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CONTROL DEVICE OF ULTRASOUND
DIAGNOSTIC APPARATUS AND CONTROL
METHOD FOR ULTRASOUND DIAGNOSTIC
APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is entitled to and claims the benefit
of Japanese Patent Application No. 2016-218211, filed on
Nov. 8, 2016 and the disclosure, of which including the
specification, drawings and abstract is incorporated herein
by reference in its entirety.

BACKGROUND

Technological Field

[0002] The present invention relates to a control device
and a control method for ultrasound diagnostic apparatus.

Description of Related Art

[0003] A DC/DC converter of a switching drive system
that is small and has high conversion efficiency is generally
used as a power generation device of an ultrasound diag-
nostic apparatus. It has been, however, known that because
such a DC/DC converter of a switching drive system pro-
duces an operating voltage by switching on and off of a
switching element at a frequency of from several hundred
kHz to several MHz, an electromagnetic noise and/or a
conductive noise occur at the switching frequency and at
frequencies of high-order harmonics of the switching fre-
quency (hereinafter, also referred to as “switching noise”).
[0004] Tt has been known, in ultrasound diagnostic appa-
ratuses, that the switching noise is superimposed on a
frequency band in which a Doppler shift frequency is
observed, particularly during detection of a blood flow
velocity pattern and the like by a pulsed Doppler method
(hereinafter, referred to as “PW Doppler” method). As a
result, there is a risk that the switching noise appears in a
screen where the blood flow velocity pattern and the like are
displayed, thereby hindering accurate diagnosis.

[0005] Japanese Patent Application Laid-Open No.
HS5-130992, for example, proposes a method for controlling
a switching frequency of a switching power supply such that
the switching frequency is an integer multiple of a pulse
repetition frequency to prevent such a switching noise from
appearing on a screem.

[0006] In addition, Japanese Patent Application Laid-
Open No. 2007-029198 proposes a method for controlling a
switching frequency such that neither a fundamental fre-
quency of a switching signal nor harmonics of the funda-
mental frequency is included in a frequency band in which
a Doppler shift frequency is observed.

[0007] However, depending on a flow velocity range
(range within which a Doppler shift frequency is observed)
applied in detection of a blood flow velocity pattern and the
like, there are dozens of patterns of pulse repetition frequen-
cies each of which is a frequency at which ultrasound pulses
are transmitted. It is therefore difficult to set a switching
frequency of a switching power supply for every pulse
repetition frequency such that the switching frequency is an
integer multiple of the pulse repetition frequency, in spite of
the proposal of the conventional technique of Japanese
Patent Application Laid-Open No. H5-130992.
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[0008] 1In addition, in a case, for example, where a flow
velocity range to be applied in detection of a blood flow
velocity pattern and the like is desired to be expanded, it may
be difficult to set a switching frequency such that no switch-
ing frequency is within any of the frequency bands where a
switching noise is to be included, in spite of the proposal of
the conventional technique of Japanese Patent Application
Laid-Open No. 2007-029198.

[0009] In particular, it has been made possible in recent
years to carry out a plurality of operation modes in combi-
nation by switching transmission timing of ultrasound
pulses (hereinafter, referred to as “combined operation
mode™), and setting a more preferable switching frequency
in consideration of aspects of carrying out such a combined
operation mode has been desired.

SUMMARY

[0010] An object of the present disclosure is to provide a
control device and a control method for an ultrasound
diagnostic apparatus which makes it possible to reduce
mixing of a switching noise in a detection result of a Doppler
shift frequency particularly in a combined operation mode.
[0011] A control device of an ultrasound diagnostic appa-
ratus in which one aspect of the present invention is reflected
in an attempt to at least partly achieve the above-mentioned
object is a control device of an ultrasound diagnostic appa-
ratus, the ultrasound diagnostic apparatus having a switch-
ing power supply that produces an operational voltage, the
ultrasound diagnostic apparatus being configured to transmit
an ultrasound pulse repeatedly and to be capable of detecting
a Doppler shift frequency from an ultrasound echo reflected
from an inside of a subject, the control device including a
hardware processor that: sets, from among a plurality of
operation modes in which pulse waveforms of ultrasound
pulses to be transmitted are different from one operation
mode to another, at least first and second operation modes
for which observation results are to be simultaneously
displayed on a screen; sets at least one operation type that
defines transmission timing of ultrasound pulses in each of
the first and the second operation modes; and sets a switch-
ing frequency of a switching signal used for driving the
switching power supply, such that neither a fundamental
frequency nor a harmonic of the switching signal is included
in a Doppler observation frequency band to be determined
based on the first and the second operation modes and on the
operation types.

