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ULTRASOUND DIAGNOSTIC APPARATUS
AND ULTRASOUND IMAGING METHOD

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application is a continuation of PCT interna-
tional application Ser. No. PCT/JP2013/065587 filed on Jun.
5, 2013 which designates the United States, incorporated
herein by reference, and which claims the benefit of priority
from Japanese Patent Application No. 2012-128051, filed on
Jun. 5, 2012, the entire contents of which are incorporated
herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasound diagnostic apparatus and an ultrasound imag-
ing method.

BACKGROUND

[0003] In recent years, intravenously administered ultra-
sound contrast agents have been commercialized, and a con-
trast echo technique called contrast harmonic imaging (CHI)
has been performed using ultrasound diagnostic apparatuses.
Contrast echo techniques are intended for evaluation of
hemodynamics by intravenously infusing ultrasound contrast
agents to enhance blood-flow signals in cardiac and hepatic
tests, for example. Many types of ultrasound contrast agents
have microbubbles serving as a reflection source. However,
due to its delicate nature as the base material, bubbles are
broken by the mechanical action of ultrasound waves, result-
ing in reduction in the intensity of signals from the scanned
surface, even when the ultrasound waves are irradiated at the
level of ordinary diagnosis.

[0004] For the above reason, to observe the dynamic state
of reflux flow in real time, it is necessary to relatively reduce
the breakdown of the bubbles due to scanning by performing
imaging with transmission of ultrasound waves with low
acoustic pressure, for example. During such imaging with
transmission of ultrasound waves with low acoustic pressure,
the signal/noise (S/N) ratio is lowered. To compensate this,
various signal processing methods have been developed such
as phase modulation (PM), amplitude modulation (AM), and
amplitude modulation/phase modulation (AMPM). The
above-mentioned imaging methods enable real-time display
of a contrasted image with a high S/N ratio. Ultrasound con-
trast imaging is used for detailed examination of microstruc-
tures (microvascular structures, for example) that cannot be
visualized by X-ray computed tomography (CT) apparatuses
or magnetic resonance imaging (MRI) apparatuses in view of
real-time performance and high spatial resolution. Ultra-
sound contrast imaging may also be useful for differential
diagnosis because it enables observation of irregular courses
of tumor vessels and nutrient vessels. Ultrasound contrast
imaging is used for superficial regions in addition to abdomi-
nal regions.

[0005] When observing a microlesion, an ultrasonic probe
with high frequency (6 MHz or higher) is used to obtain
spatial resolution although it reduces sensitivity in a deep
region. When scanning a patient with a thick abdominal wall
also, depth sensitivity is reduced. This is because the ultra-
sound waves transmitted with high frequency causes signifi-
cant frequency-dependent attenuation, and thereby the
observable region (penetration) is limited to a shallow area.
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To secure an observation depth, frequency is lowered gener-
ally although it lowers spatial resolution. Clinically, it is
necessary to observe a lesion with the spatial resolution being
maintained in the deep region. However, this may not be
satisfied in some cases.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1isablock diagram illustrating a configuration
example of an ultrasound diagnostic apparatus according to a
first embodiment;

[0007] FIG.2isablock diagram illustrating a configuration
example of a B-mode processing unit according to the first
embodiment;

[0008] FIG. 3A is a diagram illustrating an example of
processing performed by an adder/subtractor and a reception
coeflicients switch when AM is performed;

[0009] FIG. 3B is a diagram illustrating an example of
processing performed by an adder/subtractor and a reception
coefficients switch when AMPM is performed;

[0010] FIG. 4, FIG. 5A, FIG. 5B, FIG. 5C and FIG. 5D are
diagrams illustrating an example of ultrasound transmission/
reception according to the first embodiment;

[0011] FIG. 6 is a diagram illustrating an example of a
residual echo generated by combined use of AMPM and AM
[0012] FIG. 7 is a diagram illustrating an example of ultra-
sound transmission/reception as a measure against residual
echoes according to the first embodiment;

[0013] FIG. 8 is an example of the result of ultrasound
contrast imaging performed by ultrasound transmission/re-
ception according to the first embodiment;

[0014] FIG. 9 is a diagram illustrating a second embodi-
ment;
[0015] FIG. 10 is a flowchart illustrating an example of

processing performed by an ultrasound diagnostic apparatus
according to the second embodiment;

[0016] FIG. 11 is a diagram illustrating a third embodi-
ment;
[0017] FIG. 12 is a flowchart illustrating an example of

processing performed by an ultrasound diagnostic apparatus
according to the third embodiment;

[0018] FIG. 13,FIG. 14 and FIG. 15 are diagrams illustrat-
ing a fourth embodiment;

DETAILED DESCRIPTION

[0019] An ultrasound diagnostic apparatus according to an
embodiment includes a transmitter/receiver, an adder/sub-
tractor and an image generating unit. The transmitter/receiver
performs a first set of ultrasound transmission/reception and
a second set of ultrasound transmission/reception, on a same
scanning line of an imaging region of a subject administered
with a contrast agent, for a plurality of sets, to output reflected
wave data for the plurality of the sets, the first set of the
ultrasound transmission/reception performing amplitude-
modulated or amplitude- and phase-modulated ultrasound
transmission transmitted a plurality of times and receiving
reflected waves, and the second set of the ultrasound trans-
mission/reception being transmission/reception whose phase
modulation being different from phase modulation of the first
set of the ultrasound transmission/reception. The adder/sub-
tractor adds or subtracts the reflected wave data for the plu-
rality of the sets. The image generating unit generates contrast
image data based on the data output from the adder/subtrac-
tor.
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[0020] An ultrasound diagnostic apparatus according to
embodiments will be explained in detail below with reference
to accompanying drawings.

First Embodiment

[0021] Theconfiguration of an ultrasound diagnostic appa-
ratus according to a first embodiment will be first described.
FIG. 1is a block diagram illustrating a configuration example
of the ultrasound diagnostic apparatus according to the first
embodiment. As illustrated in FIG. 1, the ultrasound diagnos-
tic apparatus according to the first embodiment includes an
ultrasonic probe 1, a monitor 2, an input device 3, and an
apparatus body 10.

[0022] Theultrasonic probe 1 includes a plurality of piezo-
electric transducer elements. The plurality of the piezoelec-
tric transducer elements generate ultrasonic waves based on a
drive signal supplied from a transmitter/receiver 11 included
in the apparatus body 10 described later. The plurality of the
piezoelectric transducer elements included in the ultrasonic
probe 1 receive a reflected wave from a subject P to convert
the reflected wave thus received into an electric signal. The
ultrasonic probe 1 also includes matching layers provided to
the piezoelectric transducer elements and backing materials
preventing ultrasonic waves from traveling behind the piezo-
electric transducer elements, for example. The ultrasonic
probe 1 is removably connected to the apparatus body 10.
[0023] When ultrasonic waves are transmitted from the
ultrasonic probe 1 to the subject P, the ultrasonic waves thus
transmitted are sequentially reflected on the planes of discon-
tinuity of acoustic impedances in body tissues of the subject
P and then received by the plurality of the piezoelectric trans-
ducer elements included in the ultrasonic probe 1 as reflected
wave signals. The amplitudes of the reflected wave signals
thus received depend on the differences of the acoustic
impedances on a plane of discontinuity on which the ultra-
sonic waves are reflected. When the ultrasonic pulses trans-
mitted are reflected on a moving blood flow or the surface of
a cardiac wall, for example, the reflected wave signals under-
goes a frequency shift depending on the velocity component
in the ultrasound transmission direction of the moving body
because of the Doppler effect.

[0024] For the ultrasonic probe 1 according to the first
embodiment, one-dimensional array probe two-dimension-
ally scanning the subject P and a mechanical four-dimen-
sional probe and a two-dimensional array probe three-dimen-
sionally scanning the subject p are applicable.

[0025] An input device 3 includes a mouse, a keyboard,
buttons, a panel switch, a touch command screen, a foot
switch, a track ball, or a joystick, and the like. The input
device 3 receives various setting requests from the operator of
the ultrasound diagnostic apparatus and transmits the setting
requests thus received to the apparatus body 10.

