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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to a method and
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 sub-
ject, and more particularly, to an apparatus for obtaining
an ultrasonic image, which performs scanning by using
an electrocardiographic signal (ECG signal).

2. Description of the Related Art

[0002] Recently, a so- called two- dimensional ultra-
sonic probe is being developed, in which ultrasonic trans-
ducers are two- dimensionally arranged so as to three-
dimensionally transmit and receive an ultrasonic beam
into and from a subject.

[0003] As shown in Fig. 1, an apparatus for obtaining
an ultrasonic image, provided with the two-dimensional
ultrasonic 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-dimen-
sional ultrasonic probe having ultrasonic transducers ar-
ranged one-dimesionally. Particularly, the availability
thereof is noticeable in circulatory organs in which a
heartbeat is present.

[0004] The volume data obtained by three-dimension-
ally 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 im-
age data in an arbitrary cross-section is generated.
[0005] 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 scanningis 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 simultaneous 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 hardware significantly increases a
cost of the apparatus for obtaining ah ultrasonic image,
which becomes a large obstacle to spreading the appa-
ratus.

[0006] In the conventional apparatus for obtaining an
ultrasonic image, a hardware of which the parallel simul-
taneous reception number of ultrasonic beam (reception
beam) is about four is adopted to improve the ratio of
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cost to effect. Therefore, in order to obtain an image hav-
ing a quality available for diagnosis without damaging a
real-time property, 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 ap-
paratus for obtaining an ultrasonic image.

[0007] As a method of overcoming a constraint of
transmission and reception caused by the scale of hard-
ware, a method has been proposed, in which the entire
scanning range S is divided into a plurality of regions to
perform scanning (refer to US Patent No. 6, 544, 175) .
Hereinafter, the method will be described with reference
to Figs. 3A and 3B.

[0008] AsshowninFig.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 Ato 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 im-
age, 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.
[0009] The scanning of the respective sub-volumes,
performed 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 scanning direction of the apparatus for obtaining an
ultrasonic image according to the related art, and are
diagrams (top views) seen from the ultrasonic probe.
[0010] As shownin Figs. 4A and 4B, the apparatus for
obtaining an ultrasonic image according to the related
artscans an ultrasonic beam in a main scanning direction
x and scans an ultrasonic beam in a sub-scanning direc-
tion Y orthogonal to the main scanning direction X, there-
by scanning the entire range of the sub-volume A. Fur-
ther, the apparatus for obtaining an ultrasonic image ac-
cording 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 obtain-
ing an ultrasonic image scans the sub-volumes C and D.
[0011] Figs. 4C and 4D show the sub-scanning direc-
tion in the sub-volumes A and B. As shown in Fig. 4C,
the apparatus for obtaining an ultrasonic image accord-
ing 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
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ultrasonic beam toward the boundary with the sub-vol-
ume B.

[0012] AsshowninFig.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 ultra-
sonic 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.

[0013] 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 draw-
ing), thereby scanning the sub-volumes C and D. Further,
the apparatus for obtaining an ultrasonic image accord-
ing to the related art combines the scan data obtained
by scanning the respective sub-volumes so as to gener-
ate the scan data of the entire scanning range.

[0014] 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 oc-
cur. The problem will be described with reference to Fig.
5. Fig. 5 is a schematic view illustrating the scanning
range and scanning direction of the apparatus for obtain-
ing an ultrasonic image according to the related art, and
is a diagram (top view) seen from the ultrasonic probe.

[0015] The apparatus for obtaining an ultrasonicimage
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.

[0016] For example, the apparatus for obtaining an ul-
trasonicimage according to the related art scans the sub-
volumes A to D between time phases t; and t; so as to
obtain scan data Ag to Dy. Then, the apparatus combines
the scan data Aj to D so as to generate the scan data
of the entire range of a region of interest between the
time phases ty and t;.

[0017] Fig. 5 shows a portion of the scan data gener-
ated in such a manner. For a simple explanation, only
the scan data Ay and B are shown in Fig. 5. On both the
sub-volumes A and B, the apparatus scans an ultrasonic
beamin the same scanningdirections (the main scanning
direction X and the sub-scanning direction Y), thereby
obtaining the scan data Ay and By,.

[0018] Here, attention is paid to the vicinity of the
boundary L between the sub- volumes A and B. In the
sub- volume A, one line of scan data obtained in a scan-
ning range (the vicinity of the boundary L with the sub-
volume B) of the right end thereof is data obtained be-
tween time phases (t4- 5t) 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
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phases t; and (t; + dt) . Here, 5t means a time which is
required for scanning one line at the time of radiating an
ultrasonic beam in the main scanning direction X. Ac-
cordingly, 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.
[0019] For example, when the sub-volume is scanned
20 times during one heartbeat and atime of one heartbeat
is set to one second, a scanning time At required for per-
forming scanning one time becomes 0.05 second (At =
1/20). Therefore, in the vicinities of the boundary L be-
tween the sub-volumes A and B, the time phase differ-
ence ofabout 0.05 second occurs. That s, 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).

[0020] 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,
astreaky artifactis generated in a position corresponding
to the boundary between the respective sub-volumes.
[0021] 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 ultra-
sonic image according to the related art. Fig. 6B is a
diagram showing an image obtained by the scanning per-
formed by the apparatus for obtaining an ultrasonic im-
age according to the related art.

[0022] AsshowninFig.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 che related art combines the scan data ob-
tained at the same time phase so as to generate a three-
dimensional image or MPR image through the volume
rendering or MPR processing.

[0023] Fig. 6B shows animage 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 im-
age 101 of the diagnosis portion 100, a vertically-running
streaky artifact 102 is generated in a position correspond-
ing to the boundary between the sub-volumes.

US 2004/215077 A1 discloses apparatuses correspond-
ing to the preamble of claim 1.

SUMMARY OF THE INVENTION

[0024] An object of the invention is to provide an ap-
paratus for obtaining an ultrasonic image, which scans
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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.
[0025] Thisis achieved by the apparatus of claim 1 and
the method of claim 5. Further developments are given
in the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0026]

Fig. 1 is a schematic view illustrating a scanning
range of an apparatus for obtaining an ultrasonic im-
age according to the related art;

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

Figs. 3A and 3B are schematic views illustrating a
divided scanning range;

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 scanning direction of the appa-
ratus for obtaining an ultrasonic image according to
the related art, and are diagrams (top views) seen
from an ultrasonic probe;

Fig. 5 is a schematic view illustrating the scanning
range and scanning direction of the apparatus for
obtaining an ultrasonic image according to the relat-
ed art, and is a diagram (top view) seen from the
ultrasonic probe;

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 obtain-
ing an ultrasonic image according to the related art;
Fig. 7 is a block diagram showing a schematic con-
struction of an apparatus for obtaining an ultrasonic
image according to an embodiment of the invention;
Fig. 8 is a schematic view illustrating scan data ob-
tained at each time phase and a process of synthe-
sizing the scan data;

