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(57) ABSTRACT

An ultrasound diagnosis apparatus includes a transmission
and reception unit, an addition unit, an image generation unit,
and a control unit, The transmission and reception unit per-
forms a set of ultrasound transmission and reception in a first
mode or a plurality of sets of ultrasound transmission and
reception in a second mode along the same scan line. Each set
of ultrasound transmission and reception is constituted of
repeated ultrasound transmission and reception sequentially
performed in reversed phase polarity along the same scan
line. The addition unit adds reflected wave data in the second
mode. The image generation unit generates an image by using
reflected wave data in the first mode or in the second mode.
The control unit switches the first mode and the second mode.
The transmission and reception unit performs a set or a plu-
rality of sets ofultrasound transmission and reception accord-
ing to a switching operation.
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ULTRASOUND DIAGNOSIS APPARATUS

FIELD

[0001] Embodiments described hetein relate generally to
an ultrasound diagnosis apparatus.

BACKGROUND

[0002] An ultrasound diagnosis apparatus transmits ultra-
sonic beams to a biological body and receives resulting
reflected waves to apply the principle of pulse reflection to the
resulting reflected waves thus received, thereby generating an
image of biological tissues. The ultrasound diagnosis appa-
ratus has characteristics such as non-invasive, small size, and
real-time display and is widely used in medical fields.
[0003] In general, sensitivity in a deep portion of the body
tends to decrease in medical examinations using the ultra-
sound diagnosis apparatus. In order to increase the sensitivity
in a deep portion of the body, for example, decreasing the
frequencies of ultrasonic pulses may be considered, but that
also decreases spatial resolution. It may also be considered,
for example, to stop using a mode in which harmonic com-
ponents are visualized (hereinafter referred to as “harmonic
imaging mode”) and to start using a normal mode in which the
fundamental is visualized, but that does not provide an advan-
tage of reducing artifacts, although the reduction in artifacts is
expected in the harmonic imaging mode. As yet another
example, increasing acoustic pressure may be considered, but
it is difficult to significantly increase the acoustic pressure
because of a limitation of mechanical index (MI). When the
ultrasound diagnosis apparatus performs contrast imaging, it
can increase the acoustic pressure to some extent, but that
leads to bubble destruction, whereby the opposite effect may
occur such as insufficiently enhanced contrast image. Thus,
none of the measures described above can appropriately
increase sensitivity in a deep portion of the body.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG.11is adiagram for explaining a configuration of
an ultrasound diagnosis apparatus according to a first
embodiment;

[0005] FIG. 2 is a diagram for explaining ultrasound trans-
mission and reception according to the first embodiment;
[0006] FIG. 3is a diagram for explaining a configuration of
an ultrasound diagnosis apparatus according to a second
embodiment;

[0007] FIG. 4 is a diagram for explaining ultrasound trans-
mission and reception according to the second embodiment;
[0008] FIG.5isadiagram for explaining a display example
according to the second embodiment;

[0009] FIG. 61sa diagram for explaining a display example
according to the second embodiment;

[0010] FIG.7isadiagram for explaining a display example
according to the second embodiment;

[0011] FIG. 8is a flowchart illustrating the procedure of an
examination according to the second embodiment;

[0012] FIG. 9 is a diagram for explaining ultrasound trans-
mission and reception dedicated to motion detection accord-
ing to the second embodiment;

[0013] FIG. 10 is a diagram for explaining a boost mode
according to the second embodiment;

[0014] FIG. 11 is a diagram for explaining a configuration
of an ultrasound diagnosis apparatus according to a third
embodiment; and
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[0015] FIG. 12 is a flowchart illustrating the procedure of
an examination according to the third embodiment.

DETAILED DESCRIPTION

[0016] The following describes an ultrasound diagnosis
apparatus according to embodiments.

[0017] Theultrasound diagnosis apparatus according to the
embodiments includes a transmission and reception unit, an
addition unit, an image generation unit, and a control unit.
The transmission and reception unit performs a set or a plu-
rality of sets of ultrasound transmission and reception along
the same scan line, each set of which is constituted of repeated
ultrasound transmission and reception sequentially per-
formed in reversed phase polarity along the same scan line.
The addition unit adds reflected wave data received from a
plurality of sets of ultrasound transmission and reception
performed by the transmission and reception unit. The image
generation unit generates an image by using reflected wave
data of a set of ultrasound transmission and reception, or
using the reflected wave data of a plurality of sets of ultra-
sound transmission and reception added by the addition unit.
The control unit switches a first mode in which a set of
ultrasound transmission and reception is performed, and a
second mode in which a plurality of sets of ultrasound trans-
mission and reception are performed. The transmission and
reception unit performs a set or a plurality of sets of ultra-
sound transmission and reception in accordance with a
switching operation by the control unit.

First Embodiment

[0018] A firstembodiment is described. FIG. 1 is a diagram
for explaining a configuration of an ultrasound diagnosis
apparatus 100 according to the first embodiment. As illus-
trated in FIG. 1, the ultrasound diagnosis apparatus 100
according to the first embodiment includes an ultrasonic
probe 1, a monitor 2, an input unit 3, and an apparatus body
10.

[0019] Theultrasonic probe 1 includes a plurality of piezo-
electric transducer elements. The piezoelectric transducer
elements generate ultrasound pulses based on a drive signal
supplied from a transmission and reception unit 11 included
in the apparatus body 10 to be described later, and receive
reflected waves from a subject P to convert the reflected
waves thus received into electric signals. The ultrasonic probe
1 also includes a matching layer provided to the piezoelectric
transducer elements and backing material preventing ultra-
sonic waves from traveling behind the piezoelectric trans-
ducer elements.

[0020] When ultrasound pulses are transmitted from the
ultrasonic probe 1 to the subject P, the ultrasonic pulses thus
transmitted are sequentially reflected from the planes of dis-
continuity of the acoustic impedances in body tissues of the
subject P and then received by the piezoelectric transducer
elements included in the ultrasonic probe 1 as echo signals.
The amplitudes of the echo signals thus received depend on
the differences between the acoustic impedances on the
planes of discontinuity on which the ultrasonic pulses are
reflected. When the ultrasound pulses transmitted are
reflected from a moving blood flow or the surface of a cardiac
wall, for example, the echo signals undergo a frequency shift
depending on the velocity component in the ultrasound trans-
mission direction of the moving body because of the Doppler
effect.
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[0021] The monitor 2 displays a graphical user interface
(GUI) through which an operator of the ultrasound diagnosis
apparatus 100 inputs various instructions and setting requests
using the input unit 3, and displays an ultrasonic image and
analyzed results generated in the apparatus body 10.

[0022] The input unit 3 includes a mouse, a keyboard, but-
tons, a panel switch, a touch command screen, a foot switch,
and a track ball and is connected to the apparatus body 10. The
input unit 3 receives various instructions and setting requests
from the operator of the ultrasound diagnosis apparatus 100
and forwards the instructions and the setting requests thus
received to the apparatus body 10.