[0012] A control method for an ultrasound diagnostic
apparatus in which one aspect of the present invention is
reflected in an attempt to at least partly achieve the above-
mentioned object is a control method for an ultrasound
diagnostic apparatus, the ultrasound diagnostic apparatus
having a switching power supply that produces an opera-
tional voltage, the ultrasound diagnostic apparatus being
configured to transmit an ultrasound pulse repeatedly and to
be capable of detecting a Doppler shift frequency from an
ultrasound echo reflected from an inside of a subject, the
control method including: setting, from among a plurality of
operation modes in which pulse waveforms of ultrasound
pulses to be transmitted are different from one operation
mode to another, at least first and second operation modes
for which observation results are to be simultaneously
displayed on a screen; setting at least one operation type that
defines transmission timing of ultrasound pulses in each of
the first and the second operation modes; and setting a
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switching frequency such that neither a fundamental fre-
quency nor a harmonic of the switching signal used for
driving the switching power supply is included in a Doppler
observation frequency band to be determined based on the
first and the second operation modes and on the operation
types.

BRIEF DESCRIPTION OF DRAWINGS

[0013] 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:

[0014] FIG. 1 illustrates an example of signal-processing
courses in an entire configuration of an ultrasound diagnos-
tic apparatus according to an embodiment of the invention;
[0015] FIG. 2 illustrates an example of a configuration of
a PW Doppler processing section of the ultrasound diag-
nostic apparatus according to the embodiment of the inven-
tion;

[0016] FIGS. 3A and 3B illustrate an example of a con-
figuration of a power supply section of the ultrasound
diagnostic apparatus;

[0017] FIGS. 4A and 4B each illustrate an example of an
image generated in a combined operation mode;

[0018] FIGS. 5A to 5C are images for explanation of
operation types in the combined operation mode;

[0019] FIGS. 6A and 6B are images for explanation of the
operation types in the combined operation mode;

[0020] FIG. 7 is a graph for explaining the relation
between a Doppler observation frequency band in a PW
Doppler mode and a switching frequency;

[0021] FIG. 8 is a graph for explaining the relation
between the Doppler observation frequency band in the PW
Doppler mode and the switching frequency;

[0022] FIG. 9 illustrates an example of a displayed screen
of a frequency spectrum image in which a switching noise
is present;

[0023] FIG. 10 is a flowchart which illustrates an example
of operation of a control device for determination of a
switching frequency;

[0024] FIG. 11 is a flowchart which illustrates an example
of operation of the control device for determination of a
switching frequency;

[0025] FIG. 12 is a flowchart which illustrates an example
of operation of the control device for determination of a
switching frequency; and

[0026] FIG. 13 illustrates an example of a hardware con-
figuration of the control device of the ultrasound diagnostic
apparatus according to the embodiment of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0027] 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.

[0028] (Configuration of Ultrasound Diagnostic Appara-
tus)
[0029] Hereinafter, a configuration of ultrasound diagnos-

tic apparatus A according to one embodiment of the present
invention is described with reference to FIGS. 1, 2, 3A, and
3B.
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[0030] FIG. 1 illustrates an example of signal-processing
courses in an entire configuration of ultrasound diagnostic
apparatus A according to the present embodiment of the
invention. FIG. 2 illustrates an example of a configuration of
PW Doppler processing section 5 of ultrasound diagnostic
apparatus A according to the present embodiment of the
invention. FIGS. 3A and 3B illustrate an example of a
configuration of power supply section 12 of ultrasound
diagnostic apparatus A.

[0031] Ultrasound diagnostic apparatus A according to the
present embodiment is configured to include ultrasound
probe 1, transmission section 2, reception section 3, B-mode
processing section 4, PW (Pulse Wave) Doppler processing
section 5, color flow processing section 6, CW (Continuous
Wave) Doppler processing section 7, display processing
section 8, display 9, control device 10, operation section 11,
and power supply section 12. Note that power supply section
12 in the present embodiment corresponds to the above-
mentioned “switching power supply.”

[0032] Ultrasound probe 1 converts an electric pulse gen-
erated in transmission section 2 into an ultrasound pulse,
transmits the ultrasound pulse into a subject, receives an
ultrasound echo reflected on the inside of a subject, converts
the ultrasound echo into an electric signal, and outputs the
electric signal to reception section 3. Ultrasound probe 1 is
configured to include a plurality of transducers (piezoelec-
tric elements) which are, for example, one- or two-dimen-
sionally disposed, and a channel switching section (selector)
for switching control between on and off of the driving states
of the plurality of transducers individually or on a block
basis (hereinafter, referred to as “channel”).