[0026] The monitor 2 displays a graphical user interface
(GUI) through which the operator of the ultrasound diagnos-
tic apparatus inputs various setting requests using the input
device 3 and displays ultrasonic image data generated by the
apparatus body 10, for example.

[0027] Theapparatusbody 10 1s an apparatus that generates
ultrasonic image data based on the reflected wave signal
received by the ultrasonic probe 1. The apparatus body 10
illustrated in FIG. 1 is an apparatus that can generate two-
dimensional ultrasonic image data based on two-dimensional
reflected wave signals. The apparatus body 10 illustrated in
FIG. 1 also is an apparatus that can generate three-dimen-
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sional ultrasonic image data based on three-dimensional
reflected wave signals. However, in the first embodiment, a
case is applicable where the apparatus body 10 is an apparatus
dedicated for two-dimensional data.

[0028] The apparatus body 10 includes the transmitter/re-
ceiver 11, a B-mode processing unit 12, a Doppler processing
unit 13, an image generating unit 14, and an image memory
15, an internal memory 16, a control unit 17 as illustrated in
FIG. 1.

[0029] The transmitter/receiver 11 controls ultrasound
transmission/reception performed by the ultrasonic probe 1
based on an instruction from the control unit 17 described
later. The transmitter/receiver 11 includes a pulse generator, a
transmission delay unit, a pulser, and the like and supplies a
drive signal to the ultrasonic probe 1. The pulse generator
repeatedly generates a rate pulse for forming an ultrasonic
wave for transmission at a predefined rate frequency. The
transmission delay unit provides each rate pulse generated by
the pulse generator with a delay time for each piezoelectric
transducer element. The delay time is required to focus ultra-
sonic waves generated by the ultrasonic probe 1 into a beam
and to determine transmission directivity. The pulser applies
a drive signal (drive pulse) to the ultrasonic probe 1 at the
timing based on the rate pulse. In other words, the transmis-
sion delay unit adjusts the transmission direction of the ultra-
sound wave transmitted from the surface of the piezoelectric
transducer elements as required by changing the delay time
provided to each rate pulse.

[0030] The transmitter/receiver 11 has functions capable of
instantaneously changing transmission frequencies, trans-
mission drive voltages, and the like in order to perform a
predefined scan sequence based on an instruction from the
control unit 17 described later. In particular, the transmission
drive voltages can be changed with a linear amplifier type of
oscillating circuit capable of instantaneously changing values
or a mechanism electrically switching over a plurality of
power source units.

[0031] The transmitter/receiver 11 includes an amplifier
circuit, an analog/digital (A/D) converter, and a reception
delay circuit, an adder, and a quadrature detection circuit, and
performs various processing on the 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 and perform thereon gain correction pro-
cessing. The A/D converter A/D-converts the reflected wave
signals thus gain-corrected. The reception delay circuit pro-
vides digital data with a reception delay time required to
determine reception directionality. The adder performs addi-
tion processing on the reflected wave signals provided with
the reception delay time by the reception delay circuit. The
addition processing performed by the adder enhances reflec-
tion components from the direction in accordance with the
reception directionality of the reflected wave signals. The
quadrature detection circuit converts an output signal from
the adder into an in-phase (I) signal and a quadrature-phase
(Q) signal in a baseband bandwidth. The quadrature detection
circuit then stores the I signal and the Q signal (hereinafter, IQ
signal) in a frame buffer (not illustrated) as reflected wave
data. The quadrature detection circuit may convert an output
signal from the adder into a radio frequency (RF) signal and
store the output signal thus converted in a frame buffer (not
illustrated).

[0032] The transmitter/receiver 11 causes the ultrasonic
probe 1 to transmit two-dimensional ultrasonic beams when
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the subject P is two-dimensionally scanned. The transmitter/
receiver 11 then generates two-dimensional reflected wave
data from two-dimensional reflected wave signals received by
the ultrasonic probe 1. The transmitter/receiver 11 also causes
the ultrasonic probe 1 to transmit three-dimensional ultra-
sonic beams when the subject P is three-dimensionally
scanned. The transmitter/receiver 11 then generates three-
dimensional reflected wave data from three-dimensional
reflected wave signals received by the ultrasonic probe 1.
[0033] The B-mode processing unit 12 and the Doppler
processing unit 13 are signal processing units performing
various signal processing on reflected wave data that the
transmitter/receiver 11 generated from reflected wave sig-
nals. The B-mode processing unit 12 receives reflected wave
data from the transmitter/receiver 11 and performs logarith-
mic amplification, envelope demodulation, and the like to
generate data (B-mode data) in which the intensity of a signal
is represented by the brightness of'its luminance. The Doppler
processing unit 13 performs frequency analysis of velocity
information from the reflected wave data received from the
transmitter/receiver 11 and generates data (Doppler data) in
which moving body information such as velocity, dispersion,
power, and the like affected by the Doppler effect are
extracted at multiple points. The moving body described
above includes blood flows, tissues such as cardiac walls, and
a contrast agent. The B-mode processing unit 12 and the
Doppler processing unit 13 acquire reflected wave data
through the frame buffer described above.

[0034] The B-mode processing unit 12 and the Doppler
processing unit 13 illustrated in FIG. 1 can process both
two-dimensional reflected wave data and three-dimensional
reflected wave data. Specifically, the B-mode processing unit
12 generates two-dimensional B-mode data from two-dimen-
sional reflected wave data and three-dimensional B-mode
data from three-dimensional reflected wave data. The Dop-
pler processing unit 13 generates two-dimensional Doppler
data from two-dimensional reflected wave data and three-
dimensional Doppler data from three-dimensional reflected
wave data.

[0035] The image generating unit 14 generates ultrasonic
wave image data from the data generated by the B-mode
processing unit 12 and the Doppler processing unit 13. Spe-
cifically, the image generating unit 14 generates two-dimen-
sional B-mode image data in which the intensity of a reflected
wave is represented by the luminance from the two-dimen-
sional B-mode data generated by the B-mode processing unit
12. The image generating unit 14 also generates two-dimen-
sional Doppler image data representing moving body infor-
mation from the two-dimensional Doppler data generated by
the Doppler processing unit 13. The two-dimensional Dop-
pler image data includes velocity image data, dispersion
image data, power image data, orimage data in which the data
mentioned above are combined.

[0036] The image generating unit 14 typically generates
ultrasonic image data for display through conversion (scan-
conversion) of signal arrays of ultrasonic scanning lines into
signal arrays of scanning lines in a video format represented
by television, for example. Specifically, the image generating
unit 14 generates ultrasonic image data for display through
coordinate conversion in accordance with the form of the
ultrasonic scan performed by the ultrasonic probe 1. The
image generating unit 14 also performs various image pro-
cessing other than the scan conversion. For example, the
image generating unit 14 uses a plurality of image frames
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after the scan conversion to perform image processing repro-
ducing an image having an average luminance (smoothing
processing) and image processing using a differentiation fil-
ter in an image (edge enhancement processing). The image
generating unit 14 also combines text information on various
parameters, scales, body marks, and the like with ultrasonic
image data.

[0037] The B-mode data and the Doppler data are ultra-
sonic image data before the scan conversion, and data gener-
ated by the image generating unit 14 is ultrasonic image data
for display after the scan conversion. The B-mode data and
the Doppler data are also referred to as raw data. The image
generating unit 14 generates two-dimensional ultrasonic
image data for display from two-dimensional ultrasonic
image data before the scan conversion.

[0038] The image generating unit 14 further generates
three-dimensional B-mode image data by performing coor-
dinate conversion on the three-dimensional B-mode data gen-
erated by the B-mode processing unit 12. The image gener-
ating unit 14 also generates three-dimensional Doppler image
data by performing coordinate conversion on the three-di-
mensional Doppler data generated by the Doppler processing
unit 13. In other words, the image generating unit 14 gener-
ates “three-dimensional B-mode image data and three-di-
mensional Doppler image data” as “three-dimensional ultra-
sonic image data (volume data)”.

