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1
ULTRASONIC IMAGING APPARATUS AND A
METHOD OF OBTAINING ULTRASONIC
IMAGES

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention is related to an ultrasonic imaging
apparatus and a method of obtaining ultrasonic images for
scanning a 3D region using ultrasonic waves. In particular,
the present invention is related to an ultrasonic imaging appa-
ratus and the method of obtaining the ultrasonic images for
scanning by varying the transmission/reception conditions of
ultrasonic waves, depending on the region.

2. Description of the Related Art

An ultrasonic imaging apparatus scans a predetermined
range with repeating transmission/reception of ultrasonic
waves and generates ultrasonic images, based on data that has
been obtained by the scan.

A 2D array probe comprises a plurality of ultrasonic trans-
ducers that are two-dimensionally arranged. The 2D array
probe can scan a 3D region using ultrasonic beams. Image
processing such as volume rendering (hereinafter, may be
referred to as “VR processing”) and MPR (Multi-Planar
Reconstruction) processing is applied to volume data that has
been obtained by scanning the 3D region, thereby generating
3D image data or image data on an arbitrary cross section.

In this ultrasonic imaging apparatus, the volume rate and
image quality of an ultrasonic image have a relationship of
trade-off. For example, when obtaining a high-definition
ultrasonic image while enhancing the volume rate, it is nec-
essary to scan by narrowing down the 3D scanning region.
Lowering the scanning line density of ultrasonic beams by
reducing the number of transmission/reception times of ultra-
sonic beams makes it possible to improve the volume rate.
However, the image quality of the ultrasonic image obtained
by the scan thereby decreases.

In addition, raising the scanning line density of ultrasonic
beams by increasing the number of transmission/reception
times of ultrasonic beams enables acquisition of a high-defi-
nition ultrasonic image. However, the volume rate during
such a scan will decrease.

Thus, as the density of the scanning line of ultrasonic
beams is higher, the image quality of the ultrasonic image
obtained by the scan improves further, but the volume rate
will decrease. Conversely, as the density of the scanning line
of ultrasonic beams is lower, the volume rate during the scan
improves further, but the image quality of the ultrasonic
image obtained by the scan will decrease.

Ultrasonic imaging apparatuses according to the prior art
sets a region of interest (ROI) on the ultrasonic image
obtained by transmitting/receiving ultrasonic beams and lim-
its the range to be scanned by ultrasonic beams (e.g., Japanese
Patent Laid-open Publication 2005-245936).

However, ultrasonic imaging apparatuses according to the
prior art usually change the scanning line density of ultra-
sonic beams for the entire region to be scanned and then scan
the entire region in accordance with the changed scanning
line density. Therefore, it has been impossible to improve the
image quality of only the sites that are necessary for diagnosis
among the sites represented in an ultrasonic image obtained
by a scan. For example, when obtaining an ultrasonic image
of the heart, it has been difficult to improve the image quality
ofonly the heart wall, even while focusing on the heart wall of
aheart. Thus, conventionally, it has been possible to adjust the
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image quality of the entire ultrasonic image only, while it has
been difficult to partially adjust the image quality of ultra-
sonic images.

According to the prior art, when the scanning line density
of ultrasonic beams can be changed only in the entire region
to be scanned, the following problems arise. For example,
when the scanning line density of ultrasonic beams is lowered
in the entire region, the volume rate increases, but image
quality of the site of interest will decrease. Consequently, a
high-definition ultrasonic image suitable for diagnosis cannot
be obtained.

In addition, when increasing the scanning line density of
ultrasonic beams for the entire region, the entire image qual-
ity including the site of interest would increase, but the vol-
ume rate will decrease. Therefore, an image that is suitable for
diagnosis in which real-time properties need to be ascertained
cannot be obtained.

For example, when diagnosing a site in motion such as a
heart, real-time properties need to be ascertained. However,
when the scanning line density of ultrasonic beams is lowered
in the entire region to be scanned in order to improve the
volume rate, the image quality of the site of interest such as a
heart wall will also decrease. Conversely, when the scanning
line density of ultrasonic beams is raised in the entire region
to be scanned in order to improve the image quality of the site
of interest such as a heart wall, the volume rate will decrease.
Consequently, an image suitable for diagnosing a site in
motion such as a heart cannot be obtained.

SUMMARY OF THE INVENTION

The objective of the present invention is to provide an
ultrasonic imaging apparatus, as well as a method of obtain-
ing ultrasonic images that are capable of improving the image
quality of a region while preventing a decrease in the volume
rate.

The first aspect of the present invention is an ultrasonic
imaging apparatus comprising a scanner for scanning—while
the scanning line density of the transmission of ultrasonic
beams for aregion of interest among 3D regions is higher than
the scanning line density of the transmission of ultrasonic
beams for regions other than the region of interest among 3D
regions—the 3D region using ultrasonic beams, and an
image-generating part configured to generate ultrasonic-im-
age data of the 3D region, based on the received beams that
have been obtained by the scan.

Inthe first aspect, it becomes possible to improve the image
quality of the region of interest while preventing a decrease in
the volume rate by raising the scanning line density of the
transmission of ultrasonic beams for a region of interest com-
pared to the scanning line density of the transmission of
ultrasonic beams for regions other than the region of interest.

In addition, the second aspect of the present invention is an
ultrasonic imaging apparatus according to the first aspect,
wherein the scanner scans a predetermined slice by using
ultrasonic beams to scan in the main scanning direction,
further scans a 3D region by scanning a plurality of slices by
using ultrasonic beams to scan in a direction perpendicular to
the main scanning direction, and equalizes the number of
received beams to be received per slice by changing the
number of transmission times of ultrasonic beams and the
number of parallel signals per slice.

Moreover, the third aspect of the present invention is a
method of obtaining ultrasonic images, comprising scan-
ning—by raising the scanning line density of the transmission
of ultrasonic beams for a region of interest compared to the
scanning line density of ultrasonic beams for regions other
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than the region of interest among 3D regions—the 3D region
using ultrasonic beams, and generating ultrasonic-image data
of'the 3D region, based on the received beams that have been
obtained by the scan.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram that shows an ultrasonic imaging
apparatus according to an embodiment of the present inven-
tion.

