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ULTRASONIC DIAGNOSIS DEVICE AND
ULTRASONIC IMAGE ACQUISITION
METHOD

TECHNICAL FIELD

[0001] Thepresent invention relates to an ultrasound imag-
ing technique that performs nonlinear imaging, and more
particularly, it relates to a tissue harmonic imaging that uti-
lizes acoustic nonlinear characteristics of a living body, and/
or contrast harmonic imaging that utilizes nonlinear oscilla-
tion characteristics of a contrast agent.

BACKGROUND ART

[0002] Theultrasound diagnostic apparatus transmits ultra-
sound pulses from an ultrasound probe to the inside of a living
body, receives ultrasound echoes scattered or reflected within
the body via the ultrasound probe, and applies various signal
processes to thus received ultrasound echoes (received ech-
oes), thereby obtaining a ultrasound B-mode image and a
blood flow image, and this apparatus is widely used for medi-
cal diagnosis.

[0003] Waveforms of the ultrasound waves applied to the
living body are distorted along with propagation. This is
because acoustic waveforms have acoustic nonlinearity, that
is, the waveforms proceed rapidly in a portion with high
sound pressure, whereas it proceeds slowly in a portion with
low sound pressure. This waveform distortion accumulates
along with the propagation of acoustic waves. Occurrence of
the waveform distortion indicates occurrence of a higher har-
monic component or a low-frequency harmonic component
assuming the transmitted acoustic wave as a fundamental
wave component, in other words, indicating occurrence of a
nonlinear component. This nonlinear component occurs in a
broadband, in proportion to approximately the square of
sound pressure amplitude. Therefore, by creating an image
from the nonlinear component, it is possible to obtain an
image that excels in contrast resolution and spatial resolution.
This type of imaging method is generally referred to as THI
(tissue harmonic imaging).

[0004] As one method of imaging by the ultrasound diag-
nostic apparatus, there is an ultrasound contrast imaging
method that uses an ultrasound contrast agent. The ultrasound
contrast imaging method intravenously injects into a living
body, a preparation obtained by stabilizing micro bubbles in
micron order size as the ultrasound contrast agent, and then
performs ultrasound imaging. This method is widely used for
diagnosing disease that is reflected on blood vascular system,
such as malignant tumor and infarction. This micro-bubble
type ultrasound contrast agent shows an extremely strong
nonlinear response to a few MHz ultrasound wave that is
mainly used in ultrasound diagnosis. Therefore, the nonlinear
component of the ultrasound echoes in the ultrasound con-
trast imaging method includes a large amount of ultrasound
echoes coming from the ultrasound contrast agent. An imag-
ing method that extracts such ultrasound echoes in the non-
linear component and creates an image therefrom, so as to
visualize a vascular structure, and the like, is generally
referred to as CHI (contrast harmonic imaging).

[0005]  As described above, in the THI or the CHI (if it is not
necessary to make a distinction therebetween, they are col-
lectively referred to as “harmonic imaging”), an image is
created by using the acoustic nonlinear characteristics of
acoustic wave propagation through a living body, or the non-
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linear component generated on the basis of the nonlinear
characteristics in the oscillation of contrast agent. In the ultra-
sound echo, there exist a fundamental wave component
included originally in the transmitted acoustic wave and the
aforementioned nonlinear component in a mixed manner, and
therefore, it is necessary to extract the nonlinear components
from the received echoes. As the method for extracting the
nonlinear component from the ultrasound echoes, there are a
method for separating the nonlinear component by using a
filter (e.g., see the patent document 1), PI (pulse inversion)
method (e.g., see the patent document 2), and an amplitude
modulation method (e.g., see patent document 3).

[0006] The PI method transmits two ultrasound pulses
respectively having acoustic wave pulses being inverse, posi-
tive and negative, to an identical portion of the living body,
and sums the reflection echoes therefrom. Since a fundamen-
tal wave component behaves linearly, when the transmit
pulses being inverse each other are transmitted, the funda-
mental wave components of the reflection echoes are also
inverse each other, and they cancel each other out when they
are added together. On the other hand, the nonlinear compo-
nents are distorted differently depending on whether the
sound pressure is positive or negative. Therefore, even though
the transmit pulses being inverse each other are transmitted,
they do not form waveforms being inverse and they do not
cancel each other out when they are added together. Eventu-
ally, when the reflection echoes of the transmit pulses being
inverse each other are added together, only the nonlinear
components remain.

[0007] As described in the patent document 3, the ampli-
tude modulation method performs transmit of ultrasound
waves twice, similar to the PI method, and as for the pulse in
the second transmit, its acoustic waveform is not inverted, but
sound pressure level (amplitude) is made lower than the pulse
in the first transmit. By way of example, in the second trans-
mit, the sound pressure amplitude of the pulse is made half of
the first transmit pulse. Then, the reflection echo of the second
transmit pulse is doubled and subtracted from the reflection
echo of the first transmit pulse, thereby removing the funda-
mental wave components within the reflection echoes. When
the amplitude modulation method is applied to the THI, the
fundamental wave components are canceled out, and only the
nonlinear components remain. When the amplitude modula-
tion method is applied to the CHI, it is possible to extract not
only the higher harmonic component of the contrast agent
origin, but also the nonlinear component dependent on the
sound pressure amplitude of the contrast agent origin,
enabling an ultrasound contrast image with a high CTR (con-
trast-to-tissue ratio) to be obtained.

[0008] In addition, a harmonic imaging combining the
amplitude modulation method and the Pl method is also being
devised.

[0009] On the other hand, in the imaging method using the
PI method or the amplitude modulation method, it is neces-
sary to turn the phase of the transmit voltage waveform by 180
degrees so as to invert the sound pressure waveform, or vary
the sound pressure amplitude while maintaining the sound
pressure waveform. Therefore, if there is any distortion
dependent on the voltage amplitude and phase and/or nonlin-
ear characteristics in the transmit system of the ultrasound
diagnostic apparatus that incorporates a transmit amplifier, an
ultrasound probe, and the like, it is not possible to remove the
fundamental wave component sufficiently.
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[0010] In order to solve this problem, there is a measure to
perform the amplitude modulation method in a transmit
sound field by synthesizing transmit aperture (e.g., see the
patent document 4). An ultrasound probe is provided with
channels made up of plural ultrasound transducers. Those
channels are assigned in such a manner that plural channels
for transmitting a first transmit pulse P1 and plural channels
for transmitting a second transmit pulse P2 become mutually
different, entirely or partially. Furthermore, the channel for
transmitting a third transmit pulse P3 uses both the channel
used for transmitting the first transmit pulse P1 and the chan-
nel used for transmitting the second transmit pulse P2. With
this configuration, the transmit sound field of the third trans-
mit pulse P3 is obtained by linearly combining the transmit
sound field of the first transmit pulse P1 and the transmit
sound field of the second transmit pulse P2. Therefore, the
operation of P3-(P1+P2) may remove a linear fundamental
wave component and extracts the nonlinear component.

PRIOR ART DOCUMENT
Patent Document

Patent Document 1

[0011] U.S. Pat. No. 5,678,553 Specification

Patent Document 2

[0012] U.S. Pat. No. 6,095,980 Specification

Patent Document 3

[0013] U.S. Pat. No. 5,577,505 Specification

Patent Document 4

[0014] Japanese Unexamined Patent Application Publica-
tion No. 2009-22462

DISCLOSURE OF THE INVENTION

Problem to be Solved by the Invention

[0015] As described above, the transmit and receive pet-
formed twice for an identical scanning line, are sufficient in
an ordinary amplitude modulation method. However, if there
are voltage-dependent distortion and/or nonlinear character-
istics in the transmit system of the ultrasound diagnostic
apparatus incorporating the transmit amplifier, the ultrasound
probe, and the like, it is difficult to remove the fundamental
wave component with a high degree of precision. It may be
possible to obtain a voltage-dependent transfer function of
the transmit system in advance so as to perform shaping of a
transmit voltage waveform in such a manner as removing the
electrical distortion. However, this makes adjustment
extremely cumbersome and complicated, and if there is varia-
tion in the channels of the ultrasound probe, the effect may be
reduced.

[0016] On the other hand, as disclosed by the patent docu-
ment 4, the amplitude modulation method may solve the
problems of the distortion and nonlinear characteristics in the
transmit system, the method selecting a channel for transmit-
ting the first transmit pulse P1 and a channel for transmitting
the second transmit pulse P2 in a mutually exclusive manner,
and synthesizing those channels in the transmit sound field, so
that the third transmit pulse P3 is obtained by combining the
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first transmit pulse P1 and the second transmit pulse P2.
Furthermore, it is not necessary to adjust the transmit voltage
within one channel in every transmit, facilitating the adjust-
ment of the transmit voltage while imaging is performed.
However, in this case, the transmit and receive have to be
performed at least three times for an identical scanning line.
This may lower the frame rate and there is a possibility of
causing somewhat slow movement in a moving image.
[0017] Inaddition, if there is remarkable influence of body
motion, the fundamental wave component still remains, even
though the operation of “P3-(P1+P2)” is performed.

[0018] The present invention has been made in view of the
problems above, and an object of the present invention is to
provide a technique that implements harmonic imaging in an
ultrasound diagnostic apparatus, being unaffected by the volt-
age-dependent distortion and nonlinear characteristics of the
transmit system in the ultrasound diagnostic apparatus that
incorporates the transmit amplifier, the ultrasound probe, and
the like, facilitating adjustment of the transmit voltage, and
achieving a frame rate substantially equivalent to that of the
conventional PI method.

Means to Solve the Problem

[0019] The present invention is directed to an amplitude
modulation method that synthesizes transmit sound fields to
remove a fundamental wave component of an acoustic wave
and creates an image, from echoes of nonlinear components
being extracted, and in the amplitude modulation method, at
least one transceiving (transmit and receive), out of plural
times of transceiving to obtain one scanning line, serves as the
transceiving to obtain another scanning line. Echo signals
obtained by the shared transceiving, form receive beams
respectively on both the scanning lines obtained by sharing
the transceiving.

[0020] Specifically, the present invention provides an ultra-
sound diagnostic apparatus configured to transmit ultrasound
pulses to a subject from an ultrasound probe provided with
plural channels, and obtain an ultrasound image from echo
signals being received, including a transmit beamformer con-
figured to set a transmit apodization that defines as transmit
channels, more than one transmit channel for transmitting the
ultrasound pulses, out of the plural channels, and a transmit
focus delays that defines delay time given to the ultrasound
pulses transmitted respectively from the transmit channels in
every transmit, a receive beamformer configured to generate
receive beams from the echo signals received by the plural
channels in every transmit, and a signal processor configured
to generate a synthetic receive beam on one scanning line, by
synthesizing n (n is an integer at least 3) receive beams, and
obtain an ultrasound image, wherein the n receive beams that
generate the synthetic receive beam on one scanning line are
generated respectively from the echo signals obtained by
n-times different transmits, and at least one time out of the
n-times different transmits is a shared transmit that serves as
the transmit for another scanning line that is different from the
aforementioned scanning line.

Effect of the Invention

[0021] According to the present invention, in implementing
harmonic imaging in an ultrasound diagnostic apparatus, it is
possible to establish a configuration unaffected by voltage-
dependent distortion and nonlinear characteristics of the
transmit system in the ultrasound diagnostic apparatus incor-
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porating the transmit amplifier, the ultrasound probe, and the
like, facilitating adjustment of the transmit voltage, and
achieving a frame rate substantially equivalent to that of the
conventional PI method.

BRIEF DESCRIPTION OF DRAWINGS

[0022] FIG. 1A is a device configuration block diagram
illustrating the ultrasound diagnostic apparatus of the first
embodiment;

[0023] FIG. 1B is a functional block diagram illustrating a
signal processor of the ultrasound diagnostic apparatus as a
modification example of the second embodiment;

[0024] FIG.2A illustrates a configuration of the channels of
the first embodiment;

[0025] FIG. 2B illustrates the transmit and receive aperture
of the first embodiment;

[0026] FIG. 3A illustrates the transmit apodization and the
transmit focus delays in every transmit, in an amplitude
modulation method using a conventional transmit aperture;
[0027] FIG. 3B illustrates the transmit apodization and the
transmit focus delays in every transmit, in an amplitude
modulation method using a conventional transmit aperture;
[0028] FIG. 4A illustrates the amplitude modulation
method using the conventional transmit aperture,

[0029] FIG. 4B illustrates the transmit apodization and the
transmit focus delays of the amplitude modulation method
using the conventional transmit aperture;

[0030] FIG. 5 illustrates the number of transmit/reception
times of the amplitude modulation method using the conven-
tional transmit aperture;

[0031] FIG. 6 illustrates the number of transmit/reception
times of the first embodiment;

[0032] FIG. 7A illustrates the transmit apodization and the
transmit focus delays in every transmit in the first embodi-
ment;

[0033] FIG. 7B illustrates the transmit apodization and the
transmit focus delays in every transmit in the first embodi-
ment;

[0034] FIG. 8 illustrates the receive apodization in every
receiving, and the transmit and receive aperture in every
transmit and receive;

[0035] FIG.9 illustrates a beam profile of the fundamental
waves and the harmonic component of the amplitude modu-
lation method using the conventional transmit aperture;
[0036] FIG. 10 illustrates the beam profile of the transmit
sound field of the fundamental waves and the harmonic com-
ponent according to the amplitude modulation method of the
first embodiment;

[0037] FIG. 11 illustrates the transmit apodization and the
transmit focus delays in every transmit of the second embodi-
ment;

[0038] FIG. 12 illustrates the receive apodization in every
receiving and the transmit and receive aperture in every trans-
mit and receive of the second embodiment;

[0039] FIG. 13 illustrates the receive apodization in every
receiving, the transmit and receive aperture in every transmit
and receive, and the receive beams being formed in a modi-
fication example of the second embodiment;

[0040] FIG. 14 illustrates the beam profile of the transmit
sound field of the fundamental waves and the harmonic com-
ponent according 1o the amplitude modulation method of the
second embodiment; and

[0041] FIG. 15 illustrates the receive apodization in every
transmit and receive of the third embodiment.

