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7) ABSTRACT

An ultrasound diagnostic apparatus of the present invention
includes: a transmitter that generates and outputs a plurality
of drive signals to a transducer of an ultrasound probe, the
drive signals causing the transducer to transmit a plurality of
transmission ultrasound waves that have different wave-
forms in a temporally shifted manner, the drive signals being
compensated for asymmetry of the transmission sound pres-
sure waveforms of the plurality of transmission ultrasound
waves transmitted from the transducer; and a hardware
processor configured to extract a harmonic component
according to a plurality of reception signals, and generating
an ultrasound image based on the extracted harmonic com-
ponent.
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ULTRASOUND DIAGNOSTIC APPARATUS
AND ULTRASOUND IMAGE GENERATING
METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The entire disclosure of Japanese Patent Applica-
tion No. 2018-219264 filed on Nov. 22, 2018, is incorpo-
rated herein by reference in its entirety.

BACKGROUND

Technological Field

[0002] The present invention relates to an ultrasound
diagnostic apparatus and an ultrasound image generating
method that use ultrasound waves.

Description of Related Art

[0003] An ultrasound diagnostic apparatus is useful for
repeated inspections because it can obtain heart beats and
fetal movements in a real-time representation by a simple
operation, that is, simply placing an ultrasound probe on a
body surface, and is highly safe.

[0004] Such an ultrasound diagnostic apparatus may in
some cases be used with an imaging method for imaging a
harmonic component (for example, frequencies 210, 310, and
the like) of a reflected ultrasound wave (reception signal)
with respect to a fundamental wave component (frequency
f0) of a transmitted ultrasound wave. Such an imaging
method is called tissue harmonic imaging, and is known for
providing images with good contrast.

[0005] The above-described harmonic component results
mainly from nonlinear distortion that occurs when an ultra-
sound wave propagates through a subject. To be specific,
when an ultrasound wave is emitted into a living body, the
ultrasound signal is distorted during propagation through
tissue due to the non-linear response of the tissue, and
harmonic components increase. Consequently, the reflected
signal from the tissue includes harmonics having a fre-
quency component that is an integral multiple of the fun-
damental wave f0. Examples of harmonics include one
referred to as second harmonic that includes the frequency
component 2f0 that is twice the fundamental wave {0, and
one referred to as third harmonic that includes the frequency
component 3f0 that is three times the same.

[0006] In order to obtain a clear image by tissue harmonic
imaging, it is important to remove the fundamental compo-
nent from the reception signal and extract only the harmonic
components. For example, the pulse inversion method is
known as a method for extracting only the harmonic com-
ponents from the reception signal. In the pulse inversion
method, first and second transmission waveforms having
opposite polarities are transmitted at time intervals, and each
reception signal is phased and added to cancel the funda-
mental wave component, thereby emphasizing the second
harmonic component. For example, Japanese Patent Appli-
cation Laid-Open Nos. 2000-300554, 2002-301068, and
2003-310609 disclose techniques for achieving tissue har-
monic imaging by the pulse inversion method.

SUMMARY

[0007] However, in the medical field, an ultrasound diag-
nostic apparatus that is compact, inexpensive, and easy to
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handle may be required. In a compact and inexpensive
ultrasound diagnostic apparatus, the expensive transmission
drive apparatus used in PTLs 1 to 3 cannot be adopted,
which results in a compromise in terms of image quality
such as resolution and penetration.

[0008] In view of such circumstances, an object of the
present invention is to provide an ultrasound diagnostic
apparatus and an ultrasound image generating method that
can provide clear ultrasound images with an inexpensive
configuration.

[0009] To achieve at least one of the abovementioned
objects, according to an aspect of the present invention, an
ultrasound diagnostic apparatus reflecting one aspect of the
present invention comprises: a transmitter that generates and
outputs a plurality of drive signals to a transducer of an
ultrasound probe, the drive signals causing the transducer to
transmit a plurality of transmission ultrasound waves that
have different waveforms in a temporally shifted manner,
the drive signals being compensated for asymmetry of the
transmission sound pressure waveforms of the plurality of
transmission ultrasound waves transmitted from the trans-
ducer; and a hardware processor which acquires, from the
ultrasound probe, a reception signal based on a reflected
ultrasound wave that is the transmission ultrasound wave
reflected in a subject, extracts a harmonic component
according to a plurality of reception signals corresponding to
the plurality of transmission ultrasound waves, and gener-
ates an ultrasound image based on the extracted harmonic
component.

BRIEF DESCRIPTION OF DRAWINGS

[0010] The advantages and features provided by one or
more embodiments of the invention will become more fully
understood from the detailed description given hereinbelow
and the appended drawings which are given by way of
illustration only, and thus are not intended as a definition of
the limits of the present invention:

[0011] FIG. 1 is a diagram illustrating an external con-
figuration of an ultrasound diagnostic apparatus;

[0012] FIG. 2 is a block diagram illustrating a functional
component of the ultrasound diagnostic apparatus according
to the first embodiment;

[0013] FIG. 3 is a diagram illustrating the configuration of
a transmission section in the first embodiment;

[0014] FIG. 4 is a diagram showing an example of drive
signal array data;

[0015] FIG. 5A is a diagram showing an example of the
waveform of a first drive signal input to a transducer;
[0016] FIG. 5B is a diagram showing an example of the
waveform of a second drive signal input to the transducer.
[0017] FIG. 5C is a diagram showing an example of a first
transmission sound pressure waveform and a second trans-
mission sound pressure waveform output from the trans-
ducer;

[0018] FIG. 5D is a diagram showing an example of an
added transmission sound pressure waveform that is the
result of adding the first transmission sound pressure wave-
form and the second transmission sound pressure waveform;
[0019] FIG. 5E is a diagram showing an example of the
waveform of a drive signal (cancellation drive waveform)
for canceling the added waveform calculated using the
inverse function of the transfer function of the transducer;
[0020] FIG. 5F is a diagram showing an example of an
approximate drive waveform;
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[0021] FIG. 6A is a diagram illustrating an array of drive
signals output by a drive signal output section when the
number of channels of the transmission opening (the number
of transducers included in the transmission opening) is 44;
[0022] FIG. 6B is a diagram showing an array of drive
signals output by the drive signal output section when the
number of channels of the transmission opening is 30;
[0023] FIG. 6C is a diagram showing an array of drive
signals output by the drive signal output section when the
number of channels of the transmission opening is 14;
[0024] FIG. 7 is a block diagram illustrating the functional
component of a ultrasound diagnostic apparatus according to
the second embodiment;

[0025] FIG. 8A is a diagram illustrating the waveform of
a first pulse control signal for causing a drive waveform
generating section to generate the first drive signal;

[0026] FIG. 8B is a diagram illustrating the waveform of
a second pulse control signal for causing a drive waveform
generating section to generate the second drive signal,
[0027] FIG. 8C is a diagram illustrating an example of
pulse waveforms of the first drive signal and the second
drive signal output from drive waveform generating section;
[0028] FIG. 8D is a diagram showing an added drive
signal obtained by adding the first drive signal and the
second drive signal shown in FI1G. 8C;

[0029] FIG. 9is a diagram illustrating the configuration of
a transmission section according to the second embodiment;
[0030] FIG. 10 is a diagram illustrating pulse control
signals output from a pulse control signal output section;
[0031] FIG. 11 is a diagram illustrating drive signals
output from a pulse generating circuit;

[0032] FIG. 12A is a diagram in which the first drive
signal group shown in FIG. 11 are temporally overlapped;
[0033] FIG. 12B is a diagram in which the second drive
signal group shown in FIG. 11 are temporally overlapped,
and

[0034] FIG. 12C is a diagram showing the average of the
first drive signal group (first drive signal average) and the
average of the second drive signal group (second drive
signal average).