FIG. 2A is a diagram that shows a region to be scanned by
a 2D array probe.

FIG. 2B is a diagram that shows a region to be scanned by
a 2D array probe.

FIG. 3A is a diagram of a screen that shows an example of
an ultrasonic image.

FIG. 3B is a diagram of a screen that shows an example of
an ultrasonic image.

FIG. 4 is a diagram that shows an example of a typical
marker representing a region of interest (ROI).

FIG. 5 is a diagram that shows an example of a typical
marker representing a region of interest (ROI).

FIG. 6 is a diagram that shows an example of a typical
marker representing a region of interest (ROI).

FIG. 7 is a diagram that shows the typical number of
transmission times of ultrasonic beams and the number of
received beams, respectively inside and outside the region of
interest.

FIG. 8is a flowchart that shows a series of operations by an
ultrasonic imaging apparatus according to an embodiment of
the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Configuration

An ultrasonic imaging apparatus according to an embodi-
ment of the present invention will be explained with reference
to FIGS. 1, 2A, and 2B. FIG. 1 is a block diagram that shows
an ultrasonic imaging apparatus according to an embodiment
of the present invention. FIGS. 2A and 2B are diagrams that
show a region to be scanned by a 2D array probe.

An ultrasonic imaging apparatus 1 according to this
embodiment obtains a high-definition ultrasonic image by
raising the scanning line density of the transmission of ultra-
sonic beams for a region of interest (ROI). In addition, the
ultrasonic imaging apparatus 1 improves the volume rate by
performing parallel signal processing to lower the scanning
line density of the transmission of ultrasonic beams for
regions other than the region of interest (ROI). Thereby, a
high-definition ultrasonic image is obtained in the region of
interest (ROI) while preventing a decrease in the volume rate.
Hereinafter, the configuration of each portion of the ultra-
sonic imaging apparatus 1 will be explained.

Anultrasonic probe 2 is composed of a 2D array probe. The
2D array probe has ultrasonic transducers that are two-dimen-
sionally arranged, and receives 3D data with a shape that
radially spreads as an echo signal by three-dimensionally
transmitting ultrasonic beams and receiving the reflected
waves. In addition, a 1D array probe may be employed as an
ultrasonic probe 2 instead of the 2D array probe. For example,
a 1D array probe may be employed in which the ultrasonic
transducers are arranged in a predetermined direction (scan-
ning direction) and that is capable of mechanically swinging
the ultrasonic transducers in a direction perpendicular to the
scanning direction.
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Herein, the region to be scanned by the ultrasonic probe 2
will be explained with reference to FIGS. 2A and 2B. As
shown in FIG. 2A, a scanning region S that can be scanned by
the ultrasonic probe 2 is a 3D space. Specifically, as shown in
FIG. 2B, the ultrasonic probe 2 scans a slice S1 that is defined
by a transmission/reception direction (Y direction) and a
main scanning direction (X direction) by using ultrasonic
beams to scan in the main scanning direction (X direction)
while transmitting the ultrasonic beams in the transmission/
reception direction (Y direction). Furthermore, the ultrasonic
probe 2 scans a plurality of slices S1, S2, S3, . . . by using
ultrasonic beams to scan in a sub-scanning direction (Z direc-
tion) perpendicular to the main scanning direction, thereby
scanning the scanning region S that is a 3D space.

A transmitter/receiver 3 comprises a transmitter and a
receiver. The transmitter portion of the transmitter/receiver 3
supplies electrical signals to the ultrasonic probe 2 so as to
cause the ultrasonic probe 2 to generate ultrasonic beams. In
addition, the receiver portion of the transmitter/receiver 3
receives echo signals that have been received by the ultrasonic
probe 2.

The transmitter portion of the transmitter/receiver 3 com-
prises a clock generation circuit, a transmission delay circuit,
and a pulsar circuit (not shown). The clock generation circuit
is a circuit that generates clock signals to determine the trans-
mission timing or the transmission frequency of the ultra-
sonic signal. The transmission delay circuit is a circuit that
executes the transmission focus by applying a delay when
transmitting ultrasonic waves. The pulsar circuit, which
houses pulsars as many as individual channels corresponding
to each ultrasonic transducer, generates a driving pulse at a
transmission timing that is delayed in order to supply the
same to each ultrasonic transducer of the ultrasonic probe 2.

The transmitter portion of the transmitter/receiver 3 gen-
erates ultrasonic beams by supplying electrical signals to the
ultrasonic probe 2 in accordance with control signals output-
ted from a controller 8. The control signals include informa-
tion that indicates the scanning range of the ultrasonic probe
2, and the transmitter drives the ultrasonic probe 2 in accor-
dance with the information.

In addition, the receiver portion of the transmitter/receiver
3 comprises a preamplifier circuit, an A/D conversion circuit,
and a reception delay/adder circuit (not shown). The pream-
plifier circuit amplifies, for each receiving channel, echo sig-
nals outputted from each ultrasonic transducer of the ultra-
sonic probe 2. The A/D conversion circuit provides A/D
conversion of the amplified echo signals. The reception delay/
adder circuit provides a delay time required to determine the
receiving directivity of the echo signals after the A/D conver-
sion for addition. With this addition, the reflected component
in the direction of the receiving directivity is emphasized.
Incidentally, the signals that have been added by the trans-
mitter/receiver 3 are referred to as “RF data.”

Under control by the controller 8, the transmitter portion of
the transmitter/receiver 3 is capable of transmitting ultrasonic
beams while partially thinning them out. In other words, the
transmitter portion of the transmitter/receiver 3 is capable of
transmitting ultrasonic beams by partially changing the scan-
ning line density of the transmission thereof. In addition, the
receiver portion of the transmitter/receiver 3 has a configura-
tion capable of parallel signal processing under the control by
the controller 8. In other words, the receiver portion of the
transmitter/receiver 3 can generate a plurality of received
beams corresponding to scanning lines in a plurality of dif-
ferent directions by a single transmission of ultrasonic beams.
For example, when the number of parallel signal processings
is “4,” the transmitter/receiver 3 can generate received beams
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on four scanning lines that are symmetrically centered in the
transmission direction by a single transmission of ultrasonic
beams.