Figs. 9A to 9E are schematic views illustrating the
scanning range and scanning direction of the appa-
ratus for obtaining an ultrasonic image according to
the embodiment of the invention, and are diagrams
(top views) seen from an ultrasonic probe;

Fig. 10 is a schematic view illustrating the scanning
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;

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 em-
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bodiment of the invention are read, and is a diagram
(top view) seen from the ultrasonic probe;

Figs. 12A and 12B are schematic views showing a
scanning range of an apparatus for obtaining an ul-
trasonic image according to a first modification;
Figs. 12C and 12D are schematic views illustrating
the scanning range and scanning direction of the ul-
trasonic image according to the first modif ication,
and are diagrams (top views) seen from the ultra-
sonic probe;

Figs. 13A and 13B are schematic views showing a
scanning range of an apparatus for obtaining an ul-
trasonic image according to a second modification;
Figs. 13C and 13D are schematic views illustrating
the scanning range and scanning direction of the ap-
paratus for obtaining an ultrasonic image according
to the second modification, and are diagrams (top
views) seen from the ultrasonic probe; and

Fig. 14 is a schematic view illustrating the scanning
range and scanning direction of the apparatus for
obtaining an ultrasonic image according to the sec-
ond modification, and is a diagram (top view) seen
from the ultrasonic probe.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0027] 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 ultra-
sonic 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.

[0028] An ultrasonic probe 2 is composed of a two-
dimensional ultrasonic probe having ultrasonic transduc-
ers arranged in a matrix shape. The ultrasonic probe 2
three-dimensionally transmits an ultrasonic wave and re-
ceives three-dimensional data, which have shapes radi-
ally broaden from the probe surface, as an echo signal.
[0029] 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-dimen-
sional ultrasonic probe. For example, in a state where a
one-dimensional ultrasonic probe having ultrasonic
transducers arranged in a scanning direction is connect-
ed to the apparatus 1 for obtaining an ultrasonic image,
three-dimensional data may be obtained by mechanically
rocking the ultrasonic transducers in the direction orthog-
onal to the scanning direction.

[0030] A transmitting/receiving circuit 3, which is com-
posed of a transmitting section and receiving section,
supplies 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.

[0031] The transmitting section within the transmitting/
receiving circuit 3 includes a clock generating circuit, a
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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 trans-
mission frequency of an ultrasonic wave signal. The
transmission delay circuit is a circuit for delaying an ul-
trasonic 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 transducers of the ultrasonic
probe 2.

[0032] The transmitting section of the transmitting/re-
ceiving circuit 3 supplies an electrical signal to the ultra-
sonic 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 sec-
tion drives the ultrasonic probe in accordance with the
information.

[0033] For example, the transmitting section of the
transmitting/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.

[0034] Thereceiving section of the transmitting/receiv-
ing circuit 3 includes a preamplifier circuit, an A/D con-
version 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 trans-
ducers 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 direction according to the
reception directivity is emphasized. Further, the signal
added by the transmitting/receiving circuit 3 is referred
to as 'RF data’.

[0035] The RF data output from the transmitting/re-
ceiving circuit 3 is output to a B-mode processing circuit
4 or a CFM processing circuit 5 in accordance with the
purpose.

[0036] 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
processing on the RF data. After that, the B-mode
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processing circuit detects the envelope curve of the out-
put signal, and compresses the detected data through
logarithmic conversion. The data generated by the B-
mode processing circuit is referred to as B-mode raster
data.

[0037] The CFM processing circuit 5 visualizes infor-
mation 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 ob-
tained as binarized information. Specifically, the CFM
processing circuit 5 includes an MTI filter, an autocorre-
lator, and a flow rate/dispersion calculator. The CFM
processing circuit 5 performs high-pass filter processing
(MTI 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 autocorrelation.

[0038] A memory device 6 is composed of memory,
and temporarily stores and holds the raster data gener-
ated by the B-mode processing circuit 4 and the CFM
processing circuit 5.

[0039] A digital scan converter (DSC) 7 converts the
raster data into data represented by orthogonal coordi-
nates, in order to obtain an image represented by orthog-
onal coordinates. 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.
[0040] Animage processor 8 is composed of an ASIC,
FPGA, or CPU, which is built in the apparatus 1 for ob-
taining an ultrasonic image, or is composed of a work-
station which is provided outside the apparatus 1 for ob-
taining 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-dimen-
sional 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 im-
age generating device’ of the invention.

[0041] The display device 9 is composed of a monitor
such as CRT orliquid crystal display and displays a cross-
sectional image, a three-dimensional image or blood flow
information on the monitor screen.

[0042] The control device 10 is connected to the re-
spective sections of the apparatus 1 for obtaining an ul-
trasonic 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 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 sec-
tions. The memory such as ROM stores the control pro-
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gram and various setting conditions of the apparatus for
obtaining an ultrasonic image.

[0043] In the present embodiment, an electrocardio-
graphic waveform (ECG signal) of a subject is obtained
by using an electrocardiograph. Further, the control de-
vice 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 cir-
cuit 3 in accordance with the ECG trigger signal. For ex-
ample, the control device 10 is provided with a signal
generator for generating an ECG 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 electrocar-
diograph. When receiving the ECG trigger signal, the
control device 10 outputs a control signal to the transmit-
ting/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.

[0044] Further, an electrocardiographic waveform
(ECG signal) may be input to the control device 10, so
that the control device 10 detects anR wave. In this case,
the control device 10 outputs a control signal to the trans-
mitting/ 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.

[0045] The memory (not shown) such as ROM, con-
nected 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 re-
gions. The division pattern, the main scanning direction,
and sub-scanning direction are previously set informa-
tion, and the descriptions thereof will be made in detail
when the operation of the apparatus 1 for obtaining an
ultrasonic image is described.

[0046] 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 pat-
tern) : Further, the control device 10 determines the main
and sub- scanning directions for each of the divided re-
gions (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 scan-
ning range. Further, the control device 10 outputs the
control signal to the transmitting/ receiving circuit 3. The
control signal includes the information indicating the di-
vision pattern and the main and sub- scanning directions
of each region. The transmitting/ receiving circuit 3 caus-
es the ultrasonic probe 2 to scan the respective divided
regions in accordance with the control signal including
the division pattern.

[0047] The apparatus 1 for obtaining an ultrasonic im-

10

15

20

25

30

35

40

45

50

55

age 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 track ball, a switch, various but-
tons, 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 de-
vice 10 controls the respective sections of the apparatus
1 for obtaining an ultrasonic image in accordance with
the information.

[0048] The transmitting/receiving circuit 3 and the con-
trol device 10 correspond to ’a scan device’ of the inven-
tion.

(Operation)

[0049] The detailed operation of the apparatus 1 for
obtaining an ultrasonic image according to the present
embodiment will be described. The apparatus 1 for ob-
taining 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 embodi-
ment, and the scanning timing thereof will be described
with reference to Figs. 3A, 3B, and 8. Fig. 8is a schematic
view illustrating scan data obtained at each time phase
and a process of synthesizing the scan data.