May 28, 2015

BEST MODE FOR CARRYING OUT THE
INVENTION

First Embodiment

[0042] Hereinafter, the first embodiment to which the
present invention is applied will be explained, with reference
to the accompanying drawings. In the entire drawings for
explaining the preferred embodiments, constituents having
the same function are named and labeled the same, and the
function shall not be tediously explained.

[0043] Firstly, with reference to FIG. 1A, the ultrasound
diagnostic apparatus 100 of the present embodiment will be
explained. The ultrasound diagnostic apparatus 100 of the
present embodiment is provided with an ultrasound probe
110, a controller 130, and a controlled unit 120, and a user
interface (UI) 140.

[0044] The ultrasound probe 110 is provided with more
than one electroacoustic conversion element (oscillator) that
has a function of conversion, from an electrical signal to an
acoustic wave, and from an acoustic wave to an electrical
signal. These electroacoustic conversion elements are
arranged one-dimensionally or two-dimensionally in a pre-
determined manner within the ultrasound probe 110, thereby
constituting the ultrasound transmit and receive surface. The
ultrasound probe 110 is formed in an outer shape being suit-
able for the use in such a manner as bringing the ultrasound
transmit and receive surface into contact with an imaging
target (test subject).

[0045] As illustrated in FIG. 2A, thus arranged plural elec-
troacoustic conversion elements are virtually or physically
divided into predetermined plural channels 200. Each chan-
nel is made up of at least one electroacoustic conversion
element. FIG. 2A illustrates the case where M (M indicates an
integer at least one) channels 200 are arranged one-dimen-
sionally. Channel numbers m (m indicates an integer between
or equal to 1 to M) are assigned to the individual channels
200, sequentially from either one of ends. When it is neces-
sary to identify each of the channels, each channel is referred
to as channel 200(m).

[0046] The controller 130 controls operations of each ele-
ment in the controlled unit 120. The controller 130 is con-
nected to an Ul 140 that accepts an instruction from a user.
The controller 130 controls operations of each element in the
controlled unit 120 as appropriate according to the instruction
accepted from the user via the UT 140, and implements an
imaging method such as the THI and CHI, for instance.
[0047] The controller 130 is provided with a CPU, a
memory, and a storage device. According to the instruction
from the user via the UI 140, and the CPU loading programs
in the memory and executing them, the programs being held
in the storage device in advance, the controls as described
above are implemented.

[0048] The controlled unit 120 is provided with a transmit
beamformer 151 configured to generate a transmit signal that
determines a transmit beam, a transmit circuit 152 configured
to function as a transmit amplifier that amplifies the transmit
signal from the transmit beamformer 151, across point switch
(MUX) 153 configured to control connection to plural chan-
nels 200 serving as a transmit and receive aperture, out of M
channels 200, a T/R switch 154 being connected to the ultra-
sound probe 110, configured to separate a transmit signal
from a received signal, thereby separating transmit from
reception, a receive circuit 155 being provided with a function
of analogue front-end part (AFE) configured to apply ampli-
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fication and filtering process to the received signal and a
function of A/D converter configured to perform analog-digi-
tal conversion, a receive beamformer 156 configured to apply
a desired filtering process and a delay-and-add process to a
received echo signal after the analog-digital conversion, and
obtain a receive beam, a memory 161 configured to store the
receive beam obtained by the receive beamformer 156, a
signal processor 162 configured to use the receive beam
stored in the memory 161 and/or the receive beam outputted
directly from the receive beamformer 156, perform a linear
operation, and obtain a synthetic receive beam, a detector 163
configured to detect the synthetic receive beam, a digital scan
converter (DSC) 164 configured to convert the synthetic
receive beam after the detection into data for on-screen dis-
plays, and a display unit 165 to display the data being con-
verted.

[0049] The MUX 153 sets the channel 200 to be connected
to the T/R switch 154 in the controlled unit 120, in every
transmit and receive. The range of the channels 200 set by the
MUX 153 to be connected to the T/R switch are referred to as
the transmit and receive aperture 310.

[0050] As shown in FIG. 2B, the MUX 153 of the present
embodiment changes the channels 200 to be connected in
response to transmit and receive, according to the instruction
from the controller 130, thereby varying the transmit and
receive aperture 310. Variation patterns of the transmit and
receive aperture 310 are prepared in advance, and stored in
the storage, and the like, provided in the ultrasound diagnostic
apparatus 100.

[0051] The transmit beamformer 151 is connected to the
ultrasound probe 110 via the transmit circuit 152, the T/R
switch 154, and the MUX 153. The transmit beamformer 151
of the present embodiment determines voltage to be given to
each of the channels 200 of the ultrasound probe 110 and
transmits the voltage in the form of a transmit signal to the
ultrasound probe 110. In other words, in the present embodi-
ment, control of application voltage by the transmit beam-
former 151 determines ultrasound pulses transmitted respec-
tively from the channels 200 of the ultrasound probe 110.
[0052] In the present embodiment, the amplitude modula-
tion method synthesizes transmit apertures, thereby remov-
ing a fundamental wave component. Therefore, the transmit
beamformer 151 of the present embodiment determines
information that defines the transmit aperture in every trans-
miti.e., plural channels for transmitting the ultrasound pulses
(hereinafter, referred to as “transmit channels”), and informa-
tion that defines delay time given to each of the transmit
channels so as to decide a focus depth (focal distance) of wave
transmit, and generates transmit signals to be sent out to the
individual channels 200, according to those determined infor-
mation items.

[0053] In the present embodiment, the information that
defines the transmit channels is configured as a transmit
apodization. The transmit apodization defines sound pressure
of the ultrasound pulses transmitted from the respective chan-
nels 200 of the transmit and receive aperture 310. If the sound
pressure of the ultrasound pulse transmitted from the respec-
tive channels 200 is set to be zero, no ultrasound pulses are
transmitted from the channels. This feature is utilized for the
transmit beamformer 151 of the present embodiment to set
the transmit apodization, and accordingly, selection of the
transmit channels is defined simultaneously with defining the
sound pressure of the ultrasound pulses transmitted from thus
selected transmit channels.
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[0054] The information defining the delay time to be given
to each of the transmit channels is configured as a transmit
focus delays. The transmit beamformer 151 controls timing
for applying voltage to each of the transmit channels, thereby
controlling the delay time given to each of the transmit chan-
nels. Generally, the transmit focus delays is determined in
suich a manner as placing the transmit focal point on the center
of a predetermined range. This is referred to as “forming the
transmit focus delays with respect to the center position”.

[0055] Asdescribed above, the transmit beamformer 151 of
the present embodiment configures settings of the transmit
apodization and the transmit focus delays in every transmit.
Then, according to thus configured transmit apodization and
transmit focus delays, transmit signals to the respective chan-
nels 200 being selected by the MUX 153 are generated and
outputted to the transmit circuit 152.

[0056] Itisto benoted that the transmit apodization and the
transmit focus delays are configured according to an instruc-
tion from a user via the UI 140, or an instruction from the
controller 130. The controller 130 stores in the storage device
in advance, several types of settings of the transmit apodiza-
tion and the transmit focus delays for every transmit, and
outputs an instruction to the transmit beamformer 151 in
response to the user’s selection.

[0057] Accordingly, under the control of the controller 130,
the transmit beamformer 151 outputs transmit signals having
the delay time appropriate for the transmit wave focus, as to
each of the channels 200, and transfers the transmit signals to
electroacoustic elements constituting each of the channels
200 of the ultrasound probe 110, via the transmit circuit 152,
the T/R switch 154, and the MUX 153.

[0058] Each of the electroacoustic conversion elements in
the ultrasound probe 110 converts the transmit signals into the
ultrasound pulses. Qutputting of the ultrasound pulses from
the respective electroacoustic conversion elements forms an
acoustic field (transmit beam) that achieves a focus on the
position set by the user.

[0059] The ultrasound pulses being transmitted are
reflected within the imaging target, and echoes being
reflected are captured by the ultrasound probe 110, and con-
verted into analog electrical signals in each of the channels
200. The analog electrical signals pass through the MUX 153,
the transmit/receive switch (T/R switch) 154, and the receive
circuit 155, and then the signals are inputted in the receive
beamformer 156 as echo signals.

[0060] According to the control of the controller 130, the
receive beamformer 156 provides delays to the echo signals
as to each of the channels 200, and sums the echo signals, so
as to form a receive beam on a predetermined scanning line
(raster). Selection of the echo signals to be summed decides
the position of the raster being formed. The channels 200
receiving the echo signals to be summed are referred to as
“sum channels”. When the echo signals are summed, a pre-
determined delay is given to each of the echo signals, thereby
obtaining the receive beam with a desired depth.

[0061] The receive beamformer 156 defines the sum chan-
nels according to a receive apodization. Delays given to the
echo signals obtained in each of the sum channels are defined
according to a receive focus delays. The receive beamformer
156 of the present embodiment configures settings of the
receive apodization and the receive focus delays in every
receiving, and according to the settings, the receive beam-
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former generates receive beams from a group of echo signals
received by the channels 200 defined by the transmit and
receive aperture 310.

[0062] It is to be noted that the receive beamformer 156 of
the present embodiment forms receive beams on plural ras-
ters, from the group of echo signals obtained in each of the
channels 200 according to one-time transmit. In order to
achieve this, the receive beamformer 156 of the present
embodiment is able to configure plural receive apodizations
and plural receive focus delays. Various plural receive beams
generated from the group of echo signals obtained by one-
time transmit are referred to as “receive parallel beams”.
[0063] In order to generate the receive parallel beams, the
receive beamformer 156 of the present embodiment may be
provided with plural delay-and-add functions. The delay-
and-add function is to give delays to the group of echo signals
acquired in the sum channels, according to a predetermined
receive focus delays, and add the signals. It is further possible
to generate plural beams by time sharing.

[0064] As described above, the receive beamformer 156 of
the present embodiment configures the receive apodization
and the receive focus delays in every receiving, and forms the
receive beam on a predetermined raster, according to thus
configured receive apodization and the receive focus delays.
[0065] The receive apodization and the receive focus
delays are set by an instruction from the user via the UI 140 or
an instruction from the controller 130. The controller 130
holds in the storage device in advance, several types of set-
tings of the receive apodization and the receive focus delays
in every receiving, and outputs an instruction to the receive
beamformer 156 in response to the user’s selection.

[0066] Accordingly, under the control of the controller 130,
the receive beamformer 156 outputs the receive beams
formed on a predetermined raster, and stores the receive
beams in the memory 161. Alternatively, the receive beams
are outputted directly to the signal processor 162.

[0067] When the signal processor 162 acquires the receive
beams the number of which allows one scanning line (raster)
to be formed under the control of the controller 130, a linear
arithmetic process is performed to generate a synthetic
receive beam. Details of this process will be described below.
The detector 163 detects the synthetic receive beam being
obtained, the DSC 164 converts the synthetic receive beam
into data for displays, and the display unit 165 displays the
data as an ultrasound diagnosis image.

[0068] Itis to be noted that the signal processor 162 further
applies an amplification process and a predetermined filtering
process to the receive beams, in addition to the linear arith-
metic process. The amplification process is performed
according to TGC (Time gain compensation) and an ampli-
fication factor that are set by the user via the UI 140.