The transmitter/receiver 3 outputs the RF data to a signal
processor 4. The signal processor 4 comprises a B-mode
processor, a CEM processor, and the like.

The B-mode processor of the signal processor 4 converts
the amplitude information of the echo to an image and gen-
erates ultrasonic raster data from the echo signals. Specifi-
cally, the B-mode processor executes band pass filter process-
ing on the RF data, then detects the envelope line of the output
signals, and applies compression processing to the detected
data by means of logarithmic conversion. The signal proces-
sor 4 then outputs the ultrasonic raster data to an image-
generating part 5.

In addition, the CFM processor of the signal processor 4
converts information regarding the moving bloodstream into
an image and generates color ultrasonic raster data. The
bloodstream information includes information regarding
velocity, dispersion, power, and the like, and the bloodstream
information is obtained as binarized information. Specifi-
cally, the CFM processing circuit is composed of a phase-
detection circuit, an MTT filter, an autocorrelator, and a flow
velocity/dispersion computing unit. This CFM processing
circuit performs high-pass filter processing (MTI filter pro-
cessing) for separating tissue signals and bloodstream sig-
nals, and determines the bloodstream information such as the
moving velocity, dispersion, and power of the bloodstream
for multipoint by means of the autocorrelation processing.

Upon receiving the plurality of ultrasonic raster data from
the signal processor 4, the image-generating part 5 generates
voxel data by means of coordinate conversion. The image-
generating part 5 then generates ultrasonic-image data such
as 3D image data and image data on an arbitrary cross section
by applying image processing such as surface rendering pro-
cessing, volume rendering processing, and MPR processing
(Multi-Plannar Reconstruction) to the voxel data. The image-
generating part 5 outputs the generated ultrasonic-image data
to a display controller 7. Incidentally, this image-generating
part 5 is equivalent to an example of the “image-generating
part” of the present invention.

The display controller 6 instructs a display part 71 to dis-
play an image associated with the ultrasonic-image data gen-
erated by the image-generating part 5. Herein, an example of
the image displayed on the display part 71 will be explained
with reference to FIGS. 3A and 3B. FIGS. 3A and 3B are
diagrams of a screen that shows an example of an ultrasonic
image.

For example, the image-generating part 5 generates 3D
image data, tomographic image data along a slice, and tomo-
graphic image data along a plane perpendicular to the trans-
mission/reception direction of ultrasonic beams (hereinafter,
referred to as “C plane image data”). Thereby, as shown in
FIG. 3A, the display controller 6 instructs the display part 71
to display a 3D image 31, a tomographic image 32 along a
slice, and a C plane image 33, simultaneously. Thus, display-
ing a plurality of types of images makes it possible to observe
a diagnostic site from a plurality of directions. In FIG. 3A, a
heart is considered as the diagnostic site by way of an
example, and a 3D image, a tomographic image, and a C plane
image of the heart are shown as an example. Incidentally, in
the example shown in FIG. 3A, the tomographic image 32
along the slice represents a tomographic image along a long-
axis view of a heart, and the C plane image 33 represents a
tomographic image along a short-axis view of the heart.

The display controller 6 then generates a marker that indi-
cates a region of interest (ROI) and instructs the display part
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71 to display the marker, each overlapping each image. This
region of interest (ROI) is a region for which the image
quality is to be improved. For example, as shown in FIG. 3B,
the display controller 6 generates a marker 34 that indicates
the region of interest (ROI) and sends instructions to display
marker 34 overlapping the C plane image 33. In addition, the
display controller 6 instructs the display part 71 to display a
marker 31a that represents the region of interest (ROI) in
conformity with the position of marker 34, overlapping the
3D image 31. In other words, the display controller 6 gener-
ates marker 314 corresponding to marker 34 and instructs the
display part 71 to display marker 31a overlapping the 3D
image 31. Furthermore, the display controller 6 instructs the
display part 71 to display marker 32a, which represents the
region of interest (ROI), overlapping the tomographic image
32 in conformity with the position of marker 34. In other
words, the display controller 6 generates marker 32a corre-
sponding to marker 34 and instructs the display part 71 to
display marker 32a overlapping the tomographic image 32.
An operator can set a marker at an optional position by
employing an input part 72, and can optionally change the
shape of the marker. For example, when the operator desig-
nates an optional position by employing the input part 72, the
display controller 6 sends instructions to display a marker at
the designated position on the screen. The region of interest
(ROI) that has been designated by the marker is a region from
which a high-definition image is to be obtained.

In this embodiment, a heart is explained as the diagnostic
site by way of an example. A heart wall of the heart is com-
posed of three muscles (wall), and a coronary artery is situ-
ated in each muscle. When the motion of the coronary artery
deteriorates, the cardiac function decreases and an infarction
occurs. In this case, a high-definition ultrasonic image of the
heart wall is necessary, because the diagnosis will be per-
formed with a focus on the heart wall. To this end, the heart
wall is included in the region of interest (ROI).

For example, a heart muscle is represented on the C plane
image 33 which is along the short-axis view, so a region of
interest (ROI) with a shape simulating the heart muscle is set
onthe C plane image 33. In the example shown in FIG. 3B, the
display controller 6 generates a marker 34 simulating the
shape of the heart muscle and sends instructions to display
marker 34 overlapping the C plane image 33.

Herein, marker 34, which is displayed on the C plane image
33 and simulates the shape of the heart muscle, will be
explained with reference to FIG. 4. FIG. 4 is a diagram that
shows a typical example of a marker representing a region of
interest (ROI).

As shown in FIG. 4, marker 34 simulating the shape of the
heart muscle comprises two ellipses that are different in size.
Specifically, the display controller 6 generates marker 34,
which has an ellipse having a predetermined size and another
ellipse having a larger size surrounding the ellipse.

Incidentally, marker 34 may comprise two circles that are
different in size. In this case, marker 34 is configured so as to
comprise a circle having a predetermined size and another
circle having a larger size surrounding the circle.

The display controller 6 then divides marker 34 into three
regions 34a, 345, and 34c¢. The shapes of these three regions
34a, 345, and 34c¢ correspond to the shapes of three muscles
(wall) in a heart wall on the short-axis view. This marker 34
has, for example, a shape according to the 16-segment
method proposed by the American Society of Echocardio-
graphy (ASE).