[0050] As shown inFig. 3A, the apparatus 1 for obtain-
ing an ultrasonic image according to the present embod-
iment 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.

[0051] The apparatus 1 for obtaining an ultrasonic im-
age according to the presentembodiment equally divides
the entire scanning range S into the sub-volumes Ato D,
so that the sub-volumes line up in order of A to D. Ac-
cordingly, 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 scanning in order of the
sub-volumes A to D.

[0052] Next, the scanning starttiming 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 exam-
ple, when an R wave is detected by the electrocardio-
graph, an ECG trigger signal is generated and output to
the control device 10. When the control device 10 re-
ceives the ECG trigger signal, the transmitting/ receiving
circuit 3 drives the ultrasonic probe 2 so as to start scan-
ning.

[0053] When scanning is performed by using an ECG
trigger signal, if the control device 10 receives a first ECG
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trigger signal 1, the transmitting/receiving circuit 3 scarts
scanning in accordance with the first ECG trigger signal
l4. Further, at a heartbeat corresponding to the first ECG
trigger signal 14, the transmitting/receiving circuit 3 caus-
es 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.
[0054] When the first ECG trigger signal |4 is output to
the control signal 10 so that the control device 10receives
the first ECG trigger signal |4, the control device 10 out-
puts a control signal, such as delay pattern information
which is required for forming a beam, to the transmitting/
receiving circuit 3. The control signal includes information
such as adivisionpattern of scanning range, the regions
of sub-volumes, the main and sub-scanning directions
of an ultrasonic beam. Specifically, in order to scan the
sub-volume A at a heartbeat corresponding to the first
ECG trigger signal 14, 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.

[0055] Here, a scanning time, which is required for
scanning a sub- volume one time, is set to At. A time
phase where the control device 10 receives the first ECG
trigger signal |, is set to ty, and scan data obtained when
the transmitting/ receiving circuit 3 starts scanning at the
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 cir-
cuit 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 As.

[0056] In other words, between the time phases t, and
t1 (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
ty (At), the apparatus 1 for obtaining an ultrasonic image
obtains the scan data A,. Between the time phases t; to
t4 (At), the apparatus 1 for obtaining an ultrasonic image
obtains the scan data Aj. As such, the apparatus 1 for
obtaining an ultrasonic image obtains the scan data A,
to Az during one heartbeat corresponding to the first ECG
trigger signal 1.

[0057] Ata heartbeat corresponding to a second ECG
trigger signal I,, the transmitting/receiving circuit 3 scans
the sub-volume B so as to obtain scan data B, to B at
the respective time phases. Ata heartbeat corresponding
to a third ECG trigger signal |, the transmitting/receiving
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circuit 3 scans the sub-volume C so as to obtain scan
data Cj to C5 at the respective time phases. Further, at
a heartbeat corresponding to a fourth ECG trigger signal
l4, the transmitting/receiving circuit 3 scans the sub-vol-
ume D so as to obtainscan data D to D4 atthe respective
time phases.

[0058] Theimage processor 8 combinesthe scandata,
obtained at different heartbeats and obtained atthe same
time phase, so as to generate one volume data corre-
sponding to the entire scanning range. The image proc-
essor 8 generates ultrasonic image data such as three-
dimensional image data on the basis of the volume data.
[0059] 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 t4, so
astogenerate 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-di-
mensional data is generated between the time phases
ty to ty.

[0060] Similarly, theimage processor 8 combines scan
data A4, scan data B4, scan data C4, and scan data D,
obtained between the time phases t; to t,, so as to gen-
erate 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 ultrasonicimage 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,.
[0061] 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 gen-
erate 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 t5.
[0062] Further, the image processor 8 combines scan
data A3, scan data B3, scan data C, and scan data D,
obtained between the time phases t5 to t4, so as to gen-
erate 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 ultrasonicimage 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 t5 to t,.
[0063] Here, the sub- volume scanning performed by
the apparatus 1 for obtaining an ultrasonic image accord-
ing 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 ul-
trasonic 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 illustrat-
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ing the direction of scanning, which is performed by the
apparatus for obtaining anultrasonic image according to
the embodiment of the invention and is a diagram (top
view) seen from the ultrasonic probe,

[0064] As shown in Figs. 9A to 9E, regions divided by
dividing lines a to ¢ are respectively set to the sub-vol-
umes 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-scanning directions), the scanning start posi-
tions, and the scanning end positions in adjacent sub-
volumes are axisymmetric with the dividing lines a to ¢
serving as symmetrical axes. As such, when scanning is
performed by changing the scanning direction, the scan-
ning start position, and the scanning endposition 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. Here-
inafter, the scanning direction and the like in each of the
sub-volumes will be described in detail.

[0065] 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
direction orthogonal to the main scanning direction X is
set to a sub-scanning direction Y4, the transmitting/re-
ceiving 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 per-
forms 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 Ay to As.

[0066] Here, a representative example of the main
scanning direction X will be described. In the present
embodiment, for example, the transmitting/ receiving cir-
cuit 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 di-
rection 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.

[0067] Hereinafter, as shown in Fig. 9A, it is assumed
that the transmitting/ receiving circuit 3 performs scan-
ning in a state where the main scanning direction X of
each slice is set to the same direction.

[0068] 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 indicat-
ing the region of the sub-volume B and the main and sub-
scanning directions. In accordance with the control sig-
nal, the transmitting/receiving circuit 3 transmits and re-
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ceives an ultrasonic beam through the ultrasonic probe
2 so as to scan the sub-volume B.

[0069] 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 |,. When scan-
ning the sub-volume B, the transmitting/receiving circuit
3 performs 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 di-
rection, however, the transmitting/receiving circuit 3 per-
forms scanning in a different direction from the sub-scan-
ning direction of the sub-volume A.

[0070] When scanning the sub-volume B, the transmit-
ting/receiving circuit 3 scans the entire sub-volume B by
scanning 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 trans-
mitting/receiving circuit 3 starts scanning from the bound-
ary with the adjacent sub-volume C so as to perform
scanning toward the boundary with the adjacent sub-vol-
ume A. Further, the transmitting/receiving circuit 3 scans
the sub-volume B four times during one heartbeat, there-
by obtaining the scan data B to B3. As such, the control
device 10 outputs a control signal including information
indicating the sub-scanning direction Y, to the transmit-
ting/receiving circuit 3, so that the transmitting/receiving
circuit 3 performs scanning with the sub-scanning direc-
tion being set to be reverse.

[0071] As described above, the transmitting/receiving
circuit 3 causes the ultrasonic probe 2 to scan the sub-
volume 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.

[0072] Afterone heartbeat, the next ECG trigger signal
I3 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 I3. The control signal includes information indicat-
ing 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 accordance with the control signal
so as to scan the sub-volume C.