[0023] The apparatus body 10 generates an ultrasonic
image on the basis of the reflected waves received by the
ultrasonic probe 1. The apparatus body 10 includes, as illus-
trated in FIG. 1, the transmission and reception unit 11, a
frame buffer 12, a B-mode processing unit 13, a Doppler
processing unit 14, an image processing unit 15, an image
memory 16, a control unit 17, and an internal storage unit 18.
[0024] The transmission and reception unit 11 includes, for
example, a trigger generation circuit, a transmission delay
circuit, and a pulsar circuit, and supplies a drive signal to the
ultrasonic probe 1. The pulsar circuit repeatedly generates
rate pulses for forming ultrasonic pulses at a certain pulse
repetition frequency (PRF). The PRF is also called a rate
frequency. The transmission delay circuit provides each of the
rate pulses generated by the pulsar circuit with a transmission
delay time for each piezoelectric transducer element. The
transmission delay time is required to gather ultrasonic pulses
generated by the ultrasonic probe 1 into a beam to determine
transmission directionality. The trigger generation circuit
applies a drive signal (drive pulse) to the ultrasonic probe 1 at
the timing based on the rate pulse. In other words, the trans-
mission delay circuit adjusts the transmission direction from
the surface of the piezoelectric transducer elements as
required by changing the transmission delay time provided to
each rate pulse.

[0025] The transmission and reception unit 11 has a func-
tion that can change instantly, for example, transmission fre-
quencies and a transmission drive voltage to implement a
predetermined scan sequence, on the basis of an instruction of
the control unit 17 to be described later. In particular, the
transmission drive voltage is changed by a linear amplifier
transmission circuit that can instantly switch values of the
transmission drive voltage, or by a mechanism for switching
a plurality of power units electrically.

[0026] The transmission and reception unit 11 includes an
amplifier circuit, an analog/digital (A/D) converter, a recep-
tion delay circuit, an adder, and a quadrature detection circuit,
and performs various types of processing on reflected wave
signals received by the ultrasonic probe 1 to generate
reflected wave data. The amplifier circuit amplifies the
reflected wave signals for each channel to perform gain cor-
rection processing. The A/D converter A/D-converts the
reflected wave signals thus gain-corrected. The reception
delay circuit provides digital data with a reception delay time
required to determine reception directionality. The adder per-
forms addition processing on the reflected wave signals pro-
vided with the reception delay time by the reception delay
circuit. The addition processing performed by the adder
enhances reflection components along the direction in accor-
dance with the reception directionality of the reflected wave
signals. The quadrature detection circuit converts output sig-
nals from the adder into in-phase signals (I signals) and
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quadrature-phase signals (Q signals) in the baseband. The
quadrature detection circuit stores the I signals and Q signals
(hereinafter referred to as 1Q signals) in the frame buffer 12 in
the subsequent stage as reflected wave data. The quadrature
detection circuit may convert the output signals from the
adder into radio frequency (RF) signals and store them in the
frame buffer 12.

[0027] The B-mode processing unit 13 receives reflected
wave data from the transmission and reception unit 11 and
performs processing such as logarithmic amplification and
envelope demodulation to generate data (B-mode data) that
represents signal intensity by using a scale of brightness.
[0028] The Doppler processing unit 14 receives the
reflected wave data from the transmission and reception unit
11 to perform frequency analysis of velocity information, and
extracts a blood flow, tissue and contrast agent echo compo-
nents by the Doppler effect, and generates data (Doppler data)
obtained by extracting moving body information such as
average velocity, perfusion and power on multiple points.
[0029] The image processing unit 15 generates an ultra-
sonic image from the B-mode data generated by the B-mode
processing unit 13 and from the Doppler data generated by the
Doppler processing unit 14. Specifically, the image process-
ing unit 15 generates a B-mode image from the B-mode data
and a Doppler image from the Doppler data. The image pro-
cessing unit 15 generates an ultrasonic image (B-mode image
and Doppler image) as a displayed image by converting
(scan-converting) a scan line signal string for ultrasonic scan
into a scan line signal string in a video format typified by a TV
format.

[0030] The image memory 16 stores therein an ultrasonic
image generated by the image processing unit 15, and an
image generated by image processing on the ultrasonic
image. For example, after diagnosis, the operator can read out
the images that have been stored during examination, and can
use the images as still images or reproduce a plurality of
images as moving images. The image memory 16 stores
therein image brightness signals that have passed the trans-
mission and reception unit 11 and other data such as raw data
and image data acquired via a network, as necessary.

[0031] The control unit 17 controls overall processing pet-
formed by the ultrasound diagnosis apparatus 100. Specifi-
cally, the control unit 17 controls the transmission and recep-
tion unit 11, the B-mode processing unit 13, the Doppler
processing unit 14, and the image processing unit 15, and
controls the monitor 2 to display ultrasonic images stored in
the image memory 16, on the basis of various instructions and
setting requests input by the operator through the input unit 3
and various computer programs and setting information read
from the internal storage unit 18.

[0032] The internal storage unit 18 stores therein various
data such as an apparatus control program for performing
ultrasound transmission and reception, image processing,
and display processing; diagnostic information (patients’ [Ds
and doctors’ opinions, for example); a diagnostic protocol;
and various types of setting information. The internal storage
unit 18 is also used for storing images stored in the image
memory 16 as necessary.

[0033] The transmission and reception unit 11 and other
units installed in the apparatus body 10 may be configured by
hardware such as integrated circuits, or may be configured by
software programs in the form of software modules.

[0034] The following describes a case in which the ultra-
sound diagnosis apparatus 100 according to the first embodi-



US 2015/0209006 A1

ment operates in the harmonic imaging mode that visualizes
harmonic components. The ultrasound diagnosis apparatus
100 according to the first embodiment employs a method for
cancelling fundamental components by inverting phase
polarity of ultrasonic beams (hereinafter referred to as “polar-
ity inversion”).

[0035] First, the principle of the polarity inversion is
described. The polarity inversion is a method for cancelling
fundamental components contained in reflected wave signals
to extract harmonic components by performing two rounds of
ultrasound transmission and reception (transmission of ultra-
sonic beams and reception of reflected wave signals) along
the same scan line. For example, in the first round, the ultra-
sound beams are transmitted in positive phase polarity, and in
the second round, the ultrasound beams are transmitted in
negative phase polarity, which is inverted from the phase
polarity in the first round. Summation of reflected wave sig-
nals obtained from the two rounds of ultrasound transmission
and reception cancels fundamental components because the
phase is inverted, and enhances harmonic components that
occur during transmission of ultrasound because the har-
monic components are in-phase with each other.

[0036] The ultrasound diagnosis apparatus 100 according
to the first embodiment performs a plurality of sets of ultra-
sound transmission and reception on the same scan line, each
set of which is constituted of two rounds of ultrasound trans-
mission and reception sequentially performed in reversed
phase polarity along the same scan line. FIG. 2 is a diagram
for explaining ultrasound transmission and reception accord-
ing to the first embodiment. As illustrated in FI1G. 2, a round
trip of ultrasound transmission and reception performed in
positive polarity (a downward solid arrow indicates transmis-
sion, and an upward solid arrow indicates reception) and a
round trip of ultrasound transmission and reception per-
formed in negative polarity (a downward dotted arrow indi-
cates transmission and an upward dotted arrow indicates
reception) constitute a set of ultrasound transmission and
reception. The transmission and reception unit 11 according
to the first embodiment performs, for example, four sets of
ultrasound transmission and reception, each set of which is
constituted of two rounds of ultrasound transmission and
reception as illustrated in FIG. 2.

[0037] Performing four sets of ultrasound transmission and
reception may be determined, for example, by selecting a set
count (initial value) set in advance in the ultrasound diagnosis
apparatus 100, or by receiving input on the set count from the
operator. It may also be determined by automatically select-
ing a set count from a plurality of set counts set in advance in
the ultrasound diagnosis apparatus 100, or by selecting a set
count from a plurality of set counts using a toggle switch or
other input devices by the operator.

