator config-
ured to generate tomographic image data based on the
reflected waves; a marker generator configured to generate a
first marker and a second marker; and a display controller
configured to cause a display to display a tomographic image
based on the tomographic image data and cause the display to
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display the first marker and the second marker so as to be
superimposed on the tomographic image in a state that the
second marker is included in a range of the first marker,
wherein: the scanner executes scan with ultrasound waves on
the range specified based on the first marker; and the image
generator generates three-dimensional image data based on,
of data acquired in the scan, data included in a range specified
based on the second marker. Moreover, the marker generator
generates a new second marker rotated in accordance with an
instruction to rotate the second marker; the display controller
causes the display to display the new second marker so as to
be superimposed on the tomographic image; the scanner
executes scan with ultrasound waves on the range specified
based on the first marker; and the image generator generates
three-dimensional image data based on, of data acquired in
the scan, data included in a range specified based on the new
second marker.

[0016] Further, a second aspect of the present invention
provides a method for acquiring an ultrasound image, com-
prising: transmitting ultrasound waves to a subject and
receiving reflected waves from the subject to generate tomo-
graphic image data based on the reflected waves; causing a
display to display a tomographic image based on the tomo-
graphic image data and causing the display to display a first
marker and a second marker so as to be superimposed on the
tomographic image in a state that the second marker is
included in a range of the first marker; executing scan with
ultrasound waves on the range specified based on the first
marker; and generating three-dimensional image data based
on, of data acquired in the scan, data included in a range
specified based on the second marker.

[0017] Moreover, a new second marker obtained by rotat-
ing in accordance with an instruction to rotate the second
marker is generated and the new second marker is superim-
posed on the tomographic image and displayed on the display,
and three-dimensional image data is generated based on, of
the data acquired in the scan, data included in a range speci-
fied based on the new second marker.

EFFECT OF THE INVENTION

[0018] According to the present invention, by scanning a
range specified by a first marker with ultrasound waves and
generating three-dimensional image data based on data
included in a range specified by a second marker, it is possible
to remove an image unnecessary for diagnosis more easily
than in the conventional art and obtain a three-dimensional
image included in a region of interest.

[0019] Further, according to the present invention, since it
is possible to rotate a second marker indicating a range to
generate three-dimensional image data, it is possible to des-
ignate the range in accordance with the shape of an imaging
object shown in a tomographic image. Consequently, it is
possible to easily remove an image unnecessary for diagnosis
and obtain a three-dimensional image included in a region of
interest.

BEST MODE FOR CARRYING OUT THE
INVENTION

First Embodiment
(Configuration)

[0020] The configuration of an ultrasound imaging appara-
tus according to a first embodiment of the present invention
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will be described with reference to FIG. 3. FIG. 3 is a block
diagram showing an ultrasound imaging apparatus according
to the first embodiment of the present invention.

[0021] Anultrasound imaging apparatus 1 according to the
first embodiment includes an ultrasound probe 2, a trans-
ceiver 3, a signal processor 4, a DSC 5, a first image memory
6, an image processor 7, a second image memory 8, a display
controller 9, a display 10, an operation part 11, and a marker
generator 12.

[0022] The ultrasound probe 2 is a two-dimensional array
probe in which a plurality of ultrasound transducers are two-
dimensionally arranged. The ultrasound probe 2 scans a
three-dimensional range with ultrasound waves.

[0023] Moreover, the ultrasound probe 2 may be a one-
dimensional array probe, which includes a plurality of ultra-
sound transducers aligned in a predetermined direction (a
scan direction) and which can scan a three-dimensional range
by mechanically oscillating the ultrasound transducers in a
direction (an oscillation direction) orthogonal to the scan
direction.

[0024] The transceiver 3 includes a transmitter and a
receiver. The transceiver 3 supplies electric signals to the
ultrasound probe 2 so that the ultrasound probe 2 generates
ultrasound waves, and also receives echo signals received by
the ultrasound probe 2.

[0025] The transmitter of the transceiver 3 includes a clock
generation circuit, a transmission delay circuit and a pulsar
circuit, which are not shown in the drawings. The clock gen-
eration circuit is a circuit that generates clock signals for
determining the timing and frequency of transmission of
ultrasound signals. The transmission delay circuit is a circuit
that applies delay and executes transmission focus when
ultrasound waves are transmitted. The pulsar circuit incorpo-
rates the same number of pulsars as individual paths (chan-
nels) corresponding to the respective transducers. The pulsar
circuit generates drive pulses at delayed transmission tim-
ings, and supplies the drive pulses to the respective transduc-
ers of the ultrasound probe 2.

[0026] Further, the receiver of the transceiver 3 includes a
preamplifier circuit, an A/D conversion circuit and a reception
delay/adder circuit, which are not shown in the drawings. The
preamplifier circuit amplifies an echo signal outputted from
each of the transducers of the ultrasound probe 2 for each
reception channel. The A/D conversion circuit executes A/D
conversion on the amplified echo signals. The reception
delay/adder circuit applies delay times necessary for deter-
mining the reception directionality to the echo signals after
the A/D conversion, and adds the signals. By this addition,
reflection components from directions corresponding to the
reception directionality are enhanced. The signals added by
the transceiver 3 will be referred to as “RF data (or raw data).”
[0027] The ultrasound probe 2 and the transceiver 3 corre-
spond to an example of a “scanner” of the invention.

[0028] The signal processor 4 includes a B-mode process-
ing circuit, a Doppler processing circuit and a color mode
processing circuit. The RF data outputted from the transceiver
3 is processed in one of the processing circuits.

[0029] The B-mode processing circuit visualizes echo
amplification information, and generates B-mode ultrasound
raster data from echo signals. The Doppler processing circuit
extracts Doppler shift frequency components and then
executes an FFT process, etc., to generate data having blood-
flow information. The color mode processing circuit visual-
izes moving blood-flow information to generate color ultra-
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sound raster data. The blood-flow information includes
information on velocity, dispersion, power, etc. The blood-
flow information is obtained as binary information.

