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accordance with a trigger signal based on an electrocardio-
graphic waveform under the control of a control device so as
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cuit causes the ultrasonic probe to scan the respective
regions so that scan data in which time phases of the
electrocardiographic waveform substantially coincide are
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two adjacent regions among the plurality of regions. That is,
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the ultrasonic probe to scan the respective regions in the
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APPARATUS FOR OBTAINING ULTRASONIC
IMAGE AND METHOD OF OBTAINING
ULTRASONIC IMAGE

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to an apparatus for
obtaining an ultrasonic image, which three-dimensionally
transmits an ultrasonic wave into a subject and receives the
reflected wave from the subject, thereby obtaining diagnosis
information within the subject, and more particularly, to an
apparatus for obtaining an ultrasonic image, which performs
scanning by using an electrocardiographic signal (ECG
signal)

[0003]

[0004] Recently, a so-called two-dimensional ultrasonic
probe is being developed, in which ultrasonic transducers
are two-dimensionally arranged so as to three-dimensionally
transmit and receive an ultrasonic beam into and from a
subject.

[0005] As shown in FIG. 1, an apparatus for obtaining an
ultrasonic image, provided with the two-dimensional ultra-
sonic probe, can transmit and receive an ultrasonic beam
three-dimensionally. Therefore, the apparatus can scan the
entire region of a region of interest (ROI) for a short time in
comparison with an apparatus for obtaining an ultrasonic
image, which is provided with a one-dimensional ultrasonic
probe having ultrasonic transducers arranged one-dimesion-
ally. Particularly, the availability thereof is noticeable in
circulatory organs in which a heartbeat is present.

[0006] The volume data obtained by three-dimensionally
scanning is subjected to image processing, such as volume
rendering (hereinafter, referred to as “VR processing’) or
MPR (Multiplannar Reconstruction) processing. Then,
three-dimensional image data or image data in an arbitrary
cross-section is generated.

[0007] However, when scanning is performed by the two-
dimensional ultrasonic probe, an amount of data generated
per unit of time rapidly increases, compared with when
scanning is performed by the one-dimensional ultrasonic
probe. For example, when scanning a wide range of 60°x
60°, the two-dimensional ultrasonic probe needs to be
provided with a beam former, of which the parallel simul-
taneous reception number of ultrasonic beam (reception
beam) is about 16. Accordingly, such a hardware is needed,
that can process data generated by the parallel simultaneous
reception number of about 16. Such enlargement of hard-
ware significantly increases a cost of the apparatus for
obtaining ah ultrasonic image, which becomes a large
obstacle to spreading the apparatus.

[0008] In the conventional apparatus for obtaining an
ultrasonic image, a hardware of which the parallel simulta-
neous reception number of ultrasonic beam (reception beam)
is about four is adopted to improve the ratio of cost to effect.
Therefore, in order to obtain an image having a quality
available for diagnosis without damaging a real-time prop-
erty, a scanning range S shown in FIG. 1 needs to be
narrowed into a scanning range S shown in FIG. 2, when the
scanning is performed by using the apparatus for obtaining
an ultrasonic image.

1. Field of the Invention

2. Description of the Related Art

Feb. 15,2007

[0009] As a method of overcoming a constraint of trans-
mission and reception caused by the scale of hardware, a
method has been proposed, in which the entire scanning
range S is divided into a plurality of regions to perform
scanning (refer to U.S. Pat. No. 6,544,175). Hereinafter, the
method will be described with reference to FIGS. 3A and
3B.

[0010] As shown in FIG. 3A, the apparatus for obtaining
an ultrasonic image according to the related art divides the
entire scanning range S into a plurality of regions. In the
example shown in FIG. 3A, the apparatus for obtaining an
ultrasonic according to the related art divides the entire
scanning range S into four regions A to D. Hereinafter, the
respective divided regions A to D are referred to as sub-
volumes. In the example shown in FIG. 3A, four sub-
volumes are respectively set to sub-volumes A to D. The
apparatus for obtaining an ultrasonic image according to the
related art divides the entire scanning range S, so that the
sub-volumes A to D are lined up in order of A to D. Further,
the apparatus for obtaining an ultrasonic image, of which the
parallel simultaneous reception number of ultrasonic beam
(reception beam) is small, scans an ultrasonic beam by the
sub-volume, as shown in FIG. 3B.

[0011] The scanning of the respective sub-volumes, per-
formed by the apparatus for obtaining an ultrasonic image
according to the related art, will be described with reference
to FIGS. 4A to 4D. FIG. 4A is a schematic view showing a
scanning range of the apparatus for obtaining an ultrasonic
image according to the related art. FIGS. 4B to 4D are
schematic views illustrating the scanning range and scan-
ning direction of the apparatus for obtaining an ultrasonic
image according to the related art, and are diagrams (top
views) seen from the ultrasonic probe.

[0012] As shown in FIGS. 4A and 4B, the apparatus for
obtaining an ultrasonic image according to the related art
scans an ultrasonic beam in a main scanning direction X and
scans an ultrasonic beam in a sub-scanning direction Y
orthogonal to the main scanning direction X, thereby scan-
ning the entire range of the sub-volume A. Further, the
apparatus for obtaining an ultrasonic image according to the
related art scans the sub-volume A several times during one
heartbeat and scans the sub-volume B at the next heartbeat.
Similarly, the apparatus for obtaining an ultrasonic image
scans the sub-volumes C and D.

[0013] FIGS. 4C and 4D show the sub-scanning direction
in the sub-volumes A and B. As shown in FIG. 4C, the
apparatus for obtaining an ultrasonic image according to the
related art scans an ultrasonic beam in the sub-scanning
direction Y (from the left side to the right side in the
drawing), thereby scanning the sub-volume A. In the sub-
volume A, the apparatus for obtaining an ultrasonic image
according to the related art scans an ultrasonic beam toward
the boundary with the sub-volume B.

[0014] As shown in FIG. 4D, the apparatus for obtaining
an ultrasonic image according to the related art scans an
ultrasonic beam in the same sub-scanning direction Y (from
the left side to the right side in the drawing) as the sub-
volume A, thereby scanning the sub-volume B. In the
sub-volume B, the apparatus for obtaining an ultrasonic
image according to the related art starts scanning from the
boundary with the sub-volume A so as to scan an ultrasonic
beam toward the boundary with the sub-volume C.
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[0015] On the sub-volumes C and D, the apparatus for
obtaining an ultrasonic image according to the related art
also scans an ultrasonic beam in the sub-scanning direction
Y (from the left side to the right side in the drawing). thereby
scanning the sub-volumes C and D. Further, the apparatus
for obtaining an ultrasonic image according to the related art
combines the scan data obtained by scanning the respective
sub-volumes so as to generate the scan data of the entire
scanning range.

[0016] However, since the apparatus for obtaining an
ultrasonic image according to the related art scans an
ultrasonic beam in the same sub-scanning direction in the
respective sub-volumes, the following problem occur. The
problem will be described with reference to FIG. 5. FIG. §
is a schematic view illustrating the scanning range and
scanning direction of the apparatus for obtaining an ultra-
sonic image according to the related art, and is a diagram
(top view) seen from the ultrasonic probe.

[0017] The apparatus for obtaining an ultrasonic image
according to the related art combines scan data, obtained at
a different heartbeat and obtained at the same time phase, so
as to generate one volume data corresponding to the entire
scanning range.

[0018] For example, the apparatus for obtaining an ultra-
sonic image according to the related art scans the sub-
volumes A to D between time phases t, and t, so as to obtain
scan data A, to D,. Then, the apparatus combines the scan
data A, to Dy so as to generate the scan data of the entire
range of a region of interest between the time phases t, and
t,.

[0019] FIG. 5 shows a portion of the scan data generated
in such a manner. For a simple explanation, only the scan
data A, and B, are shown in FIG. 5. On both the sub-
volumes A and B, the apparatus scans an ultrasonic beam in
the same scanning directions (the main scanning direction X
and the sub-scanning direction Y), thereby obtaining the
scan data A, and B,,.

[0020] Here, attention is paid to the vicinity of the bound-
ary L between the sub-volumes A and B. In the sub-volume
A, one line of scan data obtained in a scanning range (the
vicinity of the boundary L with the sub-volume B) of the
right end thereof is data obtained between time phases
(t,-0t) and t,. Meanwhile, in the sub-volume B, one line of
scan data obtained in a scanning range (the vicinity of the
boundary L with the sub-volume A) of the left end thereof
is data obtained between time phases t, and (t,+0t) Here, 8t
means a time which is required for scanning one line at the
time of radiating an ultrasonic beam in the main scanning
direction X. Accordingly, in the vicinities of the boundary L
between the sub-volumes A and B, a difference of about At
is present in the time phases where the scan data are
obtained.

[0021] For example, when the sub-volume is scanned 20
times during one heartbeat and a time of one heartbeat is set
to one second, a scanning time At required for performing
scanning one time becomes 0.05 second (At=1/20). There-
fore, in the vicinities of the boundary L between the sub-
volumes A and B, the time phase difference of about 0.05
second occurs. That is, in the vicinities of the boundary L
between the sub-volumes A and B, the scan data are obtained
at different time phases (At=0.05).
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[0022] The time phase difference (about 0.05 second) is
such a value that cannot be ignored in a portion, such as a
valve or core wall of the heart, in which the motion is severe.
When the scanning according to the related art is performed
on a part, in which the motion is severe, so as to generate a
three-dimensional image or MPR image based on the scan
data obtained by the scanning, a streaky artifact is generated
in a position corresponding to the boundary between the
respective sub-volumes.