The operator can change the shapes of these regions 34a,
34b, and 34c to an optional shape by using the input part 72.
For example, when the operator designates a shape by using
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the input part 72, the display controller 6 changes the shapes
of regions 34a, 34b, and 34c, depending on the designation
and instructs display part 71 to display marker 34. Thus,
displaying marker 34, which is equivalent to the shape of the
heart wall, is displayed overlapping the C plane image 33 on
which the heart muscle is represented, so as to facilitate
setting of the region of interest (ROI) for the heart wall.

As described above, the region of interest (ROI) is desig-
nated using the marker simulating the shape of the site of
interest, in order to allow the operator to easily designate a
region from which he/she wants to obtain a high-definition
image.

Furthermore, the operator may designate all regions among
the three regions 34a, 345, and 34c included in marker 34 as
the region of interest (ROI) or may designate one or two
regions among the three regions as the region of interest
(ROI), by using the input part 72. For example, to observe all
regions of the heart muscle in detail, the operator simply has
to designate all of three regions 34a, 345, and 34¢ included in
marker 34 as the region of interest (ROI) by using the input
part 72. Moreover, for example, to observe regions included
in only region 34a in particular detail, the operator simply has
to designate only region 34a as the region of interest (ROI) by
using the input part 72.

In addition, another example of a marker will be explained
with reference to FIG. 5. FIG. 5 is a diagram that shows a
typical example of a marker representing a region of interest
(ROD).

As shown in FIG. 5, a marker 40 simulating the shape of the
heart muscle comprises two ellipses or two circles that are
different in size as is the case with marker 34 described above.

The display controller 6 divides the marker 40 into four
regions 41, 42, 43, and 44. These four regions 41, 42, 43, and
44 correspond to the shapes of the heart wall on the short-axis
view. This marker 40, for example, has a shape according to
the 16-segment method proposed by the ASE.

For example, the shape of the region 41 corresponds to the
shape of the anterior wall of a heart. In addition, the shape of
the region 42 corresponds to the shape of the sidewall of the
heart. Moreover, the shape of the region 43 corresponds to the
shape of the lower wall of the heart. In addition, the shape of
the region 44 corresponds to the shape of the septum of the
heart. Thus, the marker 40, which is equivalent to the shape of
the heart, is displayed overlapping the C plane image 33 on
which the heart muscle is represented, so as to facilitate
setting of the region of interest (ROI) for the heart wall.

In addition, another example of a marker will be explained
with reference to FIG. 6. FIG. 6 is a diagram that shows a
typical example of a marker representing a region of interest
(ROD).

As shown in FIG. 6, a marker 50 simulating the shape of a
heart muscle comprises two ellipses or circles that are differ-
ent in size as is the case with marker 34 described above.

The display controller 6 divides marker 50 into six regions
51 through 56. These six regions 51 through 56 correspond to
shapes of the heart wall on the short-axis view. This marker 50
has, for example, a shape according to the 16-segment
method proposed by the ASE.

For example, the shape of region 51 corresponds to the
shape of the anterior wall of a heart. In addition, the shape of
region 52 corresponds to the shape of the sidewall of the heart.
Moreover, the shape of region 53 corresponds to the shape of
the posterior wall of the heart. In addition, the shape of region
54 corresponds to the shape of the lower wall of the heart.
Moreover, the shape of region 55 corresponds to the shape of
the septum of the heart. In addition, the shape of region 56
corresponds to the shape of the anterior septum of the heart.

40

45

50

60

65

8

Thus, marker 50, which is equivalent to the shape of the heart,
is displayed overlapping the C plane image 33 on which the
heart muscle is represented, so as to facilitate setting of the
region of interest (ROI) for the heart wall.

The operator can select a desired marker. For example, the
display controller 6 instructs the display part 71 to display
markers 34, 40, and 50 shown in FIGS. 4 through 6. The
operator then selects the desired marker from markers 34, 40,
and 50 by using the input part 72. The display controller 6
then instructs the display part 71 to display the marker that has
been designated by the operator, overlapping the C plane
image 33.

As described above, to follow the 16-segment method pro-
posed by the ASE, a marker which is divided into three, four,
or six regions is displayed overlapping the C plane image 33.

In this embodiment, a heart is explained as an example of
the diagnostic site. For imaging a diagnostic site other than
the heart, it is necessary to superimpose a marker simulating
the shape of the diagnostic site over the image and to desig-
nate a region of interest (ROI) by means of the marker.

As described above, when the region of interest (ROI) is
designated via a user interface 7, positional information (co-
ordinate information) of the region of interest (ROI) is out-
putted from the user interface (UI) 7 to the controller 8.

The controller 8 controls each portion of the ultrasonic
imaging apparatus 1. In this embodiment, the controller 8
receives the designation of the region of interest (ROI) from
the user interface (UI) 7, and determines the number of trans-
mission times of ultrasonic beams (scanning line density of
the transmission) and the number of parallel signals. The
controller 8 then controls the number of transmission times of
ultrasonic beams (scanning line density of the transmission)
of the transmitter portion of the transmitter/receiver 3, and
further controls the number of parallel signals of the receiver
portion of the transmitter/receiver 3.

Specifically, the controller 8 comprises a scan-sequence-
determining part 9 and a storage part 10. The scan-sequence-
determining part 9 then determines the number of transmis-
sion times (scanning line density of the transmission) and the
number of parallel signals, of ultrasonic beams. Hereinafter,
the details of processing by the scan-sequence-determining
part 9 are explained with reference to FIG. 7. FIG. 7 is a
diagram that shows the number of transmission times and the
number of received beams, of ultrasonic beams inside and
outside the region of interest typically.

FIG.7is a pattern diagram of the ultrasonic probe 2 viewed
from the upper portion. FIG. 7 represents a position for
receiving ultrasonic beams 21, slices S1, S2, S3,...,and a
region of interest (ROI) 22. The region of interest (ROI) 22
shaded in FIG. 7 is a region that has been designated by
marker 34 shown in FIGS. 3B and 4. For example, when all
regions among regions 34a, 34b, and 34c included in marker
34 are designated as the region of interest (ROI), the region of
interest (ROI) 22 shown in FIG. 7 represents designated
regions 34a, 345, and 34c. Alternatively, when only region
344 included in marker 34 is designated, the region of interest
(ROI) 22 shown in FIG. 7 represents region 34a.