[0030] The DSC (Digital Scan Converter) 5 converts ultra-
sound raster data to image data represented by orthogonal
coordinates in order to obtain an image represented by the
orthogonal coordinate system. For example, the DSC 5 gen-
erates tomographic image data as two-dimensional informa-
tion based on B-mode ultrasound raster data, and outputs the
tomographic image data to the display controller 9. The dis-
play controller 9 causes the display 10 to display a tomo-
graphic image based on the tomographic image data. More-
over, the tomographic image data generated by the DSC 5 is
stored into the first image memory 6. Besides, the raster data
may be stored into the first image memory 6.

[0031] The image processor 7 reads a plurality of tomo-
graphic image data stored in the first image memory 6 to
generate voxel data. Then, the image processor 7 executes
image processing such as surface rendering, volume render-
ing and MPR (Multi Planner Reconstruction) on the voxel
data, thereby generating ultrasound image data such as three-
dimensional image data and image data in an arbitrary cross
section (MPR image data). Moreover, the tomographic image
data generated by the image processor 7 is stored into the
second image memory 8.

[0032] The signal processor 4, the DSC 5, and the image
processor 7 correspond to an example of an “image genera-
tor” of the present invention.

[0033] The display controller 9 causes the display 10 to
display a tomographic image based on the tomographic
image data outputted from the DSC 5, and an ultrasound
image such as a three-dimensional image based on the three-
dimensional image data outputted from the image processor
7.

[0034] Furthermore, the display controller 9 causes the dis-
play 10 to display a marker (a first marker) for designating a
three-dimensional scan range (a first region of interest) and a
marker (a second marker) for designating a range to generate
ultrasound image data of a three-dimensional image, etc., so
as to be superimposed on an ultrasound image such as a
tomographic image.

[0035] Data included in the range specified based on the
second marker (a second region of interest) is subjected to
image processing such as rendering by the image processor 7.
[0036] The first and second markers are generated by the
marker generator 12.

[0037] The marker generator 12 generates the first and sec-
ond markers each surrounding a predetermined range. Coor-
dinate information of the first marker generated by the marker
generator 12 is outputted to the the transceiver 3, the DSC 5
and the display controller 9, whereas coordinate information
ofthe second marker is outputted to the image processor 7 and
the display controller 9. Besides, the marker generator 12
generates a new second marker rotated in accordance with a
rotating instruction from the operation part 11, and outputs
coordinate information of the new second marker to the
image processor 7 and the display controller 9.

[0038] Now, an example of setting a region of interest
(ROI) will be described with reference to FIG. 4. FIG. 4 is a
view of a screen for describing a region of interest (ROI) set
in the ultrasound imaging apparatus according to the first
embodiment of the invention. In this embodiment, acquisition
and display of an image of a fetus will be described as an
example.
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[0039] First, the display controller 9 receives tomographic
image data acquired in the scan with ultrasound waves from
the DSC 5, and causes the display 10 to display a tomographic
image based on the tomographic image data. For example, as
shown in FIG. 4, the display controller 9 causes the display 10
to display a tomographic image 20 representing a fetus image
21.

[0040] The display controller 9 then causes the display 10
to display, in preset initial positions, a first marker 22 and a
second marker 23 each having a predetermined size generated
by the marker generator 12 so as to be superimposed on the
tomographic image 20.

[0041] The range specified based on the first marker 22
represents a three-dimensional scan range (the first region of
interest). Moreover, the range specified based on the second
marker 23 represents a range to generate ultrasound image
data such as three-dimensional image data (the second region
of interest). A three-dimensional range including a cross sec-
tion indicated by the first marker 22 and having a predeter-
mined range in a direction (a depth direction) substantially
orthogonal to the cross section is the three-dimensional scan
rage (the first region of interest) scanned with ultrasound
waves. Moreover, a three-dimensional range including a
cross section indicated by the second marker 23 and having a
predetermined range in a direction substantially orthogonal to
the cross section (a depth direction) is the range to generate
ultrasound image data (the second region of interest).

[0042] Inthe example shown in FIG. 4, the marker genera-
tor 12 generates the first marker having a fan-like shape for
execution of sector scan. The display controller 9 then causes
the display 10 to display the first marker 22 having a fan-like
shape. Moreover, the marker generator 12 generates the sec-
ond marker having a rectangular shape. The display controller
9 then causes the display 10 to display the second marker 23
having a rectangular shape. At this moment, the display con-
troller 9 causes the display 10 to display the first marker 22
and the second marker 23 so that the second marker 23 is
included in the range of the first marker 22.

[0043] The operator can move the first marker 22 and the
second marker 23 on the display 10 and change the sizes
thereof by the operation part 11. Upon reception of an instruc-
tion to move or rotate the markers from the operation part 11,
in accordance with the instruction, the marker generator 12
generates new first and second markers and outputs them to
the display controller 9, etc.

[0044] Upon reception of coordinate information of the
new first and second markers from the marker generator 12,
the display controller 9 causes the display 10 to display the
new first and second markers.

[0045] When the operator gives an instruction to move the
second marker 23 in the vertical or horizontal direction by
using the operation part, the marker generator 12 generates a
new second marker in accordance with the instruction. The
display controller 9 then causes the display 10 to display the
new second marker 23. Moreover, when the operator gives an
instruction to rotate the second marker 23 by the operation
part 11, the marker generator 12 generates a new second
marker obtained by rotating around a predetermined rotation
axis inaccordance with the instruction. The display controller
9 then causes the display 10 to display the new second marker
23. For example, in the case of acquiring a three-dimensional
image with a fetus as a region of interest, the operator moves
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or rotates the second marker 23 by using the operation part 11
so that the fetus is included in the range surrounded by the
second marker 23.

[0046] The second marker 23 may be movable on the
orthogonal coordinate system, or may be movable on the
polar coordinate system. Moreover, the second marker may
have a shape other than the rectangular shape, and may have
a curved shape. For example, the marker generator 12 may
generate the second marker 23 having an arbitrary shape such
as a circular shape and an elliptic shape.

[0047] When the three-dimensional scan range (the first
region of interest) is designated with the first marker 22 and
the range to generate three-dimensional image data (the sec-
ond region of interest) is designated with the second marker
23 as described above, the coordinate information of the first
marker 22 is outputted from the marker generator 12 to the
transceiver 3 and the DSC 5, and the coordinate information
ofthe second marker 23 is outputted from the marker genera-
tor 12 to the image processor 7.