DETAILED DESCRIPTION OF EMBODIMENTS

[0035] Hereinafter, one or more embodiments of the pres-
ent invention will be described with reference to the draw-
ings. However, the scope of the invention is not limited to
the disclosed embodiments.

First Embodiment

[0036] The first embodiment of the present invention will
be described below.

[0037] [Outline of Each Component]

[0038] As shown in FIGS. 1 and 2, ultrasound diagnostic
apparatus 1 according to the first embodiment includes
ultrasound diagnostic apparatus body 10 and ultrasound
probe 20. FIG. 1 is a diagram illustrating an external
configuration of ultrasound diagnostic apparatus 1. FIG. 2 is
a block diagram illustrating a functional component of
ultrasound diagnostic apparatus 1 according to the first
embodiment.

[0039] Ultrasound probe 20 transmits an ultrasound wave
to a subject such as a living body (not shown) and receives
a reflected wave (reflected ultrasound: echo) reflected by the
subject.
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[0040] Ultrasound diagnostic apparatus body 10 is con-
nected to ultrasound probe 20 via cable 30, and transmits an
electrical drive signal to ultrasound probe 20, thereby trans-
mitting a transmission ultrasound wave to the subject. Fur-
ther, Ultrasound diagnostic apparatus body 10 receives an
electrical reception signal generated by ultrasound probe 20
based on the reflected ultrasound from the subject received
by ultrasound probe 20, and images the internal state in the
subject by using the reception signal, thereby providing an
ultrasound diagnostic image.

[0041] Ultrasound probe 20 includes a plurality of trans-
ducers 21. The plurality of transducers 21 are arranged in a
one-dimensional array in the azimuth direction, for example.
In this embodiment, ultrasound probe 20 includes, for
example, several tens to several hundreds of transducers 21.
Note that transducers 21 may be arranged in a two-dimen-
sional array.

[0042] In the first embodiment, a capacitive micromachin-
ing ultrasound transducer (¢MUT) elements are used as the
plurality of transducers 21 included in ultrasound probe 20.
A cMUT element is formed using semiconductor manufac-
turing technology (MEMS) and facilitates wiring to each
element, and therefore has advantages such as suitability for
a multidimensional array and ease of circuit integration.

[0043] However, the cMUT element has a structure in
which sound waves are output when the diaphragm provided
on the substrate vibrates up and down and the vibration
characteristic is vertically asymmetrical, and therefore has a
problem in that it transmits an asymmetrical ultrasound
wave in response to an input of a symmetrical drive signal.
Since the fundamental wave component cannot be suffi-
ciently canceled from the asymmetrical transmission ultra-
sound wave and it is difficult to generate a clear harmonic
ultrasound diagnostic image, ultrasound diagnostic appara-
tus 1 according to the first embodiment addresses this
problem through the operation of ultrasound diagnostic
apparatus body 10.

[0044] For example, as shown in FIG. 2, ultrasound diag-
nostic apparatus body 10 includes operation input section
11, transmission section 12, reception section 13, image
generating section 14, image processing section 15, DSC 16,
display section 17, and control section 18.

[0045] Operation input section 11 includes, for example,
various switches, buttons, a trackball, a mouse, a keyboard,
and the like for inputting data, such as a command for
starting diagnosis and personal information on a subject, and
outputs an operation signal to control section 18.

[0046] Transmission section 12 supplies an electrical drive
signal for generating transmission ultrasound to ultrasound
probe 20 via cable 30, according to the control by control
section 18. For example, transmission section 12 generates
a transmission ultrasound wave by outputting a drive signal
to a continuous part of all the transducers arranged in
ultrasound probe 20. Transmission section 12 then shifts the
transducer, which outputs the drive signal, to the azimuth
direction, each time a transmission ultrasound wave is
generated. Hence, ultrasound diagnostic apparatus 1 can
scan a wide area while moving the scanning line.

[0047] Transmission section 12 also outputs a drive signal
based on the pulse inversion method to ultrasound probe 20
for tissue harmonic imaging. To be specific, transmission
section 12 transmits a first drive signal and a second drive
signal having a different waveform from the first drive signal
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to the same scanning line with a time interval. Details of
transmission section 12 will be described later.

[0048] Reception section 13 is a circuit that receives an
electrical reception signal from ultrasound probe 20 via
cable 30 under the control by control section 18. Reception
section 13 amplifies the reception signal for each transducer
21 with a predetermined amplification factor set in advance,
performs analog-digital conversion (A/D conversion), and
then performs phasing addition to obtain sound ray data.
[0049] Image generating section 14 performs processing,
such as envelope detection processing and logarithmic
amplification, on the sound ray data from reception section
13, performs gain adjustment and the like for luminance
conversion, thereby generating B-mode image data. B-mode
image data is image data representing the intensity of a
reception signal by luminance The B-mode image data
generated by image generating section 14 is transmitted to
image processing section 15. Image generating section 14
includes harmonic component extraction section 141, and
generates B-mode image data by using the harmonic com-
ponent extracted by harmonic component extraction section
141.

[0050] Harmonic component extraction section 141
extracts a harmonic component, according to the reception
signal output from reception section 13 for tissue harmonic
imaging. In this embodiment, harmonic component extrac-
tion section 141 extracts signal components mainly com-
posed of even-order harmonics represented by second-order
harmonics. Even-order harmonic components are extracted
by synthesizing (for example, adding) reception signals
from reflected ultrasound waves respectively corresponding
to two transmission ultrasound waves transmitted according
to two different types of pulse signals; removing the funda-
mental wave component from the reception signal; and
performing filtering. B-mode image data may also be gen-
erated by performing, in addition to the aforementioned
operation, other reception signal synthesis (for example,
subtraction) to extract other orders (for example, odd-order
harmonic components represented by third-order harmon-
ics), and synthesizing them with even-order harmonic com-
ponents.

[0051] Image processing section 15 includes image
memory section 151 composed of a semiconductor memory,
such as a dynamic random access memory (DRAM). Image
processing section 15 stores B-mode image data output from
image generating section 14, in image memory section 151
in units of frames. Image data in units of frames may be
referred to as ultrasound image data or frame image data.
Image processing section 15 appropriately reads the ultra-
sound image data stored in image memory section 151 and
outputs it to DSC 16.

[0052] DSC 16 converts the ultrasound image data
received from image processing section 15 into an image
signal based on the television signal scanning method, and
outputs the image signal to display section 17.

[0053] Display section 17 may be a display apparatus such
as an liquid crystal display (LCD), a cathode-ray tube (CRT)
display, an organic electronic luminescent (EL) display, an
inorganic EL display, or a plasma display. Display section 17
displays an ultrasound image on the display screen accord-
ing to the image signal output from DSC 16.

[0054] Control section 18 includes, for example, a central
processing unit (CPU), a read only memory (ROM), and a
random access memory (RAM), reads various processing
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programs such as a system program stored in the ROM and
expands it to the RAM, and centrally controls the operation
of each section of ultrasound diagnostic apparatus 1 accord-
ing to the expanded program.