In this embodiment, for the region of interest (ROI), the
scanning line density of the transmission of the ultrasonic
beams are increased in order to transmit ultrasonic beams.
Conversely, for regions other than the region of interest
(ROI), the ultrasonic beams are thinned out and transmitted,
in order to reduce the number of transmission times of ultra-
sonic beams for parallel signal processing. This enables
acquisition of a high-definition ultrasonic image for the
region of interest (ROI). In addition, it is possible to improve
the volume rate, because the number of transmission times of
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ultrasonic beams reduces in regions other than the region of
interest (ROI). Therefore, it is possible to obtain the high-
definition ultrasonic image in the region of interest (ROI)
while preventing a decrease in the volume rate overall. In this
embodiment, the maximum number of the number of parallel
signals is “8” as an example. In other words, the transmitter/
receiver 3 would be capable of generating received beams on
up to eight scanning lines by a single transmission of ultra-
sonic beams.

For example, as shown in FIG. 3B, when the region of
interest (ROI) is designated on the C plane image 33 via
marker 34, positional information of marker 34 is outputted
from the user interface (UI) 7 to the controller 8. Upon receiv-
ing the positional information of marker 34, the scan-se-
quence-determining part 9 determines, the number of trans-
mission times of ultrasonic beams (scanning line density of
the transmission) to the region of interest (ROI). This deter-
mination depends on the size of the region of interest (ROI)
specified by marker 34 At this time, the scan-sequence-deter-
mining part 9 determines, for individual slices shown in FIG.
2B, the number of transmission times of ultrasonic beams to
the region of interest (ROI). Furthermore, the scan-sequence-
determining part 9 determines the number of transmission
times of ultrasonic beams (scanning line density of the trans-
mission) to regions other than the region of interest (ROI) and
the number of parallel signals. At this time, the scan-se-
quence-determining part 9 determines, for individual slices
shown in FIG. 2B, the number of transmission times of ultra-
sonic beams to regions other than the region of interest (ROI)
and the number of parallel signals.

In addition, the scan-sequence-determining part 9 adjusts
the number of transmission times of ultrasonic beams and the
number of parallel signals per slice so that the numbers of
received beams per slice are identical. For example, assume
that the number of scanning lines per slice is ten. In this case,
the scan-sequence-determining part 9 adjusts the number of
transmission times of ultrasonic beams and the number of
parallel signals per slice so that the total number of received
beams per slice is ten.

A specific example of the number of transmission times of
ultrasonic beams (scanning line density of the transmission)
and the number of parallel signals that are set for each slice
will be explained with reference to FIG. 7.

As shown in FIG. 7, the region of interest (ROI) 22 is not
included in the slice S1, so the number of transmission times
of ultrasonic beams to the slice S1 is reduced by performing
parallel signal processing. For example, the scan-sequence-
determining part 9 divides ten scanning lines included in the
slice S1 into the range in which the number of parallel signals
is “8” and the range in which the number of parallel signals is
“2, and determines the number of transmission times of
ultrasonic beams to be twice. Thereby, the transmitter portion
of'the transmitter/receiver 3 transmits ultrasonic beams twice
to the slice S1. The receiver portion of the transmitter/receiver
3 generates eight received beams by a single transmission,
and generates two received beams by another transmission.
Therefore, the total number of received beams that are gen-
erated by two transmissions is “10.”

In addition, the region of interest (ROI) 22 is included in
the slice S2, so the scanning line density of ultrasonic beams
is raised for regions included in the region of interest (ROI)
22. Conversely, for regions other than the region of interest
(ROI), the number of transmission times of ultrasonic beams
is reduced by performing parallel signal processing. For
example, for regions included in the region of interest (ROI)
22 among ten scanning lines included in the slice S2, the
scan-sequence-determining part 9 determines the number of
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transmission times of ultrasonic beams to be four times,
depending on the size of the region. In addition, for regions
other than the region of interest (ROI) 22, the scan-sequence-
determining part 9 divides them into the range in which the
number of parallel signals is “4” and the range in which the
number of parallel signals is “2,” and determines the number
oftransmission times of ultrasonic beams to be twice. In other
words, the total of the numbers of transmission times of
ultrasonic beams is six times for the slice S2. Thereby, the
transmitter portion of the transmitter/receiver 3 transmits
ultrasonic beams six times to the slice S2. Specifically, the
transmitter portion of the transmitter/receiver 3 transmits
ultrasonic beams four times to regions included in the region
of interest (ROI) 22. The receiver portion of the transmitter/
receiver 3 then generates four received beams in total. In
addition, the transmitter portion of the transmitter/receiver 3
transmits ultrasonic beams twice to regions other than the
region of interest (ROI) 22. The receiver portion of the trans-
mitter/receiver 3 then generates four received beams by one
transmission and generates two received beams by another
transmission. Therefore, the total number of received beams
that are generated by six transmissions is “10.”

Moreover, the slice S3 includes the region of interest (ROI)
22, so scanning line density of ultrasonic beams is raised for
regions included in the region of interest (ROI) 22. Con-
versely, for regions other than the region of interest (ROI) 22,
the number of transmission times of ultrasonic beams is
reduced by performing parallel signal processing. For
example, for regions included in the region of interest (ROI)
22 among ten scanning lines included in the slice S3, the
scan-sequence-determining part 9 determines the number of
transmission times of ultrasonic beams to be six times,
depending on the size of the region. In addition, for regions
other than the region of interest (ROI) 22, the scan-sequence-
determining part 9 divides them into the range in which the
number of parallel signals is “2” and the range in which the
number of parallel signals is “2,” and determines the number
of transmission times of ultrasonic beams to be twice. In other
words, the total of the numbers of transmission times of
ultrasonic beams is eight times for the slice S3. Thereby, the
transmitter portion of the transmitter/receiver 3 transmits
ultrasonic beams eight times to the slice S3. Specifically, the
transmitter portion of the transmitter/receiver 3 transmits
ultrasonic beams six times to regions included in the region of
interest (ROI) 22. The receiver portion of the transmitter/
receiver 3 then generates six received beams in total. In addi-
tion, the transmitter portion of the transmitter/receiver 3
transmits ultrasonic beams twice to regions other than the
region of interest (ROI) 22. The receiver portion of the trans-
mitter/receiver 3 then generates two received beams by a
single transmission and generates two received beams by
another transmission. Therefore, the total number of received
beams that are generated by eight transmissions is “10.”

