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ULTRASOUND DIAGNOSTIC APPARATUS
AND NON-TRANSITORY STORAGE
MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from the prior Japanese Patent Applica-
tions No. 2018-137258, filed Jul. 20, 2018 and No. 2019-
131939, filed Jul. 17, 2019, the entire contents of both of
which are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasound diagnostic apparatus and a non-transitory
storage medium.

BACKGROUND

[0003] Ultrasound diagnostic apparatuses of a two-dimen-
sional array probe type, in which a plurality of ultrasound
transducers are arranged in the form of a matrix, have been
developed. An ultrasound diagnostic apparatus having a
two-dimensional array probe realizes parallel signal pro-
cessing so that reflected wave signals generated on multiple
scanning lines can be simultaneously received in response to
a single ultrasound transmission.

[0004] The ultrasound diagnostic apparatus may form a
transmission beam having a relatively wide range of acous-
tic field, and simultaneously form reception beams having a
relatively narrow range of acoustic field at different posi-
tions. The ultrasound diagnostic apparatus generates an
image by repeating formation of transmission beams and
formation of reception beams at positions shifted from each
other in the imaging target space. In this image generation,
streaks may appear on the generated image in the beam
formation direction (scanning line direction). To make such
streaks unnoticeable, images may be subjected to a post-
processing treatment of smoothing. However, this treatment
tends to trigger another problem that is degradation of the
spatial resolution.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1is a block diagram showing the structure of
an ultrasound diagnostic apparatus according to the present
embodiment.

[0006] FIG. 2 is a diagram explaining an exemplary spa-
tial arrangement of transmission beams in a scan area in the
ultrasound diagnostic apparatus illustrated in FIG. 1.
[0007] FIG. 3 is a diagram showing the distribution of
transmission beam groups formed by the ultrasound trans-
mission circuitry of FIG. 1.

[0008] FIG. 4 is a diagram showing the forming order of
transmission beams by the ultrasound transmission circuitry
of FIG. 1.

[0009] FIG. 5 is a diagram showing the process of gen-
erating volume data by the ultrasound diagnostic apparatus
of FIG. 1.

[0010] FIG. 6 is a diagram showing another exemplary
distribution of transmission beam groups defined by pro-
cessing circuitry of FIG. 1.

[0011] FIG. 7 is a diagram showing another exemplary
forming order of transmission beams by the ultrasound
transmission circuitry of FIG. 1.
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DETAILED DESCRIPTION

[0012] In general, according to one embodiment, an ultra-
sound diagnostic apparatus includes a transmitter/receiver
and processing circuitry. The transmitter/receiver sequen-
tially transmits a first transmission beam group and a second
transmission beam group and receives at least one reception
beam for each transmission beam, via an ultrasound probe
having a plurality of transducers arranged along an azimuth
direction and an elevation direction. The processing cit-
cuitry combines a first reception beam based on a first
transmission beam included in the first transmission beam
group and a second reception beam based on a second
transmission beam included in the second transmission
beam group. Transmission beams that are adjacent to each
other in the azimuth direction or the elevation direction
belong to transmission beam groups that are different from
each other.

[0013] The present embodiment will be explained below,
by referring to the drawings.

[0014] FIG. 1 is a block diagram showing an exemplary
structure of an ultrasound diagnostic apparatus 1 according
to the present embodiment. As illustrated in FIG. 1, the
ultrasound diagnostic apparatus 1 includes an apparatus
main body 10 and an ultrasound probe 20. The apparatus
main body 10 is connected to an external device 30 via a
network 100. The apparatus main body 10 is also connected
to a display device 40 and an input device 50.

[0015] The ultrasound probe 20 executes ultrasound scan-
ning in a scan area of a subject P under the control of, for
example, the apparatus main body 10. The ultrasound probe
20 includes a plurality of ultrasound transducers, a matching
layer on the ultrasound transducers, and a backing material
that prevents the ultrasound waves from propagating back-
ward from the ultrasound transducers. The ultrasound probe
20 according to the present embodiment is a two-dimen-
sional array probe, in which a plurality of ultrasound trans-
ducers are arranged in the form of a matrix. Specifically, the
ultrasound probe 20 includes ultrasound transducers
arranged in multiple columns in the azimuth direction and in
multiple rows in the elevation direction. The ultrasound
probe 20 is detachably coupled to the apparatus main body
10.

[0016] The piezoelectric oscillators generate ultrasound
waves in response to drive signals supplied from an ultra-
sound transmission circuitry 11 included in the apparatus
main body 10. Ultrasound waves are thereby transmitted
from the ultrasound probe 20 to the subject P. When ultra-
sound waves are transmitted from the ultrasound probe 20 to
the subject P, the transmitted ultrasound waves are sequen-
tially reflected on the acoustic impedance discontinuous
surface of the body tissue of the subject P, and are received
as reflected wave signals by piezoelectric transducers of the
ultrasound probe 20. The amplitude of a received reflected
wave signal depends on the difference in acoustic impedance
on the discontinuous surface from which the ultrasound
wave is reflected. If the transmitted ultrasound pulse is
reflected from the surface of, for example, a moving blood-
stream or cardiac wall, the frequency of the resultant
reflected wave signal will be shifted due to the Doppler
effect, with the shift depending on the velocity component in
the ultrasound transmission direction of the moving object.
The ultrasound probe 20 receives the reflected wave signal
from the subject P, and converts it into an electric signal.
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[0017] The apparatus main body 10 of FIG. 1 generates an
ultrasound image based on the reflected wave signal
received by the ultrasound probe 20. The apparatus main
body 10 includes ultrasound transmission circuitry 11, ultra-
sound reception circuitry 12, internal storage 13, an image
memory 14 (cine memory), a buffer memory 15, an input
interface 16, a communication interface 17, and processing
circuitry 18, as illustrated in FIG. 1.