[0055] The ROM is a nonvolatile memory composed of,
for example, a semiconductor, and stores a system program
related to ultrasound diagnostic apparatus 1, various pro-
cessing programs that can be executed on the system pro-
gram, various data, and the like. These programs are stored
in the form of computer-readable program codes, and the
CPU sequentially executes operations according to the pro-
gram codes. The RAM forms a work area for temporarily
storing various programs executed by the CPU and data
related to these programs.

[0056] [Configuration of Transmission Section 12]
[0057] The configuration and operation of transmission
section 12 according to the first embodiment will be
described below in detail. FIG. 3 is a diagram illustrating the
configuration of transmission section 12 according to the
first embodiment. As shown in FIG. 3, transmission section
12 includes clock generating circuit 121, drive waveform
generating section 122, drive waveform storage section 123,
array delay setting section 124, drive signal output section
125, and array storage section 126.

[0058] Clock generating circuit 121 is a circuit that gen-
erates a clock signal that determines the transmission timing
and transmission frequency of the drive signal.

[0059] Drive waveform generating section 122 is a circuit
for generating a drive waveform signal at a predetermined
cycle. Drive waveform generating section 122 can generate
a rectangular drive waveform signal by reading the drive
waveform information stored in drive waveform storage
section 123 and performing switching between a plurality of
levels of voltage according to the waveform array informa-
tion stored in array storage section 126 which will be
described later. The plurality of levels of voltage are, for
example, three levels of +HV, 0 (GND), and -HV, or five
levels of +HV, +MV, 0 (GND), -MV, and -HV. In this
specification, a case will be described in which a drive
waveform generating section (in this specification, this is
referred to as a three-value pulsar) that can output three
levels of voltage is used as drive waveform generating
section 122. Such a three-value pulsar is less expensive than,
for example, a pulsar capable of arbitrarily changing the
voltage steplessly, and thus is suitable for suppressing the
manufacturing cost of ultrasound diagnostic apparatus 1.
[0060] Further, drive waveform generating section 122
generates a first drive waveform signal and a second drive
waveform signal for the pulse inversion method, according
to the control by control section 18.

[0061] In the first embodiment, the drive waveform sig-
nals generated by drive waveform generating section 122
have the same positive polarity and negative polarity. In
other words, the first drive waveform signal and the second
drive waveform signal generated by drive waveform gener-
ating section 122 are drive waveform signals that are posi-
tive-negative inverted from each other when the same wave-
form is selected.

[0062] Drive waveform storage section 123 stores a plu-
rality of pieces of information on drive waveforms designed
in advance. Drive waveform storage section 123 outputs
drive waveform information responsive to a request from
drive waveform generating section 122, to drive waveform
generating section 122.
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[0063] Array delay setting section 124 assigns a drive
waveform signal to each of the plurality of transducers 21
included in ultrasound probe 20, based on the information in
the array storage section, and further sets a delay time
according to the transmission focal depth. Hence, the drive
timing of each of the plurality of transducers 21 can be
controlled.

[0064] In response to the drive control signal for each
transducer 21 generated by array delay setting section 124,
drive signal output section 125 outputs a drive signal respon-
sive to a set voltage to each of the plurality of transducers 21
included in vltrasound probe 20.

[0065] Array storage section 126 stores drive signal array
data. Array storage section 126 is a storage medium such as
a nonvolatile memory, for example.

[0066] The drive signal array data is data indicating an
array of the waveforms of drive signals output to, of the
plurality of transducers 21 included in ultrasound probe 20,
a predetermined number of transducers 21 adjacent to each
other. FIG. 4 is a diagram showing an example of drive
signal array data. FIG. 4 shows an example of array of
waveforms of drive signals output to 11 transducers 21
adjacent to each other. Here, a waveform array indicates
information on the selection (type) of the waveforms of
drive signals output to transducers 21 adjacent to each other.
[0067] FIG. 4 shows only the array of waveforms of drive
signals for the 11 adjacent transducers 21. For the other
transducers 21, the array of waveforms of drive signals
shown in FIG. 4 is repeatedly used. The details of the array
of waveforms of drive signals output to the plurality of
transducers 21 will be described later.

[0068] InFIG.4,“1”to“11” in the upper row are numbers
indicating the adjacent transducers 21, and “W1”, “Wla”,
and “W14” in the lower row are drive signals having
different waveforms. The drive signals Wla and W15 are
drive signals having waveforms for compensating for the
asymmetry of transducers 21 (¢cMUTs).

[0069] [Method of Generating Drive Signal Array Data]
[0070] Next, a method of generating drive signal array
data will be described. The drive signal array data generating
processing described below is processing that is performed
before ultrasound diagnostic apparatus 1 is actually used for
ultrasound diagnosis. FIGS. 5A to 5F are diagrams for
explaining the flow of generation of drive signal array data.
Although the following drive signal array data generating
processing may be performed by, for example, a computer
outside ultrasound diagnostic apparatus 1 or using a part of
the configuration of ultrasound diagnostic apparatus body 10
(for example, control section 18), in an ultrasound diagnos-
tic apparatus used for a human body, it is preferable to use
only a combination limited at the design level in order to
ensure acoustic safety. The generated drive signal array data
is stored in ultrasound diagnostic apparatus body 10 and is
set as a drive condition for each transducer 21 for generating
an ultrasound image.

[0071] A method of generating each drive waveform and
drive signal array will be described below in detail. First,
ultrasound probe 20 is used to measure the waveform
(transmission sound pressure waveform) of transmission
ultrasound wave output from each transducer 21 in response
to an input of a drive signal. To be specific, a first drive
signal for which a waveform is predetermined, and a tem-
porary second drive signal having a waveform positive-
negative inverted from the first drive signal are actually
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input to each transducer 21, thereby measuring the trans-
mission sound pressure waveform output from each trans-
ducer 21. This measurement can be performed, for example,
by transmitting a transmission ultrasound wave toward a
hydrophone installed in water and measuring an electrical
signal from the hydrophone with an external oscilloscope or
the like. It is preferable that the hydrophone or oscilloscope
used for the measurement be one having a sufficiently wide
band with respect to the frequency band of the ultrasound
wave to be transmitted.

[0072] FIG. 5A is a diagram showing an example of the
waveform of the first drive signal input to a transducer 21.
FIG. 5B is a diagram showing an example of the waveform
of the second drive signal input to the transducer 21. FIG. 5C
is a diagram showing an example of the first transmission
sound pressure waveform and the second transmission
sound pressure waveform output from the transducer 21. As
described above, in the first embodiment, cMUTs, which
give an asymmetrical output response to an input, are used
as transducers 21. For this reason, as shown in FIG. 5C, the
inputs of the first and second drive signals are positive-
negative symmetrical, whereas the transmission sound pres-
sure waveform output from the transducer 21 is positive-
negative asymmetrical. In FIGS. 5A to 5C, the waveform of
the first drive signal and the waveform of the first transmis-
sion sound pressure are indicated by solid lines, and the
waveform of the second drive signal and the second trans-
mission sound pressure waveform are indicated by dotted
lines. Note that the first transmission sound pressure wave-
form is the waveform of the transmission ultrasound wave
output from the transducer 21 according to the input of the
first drive signal, and the second transmission sound pres-
sure waveform is the waveform of the transmission ultra-
sound wave output from the transducer 21 according to the
input of the second drive signal.