[0038] An adder 11a included in the transmission and
reception unit 11 adds reflected wave data received from a
plurality of sets of ultrasound transmission and reception
performed by the transmission and reception unit 11. As
illustrated in FIG. 2, for example, the adder 11a adds reflected
wave signals on RF signals or IQ signals. The image process-
ing unit 15 generates an image by using the reflected wave
data of a plurality of sets of ultrasound transmission and
reception added by the adder 11a. In other words, reflected
wave data along one scan line used by the image processing
unit 15 to generate an image is obtained by adding reflected
wave data of a plurality of sets of ultrasound transmission and
reception.
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[0039] Inthiscase, the harmonic components as signals for
generating an image increase linearly in accordance with the
number of sets of transmission and reception (hereinafter
referred to as “transmission and reception set count”),
whereas noise components do not necessarily increase lin-
early because they appear at random. Consequently. the sig-
nal-to-noise ratio of the entire image including deep portions
is improved, compared with a normal case in which a set of
ultrasound transmission and reception constituted of two
rounds of ultrasound transmission and reception is per-
formed. When, for example, four sets of ultrasound transmis-
sion and reception, each set of which is constituted of two
rounds of ultrasound transmission and reception, are per-
formed, the signal-to-noise ratio theoretically increases by 6
dB.

[0040] Although FIG. 2 illustrates a case in which four sets
of ultrasound transmission and reception are performed, the
embodiment is not limited to this. The ultrasound diagnosis
apparatus 100 is capable of performing n sets (n is a natural
number equal to or larger than two) of ultrasound transmis-
sion and reception, each set of which is constituted of two
rounds of ultrasound transmission and reception. When, for
example, two sets of ultrasound transmission and reception,
each set of which is constituted of two rounds of ultrasound
transmission and reception, are performed, the signal-to-
noise ratio theoretically increases by 3 dB. When eight sets of
ultrasound transmission and reception, each set of which is
constituted of two rounds of ultrasound transmission and
reception, are performed, the signal-to-noise ratio theoreti-
cally increases by 9 dB.

Effects of First Embodiment

[0041] As described above, according to the first embodi-
ment, the ultrasound diagnosis apparatus 100 performs a
plurality of sets of ultrasound transmission and reception
along the same scan line, each set of which is constituted of
two rounds of ultrasound transmission and reception sequen-
tially performed in reversed phase polarity along the same
scan line. This enables the ultrasound diagnosis apparatus
100 to appropriately improve the sensitivity in a deep portion.
In other words, according to the first embodiment, the ultra-
sound diagnosis apparatus 100 does not need to reduce fre-
quencies of ultrasonic pulses, eliminating a possibility of
decreased spatial resolution. The configuration according to
the first embodiment is applicable to a case in which the
ultrasound diagnosis apparatus 100 operates in the harmonic
imaging mode, thereby effectively reducing artifacts.
According to the first embodiment, the ultrasound diagnosis
apparatus 100 is capable of improving the sensitivity in a deep
portion while maintaining image quality.

Second Embodiment

[0042] Next described is a second embodiment. In the first
embodiment, the ultrasound diagnosis apparatus 100 per-
forms a plurality of sets ofultrasound transmission and recep-
tion, each set of which is constituted of two rounds of ultra-
sound transmission and reception sequentially performed in
reversed phase polarity. When the ultrasound diagnosis appa-
ratus 100 performs such ultrasound transmission and recep-
tion, the number of ultrasound transmission and reception
performed along each scan line increases. Accordingly, it
takes more time to collect reflected wave data for generating
one frame image, thereby leading to a decrease in frame rate.
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The frame rate may decrease extremely in some cases
depending on the number of ultrasound transmission and
reception performed.

[0043] The ultrasound diagnosis apparatus 100 according
to the second embodiment has a function of switching modes
between one mode (hereinafter referred to as a normal mode)
in which a set of ultrasound transmission and reception con-
stituted of two rounds of ultrasound transmission and recep-
tion is performed, and the other mode (hereinafter referred to
as a boost mode) in which n sets (n is a natural number equal
to or larger than two) of ultrasound transmission and recep-
tion are performed, each set of which is constituted of two
rounds of ultrasound transmission and reception. In other
words, the ultrasound diagnosis apparatus 100 according to
the second embodiment has a function of changing a balance
between a frame rate and sensitivity in a deep portion.
[0044] FIG. 3is a diagram for explaining a configuration of
the ultrasound diagnosis apparatus 100 according to the sec-
ond embodiment. As illustrated in FIG. 3, although the ultra-
sound diagnosis apparatus 100 according to the second
embodiment has the same configuration as that of the ultra-
sound diagnosis apparatus 100 according to the first embodi-
ment, the ultrasound diagnosis apparatus 100 according to the
second embodiment also includes a mode switching control
unit 17a in the control unit 17.

[0045] FIG. 4 is a diagram for explaining ultrasound trans-
mission and reception according to the second embodiment.
As illustrated in FIG. 4, the mode switching control unit 17a
according to the second embodiment switches the normal
mode and the boost mode. The transmission and reception
unit 11 according to the second embodiment performs a set or
a plurality of sets of ultrasound transmission and reception
depending on a switching operation by the mode switching
control unit 17a.

[0046] The mode switching control unit 17a according to
the second embodiment includes, for example, a selector
switch onan operation table of the ultrasound diagnosis appa-
ratus 100, serving as the input unit 3 that receives a switching
instruction from the operator. When the operator operates the
selector switch to “off” or “on”, the mode switching control
unit 17a switches the normal mode and the boost mode
according to the switching operation by the operator on the
selector switch. The operator of the ultrasound diagnosis
apparatus 100, for example, checks an image generated in the
normal mode on the monitor 2 in real time to have a rough
idea of where a diagnosis region is. When finding the diag-
nosis region, the operator fixes the ultrasonic probe 1 on that
position and switches the selector switch from “off” to “on”.
The mode switching control unit 17a then controls the trans-
mission and reception unit 11 to switch the normal mode to
the boost mode. The transmission and reception unit 11 stops
performing a set of ultrasound transmission and reception and
starts performing a plurality of sets of ultrasound transmis-
sion and reception.

[0047] FIGS. 5 and 6 are diagrams for explaining display
examples in the second embodiment. When ultrasound trans-
mission and reception is performed in the normal mode, the
control unit 17 displays an image, for example, illustrated in
FIG. 5 on the monitor 2 in real time. As illustrated in FIG. 5,
sensitivity in a deep portion is low, and noises are depicted in
whitish color.

[0048] When the ultrasound diagnosis apparatus 100 per-
forms ultrasound transmission and reception in the boost
mode, it collects reflected wave data at a low frame rate. In
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this case, the signal-to-noise ratio increases and sensitivity in
the entire image including a deep portion is improved. The
control unit 17 displays an image, for example, illustrated in
FIG. 6 on the monitor 2 in real time. As illustrated in FIG. 6,
sensitivity in a deep portion is improved, and fewer noises are
depicted, compared with FIG. 5.

[0049] When the ultrasound diagnosis apparatus 100
according to the second embodiment displays an image in the
boost mode, it is preferable to display, for example, “Boost”
indicated by a sign a as illustrated in FIG. 6 on the monitor 2
so that the operator can recognize that the ultrasound diagno-
sis apparatus 100 operates in the boost mode. This enables the
operator to perform diagnosis with the operator recognizing
whether the image is displayed in the normal mode or in the
boost mode. For example, when “Boost” is not displayed, the
operator recognizes that the ultrasound diagnosis apparatus
100 operates in the normal mode, and thus the operator con-
sciously switches the selector switch to “on”. This enables the
operator to perform diagnosis with an improved signal-to-
noise ratio of the image.