[0073] As shown in Fig. 9C, the transmitting/receiving
circuit 3 scans the sub-volume C at one heartbeat in ac-
cordance with the ECG trigger signal |5. When scanning
the sub-volume C, the transmitting/receiving circuit 3 per-
forms scanning in the same direction as the main scan-
ning direction 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 different direction from the sub-scanning
direction of the sub-volume B.
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[0074] When scanning the sub-volume C, the trans-
mitting/receiving circuit 3 scans the entire sub-volume C
in a sub-scanning direction Y5 (from the left side to the
right side in the drawing) which is reverse to the sub-
scanning direction Y, in the sub-volume B. Thatis, in the
sub-volume C, the transmitting/receiving circuit 3 starts
scanning from the boundary with the adjacent sub-vol-
ume B so as to perform scanning toward the boundary
with the adjacent sub-volume C. The sub-scanning di-
rection Y3 is the same direction as the sub-scanning di-
rection 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
Cy to C5. 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 re-
verse.

[0075] As described above, the transmitting/receiving
circuit 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 positionin 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.

[0076] 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 l4. The control signal includes information indicat-
ing 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 accordance with the control signal
so as to scan the sub-volume D.

[0077] 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 l,. When scan-
ning the sub-volume D, the transmitting/receiving circuit
3 performs 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 di-
rection, however, the transmitting/receiving circuit 3 per-
forms scanning in a different direction from the sub-scan-
ning direction of the sub-volume C.

[0078] When scanning the sub-volume D, the trans-
mitting/receiving circuit 3 scans the entire sub-volume D
by radiating an ultrasonic beam in a sub-scanning direc-
tion Y, (from the right side to the left side in the drawing)
which is reverse to the sub-scanning direction Y5 in the
sub-volume C. That is, in the sub-volume D, the trans-
mitting/receiving circuit 3 performs scanning toward the
boundary with the adjacent sub-volume C. The sub-scan-
ning direction Y, is the same direction as the sub-scan-
ning direction Y5, in the sub-volume B. Further, the trans-
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mitting/receiving circuit 3 scans the sub-volume D four
times during one heartbeat, thereby obtaining the scan
data D to D3. As such, the control device 10 outputs a
control signal including information indicating the sub-
scanning direction Y4 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.

[0079] As described above, the transmitting/receiving
circuit 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.

[0080] As described above, in the sub-volumes adja-
centto each other, the transmitting/receiving circuit 3 per-
forms 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 transmit-
ting/receiving circuit 3. The control signal includes infor-
mation 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 ad-
jacent sub-volumes is performed in the sub-scanning di-
rections set to be reverse to each other.

[0081] 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 gen-
erate one volume data corresponding to the entire scan-
ning range.

[0082] For example, the image processor 8 combines
the scan data Ay to Dy obtained between the time phases
tyg and t; so as to generate the scan data (volume data)
of the entire range of a region of interest between the
time phases ty 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 (vol-
ume data) of the entire range of a region of interest. Fur-
ther, the image processor 8 generates ultrasonic image
data such as three-dimensional image data on the basis
of the scan data (volume data).

[0083] Fig. 10 shows a portion of the scan data gen-
erated in such a manner. For a simple description, only
the scan data Ay and By 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 transmitting/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.
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[0084] 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 phas-
es (t4- ot) to t;. Meanwhile, 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 of the sub- volume B
is also data obtained between time phases (t;- 6t) to t;.
Here, 6t 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 B is obtained. Further,
since the main scanning directions X are the same as
each other, the time phases coincide with each other in
the vicinities of the boundary L. Moreover, 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 &t
occurs between the time phase where the scan data A
is obtained and the time phase where the scan data B
is obtained.

[0085] 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-vol-
umes.

[0086] Even on the scan data obtained between the
time phases t; and t,, the scan data obtained between
the time phases t, and t3, and the scan data obtained
between the time phases t; and t,, scanning in the adja-
cent 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.
[0087] Asdescribed above, the apparatus 1 for obtain-
ing an ultrasonic image according to the present embod-
iment 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 volumes 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.
[0088] Intherespective sub-volumes, atime phase dif-
ference At (= t4 - tp) occurs between the scanning start
position (time phase t) and the scanning end position
(time phase t,). However, this also occurs in the appa-
ratus for obtaining an ultrasonic image according to the
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related art.

[0089] In the apparatus 1 for obtaining an ultrasonic
image according to the present embodiment, the differ-
ence 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 sup-
pressed from occurring. Therefore, itis possible to obtain
a more favorable image than in the related art.

[0090] The scan data in the respective sub-volumes
obtained in such a manner are output from the transmit-
ting/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 gen-
erates B-mode rasterdata or color raster data. The raster
datais temporarily stored and held by the memory device
6.

[0091] 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.
[0092] 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 ob-
taining an ultrasonic image according to the present em-
bodiment of the invention are read, and is a diagram (top
view) seen from the ultrasonic probe.

[0093] 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,4) obtained in the
earliest time phase, and second reads data (data ob-
tained on a line L) obtained in the second earliest time
phase. Further, the image processor 8 also reads data,
obtained after the third earliest time phase, in order ac-
cording to the obtained time phases. Finally, the image
process 8 reads data (data obtained on a line L) ob-
tained in the n-th time phase. Accordingly, the image
processor 8 reads data in order of the data obtained on
the line L,4, 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.

[0094] 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 s, 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-
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volume B, the left end being the boundary with the sub-
volume A. Accordingly, the image processor 8 reads data
in order of the data obtained on the line L4, the data
obtained on the line Ly,,, -+, the data obtained on the line
Lpn-

[0095] In the sub-volumes A and B, the image proces-
sor 8 sequentially reads data from the memory device 6
in the same direction as the sub-scanning direction there-
of. Further, 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 di-
rection thereof. The image processor 8 generates ultra-
sonic image data such as three-dimensional data on the
basis of the read data.

[0096] The above-described method of reading data
may be used as it is. In the sub-volumes A and B, how-
ever, the processing load of the image processor 8 could
increase, because the directions of reading data are op-
posite to each other and data needs to be rearranged
when the image processor 8 generates three-dimension-
al data. Correspondingly, if data is read in order of coor-
dinates, it is possible to reduce the processing load of
the image processor 8.

[0097] 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-vol-
ume B). In the case of the sub-volume A, the image proc-
essor 8 reads data in accordance with the sequence of
time phases where the scan data are obtained, because
the direction where the image processor 8 reads data
coincides with the sub-scanning direction. In Fig. 11, the
image processor 8 reads data in order of the data ob-
tained on the line L 4, the data obtained on the line L,,,
-+, the data obtained on the line L.

[0098] 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 L4, the data
obtained on the line L, -+, the data obtained on the line
Lpn- In the case of the sub-volume B, the direction where
the image processor 8 reads data is opposite to the sub-
scanning direction. Therefore, 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 op-
posite to the sub-scanning direction), it is possible to re-
duce the processing load of the image processor 8 and
to shorten a time required for image processing.

(Modifications)

[0099] The invention is notlimited to the dividing meth-
od and the scanning direction exemplified in the above-
described embodiment. A dividing method and scanning
method, in which the difference between time phases
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where scan data are obtained does not occur in the vi-
cinities of the boundary between adjacent sub-volumes,
may be included in the scope of the invention. Although
various modifications are considered as embodiments of
the invention, two modifications will be described herein.