Also for slices S4, S5, S6, . . ., regions included in the
region of interest (ROI) 22 are scanned by raising the scan-
ning line density of the transmission of ultrasonic beams.
Conversely, for regions other than the region of interest (ROI)
22, the number of transmission times of ultrasonic beams is
reduced by performing parallel signal processing.

As described above, the transmitter/receiver 3 raises the
scanning line density of the transmission of ultrasonic beams
for the region of interest (ROI) 22 and generates one received
beam per transmission. Conversely, for regions other than the
region of interest (ROI) 22, the transmitter/receiver 3 lowers
the scanning line density of ultrasonic beams by performing
parallel signal processing. Furthermore, it adjusts the number
of transmission times of ultrasonic beams and the number of
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parallel signals so that the numbers of received beams on all
slices are identical. In this embodiment, the scan-sequence-
determining part 9 adjusts the number of transmission times
of ultrasonic beams and the number of parallel signals in
regions other than the region of interest (ROI) 22 so that the
number of received beams per slice is ten.

The controller 8 then outputs the number of transmission
times of ultrasonic beams per slice, the number of parallel
signals, and the positional information of the region of inter-
est (ROI) to the transmitter/receiver 3 by involving them in
scanning conditions. Upon receiving the scanning conditions
from the controller 8, the transmitter/receiver 3 scans, in
accordance with the scanning conditions, the scanning region
S shown in FIG. 2A using ultrasonic beams.

In addition, when the numbers of received beams per slice
are not identical, the scan-sequence-determining part 9 may
make the numbers of received beams per slice identical by
changing the shape of the region of interest (ROI).

According to this embodiment, for the region of interest
(ROI), it is possible to obtain a high-definition ultrasonic
image by raising the scanning line density of the transmission
of ultrasonic beams. In addition, for regions other than the
region of interest (ROI), it is possible to improve the volume
rate by reducing the number of transmission times of ultra-
sonic beams by performing parallel signal processing. This
enables acquisition of a high-definition ultrasonic image for
the region of interest (ROI) while preventing a decrease in the
volume rate overall, resulting in maintaining real-time prop-
erties.

For example, when observing a heart muscle of a heart,
with the ultrasonic imaging apparatus 1 according to this
embodiment, it is possible to obtain a fine ultrasonic image of
the heart muscle that is a site of interest while maintaining
real-time properties to an extent that corresponds to the
motion of the heart.

Furthermore, according to this embodiment, the numbers
of received beams per slice are identical. This makes image
processing easier, because it is not necessary to apply inter-
polation processing on the received beams that have been
generated per slice. When the numbers of received beams per
slice differ, it is necessary to generate voxel data by interpo-
lating the received beams that have been generated for each
slice. Conversely, in this embodiment, interpolation is not
necessary, so image processing becomes easier to that extent.
Consequently, it becomes possible to reduce the period that is
required to generate ultrasonic-image data.

Incidentally, it is not necessary to adjust the number of
transmission times of ultrasonic beams and the number of
parallel signals so that the numbers of received beams per
slice are identical. Then, for the region of interest (ROI), a
scan is performed by raising the scanning line density of the
transmission of ultrasonic beams. For regions other than the
region of interest (ROI), the scanning line density of the
transmission is lowered by performing parallel signal pro-
cessing. In the region of interest (ROI), the scanning line
density of the transmission of ultrasonic beams is higher, so a
high-quality image can be obtained. In addition, in regions
other than the region of interest (ROI), the number of trans-
mission times of ultrasonic beams is reduced by parallel
signals processing to make it possible to prevent a decrease in
the volume rate. In this case, the image-generating part 5 is
required to generate voxel data by interpolating the received
beams that have been generated for each slice.

In addition, the storage part 10 stores a control program for
controlling the operations of each part of the ultrasonic imag-
ing apparatus 1. The control program includes a scan-se-
quence-determining program for executing the functions of
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the scan-sequence-determining part 9. The controller 8 com-
prises a CPU. When the CPU receives designation of a region
of interest (ROI), the scan-sequence-determining program
stored in the storage part 10 is executed, thereby determining
the number of transmission times of ultrasonic beams per
slice and the number of parallel signals. Incidentally, the
ultrasonic probe 2, the transmitter/receiver 3, and the control-
ler 8 are collectively equivalent to one example of the “scan-
ner” of the present invention.

The user interface 7 comprises a display part 71 and an
input part 72. The display part 71 is composed of a monitor
such as a CRT and a liquid crystal display. An image such as
a tomographic image, a 3D image, or bloodstream informa-
tion is displayed on the screen of the display part 71. The input
part 72 is composed of a pointing device such as a joystick or
a trackball, a switch, buttons, a keyboard, a TCS (Touch
Command Screen), or the like. Various settings such as scan-
ning conditions, the region of interest (ROI), and the like are
then inputted using the input part 72. The scanning conditions
inputted by the input part 72 are transmitted to the controller
8.

Operation

Next, the operations of the ultrasonic imaging apparatus
according to an embodiment of the present invention are
explained with reference to FIG. 8.

Step S01

First, by applying the ultrasonic probe 2 to the body surface
of a subject, a diagnostic site (heart) is scanned using ultra-
sonic beams. The image-generating part 5 then generates 3D
image data by applying volume rendering processing to voxel
data obtained by the scan. In addition, the image-generating
part 5 generates tomographic image data of an arbitrary cross
section by applying MPR processing to the voxel data. The
display controller 6 then instructs the display part 71 to dis-
play ultrasonic images that are based on the ultrasonic-image
data generated by the image-generating part 5. For example,
as shown in FIG. 3A, the display controller 6 instructs the
display part 71 to display a 3D image 31, a tomographic
image 32, and a C plane image 33, simultaneously.