[0069] Itis further possible to configure the transmit beam-
former 151, the receive beamformer 156, and the signal pro-
cessor 162, in such a manner that each of those elements is
provided with the CPU and the memory, and each of the
above processes are executed when the CPU loads in the
memory the programs held in advance. Alternatively, each of
the elements may share those resources. Further alternatively,
dedicated hardware may constitute each of those elements.
[0070] The MUX 153 is not necessarily provided. Byway
of example, the T/R switch 154 is connected to all the chan-
nels 200, and according to the aforementioned transmit
apodization and the receive apodization, a channel to be used
for each transmit and receive may be selected. In other words,
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the transmit beamformer 151 controls the applied voltage to
each of the channels 200, thereby setting the channels 200 to
be connected. This is effective, for instance, when the number
of channels held by the controlled unit 120 of the ultrasound
diagnostic apparatus 100 is equal to or larger than the number
of channels configured in the ultrasound probe 110.

[0071] The configuration of the ultrasound diagnostic
apparatus 100, except the ultrasound probe 110, may be
mounted on an enclosure as a main unit, separated from the
ultrasound probe 110, or a part of this configuration may be
provided inside the ultrasound probe 110.

[0072] Next, with the use of the aforementioned ultrasound
diagnostic apparatus 100, an imaging method that employs
the harmonic imaging according to the amplitude modulation
method will be explained, the method utilizing synthesis of
the transmit apertures. Prior to explaining the imaging
method of the present embodiment, a conventional harmonic
imaging method according to the amplitude modulation
method that utilizes the synthesis of the transmit apertures
will be explained with reference to FIG. 3, FIG. 4, and FIG. 5.
[0073] In the amplitude modulation method that removes
the fundamental wave component by synthesizing the trans-
mit apertures, a waveform of the ultrasound pulse to be syn-
thesized is formed as a transmit sound field, not according to
electronic control. Here, an explanation will be made, taking
as an example that the signal processor 162 applies operations
referred to as harmonic signal processing, to the echo signals
obtained by three-time transmits; the first transmit and the
second transmit to which the transmit channels are configured
in such a manner as mutually exclusive, and the third transmit
assuming as the transmit channels, the channels used by both
the first transmit and the second transmit, and obtains a syn-
thetic receive beam corresponding to one scanning line.
[0074] 1t is assumed that the ultrasound probe 110 is pro-
vided with M channels, the channels from 200(1) to 200(M).
In addition, the range of the channels 200 used in the third
transmit is assumed as the transmit and receive aperture 310,
and the number of the channels of the transmit and receive
aperture is assumed as m. Here, m is assumed as even number
between or equal to 2 and M.

[0075] When an identification number is assigned one by
one from the left end of the channels 200 that are used in the
third transmit, the channel 200 provided with an odd identi-
fication number is referred to as “odd channel”, and the chan-
nel 200 provided with an even identification number is
referred to as “even channel”.

[0076] FIG.3A and FIG. 3B illustrate the transmit apodiza-
tion, transmit focus delays, and the transmit and receive aper-
ture in every transmit for the case above. Here, an explanation
will be made taking as one example, the raster A setting the
channels from 200(1) to 200(m) as the transmit and receive
aperture 311, and the raster B adjacent to the raster A, setting
the channels from 200(2) to 200(m+1) as the transmit and
receive aperture 311. In other words, it is assumed that the
pitch between the adjacent rasters (e.g., between the raster A
and the raster B) corresponds to the unit of the channel 200. In
the figure, the black-filled channel 200 represents the transmit
channel. The same depiction shall apply hereinafter.

[0077] As illustrated in the upper row of FIG. 3A, the
transmit apodization 321-1 of the first transmit for the raster
A, assuming the channels from 200(1) to 200(#) as the trans-
mit and receive aperture 311, is configured in such a manner
that sound pressure is provided only to the odd channels (odd
ch). As illustrated in FIG. 3A, the configured transmit
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apodization 321-1 is formed in such a manner that the closer
is the channel 200 to the raster A, the larger is the sound
pressure at which the ultrasound wave is transmitted, for
instance. As illustrated in the middle row of FIG. 3A, the
transmit apodization 321-2 of the second transmit is config-
ured in such a manner that the sound pressure is provided only
to the even channels (even ch). As illustrated in the lower row
of FIG. 3A, the transmit apodization 321-3 of the third trans-
mit is configured in such a manner that the sound pressure is
provided to all the channels (all ch).

[0078] On the other hand, the transmit focus delays 331 is
formed for the raster A in any of the transmits. The setting of
the transmit focus delays 331 is configured in such a manner
that the closer is the channel 200 to the raster A passing
through the center of the transmit and receive aperture 311,
the larger is the delay time, for instance.

[0079] The same shall apply to the transmit for the raster B
that is adjacent to the raster A. As illustrated in the upper row
of FIG. 3B, the transmit apodization 322-1 of the first transmit
for the raster B, assuming the channels from 200(2) to 200
(m+1) as the transmit and receive aperture 312, is configured
in such a manner that sound pressure is provided only to the
odd channels (odd ch). As illustrated in the middle row of
FIG. 3B, the transmit apodization 322-2 of the second trans-
mit is configured in such a manner that sound pressure is
provided only to the even channels (even ch). As illustrated in
the lower row of FIG. 3B, the transmit apodization 322-3 of
the third transmit is configured in such a manner that sound
pressure is provided to all the channels (all ch). On the other
hand, the transmit focus delays 332 is formed for the raster A
in any of the transmits.

[0080] As described above, when the channels from 200(%)
to 200(m+k-1) (k is an integer between or equal to 1 and
(M-m)) are set as the transmit and receive aperture 311,
control is performed so that only the odd channels (odd ch) of
the channels from 200(%) to 200(m+k-1) are excited in the
first transmit. In other words, the ultrasound pulses are con-
trolled to be transmitted only from the odd channels.

[0081] Setting the transmit apodization in the transmit
beamformer 151 may implement such aforementioned con-
trol. In this situation, the transmit focus delays 341 is set to the
raster K that is positioned at the center of the channels from
200(k) to 200(m+k-1). By way of example, the ultrasound
pulse transmitted in the first transmit is referred to as the first
transmit pulse.

[0082] As illustrated in FIG. 4A, reflected waves (echo
signals) from the first transmit pulse transmitted to the test
subject are received, assuming the transmit and receive aper-
ture 311 as the receive aperture. Then, the receive beam-
former 156 forms the first receive beam KR1 therefrom, and
itis stored in the memory 161. It is to be noted that the receive
beamformer 156 forms the first receive beam. KR1, by giving
the receive focus delays 341 to a group of the echo signals and
summing those signals. As shown in FIG. 4B, the receive
focus delays 341 is set to the raster K that is positioned at the
center of the transmit and receive aperture 311.

[0083] Inthe transmit of the second time (the second trans-
mit), it is controlled in such a manner that only the even
channels (even ch) out of the channels from 200(%) to 200(m+
k-1) are excited. In other words, it is controlled so that the
ultrasound pulses are transmitted only from the even chan-
nels. The reflected waves (echo signals) from the second
transmit are received, assuming the transmit and receive aper-
ture 311 as the receive aperture. Then, the receive beam-
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former 156 forms the second receive beam KR2 therefrom,
and it is stored in the memory 161. It is to be noted that the
receive beamformer 156 forms the second receive beam KR 2,
by giving the receive focus delays 341 to the group of the echo
signals and summing those signals.

[0084] In the transmit of the third time (the third transmit),
it is controlled in such a manner that all the channels of the
channels from 200(k) to 200(m+k-1) are excited. In other
words, it is controlled so that the ultrasound pulses are trans-
mitted from all the channels. The reflected waves (echo sig-
nals) from the third transmit are received, assuming the trans-
mit and receive aperture 311 as the receive aperture. Then, the
receive beamformer 156 forms the third receive beam KR3
therefrom, and it is stored in the memory 161. Itis to be noted
that the receive beamformer 156 forms the third receive beam
KR3, by giving the receive focus delays 341 to the group of
the echo signals and summing those signals.

[0085] Then, the signal processor 162 subtracts the sum-
mation of the first receive beam KR1 and the second receive
beam KR2 from the third receive beam. KR3, thereby remov-
ing the fundamental wave component and extracting only the
nonlinear component, and then a synthetic receive beam K at
the position of the raster K is obtained.

[0086] As described above, in the amplitude modulation
method using the conventional transmit sound field, in the
transmits from the first transmit to the third transmit, the
transmit apodization is set in such a manner that the transmit
apodization of the third transmit corresponds to the synthesis
of the transmit apodizations of the first transmit and the sec-
ond transmit, and any of the transmit focus delays become
equal. With this configuration, when the linear transmit sound
field in the first transmit and the linear transmit sound field in
the second transmit are synthesized, the synthetic acoustic
field becomes equal to the linear acoustic field in the third
transmit.

[0087] On the other hand, the first, the second, and the third
transmit pulses that propagate through the test subject may
cause waveform distortion, by the acoustic nonlinearity of the
test subject, along with the propagation. In other words, the
transmit pulses propagate through the test subject, with gen-
erating harmonics and low-frequency harmonics. Therefore,
the first, the second, and the third receive beams stored in the
memory 161 contain reflection echo components of the har-
monics and low-frequency harmonics components.

[0088] Those harmonics and low-frequency harmonics
have the magnitude being proportional to approximately the
square of the sound pressure P of the transmitted fundamental
wave pulse. Therefore, the sidelobe level of the harmonics or
the low-frequency harmonics becomes smaller than the side-
lobe level of the fundamental wave pulse. In addition, the
harmonics and the low-frequency harmonics occur in a
broadband. Therefore, an image obtained by imaging, using
only the components of harmonics and low-frequency har-
monics, is more excellent in contrast resolution and spatial
resolution, than the image obtained by imaging, using the
fundamental wave pulse component.

[0089] As described above, in the first transmit and in the
second transmit, a transmit area becomes half of the area
when the third transmit is performed. Therefore, when an
identical voltage waveform is applied in every transmit to the
channels 200 that are excited in the transmits from the first to
the third, the sound pressure of the fundamental wave pulse in
each of the first transmit and in the second transmit becomes
half of the sound pressure of the fundamental wave pulse in
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the third transmit. In other words, when the sound pressure of
the fundamental wave pulse in the third transmit is assumed
as P, the sound pressure of the fundamental wave pulses in
each of the first and the second transmits becomes P/2.

[0090] The harmonics and the low-frequency harmonics
are generated in proportion to approximately the square of the
sound pressure of the fundamental wave pulse. In other
words, the sound pressure on the transmit sound field side in
each of the first transmit and the second transmit is (P/2)+(P/
2)*. Here, the first term represents a linear component, and the
second term represents a nonlinear component. On the other
hand, when the sound pressure on the transmit sound field
side in the third transmit is expressed in a similar manner, it is
P+P2. Since the sound pressure amplitude of the reflected
echo is extremely small, if it is assumed that the relations of
sound pressure are maintained even after the reflection, such
relations are also maintained among the echo signals of the
first, the second, and the third transmits, and among the
receive beams respectively generated from those echo sig-
nals. In other words, when the magnitude of the sound pres-
sure in the third receive beam is assumed as R4+R?, the mag-
nitude of the sound pressure in each of the first receive beam
and the second receive beam is expressed as (R/2)+(R/2)%.

[0091] Therefore, the sum of the first receive beam KR1
and the second receive beam KR2 is subtracted from the third
receive beam KR3, and the synthetic receive beam K being
obtained corresponds to the signals being extracted, made up
of the nonlinear component of R*/2.

[0092] In the PI method being widely used as a conven-
tional harmonic imaging method, two-time transmits are per-
formed using ultrasound pulses being inverse with each other.
Therefore, if the transmit amplifier, or the like, included in the
transmit circuit 152, has any voltage-dependent distortion
characteristics, there is a possibility that a fundamental wave
pulse component remains.

[0093] On the other hand, in the harmonic imaging method
according to the amplitude modulation method that utilizes
the aforementioned synthesis of transmit apertures, an iden-
tical voltage waveform is applied to the channels 200 that are
excited in any of the first, the second, and the third transmit.
Therefore, even when the transmit amplifier, or the like,
includes voltage-dependent distortion characteristics, only
the harmonic components are able to be extracted. However,
in the aforementioned harmonic imaging method according
to the amplitude modulation method utilizing the synthesis of
transmit apertures, three-time or more transmits and recep-
tions are necessary in order to obtain the receive beam for one
scanning line (raster).

[0094] FIG. 5 illustrates a specific example indicating the
number of transmit/reception times when the conventional
method is employed. Here, an explanation will be made,
taking an example that the transmit and receive aperture 310
is made to shift sequentially, and synthetic receive beams of
the raster A, raster B, raster C, raster D, and raster E are
generated, the rasters being adjacent to one another in this
order.

[0095] As illustrated in the figure, in order to obtain the
synthetic receive beam A of the raster A, three receive beams
ARI, AR2, and AR3 are necessary, and those are obtained
respectively from the three echo signals AE1, AE2, and AE3.
In order to obtain those three echo signals AE1, AE2, and
AE3, three-time transmits AT1, AT2, and AT3 are necessary
for sending the transmit pulses.
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[0096] Similarly, each of the following synthetic receive
beams requires three-time transmits; the synthetic receive
beam B of the raster B, the synthetic receive beam C of the
raster C, the synthetic receive beam D of the raster D, and the
synthetic receive beam E of the raster E.