[0073] In the following description, the waveform of the
first drive signal is referred to as W1, and the waveform of
the second drive signal is referred to as W2. For simplicity,
waveform W1 of the first drive signal may be simply
referred to as first drive signal W1. Similarly, waveform W2
of the second drive signal may be simply referred to as
second drive signal W2.

[0074] When first transmission sound pressure waveform
TX1 and second transmission sound pressure waveform
TX2 are acquired, first transmission sound pressure wave-
form TX1 and second transmission sound pressure wave-
form TX2 are added. FIG. 5D is a diagram showing an
example of added transmission sound pressure waveform
TX _add that is the result of addition of first transmission
sound pressure waveform TX1 and second transmission
sound pressure waveform TX2. As shown in FIG. 5D, due
to the asymmetry of transducers 21, the addition of first
transmission sound pressure waveform TX1 and second
transmission sound pressure waveform TX2 is not 0.
[0075] Next, added transmission sound pressure wave-
form TX_add is positive-negative inverted, and the wave-
form of a drive signal for cancelling added transmission
sound pressure waveform TX_add using inverse function
G-1(s) of transfer function G(s) of transducer 21 is gener-
ated. In this specification, the transfer function of transducer
21 refers to a function for converting the input waveform of
the drive signal into a transmission sound pressure wave-
form that is output from transducer 21. FIG. S5E shows an
example of the waveform of a drive signal (cancellation
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drive waveform) for cancelling the added waveform, calcu-
lated using inverse function G-1(s) of transfer function G(s)
of transducer 21.

[0076] Next, approximate drive waveform Wla is gener-
ated by fitting the cancellation drive waveform shown in
FIG. 5E to a three-level voltage ratio that can be taken by
drive waveform generating section 122 that is a three-value
pulsar. In other words, approximate drive waveform Wla
illustrated in FIG. 5F is generated by setting the time that the
voltage value is maintained, so as to be as close as possible
to the cancellation drive waveform so as to have the same
ratio as the three-level voltage value that the three-value
pulsar can take. In other words, if the ratio of +HV and -HV
is 1:1 as in W1 and W2, for fitting of Wla, fitting is
performed under the condition that the ratio of +HV(W1a)
and -HV(Wla) is 1:1. If the ratio is not 1:1, fitting is
performed under the condition in which this ratio is main-
tained even for fitting of Wla. In other words, the ratio of
+HV and -HV is the same for W1 and W1a. This makes it
possible to control the difference in voltage value between
W1 and Wla, which will be described later, through the ratio
of waveform allocation to transducer 21. In the case where
the generation of a cancellation drive waveform is repeated
more than once for multiple levels such as Wla, W1b, Wlc,
..., the ratio needs to be maintained

[0077] FIG. 5F is a diagram showing an example of
approximate drive waveform Wla. Although fitting to three
voltage values is performed because drive waveform gen-
erating section 122 is a three-value pulsar in the first
embodiment, fitting to five voltage values may be performed
when drive waveform generating section 122 is a five-
valued pulsar which may take, for example, five voltage
values. In this case, it is necessary to maintain the ratio of
+HV, +MV, -MV, and -HV in the generation of a cancel-
lation drive waveform.

[0078] Next, the amplitude ratio (IHV (W1)I:IHV (W1a)l)
between waveform W1 and approximate drive waveform
Wila of the first drive signal is calculated. According to this
ratio, of all transducers 21 of ultrasound probe 20, the ratio
of transducers 21 to which first drive signal W1 is input and
transducers 21 to which approximate drive waveform Wla
is input is determined. For example, when the ratio of the
amplitudes of W1 and Wla is 3:1, first drive signal W1 is
input to 75% of transducers 21 out of all transducers 21, and
approximate drive waveform Wla is input to 25% of trans-
ducers 21. When the amplitude ratio is not an integer ratio,
approximation may be made so that each value is an integer.

[0079] Subsequently, first drive signal W1 or approximate
drive waveform Wla is input to each transducer 21 at the
determined ratio, and first transmission sound pressure
waveform TX1a transmitted by each transducer 21 is mea-
sured. Then, first transmission sound pressure waveform
TX1a and second transmission sound pressure waveform
TX2 are added to calculate added transmission sound pres-
sure waveform TX_adda. Approximate drive waveform
Wla is a waveform for canceling the added waveform as
described above, that is, a waveform for compensating for
the asymmetry between first transmission sound pressure
waveform TX1 and second transmission sound pressure
waveform TX2 due to the asymmetry of transducers 21. For
this reason, added transmission sound pressure waveform
TX_adda should be a waveform close to 0 compared to
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added transmission sound pressure waveform TX_add
obtained when approximate drive waveform Wla is not
used.

[0080] Here, whether or not the amplitude (for example,
amplitude average) of added transmission sound pressure
waveform TX_adda is less than a predetermined threshold is
determined. If the amplitude of added transmission sound
pressure waveform TX_adda is not less than a predeter-
mined threshold, processing for calculating approximate
drive waveform W1b used to cancel added transmission
sound pressure waveform TX_adda is newly performed. In
other words, added transmission sound pressure waveform
TX _adda is inverted to perform fitting to the three values
that drive waveform generating section 122 can take, and
approximate drive waveform W15 is newly calculated. The
aforementioned processing is repeated until the amplitude of
the added transmission sound pressure waveform becomes
less than a predetermined threshold. Note that the threshold
is appropriately set according to the characteristics (for
example, resolution priority and penetration priority)
expected for the transmission frequency.

[0081] At least one approximate drive waveform for can-
celing the added transmission sound pressure waveform is
generated in this manner. A case will be described below in
which the added transmission sound pressure waveform
becomes less than a predetermined threshold upon genera-
tion of approximate drive waveform W1a and approximate
drive waveform W1b. Suppose that the amplitude ratio
between first drive signal W1 and approximate drive wave-
forms Wla and W1b is W1:W1a:W15=6:3:2.

[0082] Subsequently, which of approximate drive wave-
forms Wla and W15 generated as described above and
waveform W1 of the first drive signal is output to each of the
plurality of adjacent transducers 21 is determined. To be
specific, when W1: W1a:W1b=6:3:2, an array of W1, Wla,
and W15 is determined so that, of 11 (=6+3+2) adjacent
transducers 21, the numbers of transducers to which W1,
Wila, and W15 are output become 6, 3, and 2, respectively,
and the transducers to which W1, Wla, and W15 are output
are most discretely arranged. FIG. 4 shows an example of
array of drive signals output to each of the 11 transducers 21
as a result of the determination made as described above. In
other words, F1G. 4 shows an example of drive signal array
data generated to cancel the added transmission sound
pressure waveform by using approximate drive waveforms
Wila and W1b.

[0083] Approximate drive waveforms Wla, W15, . . .
generated as described above are stored in advance in drive
waveform storage section 123. The drive signal array data is
stored in advance in array storage section 126.

[0084] [Drive Signal Output Processing by Drive Signal
Output Section 125]

[0085] Processing for output of drive signals to transduc-
ers 21 through drive signal output section 125 performed
using the drive signal array data generated in advance as
described above and stored in array storage section 126 will
now be described in detail. Drive signal output section 125
first outputs a drive signal to each transducer 21 as a first
drive signal, according to an array based on the drive signal
array data.