[0048] Upon reception of the coordinate information of the
first marker 22 from the marker generator 12, the transceiver
3 causes the ultrasound probe 2 to scan the three-dimensional
scan range specified based on the first marker 22. That is, the
transceiver 3 causes the ultrasound probe 2 to scan the three-
dimensional scan range including the cross section indicated
by the first marker 22 and having the predetermined range in
the direction substantially orthogonal to the cross section (the
depth direction). For example, the transceiver 3 transmits
ultrasound waves to various depths by changing the repetition
frequency (PRF) of the ultrasound waves, and transmits the
ultrasound waves while changing the deflection direction.
Signals acquired in this scan are processed by the signal
processor 4 and the DSC 5, and a plurality of tomographic
image data are thereby generated. The plurality of tomo-
graphic image data are stored into the first image memory 6.
[0049] The image processor 7 reads the plurality of tomo-
graphic image data from the first image memory 6 and gen-
erates voxel data. Then, the image processor 7 receives the
coordinate information of the second marker 23 from the
marker generator 12 and executes image processing such as
volume rendering on data included in the three-dimensional
range specified based on the second marker 23, thereby gen-
erating ultrasound image data such as three-dimensional
image data. That is, the image processor 7 executes image
processing such as volume rendering on data included in the
three-dimensional range including the cross section indicated
by the second marker 23 and having the predetermined range
in the direction substantially orthogonal to the cross section
(the depth direction), thereby generating ultrasound image
data such as three-dimensional image data. These generated
ultrasound image data like three-dimensional image data are
stored into the second image memory 8.

[0050] Thedisplay controller 9 then reads the three-dimen-
sional image data from the second memory 8 and causes the
display 10 to display a three-dimensional image based on the
three-dimensional image data. This three-dimensional image
represents an image included in the three-dimensional range
specified based on the second marker 23. By adjusting the
position, size and rotation angle of the second marker 23 so
that the fetus is included within the second marker 23 as in the
example of FIG. 4, it is possible to obtain a three-dimensional
image from which an unnecessary part is deleted.

[0051] The operation part 11 is composed of a keyboard, a
mouse, a trackball, a TCS (Touch Command Screen), or the
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like. Through an operation of the operation part 11 by the
operator, a scan condition, a region of interest (ROI), etc. are
set. The display 10 may be a monitor such as a CRT and a
liquid crystal display. A tomographic image, a three-dimen-
sional image, blood-flow information, etc., are displayed on a
screen of the display 10.

[0052] Theimage processor 7 includes a CPU, GPU, ASIC
or FPGA, and a storage device such as a ROM, RAM and
HDD. The storage device stores a three-dimensional image
data generation program. Through execution of the three-
dimensional image data generation program by the CPU,
volume rendering is executed on the data included in the
three-dimensional range specified with the second marker,
and three-dimensional image data is thereby generated.
[0053] Further, the display controller 9 includes a CPU and
a storage device such as a ROM, RAM and HDD. The storage
device stores a display control program. Through execution
of the display control program by the CPU, a tomographic
image is displayed on the display 10, and moreover, the first
marker for designating the first region of interest and the
second marker for designating the second region of interest
are displayed on the display 10 so as to be superimposed on
the tomographic image. Besides, when the three-dimensional
image data is generated, a three-dimensional image based on
the three-dimensional image data is displayed on the display
10 through execution of the display control program by the
CPU.

[0054] Further, the marker generator 12 includes a CPU and
a storage device such as a ROM, RAM and HDD. The storage
device stores a marker generation program. Through execu-
tion of the marker generation program by the CPU, the marker
generator 12 generates the first and second markers, receives
an instruction to rotate or move from the operation part 11,
and generates new first and second markers in accordance
with the instruction.

(Operation)

[0055] Next, the operation of the ultrasound imaging appa-
ratus 1 according to the first embodiment of the present inven-
tion will be described with reference to FIG. 5. FIG. Sis a flow
chart showing a series of operations by the ultrasound imag-
ing apparatus according to the first embodiment of the present
invention.

(Step S01)

[0056] First, the ultrasound probe 2 is caused to scan a
subject with ultrasound waves, and tomographic image data
as two-dimensional image data is thereby acquired. Then, the
display controller9 causes the display 10 to display the tomo-
graphic image data. For example, as shown in FIG. 4, the
display controller 9 causes the display 10 to display the tomo-
graphic image 20 including the fetus image 21.

[0057] (Step S02)

[0058] Next, the display controller 9 causes the display 10
to display, in preset initial positions, the first and second
markers 22 and 23 each having a predetermined size gener-
ated by the marker generator 12 so as to be superimposed on
the tomographic image 20.

[0059] (Step S03)

[0060] By using the operation part 11 while referring to the
first and second markers 22 and 23 displayed on the display
10, the operator gives an instruction to move the first and
second markers 22 and 23 to desired positions. The marker
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generator 12 generates new first and second markers 22 and
23 in accordance with the moving instruction. Then, the dis-
play controller 9 causes the display 10 to display the new first
and second markers 22 and 23. Moreover, by using the opera-
tion part 11, the operator gives an instruction to rotate the
second marker 23 in accordance with the skew of a fetus
image so that the fetus image is included. The marker gen-
erator 12 generates a second marker rotated in accordance
with the rotating instruction, and the display controller 9
causes the display 10 to display the new second marker. Thus,
the three-dimensional scan range (the first region of interest)
is designated with the first marker 22, and the range to gen-
erate three-dimensional image data (the second region of
interest) is designated with the second marker 23. The coor-
dinate information of the first marker 22 is outputted from the
marker generator 12 to the transceiver 3 and the DSC 5, and
the coordinate information of the second marker 23 is output-
ted from the marker generator 12 to the image processor 7. It
should be noted that the first marker 22 and the second marker
23 can be separately rotated, moved and regulated in size.
[0061] (Step S04)

[0062] Upon reception of the coordinate information of the
first marker 22 from the marker generator 12, the transceiver
3 causes the ultrasound probe 2 to scan the three-dimensional
scan range specified based on the first marker 22. That is, the
transceiver 3 causes the ultrasound probe 2 to scan the three-
dimensional scan range including the cross section indicated
by the first marker 22 and having the predetermined range in
the direction substantially orthogonal to the cross section (the
depth direction).

