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ULTRASONIC DIAGNOSTIC APPARATUS
AND SIGNAL PROCESSING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from Japanese Patent Application No.
2015-181125, filed on Sep. 14, 2015; the entire contents of
which are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasonic diagnostic apparatus and a signal processing
apparatus.

BACKGROUND

[0003] In recent years, by performing plane wave trans-
mission or transmission covering a wide range similar to the
plane wave transmission, all received rasters within an
ultrasonic wave frame can be acquired in real time at
one-time transmission. Here, this will be referred to as
all-raster parallel simultaneous reception. By applying the
all-raster parallel simultaneous reception to a blood flow
imaging method using data between frames, a blood flow
display system capable of detecting a low speed to a high
speed in high frame rate display can be built. Since a
transmission interval for a blood flow and a frame period
match each other, high frame rate display and a high instant
speed are secured, and an observation time of infinity can be
acquired. Accordingly, a steep moving target indicator
(MTT) filter having a low cutoff frequency can be config-
ured, and detection can be performed up to a low-speed
blood flow while suppressing low-speed clutter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 is a block diagram that illustrates an
example of the configuration of an ultrasonic diagnostic
apparatus according to a first embodiment;

[0005] FIG. 2 is a diagram that illustrates an example of a
case where blood flow information is power-displayed;
[0006] FIG. 3 is a diagram that illustrates an example of a
sound field in general ultrasonic wave transmission;

[0007] FIG. 4 is a diagram that illustrates an example of a
sound field in plane wave transmission;

[0008] FIG. 5A is a diagram that illustrates an example of
RF signals in a distance direction acquired in a case where
a point reflector moves in a direction separating from an
ultrasonic beam, and reflected wave signals of all channels
CH are not saturated;

[0009] FIG. 5B is a diagram that illustrates an example of
1Q signals in a distance direction acquired in a case where
a point reflector moves in a direction separating from an
ultrasonic beam, and reflected wave signals of all channels
CH are not saturated;

[0010] FIG. 5C is a diagram that illustrates an example of
1Q signals in a Doppler direction acquired in a case where
a point reflector moves in a direction separating from an
ultrasonic bean, and reflected wave signals of all channels
CH are not saturated;

[0011] FIG. 5D is a diagram that illustrates an example of
a Doppler shift acquired in a case where a point reflector
moves in a direction separating from an ultrasonic beam, and
reflected wave signals of all channels CH are not saturated;
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[0012] FIG. 5E is a diagram that illustrates an example of
RF signals in a distance direction acquired in a case where
a point reflector moves in a direction separating from an
ultrasonic beam, and reflected wave signals of some chan-
nels CH are saturated;

[0013] FIG. 5F is a diagram that illustrates an example of
1Q signals in a distance direction acquired in a case where
a point reflector moves in a direction separating from an
ultrasonic beam, and reflected wave signals of some chan-
nels CH are saturated;

[0014] FIG. 5G is a diagram that illustrates an example of
1Q signals in a Doppler direction acquired in a case where
a point reflector moves in a direction separating from an
ultrasonic beam, and reflected wave signals of some chan-
nels CH are saturated;

[0015] FIG. 5H is a diagram that illustrates an example of
a Doppler shift acquired in a case where a point reflector
moves in a direction separating from an ultrasonic beam, and
reflected wave signals of some channels CH are saturated;
[0016] FIG. 6A is a diagram that illustrates an example of
RF signals in a distance direction acquired in a case where
a point reflector moves to traverse an ultrasonic beam at a
high speed, and reflected wave signals of all channels CH
are not saturated;

[0017] FIG. 6B is a diagram that illustrates an example of
1Q signals in a distance direction acquired in a case where
a point reflector moves to traverse an ultrasonic beam at a
high speed, and reflected wave signals of all channels CH
are not saturated;

[0018] FIG. 6C is a diagram that illustrates an example of
1Q signals in a Doppler direction acquired in a case where
a point reflector moves to traverse an ultrasonic beam at a
high speed, and reflected wave signals of all channels CH
are not saturated,;

[0019] FIG. 6D is a diagram that illustrates an example of
a Doppler shift acquired in a case where a point reflector
moves to traverse an ultrasonic beam at a high speed, and
reflected wave signals of all channels CH are not saturated;
[0020] FIG. 6E is a diagram that illustrates an example of
RF signals in a distance direction acquired in a case where
a point reflector moves to traverse an ultrasonic beam at a
high speed, and reflected wave signals of some channels CH
are saturated;

[0021] FIG. 6F is a diagram that illustrates an example of
1Q signals in a distance direction acquired in a case where
a point reflector moves to traverse an ultrasonic beam at a
high speed, and reflected wave signals of some channels CH
are saturated;

[0022] FIG. 6G is a diagram that illustrates an example of
1Q signals in a Doppler direction acquired in a case where
a point reflector moves to traverse an ultrasonic beam at a
high speed, and reflected wave signals of some channels CH
are saturated;

[0023] FIG. 6H is a diagram that illustrates an example of
a Doppler shift acquired in a case where a point reflector
moves to traverse an ultrasonic beam at a high speed, and
reflected wave signals of some channels CH are saturated;
[0024] FIG. 7 is a block diagram that illustrates an
example of the configuration of reception circuitry accord-
ing to the first embodiment;

[0025] FIG. 8 is a diagram that illustrates an effect of the
ultrasonic diagnostic apparatus according to the first
embodiment;
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[0026] FIG. 9 is a block diagram that illustrates an
example of the configuration of reception circuitry accord-
ing a second embodiment;

[0027] FIG. 10 is a diagram that illustrates an example of
reception circuitry and a beam former according to a third
embodiment;

[0028] FIG. 11 is a diagram that illustrates the third
embodiment;

[0029] FIG. 12 is a diagram that illustrates a fourth
embodiment;

[0030] FIG. 13 is a block diagram that illustrates an
example of the configuration of reception circuitry and
Doppler processing circuitry according to a fifth embodi-
ment;

[0031] FIG. 14 is a block diagram that illustrates an
example of the configuration of reception circuitry and
B-mode processing circuitry according to a sixth embodi-
ment; and

[0032] FIG. 15 is a block diagram that illustrates an
example of the configuration of reception circuitry accord-
ing to a modified example of the sixth embodiment.

DETAILED DESCRIPTION

[0033] Hereinafter, ultrasonic diagnostic apparatuses and
signal processing apparatuses according to embodiments
will be described with reference to the drawings. However,
the embodiments are not limited to the following embodi-
ments. In principle, a content described in one embodiment
is similarly applied to the other embodiments.

[0034] An ultrasonic diagnostic apparatus according to an
embodiment includes determination circuitry and generation
circuitry. The determination circuitry determines whether or
not a reflected wave signal received by each channel of an
ultrasonic probe is saturated. The generation circuitry gen-
erates reflected wave data through a phasing addition pro-
cess using an output signal for which a predetermined
process corresponding to a result of the determination
acquired by the determination circuitry is performed.

First Embodiment

[0035] FIG. 1 is a block diagram that illustrates an
example of the configuration of an ultrasonic diagnostic
apparatus 1 according to a first embodiment. As illustrated
in FIG. 1, the ultrasonic diagnostic apparatus 1 according to
the first embodiment includes: an ultrasonic probe 11; an
input device 12; a display 13; and an apparatus main body
100. The ultrasonic probe 11 is communicably connected to
transmission/reception circuitry 110 included in the appara-
tus main body 100 to be described later. In addition, the
input device 12 and the display 13 are communicably
connected to various circuitry included in the apparatus
main body 100.

[0036] The ultrasonic probe 11 is brought into contact with
a body surface of a subject P and transmits and receives
ultrasonic waves. For example, the ultrasonic probe 11
includes a plurality of piezoelectric transducer elements
(also referred to as transducer elements). The plurality of
piezoelectric transducer elements generate ultrasonic waves
based on a transmission signal supplied from the transmis-
sion/reception circuitry 110. The generated ultrasonic waves
are reflected on an in-body tissue of the subject P and are
received by the plurality of piezoelectric transducer ele-
ments as reflected wave signals. The ultrasonic probe 11
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transmits the reflected wave signals received by the plurality
of piezoelectric transducer elements to the transmission/
reception circuitry 110.

[0037] In the first embodiment, the ultrasonic probe 11
may be a 1D array probe that scans (two-dimension scan-
ning) a two-dimensional area inside a subject P or a
mechanical 4D probe or a 2D array probe that scans (three-
dimensional scanning) a three-dimensional area inside a
subject P so as to be applicable.

[0038] The input device 12, for example, corresponds to a
mouse, a keyboard, a button, a panel switch, a touch
command screen, a foot switch, a trackball, a joystick, or the
like. The input device 12 receives various setting requests
from an operator of the ultrasonic diagnostic apparatus 1 and
appropriately transmits the received various setting requests
to circuitry of the apparatus main body 100.

[0039] The display 13 displays a graphical user interface
(GUT) used for operator’s inputting various setting requests
using the input device 12 or displays an image (ultrasonic
wave image) based on ultrasonic wave image data generated
by the apparatus main body 100 or the like.

[0040] The apparatus main body 100 is a device that
generates ultrasonic wave image data based on reflected
wave signals received by the ultrasonic probe 11. As illus-
trated in FIG. 1, the apparatus main body 100, for example,
includes: transmission/reception circuitry 110; B-mode pro-
cessing circuitry 120; a Doppler processing circuitry 130; an
image generating circuitry 140; an image memory 150;
storage circuitry 160; and processing circuitry 170. The
transmission/reception circuitry 110, the B-mode processing
circuitry 120, the Doppler processing circuitry 130, the
image generating circuitry 140, the image memory 150, the
storage circuitry 160; and the processing circuitry 170 are
connected to be comnunicable with each other.

[0041] The transmission/reception circuitry 110 controls
the transmission/reception of ultrasonic waves using the
ultrasonic probe 11. For example, the transmission/reception
circuitry 110 includes transmission circuitry 111 and recep-
tion circuitry 112 and controls the transmission/reception of
ultrasonic waves performed by the ultrasonic probe 11 based
on an instruction from the processing circuitry 170 to be
described later. The transmission circuitry 111 generates
transmission waveform data and generates a transmission
signal used for the ultrasonic probe 11 to transmit an
ultrasonic wave based on the generated transmission wave-
form data. Then, the transmission circuitry 111 applies the
transmission signal to the ultrasonic probe 11, thereby
transmitting an ultrasonic beam in which the ultrasonic wave
converges in a beam shape.

[0042] For example, the transmission circuitry 111 causes
the ultrasonic probe 11 to perform ultrasonic wave scanning
transmitting a plane wave under the control of the process-
ing circuitry 170. In addition, the transmission circuitry 111
causes the ultrasonic probe 11 to perform ultrasonic wave
scanning receiving reflected wave signals in a plurality of
scanning lines.

[0043] In addition, the transmission circuitry 111 causes
the ultrasonic probe 11 to perform ultrasonic wave scanning
using a data row between frames as a Doppler data row
under the control of the processing circuitry 170 (see Japa-
nese Patent No. 3724846 and Japanese Patent Application
Publication No. 2014-42823). For example, the transmission
circuitry 111 causes the ultrasonic probe 11 to perform first
ultrasonic wave scanning acquiring information relating to a
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motion of a moving body within a first scanning range and
causes the ultrasonic probe 11 to perform ultrasonic wave
scanning of each of a plurality of divided ranges acquired by
dividing a second scanning range as second ultrasonic wave
scanning acquiring information of the shape of a tissue
within the second scanning range in a time divisional
manner during the first ultrasonic wave scanning under the
control of the processing circuitry 170.