(First Modification)

[0100] 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 obtaining an ultrasonic image according to the first
modification. 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 modification, and are diagram (top view) seen
from the ultrasonic probe.

[0101] As shown in Figs. 12A and 12B, the apparatus
for obtaining an ultrasonic image according to the first
modification equally divides the entire scanning range
into four sub-volumes A to D. The apparatus 1 for obtain-
ing an ultrasonicimage according to the above-described
embodiment divides the entire scanning range into four
sub-volumes 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, how-
ever, 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.

[0102] As shownin Fig. 12B, the apparatus for obtain-
ing 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 includ-
ing 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.

[0103] Similar to the above-described embodiment,
the apparatus for obtaining an ultrasonic image accord-
ing to the first modification scans the sub-volume A sev-
eral times (for example, four times) during a heartbeat
corresponding to a first ECG trigger signal |4, thereby
obtaining scan dataAyto A5 inthe respective time phases
during one heartbeat. On the sub-volumes B to D, the
apparatus for obtaining an ultrasonic image according to
the first modification also performs scanning a plurality
of times during one heartbeat so as to obtain scan data.
[0104] 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 accord-
ing to the first modification scans an ultrasonic beam in
a main scanning direction X, (from the left side to the
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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 apparatus for obtaining an ultrasonic im-
age according to the first modification scans the sub-
volume A during one heartbeat corresponding to the first
ECG trigger signal |4, thereby obtaining scan data A, to
As.

[0105] The apparatus for obtaining an ultrasonicimage
according to the first modification scans the sub-volume
B during one heartbeat corresponding to the next ECG
trigger signal |,, scans the sub-volume C during one
heartbeat corresponding to the ECG trigger signal I3, and
scans the sub-volumes D during one heartbeat corre-
sponding to the ECG trigger signal I,. Fig. 12D shows
the scanning directions of the sub-volumes A to D. The
apparatus for obtaining an ultrasonic image according to
the first modification scans an ultrasonic beam such that
the scanning directions (the main and sub-scanning di-
rections), 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 symmetrical axis. Accordingly, the difference be-
tween the time phases where the scanning data are ob-
tained can be reduced in the vicinities of the boundary
between the respective sub-volumes.

[0106] 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 ad-
jacent 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.

[0107] when scanning the sub-volume B, the appara-
tus 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 di-
rection from the main scanning direction X, of the sub-
volume A.

[0108] When scanning the sub-volume B, the appara-
tus 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
X4 in the sub-volume A. In terms of a sub-scanning di-
rection, 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
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vicinities of the boundary between the sub-volumes A
and B, the difference between the time phases can be
suppressed from occurring.

[0109] 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 positionin the sub-volume A, with the diving
line b set to a symmetrical axis.

[0110] When scanning the sub-volume C, the appara-
tus for obtaining an ultrasonic image according to the first
modification scans the sub-volume C in a sub-scanning
direction Y3 which is reverse to the sub-scanning direc-
tion Y, in the sub-volume A, in terms of the sub-scanning
direction. That is, the apparatus for obtaining an ultra-
sonic image according to the first modification performs
scanning, in a state where the direction from the sepa-
rated 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 vi-
cinity of the boundary between the sub-volumes A and
C, a time phase difference can be suppressed from oc-
curring.

[0111] 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 relationship 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.

[0112] When scanning the sub-volume D, the appara-
tus 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 direc-
tion Y5 in the sub-volume B. in terms of a sub-scanning
direction. That is, the apparatus for obtaining an ultra-
sonic image according to the first modification performs
scanning, in a state where the direction from the sepa-
rated 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 vi-
cinities of the boundary between the sub-volumes B and
D, a time phase difference can be suppressed from oc-
curring.

[0113] 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
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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.
Accordingly, 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.

[0114] As described above, the scanning is performed
by changing the main scanning directions or the sub-
scanning directions ofthe respective sub-volumes so that
the scanning directions are axisymmetric with each oth-
er. 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.

(Second Embodiment)

[0115] 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 sche-
matic views illustrating the region scanned by the appa-
ratus 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.

[0116] As shown in Figs. 13A and 13B, the apparatus
for obtaining an ultrasonicimage according to the second
modification scans an ultrasonic beam, with a circular
conic region set to the scan region. Further, in the appa-
ratus for obtaining an ultrasonic image according to the
second embodiment, the regions equally-divided by di-
viding lines a and b are respectively set to the sub-vol-
umes 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.

[0117] As shown in Figs. 13B, the apparatus for ob-
taining an ultrasonicimage according to the second mod-
ification sequentially performs scanning by the sub-vol-
ume in accordance with an ECG trigger signal, thereby
obtaining scan data in each time phase.

[0118] Figs. 13C and 13D show the scanning direc-
tions 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 ac-
cording to the second modification scans an ultrasonic
beaminamain scanning direction X (the radius direction
in the drawing) and further scans an ultrasonic beam in
a sub-scanning direction Y, (the circumferential direc-
tion), thereby scanning 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
l4, thereby obtaining scan data Aj to As.

[0119] Theapparatus for obtaining an ultrasonicimage
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according to the second modification scans the sub-vol-
ume B during one heartbeat corresponding to the next
ECG trigger signal I,, scans the sub-volume C during
one heartbeat corresponding to an ECG trigger signal |5,
and scans the sub-volume D during one heartbeat cor-
responding to an ECG trigger signal I,. Fig. 13D shows
the scanning directions 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 di-
viding line a or b set to a symmetrical 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.
[0120] 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 ad-
jacent 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.

[0121] When scanning the sub-volume B, the appara-
tus 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 direc-
tion Y, in the sub-volume A, in terms of a sub-scanning
direction. That is, the apparatus for obtaining an ultra-
sonic image according to the second modification per-
forms scanning, in a state where the direction from the
separated position to the boundary is set to the sub-scan-
ning direction. Accordingly, in the vicinities of the bound-
ary between the sub-volumes A and B, a time phase dif-
ference can be suppressed from occurring, because the
time phases where the scan data are obtained substan-
tially coincide with each other.

[0122] 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 di-
viding line b set to a symmetric axis.

[0123] When scanning the sub-volume C, the appara-
tus for obtaining an ultrasonic image according to the
second modification scans the sub-volume C in a sub-
scanning direction Y3 which is reverse to the sub-scan-
ning 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 away
from the boundary is set to the sub-scanning direction.
Accordingly, in the vicinities of the boundary between the
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sub-volumes A and C, a time phase difference can be
suppressed from occurring, because the time phases
where the scan data are obtained substantially coincide
with each other.

[0124] 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 scan-
ning direction, the scanning start position, and the scan-
ning end position in the sub-volume D are set to be ax-
isymmetric with the scanning direction, the scanning start
position, and the scanning end positionin 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 relationship with the scanning direc-
tion, the scanning start position, and the scanning end
position in the sub-volume C, with the dividing line a set
to a symmetric axis.