[0063] (Step S05)

[0064] Afterthe three-dimensional scan range is scanned in
step S04, the signal processor 4 and the DSC 5 execute pre-
determined processes on signals acquired in the scan, and a
plurality of tomographic image data are thereby generated.
[0065] (Step S06)

[0066] The image processor 7 then generates voxel data
based on the plurality of tomographic image data generated
by the DSC 5. Moreover, the image processor 7 executes
volume rendering on the voxel data to generate three-dimen-
sional image data. Since having received the coordinate infor-
mation of the second marker 23 from the marker generator 12,
the image processor 7 executes volume rendering on data
included in the three-dimensional range (the second region of
interest) specified based on the second marker 23, thereby
generating three-dimensional image data included in the sec-
ond region of interest. That is, the image processor 7 gener-
ates the three-dimensional image data by executing volume
rendering on data included in the three-dimensional range
including the cross section indicated by the second marker 23
and having the predetermined range in the direction substan-
tially orthogonal to the cross section (the depth direction).
[0067] (Step S07)

[0068] Uponreception of the three-dimensional image data
generated by the image processor 7, the display controller 9
causes the display 10 to display a three-dimensional image
based on the three-dimensional image data.

[0069] As described above, the ultrasound imaging appa-
ratus 1 according to the first embodiment allows the second
marker 23 for designating a range in which three-dimensional
image data is generated to rotate around a predetermined
rotation axis, and therefore, has an effect that it is easy to
match a region of interest with the morphology of an obser-
vation object (the morphology of a fetus in the example of
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FIG. 4). Consequently, it is possible to obtain a three-dimen-
sional image with less unnecessary part than conventional
and to display the image on the display 10. Thus, the ultra-
sound imaging apparatus 1 according to the first embodiment
makes it possible to easily display a three-dimensional image
included in a region of interest without a complicated opera-
tion.

Second Embodiment

[0070] Next, anultrasound imaging apparatus according to
a second embodiment of the present invention will be
described with reference to FIGS. 6A through 6C. FIGS. 6A
through 6C are schematic views for describing a process of
obtaining a new three-dimensional scan range in the ultra-
sound imaging apparatus according to the second embodi-
ment of the present invention.

[0071] Similarly to the ultrasound imaging apparatus 1
according to the first embodiment described above, the ultra-
sound imaging apparatus according to the second embodi-
ment includes the ultrasound probe 2, the transceiver 3, the
signal processor 4, the DSC 5, the first image memory 6, the
image processor 7, the second image memory 8, the display
controller 9, the display 10, the operation part 11, and the
marker generator 12. The second embodiment is featured by
the content of the processing by the marker generator 12.
[0072] Uponreception of an instruction to change the posi-
tion, size and rotation angle of the second marker for desig-
nating the range in which ultrasound image data (the second
region of interest) is generated from the operation part 11, the
marker generator 12 generates a new first marker with the
position and size changed in accordance with the change of
the second marker. The marker generator 12 obtains the posi-
tion and size of the new first marker based on the coordinate
information of the second marker after the change of the
position, size and rotation angle.

[0073] The marker generator 12 generates a new first
marker including a range designated by the second marker
(the second region of interest). For example, the marker gen-
erator 12 obtains the new position and size of the first marker
so that the range designated by the second marker (the second
region of interest) is inscribed. At this moment, the marker
generator 12 may inscribe the second region of interest to the
first region of interest, or may reduce the size of the first
region of interest by a predetermined size.

[0074] For example, as shown in FIG. 6A, the display con-
troller 9 causes the display 10 to display the first marker 22 for
designating the three-dimensional scan range (the first region
of interest) and the second marker 23 for designating the
three-dimensional image generation range (the second region
ofinterest) in the initial state. Consequently, the three-dimen-
sional scan range (the first region of interest) and the three-
dimensional image generation range (the second region of
interest) are designated. Then, when given an instruction to
rotate and contract the second marker by the operation part
11, the marker generator 12 generates a new second marker
rotated and contracted in accordance with the instruction. The
display controller 9 causes the display 10 to display a new
second marker 23a rotated and contracted as shown in FIG.
6B. The coordinate information of the new second marker
23a is outputted to the image processor 7.

[0075] Based onthe coordinate information (the coordinate
information of the respective apexes) of the new second
marker 23a, the marker generator 12 obtains the coordinates
of apexes o and p of the second marker 23a with which
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boundaries A and B first intersect. The boundaries A and B are
boundaries of the first region of interest and are along the
transmission/reception direction of ultrasound waves. Then,
the marker generator 12 sets the boundaries A and B contact-
ing the apexes o and [ of the second marker 23a as the
boundaries of the new first region of interest, and sets a range
defined by the boundaries A and B as the new first region of
interest (a range indicated by the first marker). In FIG. 6C, a
range surrounded by the first marker 224 is the new first
region of interest. For obtaining an image symmetric about
the center of the ultrasound probe 2, the coordinates that the
boundary A or B first intersects are obtained. Thus, the marker
generator 12 generates the new first marker 22a whose width
in a direction (a scan direction) substantially orthogonal to the
transmission/reception direction of ultrasound waves has
been changed in accordance with the new second marker 23a.
That is, in accordance with the shape of the new second
marker 23a, the marker generator 12 changes a scan range in
the direction (the scan direction) substantially orthogonal to
the transmission/reception direction of ultrasound waves.

[0076] In the example shown in FIGS. 6A, 6B and 6C, the
second markers 23 and 23a have rectangular shapes. In this
case, of the four apexes of the second marker 23a, the two
apexes o. and 3 located shallow in depth in the transmission/
reception direction are apexes with which the boundaries A
and B first intersect. Therefore, the marker generator 12 may
set the boundaries A and B intersecting with the two apexes o
and 3 located shallow in depth as the boundaries of the new
first region of interest, and set the range defined by the bound-
aries A and B as the new first region of interest (the range
indicated by the first marker).