[0039] The image generating unit 14 further performs ren-
dering processing on volume data to generate various two-
dimensional image data for causing the monitor 2 to display
volume data. The rendering processing performed by the
image generating unit 14 includes processing performing
multi-planer reconstruction (MPR) to generate MPR image
data from volume data. The rendering processing performed
by the image generating unit 14 also includes volume render-
ing (VR) processing generating two-dimensional image data
on which three-dimensional information is reflected.

[0040] The image memory 15 is a memory storing therein
image data for display generated by the image generating unit
14. The image memory 15 also can store therein data gener-
ated by the B-mode processing unit 12 and the Doppler pro-
cessing unit 13. The B-mode data and the Doppler data stored
in the image memory 15 can be called by the operator after
diagnosis, for example, and serve as ultrasonic image data for
display after going through the image generating unit 14. The
image memory 15 also can store therein the reflected wave
data output from the transmitter/receiver 11.

[0041] The internal memory 16 stores therein various data
such as control programs for performing transmission/recep-
tion of ultrasonic waves, image processing, and display pro-
cessing; diagnostic information (patients’ IDs and doctors’
opinions, for example); a diagnostic protocol; and various
body marks. The internal memory 16 is also used for storing
the image data stored in the image memory 15, for example,
as necessary. The data stored in the internal memory 16 can be
transferred to an external device through an interface (not
illustrated). The internal memory 16 also can store therein
data transferred from the external device through the interface
(not illustrated).

[0042] The control unit 17 controls the entire processing
performed by the ultrasound diagnostic apparatus. Specifi-
cally, the control unit 17 controls processing performed by the
transmitter/receiver 11, the B-mode processing unit 12, the
Doppler processing unit 13, and the image generating unit 14
based on various setting requests input by the operator
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through the input device 3 and various control programs and
data read from the internal memory 16. The control unit 17
also controls the monitor 2 to display ultrasonic image data
for display stored in the image memory 15 and the internal
memory 16.

[0043] The transmitter/receiver 11 and other units embed-
ded in the apparatus body 10 may be configured by hardware
such as integrated circuits and also may be computer pro-
grams modularized as software components.

[0044] The ultrasound diagnostic apparatus according to
the first embodiment is an apparatus capable of performing
contrast harmonic imaging (CHI) as ultrasound contrast
imaging. The B-mode processing unit 12 described above can
change detection frequency, thereby changing the frequency
band to be imaged. With this function, the B-mode processing
unit 12 separates reflected wave data in an imaging region of
the subject P who is administered with an ultrasound contrast
agent into reflected wave data of which the ultrasound con-
trast agent (microbubbles, bubbles) flowing in the imaging
region is the reflection source and reflected wave data of
which tissues present in the imaging region is the reflection
source. This process enables generation of contrast image
data performed by the image generating unit 14 in which
flowing bubbles are imaged with high sensitivity.

[0045] A reflected wave signal from microbubbles includes
a harmonic component of many nonlinear signals. Contrast
image data is generated mainly based on a second harmonic
(second-order harmonic) component. For example, the
B-mode processing unit 12 separates reflected wave data into
harmonic components and fundamental components by
means of filter processing. However, there are some cases
caused by the filter processing where the removal of funda-
mental components is not sufficiently performed, hindering
generation of contrast image data in which the fundamental
components are suppressed and the harmonic components are
enhanced. In CHI, it is necessary to perform ultrasound trans-
mission/reception with low acoustic pressure to prevent
breakdown of microbubbles. However, in imaging performed
by transmission/reception of ultrasound waves with low
acoustic pressure, the signal/noise (S/N) ratio of contrast
image data is lowered.

[0046] In contrast, phase modulation (PM), amplitude
modulation (AM), and amplitude modulation/phase modula-
tion (AMPM) are known as ultrasound transmission/recep-
tion methods that can improve the S/N ratio of contrast image
data even in transmission/reception of ultrasound waves with
low acoustic pressure. The ultrasound diagnostic apparatus
according to the first embodiment is an apparatus capable of
performing AM, PM, and AMPM.

[0047] In AM, in accordance with a scan sequence set by
the control unit 17, the transmitter/receiver 11 causes ultra-
sound waves to be transmitted three times for each scanning
line with the amplitude ratio thereof modulated to be “1:2:17,
such as (0.5, 1, 0.5), in the same phase polarity. The transmit-
ter/receiver 11 then outputs three pieces of reflected wave
data to the B-mode processing unit 12. At this point, it is
assumed that the pieces of reflected wave data of (0.5, 1, 0.5)
are R1, R2, and R3. The B-mode processing unit 12 performs
envelope demodulation on data on which addition and sub-
traction processing of “R1-R2+R3” has performed to gener-
ate B-mode data. The image generating unit 14 generates
ultrasound image data from B-mode data for one frame or for
one volume output from the B-mode processing unit 12.

Mar. 26, 2015

[0048] In AMPM, in accordance with a scan sequence set
by the control unit 17, the transmitter/receiver 11 causes
ultrasound waves to be transmitted three times for each scan-
ning line with the amplitude ratio thereof modulated to be
“1:2:17, such as (<0.5, 1, =0.5), with the polarities inverted
between the transmitted ultrasound waves in the first and the
third times and the transmitted ultrasound waves in the sec-
ond time. At this point, the pieces of reflected wave data of
(=0.5, 1, =0.5) are denoted by R1, R2, and R3, respectively.
The B-mode processing unit 12 performs envelope demodu-
lation on data on which addition processing of “R1+R2+R3”
has been performed to generate B-mode data. The image
generating unit 14 generates ultrasound image data from
B-mode data for one frame or for one volume output from the
B-mode processing unit 12.

[0049] To perform AM and AMPM described above, the
B-mode processing unit 12 according to the first embodiment
is configured as illustrated in F1G. 2. FIG. 2is a block diagram
illustrating a configuration example of the B-mode process-
ing unit according to the first embodiment. FIG. 3A is a
diagram illustrating an example of processing performed by
an adder/subtractor and a reception coefficients switch when
AM is performed. FIG. 3B is a diagram illustrating an
example of processing performed by an adder/subtractor and
a reception coefficients switch when AMPM is performed.
[0050] As illustrated in FIG. 2, the B-mode processing unit
12 according to the first embodiment includes an adder/sub-
tractor 124, a B-mode data generator 125, and a reception
coefficients switch 12¢. The adder/subtractor 12a and the
reception coefficients switch 12¢ are processing units func-
tioning when ultrasound transmission/reception are per-
formed by AM and AMPM.

[0051] When AMof(0.5,1,0.5) is performed as illustrated
in FIG. 3A, for example, the adder/subtractor 12a receives the
reflected wave data “R1, R2, R3” output by the transmitter/
receiver 11. The reflected wave data is IQ signals or RF
signals having phase information. The reception coefficients
switch 12¢ outputs reception coefficients (1, -1, 1) to the
adder/subtractor 124 under the control of the control unit 17
when AM is performed. Based on the reception coefficients
(1, -1, 1), the adder/subtractor 12a combines the three pieces
of reflected wave data with “1xR1+(-1)xR2+1xR3” as illus-
trated in F1G. 3A. The adder/subtractor 12a then outputs the
data thus combined to the B-mode data generator 125. The
B-mode data generator 125 generates B-mode data from the
data thus combined and outputs the B-mode data to the image
generating unit 14.

[0052] Furthermore, as illustrated in FIG. 3B, for example,
the adder/subtractor 12a receives the reflected wave data “R1,
R2,R3” output by the transmitter/receiver 11 when AMPM of
(-0.5,1,-0.5) is performed. When AMPM is performed, the
reception coefficients switch 12¢ outputs reception coeffi-
cients (1, 1, 1) to the adder/subtractor 12a under the control of
the control unit 17. Based on the reception coefficients (1, 1,
1), the adder/subtractor 12a combines the three pieces of
reflected wave data with “I1xR1+1xR2+1xR3” as illustrated
in FIG. 3B. The adder/subtractor 12a then outputs the data
thus combined to the B-mode data generator 125. The
B-mode data generator 125 generates B-mode data from the
data thus combined and outputs the B-mode data to the image
generating unit 14.