[0033] In the meantime, ultrasound probe 1 transmits
ultrasound pulses into the subject in the order along the
scanning direction by sequentially driven channels to be
driven among the plurality of channels (by scanning) when
two-dimensional data are generated in the B mode or in the
color flow mode.

[0034] Transmission section 2 is a transmitter configured
to send out a voltage pulse that is a driving signal to
ultrasound probe 1. Transmission section 2 is configured to
include a high-frequency pulse oscillator, a pulse setting
section, and the like, for example. Transmission section 2
adjusts the voltage pulses generated in the high-frequency
pulse oscillator to a voltage amplitude, pulse width, and
timing set by the pulse setting section, and then send out the
voltage pulses for each of the channels of ultrasound probe
1.

[0035] Transmission section 2 includes the pulse setting
section for each of the plurality of channels of ultrasound
probe 1, and the voltage amplitude, pulse width, and timing
of voltage pulses can be set separately for each of the
plurality of channels. For example, transmission section 2
sets delay times suitable for the plurality of channels to
change a target depth and/or to generate different pulse
waveforms (for example, one-wave pulse is sent out in the
B mode and four-wave pulse is sent out in the PW Doppler
mode).

[0036] Reception section 3 is an ultrasound receiver con-
figured to perform reception processing of an electric signal
related to an ultrasound echo and generated by ultrasound
probe 1. Reception section 3 is configured to include a
preamplifier for each channel, an A/D conversion section for
each channel, a reception beamformer, and a processing
system switching section.
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[0037] The preamplifier of reception section 3 amplifies
the electric signal related to a weak ultrasound echo. The
A/D conversion section converts the amplified electric sig-
nal into a digital signal. The reception beamformer unifies
signals of the plurality of channels by phasing and adding of
received signals of the channels, to thereby generate a signal
to be processed by a processing section in the later part of
processing (referred to as “reception signal”).

[0038] The processing system switching section of recep-
tion section 3 switches sections to which the reception signal
is outputted, and outputs the reception signal generated by
the reception beamformer to one of B-mode processing
section 4, PW Doppler processing section 5, color flow
processing section 6, and CW Doppler processing section 7
depending on an operation mode to be carried out.

[0039] B-mode processing section 4 obtains a reception
signal from reception section 3 during a B-mode operation,
and generates a B-mode image that is a tomographic image
of the inside of a subject (see FIGS. 4A and 4B).

[0040] For example, B-mode processing section 4 accu-
mulates, in a line memory, the temporal variation of inten-
sities of an ultrasound echo detected after ultrasound probe
1 transmits an ultrasound pulse in the depth direction. Along
with scanning by using ultrasound pulses from ultrasound
probe, B-mode processing section 4 successively accumu-
lates the temporal variation of the intensities of the ultra-
sound echo at each scanning position in the line memory, to
thereby generate two-dimensional data used as a frame unit.
Then, B-mode processing section 4 generates the B-mode
image by converting, into a brightness value, the intensities
of the ultrasound echo detected at each position of the inside
of the subject.

[0041] B-mode processing section 4 is configured to
include an envelope detection circuit, a dynamic filter, and
a logarithmic compression circuit, for example. The enve-
lope detection circuit carries out envelope detection of the
reception signal to detect the intensity. The logarithmic
compression circuit performs logarithmic compression to
the intensity of the reception signal detected in the envelope
detection circuit. The dynamic filter is a bandpass filter in
which the frequency characteristics are changed depending
on depths, detects an echo signal depending on the attenu-
ation of ultrasonic frequency by the living body, and
removes a noise component by cutting off a reception signal
including no echo signal.

[0042] PW Doppler processing section 5 obtains a recep-
tion signal from reception section 3 during a PW Doppler
mode operation to generate a frequency spectrum image
(hereinafter, also referred to as “blood flow velocity pat-
tern”) of a Doppler shift frequency of an ultrasound echo
from flowing blood and/or a moving body tissue (see FIGS.
2, 4A, and 4B).