[0077] Further, instead of making the boundaries A and B
intersect with the apexes o and 3 of the second marker 23a,
the marker generator 12 may displace the boundaries A and B
from the intersecting points o and 3 by predetermined dis-
tances and set a range defined by the displaced boundaries A
and B as the new first region of interest (the range indicated by
the first marker). In the example shown in FIG. 6C, the marker
generator 12 displaces the boundaries A and B toward the
inside of the second marker 23a by predetermined distances,
and sets the range defined by the displaced boundaries A and
B as the new first region of interest (the range indicated by the
first marker 22a).

[0078] The marker generator 12 outputs the coordinate
information of the new first region of interest (the first
marker) to the transceiver 3, the DSC 5 and the display con-
troller 9. The display controller 9 causes the display 10 to
display the first marker 22a indicating the new first region of
interest and the second marker 23a so as to be superimposed
on a tomographic image. The transceiver 3 causes the ultra-
sound probe 2 to scan the new first region of interest.

[0079] The above process is particularly effective for
reducing the size of the second marker. A range that is not
included in the range designated by the second marker (the
second region of interest) is not an object for image process-
ing by the image processor 7. Therefore, a range that is
included in the first region of interest but not included in the
second region of interest will not be used for generation of a
three-dimensional image even if it is scanned with ultrasound
waves. Accordingly, in the case of reducing the size of the
second marker, it is possible, by making the three-dimen-
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sional scan range (the first region of interest) narrow in accor-
dance with the reduction of the size, to increase the frame rate
(volume rate).

(Operation)

[0080] Next, the operation of the ultrasound imaging appa-
ratus according to the second embodiment of the present
invention will be described with reference to FIG. 7. FIG. 7 is
a flow chart showing a series of operations by the ultrasound
imaging apparatus according to the second embodiment of
the present invention.

[0081] (Step S10)

[0082] First, as shown in FIG. 6A, the display controller 9
causes the display 10 to display, in preset initial positions, the
first and second markers 22 and 23 generated by the marker
generator 12 and having predetermined sizes so as to be
superimposed on a tomographic image (not shown).

[0083] (Step S11)

[0084] By using the operation part 11 while referring to the
first and second markers 22 and 23 displayed on the display
10, the operator gives an instruction to change the size, posi-
tion and rotation angle of the second marker 23 as shown in
FIG. 6B. Here, the second marker 23 is reduced in size and
rotated. Upon reception of the changing instruction from the
operation part 11, the marker generator 12 generates a new
second marker in accordance with the instruction. Then, the
display controller 9 causes the display 10 to display the new
second marker 23a. The coordinate information of the second
marker 23a is also outputted to the image processor 7 from the
marker generator 12.

[0085] (Step S12)

[0086] The marker generator 12 sets the boundaries A and
B intersecting with the two apexes c.and § shallow in depth in
the transmission/reception direction of the apexes of the sec-
ond marker 23a, as the boundaries of a new first region of
interest. The marker generator 12 then sets a range defined by
the boundaries A and B as a new first region of interest (the
first marker).

[0087] Thus, the marker generator 12 generates a new first
marker 22a whose width in a direction (the scan direction)
substantially orthogonal to the transmission/reception direc-
tion of ultrasound waves have been changed, based on the
new second marker 23a.

[0088] (Step S13)

[0089] The coordinate information of the new first region of
interest is outputted from the marker generator 12 to the
transceiver 3, the DSC 5 and the display controller 9.

[0090] (Step S14)

[0091] Uponreception of the coordinate information of the
new first region of interest (the first marker) from the marker
generator 12, the display controller 9 causes the display 10 to
display the first marker 22a indicating the new first region of
interest and the second marker 23a so as to be superimposed
on a tomographic image (not shown) (refer to FIG. 6C).
[0092] (Step S15)

[0093] Uponreception of the coordinate information of the
new first region of interest from the marker generator 12, the
transceiver 3 causes the ultrasound probe 2 to scan the first
region of interest. For example, the transceiver 3 transmits
ultrasound waves to various depths by changing the repetition
frequency (PRF) of the ultrasound waves, and transmits the
ultrasound waves while changing the deflection direction.
That is, the transceiver 3 causes the ultrasound probe 2 to scan
a three-dimensional scan range that includes a cross section
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indicated by the first marker 22a and that has a predetermined
range in a direction (a depth direction) substantially orthogo-
nal to the cross section.

[0094] (Step S16)

[0095] After the three-dimensional scan range is scanned in
step S16, the signal processor 4 and the DSC 5 execute pre-
determined processes on signals acquired in the scan, and a
plurality of tomographic image data are thereby generated.
[0096] (Step S17)

[0097] The image processor 7 then generates voxel data
based on the plurality of tomographic image data generated
by the DSC 5. Moreover, the image processor 7 executes
volume rendering on the voxel data to generate three-dimen-
sional image data. Since having received the coordinate infor-
mation of the second marker 23a from the marker generator
12, the image processor 7 executes volume rendering on data
included in the three-dimensional range (the second region of
interest) specified based on the second marker 23a, thereby
generating three-dimensional image data included in the sec-
ond region of interest. That is, the image processor 7 gener-
ates three-dimensional image data by executing volume ren-
dering on data included in a three-dimensional range that
includes a cross section indicated by the second marker 23a
and that has a predetermined range in a direction (a depth
direction) substantially orthogonal to the cross section.
[0098] (Step S18)

[0099] Uponreception of the three-dimensional image data
generated by the image processor 7, the display controller 9
causes the display 10 to display a three-dimensional image
based on the three-dimensional image data.

[0100] As described above, the ultrasound imaging appa-
ratus according to the second embodiment can produce the
same actions and effects as the ultrasound imaging apparatus
1 according to the first embodiment described above. More-
over, the change of the position and size of the three-dimen-
sional scan range (the first region of interest) in accordance
with the change of the size and position of the second marker
23 avoids scanning an unnecessary part. Accordingly, it is
possible to increase the frame rate (the volume rate).

[0101] In particular, in the case of reducing the size of the
second region of interest, it is possible to avoid scanning an
unnecessary part and thereby increase the frame rate (the
volume rate).

[0102] Further, the marker generator 12 may generate the
first marker with the width (the depth) in the transmission/
reception direction of ultrasound waves changed based on the
new marker 23a. That is, the marker generator 12 may change
the depth of transmission of ultrasound waves in accordance
with the shape of the new second marker 23a. Here, a process
for generating the first marker whose width (depth) in the
transmission/reception direction of ultrasound waves is
changed will be described with reference to FIG. 8. FIG. 8 is
a schematic view for describing a process for obtaining a new
three-dimensional scan range in the ultrasound imaging appa-
ratus according to the second embodiment of the present
invention.