[0018] The ultrasound transmission circuitry 11 is a pro-
cessor that supplies a drive signal to the ultrasound probe 20.
The ultrasound transmission circuitry 11 is realized, for
example, by trigger generation circuitry, delay circuitry, and
pulser circuitry. The trigger generation circuitry repeatedly
generates a rate pulse for generating transmission ultrasound
waves at a rate frequency predefined by the processing
circuitry 18. The delay circuitry gives a delay time for each
piezoelectric transducer to each rate pulse generated by the
trigger generation circuitry. This delay time is required to
converge the ultrasound wave generated from the ultrasound
probe 20 into a beam and determine its transmission direc-
tivity. The delay time may be determined by the processing
circuitry 18. The pulser circuitry applies a drive signal (drive
pulse) to the multiple ultrasound transducers of the ultra-
sound probe 20 at the timing based on a rate pulse. The delay
circuitry changes the delay times that are to be given to the
rate pulses so that the transmission direction from the
surface of the piezoelectric transduces can be adjusted as
needed.

[0019] The ultrasound reception circuitry 12 is a processor
that performs various processes on the reflected wave sig-
nals received by the ultrasound probe 20 and thereby gen-
erates reception signals. The ultrasound reception circuitry
12 may be realized by amplification circuitry, an A/D
converter, reception delay circuitry, and an adder. The ampli-
fication circuitry performs gain correction processing by
amplifying a reflected wave signal received by the ultra-
sound probe 20 for each channel. The A/D converter con-
verts the gain-corrected reflected wave signal into a digital
signal. The reception delay circuitry provides the digital
signal with a delay time required to determine the reception
directivity. The delay time may be determined by the pro-
cessing circuitry 18. The adder sums up a plurality of digital
signals to which a delay time is individually given. With the
addition processing by the adder, a reception signal, in
which a reflection component from a direction correspond-
ing to the reception directivity is emphasized, is generated.
The ultrasound transmission circuitry 11 and ultrasound
reception circuitry 12 are an example of a transmitter/
receiver. The ultrasound transmission circuitry 11 and ultra-
sound reception circuitry 12 may share at least part of them
in common. If software beam forming is adopted by using
reflected wave signals, at least part of the function of the
ultrasound reception circuitry 12 (e.g., reception beam form-
ing function) may be realized by the processing circuitry 18
instead, which will be described later. That is, the processing
circuitry 18 may be an example of the transmitter/receiver.
[0020] At least part of the ultrasound transmission cir-
cuitry 11 and the ultrasound reception circuitry 12 may be
provided in the ultrasound probe 20.

[0021] The internal storage 13 includes, for example, a
magnetic or optical storage medium, or a processor-readable
storage medium such as a semiconductor memory. The
internal storage 13 stores therein a program or the like for
realizing ultrasound transmission/reception. The internal
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storage 13 further stores therein data items such as diagnos-
tic information (including patient IDs and medical opin-
ions), diagnostic protocols, transmission conditions, recep-
tion conditions, signal processing conditions, image
generation conditions, image processing conditions, a body
mark generation program, display conditions, and a conver-
sion table for presetting the range of visualization color data
for respective diagnostic sites. The above program and data
items may be pre-stored in the internal storage 13, or may be
stored and distributed in a non-transitory storage medium,
read from the non-transitory storage medium and installed in
the internal storage 13.

[0022] The internal storage 13 may be a driving device
that reads and writes various types of information with
respect to a portable storage medium such as a CD-ROM
drive, DVD drive, or flash memory. The internal storage 13
may also be designed to write the stored data onto a portable
storage medium and store the data into an external device 30
by way of a portable storage medium.

[0023] The image memory 14 includes, for example, a
magnetic or optical storage medium, or a processor-readable
storage medium such as a semiconductor memory. The
image memory 14 stores therein image data corresponding
to a plurality of frames immediately before a freeze opera-
tion that is input via the input interface 16. The image data
stored in the image memory 14 may be sequentially dis-
played (as moving images).

[0024] The buffer memory 15 includes, for example, a
magnetic or optical storage medium, or a processor-readable
storage medium such as a semiconductor memory. The
buffer memory 15 may be realized by a ring buffer that stores
data by overwriting existing data within a predetermined
capacity. For example, when a reception signal is input,
which exceeds the predetermined capacity, older data in the
buffer memory 15 is overwritten. The buffer memory 15
outputs the stored reception signal in response to a command
from the processing circuitry 18.

[0025] The internal storage 13, image memory 14, and
buffer memory 15 do not always have to be realized by
independent storage devices. The internal storage 13, image
memory 14, and buffer memory 15 may be realized by a
single storage device. Each of the internal storage 13, image
memory 14, and buffer memory 15 may be realized by
multiple storage devices.