Step S02

The display controller 6 then instructs the display part 71 to
display a marker for specifying the region of interest (ROI)
overlapping the ultrasonic image. For example, as shown in
FIG. 3B, the display controller 6 overlaps a marker 31a on the
3D image 31, overlaps a marker 32a on the tomographic
image 32, overlaps a marker 34 on the C plane image 33 and
instructs the display part 71 to display them. An operator
observes the ultrasonic image displayed on the display part 71
and changes the shape or position of the marker via the input
part 72, so as to designate a site of interest. Positional infor-
mation of the region of interest (ROT) that has been designated
via the marker is outputted from the user interface 7 to the
controller 8.

Step S03

Upon receiving the positional information of the region of
interest (ROI) from the user interface 7, the scan-sequence-
determining part 9 determines, for each slice, the number of
transmission times of ultrasonic beams (scanning line density
ofthe transmission) and the number of parallel signals. At this
time, the scan-sequence-determining part 9 determines,
depending on the size of the region of interest (ROI), the
number of transmission times of ultrasonic beams (scanning
line density of the transmission) for regions included in the
region of interest (ROI). Furthermore, the scan-sequence-
determining part 9 determines the number of transmission
times of ultrasonic beams and the number of parallel signals,
for regions other than the region of interest (ROI). In addition,
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the scan-sequence-determining part 9 adjusts the number of
transmission times of ultrasonic beams and the number of
parallel signals so that the numbers of received beams gener-
ated per slice are identical.

Step S04

The controller 8 outputs, to the transmitter/receiver 3, the
scanning conditions including the number of transmission
times of ultrasonic beams and the number of parallel signals,
for each slice. The controller 8 then controls transmission/
reception of ultrasonic beams of the transmitter/receiver 3.
The transmitter/receiver 3 scans, under control by the con-
troller 8, the scanning region S shown in FIG. 2A using
ultrasonic beams in accordance with the scanning conditions.
Step S05

When the transmitter/receiver 3 generates received beams
per slice, a predetermined processing is applied to the
received beams by the signal processor 4. The signals that
have been processed by the signal processor 4 are outputted to
the image-generating part 5. The image-generating part 5
then generates ultrasonic-image data such as 3D image data,
tomographic image data, or C plane image data.

Step S06

The display controller 6 instructs the display part 71 to
display an ultrasonic image that is based on the ultrasonic-
image data generated by the image-generating part 5. When
the image-generating part 5 generates 3D image data, the
display controller 6 instructs the display part 71 to display a
3D image that is based on the 3D image data. In addition,
when the image-generating part 5 generates C plane image
data, the display controller 6 instructs the display part 71 to
display a C plane image that is based on the C plane image
data.

As described above, in the region of interest (ROI), a high-
definition image can be obtained, because the scanning line
density of the transmission of ultrasonic beams is higher. In
addition, in regions other than the region of interest (ROI), the
number of transmission times of ultrasonic beams is reduced
by parallel signal processing to make it possible to prevent a
decrease in the volume rate. Moreover, making the number of
received beams generated per slice identical removes the
necessity for interpolation, so there is an effect of making
image processing easier.

Step S07

When the operator observes the image displayed on the
display part 71 and changes the position or shape of the region
of interest (ROI) via the input part 72 (step S07, Yes), posi-
tional information of the region of interest (ROI) is outputted
from the user interface 7 to the controller 8. The scan-se-
quence-determining part 9 determines the number of trans-
mission times of ultrasonic beams (scanning line density of
the transmission) and the number of parallel signals again
(step S03). A new ultrasonic image is then obtained by
executing the processes of steps S03 through S06.

Modified Example 1

Next, Modified Example 1 of the abovementioned embodi-
ment will be explained. In the abovementioned embodiment,
the transmitter/receiver 3 transmits ultrasonic beams also to
regions other than the region of interest (ROI). In this Modi-
fied Example 1, the transmitter/receiver 3 may not transmit
ultrasonic beams to regions other than the region of interest
(ROI). Thus, only the region of interest (ROI) is scanned
using ultrasonic beams, so the number of transmission times
of ultrasonic beams will be reduced. Consequently, a
decrease in the volume rate is prevented, resulting in main-
taining real-time properties. At this time, a high-definition
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image can be obtained by scanning the region of interest
(ROI) by raising the scanning line density of the transmission
of ultrasonic beams, as is the case with the abovementioned
embodiment.

In addition, in regions to which ultrasonic beams are not
transmitted (regions other than the region of interest), the
image-generating part 5 generates voxel data by making the
number of received beams per slice identical, assuming that
received beams are present. The image-generating part 5 then
applies image processing to the voxel data. This makes it
possible to omit interpolation by the image-generating part 5.

Modified Example 2

Next, Modified Example 2 of the abovementioned embodi-
ment will be explained. In Modified Example 2, only a site
(e.g., heart wall) that exists in front of the screen is scanned at
high resolution in conformity with the orientation of the 3D
image that is displayed on the display part 71. The display
controller 6 instructs the display part 71 to display the 3D
image that has been obtained in advance. When the operator
gives an instruction to rotate the 3D image via the input part
72, the display controller 6 then instructs the display part 71
to rotate and display the 3D image in accordance with the
instruction for rotation. With a 3D image displayed on the
display part 71, rotation-positional information of the 3D
image is then outputted from the user interface 7 to the con-
troller 8. The scan-sequence-determining part 9 determines,
based on the rotation-positional information, the number of
transmission times of ultrasonic beams (scanning line density
ofthe transmission) to the region, depending on the size of the
region in front of the screen. At this time, the scan-sequence-
determining part 9 determines, for individual slices shown in
FIG. 2B, the number of transmission times of ultrasonic
beams to the region in front of the screen. Furthermore, the
scan-sequence-determining part 9 determines the number of
transmission times of ultrasonic beams and the number of
parallel signals, to regions other than the region in front of the
screen. Thus, in regions other than the region in front of the
screen, parallel signal processing is performed to reduce the
number of transmission times of ultrasonic beams.