[0053] AM and AMPM are imaging methods that extract
non-linear response of a contrast agent while canceling linear
signals from tissues and specifically imaging the contrast
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agent. For this reason, in the case of ultrasound image data
generated by AM and AMPM, tissue-originated signals are
suppressed even if the ultrasound waves are with low acoustic
pressure, creating contrast image data in which contrast
agent-originated harmonic components are enhanced. In
other words, performing AM or AMPM improves the S/N
ratio.

[0054] Amplitude modulation is achieved by controlling
transmission acoustic pressure or the number of transmission
elements. However, due to the non-linearity of circuits con-
figuring the transmitter/receiver 11, the tissue-originated sig-
nals are not completely canceled and remain. For example, in
amplitude modulation using the number of transmission ele-
ments, transmission of ultrasound waves with small ampli-
tude is achieved by transmission in an even or odd number of
channels. When AM of (0.5, 1, 0.5) is performed, ultrasound
transmission for the first “0.5” is performed in an even num-
ber of channels, ultrasound transmission for the second “1” is
performed in all channels, and ultrasound transmission for the
third “0.5” is performed in an odd number of channels. When
AMPM of (-0.5, 1, -0.5) is performed, ultrasound transmis-
sion for the first “~0.5” is performed in an even number of
channels, ultrasound transmission for the second “1” is per-
formed in all channels, and ultrasound transmission for the
third “~0.5” is performed in an odd number of channels.
[0055] However, due to circuit crosstalk during this trans-
mission decimation, for example, the transmission acoustic
pressure in “an even number of channels plus an odd number
of channels” does not necessarily correspond to the transmis-
sion acoustic pressure in “all channels”. Therefore, there are
some cases where the amplitude ratio is not “1:2:1”. In such
a case, tissue signals remain.

[0056] Furthermore, when observing a microlesion, it is
necessary to use an ultrasonic probe 1 with high frequency to
obtain spatial resolution. This causes significant frequency
dependent attenuation, reducing the sensitivity in a deep
region. When scanning the subject P with a thick abdominal
wall also, significant frequency dependent attenuation is
caused, and therefore the sensitivity in a deep region is
reduced. To improve the sensitivity in a deep region, fre-
quency of transmitted ultrasound waves needs to be lowered
although it lowers spatial resolution.

[0057] For this reason, techniques capable of improving the
S/N ratio while achieving both spatial resolution and sensi-
tivity in a deep region have been developed. With these tech-
niques, the number of pieces of data to be transmitted and
received on the same scanning line is increased to achieve
both spatial resolution and sensitivity in a deep region. With
the techniques, multiple ultrasound transmission/reception is
performed by AM and AMPM near the same scanning line.
The techniques enable improvement in sensitivity in a deep
region while maintaining the S/N ratio and spatial resolution
even when ultrasound transmission/reception with relatively
high frequency, which causes high degree of attenuation in a
deep region, are performed. It should be noted that the above-
described techniques are hereinafter called “conventional
techniques”.

[0058] Sensitivity in a deep region can be improved with
the “conventional techniques” with which the number of
pieces of data is increased by repeating the same set of ultra-
sound transmission/reception. However, with the techniques,
there are some cases where not only contrast agent-originated
signals but tissue-originated signals (remaining components)
are enhanced, spoiling the specific characteristics of the con-
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trast agent. In other words, with the “conventional tech-
niques”, there are some cases where the bubble-tissue ratio is
lowered.

[0059] From the background described above, to perform
ultrasound contrast imaging with high bubble-tissue ratio and
high sensitivity in a deep region, the transmitter/receiver 11
according to the first embodiment performs a first set of
ultrasound transmission/reception and a second set of ultra-
sound transmission/reception, on a same scanning line of an
imaging region of the subject P administered with a contrast
agent, for a plurality of sets, to output reflected wave data for
the plurality of the sets. It should be noted that the first set of
ultrasound transmission/reception and the second set of ultra-
sound transmission/reception are performed near the same
scanning line. Furthermore, the first set of ultrasound trans-
mission/reception and the second set of ultrasound transmis-
sion/reception are performed alternately.

[0060] The first set of ultrasound transmission/reception is
a scan sequence of performing amplitude-modulated ultra-
sound transmission transmitted a plurality of times and
receiving reflected waves. Alternatively, the first set of ultra-
sound transmission/reception is a scan sequence of perform-
ing amplitude- and phase-modulated ultrasound transmission
transmitted a plurality of times and receiving reflected waves.
The second set of ultrasound transmission/reception is a scan
sequence of receiving reflected waves by performing ultra-
sound transmission only whose phase modulation is different
from phase modulation of the first set of ultrasound transmis-
sion/reception for the same number of times as ultrasound
transmission performed in the first set of ultrasound transmis-
sion/reception. It should be noted that the number of the sets
is to be an even number. The first set of ultrasound transmis-
sion/reception and the second set of ultrasound transmission/
reception are scan sequences of receiving reflected waves by
performing ultrasound transmission for multiple times. If the
first set of ultrasound transmission/reception is performed
once and the second set of ultrasound transmission/reception
is performed once near the same scanning line, for example,
two sets of ultrasound transmission/reception have been per-
formed in total. If the first set of ultrasound transmission/
reception is performed once, the second set of ultrasound
transmission/reception is performed once, the first set of
ultrasound transmission/reception is performed once, and the
second set of ultrasound transmission/reception is performed
once near the same scanning line, for example, four sets of
ultrasound transmission/reception are performed in total.
[0061] The adder/subtractor 12a according to the first
embodiment adds or subtracts reflected wave data for the
plurality of sets. The image generating unit 14 according to
the first embodiment generates contrast image data based on
the data output from the adder/subtractor 12a. FIGS. 4, 5A,
5B, 5C, and 5D illustrate examples of ultrasound transmis-
sion/reception according to the first embodiment.

[0062] In the first scan sequence, the transmitter/receiver
11 performs, in the first set of ultrasound transmission/recep-
tion, amplitude modulation/phase modulation method that
modulates both amplitudes and phases and performs, in the
second set of ultrasound transmission/reception, amplitude
modulation method that modulates only amplitudes. And, the
transmitter/receiver 11 performs alternately and at least two
sets in total, the first set of ultrasound transmission/reception
and the second set of ultrasound transmission/reception. Fur-
thermore, the transmitter/receiver 11 sets the same polarity
for the transmitted ultrasound waves whose amplitude modu-
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lation is large in each of the first set of the ultrasound trans-
mission/reception and the second set of the ultrasound trans-
mission/reception, in the first scan sequence.

[0063] FIG. 4 illustrates an example of the first scan
sequence. InFIG. 4, AMPM of (-0.5, 1, -0.5) is to be the first
set of ultrasound transmission/reception and AM of (0.5, 1,
0.5) is to be the second set of ultrasound transmission/recep-
tion. Furthermore, in the first scan sequence illustrated in
FIG. 4, “AMPM+AM” is repeated twice, and thereby four
sets in total of ultrasound transmission/reception are per-
formed. With these processes, the transmitter/receiver 11
generates 12 pieces of reflected wave data.

[0064] Theadder/subtractor 12a uses reception coefficients
of (1,1, 1) described above for reflected wave data of AMPM
of (-0.5, 1, -0.5) and uses reception coefficients of (1, -1, 1)
described above for reflected wave data of AM of (0.5, 1, 0.5),
thereby combining the 12 pieces of reflected wave data.
[0065] As described above, due to circuit crosstalk in deci-
mated transmission, for example, tissue signals remain. In the
first scan sequence, the polarities of small amplitude are
alternately inverted between the first set of ultrasound trans-
mission/reception and the second set of ultrasound transmis-
sion/reception. This becomes the first scan sequence of pre-
venting the tissue signals from remaining. Furthermore, in the
first sequence, the polarity of large amplitude governing the
behavior ofa contrast agent is the same between the first set of
ultrasound transmission/reception and the second set of ultra-
sound transmission/reception, which makes the first scan
sequence a sequence of improving the sensitivity of the con-
trast agent.