[0043] In the case where ultrasound pulses are transmitted
repeatedly, for example, PW Doppler processing section 5
samples reception signals related to ultrasound echoes, in
synchronization with the pulse repetition frequency of the
ultrasound pulses. In other words, in the case where ultra-
sound pulses are transmitted and received at constant inter-
vals in accordance with the pulse repetition frequency, PW
Doppler processing section 5 estimates a Doppler shift
frequency based on a phase difference between an n”
ultrasound echo and n+1% ultrasound echo from the same
sample gate depth (position of observation object in the
depth direction; the same applies hereinafter).
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[0044] PW Doppler processing section 5 is configured to
include bandpass filter Sa, quadrature detection section 55,
low pass filter 5¢, range gate 54, integration circuit Se, wall
motion filter 5f; and FFT analysis section 5g, for example.
Bandpass filter 5a removes an unnecessary frequency com-
ponent. Quadrature detection section 54 generates a quadra-
ture-detection signal by mixing, with a reception signal, a
reference signal being in phase with a transmitted ultrasound
pulse and a reference signal being /2 out of phase with the
transmitted ultrasound pulse. Low pass filter 5¢ removes a
high frequency component of the quadrature-detection sig-
nal to generate a reception signal related to a Doppler shift
frequency. Range gate 54 obtains only an ultrasound echo
from a sample gate depth. Integration circuit 5e integrates
the reception signals obtained by range gate 54. Wall motion
filter 5f carries out processing of removal of a clutter
component (ultrasound echo from a tissue) by removal of
components at a low frequency region. FFT analysis section
5¢ performs a frequency analysis of the Doppler shift
frequency component of the reception signal obtained as
described above.

[0045] Color flow processing section 6 obtains a reception
signal from reception section 3 during a color flow mode
operation, and generates a color flow image representing the
velocity, power, and velocity turbulence of flowing blood
and/or a moving body tissue (see FIG. 4B). As in PW
Doppler processing section 5, Color flow processing section
6 detects ultrasound echoes, reflected from positions at the
same depth, of successively transmitted ultrasound pulses,
for example. Then, color flow processing section 6 detects a
Doppler shift frequency component by an analysis based on
autocorrelation processing. Color flow processing section 6
generates the color flow image by expressing, by a color
space vector, the velocity, power, and velocity turbulence
which are converted from the Doppler shift frequencies of
ultrasound echoes reflected from flowing blood and the like.

[0046] Color flow processing section 6 is configured to
include a MTT filter, a quadrature-detection circuit, and an
autocorrelation arithmetic section, for example (not illus-
trated). The MTI (Moving Target Indication) filter performs
processing of removing, from the reception signal, a clutter
component (ultrasound echo from a tissue) from an unmov-
ing tissue. The quadrature detection generates a quadrature-
detection signal by mixing, with the reception signal, a
reference signal being in phase with a transmitted ultrasound
and a reference signal being /2 out of phase with the
transmitted ultrasound. An autocorrelation arithmetic sec-
tion computes the velocity, power, turbulence, and the like
of flowing blood by performing autocorrelation arithmetic to
the quadrature-detection signals of ultrasound echoes,
reflected from positions at the same depth, of the succes-
sively transmitted ultrasound pulses.

[0047] CW Doppler processing section 7 operates during
a CW Doppler mode operation, obtains a reception signal
from reception section 3, and generates a frequency spec-
trum image of a Doppler shift frequency as in PW Doppler
processing section 5. In the CW Doppler mode, unlike the
PW Doppler mode, a continuous wave of constant frequency
is transmitted and a Doppler shift frequency component is
computed from an ultrasound echo related to the continuous
wave. CW Doppler processing section 7 is configured to
include a bandpass filter, a quadrature detection section, a
low pass filter, and a FFT analysis section, for example.
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[0048] Display processing section 8 receives image data
related to the B-mode image, the frequency spectrum image,
the color flow image, and the like from B-mode processing
section 4, PW Doppler processing section 5, color flow
processing section 6, and CW Doppler processing section 7,
and outputs, to display 9, the received image data after
subjected to predetermined image processing, such as coor-
dinate conversion processing and/or data interpolation pro-
cessing.

[0049] Display 9 is a monitor which displays the image
data outputted from display processing section §.

[0050] Inthe meantime, B-mode processing section 4, PW
Doppler processing section 5, color flow processing section
6, CW Doppler processing section 7, and display processing
section 8 are implemented by a digital arithmetic circuit
composed, for example, of a digital signal processor (DSP).
The configurations of these sections can, however, include
variations, and may partially or entirely be implemented by
a hardware circuit or arithmetic processing which follows a
program.

[0051] Control device 10 transmits and receives control
signals to and from ultrasound probe 1, transmission section
2, reception section 3, B-mode processing section 4, PW
Doppler processing section 5, color flow processing section
6, CW Doppler processing section 7, display processing
section 8, display 9, operation section 11, power supply
section 12 and the like, so as to integrally control them.
Control device 10 is configured to include, for example, a
central processing unit (CPU), hard disk drive (HDD),
and/or solid state drive (SSD), random access memory
(RAM), and the like.