[0026] The input interface 16 receives various commands
from the operator through the input device 50. The input
device 50 may include a mouse, a keyboard, panel switches,
slider switches, a trackball, a rotary encoder, an operation
panel, a touch command screen (TCS), and the like. The
input interface 16 is coupled to the processing circuitry 18
via a bus, for example, thereby converting an operation
command that is input by the operator, to an electric signal,
and outputting this electric signal to the processing circuitry
18. According to the present embodiment, the input interface
16 is not limited to a component that is coupled to a physical
operation component such as a mouse and keyboard.
Examples of the input interface 16 may include circuitry that
is configured to receive an electric signal corresponding to
an operation command input from an external input device
that is provided separately from the ultrasound diagnostic
apparatus 1 and to output this electric signal to the process-
ing circuitry 18.

[0027] The communication interface 17 is coupled to an
external device 30 via the network 100 or the like, and
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performs data communications with the external device 30.
The external device 30 may be a database such as a picture
archiving and communication system (PACS), which is a
system that manages data of various medical images, or an
electronic medical chart system that manages medical-im-
age attached electronic charts. Any communication standard
may be adopted for communications with the external
device 30, examples of which include digital imaging and
communication in medicine (DICOM).

[0028] The processing circuitry 18 may be a processor that
functions as the center of the ultrasound diagnostic appara-
tus 1. The processing circuitry 18 implements the program
stored in the internal storage 13, thereby realizing the
functions corresponding to the program. The processing
circuitry 18 may include a transmission/reception function
181, combining function 182, B-mode processing function
183, Doppler processing function 184, image generation
function 185, image processing function 186, and display
control function 187.

[0029] The transmission/reception function 181 is to con-
trol the ultrasound transmission circuitry 11 and the ultra-
sound reception circuitry 12 to enable the ultrasound probe
20 to perform ultrasound scanning. With the transmission/
reception function 181, the processing circuitry 18 controls
the transmission of ultrasound waves by the ultrasound
transmission circuitry 11 and the reception of reflected wave
signals by the ultrasound reception circuitry 12, in accor-
dance with the program read from the internal storage 13.

[0030] Specifically, the processing circuitry 18 controls
the ultrasound transmission circuitry 11 so that the ultra-
sound transmission circuitry 11 can apply, to the ultrasound
transducers, drive signals to which respective delay times
are given. Each of the ultrasound transducers transmits
ultrasound waves at a timing based on the given delay time.
The ultrasound waves transmitted from the ultrasound trans-
ducers are combined into a transmission beam so that the
ultrasound waves can be transmitted in a preset direction.

[0031] The processing circuitry 18 controls ultrasound
transmission/reception so that, as a result of the ultrasound
scanning, a plurality of transmission beams can be formed in
a predetermined pattern in an ultrasound scanning area (scan
area) targeted for image generation.

[0032] FIG. 2 is a diagram explaining an exemplary spa-
tial arrangement of transmission beams formed in the scan
area as a result of the ultrasound diagnostic apparatus 1 of
FIG. 1 performing the ultrasound scanning. For example, a
cross section of the transmission beams perpendicular to the
central axis of the ultrasound probe and intersecting the
beams is schematically shown. In FIG. 2, circles represent
the transmission beam formation positions.

[0033] As illustrated in FIG. 2, the transmission beam
formation positions are arranged along the elevation direc-
tion and azimuth direction, in intervals by a certain rule in
the scan area. For example, the transmission beam formation
positions may be arranged at certain intervals on lines that
are parallel in the elevation direction and are aligned at equal
intervals in the azimuth direction. Furthermore, the trans-
mission beam formation positions on any two adjacent lines
in the azimuth direction may be shifted from each other, for
half a distance (half an arrangement interval) of two trans-
mission beams in the elevation direction. In the example of
FIG. 2, the transmission beams are shifted to a 0.5 interval.
According to the present embodiment, such an arrangement
of the transmission beam formation positions will be
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referred to as “staggered arrangement in the azimuth direc-
tion”, and the arrangement of the positions of the transmis-
sion beams staggered for half an arrangement interval will
be referred to as “0.5-beam shifted arrangement”.

[0034] In the example of FIG. 2, the positions of the
transmission beams are linearly arranged in the elevation
direction, and staggered in the azimuth direction. The
example, however, is not a limitation. In the example of FIG.
2, the arrangement may be symmetric with respect to the
elevation direction and azimuth direction. In other words,
the transmission beam formation positions may be arranged
at certain intervals on lines that are parallel in the azimuth
direction and are aligned at equal intervals in the elevation
direction. Then, transmission beams on any two adjacent
lines in the elevation direction may be shifted from each
other, for half a distance (half an arrangement interval) of
two transmission beams in the azimuth direction. According
to the present embodiment, such an arrangement of trans-
mission beams will be referred to as “staggered arrangement
in the elevation direction”.

[0035] The transmission beams formed by the ultrasound
transmission circuitry 11 are sorted into at least three groups
in accordance with the distribution of the transmission
direction. In other words, the formed transmission beams
will belong to one of at least three transmission beam
groups. It is preferable that one transmission beam does not
belong to two or more different transmission beam groups,
and that transmission beams of the same transmission beam
group are not positioned adjacent to each other in the
azimuth direction or elevation direction.