[0023] The artifact will be described with reference to
FIGS. 6A and 6B. FIG. 6A is a schematic view showing a
scanning range of the apparatus for obtaining an ultrasonic
image according to the related art. FIG. 6B is a diagram
showing an image obtained by the scanning performed by
the apparatus for obtaining an ultrasonic image according to
the related art.

[0024] As shown in FIG. 6A, the apparatus for obtaining
an ultrasonic image according to the related art divides a
scanning range into sub-volumes A to D, the scanning range
including a diagnosis portion 100 such as the heart. Then,
the apparatus scans the respective sub-volumes. Further, the
apparatus for obtaining an ultrasonic image according to the
related art combines the scan data obtained at the same time
phase so as to generate a three-dimensional image or MPR
image through the volume rendering or MPR processing.

[0025] FIG. 6B shows an image obtained by performing
the rendering process on the obtained scan data, in a state
where an observation direction P shown in FIG. 6A is set to
a direction of line of sight. As described above, the time
phase difference occurs in the vicinities of the boundary
between the sub-volumes. Therefore, in an image 101 of the
diagnosis portion 100, a vertically-running streaky artifact
102 is generated in a position corresponding to the boundary
between the sub-volumes.

SUMMARY OF THE INVENTION

[0026] An object of the invention is to provide an appa-
ratus for obtaining an ultrasonic image, which scans a
plurality of regions in accordance with a trigger signal based
on an electrocardiographic waveform, capable of reducing a
difference in time phases when scan data are obtained, and
a method of obtaining an ultrasonic image.

[0027] According to an aspect of the invention, an appa-
ratus for obtaining an ultrasonic image includes an ultra-
sonic probe that scans an ultrasonic beam in a main scanning
direction and a sub-scanning direction, a scan device that
receives a trigger signal based on an electrocardiographic
waveform, drives the ultrasonic probe in accordance with
the trigger signal so as to scan a plurality of regions, and
obtains scan data for each region, and an image generating
device that combines the scan data obtained for each region
s0 as to generate ultrasonic image data of the range in which
the plurality of regions are joined. The scan device causes
the ultrasonic probe to scan the respective regions, so that
scan data in which time phases of the electrocardiographic
waveform substantially coincide are obtained in the vicini-
ties of the boundary between at least two adjacent regions
among the plurality of regions.

[0028] In the vicinities of the boundary between the
regions adjacent to each other, the scan data in which the
time phases of the electrocardiographic waveform substan-
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tially coincide are obtained. Therefore, a difference in the
time phases where the scan data are obtained can be reduced
in the vicinities of the boundary. Accordingly, it is possible
to suppress an artifact from being generated, the artifact
being generated in a position corresponding to the boundary
between the respective regions in the ultrasonic image.

[0029] According to another aspect of the invention, an
apparatus for obtaining an ultrasonic image includes an
ultrasonic probe that scans an ultrasonic beam in a main
scanning direction and a sub-scanning direction, a scan
device that receives a trigger signal based on an electrocar-
diographic waveform, drives the ultrasonic probe in accor-
dance with the trigger signal so as to scan a plurality of
regions, and obtains scan data for each region, and an image
generating device that combines the scan data obtained for
each region so as to generate ultrasonic image data of the
range in which the plurality of regions are joined. In adjacent
regions, the scan device causes the ultrasonic probe to scan
the respective regions with the main or sub-scanning direc-
tions set to be reverse to each other, thereby obtaining scan
data.

[0030] In adjacent regions, the ultrasonic probe scans an
ultrasonic beam, with the main or sub-scanning directions
set to be reverse to each other. Therefore, the scan data in
which the time phases of the electrocardiographic waveform
substantially coincide are obtained in the vicinities of the
boundary between adjacent regions. Accordingly, a differ-
ence in the time phases where the scan data are obtained can
be reduced in the vicinities of the boundary. As a result, it is
possible to suppress an artifact from being generated, the
artifact being generated in a position corresponding to the
boundary between the respective regions in the ultrasonic
image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG. 1 is a schematic view illustrating a scanning
range of an apparatus for obtaining an ultrasonic image
according to the related art;

[0032] FIG. 2 is a schematic view illustrating a scanning
range of the apparatus for obtaining an ultrasonic image
according to the related art;

[0033] FIGS. 3A and 3B are schematic views illustrating
a divided scanning range;

[0034] FIG. 4A is a schematic view showing a scanning
range of the apparatus for obtaining an ultrasonic image
according to the related art;

[0035] FIGS. 4B to 4D are schematic views illustrating the
scanning range and scanning direction of the apparatus for
obtaining an ultrasonic image according to the related art,
and are diagrams (top views) seen from an ultrasonic probe;

[0036] FIG.S5 is a schematic view illustrating the scanning
range and scanning direction of the apparatus for obtaining
an ultrasonic image according to the related art, and is a
diagram (top view) seen from the ultrasonic probe;

[0037] FIG. 6A is a schematic view showing a scanning
range of the apparatus for obtaining an ultrasonic image
according to the related art;

[0038] FIG. 6B is a diagram showing an image obtained
by the scanning performed by the apparatus for obtaining an
ultrasonic image according to the related art;
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[0039] FIG. 7 is a block diagram showing a schematic
construction of an apparatus for obtaining an ultrasonic
image according to an embodiment of the invention;

[0040] FIG. 8 is a schematic view illustrating scan data
obtained at each time phase and a process of synthesizing the
scan data;

[0041] FIGS. 9A to 9E are schematic views illustrating the
scanning range and scanning direction of the apparatus for
obtaining an ultrasonic image according to the embodiment
of the invention, and are diagrams (top views) seen from an
ultrasonic probe;

[0042] FIG. 10 is a schematic view illustrating the scan-
ning direction of the apparatus for obtaining an ultrasonic
image according to the embodiment of the invention, and is
a diagram (top view) seen from the ultrasonic probe;

[0043] FIG. 11 is a schematic view illustrating the
sequence where the scan data obtained by the apparatus for
obtaining an ultrasonic image according to the embodiment
of the invention are read, and is a diagram (top view) seen
from the ultrasonic probe;

[0044] FIGS. 12A and 12B are schematic views showing
a scanning range of an apparatus for obtaining an ultrasonic
image according to a first modification;

[0045] FIGS. 12C and 12D are schematic views illustrat-
ing the scanning range and scanning direction of the ultra-
sonic image according to the first modification, and are
diagrams (top views) seen from the ultrasonic probe;

[0046] FIGS. 13A and 13B are schematic views showing
a scanning range of an apparatus for obtaining an ultrasonic
image according to a second modification;

[0047] FIGS. 13C and 13D are schematic views illustrat-
ing the scanning range and scanning direction of the appa-
ratus for obtaining an ultrasonic image according to the
second modification, and are diagrams (top views) seen
from the ultrasonic probe; and

[0048] FIG. 14 is a schematic view illustrating the scan-
ning range and scanning direction of the apparatus for
obtaining an ultrasonic image according to the second
modification, and is a diagram (top view) seen from the
ultrasonic probe.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0049] An apparatus for obtaining an ultrasonic image and
a method of obtaining an ultrasonic image according to an
embodiment of the invention will be described. First, the
construction of the apparatus for obtaining an ultrasonic
image according to the present embodiment will be
described with reference to FIG. 7. FIG. 7 is a block diagram
schematically showing the construction of the apparatus for
obtaining an ultrasonic image according to the embodiment
of the invention.

[0050] An ultrasonic probe 2 is composed of a two-
dimensional ultrasonic probe having ultrasonic transducers
arranged in a matrix shape. The ultrasonic probe 2 three-
dimensionally transmits an ultrasonic wave and receives
three-dimensional data, which have shapes radially broaden
from the probe surface, as an echo signal.
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[0051] The ultrasonic probe 2 used in the apparatus 1 for
obtaining an ultrasonic image is not limited to the two-
dimensional ultrasonic probe, and may be a one-dimensional
ultrasonic probe. For example, in a state where a one-
dimensional ultrasonic probe having ultrasonic transducers
arranged in a scanning direction is connected to the appa-
ratus 1 for obtaining an ultrasonic image, three-dimensional
data may be obtained by mechanically rocking the ultrasonic
transducers in the direction orthogonal to the scanning
direction.

[0052] A transmitting/receiving circuit 3, which is com-
posed of a transmitting section and receiving section, sup-
plies an electrical signal to the ultrasonic probe 2 so as to
generate an ultrasonic wave, and receives the echo signal
received by the ultrasonic probe 2.

[0053] The transmitting section within the transmitting/
receiving circuit 3 includes a clock generating circuit, a
transmission delay circuit, and a pulsar circuit, which are not
shown. The clock generating circuit generates a clock signal
for determining the transmission timing and transmission
frequency of an ultrasonic wave signal. The transmission
delay circuit is a circuit for delaying an ultrasonic wave so
as to adjust a transmission focus during the transmission of
an ultrasonic wave. The pulsar circuit, in which several
minutes of pulsar of individual channels corresponding to
the respective ultrasonic transducers are built-in, generates a
driving pulse at the delayed transmission timing so as to
supply the driving pulse to the respective ultrasonic trans-
ducers of the ultrasonic probe 2.

[0054] The transmitting section of the transmitting/receiv-
ing circuit 3 supplies an electrical signal to the ultrasonic
probe 2 in accordance with the control signal output from a
control device 10 so as to generate an ultrasonic beam,
thereby scanning a predetermined range. The control signal
includes information indicating a scanning range, a main
scanning direction, and a sub-scanning direction of the
ultrasonic probe 2. The transmitting section drives the
ultrasonic probe in accordance with the information.