[0086] In the drive signal array data illustrated in FIG. 4,
as described above, for 11 adjacent transducers 21, drive
signal waveforms W1, Wla, and W15 are most discretely
arrayed. Drive signal output section 125 outputs a drive
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signal to each of the plurality of transducers 21 included in
ultrasound probe 20 through the previously determined
array.

[0087] To be specific, array delay setting section 124
applies the array shown by the drive signal array data
symmetrically from the center of the transmission opening
formed by the plurality of transducers 21, selects the cor-
responding drive waveform signals, and outputs a drive
control signal to which a delay time corresponding to the
transmission focal depth is added, to the drive signal output
section. If the number of transducers 21 is greater than the
number included in the array (11 in the example shown in
FIG. 4), the array is repeatedly applied.

[0088] FIG. 6A is a diagram showing an array of drive
signals output by drive signal output section 125 when the
number of channels (the number of transducers 21 included
in the transmission opening) of the transmission opening is
44. FIG. 6B is a diagram showing an array of drive signals
output by drive signal output section 125 when the number
of channels (the number of transducers 21 included in the
transmission opening) of the transmission opening is 30.
FIG. 6C is a diagram showing an array of drive signals
output by drive signal output section 125 when the number
of channels (the number of transducers 21 included in the
transmission opening) of the transmission opening is 14.
[0089] As shown in FIG. 6A, array delay setting section
124 applies two sets of the array shown in FIG. 4 to the 22
channels on the right from the center of the transmission
opening, and outputs any one of drive signals W1, Wla, and
W1b. As to the right, two sets of the array shown in FIG. 4
that is made symmetrical (the array that is made symmetrical
about the center of the transmission opening) are applied to
the left from the center of the transmission opening. How-
ever, since the array in one set is symmetrical in FIG. 4, in
the example shown in FIG. 6A, the right and the left from
the transmission opening are arrayed in the same manner.
[0090] As shown in FIG. 6B, when the total number of
channels of the transmission opening is 30, array delay
setting section 124 extracts the 15 channels closest to the
center of the transmission opening, from the channels
obtained by applying an array of two sets (22 channels) on
the right to the 15 channels on the right from the transmis-
sion opening. Similarly, array delay setting section 124
extracts the 15 channels closest to the center of the trans-
mission opening, from the channels obtained by applying an
array of two sets (22 channels) horizontally flipped from the
array shown in FIG. 4 to the 15 channels on the left from the
transmission opening.

[0091] In addition, as shown in FIG. 6C, when the total
number of channels of the transmission opening is 14, array
delay setting section 124 extracts the seven channels closest
to the center of the transmission opening, from the channels
obtained by applying an array of one set (11 channels) on the
right to the seven channels on the right from the transmission
opening. Similarly, array delay setting section 124 extracts
the seven channels closest to the center of the transmission
opening, from the channels obtained by applying an array of
one set (11 channels) horizontally flipped from the array
shown in FIG. 4 to the seven channels on the left from the
transmission opening.

[0092] Array delay setting section 124 outputs the first
drive signal to each transducer 21 as described above, and
then outputs the second drive signal in a temporally shifted
manner. In the first embodiment, the waveform of the second
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drive signal is not output with different waveforms for
different transducers unlike that of the first drive signal, and
the second drive signal with the same waveform is output to
all transducers 21. However, the present invention is not
limited to this mode: a method of arraying and transmitting
a plurality of waveforms may be used for both the first and
second drive signals.

[0093] Inthis way, drive signal output section 125 outputs
drive signals having different waveforms at a predetermined
ratio to a predetermined number of adjacent transducers 21,
using the preset drive signal array data. Accordingly, the first
transmission sound pressure waveform output from each
transducer 21 in response to the input of the first drive signal,
and the second transmission sound pressure waveform out-
put from each transducer 21 in response to the input of the
second drive signal are waveforms that are substantially
cancelled when added. For this reason, in ultrasound diag-
nostic apparatus 1 according to the first embodiment, the
fundamental wave in the received ultrasound wave can be
suitably diminished. and a clear ultrasound image can be
obtained using the harmonic component.

Second Embodiment

[0094] The second embodiment of the present invention
will be described below.

[0095] [Outline of Each Component]

[0096] FIG. 7 is a block diagram illustrating the functional
component of ultrasound diagnostic apparatus 1a according
to the second embodiment.

[0097] In the following description, differences between
ultrasound diagnostic apparatus 1a according to the second
embodiment and ultrasound diagnostic apparatus 1 accord-
ing to the first embodiment described above will be mainly
described, and description of similar configurations will be
omitted. In FIG. 7 and FIG. 8 to be described later, the
components that operate differently from those in ultrasound
diagnostic apparatus 1 according to the first embodiment are
denoted by reference numerals with “a”.

[0098] In the second embodiment, transducers 21a of
ultrasound probe 20q included in ultrasound diagnostic
apparatus 1a are not cMUTs, but are transducers that output
transmission sound pressure waveforms that are positive-
negative symmetrical in response to the input of the posi-
tive-negative symmetrical waveform of a drive signal from,
for example, a piezoelectric element. For this reason, for
ultrasound diagnostic apparatus 1la according to the second
embodiment, it is not necessary to consider the asymmetry
of transducers 21a.

[0099] In the first embodiment, the slew rates at the rise
and fall of drive waveform generating section 122 were
substantially the same, that is, the time required for the rise
(hereinafter referred to as rise time) and the time required for
the fall (hereinafter referred to as fall time) were the same
(the difference between the rise time and the fall time was
almost 0). For this reason, in the first embodiment, the first
drive signal and the second drive signal were signals having
positive-negative symmetrical waveforms.

[0100] In order to generate a pulse signal as a drive signal
for the purpose of manufacturing a compact and inexpensive
ultrasound diagnostic apparatus. an inexpensive pulse gen-
erating circuit may be employed. In such an inexpensive
pulse generating circuit, the slew rates at the rise and fall
times may be different. The second embodiment provides
ultrasound diagnostic apparatus 1a that is made considering
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the case where the rise time and fall time of a pulse signal
(drive signal) generated by drive waveform generating sec-
tion 122a are different and that can suitably diminish fun-
damental wave components in tissue harmonic imaging even
in that case.

[0101] The second embodiment considers the case where
drive waveform generating section 122¢ having such an
asymmetry as described above outputs first drive signal DS1
and second drive signal DS2 obtained by positive-negative
inverting first drive signal DS1, in a temporally shifted
manner.

[0102] FIG. 8A is a diagram illustrating the waveform of
the first pulse control signal for causing drive waveform
generating section 122a to generate the first drive signal.
FIG. 8B is a diagram illustrating the waveform of the second
pulse control signal for causing drive waveform generating
section 122a to generate the second drive signal. The details
of the first pulse control signal and the second pulse control
signal will be described later. FIG. 8C is a diagram illus-
trating an example of actual drive waveforms of first drive
signal DS1 and second drive signal DS2 output from drive
signal output section 125q based on the first pulse control
signal and the second pulse control signal. In the example
shown in FIG. 8C, it is assumed that the rise, that is, the time
required for transition from -HV to +HV (rise time) is Tr,
and the fall, that is, the time required for transition from
+HV 10 -HV (fall time) is Tf, and Tr:Tf=2:3.