[0066] In the second scan sequence, the transmitter/re-
ceiver 11 performs AMPM in the first set of ultrasound trans-
mission/reception and performs AM in the second set of
ultrasound transmission/reception as in the first scan
sequence. Furthermore, in the second scan sequence, the
transmitter/receiver 11 performs the first set of ultrasound
transmission/reception and the second set of ultrasound trans-
mission/reception for at least two sets alternately.

[0067] However, in the second scan sequence, the polarity
of large amplitude is alternately inverted between the first set
of ultrasound transmission/reception and the second set of
ultrasound transmission/reception and the polarity of small
amplitude is the same between the first set of ultrasound
transmission/reception and the second set of ultrasound trans-
mission/reception.

[0068] FIG. 5A illustrates an example of the second scan
sequence in which the total number of the sets is “2”. In FIG.
5A, AMPM of (-0.5, 1, -0.5) is to be ultrasound transmis-
sion/reception for the first set, and AM of (=0.5, -1, =0.5) is
to be ultrasound transmission/reception for the second set. It
should be noted that in FIGS. 5A to 5D values in parentheses
are reception coefficients.

[0069] Inthe caseillustratedin FIG. 5A, the adder/subtrac-
tor 12a combines reflected wave data for the first set using the
reception coefficients of (1, 1, 1) with respect to the reflected
wave data of AMPM of (-0.5, 1, -0.5) because it is AMPM.
The adder/subtractor 12a also combines reflected wave data
for the second set using the reception coefficients of (1, -1, 1)
with respect to the reflected wave data of AM of (-0.5, -1,
-0.5) because it is AM. In the case illustrated in FIG. 5A, the
adder/subtractor 12a subtracts the reflected wave data for the
second set from the reflected wave data for the first set. The
second scan sequence is a sequence in which the polarity of
small amplitude rate is set to the same and the remaining
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tissue signals are cancelled by subtracting the reflected wave
data for the second set from the reflected wave data for the
first set.

[0070] The adder/subtractor 12a¢ may use the reception
coefficients of (-1, 1, -1) with respect to the reflected wave
data of AM of (-0.5, -1, -0.5), thereby adding the reflected
wave data for the first set and the reflected wave data for the
second set.

[0071] In the third scan sequence, the transmitter/receiver
11 inverts each of polarities of transmitted ultrasound waves
performed for a plurality of times in the second set of the
ultrasound transmission/reception from each of polarities of
transmitted ultrasound waves performed for a plurality of
times in the first set of the ultrasound transmission/reception.
Specifically, as a case of the third scan sequence, there is a first
case where both the first set of ultrasound transmission/re-
ception and the second set are performed by AMPM and all
polarities of the AMPM for the second set are inverted from
the polarities of the AMPM for the first set. Furthermore, as a
case of the third scan sequence, there is a second case where
both the first set of ultrasound transmission/reception and the
second set are performed by AM and all polarities of the AM
for the second set are inverted from the polarities of the AM
for the first set.

[0072] FIG. 5B illustrates an example of the third scan
sequence performing the first case in which the total number
of the sets is “2”. In FIG. 5B, AMPM of (-0.5, 1, -0.5) is to
be the first set of ultrasound transmission/reception and
AMPM of (0.5, -1, 0.5) is to be the second set of ultrasound
transmission/reception.

[0073] Inthe caseillustrated in FIG. 5B, the adder/subtrac-
tor 12a combines reflected wave data for the first set using the
reception coefficients of (1, 1, 1) with respect to the reflected
wave data of AMPM of (-0.5, 1, -0.5) because it is AMPM.
The adder/subtractor 12a also combines reflected wave data
for the second set using the reception coefficients of (1, 1, 1)
with respect to the reflected wave data of AMPM of (0.5, -1,
0.5) because it is AMPM. In the case illustrated in FIG. 5B,
the adder/subtractor 124 adds the reflected wave data for the
first set and the reflected wave data for the second set. In the
third scan sequence performing the first case, the polarity of
small amplitude is alternately inverted between the first set of
ultrasound transmission/reception and the second set of ultra-
sound transmission/reception, becoming a sequence of pre-
venting the tissue signals from remaining.

[0074] The adder/subtractor 12a may subtract the reflected
wave data for the second set from the reflected wave data for
the first set using reception coefficients of (-1, -1, -1) with
respect to the reflected wave data of AMPM of (0.5, -1, 0.5).
[0075] FIG. 5C illustrates an example of the third scan
sequence performing the second case in which the total num-
ber of the sets performed is “2”. In FIG. 5C, AM of (0.5, 1,
0.5) is to be the first set of ultrasound transmission/reception
and AM of (-0.5, -1, -0.5) is to be the second set of ultra-
sound transmission/reception.

[0076] Inthe caseillustrated in FIG. 5C, the adder/subtrac-
tor 12a combines reflected wave data for the first set using the
reception coefficients of (1, -1, 1) with respect to the reflected
wave data of AM of (0.5, 1, 0.5) because it is AM. The
adder/subtractor 12a also combines reflected wave data for
the second set using the reception coefficients of (1, -1, 1)
with respect to the reflected wave data of AM of (-0.5, -1,
-0.5) because it is AM. In the case illustrated in FIG. 5C, the
adder/subtractor 12a adds the reflected wave data for the first
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set and the reflected wave data for the second set. In the third
scan sequence performing the second case also, the polarity
of small amplitude is alternately inverted between the first set
of ultrasound transmission/reception and the second set of
ultrasound transmission/reception, becoming a sequence of
preventing the tissue signals from remaining.

[0077] There are some cases where the response of the
bubbles is weakened by the phase modulation between the
sets although it depends on the transmission frequency. In
particular, in the third scan sequence performing the second
case, the phase modulation is large, and therefore the
response of the bubbles is weakened with high possibility. For
this reason, remains of tissue signals may be increased. How-
ever, to improve the sensitivity of the contrast agent inten-
tionally, the reflected wave data for the second set may be
subtracted from the reflected wave data for the first set as
illustrated in FIG. 5D.

[0078] As for the first to the third scan sequences, a selec-
tion of an appropriate sequence as desired is possible depend-
ing on the transmission frequency and the type of the contrast
agents. The sequence selection may be manually made by the
operator or automatically set by the control unit 17, for
example.

[0079] When using AMPM and AM in combination as in
the first and the second scan sequences, artifacts due to
residual echoes may be generated. Although contrast agents
in the recent years can be imaged with low acoustic pressure,
less influence is caused by artifacts due to residual echoes.
However, when high echoes are present, multiple reflection
may be caused and artifacts due to residual echoes becomes
prominent. When AM without phase modulation is used for
the second set, an echo in the previous transmission (a
residual echo) enters in the current reception period and
becomes an artifact as the residual echo fails to be cancelled.
FIG. 6 is a diagram illustrating an example of a residual echo
generated by combined use of AMPM and AM.

[0080] FIG. 6 is a diagram illustrating a residual echo gen-
erated when the first scan sequence illustrated in FIG. 4 is
performed. As illustrated in FIG. 6, the residual echo in AM in
the second set and the fourth set eachis (-0.5,0.5, 1). Because
the reception coefficients are (1, -1, 1), each of the residual
echoes in the second set and the fourth set is “~0.5-0.5+1=0"
as illustrated in FIG. 6. In contrast, the residual echoes in
AMPM in the first set and the third set are (0.5, -0.5, 1) as
illustrated in FIG. 6. Because the reception coefficients are (1,
1, 1), each of the residual echoes in the first set and the third
set 1s “0.5-0.5+1=1" as illustrated in FIG. 6. Specifically, in
the first sequence, influence of the residual echoes is caused.
In the second scan sequence also, influence of the residual
echoes is caused similarly. In particular, when four or more
sets in total of the first and the second scan sequences are
performed, the influence of the residual echoes becomes
larger.

[0081] In the case of performing alternately four or more
sets in total including the first set of ultrasound transmission/
reception and the second set of ultrasound transmission/re-
ception, the transmitter/receiver 11 inverts the transmission
polarities between the first set of the ultrasound transmission/
reception of an odd numbers of times and the first set of the
ultrasound transmission of an even numbers of times. The
transmitter/receiver 11 also inverts the transmission polarities
between the second set of the ultrasound transmission/recep-
tion of an odd numbers of times and the second set of the
ultrasound transmission/reception of an even numbers of
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times. FIG. 7 is a diagram illustrating an example of ultra-
sound transmission/reception as a measure against residual
echoes according to the first embodiment.