According to this Modified Example 2, the scanning line
density of the transmission of ultrasonic beams is higher in
the region in front of the screen, so a high-definition ultra-
sonic image can be obtained for the region. In addition, for
regions other than the region in front of the screen, reducing
the number of transmission times of ultrasonic beams by
performing parallel signal processing makes it possible to
improve the volume rate. Consequently, it becomes possible
to obtain a high-definition ultrasonic image for the region in
front of the screen while preventing a decrease in the overall
volume rate.

What is claimed is:

1. An ultrasonic imaging apparatus comprising:

a scanner configured to scan a 3D region using ultrasonic
beams, a scanning line density of transmission of ultra-
sonic beams for a region of interest among said 3D
regions being higher than a scanning line density of
ultrasonic beams for regions other than said region of
interest among said 3D regions, and

an image-generating part configured to generate ultra-
sonic-image data of said 3D region, based on a received
beam that has been obtained by said scan, wherein

said scanner is configured to perform parallel signal pro-
cessing in the regions other than said region of interest,
and
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said scanning by said scanner comprises:

scanning a predetermined slice by using ultrasonic beams
to scan in a main scanning direction;

scanning said 3D regions by scanning a plurality of slices
by using ultrasonic beams to scan in a direction perpen-
dicular to said main scanning direction, and

equalizing a number of received beams to be received per
slice by changing a number of transmission times of
ultrasonic beams and a number of parallel signals per
said slice.

2. The ultrasonic imaging apparatus according to claim 1,

wherein

said scanner is configured to perform said scan by varying

a number of parallel signals between said region of

interest and said regions other than the region of interest.

3. The ultrasonic imaging apparatus according to claim 1,
wherein

said scanner comprises

a transmitting part configured to thin out and transmit
ultrasonic beams for said regions other than the region of
interest on said each slice, and

a receiving part configured to perform parallel signal pro-
cessing for said regions other than the region of interest.

4. The ultrasonic imaging apparatus according to claim 1,
further comprising
a controller configured to instruct a display apparatus to
display an ultrasonic image obtained in advance, the
ultrasonic image being along a plane generally perpen-
dicular to a transmission direction of ultrasonic beams;
and configured to receive a designation of said region of
interest on said ultrasonic image along said generally-
perpendicular plane, wherein
said scanner is configured to perform said scan in accor-
dance with the designation of said region of interest
received by said controller.
5. The ultrasonic imaging apparatus according to claim 4,
wherein

said controller is further configured to perform:

generating a marker used for designating said region of
interest, the marker having a shape that simulates a site
to be diagnosed;

instructing said display apparatus to display said marker
overlapping the ultrasonic image that is along said gen-
erally-perpendicular plane; and

receiving the designation of said region of interest via said
marker.

6. The ultrasonic imaging apparatus according to claim 5,

wherein

said controller is further configured to perform:

instructing said display apparatus to display an ultrasonic
image based on ultrasonic-image data that is along said
generally-perpendicular plane;

generating a marker for designating said region of interest,
the marker simulating the shape of a heart, being divided
into a plurality of regions, and being elliptical,

instructing said display apparatus to display said elliptical
marker overlapping the ultrasonic image that is along
said generally-perpendicular plane; and

receiving the designation of said region of interest via said
elliptical marker.

7. The ultrasonic imaging apparatus according to claim 6,

wherein

said controller is configured to generate said elliptical
marker that has an ellipse having a predetermined size
and another ellipse surrounding said ellipse to be dis-
played on said display apparatus.
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8. The ultrasonic imaging apparatus according to claim 6,
wherein

said controller is configured to generate said elliptical

marker that is divided into three, four, or six regions to be
displayed on said display apparatus.

9. The ultrasonic imaging apparatus according to claim 1,
further comprising

a controller configured to instruct a display apparatus to

display a 3D image obtained in advance, wherein

said scanner is configured to scan said 3D region using

ultrasonic beams, said region of interest being a region
that exists in front of a display screen of said display
apparatus, a scanning line density of transmission of
ultrasonic beams for said region of interest being higher
than a scanning line density of transmission of ultrasonic
beams for regions other than said region of interest.

10. A method of obtaining an ultrasonic image comprising

scanning a 3D region using ultrasonic beams, a scanning

line density of transmission of ultrasonic beams for a
region of interest among 3D regions being higher than a
scanning line density of transmission of ultrasonic
beams for regions other than said region of interest
among said 3D regions, and

generating ultrasonic-image data of said 3D region, based

on received beams that have been obtained by said scan,
wherein

said scanning is performed by parallel signal processing in

regions other than said region of interest, and
said scanning further comprises:
scanning a predetermined slice by scanning using said
ultrasonic beams in a main scanning direction;

scanning said 3D regions by scanning a plurality of slices
by using ultrasonic beams to scan in a direction perpen-
dicular to the main scanning direction; and

equalizing a number of received beams to be received per

slice by changing a number of transmission times of
ultrasonic beams and a number of parallel signals per
said slice.

11. The method of obtaining an ultrasonic image according
to claim 10, wherein said scanning is performed by varying a
number of parallel signals between said region of interest and
said regions other than the region of interest.

12. The method of obtaining an ultrasonic image according
to claim 10, wherein said scanning is performed by thinning
out and transmitting ultrasonic beams to said regions other
than the region of interest on said each slice, and by perform-
ing parallel signal processing in said regions other than the
region of interest.

13. The method of obtaining an ultrasonic image according
to claim 10, comprising:

displaying, before the scan, an ultrasonic image on a dis-

play apparatus that is along a plane generally perpen-
dicular to a transmission direction of ultrasonic beams;
and

performing said scan when said region of interest is desig-

nated on an ultrasonic image thatis along said generally-
perpendicular plane.

14. The method of obtaining an ultrasonic image according
to claim 13, comprising

displaying, before the scan, a marker used for designating

said region of interest, the marker having a shape that
simulates a site to be diagnosed on display apparatus
overlapping the ultrasonic image that is along said gen-
erally-perpendicular plane; and

performing said scan when said region of interest is desig-

nated via said marker.

15. The method of obtaining an ultrasonic image according
to claim 14, wherein said marker is an elliptical marker that
simulates a shape of a heart and is divided into a plurality of
regions.
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