[0055] For example, the transmitting section of the trans-
mitting/receiving circuit 3 receives a control signal from the
control device 10. The control signal includes information
on a division pattern, which is used to divide a desired
scanning range into a plurality of regions, and the main and
sub-scanning directions in the respective divided regions. In
accordance with the control signal, the transmitting section
divides a scanning range into a plurality of ranges and causes
the ultrasonic probe 2 to scan the respective regions by
changing the main and sub-scanning directions for each
region.

[0056] The receiving section of the transmitting/receiving
circuit 3 includes a preamplifier circuit, an A/D conversion
circuit, and a reception delay/adder circuit, which are not
shown. The preamplifier circuit amplifies an echo signal,
which is output from each of the ultrasonic transducers of
the ultrasonic probe 2, for each transmission channel. The
A/D conversion circuit A/D-converts the amplified echo
signal. The reception delay/adder circuit imparts and adds a
delay time, which is necessary for determining the reception
directivity with respect to the A/D-converted echo signal. By
adding a delay time, a reflected component from the direc-
tion according to the reception directivity is emphasized.
Further, the signal added by the transmitting/receiving cir-
cuit 3 is referred to as ‘RF data’.
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[0057] The RF data output from the transmitting/receiving
circuit 3 is output to a B-mode processing circuit 4 or a CFM
processing circuit 5 in accordance with the purpose.

[0058] The B-mode processing circuit 4 visualizes the
amplitude information of an echo signal, and generates
B-mode raster data from the echo signal. Specifically, the
B-mode processing circuit 4 performs band-pass filter pro-
cessing on the RF data. After that, the B-mode processing
circuit detects the envelope curve of the output signal, and
compresses the detected data through logarithmic conver-
sion. The data generated by the B-mode processing circuit is
referred to as B-mode raster data.

[0059] The CFM processing circuit 5 visualizes informa-
tion on running blood flow and generates color raster data.
The blood flow information includes information such as
rate, dispersion, power and the like, and is obtained as
binarized information. Specifically, the CFM processing
circuit 5 includes an MTT filter, an autocorrelator, and a flow
rate/dispersion calculator. The CFM processing circuit §
performs high-pass filter processing (MT1 filter processing)
for separating tissue signals and blood flow signals so as to
seek blood flow information such as the transfer rate,
dispersion, and power of blood flow through the autocorre-
lation.

[0060] A memory device 6 is composed of memory, and
temporarily stores and holds the raster data generated by the
B-mode processing circuit 4 and the CFM processing circuit
5.

[0061] A digital scan converter (DSC) 7 converts the raster
data into data represented by orthogonal coordinates, in
order to obtain an image represented by orthogonal coordi-
nates. The DSC 7 reads the signal-processed raster data,
represented by a signal array of scanning lines, from the
memory device 6 so as to convert the read signal-processed
raster data into coordinate data based on spatial information
(scan conversion processing). For example, the DSC 7
generates two-dimensional cross-sectional image data on the
basis of the B mode raster data, and outputs the image data
to a display device 9.

[0062] An image processor 8 is composed of an ASIC,
FPGA, or CPU, which is built in the apparatus 1 for
obtaining an ultrasonic image, or is composed of a work-
station which is provided outside the apparatus 1 for obtain-
ing an ultrasonic image. When a two-dimensional probe is
connected to the apparatus 1 for obtaining an ultrasonic
image, the image processor 8 reads the raster data from the
memory device 6, generates three-dimensional image data
or MPR image data (arbitrary cross-sectional image data)
through rendering or MRP processing, and outputs the
image data to the display device 9. The image processor 8
corresponds to ‘an image generating device’ of the inven-
tion.

[0063] The display device 9 is composed of a monitor
such as CRT or liquid crystal display and displays a cross-
sectional image, a three-dimensional image or blood flow
information on the monitor screen.

[0064] The control device 10 is connected to the respec-
tive sections of the apparatus 1 for obtaining an ultrasonic
image, and controls the respective sections of the apparatus
1 for obtaining an ultrasonic image. The control device 10 is
composed of a CPU or the like and executes a control
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program of the apparatus for obtaining an ultrasonic image,
which is stored in a memory such as ROM (not shown), so
as to control the respective sections. The memory such as
ROM stores the control program and various setting condi-
tions of the apparatus for obtaining an ultrasonic image.

[0065] In the present embodiment, an electrocardio-
graphic waveform (ECG signal) of a subject is obtained by
using an electrocardiograph. Further, the control device 10
receives an ECG trigger signal from the outside of the
apparatus 1 for obtaining an ultrasonic image, and outputs a
control signal to the transmitting/receiving circuit 3 in
accordance with the ECG trigger signal. For example, the
control device 10 is provided with a signal generator for
generating an BCG trigger signal when an R wave is
detected by an electrocardiograph. The signal generator
outputs an ECG trigger signal to the control device 10 when
an R wave is detected by the electrocardiograph. When
receiving the ECG trigger signal, the control device 10
outputs a control signal to the transmitting/receiving circuit
3. The transmitting/receiving circuit 3 drives the ultrasonic
probe 2 in accordance with the control signal so as to scan
a predetermined range. As such, the scanning begins in
accordance with the ECG trigger signal.

[0066] Further, an electrocardiographic waveform (ECG
signal) maybe input to the control device 10, so that the
control device 10 detects an R wave. In this case, the control
device 10 outputs a control signal to the transmitting/
receiving circuit 3, when detecting an R wave. The control
signal, which is output to the transmitting/receiving circuit
3 by the control device 10, includes a scanning range of an
ultrasonic beam and the main and sub-scanning directions of
the ultrasonic beam.

[0067] The memory (not shown) such as ROM, connected
to the control device 10, stores information on a division
pattern of the scanning range and the main and sub-scanning
directions in the respective divided regions. The division
pattern, the main scanning direction, and sub-scanning
direction are previously set information, and the descriptions
thereof will be made in detail when the operation of the
apparatus 1 for obtaining an ultrasonic image is described.

[0068] When receiving information indicating a range to
be scanned (a desired scanning range), the control device 10
divides the desired scanning range through a predetermined
method (a predetermined division pattern). Further, the
control device 10 determines the main and sub-scanning
directions for each of the divided regions (sub-volumes). For
example, the control device 10 reads the information, such
as the division pattern and the main and sub-scanning
directions in each divided region, from the memory so as to
divide a desired scanning range. Further, the control device
10 outputs the control signal to the transmitting/receiving
circuit 3. The control signal includes the information indi-
cating the division pattern and the main and sub-scanning
directions of each region. The transmitting/receiving circuit
3 causes the ultrasonic probe 2 to scan the respective divided
regions in accordance with the control signal including the
division pattern.

[0069] The apparatus 1 for obtaining an ultrasonic image
is further provided with an operating section (not shown) for
inputting various settings which are related to a transmission
and reception condition of ultrasonic wave. The operating
section includes a pointing device, such as a joy stick or a
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track ball, a switch, various buttons, a keyboard, a touch
command screen (TCS) or the like. The information input by
the operating section is transmitted to the control device 10,
and the control device 10 controls the respective sections of
the apparatus 1 for obtaining an ultrasonic image in accor-
dance with the information.

[0070] The transmitting/receiving circuit 3 and the control
device 10 correspond to ‘a scan device’ of the invention.
[0071] (Operation)

[0072] The detailed operation of the apparatus 1 for

obtaining an ultrasonic image according to the present
embodiment will be described. The apparatus 1 for obtaining
an ultrasonic image scans the entire scanning range by the
sub-volume, using an ECG trigger signal. First, a scanning
range of the apparatus 1 for obtaining an ultrasonic image
according to the present embodiment, and the scanning
timing thereof will be described with reference to FIGS. 3A,
3B, and 8. FIG. 8 is a schematic view illustrating scan data
obtained at each time phase and a process of synthesizing the
scan data.

[0073] As shown in FIG. 3A, the apparatus 1 for obtaining
an ultrasonic image according to the present embodiment
divides the entire scanning range S into four sub-volumes A
to D. As shown in FIG. 3B, the apparatus 1 for obtaining an
ultrasonic image scans an ultrasonic beam by the sub-
volume.

[0074] The apparatus 1 for obtaining an ultrasonic image
according to the present embodiment equally divides the
entire scanning range S into the sub-volumes A to D, so that
the sub-volumes line up in order of A to D. Accordingly, the
sub-volume B is positioned next to the sub-volume A, the
sub-volume C is positioned next to the sub-volume B, that
is, opposite to the sub-volume A, and the-sub-volume D is
positioned next to the sub-volume C, that is, opposite to the
sub-volume B. The apparatus 1 for obtaining an ultrasonic
image according to the present embodiment performs scan-
ning in order of the sub-volumes A to D.

[0075] Next, the scanning start timing will be described
with reference to FIG. 8. In the present embodiment, an
electrocardiographic waveform (ECG signal) of a subject is
obtained by an electrocardiograph. Further, for example,
when an R wave is detected by the electrocardiograph, an
ECG trigger signal is generated and output to the control
device 10. When the control device 10 receives the ECG
trigger signal, the transmitting/receiving circuit 3 drives the
ultrasonic probe 2 so as to start scanning.

[0076] When scanning is performed by using an ECG
trigger signal, if the control device 10 receives a first ECG
trigger signal 1;, the transmitting/receiving circuit 3 starts
scanning in accordance with the first ECG trigger signal I,.
Further, at a heartbeat corresponding to the first ECG trigger
signal I, the transmitting/receiving circuit 3 causes the
ultrasonic probe 2 to scan the sub-volume A. For example,
the transmitting/receiving circuit 3 scans the same sub-
volume four times during one heartbeat so as to obtain scan
data of which the time phases differ.