[0050] The selector switch is not necessarily disposed on
the operation table. The selector switch may be, for example,
attached to the ultrasonic probe 1, or may be a pedal switch.
The selector switch may be, for example, a voice switch that
accepts a switching instruction from operator’s voice.
[0051] The modes of the ultrasound transmission and
reception are not necessarily switched by an operation on the
selector switch. The modes of the ultrasound transmission
and reception may be switched automatically at a timing set in
advance. The mode switching control unit 17¢ may, for
example, switch the normal mode and the boost mode once a
second.

[0052] In this case, for example, the control unit 17 may
simultaneously display an image of the normal mode and an
image of the boost mode side by side. FIG. 7 is a diagram for
explaining a display example according to the second
embodiment. As illustrated in FIG. 7, the control unit 17
displays, for example, an image of the normal mode on the
left side of a display screen on the monitor 2, and an image of
the boost mode on the right side thereof. The images are not
necessarily displayed side by side, but may be displayed top
and bottom. This enables the operator to compare the images
of the normal mode and the boost mode on one screen,
thereby helping the operator perform diagnosis. The control
unit 17 may display one image of either mode or two images
of both modes side by side in accordance with a selection
operation received from the operator.

[0053] Next, described is the procedure of an examination
according to the second embodiment. FIG. 8 is a flowchart
illustrating the procedure of the examination according to the
second embodiment.

[0054] When the examination is started (start), the control
unit 17 reads scan conditions set as the initial setting in the
internal storage unit 18 (Step S101), and starts scanning in
accordance with the initial setting thus read (Step S102). In
the procedure explained in FIG. 8, the transmission and
reception unit 11 first performs ultrasound transmission and
reception in the normal mode.

[0055] The scan conditions are changed depending on a
situation such as which part of the body will be scanned. The
scan conditions include, for example, a mode of ultrasound
transmission and reception, a PRF, and depth. The control
unit 17 determines whether it has received an instruction to
change a scan condition from the operator (Step S103). If the
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control unit 17 determines that it has not received such
instruction (No at Step S103), the control unit 17 maintains
the current scan conditions, and continues the scan started at
Step S102.

[0056] Ifthe control unit 17 determines that it has received
such instruction (Yes at Step S103), the control unit 17 per-
forms processing (Steps S104 to S106) for resetting the scan
conditions.

[0057] Specifically, the control unit 17 sends an inquiry to
the mode switching control unit 17a to determine whether the
boost mode has already been on, or is switched to on (Step
S104). Ifthe normal mode is on (No at Step S104), the control
unit 17 performs normal processing for resetting the scan
conditions (Step S106).

[0058] If the boost mode is on (Yes at Step S104), the
control unit 17 selects the transmission and reception set
count (Step S105). For example, if the mode switching con-
trol unit 17a switches the normal mode to the boost mode at
Step S104 for the first time, the control unit 17 selects the
initial set count stored in the internal storage unit 18 in
advance as the transmission and reception set count. If, for
example, the boost mode is already on at Step S104, the
control unit 17 selects another set count stored in advance as
a transmission and reception set count in the internal storage
unit 18, or a set count received from the operator. The trans-
mission and reception set count may be automatically
selected from a plurality of set counts stored in advance in the
internal storage unit 18, or may be selected by the operator
from the set counts by using, for example, the toggle switch.
[0059] The control unit 17 then calculates new scan condi-
tions according to the changed scan condition and resets the
scan conditions (Step S106). If a transmission and reception
set count is selected at Step S105, the control unit 17 calcu-
lates a scan condition based on the selected transmission and
reception set count to reset the scan conditions. Under the
scan conditions thus reset, the control unit 17 continues scan-
ning.

[0060] The control unit 17 then determines whether the
examination is completed (Step S107). If the control unit 17
determines that the examination is not completed (No at Step
S107), the process returns to Step S103, and the control unit
17 determines whether it has received an instruction to
change a scan condition from the operator. If the control umt
17 determines that the examination is completed (Yes at Step
S107), the control unit 17 ends the scan and the examination.

Effects of Second Embodiment

[0061] As described above, the ultrasound diagnosis appa-
ratus 100 according to the second embodiment performs
ultrasound transmission and reception by switching modes
between the normal mode in which a set of ultrasound trans-
mission and reception is performed, and the boost mode in
which a plurality of sets of ultrasound transmission and
reception are performed. This enables the operator to switch
to the boost mode as necessary, thereby preventing a decrease
in frame rate.

Additional Functions of Second Embodiment

[0062] Described above is the ultrasound diagnosis appa-
ratus 100 according to the second embodiment that has a
function of switching the normal mode and the boost mode.
The switching function described above is performed based
on an operation by the operator or automatically performed at
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a timing set in advance. As described above, the ultrasound
diagnosis apparatus 100 according to the second embodiment
displays an image in each mode separately, or images in both
modes simultaneously, as a displaying function. The ultra-
sound diagnosis apparatus 100 can optionally select and com-
bine the functions described above. In addition, the ultra-
sound diagnosis apparatus 100 can also optionally select and
combine additional functions described below.

[0063] Additional Function 1: Automatic Switching Based
on Detection of Image Change, Etc.

[0064] Although the second embodiment describes a
method for automatically switching the normal mode and the
boost mode at a timing set in advance, the embodiment is not
limited to this. When the operator tries to increase sensitivity
of an image, the operator fixes the ultrasonic probe 1 on the
current position and instructs the subject P to stop breathing in
many cases. The mode switching control unit 17a according
to the second embodiment may detect, for example, changes
such as “change in the image becomes smaller” or “motion of
the ultrasonic probe 1 becomes smaller” to use such detection
results as a trigger to automatically switch to the boost mode.
Specifically, the mode switching control unit 17a detects a
change in a subject region to be analyzed by using the
reflected wave data, or motion of the ultrasonic probe 1 by
adding a magnetic sensor thereto, and switches the normal
mode to the boost mode on the basis of the detected change in
the subject region or the detected motion.

[0065] The mode switching control unit 174, for example,
acquires frames generated by the image processing unit 15 as
needed, and calculates a correlational value between the
frames as needed. When detecting that the calculated corre-
lational value exceeds a threshold set in advance, the mode
switching control unit 17a switches the normal mode to the
boost mode. Thereafter, when the operator moves the ultra-
sonic probe 1, the correlational value between the frames
becomes smaller than the threshold set in advance. In this
case, when the mode switching control unit 17a detects that
the calculated correlational value falls below the threshold set
in advance, the mode switching control unit 17« switches the
boost mode to the normal mode.

[0066] FIG. 9 is a diagram for explaining ultrasound trans-
mission and reception dedicated to motion detection accord-
ing to the second embodiment. As illustrated in FIG. 9(A), for
example, the mode switching control unit 17a performs nor-
mal ultrasound transmission and reception for generating an
image, and as illustrated in FIG. 9(B), the mode switching
control unit 17a performs ultrasound transmission and recep-
tion dedicated to motion detection at a certain timing, thereby
repeating the normal ultrasound transmission and reception
and the ultrasound transmission and reception dedicated to
motion detection. The mode switching control unit 17a then
calculates, as needed, a correlational value between beams
(reflected wave data) on the same scan line obtained by the
ultrasound transmission and reception dedicated to motion
detection. When detecting that the calculated correlational
value exceeds a threshold set in advance, the mode switching
control unit 17a switches the normal mode to the boost mode.
Thereafter, when the operator moves the ultrasonic probe 1,
the correlational value between the beams falls below the
threshold set in advance. In this case, the mode switching
control unit 17a detects that the calculated correlational value
falls below the threshold set in advance, and switches the
boost mode to the normal mode.
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[0067] The embodiment is not limited to the method for
performing ultrasound transmission and reception dedicated
to motion detection. The embodiment may employ, for
example, a method for calculating a correlational value
between beams along a scan line in the normal ultrasound
transmission and reception for generating an image.