[0097] As thus described, in order to obtain the synthetic
receive beam for each of the rasters, three-time transmits and
receptions are necessary, and therefore, the frame rate is
deteriorated in comparison to the Pl method that requires only
two-time transmits and receptions. Therefore, there is a high
possibility of causing somewhat slow movement in a moving
image or occurrence of artifact due to body motion.

[0098] The ultrasound diagnostic apparatus 100 of the
present embodiment implements the amplitude modulation
method that improves such deterioration of frame rate and
utilizes the synthesis of transmit apertures, that is, the har-
monic imaging method achieving the frame rate approxi-
mately equivalent to that of the conventional PI method.
[0099] Next, the harmonic imaging method according to
the amplitude modulation method utilizing the synthetic
transmit aperture in the ultrasound diagnostic apparatus 100
of the present embodiment will be explained.

[0100] In the present embodiment, similar to the conven-
tional method, in the first transmit, ultrasound pulses are
transmitted from the odd channels in the transmit and receive
aperture, in the second transmit, they are transmitted from the
even channels in the transmit and receive aperture, and in the
third transmit, they are transmitted from all the channels in
the transmit and receive aperture. Then, on the basis of the
echo signals obtained from the respective transmits, the first
receive beam, the second receive beam, and the third receive
beam are generated, and those beams are synthesized as
described above, thereby forming the synthetic receive beam
on a predetermined scanning line.

[0101] Itis to be noted that in the present embodiment, the
second transmit for each raster serves as the first transmit for
the adjacent raster, and not only the second receive beam for
the raster but also the first receive beam for the adjacent raster
are generated, from the echo signal obtained by the second
transmit. FIG. 6 illustrates a specific example of the number
of transmit/reception times of the present embodiment. Simi-
lar to the case of FIG. 5, an explanation will be made, taking
as an example that synthetic receive beams of the raster A,
raster B, raster C, raster D, and raster E, are generated, the
rasters being adjacent to one another in this order.

[0102] As illustrated, in order to obtain the first synthetic
receive beam A of the raster A, three receive beams ARI,
AR2, and AR3 are necessary, and those are obtained respec-
tively from three echo signals AE1, AE2, and AE3. In order to
obtain those three echo signals AE1, AE2, and AE3, three-
time transmits AT1, AT2, and AT?3 are required.

[0103] Similarly, in order to obtain the synthetic receive
beam B of the raster B adjacent to the raster A, three receive
beams BR1, BR2. and BR3 are required. The receive beam
BR1 among the receive beams BR1, BR2, BR3 is generated
from the echo signal AE2 that is obtained by the second
transmit AT?2 for the raster A. In other words, in the present
embodiment, the second receive beam AR2 for the raster A
and the first receive beam. AR1 for the raster B are obtained
from the echo signal AE2 that is obtained by the second
transmit AT2 for the raster A.

[0104] Therefore, in order to obtain the synthetic receive
beam B of the raster B, three receive beams BR1, BR2, and
BR3 are required, and those receive beams are obtained by the
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following transmits; the second transmit AT2 for the raster A,
the second transmit BT2 for the raster B, and the third trans-
mit BT3 for the raster B. In other words, only two-time
transmits BT2 and BT3 for the raster B are sufficient.
[0105] Similarly, two-time transmits are sufficient for
obtaining each of the synthetic receive beam C for the raster
C, the synthetic receive beam D for the raster D, and the
synthetic receive beam E for the raster E.

[0106] In the present embodiment, the aforementioned
transmit and receive are implemented, by setting the transmit
apodization and the transmit focus delays in the transmit
beamformer 151, setting the receive apodization and the
receive focus delays in the receive beamformer 156, and
setting the transmit and receive aperture in the MUX 153.
Hereinafter, details of the aforementioned settings to achieve
this implementation will be explained. As to each raster, the
number of channels used in the third transmit that uses all the
channels is assumed as m. Here, it is assumed that m is an
even number in the range between or equal to 1 and m.
[0107] Firstly, with reference to FIG. 7A, an explanation
will be made regarding the setting of the transmit apodization
and the transmit focus delays by the transmit beamformer
151, in the transmit for the first raster A. It is assumed that the
channels from 200(1) to 200(m) are used in the transmit for
the raster A.

[0108] As illustrated in the upper row of FIG. 7A, the
transmit apodization 421-1 in the first transmit for the raster A
is configured in such a manner that sound pressure is provided
only to the odd channels out of the channels from 200(1) to
200(m). In other words, the transmit apodization 421-1 is set
to the effective transmit aperture 411-1 that is specified as the
range of the channels from 200(1) to 200(m-1). According to
the transmit apodization 421-1, odd channels are selected as
the transmit channels for transmitting the ultrasound pulses.
In this case, the transmit focus delays 431-1 is formed for the
raster A-1 at the center position of the effective transmit
aperture 411-1.

[0109] As illustrated in the middle row of FIG. 7A, the
transmit apodization 421-2 in the second transmit for the
raster A is configured in such a manner that sound pressure is
provided only to the even channels (even ch) out of the chan-
nels from 200(1) to 200(). In other words, the transmit
apodization 421-2 is set to the effective transmit aperture
411-2 that is specified as the range of the channels from
200(2) to 200(rm). According to the transmit apodization 421-
2, even channels are selected as the transmit channels for
transmitting the ultrasound pulses. In this case, the transmit
focus delays 431-2 is formed for the raster A-2 at the center
position of the effective transmit aperture 411-2.

[0110] In the third transmit for the raster A, a synthesis of
the transmit apodization 421-1 and the transmit apodization
421-2 is set as the transmit apodization 421-3. As illustrated
in the lower row of FIG. 7A, the channels from 200(1) to
200(m) are configured in such a manner that sound pressure is
provided to the odd and even channels in the channels from
200(1) to 200(m), i.e., to all the channels. In other words, the
transmit apodization 421-3 is set to the effective transmit
aperture 411-3 that is specified as the range of the channels
from 200(1) to 200(m). According to the transmit apodization
421-3, all the channels are selected as the transmit channels
for transmitting the ultrasound pulses.

[0111] In the third transmit for the raster A, a synthesis of
the transmit focus delays 431-1 and the transmit focus delays
431-2 is set as the transmit focus delays 431-3. Here, as
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illustrated in the lower row of FIG. 7A, the transmit focus
delays 431-1 for the raster A-1 and the transmit focus delays
431-2 for the raster A-2 are synthesized and formed for the
raster A at the center position of the effective transmit aper-
ture 411-3.

[0112] Next, with reference to FIG. 7B, an explanation will
be made regarding the transmit for the raster B thatis adjacent
to the raster A. It is assumed that the channels from 200(2) to
200(m+1) are used in the transmit for the raster B.

[0113] Asillustrated in the upper row of FIG. 7B, the trans-
mit apodization 422-1 in the first transmit for the raster B is
configured in such a manner that sound pressure is provided
only to the odd channels out of the channels from 200(2) to
200 (m+1). Since the odd channels in the channels from
200(2) to 200(m+1) are the same as the even channels in the
channels from 200(1) to 200(), this transmit apodization
422-11s made to coincide with the transmit apodization 421-2
of the second transmit for the raster A.

[0114] In the first transmit for the raster B, the transmit
focus delays 432-1 is set to the center raster B-1 of the effec-
tive transmit aperture 412-1 that is specified as the range of
the channels from 200(2) to 200(). This effective transmit
aperture 412-1 is the same as the effective transmit aperture
411-2 in the second transmit for the raster A. Therefore, this
transmit focus delays 432-1 coincides with the transmit focus
delays 431-2 of the second transmit for the raster A.

[0115] As described above, the transmit apodization 422-1
and the transmit focus delays 432-1 of the first transmit for the
raster B are respectively equal to the transmit apodization
421-2 and the transmit focus delays 431-2 of the second
transmit for the adjacent raster A. Therefore, in the present
embodiment, it is not necessary to perform the first transmit
for the raster B that is adjacent to the raster A, and the echo
signal obtained by the second transmit for the raster A is
utilized.

[0116] As illustrated in the middle row of FIG. 7B, the
transmit apodization 422-2 in the second transmit for the
raster B is configured in such a manner that sound pressure is
provided only to the even channels out of the channels from
200(2) to 200(m+1). In other words, the transmit apodization
422-2 is set to the effective transmit aperture 412-2 that is
specified as the range of the channels from 200(3) to 200(m+
1). According to the transmit apodization 421-2, the even
channels are selected as the transmit channels for transmitting
the ultrasound pulses. In this case, the transmit focus delays
432-2 is formed on the raster B-2 at the center position of the
effective transmit aperture 412-2.

[0117] Then, the echo signal obtained in the second trans-
mit for the raster B is used for the raster C that is adjacent to
the raster B.

[0118] In the third transmit for the raster B, a synthesis of
the transmit apodization 422-1 and the transmit apodization
422-2 is set as the transmit apodization 422-3. As illustrated
in the lower row of FIG. 7B, settings are configured in such a
manner that sound pressure is provided to the odd and even
channels in the channels from 200(2) to 200(m+1), i.e., all of
the channels. In other words, the transmit apodization 422-3
is set to the effective transmit aperture 412-3 that is specified
as the range of the channels from 200(2) to 200(n+1).
According to the transmit apodization 422-3, all the channels
are selected as the transmit channels for transmitting the
ultrasound pulses.

[0119] In the third transmit for the raster B, a synthesis of
the transmit focus delays 432-1 and the transmit focus delays
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432-2 is set as the transmit focus delays 432-3. Here, as
illustrated in the lower row of FIG. 7B, the transmit focus
delays 432-1 for the raster B-1 and the transmit focus delays
432-2 for the raster B-2 are synthesized to form the transmit
focus delays for the raster B at the center of the effective
transmit aperture 412-3.

[0120] As thus described, in the present embodiment, the
second transmit for a predetermined raster K (K is an integer
at least 2) serves as the first transmit for the raster [ that is
adjacent to the raster K. The transmit beamformer 151 sets the
transmit apodization and the transmit focus delays for each
transmit in such a manner as enabling this sharing. In addi-
tion, the transmit apodization and the transmit focus delays of
the third transmit, not shared, are configured so that they
become equal respectively to the transmit apodization and the
transmit focus delays that are obtained by synthesizing the
first transmit and the second transmit.

[0121] With the configuration as described above, it is pos-
sible that the echo signals obtained by the second transmit for
a predetermined raster are made to completely coincide with
the echo signals that are supposed to be obtained by the first
transmit for the adjacent raster.

[0122] Next, with reference to FIG. 8, an explanation will
be made regarding the receive apodization and the receive
focus delays in receiving, being set by the receive beam-
former 156 in the present embodiment.

[0123] As described above, the second transmit for an arbi-
trary raster K serves as the first transmit for the raster L that is
adjacent to the raster K. Therefore, the receive beamformer
156 of the present embodiment forms receive beams respec-
tively on the raster K and the raster L, from the echo signals
obtained by this shared transmit. Hereinafter, an explanation
will be made using a specific example as to the setting of the
receive apodization in each receiving and the transmit and
receive aperture in transmit and receive, in order to form the
receive beams as described above.

[0124] Also in this explanation, the center position from the
channel (1) to the channel (m) is assumed as the raster A, the
center position from the channel (2) to the channel (m+1) is
assumed as the raster B, and the center position from the
channel (3) to the channel (m+2) is assumed as the raster C.

[0125] The second transmit for the raster A serves as the
first transmit for the raster B that is adjacent to the raster A.
Therefore, the receive beamformer 156 of the present
embodiment sets the receive apodization in such a manner
that when the echo signal is received from the second transmit
for the raster A, the second receive beam AR2 and the first
receive beam. BR1 are formed respectively on the raster A
and the raster B, on the basis of the echo signal obtained from
this transmit.

[0126] Inorderto form the second receive beam AR2 on the
raster A, it is necessary for the receive beamformer 156 to sum
a group of echo signals that are obtained by the channels from
200(1) to 200(r»). On the other hand, in order to form the first
receive beam BRI on the raster B, it is necessary for the
receive beamformer 156 to sum a group of echo signals that
are obtained by the channels from 200(2) to 200(m+1).

[0127] Therefore, the receive beamformer 156 of the
present embodiment sets two different receive apodizations.
In other words, the receive apodization 441-2 is configured as
the first receive apodization that selects the channels from
200(1) to 200(m) as the sum channels. Furthermore, the
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receive apodization 442-1 is configured as the second receive
apodization that selects the channels from 200(2) to 200(m+
1) as the sum channels.