[0052] Control device 10 includes controlling section 10a,
operation-mode setting section 105, operation-type setting
section 10¢, and switching-frequency setting section 10d.

[0053] Controlling section 10a causes ultrasound probe 1,
transmission section 2, reception section 3, B-mode pro-
cessing section 4, PW Doppler processing section 5, color
flow processing section 6, CW Doppler processing section 7,
and the like to operate. Controlling section 104 according to
the present embodiment causes ultrasound probe 1, trans-
mission section 2, reception section 3, B-mode processing
section 4, PW Doppler processing section 5, color flow
processing section 6, CW Doppler processing section 7, and
the like to operate, in accordance with an operation mode
(for example, B mode or PW Doppler mode) set by opera-
tion-mode setting section 105 and in accordance with an
operation type (for example, independent type or coopera-
tion type) set by operation-type setting section 10c.

[0054] Operation-mode setting section 105 sets an opera-
tion mode to be carried out, from among the B-mode, color
flow mode, PW Doppler mode, and CW Doppler mode, and
allows controlling section 10a to carry out control according
to the mode. Operation-mode setting section 105 according
to the present embodiment sets, from among the plurality of
operation modes, a plurality of operation modes for which
observation results are to be displayed together on a screen
of display 9 (described later with reference to FIGS. 4A and
4B).

[0055] Operation-type setting section 10¢ sets an opera-
tion type defining transmission timing of each operation
mode in a case where a plurality of operation modes are
carried out (described later with reference to FIGS. 5A to
5C, 6A, and 6B).
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[0056] Switching-frequency setting section 104 sets a
switching frequency of a switching signal which drives
power supply section 12 (DC/DC converter). Switching-
frequency setting section 104 according to the present
embodiment sets the switching frequency so that frequencies
being positive-integer multiples of the switching frequency
are not included in a frequency band which is determined
depending on the above-mentioned operation type and
within which a Doppler shift frequency is observed (here-
inafter, referred to as a “Doppler observation frequency
band”) (described later with reference to FIGS. 10 to 12).
[0057] FIG. 13 illustrates an example of a hardware con-
figuration of control device 10 according to the present
embodiment.

[0058] Control device 10 is a computer including, as main
components, CPU 101, ROM 102, RAM 103, external
storage (for example, flash memory) 104, communication
interface 105, and the like.

[0059] Note that the above-mentioned functions are
implemented, for example, by the CPU referring to control
programs and/or various data recorded on HDD, SSD,
RAM, and/or the like. Implementation of the functions,
however, is not limited to processing by software, and the
functions may partially or entirely be implemented by a
dedicated hardware circuit.

[0060] Operation section 11 is a user interface for an input
operation by an operator, and is composed, for example, of
a push-button switch, keyboard, mouse, touch panel, and the
like. Operation section 11 converts the input operation made
by the operator into an operation signal, and inputs the
operation signal into control device 10. A sample gate depth
for detection of a blood flow velocity pattern in the PW
Doppler mode can be set by operation section 11, for
example.

[0061] Power supply section 12 generates a power supply
voltage of direct current for operation of each of the above-
mentioned sections, and supplies electricity to the sections.
In power supply section 12 according to the present embodi-
ment, a DC/DC converter of a switching drive system in
which a switching frequency is variable is used. In this
respect, power supply section 12 only has to be a DC/DC
converter of the switching drive system, and may be a
DC/DC converter of any circuit system (for example, a half
bridge type, a chopper type, or the like). A drive system of
a switching element may also be either of a pulse width
modulation (PWM) drive system or a pulse frequency
modulation (PFM) drive system. Note that detailed descrip-
tions for the DC/DC converter are omitted here since the
configuration of the DC/DC converter is well known.
[0062] In this respect, a duty ratio of when a switching
element is switched on and off is controlled by feedback
control, so that the voltage outputted from the DC/DC
converter is adjusted to a predetermined value (in the case of
the PWM drive system), for example. In this case, a switch-
ing frequency is set as a frequency of a switching signal to
be used for duty ratio control, for example.

[0063] Power supply section 12 according to the present
embodiment is configured such that the switching frequency
is variable depending on a control signal from control device
10 by the configuration illustrated in FIGS. 3A and 3B.
[0064] FIG. 3A illustrates the DC/DC converter config-
ured to be synchronized with an external clock.

[0065] InFIG. 3A, DC/DC converters 12¢ to 12f are each
configured to switch on and off of the switching element
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based on a clock signal from clock generation section 125,
so as to convert a direct current voltage supplied from
AC/DC conversion section 12a to output the converted
voltage. In this case, the switching frequency is made
variable depending on a value set in a frequency setting
register of clock generation section 126 by control device
10, for example. DC/DC converters 12¢ to 12f are here
provided to generate output voltages different from one
another.