[0044] Furthermore, the transmission circuitry 111 causes
the ultrasonic probe 11 to perform ultrasonic wave scanning
having a first transmission ultrasonic wave and a second
transmission ultrasonic wave acquired by inverting the
phase of the first transmission ultrasonic wave as one set
under the control of the processing circuitry 170.

[0045] The reception circuitry 112 generates reflected
wave data in which a reflection component reflected from a
direction corresponding to the reception directivity of a
reflected wave signal is emphasized by performing an addi-
tion process with a predetermined delay time applied to the
reflected wave signal received by the ultrasonic probe 11 and
transmits the generated reflected wave data to the B-mode
processing circuitry 120 and the Doppler processing cir-
cuitry 130.

[0046] For example, the reception circuitry 112 includes:
amplification circuitry (described as an “Amp” as is appro-
priate); an analog/digital (A/D) converter (described as an
“ADC” as is appropriate); generation circuitry; quadrature
detection circuitry (described as an “1Q” as is appropriate);
and the like. The amplification circuitry performs a gain
correction process by amplifying a reflected wave signal for
each channel. The A/D converter performs an A/D conver-
sion of the gain-corrected reflected wave signals.

[0047] The generation circuitry applies a reception delay
time that is necessary for determining the reception direc-
tivity to digital data. Then, the generation circuitry performs
an addition process of adding the reflected wave signals for
which the reception delay time has been applied. According
to the addition process performed by the generation cir-
cuitry, reflection components, which are reflected from a
direction corresponding to the reception directivity, of the
reflected wave signals are emphasized.

[0048] Then, the quadrature detection circuitry converts
an output signal of the adder into an in-phase signal (I signal,
I: in-phase) and a quadrature signal (Q signal, Q: quadrature
phase) of a baseband. Then, the quadrature detection cir-
cuitry stores the 1 signal and the Q signal (hereinafter,
referred to as 1Q signals) in a buffer as reflected wave data.
In addition, the quadrature detection circuitry may convert
the output signal of the adder into a radio frequency (RF)
signal and then store the RF signal stored in a buffer. The IQ
signals and the RF signal are signals (reception signals) in
which phase information is included. While the quadrature
detection circuitry has been described to be arranged on a
later stage of the generation circuitry, the embodiment is not
limited thereto. For example, the quadrature detection cir-
cuitry may be arranged on a former stage of the generation
circuitry. In such a case, the generation circuitry performs an
addition process of adding an I signal and a Q signal.
[0049] The B-mode processing circuitry 120 performs
various kinds of signal processing for the reflected wave
data generated based on the reflected wave signals by the
reception circuitry 112. The B-mode processing circuitry
120 performs logarithmic amplification, an envelope detec-
tion process, and the like for the reflected wave data received
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from the reception circuitry 112 and generates data (B mode
data) in which a signal intensity for each sample point
(observation point) is represented as the brightness of lumi-
nance. The B-mode processing circuitry 120 transmits the
generated B mode data to the image generating circuitry
140.

[0050] In addition, the B-mode processing circuitry 120
performs signal processing used for performing harmonic
imaging that images harmonic components. As the harmonic
imaging, contrast harmonic imaging (CHI) and tissue har-
monic imaging (THI) are known. In addition, in the contrast
harmonic imaging or the tissue harmonic imaging, as a
scanning system, amplitude modulation (AM), phase modu-
lation (PM) called a “pulse subtraction method” or a “pulse
inversion method”, and AMPM capable of acquiring both
the effects of the AM and the effects of the FM by combining
the AM and the PM are known.

[0051] The Doppler processing circuitry 130 generates
data (Doppler data) acquired by extracting motion informa-
tion based on the Doppler effect of a moving body from the
reflected wave data received from the reception circuitry 112
as sample points within the scanning area. More specifically,
the Doppler processing circuitry 130 generates Doppler data
acquired by extracting an average speed, a variance value, a
power value, and the like as motion information of the
moving body as sample points. Here, the moving body, for
example, is a blood flow, a tissue such as a cardiac wall, or
an imaging agent. The Doppler processing circuitry 130
transmits the generated Doppler data to the image generating
circuitry 140.

[0052] Theimage generating circuitry 140 generates ultra-
sonic wave image data based on the data generated by the
B-mode processing circuitry 120 and the Doppler processing
circuitry 130. For example, the image generating circuitry
140 generates B-mode image data representing the intensity
of a reflected wave as luminance based on the B mode data
generated by the B-mode processing circuitry 120. In addi-
tion, the image generating circuitry 140 generates Doppler
image data representing moving body information based on
the Doppler data generated by the Doppler processing
circuitry 130. This Doppler image data is speed image data,
variance image data, power image data, or image data
combining these.

[0053] The image memory 150 is a memory that stores
data generated by the B-mode processing circuitry 120, the
Doppler processing circuitry 130, and the image generating
circuitry 140. For example, the image memory 150 stores
the ultrasonic wave image data generated by the image
generating circuitry 140 in association with an electrocar-
diographic waveform of a subject P. In a case where the
amount of data stored in the image memory 150 exceeds the
storage capacity of the image memory 150, data is erased in
order of old data to new data, and the image memory is
updated.

[0054] The storage circuitry 160 is a storage device that
stores various kinds of data. For example, the storage
circuitry 160 stores control programs used for the transmis-
sion/reception of ultrasonic waves, image processing, and a
display process, diagnosis information (for example, a
patient ID, a doctor’s opinion, or the like), and various kinds
of data such as a diagnosis protocol and various kinds of
body marks. In addition, the data stored in the storage
circuitry 160 may be transmitted to an external device
through an interface unit not illustrated in the drawing.
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[0055] 1In addition, the storage circuitry 160 stores data
stored by the B-mode processing circuitry 120, the Doppler
processing circuitry 130, and the image generating circuitry
140. For example, the storage circuitry 160 stores ultrasonic
wave image data corresponding to a predetermined heart
rate designated by an operator. In addition, the storage
circuitry 160 is an example of a storage unit that stores a
plurality of images acquired by scanning a subject P for a
predetermined period.

[0056] The processing circuitry 170 controls the whole
process of the ultrasonic diagnostic apparatus 1. More
specifically, the processing circuitry 170 controls the pro-
cesses of the transmission/reception circuitry 110, the
B-mode processing circuitry 120, the Doppler processing
circuitry 130, the image generating circuitry 140, and the
like based on various kinds of setting requests input from an
operator through the input device 12 and various kinds of
control programs and various kinds of data read from the
storage circuitry 160. In addition, the processing circuitry
170 displays the ultrasonic wave image data stored in the
image memory 150 on the display 13.

[0057] For example, the processing circuitry 170 causes
the ultrasonic probe 11 to perform ultrasonic wave scanning
transmitting a plane wave by controlling the transmission
circuitry 111. In addition, for example, the processing cir-
cuitry 170 causes the ultrasonic probe 11 to perform ultra-
sonic wave scanning receiving reflected wave signals in a
plurality of scanning lines by controlling the transmission
circuitry 111. Furthermore, for example, the processing
circuitry 170, by controlling the transmission circuitry 111,
causes the ultrasonic probe 11 to perform first ultrasonic
wave scanning acquiring information relating to a motion of
a moving body within a first scanning range and causes the
ultrasonic probe 11 to perform ultrasonic wave scanning of
each of a plurality of divided ranges acquired by dividing a
second scanning range during the first ultrasonic wave
scanning in a time divisional manner as second ultrasonic
wave scanning acquiring information of the shape of a tissue
within the second scanning range. In addition, for example,
the processing circuitry 170, by controlling the transmission
circuitry ill, causes the ultrasonic probe 11 to perform
ultrasonic wave scanning having a first transmission ultra-
sonic wave and a second transmission ultrasonic wave
acquired by inverting the phase of the first transmission
ultrasonic wave as one set.

[0058] A plurality of constituent elements illustrated in
FIG. 1 may be integrated into one processor so as to realize
the functions thereof. The term “processor” used in the
description presented above, for example, represents a cen-
tral processing unit (CPU), a graphics processing unit
(GPU), or a circuit such as an application specific integrated
circuit (ASIC), a programmable logic device (for example,
a simple programmable logic device (SPLD), a complex
programmable logic device (CPLD), and a field program-
mable gate array (FPGA)), or the like. The function of the
processor is realized by reading and executing a program
stored in the storage circuitry 160. Instead of storing the
program in the storage circuitry 160, the program may be
directly built in circuitry of the processor. In such a case, as
the processor reads and executes the program built in the
circuitry of the processor, the function thereof is realized.
Each processor according to this embodiment is not limited
to being configured as a single circuit for each processor, but
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the function thereof may be realized by configuring one
processor by combining a plurality of independent circuits.
[0059] In the ultrasonic diagnostic apparatus 1 configured
in this way, there are cases where all reception rasters within
an ultrasonic wave frame are acquired in real time through
one-time transmission by performing plane wave transmis-
sion or transmission covering a wide range similar thereto.
Such ultrasonic wave scanning will be referred to as “all-
raster parallel simultaneous reception”.

[0060] However, in a case where power display of a blood
flow is performed by actually using “plane wave transmis-
sion+all-raster parallel simultaneous reception” in a living
body, there are cases where an artifact is generated in a
circular arc shape including a strong reflector. A problem
that such artifacts are generated will be described with
reference to FIG. 2. FIG. 2 is a diagram that illustrates an
example of a case where blood flow information is power-
displayed. As illustrated in FIG. 2, there are cases where
artifacts having circular arc shapes as denoted by AF-1 and
AF-2 are generated. The artifacts AF-1 and AF-2 are gen-
erated in a case where reflected wave signals from some
elements disposed within paths of reflected wave signals
from many ultrasonic transducer elements are greatly satu-
rated, and signals from a strong reflector abruptly change.

[0061] In a case where the level of a minute blood flow
signal according to a scattering echo from a red blood cell
is set to 0 dB, a specular reflection echo from a vessel wall
or a diaphragm is 100 dB or more. The value of a reflected
wave signal of a strong reflector such as the vessel wall or
the diaphragm exceeds far beyond the limit (generally, about
60 dB) of the dynamic range of a reflected wave signal from
one element of the ultrasonic diagnostic apparatus 1. For this
reason, a reflected wave signal from the vessel wall or the
diaphragm is saturated mainly by amplification circuitry of
the reception circuitry 112. In a color Doppler mode, in order
to acquire a minute blood flow signal having a good S/N
ratio, in a normal reception condition, the gain of the
amplification circuitry is set to be high. For this reason, a
reflected wave signal from a strong reflector is saturated.
Since the saturation of the reflected wave signal occurs
before beam forming, by observing reflected wave data after
the beam forming, it cannot be recognized whether or not the
reflected wave signal is saturated.

[0062] In case of the plane wave transmission+the all-
raster parallel simultaneous reception, a reason for the
generation of an artifact having a circular arc shape as
illustrated in FIG. 2 will be described. FIG. 3 is a diagram
that illustrates an example of a sound field in general
ultrasonic wave transmission, and FIG. 4 is a diagram that
illustrates an example of a sound fleld in plane wave
transmission.