[0128] The receive beamformer 156 sets the receive focus
delays to be given respectively to the groups of echo signals
obtained by the sum channels that are selected by the receive
apodizations. Then, the receive beamformer 156 performs the
addition process on the groups of echo signals extracted by
the receive apodizations, respectively, while giving the
receive focus delays being set, forms the second receive beam
AR?2 and the first receive beam BR1, and stores the beams in
the memory 161.

[0129] The second transmit for the next raster B serves as
the first transmit for the raster C that is adjacent to the raster
B. Therefore, when the second transmit for the raster B is
performed, the receive beamformer 156 of the present
embodiment sets the receive apodization in such a manner
that the second receive beamn BR2 and the first receive beam
CRI1 are formed respectively on the raster B and the raster C
from the echo signal that is obtained from the second transmit
for the raster B.

[0130] In other words, in order to form the second receive
beam BR2 on the raster B, the receive beamformer 156 sets
the receive apodization 442-2 assuming the channels from
200(2) to 200(m+1) as the sum channels. Furthermore, in
order to form the first receive beam CR1 on the raster C, the
receive apodization 443-1 is set assuming the channels from
200(3) to 200(m+2) as the sum channels.

[0131] The receive beamformer 156 sets the receive focus
delays given to the groups of echo signals that are obtained in
the sum channels selected by the receive apodizations,
respectively. Then, the receive beamformer 156 performs the
addition process on the groups of echo signals extracted by
the receive apodizations, respectively, while giving the
receive focus delays being set, forms the second receive beam
BR2 and the first receive beam CR1, and stores the beams in
the memory 161.

[0132] Itistobenoted thatin the third transmit for the raster
B, not shared as another transmit, the receive beamformer 156
sets the receive apodization 442-3 assuming the channels
from 200(2) to 200(m+1) as the sum channels, in order to
form the third receive beam BR3 for the raster B.

[0133] The receive beamformer 156 sets the receive focus
delays to be given to the group of echo signals that are
obtained in the sum channels selected by the receive apodiza-
tion 442-3. Then, the receive beanformer 156 performs the
addition process on the groups of echo signals extracted by
the receive apodization, while giving the receive focus delays
being set, forms the third receive beam BR3, and stores the
beam in the memory 161.

[0134] The second transmit for the next raster C serves as
the first transmit for the raster D that is adjacent to the raster
C. Therefore, the receive beamformer 156 of the present
embodiment sets the receive apodization in such a manner
that the second receive beamn CR2 and the first receive beam
DR1 are formed respectively on the raster C and the raster D,
from the echo signal obtained from the transmit for the raster
C.

[0135] In other words, in order to form the second receive
beam CR2 on the raster C, the receive beamformer 156 sets
the receive apodization 443-2 assuming the channels from
200(3) to 200(m+2) as the sum channels. Furthermore, in
order to form the first receive beam DR1 on the raster D, the
receive apodization 444-1 is set, assuming the channels from
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200(4) to 200(m+3) as the sum channels. In this case, the
transmit and receive aperture 413 is set on the channels from
200(3) to 200(m+3) that contain both of beams.

[0136] Thereceive beamformer 156 further sets the receive
focus delays to be given to the group of echo signals obtained
in the sum channels selected by the receive apodizations,
respectively. Then, the receive beamformer 156 performs the
addition process on the groups of echo signals extracted by
the receive apodizations, respectively, while giving the
receive focus delays being set, forms the second receive beam
CR2 and the first receive beam DR1, and stores the beams in
the memory 161.

[0137] Itistobenoted thatinthe third transmit for the raster
C, notshared as another transmit, the receive beamformer 156
sets the receive apodization 443-3 assuming the channels
from 200(2) to 200(m+1) as the sum channels, in order to
form the third receive beam CR3 for the raster C.

[0138] The receive beamformer 156 sets the receive focus
delays to be given to the group of echo signals that are
obtained in the sum channels selected by the receive apodiza-
tion 443-3. Then, the receive beamformer 156 performs the
addition process on the groups of echo signals extracted by
the receive apodization, while giving the receive focus delays
being set, forms the third receive beam CR3, and stores the
beam in the memory 161.

[0139] Itis to be noted that in the present embodiment, the
transmit also serving as the transmit for the adjacent raster
forms the receive beams, respectively on two rasters being
adjacent to each other. Therefore, at the time of receiving, the
receive apodizations are set for both rasters respectively, cov-
ering the entire range of the transmit channels. By way of
example, they are the receive apodizations 441-2 and 442-2 as
shown in the top row of FIG. 8.

[0140] In order to achieve the aforementioned settings, in
the present embodiment, the transmit and receive aperture is
set in every transmit and receive, in such a manner as covering
not only the range of all the transmit channels in the third
transmit for one raster, but also the entire range of the transmit
channels in the third transmit for the adjacent raster. By way
of example, it may be the transmit and receive aperture 411
for the raster A in the second transmit, the transmit and
receive aperture 412 for the raster B in the second and the
third transmits, and the transmit and receive aperture 413 for
the raster C in the second and the third transmits, and the like,
as shown in FIG. 8. It is to be noted that the MUX 153
configures those settings as described above.

[0141] As thus described, the second transmit for the k-th
raster K of the present embodiment serves as the first transmit
for the raster [, that is the (k+1)th raster being adjacent to the
raster K. Therefore, the receive beamformer 156 of the
present embodiment sets the receive apodization from the
echo signal obtained by this transmit in such a manner that the
receive beams KR2 and LR1 are formed respectively on the
raster K and the raster L.

[0142] In other words, in order to form the second receive
beam KR2 on the raster K, the receive beamformer 156 sets
the receive apodization, assuming the channels from 200(k)
to 200(m+k-1) as the sum channels. Furthermore, in order to
form the first receive beam. LR1 on the raster L, the receive
beamformer 156 sets the receive apodization, assuming the
channels from 200(%k+1) to 200(m+k) as the sum channels. In
this case, the range of the channels from 200(%) to 200(m+k)
that includes both the receive beams is set as the transmit and
receive aperture.
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[0143] The receive beamformer 156 sets the receive focus
delays, respectively, to be given to the group of echo signals
that are obtained in the sum channels selected by the receive
apodizations. Then, the receive beamformer 156 provides
thus given receive delay, sums the group of signals in the sum
channels, forms the second receive beam KR2 and the first
receive beam LR 1, and stores the beams in the memory 161.
[0144] Itistobenoted thatin the third transmit for the raster
K, not shared as another transmit, the receive beamformer
156 sets the receive apodization, assuming the channels from
200(%) to 200(m+k-1) as the sum channels, in order to form
the third receive beam KR3 on the raster K. The transmit and
receive aperture in the transmit and receive for this case is
assumed as the channels from 200(%) to 200(m+k).

[0145] On this occasion, the receive beamformer 156 fur-
ther sets the receive focus delays along therewith. Then, the
receive beamformer 156 performs the addition process on the
groups of echo signals selected by the receive apodization,
while giving the receive delay defined by the receive focus
delays, forms the third receive beam. KR3, and stores the
beam in the memory 161.

[0146] It is to be noted that the processing of the signal
processor 162 is the same as the conventional manner. In
other words, three different receive beams (the first receive
beam, the second receive beam, and the third receive beam)
formed on the respective rasters, via the three different aper-
tures, are subjected to linear addition according to the afore-
mentioned method, and a synthetic receive beam is obtained.
[0147] In the aforementioned present embodiment, the
transmit apodization is formed as a rectangular weight, but
the transmit apodization is not limited to this example. Byway
of example, in order to reduce the side lobe of the transmit
beam, it may be the hanning weight, hamming weight, or the
like, which are defined for the channels being selected,
according to the function of hanning window or the function
of hamming window, or the hanning window with offset or
the hamming window with offset, etc.

[0148] Furthermore, in order to reduce the side lobe of the
receive beam, the aforementioned receive apodization may be
defined for the channels being selected, according to the
function of hanning window or the function of hamming
window, or the hanning window with offset or the hamming
window with offset, etc.

[0149] As described above, by using the aforementioned
transmit method, the ultrasound diagnostic apparatus 100 of
the present embodiment is allowed to acquire the receive
beams according to the amplitude modulation method
employing the two-time transmit and receive, being achieved
by synthesizing the transmit apertures, except the time when
the receive beams for the first scanning line (raster) are
acquired. Therefore, compared to the conventional method
that requires three-time transmit and receive for implement-
ing the same operation, the number of transmit/reception
times is reduced, and thereby enhancing the frame rate.
[0150] On the other hand, as illustrated in FIG. 7A, in the
transmit for the raster A, in the first transmit that performs
transmit from the odd channels, the range of the channels
from 200(1) to 200(m-1) made up of the odd channels is
assumed as the effective transmit aperture 411-1, and the
transmit apodization 421-1 and the transmit focus delays
431-1 are set with respect to the raster A-1 being the center
thereof, so as to perform the transmit. In the second transmit
that performs transmit from the even channels, the range of
the channels from 200(2) to 200(m) made up of the even
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channels is assumed as the effective transmit aperture 411-2,
and the transmit apodization 421-2 and the transmit focus
delays 431-2 are set with respect to the raster A-2 being the
center thereof, so as to perform the transmit.

[0151] In the third transmit that performs transmit from all
the channels, the transmit apodization 421-3 obtained by
synthesizing the transmit apodization 421-1 and the transmit
apodization 421-2, and the transmit focus delays 431-3
obtained by synthesizing the transmit focus delays 431-1 and
the transmit focus delays 431-2 are set, so as to perform the
transmit.

[0152] In this situation, as illustrated in the bottom row of
FIG. 7A, a transmit-delay level difference becomes larger
between the adjacent channels, as coming closer to the edges
of the effective transmit aperture (the range of the channels
from 200(1) to 200(m)) 411-3 in the third transmit incorpo-
rating all the channels. Next, a result of simulation will be
described below, the simulation being conducted to find out
the influence of deterioration in the transmit beam, caused by
the transmit-delay level difference.

[0153] Conditions for the simulation were provided as the
following; the center frequency of the transmit pulse was 6
MHz, the pitch of the channels was 0.2 mm, the number of
channels was 64, focal distance was 30 mm, and the transmit
apodization for the transmit from all the channels was rect-
angular weight. Properties of the acoustic medium were set as
the following; the speed of sound was 1,530 m/s, the density
was 1,000 kg/m?, the absorption coefficient was 0.5 dB/cm/
MHz, and the nonlinear parameter B/A was 7. Under these
conditions, a beam profile was obtained indicating the trans-
mit pulses and the harmonic component (synthetic receive
beam) at the focal distance, for each of the amplitude modu-
lation method according to the conventional transmit aperture
synthesis, and the amplitude modulation method of the ultra-
sound diagnostic apparatus 100 according to the present
embodiment. The KZK equation regarding the two-dimen-
sional acoustic field was solved, and a nonlinear acoustic
propagation analysis was performed, thereby obtaining the
beam profile.

[0154] FIG. 9 illustrates the simulation result of the beam
profiles (711,712, 713, and 714) of the transmit pulses at the
focal distance and each harmonic component being gener-
ated, according to the amplitude modulation method using the
conventional synthesis of transmit apertures, as explained
with reference to FIG. 3 to FIG. 5. Here, the vertical axis
indicates the sound pressure level (dB re 1 pPa), and the
horizontal axis indicates the distance in the azimuth direction
(mm). It is to be noted here that the distance in the azimuth
direction indicates the tangential direction at the center posi-
tion of the targeted transmit and receive aperture 310.
[0155] In the amplitude modulation method using the con-
ventional synthetic transmit aperture, the raster direction of
the first transmit from the odd channels, the raster direction of
the second transmit from the even channels, and the raster
direction of the third transmit from all the channels are made
to coincide, and transmit is made in such a manner as focusing
on one point. Therefore, as illustrated in the figure, the beam
profile 711 of the first transmit from the odd channels
approximately coincides with the beam profile 712 of the
second transmit from the even channels, and the beam profile
714 of the harmonic component being sharp with reduced
side lobe is obtained.

[0156] FIG. 10 illustrates the simulation result of the beam
profiles (721,722,723, and 724) of the transmit pulses at the
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focal distance and the generated harmonic component (syn-
thetic receive beam), according to the amplitude modulation
method using the synthetic transmit aperture in the ultrasound
diagnostic apparatus 100 of the present embodiment. Here,
the vertical axis indicates the sound pressure level (dB re 1
uPa), and the horizontal axis indicates the distance in the
azimuth direction (mm).

[0157] In the amplitude modulation method using the syn-
thetic transmit aperture of the present embodiment, the raster
of the first transmit from the odd channels, and the raster of
the second transmit from the even channels are located
respectively on both sides of the raster of the third transmit
from all the channels. Therefore, as illustrated in the figure,
the beam profile 721 of the first transmit from the odd chan-
nels has the same shape as that of the beam profile 722 of the
second transmit from the even channels, but slightly dis-
placed in the azimuth direction.