[0082] FIG. 7 illustrates a case where the first scan
sequence illustrated in FIG. 4 is a scan sequence as a measure
against residual echoes. As illustrated in FIG. 7, AMPM for
the third set (the second) is a sequence in which the AMPM
for the first set (the first) is inverted and the AM for the fourth
set (the second) is a sequence in which the AM for the second
set (the first) is inverted.

[0083] As illustrated in FIG. 7, the residual echo in the
AMPM in the firstset is (-0.5, -0.5, 1). Because the reception
coefficients are (1, 1, 1), the residual echo for the first set is
“~0.5-0.5+1=0" as illustrated in FIG. 7. Furthermore, as
illustrated in FIG. 7, the residual echo in the AM for the
second setis (-0.5, 0.5, 1). Because the reception coefficients
are (1, -1, 1), the residual echo for the second set is “~0.5-
0.5+1=0" as illustrated in FIG. 7. The residual echo in the
AMPM for the third set is (0.5, 0.5, -1) as illustrated in FIG.
7. Because the reception coefficients are (1, 1, 1), the residual
echo for the third setis “0.5+0.5-1=0" as illustrated in F1G. 7.
The residual echo in the AM for the fourth set is (0.5, -0.5,-1)
as illustrated in FIG. 7. Because the reception coefficients are
(1, -1, 1), the residual echo for the second set is “0.5+0.5-
1=0" as illustrated in FIG. 7.

[0084] Specifically, the scan sequences illustrated in FIG. 7
can reduce the influence of the residual echoes. When the
second scan sequence is a scan sequence as a measure against
residual echoes, the influence of the residual echoes can be
reduced by performing the same inversion as described
above. However, in a scan sequence as a measure against
residual echoes, the total number of the sets needs to be a
multiple of 4.

[0085] FIG. 8 is an example of the result of ultrasound
contrast imaging performed by ultrasound transmission/re-
ception according to the first embodiment. The figure in the
left in FIG. 8 illustrates a contrast image data 100 generated
by a single AMPM and the figure in the center in FIG. 8
illustrates a contrast image data 200 generated by repeating
AMPM four times (four sets) with the “conventional tech-
niques”. The figure in the right in FIG. 8 illustrates a contrast
image data 300 generated by “AMPM+AM” illustrated in
FIG. 4. When the contrast image data 100 and the contrast
image data 200 are compared, the contrast image data 200 has
the stronger signal intensity originated from a contrast agent
to a deep region although the signal intensity originated from
tissues is also strong on the whole. In contrast, the contrast
image data 300 has strong signal intensity originated from a
contrast agent to a deep region similarly to the contrast image
data 200, and the signal intensity originated from tissues is
suppressed to the same degree as in the contrast image data
100.

[0086] In the first embodiment, various scan sequences
described above are used, and thereby increase of tissue-
originated signals is suppressed as much as possible while
ultrasound contrast imaging is performed with high bubble-
tissue ratio and high sensitivity in a deep region. It should be
noted that in the first embodiment, a case is applicable where
the function of the reception coefficients switch 12¢ is incor-
porated as the function of the adder/subtractor 12a.

Second Embodiment

[0087] In a second embodiment, a case is described with
reference to FIG. 9, for example, where a switching request
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made by the operator switches conventional ultrasound con-
trast imaging to the ultrasound contrast imaging described in
the first embodiment. FIG. 9 is a diagram illustrating the
second embodiment.

[0088] In the second embodiment, for performing ultra-
sound contrast imaging, the input device 3 receives a switch
request to switch from a first mode in which one kind of
ultrasound transmission/reception is performed to a second
mode where a plurality of sets of the first set of ultrasound
transmission/reception and the second set of ultrasound trans-
mission/reception are performed alternately. The input device
3 also receives the number of the sets performed in the second
mode.

[0089] In the second embodiment, the input device 3
receives a switching request from a first mode performing one
kind of ultrasound transmission/reception for performing
ultrasound contrast imaging to a second mode alternately
performing a plurality of sets of the first set of the ultrasound
transmission/reception and the second set of the ultrasonic
transmission/reception. The input device 3 further receives a
number of sets performed in the second mode.

[0090] For example, the operator performs ultrasound con-
trast imaging with “one set of AMPM” initially set as the first
mode. With reference to the contrasted image in the first mode
illustrated in the left figure in FIG. 9, when it is determined
that the sensitivity of contrast imaging is poor in an observed
depth, the operator operates a switch on a touch command
screen included in the input device 3, for example, to input the
switching request to switch to the second mode. For the
second mode, the first scan sequence is initially set, for
example. The operator sets the number of the sets performed
in the second mode in accordance with the observed depth,
for example. It should be noted that the operator may choose
a suitable number of sets in view of the balance between
observed depth and realtime performance. The operator also
may choose a scan sequence in the second mode from various
scan sequences described in the first embodiment.

[0091] The control unit 17 sets ultrasound transmission/
reception conditions in the second mode when the input
device 3 receives the switch request and the number of the
sets. For example, when “AMPM+AM?” illustrated in FIG. 4
is set, the control unit 17 sets the conditions of transmission/
reception performed by the transmitter/receiver 11 based on
the scan sequence of “AMPM+AM” with the number of the
sets thus set. With this process, the operator can see the
contrasted image in the second mode illustrated in the right
figure in FIG. 9. In the contrasted image in the second mode
illustrated in the right figure in FIG. 9, the sensitivity of
contrast imaging in the observed depth is improved with the
bubble-tissue ratio maintained compared with the contrasted
image in the first mode.

[0092] Inthe second embodiment, the operator may switch
again from the second mode to the first mode if the operator
determines to give priority to realtime performance.

[0093] Next, an example of processing performed by the
ultrasound diagnostic apparatus according to the second
embodiment is described with reference to FIG. 10. FIG. 10 is
a flowchart illustrating an example of processing performed
by the ultrasound diagnostic apparatus according to the sec-
ond embodiment.

[0094] As illustrated in FIG. 10, the control unit 17 in the
ultrasound diagnostic apparatus according to the second
embodiment determines if an imaging request in a contrast
imaging mode has been received (Step S101). When the
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imaging request has not been received (No at Step S101), the
control unit 17 waits until the request is received.

[0095] 1In contrast, when the imaging request has been
received (Yes at Step S101), the control unit 17 initialize
scanning conditions based on ultrasound transmission/recep-
tion in the first mode (Step S102) to start scanning in the first
mode (Step S103).

[0096] The control unit 17 then determines if a request to
change the scanning conditions has been received (Step
S104). It should be noted that in Step S104 described above,
the control unit 17 determines if a request to switch from the
first mode to the second mode has been received. When the
request to change the scanning conditions has been received
(Yes at Step S104), the control unit 17 determines if the
number of the sets performed in the second mode has been
selected (Step S105).

[0097] When the number of the sets has not been selected
(No at Step S105), the control unit 17 waits until the number
of the sets are selected. In contrast, when the number of the
sets has been selected (Yes at Step S105), the control unit 17
resets the scanning conditions to start scanning with the new
scanning conditions (Step S106). In Step S106 described
above, the control unit 17 starts scanning in the second mode.
[0098] After Step S106 or when the request to change the
scanning conditions to the second mode has not been received
(No at Step S104), the control unit 17 determines if a termi-
nation request has been received (Step S107). When the ter-
mination request has not been received (No at Step S107), the
control unit 17 returns to Step S104 and determines if the
request to change the scanning conditions has been received.
When the control unit 17 returns to Step S104 because of No
at Step S107 after Step S106, the controlunit 17 determines if
arequest to switch from the second mode to the first mode has
been received. After Yes at Step S104 because of the request
to switch from the second mode to the first mode having been
received, the number of the sets that the control unit 17
receives at Step S105 1s “1” or a plural number (the number of
the sets when the set transmission/reception is performed
with the “conventional techniques”). Furthermore, the scan-
ning started after the control unit 17 has reset the scanning
conditions at Step S106 is a scanning in the first mode. It
should be noted that when the number of the sets received
after the request to switch from the second mode to the first
mode has been received is a plural number, the control unit 17
may perform the second mode.