[0125] When scanning the sub-volume D, the appara-
tus for obtaining an ultrasonic image according to the
second madification scans the sub-volume D in a sub-
scanning direction Y, which is reverse to the sub-scan-
ning direction Y, in the sub-volume B, 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 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 substantially coincide
with each other. In the relationship with the sub-volume
C, the apparatus for obtaining an ultrasonic image ac-
cording to the second modification performs scanning 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 di-
rection 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 C and D,
the time phase difference can be suppressed from oc-
curring, because a time phases where the scan data are
obtained substantially coincide with each other.

[0126] In the second modification, the entire scanning
range has been divided into four regions. However, the
scanning range may be divided into more than four re-
gions. An example thereof will be described with refer-
ence to Fig. 14. Fig. 14 is a schematic view illustrating a
scanning range and scanning direction of the apparatus
for obtaining an ultrasonicimage according to the second
modification, and is a diagram (top view) seen from the
ultrasonic probe.

[0127] 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 ad-
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jacent sub-volumes, the apparatus for obtaining an ultra-
sonic image according to the second modification per-
forms 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 di-
vided 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 re-
verse 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.

[0128] Asdescribedabove, the apparatus for obtaining
an ultrasonic image according to the embodiment or
modification 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. There-
fore, although there is provided a hardware of which the
parallel simultaneous reception number is small, it is pos-
sible to scan a wider region of interest.

[0129] In order to obtain the scan data in which the
time phases of the electrocardiographic waveform sub-
stantially 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-scanning direction for each region. Then, it is possi-
ble to obtain an ultrasonic image in which a streaky arti-
fact 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 in-
vention scans an ultrasonic beam on the regions adjacent
to each other, with the main scanning directions or sub-
scanning directions setto 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.

[0130] Itis explicitly stated that all features disclosed
in the description and/or the claims are intended to be
disclosed separately and independently from each other
for the purpose of original disclosure as well as for the
purpose of restricting the claimed invention independent
of the composition of the features in the embodiments
and/or the claims. It is explicitly stated that all value rang-
es orindications of groups of entities disclose every pos-
sible intermediate value or intermediate entity for the pur-
pose of original disclosure as well as for the purpose of
restricting the claimed invention, in particular as limits of
value ranges.
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Claims

An apparatus for obtaining an ultrasonicimage, com-
prising:

an ultrasonic probe (2) adapted to scan an ul-
trasonic beam in a main scanning direction (X)
and a sub-scanning direction (Y);

a scan device (3) adapted to receive a trigger
signal based on an electrocardiographic wave-
form, to drive the ultrasonic probe (2) in accord-
ance with the trigger signal so as to scan a plu-
rality of regions (A, B, C, D) in a scanning range,
to obtain scan data for each region (A, B, C, D),
characterised by: the scan device is further
adapted to equally divide the scanning range
into 2N regions (A, B, C, D), where nis an integer
larger than 1, by dividing lines (a, b) passing
through a center (O) of the entire scanning
range; and

animage generating device (8) adapted to com-
bine the scan data obtained for each region (A,
B, C, D) so as to generate ultrasonic image data
of the range in which the plurality of regions (A,
B, C, D) are joined,wherein the scan device (3)
is further adapted to cause the ultrasonic probe
(2) to scan the respective regions (A, B, C, D)
in the main or sub-scanning directions set to be
reverse to each other so that scan data in which
time phases of the electrocardiographic wave-
form substantially coincide are obtained in the
vicinities of the boundaries between the adja-
cent regions at the dividing lines (a, b) among
the plurality of regions (A, B, C, D).

The apparatus according to claim 1,

wherein, whenever receiving the trigger signal, the
scan device (3) is adapted to cause the ultrasonic
probe (2) to scan a different region (A, B, C, D) so
as to obtain scan data in which the time phases of
the electrocardiographic waveform substantially co-
incide in the vicinities of the boundary, thereby ob-
taining scan data for each region, and

the image generating device (8) is adapted to com-
bine scan data obtained by scanning the respective
regions and the scan data obtained by starting scan-
ning at the same time phase so as to generate ultra-
sonic image data of the range in which the plurality
of regions are joined.

The apparatus according to claim 1, wherein the im-
age generating device (8) is adapted to combine the
scan data obtained by scanning the respective re-
gions and the scan data obtained by starting scan-
ning at the same time phase so as to generate ultra-
sonic image data of the range in which the plurality
of regions are joined.
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4.

The apparatus according to claim 1, wherein, in ad-
jacent regions among the plurality of regions (A, B,
C, D), the scan device (3) is adapted to cause the
ultrasonic probe (2) to scan the respective regions
by changing the main or sub-scanning directions so
that the main or sub-scanning directions are axisym-
metric 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.

A method of obtaining an ultrasonic image compris-
ing:

dividing a scanning range equally into 2"regions
(A, B, C, D), where n is an integer larger than 1,
by dividing lines (a, b) passing through a center
(O) of the entire scanning range;

obtaining scan data for each region by receiving
atrigger signal based on an electrocardiograph-
ic waveform, driving an ultrasonic probe (2) in
accordance with the trigger signal, and scanning
the regions (A, B, C, D) in a main scanning di-
rection (X) and a sub-scanning direction (Y)
through the ultrasonic probe (2), wherein the ul-
trasonic probe (2) scans adjacentregions in the
main or sub-scanning directions set to be re-
verse to each other so as to obtain scan data in
which time phases of the electrocardiographic
waveform substantially coincide are obtained in
the vicinities of the boundaries between the ad-
jacent regions at the dividing lines (a, b) among
the plurality of regions (A, B, C, D); and
generating ultrasonic image data of the range in
which the plurality of regions (A, B, C, D) are
joined, by combining the scan data obtained for
each region (A, B, C, D).

The method according to claim 5,

wherein, in the obtaining of scan data, whenever re-
ceiving the trigger signal, the ultrasonic probe (2)
scans a different region, and the ultrasonic probe (2)
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
in the generating of the ultrasonic image data, the
scan data obtained by scanning the respective re-
gions (A, B, C, D) and the scan data obtained by
starting scanning at the same time phase are com-
bined so as to generate ultrasonic image data of the
range in which the plurality of regions are joined.

The method according to claim 5, wherein, in the
generating of the ultrasonic image data, the scan
data obtained by scanning the respective regions (A,
B, C, D) and the scan data obtained by starting scan-
ning at the same time phase are combined so as to
generate ultrasonic image data of the range in which
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the plurality of regions are joined.

The method according to claim 5, wherein, in the
obtaining of scan data, in adjacent regions among
the plurality of regions (A, B, C, D), the ultrasonic
probe (2) scans the respective regions by changing
the main or sub-scanning directions so that the main
or sub-scanning directions are axisymmetric with a
predetermined dividing line (a, b) set to a symmetric
axis to obtain scan data.

Patentanspriiche

1.