[0036] FIG. 3 is a schematic diagram showing an exem-
plary distribution of transmission beam groups defined by
the processing circuitry 18 of FIG. 1. Dotted circles in FIG.
3 represent transmission beams of the first transmission
beam group. Shaded circles represent transmission beams of
the second transmission beam group. Black circles represent
transmission beams of the third transmission beam group.
The transmission beams formed in the elevation direction in
FIG. 3 are arranged in the order of the transmission beams
of the first transmission beam group, the transmission beams
of the second transmission beam group, and the transmission
beams of the third transmission beam group, along the
forward direction of the elevation (i.e., from the bottom to
the top of the sheet of FIG. 3). Furthermore, the transmission
beams of the same transmission beam group in any two
adjacent rows in the azimuth direction are shifted relatively
from each other in the elevation direction for a distance
corresponding to 1.5 beams. For example, the position of
transmission beam A of the first transmission beam group in
the first row with respect to the elevation direction is shifted
for a distance corresponding to 1.5 beams with respect to
transmission beam B, which is the closest one in the
elevation direction of the transmission beams of the first
transmission beam group on the second row, which is
adjacent to the first row. With the transmission beams of the
same transmission beam group arranged in the above man-
ner, transmission beams that are adjacent to each other in the
azimuth direction or elevation direction will be of different
transmission beam groups. In a manner similar to FIG. 2,
FIG. 3 illustrates a distribution of transmission beams in
two-dimensional space. Each of the transmission beams,
however, has a depth, forming a three-dimensional structure.
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It therefore can be said that FIG. 3 presents a distribution of
the first to third transmission beam groups in a three-
dimensional space.

[0037] The processing circuitry 18 further controls the
ultrasound transmission/reception so that a plurality of trans-
mission beams can be formed in a predetermined order in the
scan area of FIG. 2. Here, the processing circuitry 18
controls the ultrasound transmission/reception so that a
predetermined multiple number of transmission beam
groups, for example, three transmission beam groups, can be
switched around from group to group and that this switching
can be repeated in a predetermined order. In this manner,
multiple transmission beams can be formed in the scan area
in a predetermined order according to the arrangement rule
of FIG. 2, as the transmission beam groups are being
cyclically switched. It is preferable that no adjacent trans-
mission beams be formed in succession.

[0038] FIG. 4 is a schematic diagram showing an exem-
plary order of the ultrasound transmission circuitry 11 of
FIG. 1 forming transmission beams. In this example, 16
transmission beams are to be formed in the scan area. In
FIG. 4, the transmission beams are formed, starting from
transmission beam T1, which belongs to the dotted first
transmission beam group. After the transmission beam T1 is
formed, the beam formation position is moved in the eleva-
tion direction, where transmission beam T2 is formed. After
the transmission beam T2 is formed, the beam formation
position is moved in the elevation direction and azimuth
direction, where transmission beam T3 is formed. After the
transmission beam T3 is formed, the beam formation posi-
tion is further moved in the elevation direction and azimuth
direction, where transmission beam T4 is formed. After the
transmission beam T4 is formed, the beam formation posi-
tion is moved in the elevation direction, where transmission
beam T5 is formed. After the transmission beam T5 is
formed, the beam formation position is moved in the eleva-
tion direction and azimuth direction, where transmission
beam T6 is formed.

[0039] When the formation of the transmission beams T1
to T6 of the first transmission beam group is completed, the
formation of the transmission beams of the shaded second
transmission beam group is started, forming transmission
beams T7 to T10 of the second transmission beam group in
this order. When the formation of the transmission beams T7
to T10 of the second transmission beam group is completed,
the formation of the transmission beams of the black-circled
third transmission beam group is started, forming transmis-
sion beams T11 to T16 of the third transmission beam group
in this order. When the formation of the transmission beams
T11 to T16 of the third transmission beam group is com-
pleted, the formation of transmission beams of a fourth
transmission beam group, which is not shown in FIG. 4 and
is of the same type as the first transmission beam group, is
started.

[0040] The beam formation position for each of the first to
third transmission beam groups in FIG. 4 is moved at least
once in the elevation direction from the initial position, then
once in the azimuth direction, and the moving operation is
repeated. With regard to the formation order of adjacent
transmission beams, the surrounding transmission beams of,
for example, the transmission beam T3 are transmission
beams 17, T8, T9, T11, T12, and T14. This means that the
transmission beams are suitably distributed in a well-bal-
anced order.
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[0041] The direction of the movement of the beam for-
mation position is not limited to the elevation direction and
thereafter in the azimuth direction. When the transmission
beams are to be formed linearly along the azimuth direction
so as to be staggered in the elevation direction, the beam
formation position may be moved at least once in the
azimuth direction, then once in the elevation direction, and
the moving operation may be repeated.