[0077] When the first ECG trigger signal I, is output to the
control signal 10 so that the control device 10 receives the
first ECG trigger signal I,, the control device 10 outputs a
control signal, such as delay pattern information which is
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required for forming a beam, to the transmitting/receiving
circuit 3. The control signal includes information such as a
division pattern of scanning range, the regions of sub-
volumes, the main and sub-scanning directions of an ultra-
sonic beam. Specifically, in order to scan the sub-volume A
at a heartbeat corresponding to the first ECG trigger signal
1,, the control device 10 outputs a control signal to the
transmitting/receiving circuit 3. The control signal includes
information indicating the region of the sub-volume A. The
transmitting/receiving circuit 3 receives the control signal,
scans the sub-volume A in accordance with the control
signal so as to obtain scan data in the sub-volume A.

[0078] Here, a scanning time, which is required for scan-
ning a sub-volume one time, is set to At. A time phase where
the control device 10 receives the first ECG trigger signal I,
is set to t,, and scan data obtained when the transmitting/
receiving circuit 3 starts scanning at the time phase to is set
to scan data A,. Further, after the transmitting/receiving
circuit 3 obtains the scan data A, scan data obtained when
the transmitting/receiving circuit scans at a time phase t, is
set to scan data A, . After the transmitting/receiving circuit 3
obtains the scan data A,, scan data obtained when the
transmitting/receiving circuit 3 starts scanning at a time
phase t, is set to scan data A,. Further, after the transmitting/
receiving circuit 3 obtains the scan data A,, scan data
obtained when the transmitting/receiving circuit 3 starts
scanning at a time phase t, is set to scan data A;.

[0079] In other words, between the time phases t, and t,
(At), the apparatus 1 for obtaining an ultrasonic image
obtains the scan data A,. Between the time phases t; to t,
(At), the apparatus 1 for obtaining an ultrasonic image
obtains the scan data A;. Between the time phases t, to t,
(At), the apparatus 1 for obtaining an ultrasonic image
obtains the scan data A,. Between the time phases t; to t,
(At), the apparatus 1 for obtaining an ultrasonic image
obtains the scan data A,. As such, the apparatus 1 for
obtaining an ultrasonic image obtains the scan data A, to A,
during one heartbeat corresponding to the first ECG trigger
signal I,.

[0080] At a heartbeat corresponding to a second ECG
trigger signal 1,, the transmitting/receiving circuit 3 scans
the sub-volume B so as to obtain scan data B, to B, at the
respective time phases. At a heartbeat corresponding to a
third ECG trigger signal 1, the transmitting/receiving circuit
3 scans the sub-volume C so as to obtain scan data C, to C;
at the respective time phases. Further, at a heartbeat corre-
sponding to a fourth ECG trigger signal I, the transmitting/
receiving circuit 3 scans the sub-volume D so as to obtain
scan data D to D; at the respective time phases.

[0081] The image processor 8 combines the scan data,
obtained at different heartbeats and obtained at the same
time phase, so as to generate one volume data corresponding
to the entire scanning range. The image processor 8 gener-
ates ultrasonic image data such as three-dimensional image
data on the basis of the volume data.

[0082] For example, the image processor 8 combines the
scan data A, scan data B, scan data C,, and scan data D,
obtained between the time phases t,, to t;, so as to generate
scan data (volume data) of the entire range of a region of
interest between the time phases t, to t,. The image proces-
sor 8 generates ultrasonic image data such as three-dimen-
sional image data on the basis of the scan data (volume data).
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Accordingly, the three-dimensional data is generated
between the time phases t, to t,.

[0083] Similarly, the image processor 8 combines scan
data A}, scan data B, scan data C,, and scan data D,
obtained between the time phases t, to t,, so as to generate
scan data (volume data) of the entire range of a region of
interest between the time phases t, to t,. The image proces-
sor 8 generates ultrasonic image data such as three-dimen-
sional image data on the basis of the scan data (volume data).
Accordingly, the three-dimensional data is generated
between the time phases t, to t,.

[0084] Further, the image processor 8 combines scan data
A,, scan data B,, scan data C,, and scan data D,, obtained
between the time phases t, to t;, 50 as to generate scan data
(volume data) of the entire range of a region of interest
between the time phases t, to t;. The image processor 8
generates ultrasonic image data such as three-dimensional
image data on the basis of the scan data (volume data).
Accordingly, the three-dimensional data is generated
between the time phases t, to t;.

[0085] Further, the image processor 8 combines scan data
A,, scan data B,, scan data C,, and scan data D;, obtained
between the time phases t; to t,, so as to generate scan data
(volume data) of the entire range of a region of interest
between the time phasest jto t,. The image processor 8
generates ultrasonic image data such as three-dimensional
image data on the basis of the scan data (volume data).
Accordingly, the three-dimensional data is generated
between the time phases t; to t,.

[0086] Here, the sub-volume scanning performed by the
apparatus 1 for obtaining an ultrasonic image according to
the embodiment will be described with reference to FIGS.
9A to 9E and 10. FIGS. 9A to 9E are schematic views
illustrating the range and direction of scanning, which is
performed by the apparatus for obtaining an ultrasonic
image according to the present embodiment of the invention,
and are diagrams (top views) seen from the ultrasonic probe.
FIG. 10 is a schematic view illustrating the direction of
scanning, which is performed by the apparatus for obtaining
an ultrasonic image according to the embodiment of the
invention, and is a diagram (top view) seen from the
ultrasonic probe.

[0087] As shown in FIGS. 9A to 9E, regions divided by
dividing lines a to ¢ are respectively set to the sub-volumes
A to D. The apparatus 1 for obtaining an ultrasonic image
according to the present embodiment performs scanning in
a state where the scanning directions (main and sub-scan-
ning directions), the scanning start positions, and the scan-
ning end positions in adjacent sub-volumes are axisymmet-
ric with the dividing lines a to ¢ serving as symmetrical axes.
As such, when scanning is performed by changing the
scanning direction, the scanning start position, and the
scanning end position for each sub-volume, the difference
between time phases where scan data are obtained can be
reduced in the vicinities of the boundary between adjacent
sub-volumes. Hereinafter, the scanning direction and the
like in each of the sub-volumes will be described in detail.

[0088] FIG. 9A shows a scanning direction when the
sub-volume A is scanned. As shown in FIG. 9A, the trans-
mitting/receiving circuit 3 scans an ultrasonic beam in a
main scanning direction X. Further, in a state where the



US 2007/0038103 A1

direction orthogonal to the main scanning direction X is set
to a sub-scanning direction Y, the transmitting/receiving
circuit 3 performs scanning in the sub-scanning direction Y,
(from the left side to the right side in the drawing), thereby
scanning the sub-volume A. That is, in the sub-volume A, the
transmitting/receiving circuit 3 performs scanning toward
the boundary with the adjacent sub-volume B. Further, the
transmitting/receiving circuit 3 scans the sub-volume A
several times (for example, four times) during one heartbeat,
thereby obtaining the scan data A to A;.

[0089] Here, a representative example of the main scan-
ning direction X will be described. In the present embodi-
ment, for example, the transmitting/receiving circuit 3 scans
an ultrasonic beam in a state where the main scanning
direction X is set to the same direction for each slice, as
shown in FIG. 9A. Further, as another scanning method, the
transmitting/receiving circuit 3 may scan an ultrasonic beam
in a state where the main scanning direction X is changed
into the reverse direction for each slice, as shown in FIG. 9E.
As such, any direction may be adopted as the main scanning
direction X.

[0090] Hereinafter, as shown in FIG. 9A, it is assumed that
the transmitting/receiving circuit 3 performs scanning in a
state where the main scanning direction X of each slice is set
to the same direction.

[0091] After one heartbeat, the next ECG trigger signal I,
is output to the control device 10. Then, the control device
10 outputs a control signal to the transmitting/receiving
circuit 3 in accordance with the ECG trigger signal I,. The
control signal includes information indicating the region of
the sub-volume B and the main and sub-scanning directions.
In accordance with the control signal, the transmitting/
receiving circuit 3 transmits and receives an ultrasonic beam
through the ultrasonic probe 2 so as to scan the sub-volume
B.

[0092] As shown in FIG. 9B, the transmitting/receiving
circuit 3 scans the sub-volume B at one heartbeat, in
accordance with the ECG trigger signal I,. When scanning
the sub-volume B, the transmitting/receiving circuit 3 pet-
forms scanning in the same direction as the main scanning
direction X of the sub-volume A, in terms of a main scanning
direction. In terms of a sub-scanning direction, however, the
transmitting/receiving circuit 3 performs scanning in a dif-
ferent direction from the sub-scanning direction of the
sub-volume A.

[0093] When scanning the sub-volume B, the transmitting/
receiving circuit 3 scans the entire sub-volume B by scan-
ning an ultrasonic beam in a sub-scanning direction Y, (from
the left side to the right side in the drawing) which is reverse
to the sub-scanning direction Y, in the sub-volume A. That
is, in the sub-volume B, the transmitting/receiving circuit 3
starts scanning from the boundary with the adjacent sub-
volume C so as to perform scanning toward the boundary
with the adjacent sub-volume A. Further, the transmitting/
receiving circuit 3 scans the sub-volume B four times during
one heartbeat, thereby obtaining the scan data B, to B;. As
such, the control device 10 outputs a control signal including
information indicating the sub-scanning direction Y, to the
transmitting/receiving circuit 3, so that the transmitting/
receiving circuit 3 performs scanning with the sub-scanning
direction being set to be reverse.