[0099] When the termination request has been received
(Yes at Step S107), the control unit 17 terminates the process-
ing.

[0100] As described above, in the second embodiment, a

user interface switching between the first mode and the sec-
ond mode in accordance with a request from the operator can
be provided.

Third Embodiment

[0101] In a third embodiment, a case is described with
reference to FIG. 11, for example, where the number of the
sets of transmission in the second mode is automatically set
when the first mode is switched to the second mode. FIG. 11
is a diagram illustrating a third embodiment.

[0102] The input device 3 according to the third embodi-
ment receives a switching request to switch from the first
mode to the second mode. The control unit 17 sets a number
of transmission sets in the second mode based on a signal-to-
noise ratio of contrast image data generated by changing a
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number of sets in the second mode when the input unit 3
receives the switching request.

[0103] By controlling the transmitter/receiver 11, the con-
trol unit 17 causes the image generating unit 14 to generate
contrast image data in a case where ultrasound transmission/
reception are performed with the number of the sets of trans-
mission in the first scan sequence sequentially changed as “2,
4,6 ... and contrast image data in a case where only
ultrasound reception is performed and ultrasound transmis-
sion 1s not performed, for example. The control unit 17 cal-
culates the S/N ratio for each set of transmission from a pair
of contrast image data generated for each set of transmission.
The control unit 17 then estimates the optimum number of the
sets with which the S/N ratio is the highest as illustrated in
FIG. 11. Thereafter, the control unit 17 sets the scanning
conditions in the second mode in accordance with the opti-
mum number of the sets. It should be noted that the control
unit 17 may calculate the S/N ratio limiting to the region of
interest that the operator has set in the B-mode image data, for
example.

[0104] Next, an example of processing performed by the
ultrasound diagnostic apparatus according to the third
embodiment is described with reference to FIG. 12. FIG. 12 is
a flowchart illustrating an example of processing performed
by the ultrasound diagnostic apparatus according to the third
embodiment.

[0105] As illustrated in FIG. 12, the control unit 17 of the
ultrasound diagnostic apparatus according to the third
embodiment determines if an imaging request in the contrast
imaging mode has been received (Step S201). When the
imaging request has not been received (No at Step S201), the
control unit 17 waits until the request is received.

[0106] Incontrast, when the imaging request in the contrast
imaging mode has been received (Yes at Step S201), the
control unit 17 initialize scanning conditions based on ultra-
sound transmission/reception in the first mode (Step S202) to
start scanning in the first mode (Step S203).

[0107] The control unit 17 then determines if a request to
change the scanning conditions has been received (Step
S204). It should be noted that in Step S204 described above,
the control unit 17 determines if a request to switch from the
first mode to the second mode has been received. When the
request to change the scanning conditions has been received
(Yes at Step S204), the control unit 17 calculates the S/N ratio
of the contrast image data while changing the number of the
sets of transmission in the second mode (Step S205) and
estimates the optimum number of the sets of transmission
thereby setting the number of sets of the transmission (Step
S206).

[0108] Thecontrolunit 17 resets the scanning conditions to
start scanning with the new scanning conditions (Step S207).
In Step S207 described above, the control unit 17 starts scan-
ning in the second mode.

[0109] After Step S207 or when the request to change the
scanning conditions has not been received (No at Step S204),
the control unit 17 determines if a termination request has
been received (Step S208). When the termination request has
not been received (No at Step S208), the control unit 17
returns to Step S204 and determines if the request to change
the scanning conditions has been received. When the control
unit 17 returns to Step S204 because of No at Step S208 after
Step S207, the control unit 17 determines if a request to
switch from the second mode to the first mode has been
received.
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[0110] At this point, the S/N ratio calculated at Step S205
by the control unit 17 after the request to switch from the
second mode to the first mode has been received is the S/N
ratio of contrast image data in a case where the number of the
sets of transmission in one kind of AMPM is changed, for
example. Furthermore, when the number of the sets of trans-
mission set at Step S206 by the control unit 17 after the
request to switch from the second mode to the first mode has
been received is a plural number, the scanning started with the
scanning conditions reset at Step S207 is a scanning in the
first mode with the “conventional techniques”. It should be
noted that after the request to switch from the second mode to
the first mode has been received, the control unit 17 may
calculate the S/N ratio in the second mode as well as in the
first mode at Step S205 and reset the scanning conditions in
accordance with the number of the sets for performing the set
transmission/reception in the second mode at Step S206,
based on the calculation result. In that case, the scanning
started after the scanning conditions have been reset at Step
S207 is a scanning in the second mode.

[0111] On the other hand, when the termination request has
been received (Yes at Step S208), the control unit 17 termi-
nates the processing.

[0112] As described above, in the third embodiment, the
number of the sets of transmission in the second mode is
automatically set, and thereby the burden on the operator can
be reduced when switching to the second mode.

Fourth Embodiment

[0113] In a fourth embodiment, three modifications in the
first to the third embodiments described above are explained
with reference to FIGS. 13 to 15. FIGS. 13 to 15 are diagrams
illustrating the fourth embodiment.

[0114] First, the first modification is described. In the sec-
ond embodiment, the total number of the sets of the first set of
ultrasound transmission/reception and the second set of ultra-
sound transmission/reception is manually set. In the third
embodiment, the total number of the sets of the first set of
ultrasound transmission/reception and the second set of ultra-
sound transmission/reception is automatically set to the opti-
mum number of the sets estimated in accordance with the S/N
ratio. In each case, the sensitivity of contrasted imaging in a
deep region is improved with the bubble-tissue ratio main-
tained.

[0115] The transmitter/receiver 11 according to the first
modification adjusts the transmission output of ultrasound
waves in accordance with the total number of the sets. Spe-
cifically, the transmitter/receiver 11 lowers the transmission
acoustic pressure in accordance with the total number of the
sets. For example, the transmitter/receiver 11 lowers the
transmission acoustic pressure in accordance with the opti-
mum number of the sets estimated from calculation of the S/N
ratio, as illustrated in FIG. 13. Alternatively, the transmitter/
receiver 11 lowers the transmission acoustic pressure in
accordance with the number of the sets set by the operator.
[0116] In the first modification, the possibility that a con-
trast agent is broken down can be reduced by lowering the
acoustic pressure when the sensitivity of contrast imaging in
a deep region is improved with the bubble-tissue ratio main-
tained.

[0117] Next, the second modification is described. Gener-
ally speaking, reflected waves have different intensities
depending on the depth of the reflection source thereof even if
they have the same reflection source. Specifically, the deeper
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the position of the reflection source is, the intensity of the
reflected wave is attenuated. For this reason, in conventional
ultrasound diagnostic apparatuses, sensitivity correction is
performed in which the gain is gradually increased in propor-
tionto the depth direction, thatis, the reception time. The gain
correction described above is called sensitivity time control
(STC). STC is performed by an amplifier circuit included in
the transmitter/receiver 11 based on the setting input by the
operator, for example.

[0118] Inthe AMPM, which is the first mode, bubble-origi-
nated signals “S(AMPM)” are in an upward-convex form
having a peak near transmission focus in the depth direction
as illustrated in FIG. 14. Furthermore, in AMPM, system
noise “N” is substantially constant along the depth direction
as illustrated in FIG. 14. In contrast, in “AMPM+AM” in the
first scan sequence, which is the second mode, bubble-origi-
nated signals “S(AMPM+AM)” are higher than “S(AMPM)”
with “N” maintained, as illustrated in FI1G. 14.

[0119] In other words, the S/N ratio in the second mode is
more improved than the S/N ratio in the first mode in the
depth. In the second modification, the amplifier circuit
included in the transmitter/receiver 11 adjusts the gain in the
depth direction in accordance with the total number of the
sets. Specifically, the amplifier circuit adjusts the shape of the
gain curve “C(AMPM)” in AMPM under the control of the
control unit 17. With this process, the amplifier circuit sets the
gain curve “C(AMPM+AM)” in “AMPM+AM”. More spe-
cifically, the amplifier circuit increases the gain in the depth of
“C(AMPM)” to set “C(AMPM+AM)” because increasing the
gain in the depth does not enhance the noise.