[0068] When, for example, the mode switching control unit
17a receives, from the ultrasonic probe 1, information
obtained by a sensor attached to the ultrasonic probe 1, and
determines that the ultrasonic probe 1 is stopped from the
information, the mode switching control unit 17a switches
the normal mode to the boost mode. Thereafter, when the
operator moves the ultrasonic probe 1, the mode switching
control unit 174 determines that the ultrasonic probe 1 starts
moving from the information obtained by the sensor, and
switches the boost mode to the normal mode.

[0069] Additional Function 2: Boost Mode for a Part of a
Region
[0070] Although the second embodiment describes a

method for applying the boost mode to the entire region of an
image, the embodiment is not limited to this. The boost mode
may be applied only to a part of a region of an image, while the
normal mode may be applied to the other part of the region. In
this case, a decrease in frame rate can be prevented.

[0071] FIG. 10 is a diagram for explaining the boost mode
according to the second embodiment. The mode switching
control unit 17a, for example, controls the transmission and
reception unit 11 to switch to the boost mode only in a region
indicated by a sign b. The region indicated by the sign b may
be automatically set in the center part of the image, or may be
specified by the operator. In FIG. 10, although the region
indicated by the sign b has a rectangle shape, for example, the
embodiment is not limited to this. The region may be set in
any shape or in any position. As illustrated in FIG. 10, it is
preferable to display, for example, “Boost” indicated by a
sign c on the monitor 2 so that the operator can recognize that
the ultrasound diagnosis apparatus 100 operates in the boost
mode.

[0072] Additional Function 3: Storing of Image in Con-
junction with Switching of Modes

[0073] According to the second embodiment, the ultra-
sound diagnosis apparatus 100 may freeze or store an image
in conjunction with switching of modes. For example, the
control unit 17 may pause (freeze) an image generated by the
image processing unit 15 and output to the monitor 2, which
is triggered by switching to the boost mode by the mode
switching control unit 17a. The control unit 17 includes, for
example, a storage control unit (not illustrated). The storage
control unit may store, in the image memory 16, an image
generated by the image processing unit 15, which is triggered
by switching to the boost mode by the mode switching control
unit 17a. When collecting an image with a high signal-to-
noise ratio, the operator freezes the image for observation,
and stores the image in many cases. Switching of modes in
conjunction with freezing and storing of an image enables the
operator to efficiently acquire and store a high quality image,
thereby improving efficiency in examinations.

Third Embodiment

[0074] Next described is a third embodiment. In the first
embodiment or the second embodiment, the number of sets of
ultrasound transmission and reception, each set of which is
constituted of two rounds of ultrasound transmission and
reception sequentially performed in reversed phase polarity is
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determined, for example, by using a transmission and recep-
tion set count set in advance, or by receiving an input of a
transmission and reception set count from the operator. The
ultrasound diagnosis apparatus 100 according to the third
embodiment calculates correlation between frames or
between beams on the same scan line to detect motion of a
biological body or the ultrasonic probe 1, thereby automati-
cally determining the optimal transmission and reception set
count in accordance with a situation.

[0075] In the boost mode, increasing the transmission and
reception set count is advantageous from a sensitivity point of
view because sensitivity increases as the transmission and
reception set count increases. In general, an increased trans-
mission and reception set count results in a longer time to
collect reflected wave data. Consequently, when a subject
region moves, a phase shift may occur due to the move. The
phase shift appears as a position shift in an image. When
creating an image, the ultrasound diagnosis apparatus 100
adds several pieces of reflected wave data that contain the
position shift occurring as a result of a move in the subject
region. This may cause deterioration of resolution or decrease
in contrast, thereby failing to improve sensitivity as expected.
When the operator examines a subject region that moves alot,
suich as the heart or a beating artery, the motion of the subject
region significantly affects an image to be generated. Thus,
the transmission and reception set count needs to be reduced.
In other words, the transmission and reception set count needs
to be adjusted depending on which region to examine: when
the operator examines a subject region that moves little, the
transmission and reception set count is increased, whereas,
when the operator examines a subject region that moves alot,
the transmission and reception set count is reduced.

[0076] The second embodiment employs a method that
allows the operator to select a transmission and reception set
count, for example. This requires the operator to change the
transmission and reception set count manually every time the
subject region is changed. Moreover, it is difficult for the
operator to intuitively make the optimal decision as to how
many sets of transmission and reception are performed, or
make appropriate determination as to how much the move-
ment of a subject region affects an image. Thus, the operator
needs to repeat trial and error until the operator finds the
optimal value, which may cause deterioration in examination
throughputs. In order to limit the deterioration in examination
throughputs to a minimum, the ultrasound diagnosis appara-
tus 100 can only have limited options for the transmission and
reception set count. Thus, it is difficult for the ultrasound
diagnosis apparatus 100 to provide the optimal transmission
and reception set count for every subject to be examined that
moves differently depending on a situation (a person or a
region).

[0077] FIG. 11 is a diagram for explaining a configuration
of the ultrasound diagnosis apparatus 100 according to the
third embodiment. As illustrated in FIG. 11, although the
ultrasound diagnosis apparatus 100 according to the third
embodiment has the same configuration as that of the ultra-
sound diagnosis apparatus 100 according to the first embodi-
ment, it also includes the mode switching control unit 17a and
a set count determination unit 175 in the control unit 17. The
set count determination unit 175 detects motion occurring in
a subject region. The set count determination unit 175 deter-
mines a transmission and reception set count on the basis of
the motion thus detected. The transmission and reception unit
11 according to the third embodiment performs ultrasound
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transmission and reception in accordance with the set count
determined by the set count determination unit 175.

[0078] First, described is the procedure of an examination
according to the third embodiment. FIG. 12 is a flowchart
illustrating the procedure of the examination according to the
third embodiment.

[0079] Processing from Steps S201 to S203 is performed in
the same manner as in the second embodiment. That is, when
the examination is started, the control unit 17 reads the initial
setting of scan conditions from the internal storage unit 18
(Step S201), and starts scanning in accordance with the initial
setting thus read (Step S202). The control unit 17 determines
whether it has received an instruction to change a scan con-
dition from the operator (Step S203). If the control unit 17
determines that it has not received such instruction (No at
Step S203), the control unit 17 maintains the current scan
conditions, and continues the scan started at Step S202. If the
control unit 17 determines that it has received such instruction
(Yes at Step S203), the control unit 17 performs processing
(Steps S204 to S207) for resetting the scan conditions.
[0080] Specifically, the control unit 17 sends an inquiry to
the mode switching control unit 17a to determine whether the
boost mode has already been on, or is switched to on (Step
S204). Ifthe normal mode is on (No at Step S204), the control
unit 17 performs normal processing for resetting the scan
conditions (Step S208).