[0094] As described above, the transmitting/receiving cir-
cuit 3 causes the ultrasonic probe 2 to scan the sub-volume
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B under the control of the control device 10, in a state where
the scanning direction, the scanning start position, and the
scanning end position in the sub-volume B adjacent to the
sub-volume A are axisymmetric with the scanning direction,
the scanning start position, and the scanning end position in
the sub-volume A, with the dividing line set to a symmetric
axis.

[0095] After one heartbeat, the next ECG trigger signal I
is output to the control device 10. Then, the control device
10 outputs a control signal to the transmitting/receiving
circuit 3 in accordance with the ECG trigger signal I;. The
control signal includes information indicating the region of
the sub-volume C and the main and sub-scanning directions.
The transmitting/receiving circuit 3 transmits and receives
an ultrasonic beam through the ultrasonic probe 2 in accor-
dance with the control signal so as to scan the sub-volume
C.

[0096] As shown in FIG. 9C, the transmitting/receiving
circuit 3 scans the sub-volume C at one heartbeat in accor-
dance with the ECG trigger signal 1. When scanning the
sub-volume C, the transmitting/receiving circuit 3 performs
scanning in the same direction as the main scanning direc-
tion X of the sub-volume B, in terms of a main scanning
direction. In terms of a sub-scanning direction, however, the
transmitting/receiving circuit 3 performs scanning in a dif-
ferent direction from the sub-scanning direction of the
sub-volume B.

[0097] When scanning the sub-volume C, the transmitting/
receiving circuit 3 scans the entire sub-volume C in a
sub-scanning direction Y (from the left side to the right side
in the drawing) which is reverse to the sub-scanning direc-
tion Y, in the sub-volume B. That is, in the sub-volume C,
the transmitting/receiving circuit 3 starts scanning from the
boundary with the adjacent sub-volume B so as to perform
scanning toward the boundary with the adjacent sub-volume
C. The sub-scanning direction Y is the same direction as the
sub-scanning direction Y, in the sub-volume A. Further, the
transmitting/receiving circuit 3 scans the sub-volume C four
times during one heartbeat, thereby obtaining the scan data
C, to C,. As such, the control device 10 outputs a control
signal including information indicating the sub-scanning
direction Y5 to the transmitting/receiving circuit 3 so that the
transmitting/receiving circuit 3 performs scanning in a state
where the sub-scanning direction is set to be reverse.

[0098] As described above, the transmitting/receiving cir-
cuit 3 causes the ultrasonic probe 2 to scan the sub-volume
C under the control of the control device 10, in a state where
the scanning direction, the scanning start position, and the
scanning end position in the sub-volume C adjacent to the
sub-volume B are axisymmetric with the scanning direction,
the scanning start position, and the scanning end position in
the sub-volume B, with the dividing line serving as a
symmetric axis.

[0099] After one heartbeat, the next ECG trigger signal 14
is output to the control device 10. Then, the control device
10 outputs a control signal to the transmitting/receiving
circuit 3 in accordance with the ECG trigger signal 1,. The
control signal includes information indicating the region of
the sub-volume D and the main and sub-scanning directions.
The transmitting/receiving circuit 3 transmits and receives
an ultrasonic beam through the ultrasonic probe 2 in accor-
dance with the control signal so as to scan the sub-volume
D.
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[0100] As shown in FIG. 9D, the transmitting/receiving
circuit 3 scans the sub-volume D during one heartbeat in
accordance with the ECG trigger signal 1,. When scanning
the sub-volume D, the transmitting/receiving circuit 3 per-
forms scanning in the same direction as the main scanning
direction X of the sub-volume C, in terms of a main scanning
direction. In terms of a sub-scanning direction, however, the
transmitting/receiving circuit 3 performs scanning in a dif-
ferent direction from the sub-scanning direction of the
sub-volume C.

[0101] When scanning the sub-volume D, the transmit-
ting/receiving circuit 3 scans the entire sub-volume D by
radiating an ultrasonic beam in a sub-scanning direction Y,
(from the right side to the left side in the drawing) which is
reverse to the sub-scanning direction Y in the sub-volume
C. That s, in the sub-volume D, the transmitting/receiving
circuit 3 performs scanning toward the boundary with the
adjacent sub-volume C. The sub-scanning direction Y, is the
same direction as the sub-scanning direction Y, in the
sub-volume B. Further, the transmitting/receiving circuit 3
scans the sub-volume D four times during one heartbeat,
thereby obtaining the scan data D, to D,. As such, the
control device 10 outputs a control signal including infor-
mation indicating the sub-scanning direction Y, to the trans-
mitting/receiving circuit 3 so that the transmitting/receiving
circuit 3 performs scanning with the sub-scanning direction
being set to be reverse.

[0102] As described above, the transmitting/receiving cir-
cuit 3 causes the ultrasonic probe 2 to scan the sub-volume
D under the control of the control device 10, in a state where
the scanning direction, the scanning start position, and the
scanning end position in the sub-volume D adjacent to the
sub-volume C are axisymmetric with the scanning direction,
the scanning start position, and the scanning end position in
the sub-volume C, with the dividing line c set to a symmetric
axis.

[0103] As described above, in the sub-volumes adjacent to
each other, the transmitting/receiving circuit 3 performs
scanning in the sub-scanning directions set to be reverse to
each other. In other words, the control device 10 changes the
sub-scanning direction into the reverse direction so as to set
to a new sub-scanning direction, whenever an ECG trigger
signal is received. Then, the control device 10 outputs a
control signal to the transmitting/receiving circuit 3. The
control signal includes information indicating the new sub-
scanning direction. As the transmitting/receiving circuit 3
scans the sub volume in accordance with the control signal,
scanning in the adjacent sub-volumes is performed in the
sub-scanning directions set to be reverse to each other.

[0104] As described above, the image processor 8 serving
as an image generating device combines the scan data
obtained at different heartbeats, that is, the scan data
obtained at the same time phase so as to generate one
volume data corresponding to the entire scanning range.

[0105] For example, the image processor 8 combines the
scan data A, to D, obtained between the time phases t, and
t;, S0 as to generate the scan data (volume data) of the entire
range of a region of interest between the time phases t, and
t,, as shown in FIG. 8. Similarly, the image processor 8
combines the scan data obtained in other time phases so as
to generate the scan data (volume data) of the entire range
of a region of interest. Further, the image processor 8
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generates ultrasonic image data such as three-dimensional
image data on the basis of the scan data (volume data).

[0106] FIG. 10 shows a portion of the scan data generated
in such a manner. For a simple description, only the scan
data A, and B, are shown in FIG. 10. In terms of a main
scanning direction, the transmitting/receiving circuit 3 scans
the sub volumes A and B along the same main scanning
direction X. In a sub-scanning direction, however, the trans-
mitting/receiving circuit 3 scans the sub-volume A along the
sub-scanning direction Y, and scans the sub-volume B along
the sub-scanning direction Y, which is reverse to the sub-
scanning direction Y.

[0107] Here, attention is paid to the vicinities of the
boundary L between the sub-volumes A and B. One line of
scan data obtained in a scanning range (the vicinity of the
boundary L with the sub-volume B) of the right end of the
sub-volume A is data obtained between time phases (t,-5t)
to t,. Meanwhile, one line of scan data obtained in a
scanning range (the vicinity of the boundary I with the
sub-volume A) of the left end of the sub-volume B is also
data obtained between time phases (t,—dt) to t;. Here, Ot
means a time required for scanning one line, when an
ultrasonic wave is scanned in the main scanning direction X.
Accordingly, in the vicinities of the boundary L between the
sub-volumes A and B, the time phase where the scan data A,
is obtained coincides with the time phase where the scan
data By, is obtained. Further, since the main scanning direc-
tions X are the same as each other, the time phases coincide
with each other in the vicinities of the boundary L. More-
over, when scanning is performed in the vicinities of the
boundary L in a state where the main scanning directions are
set to be reverse to each other, a time phase difference as
much as 8t occurs between the time phase where the scan
data A, is obtained and the time phase where the scan data
B, is obtained.

[0108] Even in the sub-volumes B and C and in the
sub-volume C and D, scanning is performed in a state where
the sub-scanning directions are set to be reverse to each
other. Therefore, the difference between the time phases
where the scan data are obtained can be reduced in the
vicinities of the boundary between the sub-volumes.

[0109] Even on the scan data obtained between the time
phases t, and t,, the scan data obtained between the time
phases t, and t, and the scan data obtained between the time
phases t, and t,, scanning in the adjacent sub-volumes is
performed in a state where the sub-scanning directions set to
be reverse to each other. Therefore, the difference between
the time phases where the scan data are obtained can be
reduced in the vicinities of the boundary between the
respective sub-volumes.

[0110] As described above, the apparatus 1 for obtaining
an ultrasonic image according to the present embodiment
performs scanning, in a state where the scanning directions
of the adjacent sub-volumes are axisymmetric with each
other, with the dividing line a, b, or ¢ being set to a
symmetrical axis. Then, scanning is performed in a state
where the sub-scanning directions of the adjacent sub vol-
umes are set to be reverse to each other. As a result, the
difference between the time phases where the scan data are
obtained can be reduced in the vicinities of the boundary
between the sub-volumes. Accordingly, a streaky artifact,
which can occur in a three-dimensional image or MPR
image, can be suppressed from occurring.
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[0111] Inthe respective sub-volumes, a time phase differ-
ence At (=t,-t,) occurs between the scanning start position
(time phase t,) and the scanning end position (time phaset, ).
However, this also occurs in the apparatus for obtaining an
ultrasonic image according to the related art.