[0158] When the beam profiles 713 and 723 of the third
transmit from all the channels are compared, respectively
shown in FIG. 9 and F1G. 10, the beam profile shape is almost
the same. Similarly, the beam profile 724 of the harmonic
component in FIG. 10 approximately coincides with the beam
profile 714 of the harmonic component in FIG. 9, even though
the peak sound pressure level is slightly lowered.

[0159] It is to be noted that as described above, in the
analysis as shown in FIG. 9 and FIG. 10, the transmit apodiza-
tion for the transmit from all the channels is configured as a
rectangular weight, but it may be the banning weight.

[0160] As explained so far, according to the present
embodiment, a part of the transmit and receive data for a
predetermined raster may serve as apart of the transmit and
receive data for the raster that is adjacent to the predetermined
raster.

[0161] By way of example, when the amplitude modulation
method is carried out according to the three-time transmit and
receive, the transmit beamformer 151 sets the transmit
apodizations, respectively, in such a manner that odd chan-
nels are selected out of the channels 200 in the first transmit to
transmit the first transmit pulses for the scanning line A, and
in the second transmit to transmit the second transmit pulses,
even channels are selected out of the channels 200, as the
transmit channels.

[0162] In the third transmit to transmit the third transmit
pulses, the transmit apodization is configured in such a man-
ner as synthesizing the transmit apodization set in the first
transmit and the transmit apodization set in the second trans-
mit. Similarly, as for the transmit focus delays, in the third
transmit, the transmit focus delays is configured in such a
manner as synthesizing the transmit focus delayset in the first
transmit and the transmit focus delayset in the second trans-
mit.

[0163] In this situation, the transmit apodization and the
transmit focus delays in the second transmit are configured in
suich a manner that the second transmit also serves as the first
transmit for the adjacent scanning line.

[0164] Furthermore, in the receive beamformer 156, as for
the group of echo signals being received in response to the
second transmit, some of the echo signals are selectable as a
group to be summed for generating the receive beam for each
scanning line. In other words, the receive apodization is set
with respect to each scanning line, and generates the receive
beam on each scanning line. Setting the receive apodization
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that differs from one scanning line to another, allows genera-
tion of the receive beams for the respective scanning lines,
from one echo signal.

[0165] Furthermore, in the three-time transmits for each
raster, the MUX 153 configures as the transmit and receive
aperture, the channel range including the entire transmit
channel range used by the third transmit for the first raster,
and the entire transmit channel range used by the third trans-
mit for the adjacent raster that shares the second transmit for
the first raster.

[0166] Therefore, according to the present embodiment,
when data for the adjacent scanning line is acquired, it is not
necessary to transmit the first transmit pulse redundantly, but
transmits of the second transmit pulse and the third transmit
pulse are only required to obtain the data for the adjacent
scanning line.

[0167] Consequently, when the synthetic receive beam is
generated from the transmit and receive data, three-time
transmit and receive are necessary only in the data acquisition
for the first scanning line, and when data for other scanning
lines is acquired, only two-time transmit and receive are
sufficient.

[0168] In other words, according to the present embodi-
ment, in the amplitude modulation method that requires more
than one transmit and receive, a part of the transmit and
receive necessary for obtaining the received signals of various
scanning lines is able to be shared, and therefore, this may
reduce the number of times of transmit/receive and enhance
the frame rate. Therefore, this may eliminate somewhat slow
movement in a moving image, allowing a smooth imaging
without influence of body motion.

[0169] Furthermore, according to the present embodiment,
it is possible to implement the amplitude modulation using
the transmit aperture, in a few times of transmit. Since wave-
forms ofthe ultrasound pulses to be synthesized are generated
in the form of the transmit sound field, not by electronic
control, this enables transmit of a synthetic ultrasound pulse
having a highly precise waveform. Even when there are volt-
age-dependent distortion and/or nonlinear characteristics in
the transmit system of the ultrasound diagnostic apparatus
incorporating the transmit amplifier, the ultrasound probe,
and the like, it is possible to remove the fundamental wave
component with a high degree of precision. This allows the
THI to obtain an image with high contrast resolution and
spatial resolution, and allows the CHI to obtain a contrast
image with high CTR.

Second Embodiment

[0170] Next, the second embodiment to which the present
invention is applied will be explained. In the first embodi-
ment, each channel is used independently, and the transmit
apertures of the odd channels and the even channels are syn-
thesized. In the present embodiment, a channel block is
formed using adjacent plural channels, and the transmit apet-
tures are synthesized in units of channel blocks. In other
words, the transmit aperture made up of the even channel
blocks is synthesized with the transmit aperture made up of
the odd channel blocks.

[0171] Hereinafter, in the present embodiment, an explana-
tion will be made taking as an example that adjacent two
channels form the channel block 210.

[0172] The ultrasound diagnostic apparatus of the present
embodiment has basically the same configuration as the ultra-
sound diagnostic apparatus 100 of the first embodiment. As
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described above, in the present embodiment, the unit for
synthesizing the transmit apertures is different. Therefore, in
each transmit, setting of the transmit apodization and transmit
focus delays by the transmit beamformer 151, setting of the
receive apodization and the receive focus delays by the
receive beamformer 156, setting of the transmit and receive
aperture by the MUX 153, and a method for generating the
receive parallel beams by the receive beamformer 156, are
different from those of the first embodiment. Hereinafter, an
explanation will be made regarding the present embodiment,
focusing on the configuration different from the first embodi-
ment.

[0173] Firstly, the transmit apodization and the transmit
focus delays will be explained, which are set in every transmit
by the transmit beamformer 151 of the present embodiment,
5o as to obtain the receive beams for one raster. As described
above, in the present embodiment, the transmit apertures are
synthesized in units of channel blocks. Therefore, the trans-
mit apodization and the transmit focus delays are also con-
figured in units of channel blocks. FIG. 11 illustrates the
transmit apodization and the transmit focus delays that are set
in transmit of the present embodiment. Here, an explanation
will be made, taking as an example the transmit to obtain
receive beams for a predetermined raster K.

[0174] Also in the present embodiment, the transmit beam-
former 151 sets the transmit apodization and the transmit
focus delays in every transmit, according to an instruction
from the controller 130. The controller 130 holds in advance
several types of settings regarding the transmit apodization
and the transmit focus delays for each transmit, and outputs
an instruction to the transmit beamformer 151 in response to
the selection by a user.

[0175] Inthe first transmit for transmitting the first transmit
pulse, the odd channel blocks (odd bk) 210 are assumed as the
transmit channel blocks, and the transmit apodization 521-1
is set in such a manner that transmit pulses are transmitted
only from those transmit channel blocks. In addition, it is
assumed that the effective transmit aperture 511-1 corre-
sponds to the channel blocks 210 on both edges and therebe-
tween of the transmit channel blocks, and the transmit focus
delays 531-1 is configured for the raster K-1 at the center of
the effective transmit aperture.

[0176] In the second transmit for transmitting the second
transmit pulse, the even channel blocks (even bk) 210 are
assumed as the transmit channel blocks, and the transmit
apodization 521-2 is set in such a manner that transmit pulses
are transmitted only from those transmit channel blocks. It is
assumed that the effective transmit aperture 511-2 corre-
sponds to the channel blocks 210 on both edges and therebe-
tween of the transmit channel blocks, and the transmit focus
delays 531-2 is configured for the raster K-2 at the center of
the effective transmit aperture.

[0177] Inthe third transmit for transmitting the third trans-
mit pulse, the transmit apodization 521-1 set in the first trans-
mit, and the transmit apodization 521-2 set in the second
transmit are synthesized, thereby setting the transmit
apodization 521-3. Similarly, as for the transmit focus delays,
the transmit focus delays 531-1 set in the first transmit and the
transmit focus delays 531-2 set in the second transmit are
synthesized, thereby setting the transmit focus delays 531-3.
Therefore, in this situation, the transmit focus delays 531-3 is
set for the raster K at the center of the effective transmit
aperture 511-3 that is obtained by synthesizing both the effec-
tive transmit apertures 511-1 and 511-2.
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[0178] Then, the transmit apodization and the transmit
focus delays in every transmit are configured in such a man-
ner that the second transmit serves as the first transmit of the
three transmits that are used for forming the adjacent raster.
[0179] Next, setting of the receive apodization and the
receive focus delays by the receive beamformer of the present
embodiment will be explained. FIG. 12 illustrates the receive
apodization and the receive focus delays being set in receiv-
ing time of the present embodiment. In this example here, the
pitch is defined assuming the channel block 210 as one unit,
and the synthetic receive beams are generated for the rasters
in the order of the raster A, raster B, raster C, and raster D.
[0180] Thereceive beamformer 156 of the present embodi-
ment, similar to the first embodiment, configures the receive
apodization in such a manner that the echo signal received by
the second transmit for a raster is used to form the receive
beams respectively on the raster and the adjacent raster. Fur-
thermore, the delay that is given to each ofthe echo signals in
summation, is set as thereceive focus delays. Then, a group of
echo signals obtained by the sum channel blocks that are
selected by thus determined receive apodization, are provided
with the predetermined delays being defined by the receive
focus delays, and along therewith, the group of echo signals
are summed, so as to generate the receive beams with prede-
termined depths respectively on the predetermined raster and
the raster adjacent thereto.

[0181] Itisto be noted that in the third transmit, the receive
beam is formed only on the predetermined raster.

[0182] By way of example, the second transmit for the
raster A serves as the first transmit of the raster B. Therefore,
in receiving the echo signal by the second transmit for the
raster A, the receive beamformer 156 sets the receive apodiza-
tions 541-2 and 542-1. The receive beamformer 156 further
sets the receive focus delays, and forms the second receive
beam AR2 and the first receive beam BR1 respectively on the
raster A and the raster B, from the echo signals of the sum
channel blocks that are specified by the receive apodizations
541-2 and 542-1, respectively.

[0183] Similarly, the second transmit for the raster B serves
as the first transmit for the raster C. Therefore, the receive
beamformer 156 sets the receive apodization 542-2 for form-
ing the second receive beam on the raster B, and the receive
apodization 543-1 for forming the first receive beam on the
raster C. Furthermore, the receive beamformer 156 forms the
second receive beam BR2 and the first receive beam CR1 on
the respective rasters, from the group of echo signals of the
sum channel blocks that are specified by both receive
apodizations, respectively, according to the receive focus
delays being configured.

[0184] In the third transmit for the raster B, the receive
beamformer 156 sets the receive apodization 542-3 for form-
ing the third receive beam on the raster B, and forms the third
receive beam BR3 on the raster B, from the group of echo
signals thus obtained.

[0185] The second transmit for the raster C similarly serves
as the first transmit for the raster D. Therefore, the receive
beamformer 156 sets the receive apodization 543-2 for form-
ing the second receive beam on the raster C, and the receive
apodization 544-1 for forming the first receive beam on the
raster D. Then, the receive beamformer 156 forms the second
receive beam CR2 and the first receive beam DRI on the
respective rasters, from the group of echo signals of the sum
channel blocks that are specified by both of the receive
apodizations.

May 28, 2015

[0186] In the third transmit for the raster C, the receive
beamformer 156 sets the receive apodization 543-3 for form-
ing the third receive beam for the raster C, and forms the third
receive beam CR3 on the raster C, from the group of echo
signal being obtained.

[0187] As described above, since the receive beams are
formed on the adjacent two rasters, also in the present
embodiment, the range of the channel blocks 210 including
all the transmit channel blocks 210 for both of the rasters is
configured as the transmit and receive apertures 511,512, and
513. In the present embodiment similarly, the MUX 153
controls the transmit and receive apertures.

[0188] In other words, when the synthetic receive beam of
one raster is generated, if it is assumed that m channel blocks
210 are used in the transmit and receive for the raster K being
the k-th raster from the end, the channel blocks 210 from
210(k) to 210 (m+k-1) are used. In the transmit and receive
for the raster adjacent to the raster K, the channel blocks from
210 (k+1) to 210 (m+k) are used. Therefore, in the transmit
and receive for the raster K, the MUX 153 configures the
channel blocks from 210(%) to 210 (m+k) as the transmit and
receive aperture.

[0189] Similar to the first embodiment, the signal processor
162 of the present embodiment subjects the three receive
beams formed on the respective rasters to a linear addition
according to the aforementioned method, and obtains a syn-
thetic receive beam.

[0190] It is to be noted that with the configuration above,
distance between the rasters being formed corresponds to a
pitch of the number of channels constituting the channel
block 210. In the aforementioned example, it corresponds to
two-channel pitch, for instance. Therefore, the number of
ultrasound wave transmits times for configuring one frame
becomes smaller, and this may enhance the frame rate more.
However, this may decrease the scanning line (raster) density,
failing to obtain sufficient azimuth resolution, in some cases.
[0191] In order to obtain the scanning line density being
equal to that of the first embodiment, it is possible to config-
ure such that two or more receive beams being shared among
plural rasters are formed from one echo signal. The receive
apodization and the receive focus delayset by the receive
beamformer 156 in the case above will be explained. FIG. 13
illustrates the receive apodization and the receive focus
delays of this modification example. It is assumed here that
the synthetic receive beams are generated in the order of the
raster A, raster B, raster C, and raster D, with a pitch of one
channel block. An explanation will be made, taking as an
example that the receive beams are generated on the four
different rasters, from the echo signal received by the second
transmit for each raster.