[0081] If the boost mode is on (Yes at Step S204), the
control unit 17 according to the third embodiment performs
pre-scan for detecting motion in the subject region (Step
S205). The pre-scan is performed for the purpose of deter-
mining a transmission and reception set count, and is not
necessarily performed under the same scan conditions as
those for generating an image. For example, scan conditions
such as the number of beams and the number of focus posi-
tions may be changed. The pre-scan may collect reflected
wave data on a frame basis as performed in the B-mode scan,
or may collect the reflected wave data on a scan line (raster)
basis, or on an alternate scan line basis as performed in color
Doppler imaging (CDI). It is preferable to perform pre-scan
suitable for the processing for analyzing motion to be
described later.

[0082] The set count determination unit 175 detects motion
in the subject region by using the reflected wave data col-
lected in the pre-scan (Step S206). The set count determina-
tionunit 175 calculates a transmission and reception set count
on thebasis of the motion detected (Step S207). There are two
methods for determining a transmission and reception set
count: one is a method using frame-to-frame correlation
(hereinafter referred to as a frame correlation method); and
the other is a method using beam-to-beam correlation on the
same scan line (hereinafter referred to as a beam correlation
method). These methods will be described later in detail.
[0083] Thereafter, as in the case of the second embodiment,
the control unit 17 calculates new scan conditions according
to the changed scan condition and resets the scan conditions
(Step S208). If the examination is not completed (No at Step
S209), the process returns to the processing at which the
control unit 17 determines whether it has received an instruc-
tion to change a scan condition from the operator. If the
examinations is completed (Yes at Step S209), the control
unit 17 ends the scan and the examination.

[0084] In the second and the third embodiments described
above, although the control unit 17 determines whether the
boost mode has already been on, or the boost mode is
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switched to on to perform the processing for determining a
transmission and reception set count, the embodiment is not
limited to this. For example, the control unit 17 may perform
the processing for determining a transmission and reception
set count, triggered by a change in depth condition that
changes, for example, the PRF, or a change in the subject
region that changes a frame rate.

[0085] Although a method for performing pre-scan for
motion detection is described, the embodiment is not limited
to this. When, for example, the control unit 17 already started
scanning for generating an image, the control unit 17 may
detect motion by analyzing the frames and beams collected in
the scan.

As described above, two methods are mainly assumed in the
third embodiment for the set count determination unit 1756 to
determine a transmission and reception set count. One is the
frame correlation method, and the other is the beam correla-
tion method. The following describes the methods in the
order.

[0086] First, described is the frame correlation method. In
the third embodiment, for example, it is assumed that the
control unit 17 collects, as the pre-scan, reflected wave data
frame by frame as in the case of the B-mode scan for a certain
time period.

[0087] When reflected wave data of n frames is collected,
the set count determination unit 175 calculates correlational
values of frames relative to, for example, the first frame. For
example, the set count determination unit 175 calculates cor-
relational values between the first frame and the second
frame, the first frame and the third frame, up to the first frame
and the nth frame. It is expected that correlation between
frames decreases as a time-phase difference between the
frames increases from which correlational values are calcu-
lated. This enables the set count determination unit 175 to
specify collection time within which the influence of motion
can be suppressed, by determining in what frame the corre-
lational value falls below a threshold set in advance.

[0088] When, for example, scan conditions for the pre-scan
and scan conditions for the normal scan are the same, and the
correlational value between the first frame and the eleventh
frame falls below the threshold, collection time for up to ten
frames is a tolerable range with respect to motion. When
reflected wave data for one frame is collected in a collection
time of ten frames, the set count determination unit 176
determines that the transmission and reception set count “10”
is the optimal transmission and reception set count as long as
only the transmission and reception set count is changed
among the scan conditions.

[0089] Inthe frame correlation method, the set count deter-
mination unit 175 may calculate correlational values between
frames as described above, and may also calculate correla-
tional values between local regions of respective frames.
When the set count determination unit 175 calculates corre-
lational values between local regions, the number of regions
per frame may be one or larger than one.

[0090] The frame correlation method is not limited to the
method described above. The set count determination unit
176 may first calculate a correlational value between two
frames, and then calculate a transmission and reception set
count by using a relational expression set in advance, substi-
tuting the calculated correlational value.

[0091] For example, the relation between a velocity of
motion and a suitable collection time is obtained in advance
from, for example, an experiment, and a relational expression
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is set. The velocity of motion can be calculated from a corre-
lational value between frames and a frame rate. For example,
a velocity of motion is calculated from a correlational value
between frames and a frame rate, and the velocity of move-
ment thus calculated is substituted in the relational expres-
sion, whereby a suitable collection time can be obtained.
Furthermore, setting in advance a relational expression
between a collection time and a PRF enables the set count
determination unit 175 to calculate a suitable transmission
and reception set count by substituting the collection time
thus obtained in the relational expression.

[0092] The set count determination unit 175 may use, for
example, a table that contains correlational values between
frames and transmission and reception set counts that are
associated with each other in advance. This table is generated
by, for example, an experiment conducted in advance. It is
desirable that the table can be changed, and that a plurality of
tables are provided for respective frame rates of the pre-scan,
for example.

[0093] The set count determination unit 176 may calculate
correlational values between the first frame and the second
frame, the second frame and the third frame, and up to the
(n-1)th frame and the nth frame to obtain the maximum value
and the minimum value in the correlational values. The set
count determination unit 175 may then determine a transmis-
sion and reception set count by using a relational expression
or a table corresponding to the maximum and minimum val-
ues.

[0094] Next, the beam correlation method is described. The
set count determination unit 175 calculates motion velocity of
biological signals by using the same principle as the CDI
principle, in particular, the tissue Doppler imaging (TDI)
principle that uses, what is called, the Doppler effect. In this
case, two-dimensional velocity mapping is possible. The set
count determination unit 175 calculates a transmission and
reception set count by using the maximum velocity and the
average velocity of the motion velocity in a subject region.
The set count determination unit 175 may calculate a trans-
mission and reception set count by using a relational expres-
sion or a table as used in the case of the frame correlation
method. The set count determination unit 175 may use, for
example, a relational expression between a motion velocity
and a transmission and reception set count obtained from an
experiment conducted in advance. The set count determina-
tion unit 175 may use, for example, a table that contains
moving velocities and transmission and reception set counts
that are associated with each other in advance. The set count
determination unit 1756 may perform threshold processing as
performed in the case of the frame correlation method.
[0095] The ultrasound diagnosis apparatus 100 according
to the third embodiment may display a certain indicator that
represents how much the detected biological body and the
ultrasonic probe 1 are moved, and may also display values
such as calculated correlational values and a motion velocity.
The control unit 17 may, for example, store in advance a
relational expression for indicating the correlation between
“motion of a biological body or the ultrasonic probe 1" and
“holding accuracy of the ultrasonic probe 1”. When the set
count determination unit 175 detects motion, it may substitute
a detected value into the relational expression and calculate
an indicator indicating the holding accuracy of the ultrasonic
probe 1, and may display the indicator thus calculated on the
monitor 2. When the motion is smaller, for example, the
indicator indicating the holding accuracy has a higher value.
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The control unit 17 may, for example, store a relational
expression for indicating the correlation between “motion of
a biological body or the ultrasonic probe 1” and “an indicator
indicating influence of cardiac beat” in advance. When the set
count determination unit 174 detects motion, it may substitute
a detected value in the relational expression and calculate an
indicator indicating the influence of cardiac beat, and may
display the indicator thus calculated on the monitor 2. When
the motion is smaller, for example, the indicator indicating
the influence of cardiac beat has a lower value. The control
unit 17 may, for example, display values such as calculated
correlational values and a moving velocity in a form of color
coding in which different colors are assigned depending on
the values. When the control unit 17 displays how much a
biological body or the ultrasonic probe 1 is moved in a form
of a certain indicator, the control unit 17 may also display a
color-coded indicator.