[0063] In the general ultrasonic wave transmission illus-
trated in FIG. 3, a transmission focus is applied on a same
raster as a reception raster of an ultrasonic wave, and one
raster is received for one-time transmission. In other words,
since a focus 1s applied for both transmission and reception,
a side lobe level of the transmission/reception sound field is
low, and only reflected waves of a reflector that is present
approximately on the raster are received. Even in a case
where a reflected wave signal of a specific channel (CH) is
saturated by a reflected wave signal from a strong reflector,
the influence of the saturation is limited only to the place
thereof. In such a case, even when a blood flow signal is
erroneously recognized and displayed, it is well known that
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a strong reflector is incorrectly displayed as a blood flow
signal, and thus, there is no serious problem. In addition, the
speed may be calculated, and, based on a logic not display-
ing a signal in case of a low speed, the strong reflector may
be configured not be displayed.

[0064] However, in case of the plane wave transmission
illustrated in FIG. 4, a focus is not applied to the transmis-
sion, and a beam is narrowed only through a reception focus.
For this reason, when a side lobe level of transmission/
reception becomes high, a strong reflector is present at a
point B as illustrated in FIG. 4, and a signal level of the
depth of the point B is saturated in an element A that is
disposed right above the point B, a signal level at a position
that is located at a same distance as the point B from the
element A, for example, a point C increases as well. In case
of blood flow imaging, an MTT filter is present, and thus,
only in a case where only the side lobe level is high, imaging
is not performed. However, in a case illustrated as below,
imaging is performed.

[0065] Here, a point reflector is regarded as a source of
generation of a clutter. FIGS. 5A to 5H are diagrams that
illustrate an example of a simulation performed in a case
where a point reflector moves in a direction separating from
an ultrasonic beam. FIGS. 5A to 5D illustrate cases where
reflected wave signals of all the channels CH are not
saturated, and FIGS. 5E to 5H illustrate examples of cases
where reflected wave signals of some channels CH are
saturated.

[0066] FIGS. 5A and SE illustrate examples of an RF
signal in a distance direction. More specifically, FIGS. SA
and 5E illustrate reception signals (RF signals) that are
received first to fourth times in a case where ultrasonic
waves are transmitted four times. Here, the horizontal axes
illustrated in FIGS. 5A and 5E represent the time, in other
words, the distance direction, and the vertical axes illus-
trated in FIGS. 5A and 5E represent the transmission
sequence. For example, “1” represented in the vertical axis
illustrated in each of FIGS. 5A and 5E represents a reception
signal received at the time of first transmission, and “2”
represented in the vertical axis illustrated in each of FIGS.
5A and 5E represents a reception signal received at the time
of second transmission.

[0067] FIGS. 5B and 5F illustrate examples of I signals
and Q signals in the distance direction. Here, FIGS. 5B and
5F illustrate 1Q signals converted from reception signals,
similar to FIGS. 5A and 5E, in a case where an ultrasonic
wave is transmitted four times. Here, the horizontal axis
illustrated in each of FIGS. 5B and 5F represents the time,
in other words, the distance direction, and the vertical axis
illustrated in each of FIGS. 5B and SF represents the
transmission sequence. For example, “1” represented in the
vertical axis illustrated in each of FIGS. 5B and SF repre-
sents 1Q signals acquired from a reception signal received at
the time of first transmission, and “2” represented in the
vertical axis illustrated in each of FIGS. 5B and 5F repre-
sents 1Q signals acquired from a reception signal received at
the time of second transmission.

[0068] FIGS. 5C and 5G illustrate examples of 1Q signals
in a Doppler direction that are generated from four IQ
signals illustrated in FIGS. 5B and 5F. Here, the horizontal
axis illustrated in each of FIGS. 5C and 5G represents the
time, in other words, the Doppler direction, and the vertical
axis illustrated in each of FIGS. 5C and 5G represents the
amplitude.
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[0069] FIGS. 5D and 5H illustrate examples of Doppler
shifts calculated using the IQ signals illustrated in FIGS. 5C
and 5G. Here, the horizontal axis illustrated in each of FIGS.
5D and 5H represents the Doppler frequency, and the
vertical axis illustrated in each of FIGS. 5C and 5G repre-
sents decibels. In a case where a point reflector (clutter)
moves in a direction separating from an ultrasonic beam, as
illustrated in FIG. 5D, also in a case where signals are not
saturated and, as illustrated in F1G. 5H, also in a case where
signals are saturated, there is no large change in a Doppler
spectrum. In addition, also when the Doppler spectrum
changes to a degree illustrated in FIG. 5H, a clutter can be
suppressed using an MTT filter.

[0070] FIGS. 6A to 6H are diagrams that illustrate an
example of a simulation performed in a case where a point
reflector moves to traverse an ultrasonic beam at a high
speed. FIGS. 6A to 6D illustrate cases where reflected wave
signals of all the channels CH are not saturated, and FIGS.
6F to 6H illustrate examples of cases where reflected wave
signals of some channels CH are saturated. FIGS. 6A and
6F, similar to FIGS. 5A and 5E, illustrate RF signals in the
distance direction. FIGS. 6B and 6F, similar to FIGS. 5B and
5F, illustrate I signals and Q signals in the distance direction.
FIGS. 6C and 6G, similar to FIGS. 5C and 5G, illustrate 1Q
signals in the Doppler direction that are generated from four
1Q signals.

[0071] FIGS. 6D and 6H, similar to FIGS. 5D and 5H,
illustrate Doppler shifts. Here, as illustrated in FIG. 6D, in
a case where there is no saturation, the Doppler spectrum
only expands to some degrees. For this reason, in the case
illustrated in FI1G. 6D, by setting the cutoff frequency of the
MTI filter to be higher than that of the cases illustrated in
FIGS. 5D and 5H, a clutter can be suppressed. However, as
illustrated in FIG. 6H, in a case where saturation is present,
the Doppler spectrum expands up to near a Nyquist fre-
quency, and it is difficult to suppress a clutter using the MTI
filter. Differences in the cases illustrated in FIGS. 5D and SH
and FIGS. 6D and 6H are that changes in the envelops are
steeper in the cases illustrated in FIGS. 6D and 6H than in
the cases illustrated in FIGS. 5D and 5H. In an actual living
body, a tissue hardly moves at a high speed in this way.
However, in case of a specular reflector, as an angle changes
even in a minute displacement, the envelop abruptly
changes. In other words, the artifacts illustrated in FIG. 2 are
caused as a signal is specularly reflected from a reception
element that is a point on the diaphragm and is specularly
reflected or not due to a motion of the diaphragm, and a
reception signal acquired by the element is saturated at the
time of specular reflection and is not saturated at the time of
no specular reflection.

[0072] Such a problem occurs also in a case other than the
“plane wave transmission+all-raster parallel simultaneous
reception”. For example, in a case where a specular reflector
is moving when eight-direction parallel simultaneous recep-
tion is performed, artifacts are observed to be approximately
vertical with respect to an ultrasonic beam among eight
rasters, and the same problem is checked.

[0073] As illustrated in FIG. 2, while the side lobe level is
high, the resolution of a blood flow signal in the orientation
direction is good. The reason for this is that, originally, a
blood flow signal is weak, and imaging is performed only in
the range of a main lobe. As a method for enhancing a
transmission sound field, while there is a method in which
transmission, of which the direction is changed, is per-
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formed for a plurality of directions, and coherent composi-
tion is performed, there are problems in that the frame rate
decreases, and a high-speed flow flow is eliminated by a low
path filter (LPF) process. Since an artifact having a circular
arc shape is generated only in a specific case, and such an
artifact is not generated in the other cases, it is preferable
that this problem is solved using a method having no
trade-off.

[0074] Such an artifact having a circular arc shape is not
generated unless a reflected wave signal is saturated in the
reception circuitry 112. For this reason, a method for pre-
venting the saturation in the reception circuitry 112 may be
considered as a countermeasure. Thus, the ultrasonic diag-
nostic apparatus 1 according to the first embodiment does
not use a saturated channel for beam forming. More spe-
cifically, the ultrasonic diagnostic apparatus 1 according to
the first embodiment determines whether or not a reflected
wave signal received by each channel of the ultrasonic probe
11 is saturated. Then, the ultrasonic diagnostic apparatus 1
according to the first embodiment generates reflected wave
data through a phasing addition process using an output
signal for which a predetermined process is performed based
on a result of the determination.

[0075] FIG. 7 is a block diagram that illustrates an
example of the configuration of the reception circuitry 112
according to the first embodiment. As illustrated in FIG. 7,
the reception circuitry 112 is connected to N transducer
elements (Transducer element-1, . . ., Transducer element-
N). Here, each of the transducer elements corresponds to
each channel.

[0076] As illustrated in FIG. 7, the reception circuitry 112
includes: amplification circuitry 201-1; an A/D converter
202-1; and determination circuitry 203-1 as sub circuits used
for processing a reflected wave signal received by Trans-
ducer element-1. Similarly, the reception circuitry 112
includes: amplification circuitry 201-N; an A/D converter
202-N; and determination circuitry 203-N as sub circuits
used for processing a reflected wave signal received by
Transducer element-N. Here, in a case where the amplifi-
cation circuitry 201-1 and the amplification circuitry 201-N
do not need to be discriminated from each other, the ampli-
fication circuitry will be described as amplification circuitry
201. In addition, in a case where the A/D converter 202-1
and the A/D converter 202-N do not need to be discriminated
from each other, the A/D converter will be described as an
A/D converter 202, and, in a case where the determination
circuitry 203-1 and the determination circuitry 203-N do not
need to be discriminated from each other, the determination
circuitry will be described as determination circuitry 203. In
other words, in the reception circuitry 112, the amplification
circuitry 201, the A/D converter 202, and the determination
circuitry 203 are disposed for each transducer element
(channel). As described above, the amplification circuitry
201 performs a gain correction process by amplifying a
reflected wave signal for each channel. In addition, the A/D
converter 202 performs an A/D conversion of the gain-
corrected reflected wave signal.

[0077] The determination circuitry 203 determines
whether or not a reflected wave signal received by each
channel of the ultrasonic probe 11 is saturated. Here, the
determination circuitry 203 determines saturation by using
that an output value of the A/D converter 202 is a positive
upper limit or a negative lower limit as a digital value. Then,
the determination circuitry 203 outputs a result of the
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determination to generation circuitry 204. In addition, in a
case where the value of a reflected wave signal is a prede-
termined threshold or more, the determination circuitry 203
may determine that the reflected wave signal is saturated.
[0078] The generation circuitry 204 generates reflected
wave data by performing a phasing addition process using
an output signal for which a predetermined process corre-
sponding to a result of the determination acquired by the
determination circuitry 203 has been performed. For
example, the generation circuitry 204 sets the depth data of
the channel in which the saturation has been detected to “O”.
In other words, the generation circuitry 204 does not use the
saturated channel for beam forming. Here, instead of setting
the data to “0”, by multiplying the data by a coefficient
determined in advance in the range of 0 to 1, the generation
circuitry 204 may decrease a contribution thereof. In other
words, the generation circuitry 204 generates reflected wave
data by using an output value acquired by multiplying the
reflected wave signal of the saturated channel by a prede-
termined coeflicient of one or less as an output signal. The
generation circuitry 204 outputs the generated reflected
wave data to the Doppler processing circuitry 130.