[0103] FIG. 8D is a diagram showing added drive signal
DS_add obtained by adding first drive signal DS1 and
second drive signal DS2 shown in FIG. 8C. Since the pulse
signal generated by drive signal output section 1254 has a
different rise time and fall time, as shown in FIG. 8D, even
if first drive signal DS1 and second drive signal DS2 are
added, they are not cancelled out and a difference remains.
When first drive signal DS1 and second drive signal DS2 are
output to transducer 21a, the waveform of the ultrasound
wave (the first transmission sound pressure waveform) out-
put from transducer 21a according to first drive signal DS1
and the waveform of the ultrasound wave (the second
transmitted ultrasound wave) output from transducer 21a
according to second drive signal DS2 are positive-negative
asymmetrical. For this reason, in tissue harmonic imaging
using the pulse inversion method, the fundamental wave
component of the received ultrasound wave cannot be
canceled appropriately, which makes the extraction of har-
monic components insufficient and thus makes it difficult to
obtain an ultrasound image with good image quality.
[0104] Drive signal generation processing that can pref-
erably cancel out the fundamental wave component in
received ultrasound wave even with drive signal output
section 125q having different rise and fall times will be
described below.

[0105] FIG. 9is a diagram illustrating the configuration of
transmission section 12a according to the second embodi-
ment. As shown in FIG. 9, the configuration of transmission
section 12a of the second embodiment is different from
transmission section 12 of the first embodiment in that it
does not include drive waveform storage section 123 or
array storage section 126, but include pulse control signal
output section 127 and waveform storage section 128.
[0106] Pulse control signal output section 127 outputs
pulse control signal PS for generating a pulse signal as a
drive signal at a predetermined cycle. At this time, pulse
control signal output section 127 generates and outputs pulse
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control signal PS based on the waveform data prestored in
waveform storage section 128. Waveform storage section
128 is a storage medium such as a nonvolatile memory.
[0107] FIG. 10 is a diagram illustrating pulse control
signals output from pulse control signal output section 127.
In FIG. 10, first pulse control signals PS1-1 to PS1-12 are
control signals for outputting a first drive signal for the pulse
inversion method. In addition, in FIG. 10, second pulse
control signals PS2-1 to PS2-12 are control signals for
outputting a second drive signal for the pulse inversion
method. In the following description, first pulse control
signals PS1-1 to PS1-12 and second pulse control signals
PS2-1 to PS2-12 may be collectively referred to as pulse
control signal PS.

[0108] As shown in FIG. 10, pulse control signal PS
output from pulse control signal output section 127 has four
types of fall start times (Tfs1 to Tfs4) and six types of rise
start times (Trs1 to Trs6). Note that the rise start time refers
to the time when the signal starts to rise, and the fall start
time refers to the time when the signal starts to fall. Such a
plurality of waveforms are pre-designed based on rise time
Tr and fall time Tf of drive waveform generating section
1224, and are stored in waveform storage section 128 as
waveform data.

[0109] As shown in FIG. 10, first pulse control signals
PS1-1 to PS1-12 include signals that are asymmetrical with
respect to the respective second pulse control signals PS2-1
to PS2-12. To be specific, PS1-1 and PS2-1 and PS2-7,
PS1-2 and PS2-2 and PS2-8, PS1-7 and PS2-3 and PS2-9,
and PS1-8 and PS2-4 and PS2-10 are signals symmetrical
with respect to each other. In contrast, signals that are
positive-negative symmetrical with respect to PS1-3, PS1-4,
PS1-5, PS1-6, PS1-9, PS1-10, PS1-11, and PS1-12 are not
included in second pulse control signals PS2-1 to PS2-12.
Signals that are positive-negative symmetrical with respect
to PS2-5, PS2-6, PS2-11, and PS2-12 are not included in first
pulse control signals PS1-1 to PSI-12. Accordingly, first
pulse control signals PS1-1 to PS1-12 can be said to be a
group of positive-negative symmetrical signals that are not
symmetrical at least in part with respect to second pulse
control signals PS2-1 to PS2-12 regardless of how they are
combined.

[0110] Pulse control signal output section 127 outputs 12
different first pulse control signals. Further, pulse control
signal output section 127 outputs twelve different second
pulse control signals. Note that the order of first pulse
control signals PS1-1 to PS1-12 and second pulse control
signals PS2-1 to PS2-12 is not limited to the example shown
in FIG. 10, and they may be interchanged.

[0111] Array delay setting section 124a arrays twelve
different first drive signals DS1 according to the transmis-
sion opening on the basis of twelve different first pulse
control signals PS1-1 to PS1-12, and generates a drive signal
to which a delay time dependent on the transmission focal
depth is added. Further, array delay setting section 124a
arrays twelve different second drive signals DS2 according
to the transmission opening on the basis of twelve different
second pulse control signals PS2-1 to PS2-12, and generates
a drive signal to which a delay time dependent on the
transmission focal depth is added.

[0112] FIG. 11 is a diagram illustrating the drive signal
output from drive signal output section 1254 excluding the
delay time. In FIG. 11, first drive signals DS1-1 to DS1-12
are drive signals generated by drive signal output section
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125a on the basis of first pulse control signals PS1-1 to
PS1-12, respectively. In addition, second drive signals
DS2-1 to DS2-12 are drive signals generated by drive signal
output section 125a on the basis of second pulse control
signals PS2-1 to PS2-12, respectively. As shown in FIG. 11,
like pulse control signal PS, drive signal DS output from
drive signal output section 1254 has four types of fall start
times (Tfs1 to Tfs4) and six types of rise start times (Trl to
Trs6).

[0113] Further, as shown in FIG. 11, first drive signal DS1
and second drive signal DS2 generated by drive signal
output section 125¢ based on pulse control signal PS are
signals having different rise times and fall times. In the
example shown in FIG. 11, the ratio of the rise time to the
fall time is 2:3 as in FIG. 8A.

[0114] First drive signal DS1 and second drive signal DS2
generated by drive signal output section 1254 in this manner
are output to each transducer 21a. Ultrasound diagnostic
apparatus 1 cancels the fundamental wave component in
accordance with the ultrasound wave that is first transmis-
sion ultrasound wave output from each transducer 21¢ in
accordance with first drive signal DS1 and reflected by a
subject, and the ultrasound wave that is second transmission
ultrasound wave output from each transducer 21a in accor-
dance with second drive signal DS2 and reflected by a
subject, and generates ultrasound diagnostic images by
tissue harmonic imaging that extracts only the harmonic
component.

[0115] At this time, in order to suitably diminish the
fundamental wave component, the positive-negative sym-
metry between first drive signal DS1 and second drive signal
DS2 is important as described above. The positive-negative
symmetry between first drive signals DS1-1 to DS1-12 and
second drive signals DS2-1 to DS2-12 shown in FIG. 11 will
be described below.

[0116] FIG. 12A is a diagram in which first drive signals
DS1-1 to DS1-12 shown in FIG. 11 are temporally over-
lapped. FIG. 12B is a diagram in which second drive signals
DS2-1 to DS2-12 shown in FIG. 11 are temporally over-
lapped.

[0117] As described above and as shown in FIGS. 12A and
12B, drive signal DS generated by drive waveform gener-
ating section 1224 has four types of fall start times (Tfs1 to
Tfs4) and six types of rise start times (Trsl to Trs6). The
average of these drive signals DS is shown in FIG. 12C.
[0118] FIG. 12C is a diagram showing the average (first
drive signal average) DS1_ave of first drive signals DS1-1
to DS1-12 and the average (second drive signal average)
DS2_ave of second drive signals DS2-1 to DS2-12. In FIG.
12C, first drive signal average DS1_ave is indicated by a
solid line, and second drive signal average DS2_ave is
indicated by a dotted line.