[0096] The ultrasound diagnosis apparatus 100 according
to the third embodiment may freeze or store an image in
conjunction with motion of a detected biological body or the
ultrasound probe 1. When, for example, the ultrasound diag-
nosis apparatus 100 performs scanning for generating an
image and detects motion by analyzing frames or beams
collected in the scan, the control unit 17 may freeze an image
generated by the image processing unit 15 and output to the
monitor 2, triggered by determining that the motion detected
by the set count determination unit 175 falls below a threshold
setinadvance. The storage control unit included in the control
unit 17 may, for example, store an image generated by the
image processing unit 15 in the image memory 16, triggered
by determining that the motion detected by the set count
determination unit 175 falls below a threshold set in advance.

Effects of Third Embodiment

[0097] According to the third embodiment described
above, the ultrasound diagnosis apparatus 100 can automati-
cally determine the transmission and reception set count,
thereby improving the examination throughput. The ultra-
sound diagnosis apparatus 100 can determine an optimal
transmission and reception set count according to a state of
motion, thereby contributing to improvement in diagnosis.
[0098] Additional Function 1: Change in Threshold, Etc.,
for Determining Transmission and Reception Set Count
[0099] As described above, the set count determination unit
175 determines a transmission and reception set count by
using, for example, a threshold, a relational expression, and a
table that are set in advance. The ultrasound diagnosis appa-
ratus 100 may include a user interface (UI) for receiving
changes in, for example, the threshold, the relational expres-
sion, and the table. The ultrasound diagnosis apparatus 100
may control the set count determination unit 175 to perform
determination processing (Steps S205 to S207 in FIG. 12),
triggered by receiving a change in the threshold, the relational
expression, or the table.

[0100] Additional Function 2: Change in Transmission and
Reception Set Count in Real Time

[0101] In the third embodiment, a method is described in
which the set count determination unit 175 detects motion in
a subject region by analyzing reflected wave data collected
through the pre-scan, but the embodiment is not limited to
this. For example, a magnetic sensor is attached to the ultra-
sonic probe 1 to detect motion of the ultrasonic probe 1.
[0102] The control unit 17 according to the third embodi-
ment may, for example, automatically change a gain value
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used to amplify the reflected wave signals received at the
amplifier circuit, in accordance with the normal mode or the
boost mode, or in accordance with the transmission and
reception set count. Normally, a gain value needs to be
changed in conjunction with switching of modes, or a change
in the transmission and reception set count. Thus, the control
unit 17 may, for example, automatically change the gain value
in conjunction with switching of the normal mode and the
boost mode, or a change in the transmission and reception set
count. This is efficient and convenient for the operator. Com-
pared with the normal mode, both signals (S) and noises (N)
increase in the boost mode. It is preferable, in general, to
reduce gain in the boost mode. When a large number of
transmission and reception set count is set, it is also preferable
to reduce gain. When, for example, the mode switching con-
trol unit 17 switches the normal mode to the boost mode, the
control unit 17 reduces the gain value set in the amplifier
circuit. When, for example, the set count determination unit
175 determines to increase the transmission and reception set
count, the control unit 17 also reduces the gain value set in the
amplifier circuit.

[0103] When, for example, the ultrasound diagnosis appa-
ratus 100 is performing scanning in the boost mode, the set
count determination unit 176 may detect motion by continu-
ously or intermittently monitoring the collected frames and
beams. When velocity of motion is changed during the scan-
ning in the boost mode, the set count determination unit 175
can calculate and determine the transmission and reception
set count corresponding to the changed velocity. This enables
the ultrasound diagnosis apparatus 100 to detect influence of
motion adaptively without waiting for an instruction from the
operator, and to examine a subject region under optimal con-
ditions at any time. In this case, the ultrasound diagnosis
apparatus 100 may perform ultrasound transmission and
reception dedicated to motion detection as explained by using
FIG. 9 according to the second embodiment.

Other Embodiments

[0104] Although the ultrasound diagnosis apparatus 100
according to the first to the third embodiments is described,
the embodiments are not limited to this. For example, the
ultrasound diagnosis apparatus 100 according to any one of
the first to the third embodiments can use the functions
described in the first embodiment, the functions described in
the second embodiment, and the functions described in the
third embodiment. Although a plurality of functions are listed
and described, the ultrasound diagnosis apparatus 100
according to any one of the first to the third embodiments can
include a part or all of the functions.

[0105] Three or More Types of Modes

[0106] Although in the second and the third embodiments,
amethod is described in which the ultrasound diagnosis appa-
ratus 100 switches two types of modes (the normal mode and
the boost mode), the embodiments are not limited to this. The
ultrasound diagnosis apparatus 100 may switch three or more
types of modes. For example, the ultrasound diagnosis appa-
ratus 100 may switch modes among the normal mode and two
or more types of modes that have a different transmission and
reception set count.

[0107] Other Imaging Modes Such as B-Mode

[0108] Although the first to the third embodiments describe
acaseinwhich the ultrasound diagnosis apparatus operates in
the harmonic imaging mode, the embodiments are not limited
to this. Even when the ultrasound diagnosis apparatus oper-
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ates in the normal B-mode or in the CDI (in particular, the
TDI) mode, the configurations desctibed in the first to the
third embodiments are also applicable. In this case, the ultra-
sound diagnosis apparatus includes the transmission and
reception unit, the addition unit, and the image generation
unit. The transmission and reception unit performs ultrasound
transmission and reception for receiving reflected wave data
necessary to generate an image a plurality of times on the
same scan line. The addition unit adds reflected wave data
received from a plurality of times of ultrasound transmission
and reception performed by the transmission and reception
unit. The image generation unit generates an image by using
the reflected wave data of a plurality of times of ultrasound
transmission and reception added by the addition unit. For
example, the transmission and reception unit performs ultra-
sound transmission and reception four times along the same
scan line under the same scan conditions. The addition unit
adds reflected wave data received from the four times of
ultrasound transmission and reception performed on the same
scan line. The image generation unit generates an image by
using the reflected wave data of the four times of ultrasound
transmission and reception added by the addition unit. The
embodiments are not limited to a case in which the ultrasound
diagnosis apparatus operates in the harmonic imaging in the
polarity determination method. The embodiments are also
applicable to a case in which the ultrasound diagnosis appa-
ratus operates in the harmonic imaging in the filtering
method.

[0109] Thethird embodiment describes a method for deter-
mining a transmission and reception set count by using the
frame correlation method or the beam correlation method.
The ultrasound diagnosis apparatus may select a method
depending on in what mode the ultrasound diagnosis appara-
tus performs scanning. When, for example, the ultrasound
diagnosis apparatus performs scanning in the B-mode, it
selects the frame correlation method, whereas, when the
ultrasound diagnosis apparatus performs scanning in the CDI
(in particular the TDI) mode, it selects the beam correlation
method.

[0110] Others

[0111] The embodiments are not limited to a case in which
the ultrasound diagnosis apparatus generates a two-dimen-
sional image. The embodiments are also applicable to a case
in which the ultrasound diagnosis apparatus generates a
three-dimensional image. The embodiments are also appli-
cable to a case in which the ultrasound diagnosis apparatus
performs contrast imaging. In this case, the vltrasound diag-
nosis apparatus can increase sensitivity in a deep portion
without increasing acoustic pressure. When performing con-
trast imaging, the ultrasound diagnosis apparatus can further
improve contrast by switching modes and adjusting acoustic
pressure simultaneously. For example, when performing
ultrasound transmission and reception in the boost mode, the
ultrasound diagnosis apparatus reduces acoustic pressure to
suppress, for example, destruction of bubbles. This leads to
further improvement in contrast.