Gerat zur Gewinnung eines Ultraschallbildes mit
einer zum Scannen eines Ultraschallstrahls in einer
Hauptscannrichtung (X) und einer Unterscannrich-
tung (Y) ausgebildeten Ultraschallprobe (2),

einer Scannvorrichtung (3), die ausgebildet ist zum
Empfangen eines Triggersignals basierend auf einer
elektrokardiographischen Wellenform, zum Betrei-
ben der Ultraschallprobe (2) in Ubereinstimmung mit
dem Triggersignal, um eine Mehrzahl von Regionen
(A, B, C, D) in einem Scannbereich zu scannen, und
zum Gewinnen von Scanndaten fiir jede Region (A,
B, C, D), dadurch gekennzeichnet, dass

die Scannvorrichtung ferner ausgebildet ist zum
gleichmaBigen Unterteilen des Scannbereichs in 2"
Bereiche (A, B, C, D), wobei n eine ganze Zahl gré-
Rer 1 ist, durch Trennlinien (a, b), die durch ein Zen-
trum (O) des gesamten Scannbereichs verlaufen,
und

eine Bilderzeugungsvorrichtung (8), die ausgebildet
ist zum Kombinieren der fiir jede Region (A, B, C,
D) gewonnenen Scanndaten, um Ultraschallbildda-
ten des Bereichs, in dem die Mehrzahl der Regionen
(A, B, C, D) verbunden ist, zu erzeugen, wobei die
Scannvorrichtung (3) ferner ausgebildetist zum Ver-
anlassen der Ultraschallprobe (2) die entsprechen-
den Regionen (A, B, C, D) in den Haupt- oder Un-
terscannrichtungen, welche einander entgegenge-
setzt sind, zu scannen, so dass Scanndaten, bei de-
nen Zeitphasen der elektrokardiographischen Wel-
lenform im Wesentlichen Ubereinstimmen, in den
Umgebungen der Grenzen zwischen den benach-
barten Regionen bei den Trennlinien (a, b) zwischen
den Regionen (A, B, C, D) gewonnen werden.

Gerat gemal Anspruch 1,

wobei, immer wenn das Triggersignal empfangen
wird, die Scannvorrichtung (3) dazu ausgebildet ist,
die Ultraschallprobe (2) zum Scannen einer anderen
Region (A, B, C, D) zu veranlassen, um Scanndaten,
in denen die Zeitphasen der elektrokardiographi-
schen Wellenform im Wesentlichen Ubereinstim-
men, in den ndheren Umgebungen der Grenze er-
halten werden, wodurch Scandaten fiir jede Region
gewonnen werden, und
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die Bilderzeugungsvorrichtung (8) dazu ausgebildet
ist, durch Scannen der entsprechenden Regionen
gewonnene Scanndaten und die durch einen Scann-
beginn bei der gleichen Zeitphase gewonnenen
Scanndaten zu kombinieren, um Ultraschallbildda-
ten des Bereichs, in dem die Mehrzahl der Regionen
verbunden ist, zu gewinnen.

Gerat gemal Anspruch 1, wobei die Bilderzeu-
gungsvorrichtung (8) ausgebildetist, durch Scannen
der entsprechenden Regionen gewonnene Scann-
daten und die durch einen Scannbeginn bei der glei-
chen Zeitphase gewonnenen Scanndaten zu kom-
binieren, um Ultraschallbilddaten des Bereichs, in
dem die Mehrzahl der Regionen verbunden ist, zu
gewinnen.

Gerat gemal Anspruch 1, wobei in benachbarten
Regionen unter der Mehrzahl der Regionen (A, B,
C, D) die Scannvorrichtung (3) dazu ausgebildet ist,
die Ultraschallprobe (2) zum Scannen der entspre-
chenden Regionen durch Wechseln der Haupt- oder
Unterscannrichtungen zu veranlassen, so dass die
Haupt- oder Unterscannrichtungen achsensymme-
trisch zueinander beziglich einer vorbestimmten
Trennlinie, die zu einer Symmetrieachse eingestellt
wurde, sind, um Scanndaten, in denen die Zeitpha-
sen der elektrokardiographischen Wellenform im
Wesentlichen ibereinstimmen, zu gewinnen.

Verfahren zum Gewinnen eines Ultraschallbildes mit
gleichmaBigem Aufteilen eines Scannbereichs in 2"
Regionen (A, B, C, D), wobei n eine ganze Zahl gré-
Rer 1 ist, durch Trennlinien (a, b), die durch ein Zen-
trum (O) des gesamten Scannbereichs verlaufen,
Gewinnen von Scanndaten fir jede Region durch
Empfangen eines Triggersignals basierend aufeiner
elektrokardiographischen Wellenform, durch Betrei-
ben einer Ultraschallprobe (2) gemafl dem Trigger-
signal und durch Scannen der Regionen (A, B, C,
D) in einer Hauptscannrichtung (X) und einer Un-
terscannrichtung (Y) durch die Ultraschallprobe (2),
wobei die Ultraschallprobe (2) benachbarte Regio-
nen in den Haupt- oder Unterscannrichtungen, wel-
che einander entgegengesetzt sind, scannt, um
Scanndaten, in denen Zeitphasen der elektrokardio-
graphischen Wellenform im Wesentlichen Uberein-
stimmen, in den Umgebungen der Grenzen zwi-
schen den benachbarten Regionen bei den Trenn-
linien (a, b) zwischen den Regionen (A, B, C, D) zu
gewinnen, und

Erzeugen von Ultraschallbilddaten des Bereichs, in
dem die Mehrzahl der Regionen (A, B, C, D) verbun-
den ist, durch Kombinieren der fiir jede Region (A,
B, C, D) gewonnenen Scanndaten.

Verfahren gemaR Anspruch 5,
wobeibeim Gewinnen von Scanndaten, immerwenn
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das Triggersignal empfangen wird, die Ultraschall-
probe (2) einen anderen Bereich scannt und die Ul-
traschallprobe (2) die entsprechenden Regionen in
den Haupt- oder Unterscannrichtungen, die einan-
der in benachbarten Regionen entgegengesetzt
sind, scannt, um Scanndaten zu gewinnen, und
beim Erzeugen der Ultraschallbilddaten die durch
Scannen der entsprechenden Regionen (A, B, C, D)
gewonnenen Scandaten und die durch einen Scann-
beginn zu der gleichen Zeitphase gewonnenen
Scandaten kombiniert werden, um Ultraschallbild-
daten des Bereichs, in dem die Mehrzahl der Regio-
nen verbunden ist, zu erzeugen.

Verfahren gemaf Anspruch 5, wobei beim Erzeugen
der Ultraschallbilddaten die durch Scannen der ent-
sprechenden Regionen (A, B, C, D) gewonnenen
Scanndaten und die durch einen Scannbeginn zur
gleichen Zeitphase gewonnenen Scanndaten kom-
biniert werden, um Ultraschallbilddaten des Be-
reichs, indemdie Mehrzahl der Regionen verbunden
ist, zu erzeugen.