[0042] Furthermore, the processing circuitry 18 may gen-
erate at least one reception signal by providing each of the
reflected wave signals received by the ultrasound probe 20
with a delay time in consideration of the reception directiv-
ity, and summing up the delay-time added reflected wave
signals. In this manner, at least one reception beam is formed
with respect to a single transmission beam. The number of
reception beams formed with respect to one transmission
beam is not limited to one, and may be more than one.
[0043] The ultrasound reception circuitry 12 generates at
least one reception signal, based on each of the reflected
wave signals of the ultrasound waves transmitted in multiple
directions. In other words, at least one reception beam is
formed in response to each transmission beam. According to
the present embodiment, it is assumed that a reception beam
is formed at the same position as a transmission beam.
However, the formation position of the reception beam does
not have to match the formation position of the transmission
beam. The formation positions of reception beams generated
based on different transmission beams may be the same.
[0044] The processing circuitry 18 stores in the buffer
memory 15 the generated reception signals, in association
with the positions of the reception beams, and transmission
beam groups to which the transmission beams belong.
[0045] The combining function 182 is to combine the
reception signals generated by the ultrasound reception
circuitry 12, and this function is part of a combining unit.
With the combining function 182, the processing circuitry
18 combines reception beams (reception signals) stored in
the buffer memory 15 and corresponding to a transmission
beam included in each of the transmission beam groups.
[0046] Specifically, when a third reception signal group is
generated by the ultrasound reception circuitry 12, the
processing circuitry 18 implements the combining function
182. With the implementation of the combining function
182, the processing circuitry 18 combines the reception
signals of the three reception beam groups, thereby gener-
ating reception data. For example, when the generation of
the third reception signals is completed, the processing
circuitry 18 may read the first reception signals, second
reception signals, and third reception signals from the buffer
memory 15. Here, the first reception signals represent the
first reception beams that correspond to the first transmission
beams of the first transmission beam group. The second
reception signals represent the second reception beams that
correspond to the second transmission beams of the second
transmission beam group. The third reception signals rep-
resent the third reception beams that correspond to the third
transmission beams of the third transmission beam group.
When acquiring the first to third reception signals, the
processing circuitry 18 may combine the first to third
reception signals into a new reception signal.

[0047] After generating the third reception signals, the
ultrasound reception circuitry 12 generates the fourth recep-
tion signals. The fourth reception signals represent the fourth
reception beams that correspond to the fourth transmission
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beams of the fourth transmission beam group, which is of
the same type as the first transmission beam group. When the
generation of the fourth reception signals is completed, the
processing circuitry 18 may read the second reception
signals, third reception signals and fourth reception signals
from the buffer memory 15. When acquiring the second to
fourth reception signals, the processing circuitry 18 gener-
ates a new reception signal based on the second to fourth
reception signals, in the same manner as the first to third
reception signals combined.

[0048] The B-mode processing function 183 is to generate
three-dimensional B-mode data based on the reception sig-
nal generated by the combining function 182. With the
B-mode processing function 183, the processing circuitry 18
generates three-dimensional B-mode data, based on the
reception signal generated by the combining function 182
and the reception signals read from the buffer memory 15.
With the B-mode processing function 183, the processing
circuitry 18 may execute an envelope detection process,
logarithmic amplification process, and the like on the recep-
tion signals, and thereby generate data (B-mode data) that
expresses the signal intensity with luminance. The generated
B-mode data is stored in a raw data memory (not shown) as
B-mode raw data on a three-dimensional ultrasound scan-
ning line.

[0049] The Doppler processing function 184 is to generate
data (Doppler data) by analyzing the frequencies of the
reception signal generated by the combining function 182
and extracting the motion information of a moving object in
the region of interest (ROI) that is set in the scan area, based
on the Doppler effect. Specifically, with the Doppler pro-
cessing function 184, the processing circuitry 18 may gen-
erate Doppler data as the motion information of the moving
object by estimating the average velocity, average dispersion
value, average power value, etc from sampled values at
sampling positions. A moving object may be a bloodstream,
cardiac tissue, or contrast agent. According to the present
embodiment, the processing circuitry 18 generates Doppler
data as the motion information of the bloodstream (blood-
stream information) by estimating the average bloodstream
velocity, average bloodstream dispersion value, average
bloodstream power value, etc. from sampled values at
sampling positions. The generated Doppler data is stored in
a raw data memory (not shown) as Doppler raw data on a
three-dimensional ultrasound scanning line.

[0050] The processing circuitry 18 may calculate blood-
stream information by color Doppler. In color Doppler, the
transmission and reception of ultrasonic waves are pet-
formed on the same scanning line multiple times. The
processing circuitry 18 suppresses signals (clutter signals)
related to any stationary tissue or slow-moving tissue by
setting a moving target indicator (MTT) filter with respect to
data strings of the same position so that bloodstream-related
signals can be extracted. The MTI filter may be set before or
after combining the reception signals by the combining
function 182. The processing circuitry 18 thereby estimates
the bloodstream information including the bloodstream
velocity, average bloodstream dispersion, and average
bloodstream power from the extracted bloodstream signals.
[0051] The image generation function 185 is to generate
image data based on the data generated by the B-mode
processing function 183 and Doppler processing function
184. This function is part of an image generator. For
example, with the image generation function 185, the pro-
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cessing circuitry 18 executes, on the B-mode raw data stored
in the raw data memory, a raw-voxel conversion, which
includes interpolation processing that takes the information
of the spatial positions into account. The processing circuitry
18 thereby generates three-dimensional B-mode image data
constituted by multiple voxels.

[0052] The processing circuitry 18 may also execute a
raw-voxel conversion on the Doppler raw data stored in the
raw data memory, and generate three-dimensional Doppler
image data that visualizes the bloodstream information. The
three-dimensional Doppler image data includes velocity
image data, dispersion image data, power image data, or any
combination of such image data. According to the present
embodiment, three-dimensional B-mode image data and
three-dimensional Doppler image data may represent vol-
ume data. One-line data of the volume data evenly includes
information from multiple transmission beam groups.
[0053] The image processing function 186 is to execute
predetermined image processing on the three-dimensional
B-mode image data and three-dimensional Doppler image
data.