[0119] As shown in FIG. 12C, first drive signal average
DS1_ave and second drive signal average DS2_ave have
waveforms that are positive-negative symmetrical with each
other. Therefore, outputting first drive signals DS1-1 to
DS1-12 and second drive signals DS2-1 to DS2-12 shown in
FIG. 11 to transducer 21a may suitably cancel and remove
a fundamental wave component in a reflected ultrasound
wave. Hence, when pulse control signal output section 127
outputs a pulse control signal shown in FIG. 10 to drive
waveform generating section 122q, ultrasound diagnostic
apparatus 1 can provide high-quality ultrasound diagnostic
images based on tissue harmonic imaging.
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[0120] [Waveform Data Generating Method]

[0121] A method for generating waveform data stored in
waveform storage section 128 will be described below. A
plurality of waveforms included in waveform data are
designed to be able to compensate for the positive-negative
asymmetry between the first drive signal and the second
drive signal caused by the difference between rise time Tr
and fall time Tf of drive waveform generating section 122a.
[0122] Such a waveform is designed by the following
method, for example. The waveform data design processing
described below may be performed with, for example, a
computer outside ultrasound diagnostic apparatus 1 or may
be performed with a part of the configuration of ultrasound
diagnostic apparatus body 10 (for example, control section
18).

[0123] First, two waveforms having the same rise time and
fall time (Tr+Tf) and are positive-negative symmetrical are
generated. Next, based on one of the two generated wave-
forms, 2 nm first waveform groups having 2n types of fall
start times Tfs and the average represented by that waveform
are generated, and based on the other one of the generated
two waveforms, 2 nm second waveform groups having 2m
types of rise start times Trs and the average represented by
that waveform are generated. Note that n and m are positive
integers and are numbers based on the ratio n:m between rise
time Tr and fall time Tf.

[0124] In the example described above, the ratio between
rise time Tr to fall time Tf is 2:3; thus, as shown in FIG. 10,
12 first drive signals DS1-1 to DS1-12 having four types of
fall start time Tfs and 12 second drive signals DS2-1 to
DS2-12 having six types of rise start time Trs are generated.
[0125] Such a method enables the design of waveforms for
compensating for the positive-negative asymmetry between
the first drive signal and the second drive signal caused by
the difference between rise time Tr and fall time Tf of drive
signal output section 125a.

Action and Advantageous Effects

[0126] As described above, ultrasound diagnostic appara-
tus 1 (la) according to the present invention includes:
transmission section 12 (12a) that generates a plurality of
drive signals causing transducer 21 (21a) of ultrasound
probe 20 (20q) to transmit a plurality of transmission
ultrasound waves that have different waveforms in a tem-
porally shifted manner, the drive signals being compensated
for asymmetry of the transmission sound pressure wave-
forms of the plurality of transmission ultrasound waves
transmitted from transducer 21 (21a), and outputs the drive
signals to transducer 21 (21a); and image generating section
14 that acquires, from ultrasound probe 20 (204), a reception
signal based on reflected ultrasound that is the transmission
ultrasound reflected in a subject, extracts a harmonic com-
ponent according to a plurality of reception signals corre-
sponding to the plurality of transmission ultrasound waves,
and generates an ultrasound image based on the extracted
harmonic component.

[0127] With such a configuration, also in ultrasound diag-
nostic apparatus 1 having a configuration in which the
output response to the input signal is asymmetric, the
fundamental wave component in the reception signal is
suitably diminished, and a clear ultrasound diagnostic image
based on the harmonic component can be generated.
[0128] Ultrasound diagnostic apparatus 1 according to the
first embodiment of the present invention includes transmis-
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sion section 12 that outputs, based on drive signal array data
preset with which of at least one cancellation drive signal
compensating for the asymmetry of the transmission sound
pressure waveforms or a first drive signal being one of the
plurality of drive signals is to be output to, of a plurality of
transducers 21 included in ultrasound probe 20, each of a
predetermined number of adjacent transducers 21, the first
drive signal or the difference cancellation drive signal to
each of the predetermined number of transducers 21.
[0129] With such a configuration, even when, for example,
a cMUT element that outputs a plurality of transmission
ultrasound waves having asymmetrical transmission sound
pressure waveforms according to inputs of a plurality of
symmetrical drive signals is used as the transducer 21, the
fundamental wave component in the reception signal can be
suitably diminished, and a clear ultrasound diagnostic image
based on the harmonic component can be generated.
[0130] In ultrasound diagnostic apparatus 1a according to
the second embodiment of the present invention, transmis-
sion section 12a includes: drive signal output section 125a
that outputs, as the drive signal, a pulse signal having a rise
time and a fall time that are different; and pulse control
signal output section 127 that generates a pulse control
signal for causing drive signal output section 125a to
generate a plurality of drive signal groups each including a
plurality of different drive signals consisting of a combina-
tion of a plurality of different rise start times and a plurality
of different fall start times, and outputs the pulse control
signal to drive waveform generating section 122a. The
average of the drive signals included in each of a plurality
of drive signal groups is 0, if addition for all drive signal
groups is made.

[0131] With such a configuration, even when drive wave-
form generating section 122« that outputs a pulse signal
having different rise time and fall time is used, the funda-
mental wave component in the reception signal is suitably
diminished, and a clear ultrasound diagnostic image based
on the harmonic component can be generated.

[0132] Although embodiments of the present invention
have been described above with reference to the accompa-
nying drawings, the present invention is not limited to these
examples. It will be apparent to those skilled in the art that
various changes and modifications can be made within the
claims, and they are also naturally within the technical scope
of the present invention. In addition, the components in the
aforementioned embodiments may be arbitrarily combined
without departing from the scope of the invention.

[0133] Although the aforementioned embodiments
describe the case where the pulse inversion method is used
to achieve tissue harmonic imaging, this is not necessarily
the case in the present invention. In other words, any method
other than the pulse inversion method may be used if the
method can transmit the transmission ultrasound waves
having different waveforms in a temporally shifted manner,
and diminish the fundamental wave component in the recep-
tion signal based on these reflected ultrasound waves to
suitably extract the harmonic component. To be specific, it
may be applied to, for example, a method in which, based on
reception signals related to ultrasound waves of three trans-
missions whose phases are shifted by 120°, these are com-
bined to extract a third harmonic component.

[0134] In the first embodiment, drive signal array data is
generated in advance and stored in array storage section 126,
and is used to determine the drive signals to be output to a
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predetermined number of adjacent transducers. However,
this is not necessarily the case in the present invention: the
drive signal array data generating processing may be pet-
formed in real time concurrently with the ultrasound diag-
nostic image generating processing.

[0135] In the second embodiment, waveform data is gen-
erated in advance and stored in waveform storage section
128, and is used to determine the pulse control signal to be
output to drive waveform generating section 122a. How-
ever, this is not necessarily the case in the present invention:
the waveform data generating processing may be performed
in real time concurrently with the ultrasound diagnostic
image generating processing.

INDUSTRIAL APPLICABILITY

[0136] The present invention is suitable for an ultrasound
diagnostic apparatus in which an output response to an input
signal has asymmetry.