[0079] The Doppler processing circuitry 130 generates
Doppler data acquired by extracting motion information
based on the Doppler effect of a moving body as each
sample point within the scanning area by using the reflected
wave data received from the reception circuitry 112. Then,
the Doppler processing circuitry 130 transmits the generated
Doppler data to the image generating circuitry 140. In this
way, the image generating circuitry 140 generates ultrasonic
wave image data based on the data generated by the Doppler
processing circuitry 130.

[0080] As described above, the ultrasonic diagnostic appa-
ratus 1 according to the first embodiment does not use a
saturated channel for beam forming or uses a saturated
channel for beam forming with the influence of the saturated
channel decreased. As a result, according to the first embodi-
ment, an artifact according to a strong reflector can be
decreased. FIG. 8 is a diagram that illustrates an effect of the
ultrasonic diagnostic apparatus 1 according to the first
embodiment.

[0081] FIG. 8 illustrates an example of a case where blood
flow information is power-displayed. A left diagram in FIG.
8, similar to FIG. 2, illustrates a case where artifacts are
generated in a circular arc shape including a strong reflector
in a case where power display of a blood flow is performed
using “plane wave transmission+all-raster parallel simulta-
neous reception” according to the conventional technology.
On the other hand, a right diagram in FIG. 8, illustrates a
case where power display of a blood flow is performed using
“plane wave transmission+all-raster parallel simultaneous
reception” in the ultrasonic diagnostic apparatus 1 according
to the first embodiment. As illustrated in the right diagram
in FIG. 8, the artifacts having a circular arc shape generated
in the left diagram in FIG. 8 disappear. Particularly, in a case
where “plane wave transmission+all-raster parallel simulta-
neous reception” is performed, a remarkable effect is
acquired.

[0082] According to the first embodiment, a process is
performed in which a signal from a specular reflector is
suppressed, or the blood flow information of that portion is
not displayed. Here, there are cases where the signals of all
the channels CH are not used. According to such a process,
while there may be a problem in that a structure such as a
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vessel wall is not displayed on a B-mode image, a blood flow
is not present in such a place in a blood flow image, and thus,
it does not matter. In addition, the first embodiment can be
realized using a relatively simple circuit configuration.

Second Embodiment

[0083] The whole configuration of an ultrasonic diagnos-
tic apparatus la according to a second embodiment is the
same as the whole configuration of the ultrasonic diagnostic
apparatus 1 according to the first embodiment illustrated in
FIG. 1 except for a part of the configuration of reception
circuitry, and thus, the description thereof will not be pre-
sented here. In the second embodiment, processing circuitry
170 causes an ultrasonic probe 11 to perform ultrasonic
wave scanning using a data row between frames as a
Doppler data row. For example, the processing circuitry 170
causes the ultrasonic probe 11 to perform first ultrasonic
wave scanning acquiring information relating to a motion of
a moving body within a first scanning range and causes the
ultrasonic probe 11 to perform ultrasonic wave scanning of
each of a plurality of divided ranges acquired by dividing a
second scanning range as second ultrasonic wave scanning
acquiring information of the shape of a tissue within the
second scanning range in a time divisional manner during
the first ultrasonic wave scanning.

[0084] FIG. 9 is a block diagram that illustrates an
example of the configuration of reception circuitry 112a
according the second embodiment. As illustrated in FIG. 9,
the reception circuitry 112a is connected to N transducer
elements (Transducer element-1, . . ., Transducer element-
N). Here, each of the transducer elements corresponds to
each channel.

[0085] As illustrated in FIG. 9, the reception circuitry
112a includes: amplification circuitry 303-1; an A/D con-
verter 304-1; amplification circuitry 305-1; an A/D converter
306-1; and determination circuitry 307-1 for processing a
reflected wave signal received by Transducer element-1.
Here, the amplification circuitry 303-1 and the A/D con-
verter 304-1 configure a first processing system of Trans-
ducer element-1, and the amplification circuitry 305-1 and
the A/D converter 306-1 configure a second processing
system of Transducer element-1. Similarly, the reception
circuitry 112a includes: amplification circuitry 303-N; an
A/D converter 304-N; amplification circuitry 305-N; an A/D
converter 306-N; and determination circuitry 307-N for
processing a reflected wave signal received by Transducer
element-N. Here, the amplification circuitry 303-N and the
A/D converter 304-N configure a first processing system of
Transducer element-N, and the amplification circuitry
305-N and the A/D converter 306-N configure a second
processing system of Transducer element-N.

[0086] Here, in a case where the amplification circuitry
303-1 and the amplification circuitry 303-N do not need to
be discriminated from each other, the amplification circuitry
will be described as an amplification circuitry 303, and, in a
case where the A/D converter 304-1 and the A/D converter
304-N do not need to be discriminated from each other, the
A/D converter will be described as an A/D converter 304. In
addition, in a case where the amplification circuitry 305-1
and the amplification circuitry 305-N do not need to be
discriminated from each other, the amplification circuitry
will be described as an amplification circuitry 305, in a case
where the A/D converter 306-1 and the A/D converter 306-N
do not need to be discriminated from each other, the A/D
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converter will be described as an A/D converter 306, and, in
a case where the determination circuitry 307-1 and the
determination circuitry 307-N do not need to be discrimi-
nated from each other, the determination circuitry will be
described as determination circuitry 307. In other words, in
the reception circuitry 112a, the amplification circuitry 303,
the A/D converter 304, the amplification circuitry 305, the
A/D converter 306, and the determination circuitry 307 are
disposed for each transducer element (channel). For a
reflected wave signal from one transducer element, two
amplification circuits including the amplification circuitry
303 and the amplification circuitry 305 are connected.
[0087] Inaddition, the reception circuitry 112« includes an
ATGC 301 and an ATGC 302. The ATGC 301 stores a first
gain value, and the ATGC 302 stores a second gain value.
The amplification circuitry 303 has a first gain value g1 (for
example, g1=100 (40 dB)) that is high, similar to a conven-
tional blood flow imaging method, and performs a gain
correction process by amplifying a reflected wave signal for
each channel. The amplification circuitry 303 outputs the
reflected wave signal for which the gain correction process
has been performed to the A/D converter 304. In other
words, the amplification circuitry 303 corrects the reflected
wave signal of each channel using the first gain value g1,
thereby acquiring a first corrected signal from the reflected
wave signal.

[0088] The amplification circuitry 305 has a second gain
value g2 (for example, 22=10 (20 dB)) that is lower than the
first gain value g1 and performs a gain correction process by
amplifying a reflected wave signal for each channel. The
amplification circuitry 305 outputs the reflected wave signal
for which the gain correction process has been performed to
the A/D converter 306. In other words, the amplification
circuitry 305 corrects the reflected wave signal of each
channel using the second gain value having a gain value
smaller than the first gain value, thereby acquiring a second
corrected signal from the reflected wave signal.

[0089] The A/D converter 304 performs an A/D conver-
sion of the reflected wave signal of which the gain has been
corrected and outputs the reflected wave signal after the A/D
conversion to the determination circuitry 307. In addition,
the A/D converter 306 performs an A/D conversion of the
reflected wave signal of which the gain has been corrected
and outputs the reflected wave signal after the A/D conver-
sion to the determination circuitry 307.

[0090] The determination circuitry 307 determines
whether or not a reflected wave signal received by each
channel of the ultrasonic probe 11 is saturated through at
least first ultrasonic wave scanning. Here, the determination
circuitry 307 determines whether or not the reflected wave
signal of each channel is saturated by comparing the first
corrected signal with the second corrected signal. For
example, in a case where the absolute value of a difference
between the first corrected signal and the second corrected
signal is a predetermined threshold or less, the determination
circuitry 307 determines that the reflected wave signal is not
saturated. Here, in a case where no saturation is present,
when an output signal s1 of the A/D converter 304 passing
through the amplification circuitry 303 is Yio, a signal close
to an output signal s2 of the A/D converter 306 passing
through the amplification circuitry 305 is acquired. Based on
such a situation, in a case where the absolute value of the
difference between both the signals is less than the threshold
Th, the determination circuitry 307 determines no saturation.
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On the other hand, in a case where the absolute value of the
difference is more than the threshold Th, the determination
circuitry 307 determines that saturation is present.

[0091] Generation circuitry 308 generates reflected wave
data by using the first corrected signal as an output signal in
a case where the reflected wave signal is determined not to
be saturated or by using a signal acquired by mixing the first
corrected signal and the second corrected signal at a prede-
termined ratio as an output signal in a case where the
reflected wave signal is determined to be saturated.

[0092] Hereinafter, details of the process performed by the
generation circuitry 308 will be described.

[0093] The generation circuitry 308 can appropriately use
three kinds of determination processes including Determi-
nation System 1 to Determination System 3 represented
below. First, in Determination System 1, the determination
circuitry 307 outputs s=s1 when s2-s1*g2/g1<Th (a case
where s2-s1*g2/¢1<0 due to noises is also included herein).
On the other hand, the generation circuitry 308 outputs s=0
when s2-s1*g2/g1>=Th.

[0094] In Determination System 2, the generation circuitry
308 switches the threshold between s1 and s2. More spe-
cifically, the determination circuitry 307 outputs s=s1 when
s2-s1*g2/g1<Th. On the other hand, the generation circuitry
308 outputs s=s2*g1/g2 when s2-s1*g2/g1>=Th.

[0095] In Determination System 3, the generation circuitry
308 outputs s1 and s2 in a mixed manner. More specifically,
the generation circuitry 308 outputs s=s1 when s2-s1*g2/
g1<Th. On the other hand, the generation circuitry 308
outputs s=a*sl+(1-a)*s2*gl/g2 when s2-s1*g2/g1>=Th.
Here, a is a function of s1 and s2 and takes a value in the
range of 0 to 1. For example, by using Th2 as the threshold,
when s2-s1%g2/g1-Th<Th2, a=(s2-s1*g2/g1-Th)/Th2,
and, when s2-s1*g2/¢1-Th>=Th2, a=1(s=s1). Here, the
signals s1, s2, and s are calculated at the output rates of the
A/D converter 304 and the A/D converter 306.

[0096] In this way, the generation circuitry 308 mixes the
first corrected signal and the second corrected signal at a
predetermined ratio by appropriately using three kinds of
determination processes including Determination System 1
to Determination System 3, thereby generating reflected
wave data. The generation circuitry 308 outputs the gener-
ated reflected wave data to the Doppler processing circuitry
130.

[0097] The Doppler processing circuitry 130 generates
Doppler data acquired by extracting motion information
based on the Doppler effect of a moving body as each
sample point within the scanning area by using the reflected
wave data received from the reception circuitry 112. Then,
the Doppler processing circuitry 130 transmits the generated
Doppler data to the image generating circuitry 140. In this
way, the image generating circuitry 140 generates ultrasonic
wave image data based on the data generated by the Doppler
processing circuitry 130.

[0098] As described above, the ultrasonic diagnostic appa-
ratus la according to the second embodiment does not use
a saturated channel for beam forming or uses a saturated
channel for beam forming with the influence of the saturated
channel decreased. As a result, according to the second
embodiment, an artifact according to a strong reflector can
be decreased.