[0054] Specifically, with the image processing function
186, the processing circuitry 18 may execute rendering
processing to two-dimensionally display the three-dimen-
sional B-mode image data and three-dimensional Doppler
image data on the display device 40. The rendering process-
ing may include volume rendering, surface rendering, and
multi-planar reconstruction (MPR). The processing circuitry
18 may further execute image processing (smoothing) for
re-generating a brightness average value image, employing
multiple image frames of the three-dimensional B-mode
image data or three-dimensional Doppler image data. The
processing circuitry 18 may execute image processing (edge
enhancement) employing a differentiation filter within an
image.

[0055] The display control function 187 is to control the
display, on the display device 40, of the three-dimensional
B-mode image data and three-dimensional Doppler image
data generated and processed according to the image pro-
cessing function 186. With the display control function 187,
the processing circuitry 18 may execute various types of
processing relating to the dynamic range, luminance (bright-
ness), contrast, y curve corrections, and RGB conversion on
the three-dimensional B-mode image data or three-dimen-
sional Doppler image data, thereby converting the image
data to video signals. The processing circuitry 18 displays a
video signal on the display device 40. The processing
circuitry 18 may generate a graphical user interface (GUI) to
allow the operator to input various commands through the
input device 50, and display the GUI on the display device
40. Examples of the display device 40 include a CRT
display, a liquid crystal display, an organic EL display, an
LED display, a plasma display, or any other display known
in the relevant technical field.

[0056] As described above, the ultrasound probe 20
according to the present embodiment includes multiple
transducers aligned in the azimuth direction and elevation
direction. The ultrasound transmission circuitry 11 of the
ultrasound diagnostic apparatus 1 transmits ultrasound
waves from the ultrasound probe 20 in a manner that
multiple transmission beams of the first transmission beam
group, of the second transmission beam group, and of the
third transmission beam group are evenly distributed, with
any transmission beams adjacent to each other in the azi-
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muth direction or elevation direction belonging to different
transmission beam groups. The ultrasound reception cit-
cuitry 12 forms at least one reception beam in response to
every transmission beam. Then, with the combining function
182, the processing circuitry 18 combines the first reception
beams based on the first transmission beams of the first
transmission beam group, the second reception beams based
on the second transmission beams of the second transmis-
sion beam group, and the third reception beams based on the
third transmission beams of the third transmission beam
group. As a result, streaks that tend to appear due to skewed
beams among the transmission beams or time differences in
the formation of the transmission beams can be suppressed
in the volume data.

[0057] In addition, the ultrasound transmission circuitry
11 of the ultrasound diagnostic apparatus 1 according to the
present embodiment forms the transmission beams of the
transmission beam groups in a manner that the beam for-
mation positions of these groups will create a staggered
pattern with respect to the azimuth direction or elevation
direction. In this manner, streaks can be further effectively
suppressed in the volume data.

[0058] Moreover, the ultrasound diagnostic apparatus 1
according to the present embodiment includes a buffer
memory 15 so that reception signals based on at least three
different transmission beam groups can be stored in the
buffer memory 15. After combining the reception signals
based on the three transmission beam groups, the processing
circuitry 18 can hold reception signals based on two out of
the three transmission beam groups, at least until a reception
signal of the next transmission beam group is generated and
the next combining process is executed.

[0059] With the transmission/reception function 181, the
processing circuitry 18 according to the present embodiment
forms the fourth transmission beam group having the same
distribution of transmission beams as the first transmission
beam group, after forming the transmission beams of the
third transmission beam group. Thereafter, with the com-
bining function 182, the processing circuitry 18 combines
the second reception beams, the third reception beams, and
the fourth reception beams based on the fourth transmission
beams of the fourth transmission beam group.

[0060] FIG. 5 is a schematic diagram showing an exem-
plary process of generating volume data by the ultrasound
diagnostic apparatus 1 of FIG. 1. In this manner, the ultra-
sound diagnostic apparatus 1 generates new volume data
every time reception signals are generated based on a
transmission beam group. As a result, the volume rate of the
three-dimensional scanning can be enhanced.

[0061] With the transmission/reception function 181, the
processing circuitry 18 according to the present embodiment
forms any adjacent transmission beams in a non-consecutive
manner. This temporal symmetry of the transmission beam
formation can reduce the influence of the temporal move-
ment, if any, of the examination target, on the volume data.
[0062] In the present embodiment, the generation of vol-
ume data by the ultrasound diagnostic apparatus 1 has been
explained as an example. The data generated by the ultra-
sound diagnostic apparatus 1, however, is not limited to
volume data. The ultrasound diagnostic apparatus 1 may
generate two-dimensional data based on the reception sig-
nals obtained from the combining process executed by the
processing circuitry 18. For example, with the B-mode
processing function 183, the processing circuitry 18 may
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generate two-dimensional B-mode raw data based on the
reception beams that are based on transmission beams
formed in two columns along the azimuth direction or
transmission beams formed in two rows along the elevation
direction. The processing circuitry 18 may also generate,
with the Doppler processing function 184, two-dimensional
Doppler raw data based on reception beams that are based on
transmission beams formed in two columns along the azi-
muth direction or transmission beams formed in two rows
along the elevation direction.