[0112] The ultrasound diagnosis apparatus according to at
least one of the embodiments described above can increase
sensitivity in a deep portion appropriately.

[0113] 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 disclosure.
Indeed, the novel apparatus described herein may be embod-
ied in a variety of other forms; furthermore, various omis-
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sions, substitutions and changes in the form of the apparatus
described herein may be made without departing from the
spirit of the disclosure. The accompanying claims and their
equivalents are intended to cover such forms or modifications
as would fall within the scope and spirits of the disclosure.

1. An ultrasound diagnosis apparatus, comprising:

a transmission and reception unit configured to perform a
set or a plurality of sets of ultrasound transmission and
reception along a same scan line, each set of ultrasound
transmission and reception being constituted of repeated
ultrasound transmission and reception sequentially per-
formed in reversed phase polarity along the same scan
line;

an addition unit configured to add reflected wave data
received from a plurality of sets of ultrasound transmis-
sion and reception performed by the transmission and
reception unit;

an image generation unit configured to generate an image
by using reflected wave data of a set of ultrasound trans-
mission and reception, or by using the reflected wave
data of a plurality of sets of ultrasound transmission and
reception added by the addition unit; and

a control unit configured to switch a first mode in which a
set of ultrasound transmission and reception is pet-
formed, and a second mode in which a plurality of sets of
ultrasound transmission and reception are performed,
wherein

the transmission and reception unit is configured to per-
form a set or a plurality of sets of ultrasound transmis-
sionand reception in accordance with a switching opera-
tion by the control unit.

2. The ultrasound diagnosis apparatus according to claim

1, wherein the control unit is configured to change a gain
value used to amplify reflected wave signals received at an
amplifier circuit in accordance with a change in number of
sets of ultrasound transmission and reception performed by
the transmission and reception unit.

3. The ultrasound diagnosis apparatus according to claim

2, wherein the control unit is configured to change the gain
value to a smaller value for a larger number of sets of ultra-
sound transmission and reception performed by the transmis-
sion and reception unit.

4. The ultrasound diagnosis apparatus according to claim

1, wherein

the control unit further comprises a switching unit config-
ured to detect a change in a subject region analyzed by
using reflected wave data or detect motion of an ultra-
sonic probe, and configured to switch the first mode to
the second mode based on the detected change in the
subject region or on the detected motion.

5. The ultrasound diagnosis apparatus according to claim

1, wherein

the control unit further comprises a determination unit
configured to detect motion occurring ina subject region
and configured to determine, based on the detected
motion, number of sets of ultrasound transmission and
reception to be performed, and

the transmission and reception unit is configured to per-
form ultrasound transmission and reception in accor-
dance with the number of sets of vltrasound transmis-
sion and reception determined by the determination unit.

6. The ultrasound diagnosis apparatus according to claim

5, wherein the determination unit is configured to detect
motion by analyzing reflected wave data received through a
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scan to detect motion, the scan being performed indepen-
dently of a scan to generate an image, configured to detect
motion by analyzing reflected wave data received through a
scan that has already been performed to generate an image, or
configured to detect motion by analyzing, during a scan,
reflected wave data received in the scan.

7. The ultrasound diagnosis apparatus according to claim

5, wherein the determination unit is configured to detect
motion occurring in a subject region, the detection being
triggered by a change in a certain scan condition, and is
configured to determine, based on the detected motion, num-
ber of sets of ultrasound transmission and reception per-
formed by the transmission and reception unit.

8. The ultrasound diagnosis apparatus according to claim

5, wherein the control unit is configured to store, in a storage
unit, an image generated by the image generation unit, the
storage being triggered by determining that the motion
detected by the determination unit falls below a certain
threshold.

9. The ultrasound diagnosis apparatus according to claim

5, wherein the control unit is configured to display an image
generated by the image generation unit in a paused state, the
display being triggered by determining that the motion
detected by the determination unit falls below a certain
threshold.

10. The ultrasound diagnosis apparatus according to claim

1, further comprising:

a display controller configured to display, together with an
image, information indicating that the second mode is
on, when the switching unit switches modes to the sec-
ond mode.

11. The ultrasound diagnosis apparatus according to claim

1, wherein the control unit is configured to store, in a storage
unit, an image generated by the image generation unit, the
storage being triggered by switching by the switching unit to
the second mode.

12. The ultrasound diagnosis apparatus according to claim

1, wherein the control unit is configured to display an image
generated by the image generation unit in a paused state, the
display being triggered by switching by the switching unit to
the second mode.

13. The ultrasound diagnosis apparatus according to claim

1, wherein the control unit is configured to display an image
generated in the first mode and an image generated in the
second mode side by side.

14. The ultrasound diagnosis apparatus according to claim

1, wherein the switching unit is configured to switch modes to
the second mode in a part of a subject region, and configured
to maintain the first mode in the other part of the subject
region.

15. An ultrasound diagnosis apparatus, comprising:

a transmission and reception unit configured to perform, a
plurality of times, along a same scan line, ultrasound
transmission and reception performed to receive
reflected wave data necessary to generate an image;

an addition unit configured to add reflected wave data
received from a plurality of times of the ultrasound
transmission and reception performed by the transmis-
sion and reception unit; and

an image generation unit configured to generate an image
by using the reflected wave data of a plurality of times of
the ultrasound transmission and reception added by the
addition unit.



patsnap

TREMOF) 7S 12 W4
[F(RE)E US20150209006A1 K (aH)A 2015-07-30
RiES US14/167170 RiEH 2014-01-29

WRIFRB(RFR)AGE) FZETREKRASH
KRRALHFRZ

RE(EFR)AGE) REBEMRENT
KRAKHFZ

HHRBERAE) FZETRELT

all

HRIZBA KAWAGISHI TETSUYA
KAKEE AKIHIRO
NISHIHARA KURAMITSU
YOSHIARA HIROKI
SUMI ATSUSHI
MASAKARI YASUYUKI

REBAA KAWAGISHI, TETSUYA
KAKEE, AKIHIRO
NISHIHARA, KURAMITSU
YOSHIARA, HIROKI
SUMI, ATSUSHI
MASAKARI, YASUYUKI

IPCH %5 A61B8/14 A61B8/08 A61B8/00

CPCH¥EE A61B8/14 A61B8/4245 A61B8/5207 A61B8/463 A61B8/4416 A61B8/54

H T SCEk US9861341

S\EBEEE Espacenet USPTO

'}ﬁ E ( 'L%) ﬁrmww DiAENOEIR APPARATUS
HEEUHMEREERENEWRSE T, EEx , BRERE TGS g i

Too BEMBRETHE-—ERAMIT—EABFERLAENZR , ELE APRARATISRONY

HERABEUE - EXRTSEBRFRRENER, SABSRAEHM
BB REEREE R ARSI FHTHEEBAERARIEMERY
o IERTUE - EXFNRIRHE. BRERETBSEAE -
BRAHE BTN RIIRBERERE R, 262 TIHRE &AM
BoER, REMERE TREDRIBERT - ARSHBFRRIEHM
.



https://share-analytics.zhihuiya.com/view/7b259fef-5d1b-4018-8666-096350ccbe3c
https://worldwide.espacenet.com/patent/search/family/053677945/publication/US2015209006A1?q=US2015209006A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220150209006%22.PGNR.&OS=DN/20150209006&RS=DN/20150209006