[0112] Inthe apparatus 1 for obtaining an ultrasonic image
according to the present embodiment, the difference
between the time phases where the scan data are obtained
can be reduced in the vicinities of the boundary between
different sub-volumes, and an artifact, which can occur in
the vicinities of the boundary, can be suppressed from
occurring. Therefore, it is possible to obtain a more favor-
able image than in the related art.

[0113] The scan data in the respective sub-volumes
obtained in such a manner are output from the transmitting/
receiving circuit 3 to the B-mode processing circuit 4 or the
CFM processing circuit 5. Further, the B-mode processing
circuit 4 or the CFM processing circuit 5 generates B-mode
raster data or color raster data. The raster data is temporarily
stored and held by the memory device 6.

[0114] The image processor 8 reads the raster data, stored
in the memory device 6, by the proper unit, and sequentially
generates ultrasonic image data such as three-dimensional
image data through image processing such as rendering.
Then, the image processor 8 outputs the image data to the
display device 9. Accordingly, an ultrasonic image such as
a three-dimensional image is displayed on the monitor
screen of the display device 9.

[0115] The sequence where the image processor 8 reads
the raster data will be described with reference to FIG. 11.
FIG. 11 is a schematic view illustrating an order in which the
scan data obtained by the apparatus for obtaining an ultra-
sonic image according to the present embodiment of the
invention are read, and is a diagram (top view) seen from the
ultrasonic probe.

[0116] The image processor 8 reads data from the memory
device 6 in accordance with the sequence of time phases
where the scan data are obtained. As shown in FIG. 11, data
obtained in one line is set to one unit. For the data of the
sub-volume A, the image processor 8 first reads data (data
obtained on a line L ;) obtained in the earliest time phase,
and second reads data (data obtained on a line L,,) obtained
in the second earliest time phase. Further, the image pro-
cessor 8 also reads data, obtained after the third earliest time
phase, in order according to the obtained time phases.
Finally, the image process 8 reads data (data obtained on a
line L,,) obtained in the n-th time phase. Accordingly, the
image processor 8 reads data in order of the data obtained on
the line L, the data obtained on the line L5, . . ., the data
obtained on the line L . That is, the image processor 8
sequentially reads the data obtained over the right end from
the left end (the boundary with the sub-volume B) of the
sub-volume A, the right end being the boundary with the
sub-volume B.

[0117] For the sub-volume B, the image processor 8 also
reads data from the memory device 6 in accordance with the
sequence of time phases where the scan data are obtained.
That is, the image processor 8 sequentially reads the data
obtained over the left end from the right end (the boundary
with the sub-volume A) of the sub-volume B, the left end
being the boundary with the sub-volume A. Accordingly, the
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image processor 8 reads data in order of the data obtained on
the line L, the data obtained on the line L, . . ., the data
obtained on the line T, .

[0118] In the sub-volumes A and B, the image processor 8
sequentially reads data from the memory device 6 in the
same direction as the sub-scanning direction thereof. Fur-
ther, even in the sub-volumes C and D, the image processor
8 sequentially reads data from the memory device 6 in the
same direction as the sub-scanning direction thereof. The
image processor 8 generates ultrasonic image data such as
three-dimensional data on the basis of the read data.

[0119] The above-described method of reading data may
be used as it is. In the sub-volumes A and B, however, the
processing load of the image processor 8 could increase,
because the directions of reading data are opposite to each
other and data needs to be rearranged when the image
processor 8 generates three-dimensional data. Correspond-
ingly, if data is read in order of coordinates, it is possible to
reduce the processing load of the image processor 8.

[0120] For the data obtained in the sub-volume A, the
image processor 8 first reads the data on the left side of the
sub-volume A and sequentially reads data from the left side
to the right side (the boundary with the sub-volume B). In
the case of the sub-volume A, the image processor 8 reads
data in accordance with the sequence of time phases where
the scan data are obtained, because the direction whete the
image processor 8 reads data coincides with the sub-scan-
ning direction. In FIG. 11, the image processor 8 reads data
in order of the data obtained on the line L, the data
obtained on the line L, . . ., the data obtained on the line
L.

[0121] For the data obtained in the sub-volume B, the
image processor 8 first reads the data on the left side (the
boundary with the sub-volume A) of the sub-volume B, and
sequentially reads data from the left side to the right side. In
FIG. 11, the image processor 8 reads data in order of the data
obtained on the line L, the data obtained on the line L,
.. ., the data obtained on the line L, . In the case of the
sub-volume B, the direction where the image processor 8
reads data is opposite to the sub-scanning direction. There-
fore, the data obtained for the last time is first read, and the
data obtained for the first time is lastly read. As such, as the
image processor 8 reads data in order of coordinates (from
the direction opposite to the sub-scanning direction), it is
possible to reduce the processing load of the image proces-
sor 8 and to shorten a time required for image processing.

[0122] (Modifications)

[0123] The invention is not limited to the dividing method
and the scanning direction exemplified in the above-de-
scribed embodiment. A dividing method and scanning
method, in which the difference between time phases where
scan data are obtained does not occur in the vicinities of the
boundary between adjacent sub-volumes, may be included
in the scope of the invention. Although various modifica-
tions are considered as embodiments of the invention, two
modifications will be described herein.

[0124] (First Modification)

[0125] A first modification will be described with refer-
ence to FIGS. 12A to 12D. FIGS. 12A and 12B are sche-
matic views showing a scanning range of an apparatus for
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obtaining an ultrasonic image according to the first modifi-
cation. FIGS. 12C and 12D are schematic views illustrating
the scanning range and scan direction of the apparatus for
obtaining an ultrasonic image according to the first modifi-
cation, and are diagram (top view) seen from the ultrasonic
probe.

[0126] As shown in FIGS. 12A and 12B, the apparatus for
obtaining an ultrasonic image according to the first modifi-
cation equally divides the entire scanning range into four
sub-volumes A to D. The apparatus 1 for obtaining an
ultrasonic image according to the above-described embodi-
ment divides the entire scanning range into four sub-vol-
umes A to D so that the sub-volumes A to D are lined up in
one line. In the apparatus for obtaining an ultrasonic image
according to the first modification, however, the regions
equally divided by dividing lines a and b are respectively set
to the sub-volumes A to D, the dividing lines a and b passing
through the center O of the entire scanning range and being
orthogonal to each other.

[0127] As shown in FIG. 12B, the apparatus for obtaining
an ultrasonic image according to the first modification
sequentially performs scanning by the sub-volume. The
scanning is performed by the control of the control device
10. The control device 10 outputs a control signal to the
transmitting/receiving circuit 3, the control signal including
information indicating the region of each sub-volume and
the main and sub-scanning directions. In accordance with
the control signal, the transmitting/receiving circuit 3 drives
the ultrasonic probe 2 so as to scan each sub-volume.

[0128] Similar to the above-described embodiment, the
apparatus for obtaining an ultrasonic image according to the
first modification scans the sub-volume A several times (for
example, four times) during a heartbeat corresponding to a
first ECG trigger signal I, thereby obtaining scan data A, to
A, in the respective time phases during one heartbeat. On the
sub-volumes B to D, the apparatus for obtaining an ultra-
sonic image according to the first modification also performs
scanning a plurality of times during one heartbeat so as to
obtain scan data.

[0129] FIGS. 12C and 12D show the scanning directions
of the respective sub-volumes. First, the scanning of the
sub-volume A will be described. As shown in FIG. 12C, the
apparatus for obtaining an ultrasonic image according to the
first modification scans an ultrasonic beam in a main scan-
ning direction X, (from the left side to the right side in the
drawing) and scans an ultrasonic beam in a sub-scanning
direction Y, (from the upper side to the lower side in the
drawing) which is orthogonal to the main scanning direction
X, thereby scanning the sub-volume A. Further, the appa-
ratus for obtaining an ultrasonic image according to the first
modification scans the sub-volume A during one heartbeat
corresponding to the first ECG trigger signal 1, thereby
obtaining scan data A, to A,.

[0130] The apparatus for obtaining an ultrasonic image
according to the first modification scans the sub-volume B
during one heartbeat corresponding to the next ECG trigger
signal I,, scans the sub-volume C during one heartbeat
corresponding to the ECG trigger signal 1, and scans the
sub-volumes D during one heartbeat corresponding to the
ECG trigger signal 1,. FIG. 12D shows the scanning direc-
tions of the sub-volumes A to D. The apparatus for obtaining
an ultrasonic image according to the first modification scans
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an ultrasonic beam such that the scanning directions (the
main and sub-scanning directions), the scanning start posi-
tions, and the scanning end positions in the respective
sub-volumes are in an axisymmetric relationship, with the
dividing line a or b set to a symmetrical axis. Accordingly,
the difference between the time phases where the scanning
data are obtained can be reduced in the vicinities of the
boundary between the respective sub-volumes.

[0131] For example, under the control of the control
device 10, the transmitting/receiving circuit 3 causes the
ultrasonic probe 2 to scan the sub-volume B, in a state where
the scanning direction, the scanning start position, and the
scanning end position in the sub-volume B adjacent to the
sub-volume A are set to be axisymmetric with the scanning
direction, the scanning start position, and the scanning end
position in the sub-volume A, with the dividing line a set to
a symmetrical axis.