[0103] For example, as shown in FIG. 8, the marker gen-
erator 12 sets a boundary C located in the deepest position of
the boundaries of the new first region of interest along a
direction (a scan direction) substantially orthogonal to the
transmission/reception direction, near an apex y in the deepest
position in the transmission/reception direction of all the
apexes of the second marker 23a, based on the coordinate
information (the coordinate information of the respective
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apexes) of the new second marker 23qa. That is, the marker
generator 12 sets the boundary C of the first region of interest,
near the the deepest part (the apex y) of the second marker
23a. This boundary C defines the depth of the new first region
of'interest. Then, the marker generator 12 sets a range defined
by the boundaries A, B and C as the new first region of interest
(the range indicated by the first marker). In FIG. 8, the range
surrounded by the first marker 22a becomes the new first
region of interest defined by the board lines A, B and C.
[0104] As described above, by changing the position of the
boundary C forming the first region of interest (the range
surrounded by the first marker 22a) in accordance with the
shape of the new second marker 23a, it is possible to make the
second region of interest indicating an image generation
range included in the first region of interest scanned with the
ultrasound waves.

[0105] Further, as shown in FIG. 8, the marker generator 12
may seta boundary C1 of the first marker 22a between the two
apexes y and d located in the deepest positions in the trans-
mission/reception direction of the four apexes of the second
marker 23a. In this case, the marker generator 12 sets a range
defined by the boundaries A, B and C1 as the new first region
of interest. Furthermore, the marker generator 12 may set the
boundary C in the vicinity of the apex § of the second marker
23a.

[0106] The marker generator 12 outputs the coordinate
information of the new first region of interest (the first
marker) to the transceiver 3, the DSC 5 and the display con-
troller 9. The display controller 9 causes the display 10 to
display the first marker 22a indicating the new first region of
interest and the second marker 23a so as to be superimposed
on a tomographic image. The transceiver 3 causes the ultra-
sound probe 2 to scan the new first region of interest. At this
moment, the transceiver 3 transmits and receives ultrasound
waves while changing the repetition frequency (PRF) of the
ultrasound waves in accordance with the depth in the trans-
mission/reception direction defined by the boundary C of the
first region of interest. Then, the image processor 7 executes
volume rendering on data included in a three-dimensional
range specified based on the second marker 23a, thereby
generating three-dimensional image data included in the sec-
ond region of interest.

Third Embodiment

[0107] Next, the configuration of an ultrasound imaging
apparatus according to a third embodiment of the present
invention will be described with reference to FIGS. 9A
through 9E. FIGS. 9A through 9E are schematic views for
describing a process of obtaining a new region of interest
(ROI) in the ultrasound imaging apparatus according to the
third embodiment of the present invention.

[0108] Similarly to the ultrasound imaging apparatus
according to the first embodiment described above, the ultra-
sound imaging apparatus according to the third embodiment
includes the ultrasound probe 2, the transceiver 3, the signal
processor 4, the DSC 5, the first image memory 6, the image
processor 7, the second image memory 8, the display control-
ler 9, the display 10, the operation part 11 and the marker
generator 12. The third embodiment is featured by the content
of processing by the marker generator 12.

[0109] In a case that the position and size of a second
marker for designating a range to generate ultrasound image
data (a second region of interest) are changed and thereafter
the position and size of a first marker for designating a three-
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dimensional scan range (a first region of interest) are
changed, the marker generator 12 generates a new second
marker with the position and size changed in accordance with
the change of the first marker. The marker generator 12
obtains the position and size of the new second marker based
on the coordinate information of the first marker whose posi-
tion and size have been changed.

[0110] When the second marker is rotated 0 degrees to be
displaced and thereafter the position and size of the first
marker are changed, the marker generator 12, in accordance
with the size of the first marker, changes the size of the second
region of interest of the initial state designated by the second
marker before rotated. At this moment, the marker generator
12 changes the size of the second marker at the same rate as
the change rate of the size of the first marker. Then, the marker
generator 12 makes the second region of interest changed in
size also rotate 0 degrees in the same direction as the second
marker has been rotated, and sets as the new second region of
interest (the range indicated by the second marker).

[0111] A specific process will be described with reference
to FIGS. 9A through 9E. As shown in FIG. 9A, in the initial
state, the display controller 9 causes the display 10 to display
the first marker 22 for designating the three-dimensional scan
range (the first region of interest) and the second marker 23
for designating the three-dimensional image generation range
(the second region of interest). Thus, the three-dimensional
scan range (the first region of interest) and the three-dimen-
sional image generation range (the second region of interest)
are designated.

[0112] When given an instruction to rotate the second
marker by the operation part 11, the marker generator 12
rotates the second marker 0 degrees in accordance with the
instruction to generate a new one. As shown in FIG. 9B, the
display controller 9 then causes the display 10 to display a
new second marker 236 having been rotated. Moreover, when
given an instruction to enlarge the first marker 22 of the initial
state by the operation part 11, the marker generator 12
enlarges the first marker in accordance with the instruction to
generate a new one. The display controller 9 then causes the
display 10 to display a new first marker 225 having been
enlarged as shown in FIG. 9C.

[0113] The marker generator 12 changes the size of the
second marker 23 of the initial state in accordance with the
size of the first marker 225 based on the coordinate informa-
tion of the new first marker 225 and sets as a new second
region of interest. This new second region of interest corre-
sponds to a range indicated by a second marker 23¢ in FIG.
9D. The marker generator 12 makes the new second region of
interest (the range indicated by the second marker 23¢) rotate
0 degrees and sets as anew second region of interest. This new
second region of interest corresponds to a range indicated by
a second marker 23d in FIG. 9E.