[0063] In the present embodiment, at least three different
groups of transmission beams formed by the ultrasound
transmission circuitry 11 have been explained as an
example. The transmission beams generated by the ultra-
sound transmission circuitry 11 may be sorted into two
groups. It is preferable that one transmission beam of one
transmission beam group does not belong to the other
transmission beam group and that transmission beams of the
same transmission beam group are not positioned adjacent to
each other in the azimuth direction or elevation direction.
[0064] FIG. 6 is a schematic diagram showing another
exemplary distribution of transmission beam groups defined
by the processing circuitry 18 of FIG. 1. In FIG. 6, dotted
circles represent transmission beams of the first transmission
beam group. Black circles represent transmission beams of
the second transmission beam group. The transmission
beams in the elevation direction are arranged along the
forward direction of the elevation (i.e., from the bottom to
the top of the sheet of FIG. 6) in such a manner that the
transmission beams of the first transmission beam group and
the transmission beams of the second transmission beam
group form an alternating pattern. The transmission beams
in the azimuth direction are arranged along the forward
direction of the azimuth direction (direction from right to
left on the sheet of FIG. 6) in such a manner that the
transmission beams of the first transmission beam group and
the transmission beams of the second transmission beam
group form an alternating pattern. With the transmission
beams of the transmission beam groups arranged in the
above manner, any transmission beams that are adjacent to
each other in the azimuth direction or elevation direction are
of different transmission beam groups. FIG. 6 illustrates a
distribution of transmission beams in two-dimensional
space. Each of the transmission beams, however, has a
depth, forming a three-dimensional structure FI1G. 6 there-
fore can be considered as illustrating a distribution of the
first and second transmission beam groups in a three-
dimensional space.

[0065] The processing circuitry 18 further controls the
ultrasound transmission/reception so that a plurality of trans-
mission beams can be formed in a predetermined order in a
scan area. By this control of the ultrasound transmission/
reception, a predetermined multiple number of transmission
beam groups, for example, two transmission beam groups,
are switched and repeated in a predetermined order. In this
manner, the transmission beam groups are cyclically
switched so that multiple transmission beams can be formed
in the scan area in a predetermined order. It is preferable that
no adjacent transmission beams are sequentially formed.
[0066] FIG. 7 is a schematic diagram showing another
exemplary formation order of transmission beams by the
ultrasound transmission circuitry 11 of FIG. 1. In this
example, 20 transmission beams are to be formed in the scan
area. In FIG. 7, the transmission beams are formed, starting
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from transmission beam T1, which belongs to the dotted first
transmission beam group. After the transmission beam T1 is
formed, the beam formation position is moved in the eleva-
tion direction and/or azimuth direction, where transmission
beams T2 to T10 are sequentially formed.

[0067] When the formation of the transmission beams T1
to T10 of the first transmission beam group is completed, the
formation of transmission beams of the black-circled second
transmission beam group is started, forming transmission
beams T11 to T20 of the second transmission beam group in
this numbered order. When the formation of the transmission
beams T11 to T20 of the second transmission beam group is
completed, the formation of transmission beams that belong
to the third transmission beam group, which is not shown in
FIG. 7 and is the same type as the first transmission beam
group, is started.

[0068] With the combining function 182, the processing
circuitry 18 may combine the reception beams (reception
signals) stored in the buffer memory 15 and corresponding
to the transmission beams of the different transmission beam
groups. Specifically, the processing circuitry 18 implements
the combining function 182 when the second reception
signals are generated by the ultrasound reception circuitry
12. When the combining function 182 is implemented, the
processing circuitry 18 combines two groups of reception
signals, thereby generating reception data.

[0069] When the second reception signals are generated,
the processing circuitry 18 reads the first reception signals
and second reception signals from the buffer memory 15.
When the first reception signals and second reception signals
are read, the processing circuitry 18 combines the first
reception signals and second reception signals to generate a
new reception signal.

[0070] After generating the second reception signals, the
ultrasound reception circuitry 12 generates the third recep-
tion signals. The third reception signals represent the third
reception beams corresponding to the third transmission
beams of the third transmission beam group, which is the
same type as the first transmission beam group. When the
third reception signals are generated, the processing cir-
cuitry 18 reads the second reception signals and third
reception signals from the buffer memory 15. When the
second reception signals and third reception signals are read,
the processing circuitry 18 generates a new reception signal
based on the second reception signals and third reception
signals, in the same manner as the first reception signals and
second reception signals combined.

[0071] According to the present embodiment explained
above, the ultrasound diagnostic apparatus 1 can enhance
the accuracy of the volume data generation.

[0072] The word “processor” in the embodiment may refer
to circuitry such as a central processing unit (CPU), graphics
processing unit (GPU), or an application specific integrated
circuit (ASIC); or a programmable logic device (e.g., simple
programmable logic device (SPLD), complex program-
mable logic device (CPLD), or field programmable gate
array (FPGA)). The processor realizes functions by reading
and executing programs stored in the memory circuitry.
Instead of storing the programs in the memory circuit, the
programs may be directly incorporated in the circuitry of the
processor. In this case, the processor realizes the functions
by reading and executing the programs incorporated in the
circuitry. Each processor of the present embodiment is not
limited to a single circuit configured for each processor, but
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a plurality of independent circuits may be combined into a
single processor that can realize the function. Furthermore,
the structural components of the embodiment may be inte-
grated into one processor to realize their functions.