[0099] First Modified Example of Second Embodiment
[0100] While a case of the configuration in which two
amplification circuits and two A/D converters are constantly

Mar. 16, 2017

connected for one channel has been illustrated in FIG. 9, the
embodiment is not limited thereto. For example, as the first
modified example of the second embodiment, a configura-
tion may be employed in which a switch such as switching
circuitry is further included, and a reflected wave signal
from a transducer element and amplification circuitry and
subsequent circuits can be freely connected by using the
switch. For example, the state may be switched according to
the number of channels used for ultrasonic wave scanning
between a first state in which the ultrasonic probe 11 is
connected to the amplification circuitry 303 and the ampli-
fication circuitry 305 and a second state in which the
ultrasonic probe 11 is connected to one of the amplification
circuitry 303 and the amplification circuitry 305. Then, in a
case where a plurality of channels are used as in three
dimensional scanning, one amplification circuitry and sub-
sequent circuitry are connected for one channel, and, in case
of the two-dimensional blood flow imaging method, two
amplification circuitry and subsequent circuitry are con-
nected for one channel. The switching circuitry, for example,
performs switching according to the number of channels
used for ultrasonic wave scanning between the first state and
the second state under the control of the processing circuitry
170.

[0101] According to the first modified example of the
second embodiment, since the number of channels CH,
which are of a degree unnecessary at the time of performing
two-dimensional scanning, are included in a system per-
forming three-dimensional ultrasonic wave scanning in real
time, by effectively using the remaining circuitry, the cost
problem can be solved.

[0102] Second Modified Example of Second Embodiment
[0103] As a second modified example of the second
embodiment, a B mode image may be generated using a
signal having a lower gain. When a B mode image is
generated based on an ultrasonic wave signal that is trans-
mitted or received for normal blood flow information, the
gain is high. Accordingly, there are many cases where a
signal received from a strong reflector is saturated, and
therefore, a tissue image cannot be displayed at good con-
trast. However, by using a signal of which gain has been
lowered, a B mode image having good contrast can be
generated. In this way, according to an ultrasonic diagnostic
apparatus of a second modified example of the second
embodiment, scanning for a B mode does not need to be
performed separately from scanning for the Doppler mode,
and accordingly, the frame rate can be raised. In addition, by
completely excluding the influence of remaining multiplex-
ing according to the B mode scanning, a blood flow image
having a low noise level can be displayed. In such a case, the
generation circuitry 308 generates reflected wave data by
using the second corrected signal acquired through a cor-
rection using the second gain value that is less than the first
gain value as an output signal. Then, the generation circuitry
308 outputs the generated reflected wave data to the B-mode
processing circuitry 120.

[0104] The B-mode processing circuitry 120 generates B
mode data by using the reflected wave data received from
the reception circuitry 112. Then, the B-mode processing
circuitry 120 transmits the generated B mode data to the
image generating circuitry 140. In this way, the image
generating circuitry 140 generates ultrasonic wave image
data based on the data generated by the B-mode processing
circuitry 120.
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[0105] In the second embodiment, while the configuration
for beam forming using hardware has been described, the
embodiment is not limited thereto. For example, a configu-
ration for beam forming by transmitting the output data of
the A/D converter to a memory and executing software using
the CPU may be employed.

Third Embodiment

[0106] The whole configuration of an ultrasonic diagnos-
tic apparatus 15 according to a third embodiment is the same
as the configuration example illustrated in FIG. 1 except that
some of the functions of reception circuitry are different, and
a beam former is arranged on a later stage of the reception
circuitry and on a former stage of B-mode processing
circuitry and Doppler processing circuitry. For this reason,
in the third embodiment, only the reception circuitry and the
beam former will be described with reference to FIG. 10.
FIG. 10 is a diagram that illustrates an example of reception
circuitry 1125 and a beam former 113 according to the third
embodiment.

[0107] As illustrated in FIG. 10, the reception circuitry
1125 is connected to N transducer elements (Transducer
element-1, . . ., Transducer element-N). Here, each of the
transducer elements corresponds to each channel. As illus-
trated in FIG. 10, the reception circuitry 1125 includes:
amplification circuitry 201-1; an A/D converter 202-1; and
quadrature detection circuitry (referred to as “IQ” as is
appropriate) 205-1 for processing a reflected wave signal
received by Transducer element-1. Similarly, the reception
circuitry 1126 includes: amplification circuitry 201-N; an
A/D converter 202-N; and quadrature detection circuitry
205-N for processing a reflected wave signal received by
Transducer element-N.

[0108] When the gain of a received reflected wave signal
is corrected in units of frames, the amplification circuitry
201 alternately corrects a gain value to a first gain value and
a second gain value less than the first gain value for every
adjacent frame. Then, the amplification circuitry 201
acquires a first corrected signal acquired by correcting a
reflected wave signal in units of frames using the first gain
value and a second corrected signal acquired by correcting
a reflected wave signal using the second gain value. In other
words, the amplification circuitry 201 changes the gain
value for every frame. FIG. 11 is a diagram that illustrates
the third embodiment.

[0109] As illustrated in FIG. 11, for example, the ampli-
fication circuitry 201 sets a higher gain (first gain value) gl
(for example, g1=100 (40 dB)) to an even-numbered frame
and a lower gain (second gain value) g2 (for example, g2=10
(20 dB)) to an odd-numbered frame for every two frames.
For example, the amplification circuitry 201 sets the gain g2
to a first frame and sets the gain gl to a second frame. In this
way, a second corrected signal is acquired from the first
frame, and a first corrected signal is acquired from the
second frame. In addition, the amplification circuitry 201
sets the gain g2 to a third frame and sets the gain gl to a
fourth frame. In this way, a second corrected signal is
acquired from the third frame, and a first corrected signal is
acquired from the fourth frame.

[0110] The A/D converter 202 performs an A/D conver-
sion of the gain-corrected reflected wave signal and outputs
the reflected wave signal after the A/D conversion to quadra-
ture detection circuitry 205. Then, the quadrature detection
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circuitry 205 transmits the output of each channel after the
A/D conversion to the beam former 113.

[0111] The beam former 113 performs beam forming using
the output of each channel after the A/D conversion. The
beam former 113 may be realized either by hardware or by
software. In the third embodiment, a case will be described
in which the beam former 113 is realized by software.
[0112] The beam former 113 includes a memory 1134 and
processing circuitry 1135. The memory 113a maintains a
capacity for storing reflected wave signals of two frames
corresponding to two types of gains.

[0113] The processing circuitry 1135 performs a determi-
nation function 114 and a generation function 115. Here, for
example, processing functions performed by the determina-
tion function 114 and the generation function 115 that are
constituent elements of the processing circuitry 1135 illus-
trated in FIG. 10 are recorded in the storage circuitry 160 in
the form of a computer-executable program. The processing
circuitry 1135 is a processing realizing a function corre-
sponding to each program by reading the program from the
storage circuitry 160 and executing the program. In other
words, the processing circuitry 1136 that is in a state in
which each program is read has each function illustrated
inside the processing circuitry 1135 illustrated in FIG. 10.
[0114] The determination function 114 is a function simi-
lar to that of the determination circuitry 307 illustrated in
FIG. 9. In other words, the determination function 114
determines whether or not a reflected wave signal in unit of
frames is saturated by comparing the first corrected signal
with the second corrected signal. The generation function
115 is a function similar to that of the generation circuitry
308 illustrated in FIG. 9. In other words, the generation
function 115 generates reflected wave data by using the first
corrected signal as an output signal in a case where the
reflected wave signal is determined not to be saturated or by
using a signal acquired by mixing the first corrected signal
and the second corrected signal at a predetermined ratio as
an output signal in a case where the reflected wave signal is
determined to be saturated. The generation function 115
outputs the generated reflected wave data to the Doppler
processing circuitry 130.

[0115] The Doppler processing circuitry 130 generates
Doppler data acquired by extracting motion information
based on the Doppler effect of a moving body as each
sample point within the scanning area by using the reflected
wave data received from the beam former 113. Then, the
Doppler processing circuitry 130 transmits the generated
Doppler data to the image generating circuitry 140. In this
way, the image generating circuitry 140 generates ultrasonic
wave image data based on the data generated by the Doppler
processing circuitry 130.

[0116] Modified Example of Third Embodiment

[0117] As a modified example of the third embodiment, a
B mode image may be generated by using a signal having a
lower gain. For example, the image generating circuitry 140
generates an image including information of a tissue shape
by using the second gain value. In such a case, the process-
ing circuitry 170 causes the ultrasonic probe 11 to perform
ultrasonic wave scanning acquiring information relating to a
motion of a moving body. In this way, scanning for a B mode
does not need to be performed, and accordingly, the frame
rate can be raised, and the influence of remaining multiplex-
ing according to the B mode scanning can be completely
excluded. In the third embodiment and the modified
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examples of the third embodiment, an optimal method is
“plane wave transmission+all-raster parallel simultaneous
reception”. In this way, the influence of the motion can be
reduced.

Fourth Embodiment

[0118] In the first embodiment, a case has been illustrated
in which a saturated channel is not used for the beam
forming or is used for the beam forming with the influence
of the saturated channel decreased. However, as illustrated
in FIG. 5H, in a case where a point reflector (clutter) moves
in a direction separating from an ultrasonic wave beam, even
when a signal of a certain channel CH is saturated, the clutter
can be suppressed using an MTI filter. In other words, in a
case where specular reflection is not performed, a clutter can
be suppressed using the MTT filter. In such a case, the beam
forming may be performed using a saturated signal. Thus, in
a fourth embodiment, a case will be described in which it is
determined whether or not specular reflection is performed,
and, in a case where specular reflection is not performed, a
saturated signal is also used for the beam forming.

[0119] The whole configuration of an ultrasonic diagnostic
apparatus according to the fourth embodiment is the same as
the configuration example illustrated in FIG. 1 except that
some of the functions of reception circuitry are different, and
a beam former is arranged on a later stage of the reception
circuitry and on a former stage of B-mode processing
circuitry and Doppler processing circuitry. [n addition, the
configuration of the reception circuitry and the beam former
according to the fourth embodiment is the same as the
configuration example illustrated in FIG. 10 except that a
determination function 114 and some of the functions of the
generation function 115 are different.

[0120] In the fourth embodiment, processing circuitry 170
causes an ultrasonic probe 11 to perform ultrasonic wave
scanning using a data row between frames as a Doppler data
row (see Japanese Patent No. 3724846 and Japanese Patent
Application Publication No. 2014-42823). For example, the
processing circuitry 170 causes the ultrasonic probe 11 to
perform first ultrasonic wave scanning acquiring informa-
tion relating to a motion of a moving body within a first
scanning range and causes the ultrasonic probe 11 to per-
form ultrasonic wave scanning of each of a plurality of
divided ranges acquired by dividing a second scanning range
as second ultrasonic wave scanning acquiring information of
the shape of a tissue within the second scanning range in a
time divisional manner during the first ultrasonic wave
scanning. Amplification circuitry 201 according to the fourth
embodiment, different from the amplification circuitry 201
according to the third embodiment, does not perform the
changing of the gain for each frame. In other words, the
amplification circuitry 201 according to the fourth embodi-
ment, for example, like the first gain value g1 according to
the second embodiment, uses a fixed high gain value as in
a conventional case.