[0137] Although embodiments of the present invention
have been described and illustrated in detail, the disclosed
embodiments are made for purposes of illustration and
example only and not limitation. The scope of the present
invention should be interpreted by terms of the appended
claims

What is claimed is:

1. An ultrasound diagnostic apparatus, comprising;

a transmitter that generates and outputs a plurality of drive
signals to a transducer of an ultrasound probe, the drive
signals causing the transducer to transmit a plurality of
transmission ultrasound waves that have different
waveforms in a temporally shifted manner, the drive
signals being compensated for asymmetry of the trans-
mission sound pressure waveforms of the plurality of
transmission ultrasound waves transmitted from the
transducer; and

a hardware processor which acquires, from the ultrasound
probe, a reception signal based on a reflected ultra-
sound wave that is the transmission ultrasound wave
reflected in a subject, extracts a harmonic component
according to a plurality of reception signals corre-
sponding to the plurality of transmission ultrasound
waves, and generates an ultrasound image based on the
extracted harmonic component.

2. The ultrasound diagnostic apparatus according to claim

1, wherein, based on drive signal array data indicating which
of at least one cancellation drive signal compensating for the
asymmetry of the transmission sound pressure waveforms or
a first drive signal being one of the plurality of drive signals
is to be output to, each of a predetermined number of the
adjacent transducers among a plurality of the transducers
included in the ultrasound probe.

3. The ultrasound diagnostic apparatus according to claim

1, wherein the transmitter comprises:

a drive waveform generator that outputs, as the drive
signal, a pulse signal having a rise time and a fall time
that are different from each other; and

a pulse control signal output that generates a pulse control
signal for causing the drive waveform generator to
generate a plurality of drive signal groups each includ-
ing a plurality of different drive signals formed of a
combination of a plurality of different rise start times
and a plurality of different fall start times, and outputs
the pulse control signal to the drive waveform genera-
tor, wherein
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the average of the waveforms of all the drive signals
included in the plurality of drive signal groups is 0.

4. An ultrasound diagnostic apparatus according to claim
1, further comprising an array storage section that stores
drive signal array data indicating a type of waveform of a
drive signal to be given to each of a plurality of transducers
included in an ultrasound probe, wherein

the transmitter drives each of the plurality of transducers

according to the drive signal array data so that each
transducer transmits the transmission ultrasound wave,
and

in the drive signal array data, types of the waveform are

discretely arrayed in the array direction of the plurality
of transducers.

5. The ultrasound diagnostic apparatus according to claim
4, wherein

the transmitter transmits a first ultrasound wave and a

second ultrasound wave that is different from the first
ultrasound wave,

the hardware processor extracts a harmonic component by

synthesizing a reception signal based on a first reflected
ultrasound wave that is the first ultrasound wave
reflected in a subject and a reception signal based on a
second reflected ultrasound wave that is the second
ultrasound wave reflected in a subject, and

the first ultrasound wave is transmitted according to the

drive signal array data.

6. The ultrasound diagnostic apparatus according to claim
5, wherein the drive signal array data includes information
indicating types of waveforms of a second drive signal for
transmitting the second ultrasound wave and a first drive
signal having a positive-negative asymmetrical waveform,
and information indicating a type of waveform that is
different from the waveform of the first drive signal.

7. The ultrasound diagnostic apparatus according to claim
6, wherein the drive signal array data includes information
indicating a type of waveform of a cancellation drive signal
for transmitting an ultrasound wave for cancelling an ultra-
sound wave that is not cancelled even when an ultrasound
wave transmitted according to the first drive signal and the
second ultrasound wave are synthesized.

8. The ultrasound diagnostic apparatus according to claim
7, wherein the drive signal array data is arrayed in an array
direction of the plurality of transducers so that the types of
the waveforms are symmetrical, and the transducer outputs
a plurality of transmission ultrasound waves having asym-
metrical transmission sound pressure wavefornis in response
to inputs of a plurality of symmetrical drive signals.

9. The ultrasound diagnostic apparatus according to claim
8, wherein the cancellation drive signal is set according to a
signal generated by inverse transformation of an added
sound pressure waveform based on an inverse function of a
transfer function of the transducer, the added sound pressure
waveform being obtained by adding the asymmetrical trans-
mission sound pressure waveforms.

10. The ultrasound diagnostic apparatus according to
claim 9, wherein a ratio between the first drive signal and the
cancellation drive signal to be output to the predetermined
number of transducers is determined according to an ampli-
tude ratio between the first drive signal and the cancellation
drive signal.

11. The ultrasound diagnostic apparatus according to
claim 10, wherein in the drive signal array data, the first
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drive signal and the cancellation drive signal are disposed so
that the maximum discreteness is obtained.

12. The ultrasound diagnostic apparatus according to
claim 4, wherein the transducer is formed of a capacitive
transducer.

13. An ultrasound diagnostic apparatus according to claim
1, further comprising a waveform storage section that stores
waveform data indicating waveforms of a plurality of drive
signal groups to be given to each of a plurality of transducers
included in an ultrasound probe, wherein

the transmitter drives each of the plurality of transducers
according to the waveform data so that each transducer
transmits the transmission ultrasound wave, and

the average of the waveforms of all the drive signals
included in the plurality of drive signal groups indi-
cated by the waveform data is 0.

14. The ultrasound diagnostic apparatus according to

claim 13, wherein the transmitter comprises:

a pulse generating circuit that outputs a pulse signal
having a rise time and a fall time that are different from
each other; and

a pulse control signal output section that generates a pulse
control signal for causing the pulse generating circuit to
generate the plurality of drive signal groups each
including a plurality of different drive signals formed of
a combination of a plurality of different rise start times
and a plurality of different fall start times, and outputs
the pulse control signal to the pulse generating circuit.

15. The ultrasound diagnostic apparatus according to
claim 14, wherein the number of the rise start times and the
number of the fall start times are determined according to the
ratio between the rise time and the fall time of the pulse
generating circuit.

16. An ultrasound image generating method, comprising:

generating and outputting a plurality of drive signals to a
transducer of an ultrasound probe, the drive signals
causing the transducer to transmit a plurality of trans-
mission ultrasound waves that have different wave-
forms in a temporally shifted manner, the drive signals
being compensated for asymmetry of the transmission
sound pressure waveforms of the plurality of transmis-
sion ultrasound waves transmitted from the transducer;
and

acquiring, from the ultrasound probe, a reception signal
based on a reflected ultrasound wave that is the trans-
mission ultrasound wave reflected in a subject, extract-
ing a harmonic component according to a plurality of
reception signals corresponding to the plurality of
transmission ultrasound waves, and generating an ultra-
sound image based on the extracted harmonic compo-
nent.

17. An ultrasound image generating method according to
claim 16, wherein generating the plurality of the drive
signals is based on drive signal array data indicating a type
of waveform of a drive signal to be given to each of a
plurality of transducers included in an ultrasound probe, the
drive signal array data including types of waveforms arrayed
discretely in the array direction of the plurality of transduc-
ers.

18. An ultrasound image generating method according to
claim 16, wherein generating the plurality of the drive
signals is based on waveform data indicating waveforms of
a plurality of drive signal groups to be given to each of a
plurality of transducers included in an ultrasound probe, the
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waveform data indicating the plurality of drive signal groups
where the waveforms of all the drive signals have an average
of 0.
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