[0192] Similar to the case above, the receive beamformer
156 sets two receive apodizations in such a manner that the
receive beams are able to be formed respectively on the two
adjacent rasters, from the echo signal received by the second
transmit for each raster. Then, the receive beamformer 156
provides two different receive focus delays to the group of
echo signals obtained by the sum channel blocks that are
specified by one receive apodization, thereby forming two
different receive beams respectively on the two different ras-
ters.

[0193] Also in the third transmit for each raster, the receive
beamformer 156 provides two different receive focus delays
to thus received echo signals, and forms the receive beams
respectively on the two different rasters being the same as
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those in the second transmit. With reference to FIG. 13, the
processing above will be explained, using a specific example.
[0194] In the second transmit for the raster A, the receive
beamformer 156 sets the receive apodizations 541-2 and
542-1 on the echo signals being received. Those are the
receive apodizations for forming the receive beams respec-
tively on the rasters A and B. Then, the receive beamformer
156 provides two different delay time weights to the signals in
the sum channel blocks that are specified by the receive
apodization 541-2, so that the receive beams are formed on
the raster Al and the raster A2, and generates the second
receive beams A1R2 and A2R2 on these rasters respectively.
The receive beamformer 156 further provides two different
focus delays to the signals in the sum channel blocks that are
specified by the receive apodization 542-1, so that the receive
beams are formed on the rasters B1 and B2, and generates the
first receive beams B1R1 and B2R1 on these rasters, respec-
tively.

[0195] In the third transmit for the raster B, the receive
beamformer 156 sets the receive apodization 542-3 for form-
ing the receive beam on the raster B. Then, the receive beam-
former 156 provides two different delay time weights to the
signals in the sum channel blocks that are specified by the
receive apodization 542-3, so that the receive beams are
formed on the rasters Bl and B2, and generates the third
receive beams B1R3 and B2R3 on these rasters, respectively.
[0196] It is to be noted that the same is applied to other
transmits. Similarly, the transmit and receive aperture is set
by the MUX 153, assuming as its range, all the channel blocks
used for the rasters sharing transmit.

[0197] In the modification example above, it is configured
such that in the transmit being shared, the receive beamformer
156 forms the receive beams on two rasters respectively on
both sides of the target raster, but the number of receive beams
to be formed is not limited to this number. Itis further possible
to configure such that the receive beams are formed respec-
tively on plural rasters, which places the target raster therebe-
tween. In this situation, the receive beamformer 156 sets the
receive apodization that defines the sum channels, scanning
line by scanning line, and sets plural different receive focus
delays to each of the receive apodizations, thereby forming
the receive beams respectively on the plural rasters placing
each scanning line therebetween.

[0198] 1t is further possible to configure such that the
receive beamformer 156 sets four receive apodizations in the
transmit being shared, and two receive apodizations in the
third transmit not shared, and forms four and two receive
beams, respectively.

[0199] In the present embodiment and its modification
example, a configuration of one channel block made up of two
channels has been explained as an example, but the number of
channels constituting the channel block is not limited to this
number. It may be three or more.

[0200] FIG. 14 illustrates a simulation result of the beam-
profiles (731, 732, 733, and 734) of the transmit pulses at
focal distance and the harmonic component being generated,
according to the amplitude modulation method synthesizing
the transmit apertures in the modification example of the
present embodiment. Here, the vertical axis indicates the
sound pressure level (dB re 1 uPa), and the horizontal axis
indicates the azimuth direction distance (mm).

[0201] As illustrated in the figure, the beam profile 731 of
the odd channel blocks (odd bk) and the beam profile 732 of
the even channel blocks (even bk) are obviously displaced in
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the azimuth direction. When the results in FIG. 9 and FIG. 10
are compared with this result, the beam profiles 731, 732, and
733 of the transmit sound field in F1IG. 14 show the increase of
the side lobe, resulting in that the sidelobe level of the har-
monic component increases. On the main lobe, the resolution
in the azimuth direction is deteriorated, and in addition, low-
ering of the peak sound pressure of the harmonic component
is getting remarkable.

[0202] According to the result above, it is found that when
the channel block including three or more channels per block
is formed, increase of the side lobe and deterioration of the
main lobe become remarkable. Therefore, it is desirable to
form one channel block, using two channels at the maximum.

[0203] In the present analysis, as described above, the
transmit apodization in the transmit from the all the channels
is assumed as a rectangular weight, but it may be the hanning
weight, or the like. Since the hanning weight is effective for
reducing the side lobe, it is particularly effective in forming
the channel block as in the case of the present modification
example.

[0204] As described above, in the present embodiment,
plural channels are treated as one block. Therefore, the dis-
tance between rasters corresponds to n-channel pitch (two-
channel pitch is employed in the example above). Since this
configuration reduces the number of ultrasound wave trans-
mits, the frame rate is further improved.

[0205] Inthe present modification example, the first receive
beams B1R1 and B2R1, for instance, are formed from the
group of echo signals with the setting of receive apodization
for one raster B. In other words, information at the position
slightly displaced from the peak positionin the azimuth direc-
tion is obtained, with respect to the main beam having a
simple transmit peak in the azimuth direction as indicated by
the harmonic component 734 in FIG. 14. This may cause
lowering of a degree of homogeneity in the entire image.

[0206] In the present embodiment, in order to solve this
problem, as shown in FIG. 1B, the signal processor 162 may
further be provided with a gain adjuster 166 configured to
perform gain adjustment of the receive beam. The gain
adjuster 166 performs digital arithmetic processing for per-
forming gain adjustment of the receive beam. Gain adjust-
ment according to the gain adjuster 166 allows the entire
image to be homogenized.

[0207] TItisto be noted here that in order to reduce the side
lobe of the receive beam, the aforementioned receive
apodization may be defined for the sum channels being
selected, according to the function of hanning window or the
function of hamming window, or the hanning window with
offset or the hamming window with offset, etc.

[0208] As explained so far, in the present embodiment, the
channel block is made up of the adjacent plural (two in the
example above) channels, and it is configured as performing
the first transmit via the odd channel blocks, and the second
transmit via the even channel blocks. This configuration may
extend the raster pitch. Consequently, the number of transmit/
reception times per image frame is reduced, thereby improv-
ing the frame rate.

[0209] Furthermore, if it is configured such that the receive
beams are formed on many different scanning lines from one
echo signal, the number of transmits is reduced, while main-
taining the scanning line density. Therefore, in order to obtain
one synthetic receive beam from the received echo signals by
three-time transmits, substantially two-time transmit and
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receive are sufficient, except for the first scanning line. There-
fore, high-speed harmonic imaging is possible.

Third Embodiment

[0210] The third embodiment to which the present inven-
tion is applied will be explained. In any of the first and the
second embodiments, one received signal is obtained via
three-time transmitted and received data. In the present
embodiment, the transmit aperture is further divided, and one
received signal is generated, by using the transmitted and
received data (received echoes) of four or more time.

[0211] The configuration of the ultrasound diagnostic
apparatus 100 of the present embodiment is basically the
same as the first embodiment. In the present embodiment,
since the division number of the transmit aperture is different,
the configurations of the transmit beamformer 151, the
receive beamformer 156, and the signal processor 162 are
also different. Hereinafter, the present embodiment will be
explained, focusing on the configurations different from the
first embodiment. In here, an explanation will be made taking
as an example, the case where one received signal is gener-
ated by using four-time transmitted and received data (re-
ceived echoes).

[0212] Also in the present embodiment, the transmit beam-
former 151 sets the transmit apodization and the transmit
focus delays for each transmit, and according to the settings,
the transmit beams are transmitted from the plural channels
200 of the ultrasound probe 110. Further in the receive beam-
former 156, the effective receive aperture, the receive
apodization, and the receive focus delays are set, and the
receive beams are obtained. In addition, the signal processor
162 generates a synthetic receive beam using the receive
beams.

[0213] FIG. 15 illustrates the transmit and receive method
ofthe present embodiment. Here, an explanation will be made
taking the following case as an example; acquiring one syn-
thetic receive beam from the receive beams, by four-time
transmits in total, that is, three-time transmits and another one
transmit that is performed via the transmit aperture obtained
by synthesizing the transmit apertures of those three-time
transmits above.

[0214] In the present embodiment, settings are configured
such that the transmit apodization and the transmit focus
delays in the third transmit for a predetermined raster A
become equal to the transmit apodization and the transmit
focus delays in each of the second transmit for the raster B
being adjacent, and the first transmit for the raster C that is
adjacent to the raster B. Also in the present embodiment, the
transmit beamformer 151 configures those settings.

[0215] The transmit apodization and the transmit focus
delays in the fourth transmit for the predetermined raster A is
configured as the synthesis of the transmit apodization and
the transmit focus delays obtained by synthesizing those in
the first transmit, the second transmit, and the third transmit.
[0216] In addition, the receive apodization and the receive
focus delays are configured as the following.

[0217] By way of example, for the echo signal obtained in
the third transmit for the raster A, the receive apodization is
set as the following; the receive apodization 641-3 for form-
ing the receive beam AR3 on the raster A, the receive apodiza-
tion 642-2 for forming receive beam BR2 on the raster B, and
the receive apodization 643-1 for forming receive beam CR1
on the raster C. The receive beamformer 156 configures those
settings. Then, the receive beamformer 156 forms each of the
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receive beam AR3, the receive beam BR2, and the receive
beam CR1, and stores those beams in the memory 161.
[0218] Similarly, also for the echo signal obtained in the
third transmit for raster B, three receive apodizations 642-3,
643-2, and 644-1 are set, and the receive beam BR3, the
receive beam CR2, and the receive beam DR1 are formed
respectively, and stored in the memory 161.

[0219] Similarly, also for the echo signal obtained in the
third transmit for raster C, three receive apodizations 643-3,
644-2, and 645-1 are set, and the receive beam CR3, the
receive beam DR2, and the receive beam ERI1 are formed
respectively, and stored in the memory 161.

[0220] Similarly, also for the echo signal obtained in the
third transmit for raster D, three receive apodizations 644-3,
645-2, and 646-1 are set, and the receive beam DR3, the
receive beam ER2, and the receive beam FR1 are formed
respectively, and stored in the memory 161.

[0221] Similarly, also for the echo signal obtained in the
third transmit for raster E, three receive apodizations 645-3,
646-2, and 647-1 are set, and the receive beam ER3, the
receive beam FR2, and the receive beam GRI1 are formed
respectively, and stored in the memory 161.

[0222] In the fourth transmit for the raster C, for instance,
which does not serve as the transmit for other rasters, the
receive apodization 643-4 is set so that the receive beam is
formed on the raster C, and the receive beam CR4 is formed.
Similarly forthe raster D and the raster E, the receive apodiza-
tions 644-4 and 645-4 are set, and the receive beams DR4 and
ER4 are formed respectively.

[0223] The signal processor 162 synthesizes the receive
beams obtained for the respective rasters, and forms a syn-
thetic receive beam. As for the case of the raster C, for
example, the summation of the receive beam CR1, the receive
beam. CR2, and the receive beam. CR3 is subtracted from the
receive beam CR4.

[0224] Furthermore, in each transmit, the MUX 153 sets
the channels that are required for all the rasters that share the
transmit, as the transmit and receive aperture.

[0225] As described above, according to the present
embodiment, the first receive beam CR1 and the second
receive beam CR2 for the raster C, for example, are obtained
in the third transmit for the raster A and in the third transmit
for the raster B, respectively. Therefore, the receive beam for
the predetermined raster may be acquired by adding two more
transmits and receptions.

[0226] As described above, when the division number of
the transmit aperture is increased, it is possible to expect
enhancement of signal intensity in the harmonic imaging
according to the amplitude modulation method. Byway of
example, in the example of FIG. 15 showing that the division
number is three, when the sound pressure in the transmit from
all the channels is assumed as P, the sound pressure via the
first, the second, and the third partial aperture corresponds to
P73, respectively. Therefore, the received echo intensity is
expressed as (R/3)+(R/3)?, and when the transmits of three
times are synthesized, it becomes equal to R+(R*3). There-
fore, the harmonic components being extracted becomes
(2R?/3). That is, it is possible to obtain harmonic signals
larger than (R/2) that is obtained by the three-time transmit
with the division number being two, as explained in the first
and the second embodiments.

[0227] The number of transmit/reception times for obtain-
ing one synthetic receive beam is not limited to the example
above.
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[0228] Also in the present embodiment, similar to the sec-
ond embodiment, a block may be configured using plural
channels, and the transmit aperture may be divided in units of
blocks.