[0132] When scanning the sub-volume B, the apparatus
for obtaining an ultrasonic image according to the first
modification performs scanning in the same direction as the
sub-scanning direction Y, of the sub-volume A, in terms of
a sub-scanning direction. In terms of a main scanning
direction, however, the apparatus for obtaining an ultrasonic
image performs scanning in a different direction from the
main scanning direction X, of the sub-volume A.

[0133] When scanning the sub-volume B, the apparatus
for obtaining an ultrasonic image according to the first
modification scan an ultrasonic beam in a main scanning
direction X, (from the right side to the left side in the
drawing) which is reverse to the main scanning direction X
in the sub-volume A. In terms of a sub-scanning direction,
the apparatus for obtaining an ultrasonic image according to
the first modification scans an ultrasonic beam in a sub-
scanning direction Y, (from the upper side to the lower side
in the drawing) so as to scan the sub-volume B, similar to the
case when the sub-volume A is scanned. Accordingly, since
the time phases where the scanning data are obtained
substantially coincide in the vicinities of the boundary
between the sub-volumes A and B, the difference between
the time phases can be suppressed from occurring.

[0134] Under the control of the control device 10, the
transmitting/receiving circuit 3 causes the ultrasonic probe 2
to scan the sub-volume C, in a state where the scanning
direction, the scanning start position, and the scanning end
position in the sub-volume C adjacent to the sub-volume A
are set to be axisymmetric with the scanning direction, the
scanning start position, and the scanning end position in the
sub-volume A, with the diving line b set to a symmetrical
axis.

[0135] When scanning the sub-volume C, the apparatus
for obtaining an ultrasonic image according to the first
modification scans the sub-volume C in a sub-scanning
direction Y5 which is reverse to the sub-scanning direction
Y, in the sub-volume A, in terms of the sub-scanning
direction. That is, the apparatus for obtaining an ultrasonic
image according to the first modification performs scanning,
in a state where the direction from the separated position to
the boundary is set to the sub-scanning direction. Accord-
ingly, since the time phases where the scan data are obtained
substantially coincide in the vicinity of the boundary
between the sub-volumes A and C, a time phase difference
can be suppressed from occurring,
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[0136] Under the control of the control device 10, the
transmitting/receiving circuit 3 causes the ultrasonic probe 2
to scan the sub-volume D, in a state where the scanning
direction, the scanning start position, and the scanning end
position in the sub-volume D are set to be axisymmetric with
the scanning direction, the scanning start position, and the
scanning end position in the sub-volume B, with the diving
line b set to a symmetrical axis. At this time, the scanning
direction, the scanning start position, and the scanning end
position in the sub-volume D are in an axisymmetric rela-
tionship with the scanning direction, the scanning start
position, and the scanning end position in the sub-volume C,
with the dividing line a set to a symmetric axis.

[0137] When scanning the sub-volume D, the apparatus
for obtaining an ultrasonic image according to the first
modification scans the sub-volume D in a sub-scanning
direction Y, which is reverse to the sub-scanning direction
Y, in the sub-volume B, in terms of a sub-scanning direc-
tion. That is, the apparatus for obtaining an ultrasonic image
according to the first modification performs scanning, in a
state where the direction from the separated position to the
boundary is set to the sub-scanning direction. Accordingly,
since the time phases where the scan data are obtained
substantially coincide in the vicinities of the boundary
between the sub-volumes B and D, a time phase difference
can be suppressed from occurring.

[0138] In the relationship with the sub-volume C, the
apparatus for obtaining an ultrasonic image according to the
first modification scans the sub-volume D, in a state where
the same direction as the sub-scanning direction in the
sub-volume C is set to a sub-scanning direction and the
direction reverse to the main scanning direction in the
sub-volume C is set to a main scanning direction. Accord-
ingly, since the time phases where the scan data are obtained
substantially coincide in the vicinities of the boundary
between the sub-volumes C and D, a time phase difference
can be suppressed from occurring.

[0139] As described above, the scanning is performed by
changing the main scanning directions or the sub-scanning
directions of the respective sub-volumes so that the scanning
directions are axisymmetric with each other. Therefore, in
the vicinities of the boundary between the sub-volumes, the
difference between the time phases where the scan data are
obtained can be reduced. As a result, it is possible to
suppress a streaky artifact from occurring in the boundary
between the sub-volumes.

[0140]

[0141] Next, a second modification will be described with
reference to FIGS. 13A to 13D. FIGS. 13A and 13B are
schematic views showing a region scanned by an apparatus
for obtaining an ultrasonic image according to the second
modification. FIGS. 13C and 13D are schematic views
illustrating the region scanned by the apparatus for obtaining
an ultrasonic image according to the second modification
and the scanning direction thereof, and are diagrams (top
views) seen from the ultrasonic probe.

[0142] As shown in FIGS. 13A and 13B, the apparatus for
obtaining an ultrasonic image according to the second
modification scans an ultrasonic beam, with a circular conic
region set to the scan region. Further, in the apparatus for
obtaining an ultrasonic image according to the second

(Second Embodiment)
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embodiment, the regions equally-divided by dividing lines a
and b are respectively set to the sub-volumes A to D, the
dividing lines a and b passing through the center O of the
circular conic scanning range and being orthogonal to each
other.

[0143] As shown in FIGS. 13B, the apparatus for obtain-
ing an ultrasonic image according to the second modification
sequentially performs scanning by the sub-volume in accor-
dance with an ECG trigger signal, thereby obtaining scan
data in each time phase.

[0144] FIGS. 13C and 13D show the scanning directions
of the respective sub-volumes. First, the scanning of the
sub-volume A will be described. As shown in FIG. 13C, the
apparatus for obtaining an ultrasonic image according to the
second modification scans an ultrasonic beam in a main
scanning direction X, (the radius direction in the drawing)
and further scans an ultrasonic beam in a sub-scanning
direction Y, (the circumferential direction), thereby scan-
ning the sub-volume A. Further, the apparatus for obtaining
an ultrasonic image according to the second modification
scans the sub-volume A during one heartbeat corresponding
to a first ECG trigger signal 1,, thereby obtaining scan data
A to A,

[0145] The apparatus for obtaining an ultrasonic image
according to the second modification scans the sub-volume
B during one heartbeat corresponding to the next ECG
trigger signal 1,, scans the sub-volume C during one heart-
beat corresponding to an ECG trigger signal 1, and scans the
sub-volume D during one heartbeat corresponding to an
ECG trigger signal 1,. FIG. 13D shows the scanning direc-
tions of the sub-volumes A to D. The apparatus for obtaining
an ultrasonic image according to the second modification
scans an ultrasonic beam such that the scanning directions,
the scanning start positions, and the scanning end positions
in the respective sub volumes are in an axisymmetric
relationship, with the dividing line a or b set to a symmetri-
cal axis. Accordingly, in the vicinities of the boundary
between the respective sub-volumes, the difference between
the time phases where the scan data are obtained can be
reduced.

[0146] For example, under the control of the control
device 10, the transmitting/receiving circuit 3 causes the
ultrasonic probe 2 to scan the sub-volume B, in a state where
the scanning direction, the scanning start position, and the
scanning end position in the sub-volume B adjacent to the
sub-volume A are set to be axisymmetric with the scanning
direction, the scanning start position, and the scanning end
position in the sub-volume A, with the dividing line a set to
a symmetric axis.

[0147] When scanning the sub-volume B, the apparatus
for obtaining an ultrasonic image according to the second
modification scans the sub-volume B in a sub-scanning
direction Y, reverse to the sub-scanning direction Y, in the
sub-volume A, in terms of a sub-scanning direction. That is,
the apparatus for obtaining an ultrasonic image according to
the second modification performs scanning, in a state where
the direction from the separated position to the boundary is
set to the sub-scanning direction. Accordingly, in the vicini-
ties of the boundary between the sub-volumes A and B, a
time phase difference can be suppressed from occurring,
because the time phases where the scan data are obtained
substantially coincide with each other.
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[0148] Under the control of the control device 10, the
transmitting/receiving circuit 3 causes the ultrasonic probe 2
to scan the sub-volume C, in a state where the scanning
direction, the scanning start position, and the scanning end
position in the sub-volume C adjacent to the sub-volume A
are set to be axisymmetric with the scanning direction, the
scanning start position, and the scanning end position in the
sub-volume A, with the dividing line b set to a symmetric
axis.

[0149] When scanning the sub-volume C, the apparatus
for obtaining an ultrasonic image according to the second
modification scans the sub-volume C in a sub-scanning
direction Y5 which is reverse to the sub-scanning direction
Y, in the sub-volume A, in terms of a sub-scanning direc-
tion. That is, the apparatus for obtaining an ultrasonic image
according to the second modification performs scanning, in
a state where the direction away from the boundary is set to
the sub-scanning direction. Accordingly, in the vicinities of
the boundary between the sub-volumes A and C, a time
phase difference can be suppressed from occurring, because
the time phases where the scan data are obtained substan-
tially coincide with each other.

[0150] Under the control of the control device 10, the
transmitting and receiving device 3 scans the sub-volume D
into the ultrasonic probe 2, in a state where the scanning
direction, the scanning start position, and the scanning end
position in the sub-volume D are set to be axisymmetric with
the scanning direction, the scanning start position, and the
scanning end position in the sub-volume B, with the dividing
line b set to a symmetric axis. At this time, the scanning
direction, the scanning start position, and the scanning end
position in the sub-volume D are in an axisymmetric rela-
tionship with the scanning direction, the scanning start
position, and the scanning end position in the sub-volume C,
with the dividing line a set to a symmetric axis.