[0121] The determination function 114 has a function
similar to that of the determination circuitry 203 illustrated
in FIG. 7. In other words, the determination function 114
determines whether or not a reflected wave signal received
by each channel of the ultrasonic probe 11 is saturated. Then,
the determination circuitry 203 outputs a result of the
determination to the generation circuitry 204,

[0122] The generation function 115 determines whether or
not specular reflection is performed based on a result of the
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determination of the determination function 114 and gener-
ates reflected wave data based on a result of the determina-
tion. The processing operation of the generation function
115 according to the fourth embodiment will be described
with reference to FIG. 12. FIG. 12 is a diagram that
illustrates the processing operation of the generation func-
tion 115 according to the fourth embodiment.

[0123] As illustrated in FIG. 12, a case will be described
in which a specular reflector B is present when beam
forming at the position of a point A is performed. Here, an
echo from the specular reflector B has characteristics that
only an ultrasonic beam that is incident to and reflected from
the specular reflector B at right angles causes specular
reflection. For this reason, as illustrated in FIG. 12, a channel
CH-7 positioned in a vertical direction in the incidence
direction of an ultrasonic beam with respect to the specular
reflector B and a plurality of channels CH adjacent to this
channel CH-7 are saturated. FIG. 12 illustrates a case where
channels CH-7 and CH-8 are saturated. On the other hand,
channels CH other than the channels CH-7 and CH-8 are not
saturated according to the influence of the specular reflector
B

[0124] In a conventional system, in a case where a recep-
tion signal received from each channel CH is an RF signal,
a time delay is applied to the reception signal received from
each channel CH, in case of 1Q signals, a time delay and a
phase delay are applied to a reception signal received from
each channel CH, and an addition process is performed for
all the channels CH. On the other hand, according to the
fourth embodiment, in a case where N or more channels CH
acquired by combining a channel CH (referred to as a
saturated channel CH) detected to be saturated by the
determination function 114 and channels CH (adjacent chan-
nels CH) adjacent to the saturated channel CH are saturated,
the generation function 115 decreases the influences of the
saturated channel CH and the adjacent channels CH so as to
be used for beam forming. In other words, the generation
function 115 does not use the saturated channel CH and the
adjacent channels CH for beam forming. Alternatively, the
generation function 115 performs beam forming by multi-
plying reflected wave signals of the saturated channel CH
and the adjacent channels CH by a coefficient of one or less
that is determined in advance. Here, N is a value determined
according to a position in the depth direction at which the
specular reflector is located and is set to be small at a short
distance and is set to be large at a long distance.

[0125] In the example illustrated in FIG. 12, in a case
where N=2, the generation function 115 determines that
signals of the channels CH7 and CHS8 to be saturated
according to echoes from the specular reflector B and does
not use the reflected wave signals of the channels CH7 and
CHS for beam forming. On the other hand, for example,
even in a case where a channel CH-2 is saturated, when a
channel CH-1 or CH-3 adjacent to the channel CH-2 is not
saturated, the generation function 115 does not determine
that the channels are saturated according to echoes from the
specular reflector B but uses the reflected wave signal of the
channel CH-2 for beam forming. In other words, as a result
of the ultrasonic wave scanning, in a case where reflected
wave signals of a plurality of adjacent channels correspond-
ing to a predetermined number or more among reflected
wave signals received from the channels are saturated, the
generation function 115 generates reflected wave data by
using an output value acquired by multiplying the reflected
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wave signals of a plurality of channels by a predetermined
coefficient of one or less as an output signal. Then, the
generation function 115 outputs the generated reflected wave
data to the Doppler processing circuitry 130.

[0126] The Doppler processing circuitry 130 generates
Doppler data acquired by extracting motion information
based on the Doppler effect of a moving body as each
sample point within the scanning area by using the reflected
wave data received from the beam former 113. Then, the
Doppler processing circuitry 130 transmits the generated
Doppler data to the image generating circuitry 140. In this
way, the image generating circuitry 140 generates ultrasonic
wave image data based on the data generated by the Doppler
processing circuitry 130.

[0127] As described above, according to the fourth
embodiment, an artifact can be suppressed by suppressing
only signals received from a specular reflector without
setting a plurality of gains. For example, as illustrated in
FIG. 5H, in a case where, although the channel CH is
saturated, specular reflection is not performed, and a clutter
can be suppressed by using an MTT filter, beam forming can
be performed using the saturated signal. In the fourth
embodiment, while a configuration for performing beam
forming using software has been described, the configura-
tion may be realized by hardware.

Fifth Embodiment

[0128] In imaging blood flow information, the Doppler
processing circuitry performs a moving target indicator
(MTT) filter process using reflected wave signals after the
beam forming. Here, in a case where saturated data is
present inside a packet, the data is discontinuous. For this
reason, in an MTI filter that is a high pass filter (HPF), a
signal passes through a discontinuous point, and a signal
originated from a tissue is incorrectly recognized as a blood
flow signal. For example, in a conventional system, there are
cases where, as a specular reflector rotates according to a
minute motion, a signal originated from a tissue passes
through the MTT filter. In such cases, a change in the
envelope becomes steep, and, even in a case where there is
no saturation, as illustrated in FIG. 6D, the Doppler spec-
trum expands. In a case where there is saturation, as illus-
trated in FIG. 6H, the Doppler spectrum expands up to near
a Nyquist frequency. In such a case, a signal originated from
a tissue passes through a general MTI filter. As a result, the
signal originated from the tissue is displayed as a blood flow
signal. In this way, after the beam forming, it cannot be
detected whether or not a reflected wave signal is saturated.
[0129] Bases on such a situation, in a fifth embodiment, it
is determined whether or not a signal is saturated in each
channel CH, and, in a case where a saturated signal is
included, data of the channel CH at that time is not used for
beam forming.

[0130] The whole configuration of an ultrasonic diagnos-
tic apparatus according to the fifth embodiment is the same
as the configuration example illustrated in FIG. 1 except that
parts of the configurations and the functions of reception
circuitry and Doppler processing circuitry are different. For
this reason, in the fifth embodiment, only the reception
circuitry and the Doppler processing circuitry will be
described with reference to FIG. 13. FIG. 13 is a diagram
that illustrates an example of reception circuitry 112¢ and
Doppler processing circuitry 130a according to the fifth
embodiment. In the fifth embodiment, processing circuitry

Mar. 16, 2017

170 causes an ultrasonic probe 11 to perform ultrasonic
wave scanning using a data row between frames as a
Doppler data row (see Japanese Patent No. 3724846 and
Japanese Patent Application Publication No. 2014-42823).

[0131] As illustrated in FIG. 13, the reception circuitry
112¢ according to the fifth embodiment is connected to N
transducer elements (Transducer element-1, . . ., Transducer
element-N). Here, each of the transducer elements corre-
sponds to each channel. The reception circuitry 112¢
includes: amplification circuitry 201-1; an A/D converter
202-1; and determination circuitry 203-1 as sub circuits used
for processing a reflected wave signal received by Trans-
ducer element-1. Similarly, the reception circuitry 112
includes: amplification circuitry 201-N; an A/D converter
202-N; and determination circuitry 203-N as sub circuits
used for processing a reflected wave signal received by
Transducer element-N. Here, in a case where the amplifi-
cation circuitry 201-1 and the amplification circuitry 201-N
do not need to be discriminated from each other, the ampli-
fication circuitry will be described as amplification circuitry
201. In addition, in a case where the A/D converter 202-1
and the A/D converter 202-N do not need to be discriminated
from each other, the A/D converter will be described as an
A/D converter 202, and, in a case where the determination
circuitry 203-1 and the determination circuitry 203-N do not
need to be discriminated from each other, the determination
circuitry will be described as determination circuitry 203. As
described above, the amplification circuitry 201 performs a
gain correction process by amplifying a reflected wave
signal for each channel. In addition, the A/D converter 202
performs an A/D conversion of the gain-corrected reflected
wave signal.

[0132] The determination circuitry 203 determines
whether or not a reflected wave signal received by each
channel of the ultrasonic probe 11 is saturated. Then, the
determination circuitry 203 outputs a result of the determi-
nation to the Doppler processing circuitry 130a.

[0133] The Doppler processing circuitry 130a includes a
memory 131-1 and an MTI filter 132-1 as sub circuits
performing a process based on a result of the determination
acquired by the determination circuitry 203-1 for a reflected
wave signal received by Transducer element-1. In addition,
the Doppler processing circuitry 130a includes a memory
131-N and an MTI filter 132-N as sub circuits performing a
process based on a result of the determination acquired by
the determination circuitry 203-N for a reflected wave signal
received by Transducer element-N. Here, in a case where the
memory 131-1 and the memory 131-N do not need to be
discriminated from each other, the memory will be described
as a memory 131, and, in a case where the MTT filter 132-1
and the MTT filter 132-N do not need to be discriminated
from each other, the MTI filter will be described as an MTI
filter 132. The Doppler processing circuitry 130a includes:
generation circuitry 133; autocorrelation circuitry 134; and
calculation circuitry 135.

[0134] The memory 131 stores reflected wave signals of
an ultrasonic wave transmitted a plurality of times in a same
scanning line and a result of the determination acquired by
the determination circuitry 203 for each reflected wave
signal in association with the reflected wave signal. Here,
the memory 131 has a capacity capable of storing reflected
wave signals of an ultrasonic wave transmitted a plurality of
times in the same scanning line.
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[0135] The MTI filter 132 performs a filter process for
reflected wave signals of an ultrasonic wave transmitted a
plurality of times in the same scanning line. Here, the MTI
filter 132 sets the MTI filter output to “0” in a case where at
least one piece of saturated data among data disposed inside
L packets is saturated. In a case where there is no saturation
in all the data disposed inside the I packets, the MTT filter
132 applies a general MTI filter (for example, a Butterworth
infinite impulse response (IIR) filter, a polynomial regres-
sion filter, or the like). The MTI filter 132 outputs a result of
the process to the generation circuitry 133. Then, the gen-
eration circuitry 133 generates reflected wave data through
a phasing addition process using the reflected wave signal of
each channel after the filter process. The autocorrelation
circuitry 134 performs autocorrelation calculation using
reflected wave data generated by the generation circuitry
133, and the calculation circuitry 135 estimates a speed (V),
power (P), and a variance (T) of the blood flow signal.
[0136] In addition, after a process of applying an MTI
filter before the beam forming described above, like a
conventional case, a process of further applying an MTI
filter may be performed after the beam forming. Particularly,
by applying an MTT filter according to the principal com-
ponent analysis described above after beam forming brings
further improvement of the elimination of clutters. While an
MTI filter using the principal component analysis before
beam forming has an effect of decreasing clutters according
to a side lobe from a strong reflector, the influence of the
main lobe becomes strong after the beam forming, and
accordingly, the MTI filter using the principal component
analysis has an effect of decreasing clutters according to the
main lobe.

Sixth Embodiment

[0137] While the first embodiment to the fifth embodiment
described above have been described as methods for solving
a saturation problem occurring at the time of imaging the
blood flow information, the embodiment is not limited
thereto. The first embodiment to the fourth embodiment
among the embodiments described above, for example, may
be also applied at the time of nonlinear imaging (THI) from
a tissue or nonlinear imaging (CHI) from an imaging agent.
[0138] For example, in a case where a reflected wave
signal is saturated in the reception circuitry, harmonics are
generated. For this reason, in a filter method—harmonic
imaging in which a reflected wave signal is acquired with a
reception center frequency higher than a transmission center
frequency, saturation is critical. In addition, in a pulse
inversion method in which transmission is performed a
plurality of times with the phase of the transmission pulse
being changed, and signals are added, in a case where a
reflected pulse signal is saturated, a signal from a strong
reflector is lost to be darkened, and artifacts having a white
circular arc shape as illustrated in FIG. 2 are generated in a
side lobe area. In this way, at the time of performing the THI
or the CHI, saturation of a reflected wave signal is a serious
problem. For this reason, generally, the reception gain is set
to be small so as not to saturate the reflected wave signal.
However, by setting the reception gain to be small, the S/N
ratio is degraded.