[0114] The marker generator 12 outputs the coordinate
information of the changed first region of interest (the range
indicated by the first marker 225) to the transceiver 3 and the
DSC 5, and outputs the coordinate information of the new
second region of interest (the range indicated by the second
marker 23d) to the image processor 7 and the display control-
ler 9. The display controller 9 causes the display 10 to display
the first marker and the second marker indicating the new
second region of interest so as to be superimposed on a
tomographic image. For example, as shown in FIG. 9E, the
display controller 9 causes the display 10 to display the
changed first marker 225 and the changed second marker 234
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so as to be superimposed on a tomographic image (not
shown). The transceiver 3 causes the ultrasound probe 2 to
scan the first region of interest.

[0115] The above process is particularly effective for scan-
ning a range that is out of the second marker after the second
marker is moved and rotated. In this case, by broadening and
moving the first marker after moving and rotating the second
marker, adesired scan range is designated. Then, by changing
the size of the second region of interest in accordance with the
change of the first marker, it is possible to easily set a desired
region of interest without a complicated operation.

(Operation)

[0116] Next, the operation of the ultrasound imaging appa-
ratus according to the third embodiment of the present inven-
tion will be described with reference to FIG. 10. FIG. 10is a
flow chart showing a series of operations by the ultrasound
imaging apparatus according to the third embodiment of the
present invention.

[0117] (Step S20)

[0118] First, as shown in FIG. 9A, the display controller 9
causes the display 10 to display, in preset initial positions, the
first and second markers 22 and 23 having predetermined
sizes generated by the marker generator 12 so as to be super-
imposed on a tomographic image (not shown).

[0119] (Step S21)

[0120] By using the operation part 11 while referring to the
first and second markers 22 and 23 displayed on the display
10, the operator gives an instruction to change the size, posi-
tion and rotation angle of the second marker 23 as shown in
FIG. 9B. Here, the second marker 23 is rotated. Upon recep-
tion of the changing instruction from the operation part 11,
the marker generator 12 generates a second marker rotated 0
degrees in accordance with the instruction. Then, the display
controller 9 causes the display 10 to display the new second
marker 23b.

[0121] (Step S22)

[0122] Furthermore, by using the operation part 11 while
referring to the first marker 22 displayed on the display 10, the
operator gives an instruction to change the size of the first
marker 22 as shown in FIG. 9C. Upon reception of the chang-
ing instruction from the operation part 11, the marker genera-
tor 12 generates the first marker 2256 with the enlarged range
in accordance with the instruction. Then, the display control-
ler 9 causes the display 10 to display the new first marker 225.
[0123] (Step S23)

[0124] The marker generator 12 temporarily changes the
size of the second region of interest (the range designated by
the second marker 23) set in the initial state in accordance
with the change of the size of the first marker, and sets as a
new second region of interest. This new second region of
interest corresponds to a range indicated by the second
marker 23¢ in FIG. 9D.

[0125] (Step S24)

[0126] Then, the marker generator 12 makes the second
region of interest with the changed size (the range designated
by the second marker 23¢) rotate 0 degrees, and sets as a new
second region of interest. This new second region of interest
corresponds to a range indicated by the second marker 23d in
FIG. 9E.

[0127] (Step S25)

[0128] The coordinate information of the changed first
region of interest (the range indicated by the first marker 225)
is outputted to the transceiver 3 and the DSC 5 from the
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marker generator 12. Moreover, the coordinate information
of the new second region of interest (the range indicated by
the second marker 23d) is outputted to the image processor 7
and the display controller 9.

[0129] (Step S26)

[0130] Upon reception of the coordinate information of the
new second region of interest (the range indicated by the
second marker 23d) from the marker generator 12, the display
controller 9 causes the display 10 to display the first marker
and the second marker indicating the new second region of
interest. For example, as shown in FIG. 9E, the display con-
troller 9 causes the display 10 to display the changed first
marker 225 and the changed second marker 23d so as to be
superimposed on a tomographic image (not shown).

[0131] (Step S27)

[0132] Upon reception of the coordinate information of the
first region of interest (the first marker 225) from the marker
generator 12, the transceiver 3 causes the ultrasound probe 2
to scan the first region of interest. That is, the transceiver 3
causes the ultrasound probe 2 to scan a three-dimensional
scan range that includes a cross section indicated by the first
marker 225 and that has a predetermined range in a direction
(a depth direction) substantially orthogonal to the cross sec-
tion.

[0133] (Step S28)

[0134] Afterthe three-dimensional scan range is scanned in
step S27, the signal processor 4 and the DSC 5 execute pre-
determined processes on signals acquired in the scan, and a
plurality of tomographic image data are thereby generated.
[0135] (Step S29)

[0136] The image processor 7 then generates voxel data
based on the plurality of tomographic image data generated
by the DSC 5. Moreover, the image processor 7 executes
volume rendering on the voxel data, thereby generating three-
dimensional image data. Since having received the coordi-
nate information of the second region of interest specified by
the second marker 234 from the marker generator 12, the
image processor 7 executes volume rendering on data
included in the second region of interest, thereby generating
three-dimensional image data included in the second region
of interest. That is, the image processor 7 generates three-
dimensional image data by executing volume rendering on
data included in a three-dimensional range that includes a
cross section indicated by the second marker 234 and that has
a predetermined range in a direction (a depth direction) sub-
stantially orthogonal to the cross section.

[0137] (Step S30)

[0138] Uponreception of the three-dimensional image data
generated by the image processor 7, the display controller 9
causes the display 10 to display a three-dimensional image
based on the three-dimensional image data.

[0139] As described above, the ultrasound imaging appa-
ratus according to the third embodiment can produce the
same actions and effects as the ultrasound imaging apparatus
1 according to the first embodiment described above.

[0140] Moreover, by changing the position and size of the
second region of interest in accordance with the change of the
size and position of the first marker 22, it is possible to set a
desired region of interest by a simple operation without a
complicated operation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0141] FIG. 1is aview for describing a method for display-
ing a three-dimensional image included in a region of interest
(ROI) in a conventional art.
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[0142] FIG.2 isa view for describing a method for display-
ing a three-dimensional image included in a region of interest
(ROI) in a conventional art.

[0143] FIG. 3 is a block diagram showing an ultrasound
imaging apparatus according to a first embodiment of the
present invention.

[0144] FIG. 4is aview of ascreen for describing a region of
interest (ROI) set in the ultrasound imaging apparatus accord-
ing to the first embodiment of the present invention.