[0151] When scanning the sub-volume D, the apparatus
for obtaining an ultrasonic image according to the second
modification scans the sub-volume D in a sub-scanning
direction Y, which is reverse to the sub-scanning direction
Y, in the sub-volume B, in terms of a sub-scanning direc-
tion. That is, the apparatus for obtaining an ultrasonic image
according to the second modification performs scanning, in
a state where the direction away from the boundary is set to
the sub-scanning direction. Accordingly, in the vicinities of
the boundary between the sub-volumes B and D, a time
phase difference can be suppressed from occurring, because
the time phases where the scan data are obtained substan-
tially coincide with each other. In the relationship with the
sub-volume C, the apparatus for obtaining an ultrasonic
image according to the second modification performs scan-
ning in a sub-scanning direction Y, which is reverse to the
sub-scanning direction Y5 in the sub-volume C, in terms of
a sub-scanning direction. Accordingly, the apparatus for
obtaining an ultrasonic image according to the second
modification performs scanning, in a state where the direc-
tion from the separated position to the boundary is set to the
sub-scanning direction. Accordingly, in the vicinities of the
boundary between the sub-volumes C and D, the time phase
difference can be suppressed from occurring, because a time
phases where the scan data are obtained substantially coin-
cide with each other.

[0152] In the second modification, the entire scanning
range has been divided into four regions. However, the
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scanning range may be divided into more than four regions.
An example thereof will be described with reference to FIG.
14. FIG. 14 is a schematic view illustrating a scanning range
and scanning direction of the apparatus for obtaining an
ultrasonic image according to the second modification, and
is a diagram (top view) seen from the ultrasonic probe.

[0153] As shown in FIG. 14, the entire scanning range is
divided by four dividing lines which pass through the center
O of the entire scanning range. Then, the entire scanning
range is divided into eight regions. On the adjacent sub-
volumes, the apparatus for obtaining an ultrasonic image
according to the second modification performs scanning,
with the sub-scanning directions Y set to be reverse to each
other. Accordingly, in the vicinities of the boundary between
the respective sub-volumes, a time phase difference can be
reduced, because the time phases where the scan data are
obtained substantially coincide. Further, the entire scanning
range may be divided into 2" regions (n is an integer larger
than one). Even though the entire scanning range is divided
into 2" regions, the scanning on the adjacent sub-volumes is
performed, with the sub-scanning directions set to be reverse
to each other. Therefore, the difference between the time
phases where the scan data are obtained can be reduced in
the vicinities of the boundary.

[0154] As described above, the apparatus for obtaining an
ultrasonic image according to the embodiment or modifica-
tion of the invention divides a desired scanning range into a
plurality of regions, and scans the respective regions in
accordance with an ECG trigger signal. Therefore, although
there is provided a hardware of which the parallel simulta-
neous reception number is small, it is possible to scan a
wider region of interest.

[0155] In order to obtain the scan data in which the time
phases of the electrocardiographic waveform substantially
coincide with each other in the vicinities of the boundary
between the respective regions, the scanning is performed
by changing the main scanning direction or sub-scanming
direction for each region. Then, it is possible to obtain an
ultrasonic image in which a streaky artifact caused by the
time phase difference is reduced. That is, the apparatus for
obtaining an ultrasonic image according to the embodiment
or modification of the invention scans an ultrasonic beam on
the regions adjacent to each other, with the main scanning
directions or sub-scanning directions set to be reverse to
each other. Then, the time phases where data are obtained
can be caused to coincide with each other, in the vicinity of
the boundary between the regions. Therefore, the difference
between the time phases where the scan data are obtained
can be reduced in the vicinities of the boundary between the
adjacent regions, which makes it possible to obtain an
ultrasonic image in which a streaky artifact caused by the
time phase difference is reduced.

What is claimed is:
1. An apparatus for obtaining an ultrasonic image com-
prising:

an ultrasonic probe that scans an ultrasonic beam in a
main scanning direction and a sub-scanning direction;

a scan device that receives a trigger signal based on an
electrocardiographic waveform, drives the ultrasonic



US 2007/0038103 A1

probe in accordance with the trigger signal so as to scan
a plurality of regions, and obtains scan data for each
region; and

an image generating device that combines the scan data
obtained for each region so as to generate ultrasonic
image data of the range in which the plurality of regions
are joined,

wherein the scan device causes the ultrasonic probe to
scan the respective regions so that scan data in which
time phases of the electrocardiographic waveform sub-
stantially coincide are obtained in the vicinities of the
boundary between at least two adjacent regions among
the plurality of regions.

2. The apparatus for obtaining an ultrasonic image accord-

ing to claim 1,

wherein, whenever receiving the trigger signal, the scan
device causes the ultrasonic probe to scan a different
region so as to obtain scan data in which the time
phases of the electrocardiographic waveform substan-
tially coincide in the vicinities of the boundary, thereby
obtaining scan data for each region, and

the image generating device combines scan data obtained
by scanning the respective regions and the scan data
obtained by starting scanning at the same time phase so
as to generate ultrasonic image data of the range in
which the plurality of regions are joined.
3. The apparatus for obtaining an ultrasonic image accord-
ing to claim 1,

wherein, in adjacent regions, the scan device causes the
ultrasonic probe to scan the respective regions in the
main or sub-scanning directions set to be reverse to
each other so as to obtain scan data in which the time
phases of the electrocardiographic waveform substan-
tially coincide.

4. The apparatus for obtaining an ultrasonic image accord-

ing to claim 1,

wherein the image generating device combines the scan

data obtained by scanning the respective regions and

the scan data obtained by starting scanning at the same

time phase so as to generate ultrasonic image data of

the range in which the plurality of regions are joined.

5. The apparatus for obtaining an ultrasonic image accord-
ing to claim 1,

wherein, in adjacent regions among the plurality of
regions, the scan device causes the ultrasonic probe to
scan the respective regions by changing the main or
sub-scanning directions so that the main or sub-scan-
ning directions are axisymmetric with each other with
a predetermined dividing line set to a symmetric axis to
obtain scan data in which the time phases of the
electrocardiographic waveform substantially coincide.
6. An apparatus for obtaining an ultrasonic image com-
prising:

an ultrasonic probe that scans an ultrasonic beam in a
main scanning direction and a sub-scanning direction;

a scan device that receives a trigger signal based on an
electrocardiographic waveform, drives the ultrasonic
probe in accordance with the trigger signal so as to scan
a plurality of regions, and obtains scan data for each
region; and
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an image generating device that combines the scan data
obtained for each region so as to generate ultrasonic
image data of the range in which the plurality of regions
are joined,

wherein, in adjacent regions, the scan device causes the
ultrasonic probe to scan the respective regions in the
main or sub-scanning directions set to be reverse to
each other so as to obtain scan data.
7. The apparatus for obtaining an ultrasonic image accord-
ing to claim 6,

wherein, whenever receiving the trigger signal, the scan
device causes the ultrasonic probe to scan a different
region, and the scan device causes the ultrasonic probe
to scan the respective regions in the main or sub-
scanning directions set to be reverse to each other in
adjacent regions, so as to obtain scan data, and

the image generating device combines the scan data

obtained by scanning the respective regions and the

scan data obtained by starting scanning at the same

time phase, so as to generate ultrasonic image data of

the range in which the plurality of regions are joined.

8. The apparatus for obtaining an ultrasonic image accord-
ing to claim 6,

wherein the image generating device combines the scan

data obtained by scanning the respective regions and

the scan data obtained by starting scanning at the same

time phase, so as to generate ultrasonic image data of

the range in which the plurality of regions are joined.

9. The apparatus for obtaining an ultrasonic image accord-
ing to claim 6,

wherein, in adjacent regions among the plurality of
regions, the scan device causes the ultrasonic probe to
scan the respective regions by changing the main or
sub-scanning directions so that the main or sub-scan-
ning directions are axisymmetric with each other with
a predetermined dividing line set to a symmetric axis to
obtain scan data.

10. A method of obtaining an ultrasonic image compris-

ing:

obtaining scan data for each region by receiving a trigger
signal based on an electrocardiographic waveform,
driving an ultrasonic probe in accordance with the
trigger signal, and scanning a plurality of regions in a
main scanning direction and a sub-scanning direction
through the ultrasonic probe; and

generating ultrasonic image data of the range in which the
plurality of regions are joined, by combining the scan
data obtained for each region,

wherein, in the obtaining of scan data, the ultrasonic
probe scans adjacent regions in the main or sub-
scanning directions set to be reverse to each other so as
to obtain scan data.
11. The method of obtaining an ultrasonic image accord-
ing to claim 10,

wherein, in the obtaining of scan data, whenever receiving
the trigger signal, the ultrasonic probe scans a different
region, and the ultrasonic probe scans the respective
regions in the main or sub-scanning directions set to be
reverse to each other in adjacent regions, so as to obtain
scan data, and
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14
in the generating of the ultrasonic image data, the scan at the same time phase are combined so as to generate
data obtained by scanning the respective regions and ultrasonic image data of the range in which the plurality
the scan data obtained by starting scanning at the same of regions are joined.
time phase are combined so as to generate ultrasonic 13. The method of obtaining an ultrasonic image accord-
image data of the range in which the plurality of regions ing to claim 10,
are joined. wherein, in the obtaining of scan data, in adjacent regions

among the plurality of regions, the ultrasonic probe
scans the respective regions by changing the main or
sub-scanning directions so that the main or sub-scan-
ning directions are axisymmetric with a predetermined
dividing line set to a symmetric axis to obtain scan data.

12. The method of obtaining an ultrasonic image accord-
ing to claim 10,

wherein, in the generating of the ultrasonic image data,
the scan data obtained by scanning the respective
regions and the scan data obtained by starting scanning L
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