[0139] Based on such a situation, an ultrasonic diagnostic
apparatus according a sixth embodiment decreases the influ-
ence of a saturated channel by applying one method accord-
ing to one of the first embodiment to the fourth embodiment,
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and accordingly, a gain higher than that at the time of
performing conventional THI/CHI can be set. The ultrasonic
diagnostic apparatus according to the sixth embodiment
transmits reflected wave data after beam forming to B-mode
processing circuitry, and accordingly, a signal having an S/N
ratio higher than that of the conventional case can be
acquired while avoiding a problem occurring due to the
saturation. The whole configuration of the ultrasonic diag-
nostic apparatus according to the sixth embodiment is the
same as the whole configuration of the ultrasonic diagnostic
apparatus 1 according to the first embodiment illustrated in
FIG. 1 except for the application of the configuration of the
reception circuitry according to the first embodiment or the
second embodiment and the configuration of the reception
circuitry and the beam former according to the third embodi-
ment or the fourth embodiment.

[0140] In the sixth embodiment, a case will be described
in which harmonic imaging is performed using the pulse
inversion (PI) method. FIG. 14 is a block diagram that
illustrates an example of the configuration of reception
circuitry and B-mode processing circuitry according to the
sixth embodiment. FIG. 14 illustrates a case where reflected
wave data of a harmonic component is extracted by the
B-mode processing circuitry 120 by using reflected wave
data generated by the reception circuitry 112. In such a case,
for example, processing circuitry 170 causes an ultrasonic
probe 11 to perform ultrasonic wave scanning having a first
transmission ultrasonic wave and a second transmission
ultrasonic wave acquired by inverting the phase of the first
transmission ultrasonic wave as one set.

[0141] In the reception circuitry 112 according to the sixth
embodiment, amplification circuitry 201 performs gain cor-
rection processing by amplifying a reflected wave signal
(first reflected wave signal) of the first transmission ultra-
sonic wave and a reflected wave signal (second reflected
wave signal) of the second transmission ultrasonic wave. An
A/D converter 202 performs an A/D conversion of the
gain-corrected first reflected wave signal and the gain-
corrected second reflected wave signal. Then, the A/D
converter 202 transmits the first reflected wave signal for
which the A/D conversion has been performed and the
second reflected wave signal for which the A/D conversion
has been performed to determination circuitry 203.

[0142] In addition, in the reception circuitry 112, the
determination circuitry 203 determines whether or not at
least one of a reflected wave signal of the first transmission
ultrasonic wave and a reflected wave signal of the second
transmission ultrasonic wave, which have been received by
each channel of the ultrasonic probe 11, is saturated. Then,
the generation circuitry 204, by using an output signal for
which a predetermined process corresponding to a result of
the determination acquired by the determination circuitry
203 is performed, generates first reflected wave data for the
reflected wave signal of the first transmission ultrasonic
wave and second reflected wave data for the reflected wave
signal of the second transmission ultrasonic wave. The
generation circuitry 204 outputs the first reflected wave data
and the second reflected wave data that have been generated
to the B-mode processing circuitry 120.

[0143] The B-mode processing circuitry 120 includes: a
line memory 121; PI calculation circuitry 122; detection
circuitry 123; and log circuitry 124. The line memory 121
stores the first reflected wave data and the second reflected
wave data generated by the generation circuitry 204. Then,
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the PI calculation circuitry 122 adds the reflected wave data
of the first transmission ultrasonic wave and the reflected
wave data of the second transmission ultrasonic wave gen-
erated by the generation circuitry 204 as a result of the
ultrasonic wave scanning and extracts reflected wave data of
a harmonic component. The detection circuitry 123 per-
forms an envelope detection process for the reflected wave
data. The log circuitry 124 performs logarithmic amplifica-
tion for the reflected wave data, thereby generating B mode
data. The B-mode processing circuitry 120 outputs the
generated B mode data to the image generating circuitry
140. In this way, the image generating circuitry 140 gener-
ates an ultrasonic wave image by using signals acquired by
extracting the harmonic component from the first reflected
wave data and the second reflected wave data generated by
the generation circuitry 204 as a result of the ultrasonic wave
scanning.

[0144] In this way, the ultrasonic diagnostic apparatus
according to the sixth embodiment can raise the gain to be
higher than that of a conventional case in a case where a
nonlinear signal is acquired from a tissue or an imaging
agent without using the blood flow imaging method. For this
reason, the S/N ratio is improved, and the sensitivity and the
penetration can be improved.

[0145] Modified Example of Sixth Embodiment

[0146] Inthe sixth embodiment described above, while the
case has been described in which reflected wave signals of
a harmonic component are extracted by the B-mode pro-
cessing circuitry at the time of performing harmonic imag-
ing using the pulse inversion method, the embodiment is not
limited thereto. For example, it may be configured such that
PI calculation circuitry is arranged inside the reception
circuitry, and reflected wave signals of a harmonic compo-
nent are extracted by the reception circuitry. Thus, in a
modified example of the sixth embodiment, a case will be
described in which the reception circuitry includes the PI
calculation circuitry.

[0147] FIG. 15 is a block diagram that illustrates an
example of the configuration of reception circuitry accord-
ing to a modified example of the sixth embodiment. FIG. 15
illustrates a case where reflected wave signals of a harmonic
component are extracted by reception circuitry 1124. In
addition, in such a case, for example, the processing cir-
cuitry 170 causes the ultrasonic probe 11 to perform ultra-
sonic wave scanning having a first transmission ultrasonic
wave and a second transmission ultrasonic wave acquired by
inverting the phase of the first transmission ultrasonic wave
as one set.

[0148] The reception circuitry 1124 includes: amplifica-
tion circuitry 201-1; an A/D converter 202-1; determination
circuitry 203-1; a line memory 206-1; and PI calculation
circuitry 207-1 as sub circuits used for processing a reflected
wave signal received by Transducer element-1.

[0149] Similarly, the reception circuitry 112 includes:
amplification circuitry 201-N; an A/D converter 202-N;
determination circuitry 203-N; a line memory 206-N; and PI
calculation circuitry 207-N as sub circuits used for process-
ing a reflected wave signal received by Transducer element-
N. Here, in a case where the amplification circuitry 201-1
and the amplification circuitry 201-N do not need to be
discriminated from each other, the amplification circuitry
will be described as amplification circuitry 201. In addition,
in a case where the A/D converter 202-1 and the A/D
converter 202-N do not need to be discriminated from each
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other, the A/D converter will be described as an A/D
converter 202, and, in a case where the determination
circuitry 203-1 and the determination circuitry 203-N do not
need to be discriminated from each other, the determination
circuitry will be described as determination circuitry 203.
Furthermore, in a case where the line memory 206-1 and the
line memory 206-N do not need to be discriminated from
each other, the line memory will be described as a line
memory 206, and, in a case where the PI calculation
circuitry 207-1 and the P calculation circuitry 207-N do not
need to be discriminated from each other, the PI calculation
circuitry will be described as PI calculation circuitry 207. In
other words, in the reception circuitry 112, the amplification
circuitry 201, the A/D converter 202, the determination
circuitry 203, the line memory 206, and the PI calculation
circuitry 207 are disposed for each transducer element
(channel).

[0150] The amplification circuitry 201 performs a gain
correction process by amplifying a reflected wave signal for
each channel. For example, the amplification circuitry 201
performs the gain correction process by amplifying a
reflected wave signal (first reflected wave signal) of the first
transmission ultrasonic wave and a reflected wave signal
(second reflected wave signal) of the second transmission
ultrasonic wave. The A/D converter 202 performs an A/D
conversion of the gain-corrected reflected wave signals. For
example, the A/D converter 202 performs an A/D conver-
sion of the gain-corrected first reflected wave signal and the
gain-corrected second reflected wave signal. Then, the A/D
converter 202 transmits the A/D-converted first reflected
wave signal and the A/D-converted second reflected wave
signal to the line memory 206. The line memory 206 stores
the A/D-converted first reflected wave signal and the A/D-
converted second reflected wave signal.

[0151] In the reception circuitry 1124, the determination
circuitry 203 determines whether or not at least one of a
reflected wave signal of the first transmission ultrasonic
wave and a reflected wave signal of the second transmission
ultrasonic wave, which have been received by each channel
of the ultrasonic probe 11, is saturated. Then, the PI calcu-
lation circuitry 207 adds the reflected wave signal of the first
transmission ultrasonic wave and the reflected wave signal
of the second transmission ultrasonic wave and extracts
reflected wave signals of a harmonic component. Here, the
PI calculation circuitry 207 outputs an output signal in
which the value of the reflected wave signal of the harmonic
component is “0” in a case where saturation is determined by
the determination circuitry 203 and outputs a reflected wave
signal of a harmonic component that is extracted after the
reflected wave signal of the first transmission ultrasonic
wave and the reflected wave signal of the second transmis-
sion ultrasonic wave are added as an output signal in a case
where no saturation is determined by the determination
circuitry 203. Then, the generation circuitry 204 generates
reflected wave data by using the output signal output by the
PI calculation circuitry 207.

[0152] The B-mode processing circuitry 120 generates B
mode data based on the reflected wave data generated by the
generation circuitry 204. Then, the B-mode processing cit-
cuitry 120 outputs the generated B mode data to the image
generating circuitry 140. In this way, the image generating
circuitry 140 generates an ultrasonic wave image by using
the signal acquired by extracting the harmonic component
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from the reflected wave data generated by the generation
circuitry 204 as a result of the ultrasonic wave scanning.
[0153] Filter Method—Harmonic Imaging

[0154] Inthe sixth embodiment described above, while the
case has been described in which harmonic imaging is
performed using the pulse inversion method, the embodi-
ment is not limited thereto. For example, in the ultrasonic
diagnostic apparatus according to the sixth embodiment, the
filter method—harmonic imaging may be performed. Thus,
a case will be described in which the ultrasonic diagnostic
apparatus according to the sixth embodiment performs the
filter method—harmonic imaging. Here, a case will be
described in which the reception circuitry 112 according to
the first embodiment is applied. For example, the processing
circuitry 170 causes the ultrasonic probe 11 to perform
ultrasonic wave scanning acquiring the information of a
tissue shape. In the reception circuitry 112, the determina-
tion circuitry 203 determines whether or not a reflected wave
signal received by each channel of the ultrasonic probe 11 is
saturated. The generation circuitry 204 generates reflected
wave data by performing a phasing addition process using
an output signal for which a predetermined process corre-
sponding to a result of the determination acquired by the
determination circuitry 203 has been performed. Subse-
quently, the B-mode processing circuitry 120 extracts a
harmonic component from the reflected wave data by per-
forming a filter process. Then, the image generating circuitry
140 generates an ultrasonic wave image by using the har-
monic component extracted by the B-mode processing cir-
cuitry 120. In other words, the image generating circuitry
140, as a result of ultrasonic wave scanning, generates an
ultrasonic wave image by using a signal acquired by extract-
ing a harmonic component from the reflected wave data
generated by the generation circuitry 204.