[0066] FIG. 3B illustrates DC/DC converters each config-
ured to include a built-in oscillator.

[0067] In FIG. 3B, DC/DC converters 12g and 127 are
each configured to switch on and off of a switching element
based on a clock signal of the built-in oscillator, so as to
convert a supplied direct current voltage to output the
converted voltage. In this case, the opened or closed states
of switch circuits 12/ and 125 are switched by control device
10 and external resistances 12k and 12/ connected to the
built-in oscillators are thus switched, so that the switching
frequency is controlled.

[0068] (Operation Mode and Operation Type of Ultra-
sound Diagnostic Apparatus)

[0069] Hereinafter, operation modes and operation types
of ultrasound diagnostic apparatus A are described with
reference to FIGS. 4A, 4B, 5A to 5C, 6A, and 6B.

[0070] Operation modes of ultrasound diagnostic appara-
tus A according to the present embodiment include the B
mode, color flow mode, PW Doppler mode, and CW Dop-
pler mode. Ultrasound diagnostic apparatus A (controlling
section 10a) causes transmission section 2 to transmit an
ultrasound pulse in a mode corresponding to an operation
mode, causes reception section 3 to receive an ultrasound
echo, and causes a processing section corresponding to the
operation mode among B-mode processing section 4, PW
Doppler processing section 5, color flow processing section
6, and CW Doppler processing section 7 to process a
reception signal.

[0071] An ultrasonic pulse waveform to be transmitted is
different for each operation mode to be carried out, and one
of the operation modes is to be carried out. In the “combined
operation mode,” however, it is possible to display, on
display 9 at the same time, images (observation results)
generated in a plurality of operation modes by applying
different transmission timing of ultrasound pulses for each
of the operation modes.

[0072] FIG. 4Aillustrates an example of an image gener-
ated when two of B mode and PW Doppler mode are carried
out in the combined operation mode. FIG. 4B illustrates an
example of an image generated when three of B mode, PW
Doppler mode, and color flow mode are carried out in the
combined operation mode.

[0073] In each of FIGS. 4A and 4B, a B-mode image
generated in the B mode is displayed in the R1 region and
a frequency spectrum image generated in the PW Doppler
mode is displayed in the R2 region. FIG. 4B illustrates a
state where a color flow image generated in the color flow
mode is further displayed in addition to the B-mode image
and the frequency spectrum image in the R3 region supet-
imposed on the R1 region.

[0074] In FIGS. 4A and 4B, images generated in a plu-
rality of operation modes are displayed at the same time by
application of different transmission timing for each opera-
tion mode.
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[0075] Note that, in each of FIGS. 4A and 4B, the vertical
axis of the B-mode image (R1 region) corresponds to the
depth direction, and the horizontal axis corresponds to the
scanning direction. In addition, the vertical axis of the
frequency spectrum image (R2 region) corresponds to the
blood flow velocity (the line at a position in the middle of the
vertical axis indicates a velocity of 0), and the horizontal
axis corresponds to time.

[0076] The color flow image (R3 region) represents, in the
RGB color space, blood flow velocities of corresponding
positions in the B-mode image. In the color flow image, the
brightness value of R component is expressed in such a
manner as to increase with increasing velocity of blood
flowing towards ultrasound probe 1, and, in contrast, the
brightness value of B component is expressed in such a
manner as to increase with increasing velocity of blood
flowing away from ultrasound probe 1.

[0077] As mentioned above, operation-type setting section
10c¢ of ultrasound diagnostic apparatus A sets an operation
type which defines the transmission timing of ultrasound
pulses for each operation mode when a plurality of operation
modes are carried out in the combined operation mode.

[0078] In a case where the PW Doppler mode and the B
mode are carried out in the combined operation mode, for
example, operation-type setting section 10c sets, as an
operation type, from an independent type in which only
ultrasound pulses related to the PW Doppler mode are
successively transmitted (updated), an cooperation type in
which while the ultrasound pulses related to the PW Doppler
mode are transmitted, an ultrasound pulse related to the B
mode is transmitted between transmission of the ultrasound
pulses related to the PW Doppler mode (for example, the
ultrasound pulse related to the B mode and the ultrasound
pulse related to the PW Doppler mode are alternately
transmitted), and an MSE type in which the ultrasound
pulses related to the PW Doppler mode are successively
transmitted, and data of when the ultrasound pulse according
to the B mode is transmitted and which is to be generated in
the PW Doppler mode is interpolated, for example, by linear
prediction. Note that the operation types can each be sub-
divided into a plurality of subtypes by the number of times
of transmission of ultrasound pulses related to the B mode
between the n™ and the n+1? transmission of ultrasound
pulses related to the PW Doppler mode.