[0073] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inven-
tions. Indeed, the novel embodiments described herein may
be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the embodiments described herein may be made without
departing from the spirit of the inventions. The accompa-
nying claims and their equivalents are intended to cover
such forms or modifications as would fall within the scope
and spirit of the inventions.

1. An ultrasound diagnostic apparatus comprising:

a transmitter/receiver configured to sequentially transmit
a first transmission beam group and a second transmis-
sion beam group and receive at least one reception
beam for each transmission beam, via an ultrasound
probe having a plurality of transducers arranged along
an azimuth direction and an elevation direction; and

processing circuitry configured to combine a first recep-
tion beam based on a first transmission beam included
in the first transmission beam group and a second
reception beam based on a second transmission beam
included in the second transmission beam group,

wherein transmission beams that are adjacent to each
other in the azimuth direction or the elevation direction
belong to transmission beam groups that are different
from each other.

2. The ultrasound diagnostic apparatus according to claim

1, wherein

the transmitter/receiver sequentially transmits the first
transmission beam group, the second transmission
beam group, and a third transmission beam group, and
forms at least one reception beam for each transmission
beam, and

the processing circuitry combines the first reception
beam, the second reception beam, and a third reception
beam that is based on a third transmission beam
included in the third transmission beam group.

3. The ultrasound diagnostic apparatus according to claim
1, wherein

the transmitter/receiver transmits a first one of second
transmission beams of the second transmission beam
group sequentially after transmitting a last one of first
transmission beams of the first transmission beam
group.
4. The ultrasound diagnostic apparatus according to claim
2, wherein

the transmitter/receiver transmits a first one of second
transmission beams of the second transmission beam
group sequentially after transmitting a last one of first
transmission beams of the first transmission beam
group, and further transmits a first one of third trans-
mission beams of the third transmission beam group
sequentially after transmitting a last one of the second
transmission beams of the second transmission beam
group.
5. The ultrasound diagnostic apparatus according to claim
2, wherein
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the transmitter/receiver forms each transmission beam
group such that beam formation positions form a stag-
gered pattern along the azimuth direction or the eleva-
tion direction.
6. The ultrasound diagnostic apparatus according to claim
2, wherein
when forming each of the first transmission beam group,
the second transmission beam group, and the third
transmission beam group, the transmitter/receiver
moves a beam formation position in the elevation
direction from an initial position, and thereafter in the
azimuth direction.
7. The ultrasound diagnostic apparatus according to claim
2, wherein
when forming each of the first transmission beam group,
the second transmission beam group, and the third
transmission beam group, the transmitter/receiver
moves a beam formation position in the azimuth direc-
tion from an initial position, and thereafter in the
elevation direction.
8. The ultrasound diagnostic apparatus according to claim
2, wherein
the transmitter/receiver forms the first reception beam, the
second reception beam, and the third reception beam at
the same position as a corresponding one of the first
transmission beam, the second transmission beam, and
the third transmission beam.
9. The ultrasound diagnostic apparatus according to claim
2, wherein
the transmitter/receiver forms the first reception beam, the
second reception beam, and the third reception beam at
a position different from a corresponding one of the first
transmission beam, the second transmission beam, and
the third transmission beam.
10. The ultrasound diagnostic apparatus according to
claim 2, wherein
the transmitter/receiver forms the first reception beam, the
second reception beam, and the third reception beam at
the same position.
11. The ultrasound diagnostic apparatus according to
claim 1, wherein
after forming the second transmission beam group, the
transmitter/receiver forms a third transmission beam
group having same beam formation positions as the
first transmission beam group, and
the processing circuitry combines the second reception
beam and a third reception beam based on a third
transmission beam included in the third transmission
beam group.
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12. The ultrasound diagnostic apparatus according to

claim 2, wherein

after forming the third transmission beam group, the
transmitter/receiver forms a fourth transmission beam
group having same distribution of transmission beams
as the first transmission beam group, and

the processing circuitry combines the second reception
beam, the third reception beam, and a fourth reception
beam based on a fourth transmission beam included in
the fourth transmission beam group.

13. The ultrasound diagnostic apparatus according to

claim 12, forther comprising:

a memory configured to store the first reception beam, the
second reception beam, and the third reception beam,
and to continue to store at least the second reception
beam and the third reception beam after the processing
circuitry combines the first reception beam, the second
reception beam, and the third reception beam.

14. The ultrasound diagnostic apparatus according to

claim 2, further comprising:

an image generator configured to generate a two-dimen-
sional image based on a result of combining the first
reception beam, the second reception beam, and the
third reception beam.

15. The ultrasound diagnostic apparatus according to

claim further comprising:

an image generator configured to generate a three-dimen-
sional image based on a result of combining the first
reception beam, the second reception beam, and the
third reception beam.

16. A non-transitory storage medium storing a program

that causes processing circuitry to:

sequentially transmit a first transmission beam group, a
second transmission beam group and a third transmis-
sion beam group via an ultrasound probe including a
plurality of transducers arranged along an azimuth
direction and an elevation direction in such a marner
that transmission beams adjacent in the azimuth direc-
tion or the elevation direction belong to different trans-
mission beam groups;

receive at least one reception beam for each transmission
beam; and

combine a first reception beam based on a first transmis-
sion beam included in the first transmission beam
group, a second reception beam based on a second
transmission beam included in the second transmission
beam group, and a third reception beam based on a
third transmission beam included in the third transmis-
sion beam group.
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