Other Embodiment

[0155] The embodiment is not limited to the embodiments
described above.

[0156] The first embodiment to the sixth embodiment
described above may be combined and used.

[0157] In the first embodiment to the sixth embodiment
described above, the process performed by the ultrasonic
diagnostic apparatus may be performed by an apparatus
other than the ultrasonic diagnostic apparatus. For example,
a signal of each channel CH before beam forming is stored
in the storage circuitry 160 from the reception circuitry 112
through a bus. Then, the apparatus other than the ultrasonic
diagnostic apparatus, for example, may display an image by
reading a signal of each channel CH before beam forming
after the stop of ultrasonic wave scanning, outputting data
using the method described in the first embodiment to the
sixth embodiment described above, and performing B-mode
processing and color Doppler processing. For example, the
signal processing unit includes determination circuitry and a
generation circuitry. The determination circuitry determines
whether or not a reflected wave signal received by each
channel of the ultrasonic probe 11 is saturated. The genera-
tion circuitry generates reflected wave data by performing a
phasing addition process using an output signal for which a
predetermined process corresponding to a result of the
determination acquired by the determination circuitry has
been performed.

[0158] In the description of the embodiments described
above, each constituent element of each apparatus illustrated
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in the drawing is functional and conceptual, and it is not
necessary to physically configure each apparatus as illus-
trated in the drawing. In other words, a specific form of
separation/integration of each apparatus is not limited to that
illustrated in the drawing, and the whole or a part of each
apparatus may be functionally or physically distributed/
integrated in an arbitrary unit in accordance with various
loads, the use status, and the like. In addition, the entirety or
an arbitrary part of each processing function performed in
each apparatus may be realized by a CPU and a program that
is interpreted and executed by the CPU or may be realized
by hardware using a wired logic.

[0159] In addition, the control method described in the
embodiments described above may be realized by executing
a control program prepared in advance using a computer
such as a personal computer or a workstation. This control
program may be distributed through a network such as the
Internet. In addition, this control program may be recorded
on a computer-readable recording medium such as a hard
disk, a flexible disk (FD), a CD-ROM, an MO, or a DVD and
can be executed by being read by a computer from the
recording medium.

[0160] According to at least one of the embodiments
described above, an artifact according to a strong reflector
can be decreased.

[0161] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inven-
tions. Indeed, the novel embodiments described herein may
be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the embodiments described herein may be made without
departing from the spirit of the inventions. The accompa-
nying claims and their equivalents are intended to cover
such forms or modifications as would fall within the scope
and spirit of the inventions.

What is claimed is:

1. An ultrasonic diagnostic apparatus comprising:

determination circuitry configured to determine whether
or not a reflected wave signal received by each channel
of an ultrasonic probe is saturated; and

generation circuitry configured to generate reflected wave
data through a phasing addition process using an output
signal for which a predetermined process correspond-
ing to a result of the determination acquired by the
determination circuitry is performed.

2. The ultrasonic diagnostic apparatus according to claim

15

wherein the determination circuitry, in a case where a
value of a reflected wave signal is predetermined
threshold or more, determines that the reflected wave
signal is saturated, and

the generation circuitry generates the reflected wave data
by using an output value acquired by multiplying a
reflected wave signal of a saturated channel by a
predetermined coefficient having a value of one or less
as the output signal.

3. The ultrasonic diagnostic apparatus according to claim

1, further comprising:

first correction circuitry configured to acquire a first
corrected signal from a reflected wave signal by cor-
recting the reflected wave signal of each channel using
a first gain value; and
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second correction circuitry configured to acquire a second
corrected signal from a reflected wave signal by cor-
recting the reflected wave signal of each channel using
a second gain value less than the first gain value,
wherein the determination circuitry determines whether
or not the reflected wave signal of each channel is
saturated by comparing the first corrected signal with
the second corrected signal.
4. The ultrasonic diagnostic apparatus according to claim
3, further comprising switching control circuitry configured
to perform switching between a first state in which the
ultrasonic probe is connected to the first correction circuitry
and the second correction circuitry and a second state in
which the ultrasonic probe is connected to one of the first
correction circuitry and the second correction circuitry in
correspondence with the number of channels used for ultra-
sonic wave scanning.
5. The ultrasonic diagnostic apparatus according to claim
1, further comprising correction circuitry configured to,
when a gain value of a received reflected wave signal is
corrected in units of frames, alternately correct a gain value
for each adjacent frame using a first gain value and a second
gain value less than the first gain value and acquire a first
corrected signal and a second corrected signal from the
reflected wave signal in units of frames,
wherein the determination circuitry determines whether
or not the reflected wave signal in units of frames is
saturated by comparing the first corrected signal with
the second corrected signal.
6. The ultrasonic diagnostic apparatus according to claim
35
wherein the determination circuitry determines that a
reflected wave signal is not saturated in a case where an
absolute value of a difference between the first cor-
rected signal and the second corrected signal is a
predetermined threshold or less, and
the generation circuitry generates the reflected wave data
by using the first corrected signal as the output signal
in a case where the reflected wave signal is determined
not to be saturated or by using a signal acquired by
mixing the first corrected signal and the second cor-
rected signal at a predetermined ratio as the output
signal in a case where the reflected wave signal is
determined to be saturated.
7. The ultrasonic diagnostic apparatus according to claim
47
wherein the determination circuitry determines that a
reflected wave signal is not saturated in a case where an
absolute value of a difference between the first cor-
rected signal and the second corrected signal is a
predetermined threshold or less, and
the generation circuitry generates the reflected wave data
by using the first corrected signal as the output signal
in a case where the reflected wave signal is determined
not to be saturated or by using a signal acquired by
mixing the first corrected signal and the second cor-
rected signal at a predetermined ratio as the output
signal in a case where the reflected wave signal is
determined to be saturated.
8. The ultrasonic diagnostic apparatus according to claim
5,
wherein the determination circuitry determines that a
reflected wave signal is not saturated in a case where an
absolute value of a difference between the first cor-
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rected signal and the second corrected signal is a
predetermined threshold or less, and

the generation circuitry generates the reflected wave data

by using the first corrected signal as the output signal
in a case where the reflected wave signal is determined
not to be saturated or by using a signal acquired by
mixing the first corrected signal and the second cor-
rected signal at a predetermined ratio as the output
signal in a case where the reflected wave signal is
determined to be saturated.

9. The ultrasonic diagnostic apparatus according to claim
1, wherein the generation circuitry, as a result of ultrasonic
wave scanning, in a case where reflected wave signals of a
plurality of adjacent channels corresponding to a predeter-
mined number or more from among the reflected wave
signals from the channels are saturated, generates the
reflected wave data by using output values acquired by
multiplying the reflected wave signals of the plurality of
channels by a predetermined coeflicient having a value of
one or less as the output signal.

10. The ultrasonic diagnostic apparatus according to
claim 1, further comprising control circuitry configured to
cause the ultrasonic probe to perform first ultrasonic wave
scanning acquiring information relating to a motion of a
moving body within a first scanning range and cause the
ultrasonic probe to perform ultrasonic wave scanning of
each of a plurality of divided ranges acquired by dividing a
second scanning range as second ultrasonic wave scanning
acquiring information of a tissue shape within the second
scanning range in a time divisional manner during the first
ultrasonic wave scanning,

wherein the determination circuitry determines whether

or not a reflected wave signal received by each channel
of the ultrasonic probe is saturated in accordance with
at least the first ultrasonic wave scanning.
11. The ultrasonic diagnostic apparatus according to claim
3, further comprising:
control circuitry configured to cause the ultrasonic probe
to perform ultrasonic wave scanning acquiring infor-
mation relating to a motion of a moving body, and

image generating circuitry configured to generate an
image including information of a tissue shape by using
the second gain value.
12. The ultrasonic diagnostic apparatus according to
claim 4, further comprising:
control circuitry configured to cause the ultrasonic probe
to perform ultrasonic wave scanning acquiring infor-
mation relating to a motion of a moving body, and

image generating circuitry configured to generate an
image including information of a tissue shape by using
the second gain value.
13. The ultrasonic diagnostic apparatus according to
claim 5, further comprising:
control circuitry configured to cause the ultrasonic probe
to perform ultrasonic wave scanning acquiring infor-
mation relating to a motion of a moving body, and

image generating circuitry configured to generate an
image including information of a tissue shape by using
the second gain value.

14. The ultrasonic diagnostic apparatus according to
claim 1, further comprising:

control circuitry configured to causes the ultrasonic probe

to perform ultrasonic wave scanning acquiring infor-
mation relating to a tissue shape; and
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image generating circuitry configured to generate an
image by extracting a harmonic component from the
reflected wave data generated by the generation cir-
cuitry as a result of the ultrasonic wave scanning.

15. The ultrasonic diagnostic apparatus according to

claim 1, further comprising:

control circuitry configured to cause the ultrasonic probe
to perform ultrasonic wave scanning having a first
transmission ultrasonic wave and a second transmis-
sion ultrasonic wave acquired by inverting a phase of
the first transmission ultrasonic wave as one set; and

calculation circuitry configured to add the reflected wave
data of the first transmission ultrasonic wave and the
reflected wave data of the second transmission ultra-
sonic wave generated by the generation circuitry as a
result of the ultrasonic wave scanning and extract
reflected wave data of a harmonic component.

16. The ultrasonic diagnostic apparatus according to

claim 1, further comprising:

control circuitry configured to cause the ultrasonic probe
to perform ultrasonic wave scanning having a first
transmission ultrasonic wave and a second transmis-
sion ultrasonic wave acquired by inverting a phase of
the first transmission ultrasonic wave as one set; and

calculation circuitry configured to add a reflected wave
signal of the first transmission ultrasonic wave and a
reflected wave signal of the second transmission ultra-
sonic wave and extract a reflected wave signal of a
harmonic component,

wherein the determination circuitry determines whether
or not at least one of the reflected wave signal of the
first transmission ultrasonic wave and the reflected
wave signal of the second transmission ultrasonic
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wave, which are received by each channel of the
ultrasonic probe, is saturated,

the calculation circuitry outputs an output signal of which

a value of the reflected wave signal of the harmonic
component is zero in a case where saturation is deter-
mined by the determination circuitry and outputs a
reflected wave signal of the harmonic component
extracted from a signal acquired by adding the reflected
wave signal of the first transmission ultrasonic wave
and the reflected wave signal of the second transmis-
sion ultrasonic wave as the output signal in a case
where no saturation is determined by the determination
circuitry, and

the generation circuitry generates the reflected wave data

by using the output signal output by the calculation
circuitry.

17. The ultrasonic diagnostic apparatus according to
claim 1, further comprising control circuitry configured to
cause the ultrasonic probe to perform ultrasonic wave scan-
ning transmitting a plane wave.

18. The ultrasonic diagnostic apparatus according to
claim 17, wherein the control circuitry causes the ultrasonic
probe to perform ultrasonic wave scanning receiving
reflected wave signals in a plurality of scanning lines.

19. A signal processing apparatus comprising:

determination circuitry configured to determine whether

or not a reflected wave signal received by each channel
of an ultrasonic probe is saturated; and

generation circuitry configured to generate reflected wave

data through a phasing addition process using an output
signal for which a predetermined process correspond-
ing to a result of the determination acquired by the
determination circuitry is performed.
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