[0079] FIGS. 5A to 5C are images for explaining opera-
tion types of a case where two of the PW Doppler mode and
the B mode illustrated in FIG. 4A are carried out in the
combined operation mode.

[0080] FIG. 5A is an image for explaining a mode in
which the PW Doppler mode of the independent type are
carried out. FIG. 5B is an image for explaining a mode in
which the PW Doppler mode and the B mode of the
cooperation type are carried out. FIG. 5C is an image for
explaining a mode in which the PW Doppler mode and the
B mode of the MSE type are carried out.

[0081] The graphs in FIGS. 5A to 5C illustrate transmis-
sion timing in each mode by arrows on the time axis
(horizontal axis) that are provided with letters designating
each mode. Arrows PW in the figures indicate the transmis-
sion timing in the PW Doppler mode, and arrows B indicate
the transmission timing in the B mode. Note that the
“transmission timing” as used herein means timing of one
transmission of ultrasound pulse in the corresponding mode.
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[0082] 1In the operation type of FIG. 5A (independent
type), only the PW Doppler mode are carried out succes-
sively. Accordingly, the PW Doppler mode is to be repeat-
edly carried out at intervals between the arrows. In other
words, the intervals of the arrows represent a pulse repetition
frequency in the PW Doppler mode.

[0083] In this case, the B mode is carried out, for example,
before the PW Doppler mode is started. A B-mode image
thus generated is retained as static image data in storage, and
is displayed on display 9 as a static image.

[0084] In the case of the operation type of FIG. 5B
(cooperation type), the PW Doppler mode and the B mode
are carried out alternately. In this case, a B-mode image or
a frequency spectrum image of the PW Doppler mode is
updated every time corresponding one of these modes is
carried out, and the B-mode image is also displayed on
display 9 as a video image.

[0085] Note that, it is necessary to transmit and receive a
plurality of ultrasound pulses to and from the same depth
position (sample gate depth) in order to compute the fre-
quency spectrum in the PW Doppler mode. Accordingly, a
pulse repetition frequency of the PW Doppler mode of the
cooperation type is represented by intervals between opera-
tions of the PW Doppler mode in which the B mode is
carried out (intervals between arrows PW in FIG. 5B).
[0086] In the operation type of FIG. 5C (MSE type), while
the PW Doppler mode is successively carried out, the B
mode is carried out between some operations of the PW
Doppler mode. Note, in this case however, that a reception
signal at the timing of carrying out the B mode is interpo-
lated by linear prediction or the like when a frequency
analysis is made in the PW Doppler mode. Accordingly, the
pulse repetition frequency of the PW Doppler mode can be
set to a high value as in the example of FIG. 5A.

[0087] The above-mentioned operation types are properly
used depending on the observation object and the like.
[0088] The independent type of FIG. 5A is advantageous
in that a flow velocity range can be set freely in a wide rage
in the PW Doppler mode, and the increased number of
samples for computation of a frequency spectrum in the PW
Doppler mode can be obtained, thereby allowing accurate
computation of the frequency spectrum. In the independent
type, however, the B-mode image is not updated, so that the
PW Doppler observation position (sample gate depth and
transmission direction of ultrasound pulse) cannot be
checked and corrected even if the observation position is
displaced.

[0089] In the meantime, in the PW Doppler mode, a blood
flow velocity pattern is generally corrected based on data
obtained in the operation in the B mode since detection
results of the blood flow velocity in the PW Doppler mode
include errors depending on an angle formed between the
transmission direction of an ultrasound pulse and the direc-
tion of the blood flow.

[0090] In contrast, the cooperation type of FIG. 5B is
advantageous in that, in contrast to the independent type, the
B-mode image is updated on a real-time basis, thereby
allowing real-time checking and correction of a PW Doppler
observation position (sample gate depth and transmission
direction of ultrasound pulse). In the case of the cooperation
type, however, the maximum pulse repetition frequency is
determined depending on a period required for carrying out
the B mode, thus resulting in a narrow flow velocity range
in the PW Doppler. In addition, the number of samples for
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computation of frequency spectrum in the PW Doppler
mode decreases, thus resulting in a decrease in accuracy of
frequency spectrum.