Verfahren gemaf Anspruch 5, wobei beim Gewin-
nen von Scanndaten in benachbarten Regionen un-
ter der Mehrzahl der Regionen (A, B, C, D) die Ul-
traschallprobe (2) die entsprechenden Regionen
durch Wechseln der Haupt- oder Unterscannrichtun-
gen scannt, so dass die Haupt- oder Unterscann-
richtungen achsensymmetrisch beziglich einer vor-
eingestellten zu einer Symmetrieachse eingestellten
Trennlinie (a, b) sind, um Scanndaten zu gewinnen.

Revendications

Appareil pour obtenir une image ultrasonique,
comprenant :

une sonde ultrasonique (2) adaptée pour ba-
layer un faisceau ultrasonique dans une direc-
tion de balayage principale (X) et une direction
de balayage secondaire (Y) ;

un dispositif de balayage (3) adapté pour rece-
voir un signal déclencheur basé sur une forme
d’'onde électrocardiographique, pour entrainer
la sonde ultrasonique (2) en fonction du signal
déclencheur afin de balayer une pluralité de ré-
gions (A, B, C, D) dans une plage de balayage,
pour obtenir des données de balayage pour cha-
que région (A, B, C, D),

caractérisé en ce que

I'entrainement de balayage est en outre adapté
pour diviser également la plage de balayage en
2"régions (A, B, C, D), ou n estun nombre entier
supérieur a 1, par des lignes de division (a, b)
passant par un centre (O) de toute la plage de
balayage ; et
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un dispositif générateur d’'image (8) est adapté
pour combiner les données de balayage obte-
nues pour chaque région (A, B, C, D) afin de
générer des données d’'image ultrasonique de
la plage dans laquelle la pluralité de régions (A,
B, C, D) sont jointes, le dispositif de balayage
(3) étant en outre adapté pour amener la sonde
ultrasonique (2) a balayer les régions respecti-
ves (A, B, C, D) dans les directions de balayage
principale ou secondaire réglées pour étre in-
verses I'une de I'autre afin que des données de
balayage dans lesquelles des phases temporel-
les de la forme d’onde électrocardiographique
coincident sensiblement soient obtenues aux
alentours des frontieres entre les régions adja-
centes sur les lignes de division (a, b) parmi la
pluralité de régions (A, B, C, D).

Appareil selon la revendication 1,

dans lequel, quand il regoit le signal déclencheur, le
dispositif de balayage (3) est adapté pour amener
la sonde ultrasonique (2) a balayer une région diffé-
rente (A, B, C, D) afin d’obtenir des données de ba-
layage dans lesquelles les phases temporelles de la
forme d’onde électrocardiographique coincident
sensiblement aux alentours de la frontiére, obtenant
ainsi des données de balayage pour chaque région,
et

le dispositif générateur d'image (8) est adapté pour
combiner les données de balayage obtenues en ba-
layant les régions respectives et les données de ba-
layage obtenues en commencgant le balayage lors
de la méme phase temporelle afin de générer des
données d’'image ultrasonique de la plage dans la-
quelle la pluralité de régions sont jointes.

Appareil selon larevendication 1, dans lequel le dis-
positif générateur d'image (8) est adapté pour com-
binerles données de balayage obtenues en balayant
les régions respectives et les données de balayage
obtenues en commencgant le balayage lors de la mé-
me phase temporelle afin de générer des données
d’image ultrasonique de la plage dans laquelle la
pluralité de régions sont jointes.

Appareil selon la revendication 1, dans lequel dans
des régions adjacentes parmi la pluralité de régions
(A, B, C, D), le dispositif de balayage (3) est adapté
pour amener la sonde ultrasonique (2) a balayer les
régions respectives en changeant les directions de
balayage principale ou secondaire afin que les di-
rections de balayage principale ou secondaire sont
axisymetriques I'une a l'autre parrapport a une ligne
de division prédéterminée prise comme axe de sy-
métrie pour obtenir des données de balayage dans
lesquelles les phases temporelles de la forme d’'onde
électrocardiographique coincident sensiblement.
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5. Procédé pour obtenir une image ultrasonique, con-

sistant a :

diviser une plage de balayage de maniére égale
en 2n régions (A, B, C, D), ou n est un nombre
entier supérieur a 1, par des lignes de division
(a, b) passant par un centre (O) de toute la plage
de balayage ;

obtenir des données de balayage pour chaque
région en recevant un signal déclencheur basé
sur une forme d’onde électrocardiographique,
entrainer une sonde ultrasonique (2) en fonction
du signal déclencheur, et balayer les régions (A,
B, C, D) dans une direction de balayage princi-
pale (X) et dans une direction de balayage se-
condaire (Y) avec la sonde ultrasonique (2),
dans lequel la sonde ultrasonique (2) balaie des
régions adjacentes dans les directions de ba-
layage principale ou secondaire réglées pour
étre inverses I'une de l'autre afin d’obtenir des
données de balayage dans lesquelles des pha-
ses temporelles de la forme d’onde électrocar-
diographique coincident sensiblement aux alen-
tours des frontiéres entre les régions adjacentes
sur les lignes de division (a, b) parmi la pluralité
de régions (A, B, C, D) ; et

générer des données d’image ultrasonique de
la plage dans laquelle la pluralité de régions (A,
B, C, D) sont jointes, en combinant les données
de balayage obtenues pour chaque région (A,
B, C, D).

Procédé selon la revendication 5,

dans lequel, pour I'obtention de données de balaya-
ge, quand elle recoit le signal déclencheur, la sonde
ultrasonique (2) balaie une région différente, et la
sonde ultrasonique (2) balaie les régions respectives
dans les directions principale ou secondaire réglées
pour étre inverses I'une de I'autre dans des régions
adjacentes, afin d’obtenir des données de balayage,
et

pour la génération des données d’image ultrasoni-
que, les données ultrasoniques obtenues en ba-
layant les régions respectives (A, B, C, D) et les don-
nées de balayage obtenues en commengant le ba-
layage lors la méme phase temporelle sont combi-
nées afin de générer des données d'image ultraso-
nique de la plage dans laquelle la pluralité de régions
sont jointes.

Procédé selon la revendication 5, dans lequel, pour
la génération des données d’image ultrasonique, les
données de balayage obtenues en balayant les ré-
gions respectives (A, B, C, D) et les données de ba-
layage obtenues en commencgant le balayage lors
de la méme phase temporelle sont combinées afin
de générer des données d’image ultrasonique de la
plage dans laquelle la pluralité de régions sont join-
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tes.

Procédé selon la revendication 5, dans lequel, pour
I'obtention de données de balayage, dans des ré-
gions adjacentes parmi la pluralité de régions (A, B,
C, D), la sonde ultrasonique (2) balaie les régions
respectives en changeant les directions de balayage
principale ou secondaire afin que les directions de
balayage principales et secondaires soient axisymé-
triques par rapport a une ligne de division (a, b) pré-
déterminée prise comme axe de symétrie pour ob-
tenir des données de balayage.
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