[0229] As described so far, the ultrasound diagnostic appa-
ratus 100 of the present embodiment is configured to transmit
ultrasound pulses to a test subject from the ultrasound probe
provided with plural channels 200, and obtain an ultrasound
image from echo signals being received, including the trans-
mit beamformer 151 configured to set a transmit apodization
that defines as the transmit channels, more than one transmit
channel 200 for transmitting the ultrasound pulses, out of the
plural channels, and the transmit focus delays that defines the
delay time to be given to the ultrasound pulses transmitted
from each of the transmit channels in every transmit, the
receive beamformer 156 configured to generate a receive
beam, from the echo signals received by the plural channels in
every transmit, and the signal processor configured to gener-
ate a synthetic receive beam on one scanning line, by synthe-
sizing n (n is an integer at least 3) receive beams and obtain an
ultrasound image, where the n receive beams that generate the
synthetic receive beam on one scanning line are generated
respectively from the echo signals obtained by n different
transmits, and at least one transmit out of the n different
transmits is a shared transmit that serves as the transmit for a
second scanning line that is different from the aforemen-
tioned one scanning line.

[0230] The transmit beamformer 156 may further be con-
figured in such a manner that the transmit apodization and the
transmit focus delays of one transmit (transmit having been
synthesized), out of the n transmits, are equal to a synthesis of
the transmit apodizations and asynthesis of the transmit focus
delays of other (n-1) transmits (transmit to be synthesized).
The receive beamformer 156 forms the receive beam on each
of both the scanning lines, from the echo signals received
from the shared transmit. Then, the receive beamformer 156
sets for every scanning line, the receive apodization defining
the sum channels, and the receive focus delays defining the
delay time to be given to the echo signals obtained via the sum
channels, and forms the receive beam according to the receive
apodization and the receive focus delays for each of the scan-
ning lines. In this situation, the transmit apodization may be
set in such a manner that the selected transmit channels are
mutually exclusive, at the time of (n-1) transmits to be syn-
thesized.

[0231] In addition, there is further provided the switch
(MUX) 153 configured to determine the transmit and receive
aperture corresponding to the channels 200 to be connected to
the transmit beamformer 151 and the receive beamformer 156
for each transmit and receive, and the switch (MUX) 153 may
determine as the transmit and receive aperture, all the transmit
channels used by the transmit having been synthesized, for
each of the two scanning lines that use the shared transmit as
the transmit to be synthesized.

[0232] As described above, according to the present
embodiment, in the amplitude modulation method that
requires plural times of transmit and receive, it is possible to
share a partial transmit and receive sequence, which is nec-
essary for acquiring received signals on different scanning
lines. Therefore, this enables enhancement of the frame rate,
eliminating somewhat slow movement in a moving image,
and allowing a smooth imaging without influence of body
motion.
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[0233] Even when there are voltage-dependent distortion
and/or nonlinear characteristics in the transmit system of the
ultrasound diagnostic apparatus incorporating the transmit
amplifier, the ultrasound probe, and the like, it is possible to
remove the fundamental wave component with a high degree
of precision. This allows the THI to obtain an image with high
contrast resolution and spatial resolution, and allows the CHI
to obtain a contrast image with high CTR.

EXPLANATION OF REFERENCES

[0234] 100: ultrasound diagnostic apparatus, 110: probe,
110: ultrasound probe, 120: controlled unit, 130: control-
ler, 140: UL, 151: transmit beamformer, 152: transmit cit-
cuit, 153: MUX, 154: T/R switch, 155: receive circuit, 156:
receive beamformer, 161: memory, 162: signal processor,
163: detector, 164: DSC, 165: display unit, 166: gain
adjuster, 200: channel, 210: channel block, 310: transmit
and receive aperture, 311: transmit and receive aperture,
312: transmit and receive aperture, 321-1: transmit
apodization of the first transmit, 321-2: transmit apodiza-
tion of the second transmit, 321-3: transmit apodization of
the third transmi t, 322-1: transmit apodization of the first
transmi t, 322-2: transmit apodization of the second
transmi t, 322-3: transmit apodization of the third transmit,
331: transmit focus delays, 332: transmit focus delays,
411: transmit and receive aperture, 411-1: effective transmi
t aperture of the first transmit, 411-2: effective transmi t
aperture of the second transmit, 411-3: effective transmi t
aperture of the third transmit, 412: transmit and receive
aperture, 412-1: effective transmi t aperture of the first
transmit, 412-2: effective transmi t aperture of the second
transmit, 412-3: effective transmi t aperture of the third
transmit, 413: transmit and receive aperture, 421-1: trans-
mit apodization of the first transmi t, 421-2: transmit
apodization of the second transmi t, 421-3: transmit
apodization of the second transmit, 422-1: transmit
apodization of the first transmi t, 422-2: transmit apodiza-
tion of the second transmit, 422-3: transmit apodization of
the third transmi t, 431-1: transmit focus delays of the first
transmit, 431-2: transmit focus delays of the second trans-
mit, 431-3: transmit focus delays of the third transmit,
432-1: transmit focus delays of the first transmit, 432-2:
transmit focus delays of the second transmit, 432-3: trans-
mit focus delays of the third transmit, 441-2: receive aper-
ture of the second transmit and receive, 442-1: receive
aperture of the first transmit and receive, 442-3: receive
aperture of the third transmit and receive, 442-2: receive
aperture of the second transmit and receive, 443-1: receive
aperture of the first transmit and receive, 443-2: receive
aperture of the second transmit and receive, 444-1: receive
aperture of the first transmit and receive, 511: transmit and
receive aperture, 511-1: effective transmi t aperture of the
first transmit, 511-2: effective transmi t aperture of the
second transmit, 511-3: effective transmi t aperture of the
third transmit, 512: transmit and receive aperture, 513:
transmit and receive aperture, 521-1: transmit apodization
of the first transmit, 521-2: transmit apodization of the
second transmit, 521-3: transmit apodization of the third
transmi t, 531-1: transmit focus delays of the first transmit,
531-2: transmit focus delays of the second transmit, 531-3:
transmit focus delays of the third transmit, 541-2: receive
aperture of the second transmit and receive weight, 542-1:
receive aperture of the first transmit and receive weight,
542-3: receive apodization of the third transmit and
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receive, 542-2: receive aperture of the second transmit and
receive weight, 543-1: receive aperture of the first transmit
and receive weight, 543-3: receive apodization of the third
transmit and receive, 543-2: receive aperture of the second
transmit and receive weight, 544-1: receive aperture of the
first transmit and receive weight, 641-3: receive apodiza-
tion of the third transmi t and receive, 642-2: receive aper-
ture of the second transmit and receive weight, 643-1:
receive aperture of the first transmit and receive weight,
642-3: receive apodization of the third transmi t and
receive, 643-2: receive aperture of the second transmit and
receive weight, 644-1: receive aperture of the first transmit
and receive weight, 643-3: receive apodization of the third
transmit and receive, 643-4: receive apodization of the
fourth transmi t and receive, 644-2: receive aperture of the
second transmit and receive weight, 645-1: receive aper-
ture of the first transmit and receive weight, 644-3: receive
apodization of the third transmi t and receive, 645-2:
receive aperture of the second transmit and receive weight,
646-1: receive aperture of the first transmit and receive
weight, 645-3: receive apodization of the third transmit and
receive, 646-2: receive aperture of the second transmit and
receive weight, 647-1: receive aperture of the first transmit
and receive weight, 644-4: receive apodization of the
fourth transmi t and receive, 645-4: receive apodization of
the fourth transmi t and receive, 711: beam profile of the
first transmit pulse, 712: beam profile of the second trans-
mit pulse, 713: beam profile of the third transmit pulse,
714: beam profile of the harmonic component, 721: beam
profile of the first transmit pulse, 722: beam profile of the
second transmit pulse, 723: beam profile of the third trans-
mit pulse, 724: beam profile of the harmonic component,
731: beam profile of the first transmit pulse, 732: beam
profile of the second transmit pulse, 733: beam profile of
the third transmit pulse, 734: beam profile of the harmonic
component

What is claimed is:

1. An ultrasound diagnostic apparatus that transmits ultra-
sound pulses to a test subject, from an ultrasound probe
provided with plural channels, and obtains an ultrasound
image from echo signals being received, comprising,

a transmit beamformer configured to set a transmit
apodization that defines more than one transmit chan-
nels that transmit the ultrasound pulses, among the plu-
ral channels, and the transmit focus delays that defines
delay time to be given to the ultrasound pulses transmit-
ted from each of the transmit channels in every transmit,

a receive beamformer configured to generate a receive
beam, from the echo signals received by the plural chan-
nels in every transmit, and

a signal processor configured to generate a synthetic
receive beam on one scanning line, by synthesizing n (n
is an integer at least 3) receive beams and obtain an
ultrasound image, wherein

the n receive beams that generate the synthetic receive
beam on the one scanning line are generated respectively
from the echo signals obtained by n different transmits,
and

at least one out of the n different transmits is a shared
transmit that serves as the transmit for another scanning
line that is different from the one scanning line.

2. The ultrasound diagnostic apparatus according to claim

1, wherein,
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the transmit beamformer configures the transmit apodiza-
tion and the transmit focus delays of one transmit having
been synthesized, out of the n different transmits, in such
a manner as being equal to a synthesis of the transmit
apodizations and a synthesis ofthe transmit focus delays
of (n-1) transmits to be synthesized.

3. The ultrasound diagnostic apparatus according to claim

1, wherein,

the receive beamformer forms the receive beam on each of
both the scanning lines, from the echo signals received
by the shared transmit.

4. The ultrasound diagnostic apparatus according to claim

3, wherein,

the receive beamformer configures a receive apodization
defining sum channels with respect to each scanning
line, and a receive focus delays defining the delay time
given to the echo signals obtained by the sum channels,
and forms the receive beam according to the receive
apodization and the receive focus delays for each of the
scanning lines.

5. The ultrasound diagnostic apparatus according to claim

2, wherein,
the transmit apodization is configured in such a manner
that the transmit channels being mutually exclusive are
selected in the (n—1) transmits to be synthesized.
6. The ultrasound diagnostic apparatus according to claim
5, wherein,

n represents 3.

7. The ultrasound diagnostic apparatus according to claim
6, wherein,

the transmit apodization is configured in such a manner
thatodd channels are selected as the transmit channels in
one of the transmits to be synthesized.

8. The ultrasound diagnostic apparatus according to claim

1, wherein,

the plural channels being adjacent constitute a channel
block, and the transmit apodization and the transmit
focus delays are configured in units of channel blocks.

9. The ultrasound diagnostic apparatus according to claim

8, wherein,

the receive beamformer forms the receive beams respec-
tively on plural scanning lines that place therebetween,
each of the two scanning lines both using the shared
transmit, from the echo signals received by the shared
transinit.

10. The ultrasound diagnostic apparatus according to claim

9, wherein,

the receive beamformer configures the receive apodization
defining sum channels for each scanning line, further
configures plural different receive focus delays for each
of the receive apodization, and forms with respect to the
one scanning line, the receive beams respectively on the
plural scanning lines that place the one scanning line
therebetween.

11. The ultrasound diagnostic apparatus according to claim

2, comprising,

a switch configured to determine a transmit and receive
aperture corresponding to channels connected to the
transmit beam former and the receive beamformer in
every transmit and receive, wherein,

the switch determines as the transmit and receive aperture,
all the transmit channels used in the transmit having
been synthesized, for each of the two scanning lines that
use the shared transmit as the transmit to be synthesized.
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12. The ultrasound diagnostic apparatus according to claim
1, wherein,

the signal processor comprises a gain adjuster configured
to perform gain adjustment of the receive beams.

13. An ultrasound image acquisition method in an ultra-
sound diagnostic apparatus having an ultrasound probe pro-
vided with plural channels, comprising the steps of:

transmitting a transmit beam from the ultrasound probe,
according to a transmit apodization defining more than
one transmit channels for transmitting ultrasound
pulses, among the plural channels, and a transmit focus
delays defining delay time given to the ultrasound pulses
transmitted from each of the transmit channels,

generating a receive beam from the echo signals received
by the plural channels in response to the transmit beam,
and
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synthesizing n (n is an integer at least 3) receive beams to
generate a synthetic receive beam on one scanning line,
and obtaining an ultrasound image, wherein

the n receive beams for generating the synthetic receive
beam on one scanning line are generated from the echo
signals obtained respectively from n different transmits,
and

at least one transmit out of the n different transmits is a
shared transmit that serves as the transmit for another
scanning line that is different from the one scanning line.

14. An ultrasound image acquisition method according to

claim 13, wherein,

the transmit apodization and the transmit focus delays are
configured in such a manner that the transmit apodiza-
tion and the transmit focus delays for one transmit out of
the n different transmits, are equal to a synthesis of the
transmit apodizations and a synthesis of the transmit
focus delays for (n-1) transmits.
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