[0145] FIG. 5 is a flow chart showing a series of operations
by the ultrasound imaging apparatus according to the first
embodiment of the present invention.

[0146] FIGS. 6A through 6C are schematic views for
describing a process of obtaining a new three-dimensional
scan range in an ultrasound imaging apparatus according to a
second embodiment of the present invention.

[0147] FIG. 7 is a flow chart showing a series of operations
by the ultrasound imaging apparatus according to the second
embodiment of the present invention.

[0148] FIG. 8 is a schematic view for describing a process
of obtaining a new three-dimensional scan range in the ultra-
sound imaging apparatus according to the second embodi-
ment of the present invention.

[0149] FIGS. 9A through 9E are schematic views for
describing a process of obtaining a new region of interest
(ROI) in an ultrasound imaging apparatus according to a third
embodiment of the present invention.

[0150] FIG. 10 is a flow chart for describing a series of
operations by the ultrasound imaging apparatus according to
the third embodiment of the present invention.

DESCRIPTION OF REFERENCE NUMERALS

AND SYMBOLS
[0151] 1 ultrasound imaging apparatus
[0152] 2 ultrasound probe
[0153] 3 transceiver
[0154] 4 signal processor
[0155] 5 DSC
[0156] 6 first frame memory
[0157] 7 image processor
[0158] 8 second frame memory
[0159] 9 display controller
[0160] 10 display
[0161] 11 operation part
[0162] 12 marker generator
[0163] 20 tomographic image
[0164] 21 infant image
[0165] 22, 224, 225 first marker (marker indicating first

region of interest)
[0166] 23,23a,23b,23c¢, 23d second marker (marker indi-
cating second region of interest)
1. An ultrasound imaging apparatus, comprising:
a scanner configured to transmit ultrasound waves to a
subject and receive reflected waves from the subject;
an image generator configured to generate tomographic
image data based on the reflected waves;

a marker generator configured to generate a first marker
and a second marker; and

a display controller configured to cause a display to display
a tomographic image based on the tomographic image
data, and cause the display to display the first marker and
the second marker so as to be superimposed on the
tomographic image in a state that the second marker is
included in a range of the first marker, wherein:
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the scanner is configured to execute scan with ultrasound
waves on the range specified based on the first marker;
and
the image generator is configured to generate three-dimen-
sional image data based on, of data acquired in the scan,
data included in a range specified based on the second
marker.
2. The ultrasound imaging apparatus according to claim 1,
wherein:
the marker generator is configured to generate a new sec-
ond marker rotated in accordance with an instruction to
rotate the second marker;
the display controller is configured to cause the display to
display the new second marker so as to be superimposed
on the tomographic image;
the scanner is configured to execute scan with ultrasound
waves on the range specified based on the first marker;
and
the image generator is configured to generate three-dimen-
sional image data based on, of data acquired in the scan,
data included in a range specified based on the new
second marker.
3. The ultrasound imaging apparatus according to claim 1,
wherein:
the scanner is configured to execute scan with ultrasound
waves on a three-dimensional range specified based on
the first marker; and
the image generator is configured to generate three-dimen-
sional image data based on data included in a three-
dimensional range specified based on the second
marker.
4. The ultrasound imaging apparatus according to claim 1,
wherein:
the scanner is configured to execute scan while changing an
ultrasound scan range in accordance with movement of
the second marker.
5. The ultrasound imaging apparatus according to claim 4,
wherein:
the scanner is configured to execute scan while changing,
of the scan range, a range in a direction substantially
orthogonal to an ultrasound transmission direction in
accordance with movement of the second marker.
6. The ultrasound imaging apparatus according to claim 4,
wherein:
the scanner is configured to execute scan while changing an
ultrasound transmission depth in accordance with move-
ment of the second marker.
7. The ultrasound imaging apparatus according to claim 1,
wherein:
the marker generator is configured to generate a new first
marker with a range changed in accordance with move-
ment of the second marker;
the display controller is configured to cause the display to
display the new first marker; and
the scanner is configured to execute scan with ultrasound
waves on the range specified based on the new first
marker.
8. The ultrasound imaging apparatus according to claim 7,
wherein:

Feb. 4,2010

the first marker is configured to have sides along an ultra-
sound transmission direction; and

the marker generator is configured to generate a new first
marker with a range changed so that the sides of the first
marker along the ultrasound transmission direction are
located near ends of the second marker.

9. The ultrasound imaging apparatus according to claim 7,

wherein:

the first marker is configured to have sides substantially
orthogonal to an ultrasound transmission direction; and

the marker generator is configured to generate a first
marker with a range changed so that, of the substantially
orthogonal sides, the side deeper in the transmission
direction is located near a part deepest in the transmis-
sion direction of the second marker.

10. The ultrasound imaging apparatus according to claim

1, wherein:

the marker generator is configured to generate a new sec-
ond marker with a range changed in accordance with
change of the range of the first marker.

11. The ultrasound imaging apparatus according to claim

10, wherein:

when the second marker is rotated and moreover the range
of the first marker is changed, the marker generator is
configured to change the range of the second marker
before rotated in accordance with the change of the
range of the first marker, and generate a new second
marker by rotating the second marker with the range
changed.

12. The ultrasound imaging apparatus according to claim

1, wherein:

the marker generator is configured to generate the second
marker having a rectangular shape or an elliptic shape.

13. A method for acquiring an ultrasound image, compris-

ing:

transmitting ultrasound waves to a subject and receiving
reflected waves from the subject to generate tomo-
graphic image data based on the reflected waves;

causing a display to display a tomographic image based on
the tomographic image data and causing the display to
display a first marker and a second marker so as to be
superimposed on the tomographic image in a state that
the second marker is included in a range of the first
marker;

executing scan with ultrasound waves on the range speci-
fied based on the first marker; and

generating three-dimensional image data based on, of data
acquired in the scan, data included in a range specified
based on the second marker.

14. The method for acquiring an ultrasound image accord-

ing to claim 13, wherein:

a new second marker obtained by rotating in accordance
with an instruction to rotate the second marker is gener-
ated, and the new second marker is superimposed on the
tomographic image and displayed on the display; and

three-dimensional image data is generated based on, of the
data acquired in the scan, data included in a range speci-
fied based on the new second marker.

* * * #* ok
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