[0120] For example, when the optimum number of the sets
is estimated by the control unit 17, the S/N ratio in the depth
direction with the optimum number of the sets has been
calculated. The control unit 17 sets the shape of C(AMPM+
AM) in the depth from the S/N ratio in the depth direction thus
calculated within the range in which the noise in a deep region
1s not enhanced and notifies the amplifier circuit of the shape.
[0121] Furthermore, in “AMPM+AM”, bubble-originated
signals are improved even in a shallow region, as illustrated in
FIG. 14. For this reason, when gain correction is performed
with “C(AMPM)”, on the contrary, the luminance may be
saturated in a shallow region, reducing the visibility of con-
trasted image signals. Therefore, the amplifier circuit may set
“C(AMPM+AM)”, which is “C(AMPM)” with the gain low-
ered in a shallow region so that the luminance will not be
saturated.

[0122] Next, the third modification is described. In various
scan sequences in the second mode described in the first
embodiment, a plurality of ultrasound transmission/reception
is performed on one scanning line, and therefore the frame
rate is lowered. From this background, the transmitter/re-
ceiver 11 performs parallel simultaneous reception process-
ing using plane waves or diffuse waves as transmitted ultra-
sound waves in the third modification.

[0123] FIG. 15illustrates a case where eight-beam parallel
simultaneous reception is performed with plane waves. In
FIG. 15, a center axis in the depth direction of the plane waves
transmitted is indicated by a solid arrow and reflected wave
beams received simultaneously in the first time are indicated
by broken arrows. The transmitter/receiver 11 receives
reflected wave signals on eight scanning lines in ultrasound
transmission/reception in the first time as illustrated in FIG.
15. With this process, the transmitter/receiver 11 can generate
data with the reflected waves on the eight scanning lines with
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one ultrasound transmission/reception process. Therefore, in
the third modification, when various scan sequences in the
second mode are performed, lowering of the frame rate can be
prevented.
[0124] The ultrasound imaging methods described in the
first to the fourth embodiments described above can be
achieved by executing ultrasound imaging programs pre-
pared in advance in a computer such as a personal computer
or a work station. These ultrasound imaging programs can be
distributed via a network such as the Internet. Furthermore,
the ultrasound imaging programs can be executed, being
stored in a computer-readable non-transitory recording
medium such as a hard disc, a flexible disc (FD), a CD-ROM,
an MO, and a DVD, and being read out from the non-transi-
tory recording medium by the computer.
[0125] As described above, according to the first to the
fourth embodiments, ultrasound contrast imaging can be pet-
formed with high bubble-tissue ratio and with high sensitivity
in a deep region.
[0126] 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 inventions.
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 depart-
ing from the spirit of the inventions. The accompanying
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 ultrasound diagnostic apparatus, comprising:
a transmitter/receiver that performs a first set of ultrasound
transmission/reception and a second set of ultrasound
transmission/reception, on a same scanning line of an
imaging region of a subject administered with a contrast
agent, for a plurality of sets, to output reflected wave data
for the plurality of the sets,
the first set of the ultrasound transmission/reception per-
forming amplitude-modulated or amplitude- and
phase-modulated ultrasound transmission transmit-
ted a plurality of times and receiving reflected waves
and

the second set of the ultrasound transmission/reception
being transmission/reception whose phase modula-
tion being different from phase modulation of the first
set of the ultrasound transmission/reception;

an adder/subtractor that adds or subtracts the reflected
wave data for the plurality of the sets; and

an image generating unit that generates contrastimage data
based on the data output from the adder/subtractor.

2. The ultrasound diagnostic apparatus according to claim

1, wherein the transmitter/receiver performs, in the first set of
the ultrasound transmission/reception, an amplitude modula-
tion/phase modulation method that modulates both ampli-
tudes and phases, and in the second set of the ultrasound
transmission/reception, amplitude modulation method that
modulates only amplitudes, and performs, alternately and at
least two sets in total, the first set of the ultrasound transmis-
sion/reception and the second set of the ultrasound transmis-
sion/reception.

3. The ultrasound diagnostic apparatus according to claim

2, wherein the transmitter/receiver sets the same polarity for
the transmitted ultrasound waves whose amplitude modula-
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tion is large in each of the first set of the ultrasound transmis-
sion/reception and the second set of the ultrasound transmis-
sion/reception.
4. The ultrasound diagnostic apparatus according to claim
1, wherein the transmitter/receiver inverts each of polarities
of transmitted ultrasound waves performed for a plurality of
times in the second set of the ultrasound transmission/recep-
tion from each of polarities of transmitted ultrasound waves
performed for a plurality of times in the first set of the ultra-
sound transmission/reception.
5. The ultrasound diagnostic apparatus according to claim
1, wherein in the case of performing alternately four or more
sets in total including the first set of ultrasound transmission/
reception and the second set of ultrasound transmission/re-
ception, the transmitter/receiver inverts the transmission
polarities between the first set of the ultrasound transmission/
reception of an odd numbers of times and the first set of the
ultrasound transmission of an even numbers of times, and
inverts the transmission polarities between the second set of
the ultrasound transmission/reception of an odd numbers of
times and the second set of the ultrasound transmission/re-
ception of an even numbers of times.
6. The ultrasound diagnostic apparatus according to claim
1, further comprising:
an input unit that receives a switching request from a first
mode to a second mode and that further receives a num-
ber of sets performed in the second mode, the first mode
performing one kind of ultrasound transmission/recep-
tion for performing ultrasound contrast imaging, and the
second mode alternately performing a plurality of'sets of
the first set of the ultrasound transmission/reception and
the second set of the ultrasonic transmission/reception,;
and
a control unit that sets conditions of ultrasound transmis-
sion/reception in the second mode when the input unit
receives the switching request and the number of the
sets.
7. The ultrasound diagnostic apparatus according to claim
1, further comprising:
an input unit that receives a switching request from a first
mode to a second mode, the first mode performing one
kind of ultrasound transmission/reception for perform-
ing ultrasound contrast imaging, and the second mode
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alternately performing a plurality of sets ofthe first set of
ultrasound transmission/reception and the second set of
ultrasonic transmission/reception; and
a control unit that sets a number of transmission sets in the
second mode based on a signal-to-noise ratio of contrast
image data generated by changing anumber of sets in the
second mode when the input unit receives the switching
request.
8. The ultrasound diagnostic apparatus according to claim
1, wherein the transmitter/receiver performs parallel simul-
taneous reception processing using plane waves or diffuse
waves as transmitted ultrasound waves.
9. The ultrasound diagnostic apparatus according to claim
1, wherein the transmitter/receiver adjusts transmission out-
put of ultrasound waves in accordance with a total number of
sets of the first set of the ultrasound transmission/reception
and the second set of the ultrasound transmission/reception.
10. The ultrasound diagnostic apparatus according to claim
1, wherein the transmitter/receiver adjusts a gain in a depth
direction in accordance with a total number of sets of the first
set of the ultrasound transmission/reception and the second
set of the ultrasound transmission/reception.
11. An ultrasound imaging method including:
performing, by a transmitter/receiver, a first set of ultra-
sound transmission/reception and a second set of ultra-
sound transmission/reception, on a same scanning line
of an imaging region of a subject administered with a
contrast agent, for a plurality of sets, to output reflected
wave data for the plurality of the sets,
the first set of the ultrasound transmission/reception per-
forming amplitude-modulated or amplitude- and
phase-modulated ultrasound transmission transmit-
ted a plurality of times and receiving reflected waves,
the second set of the ultrasound transmission/reception
being transmission/reception at least whose phase
modulation being different from phase modulation of
the first set of the ultrasound transmission/reception;
adding or subtracting, by an adder/subtractor, the reflected
wave data for the plurality of the sets; and
generating, by an image generating unit, contrast image
data based on the data output from the adder/subtractor.
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