[0091] In the meantime, although data of both the inde-
pendent and cooperation types can be complemented in the
MSE type of FIG. 5C, it is impossible to complement when
a spectrum waveform largely changes, and a joint is thereby
caused in the spectrum waveform at the timing of such a
large change.

[0092] FIGS. 6A and 6B are images for explaining opera-
tion types of when three of the PW Doppler mode, the B
mode, and the color flow mode illustrated in FIG. 4B are
carried out in the combined operation mode.

[0093] FIG. 6A is an image for explaining a mode in
which the three modes of the independent type are carried
out. FIG. 6B is an image for explaining a mode in which the
three modes of the cooperation type are carried out.

[0094] The operation types of FIGS. 6A and 6B include
the same features as those described with reference to FIGS.
5A and 5B. In the cooperation type of FIG. 6B, however,
while the PW Doppler mode is successively carried out, the
B mode and the color flow mode are carried out each time
the PW Doppler mode is successively carried out several
times. For this reason, a pulse repetition frequency in the PW
Doppler mode has a longer period as compared with the case
of FIG. 5B.

[0095]

[0096] Next, a method for setting a switching frequency of
power supply section 12 by control device 10 (switching-
frequency setting section 104) according to the present
embodiment is described with reference to FIGS. 7 to 12.
Control device 10 (switching-frequency setting section 104)
according to the present embodiment sets the switching
frequency on the basis of a Doppler observation frequency
band in the PW Doppler mode.

[0097] FIGS. 7 and 8 are diagrams for explaining the
relation between the Doppler observation frequency band in
the PW Doppler mode and the switching frequency. The
horizontal axes in the figures each indicate the frequency
and the vertical axes each indicate the intensity of the
reception signal or the switching noise at each frequency
component. In the figures, “Fref” denotes the PW Doppler
transmission frequency (reception reference frequency),
“Fprf” denotes the PW Doppler pulse repetition frequency,
and “Fsw” denotes the switching frequency of the DC/DC
converter.

[0098] The Doppler shift frequency is a difference
between frequency Fref of when an ultrasound pulse is
transmitted and a frequency of when the ultrasound pulse is
received, and is varied, depending on a blood flow velocity,
within a frequency band ranging from Fref-AF to Fref+AF
each of which is a frequency being smaller or greater by AF
than transmission frequency Fref. At this time, the lower and
upper limits Fref-AF and Fref+AF of the Doppler observa-
tion frequency band is limited by pulse repetition frequency
Fprf according to the Nyquist sampling theorem, and
accordingly the Doppler observation frequency band in
which a Doppler shift frequency can be observed can be
expressed by the following Expression 1:

(Setting of Switching Frequency)

Fref~(Y2)FprfsLsFref+(Y2)Fprf (Expression 1)
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wherein “L”” denotes the Doppler observation frequency
band, “Fref” denotes the transmission frequency (reference-
wave frequency), and “Fprf” denotes the pulse repetition
frequency.

[0099] In the meantime, a switching noise which occurs
from power supply section 12 appears in a fundamental
wave frequency and its harmonics of a switching signal. The
fundamental wave (Fsw), second harmonic (Fswx2), and
third harmonic (Fswx3) of the switching frequency are
expressed as switching noise components in FIGS. 7 and 8.
Note that the switching noise components are each illus-
trated in FIGS. 7 and 8 as a noise component having a width
with respect to the switching frequency because the switch-
ing signal is a square wave, and/or the duty ratio of the
DC/DC converter is changed successively depending on a
power load, for example.

[0100] In a case where the switching noise component is
superimposed on the Doppler observation frequency band as
illustrated in FIG. 7, this switching noise component is
mixed into the Doppler component, so that the switching
noise appears on a frequency spectrum image.

[0101] In contrast, in a case where a switching noise
component is not superimposed on the Doppler observation
frequency band as illustrated in FIG. 8, the switching noise
component is removed by the filtering processing and the
like by PW Doppler processing section 5, so that the
switching noise does not appear on a frequency spectrum
image.

[0102] FIG. 9illustrates an example of a displayed screen
of a frequency spectrum image including appeared switch-
ing noises. In FIG. 9, the switching noises are present in a
continuous manner at some frequency positions (positions
indicated by arrows) in the frequency spectrum image.
[0103] Accordingly, switching-frequency setting section
10d according to the present embodiment sets a switching
frequency of the switching signal such that neither the
fundamental wave frequency nor its harmonics (Fsw,
2xFsw, 3xFsw, . . . ) of the switching signal is included in
the Doppler observation frequency band as in FIG. 8.
[0104] In this case, switching-frequency setting section
10d sets the switching frequency for each of the operation
types in consideration that the Doppler observation fre-
quency band is different depending on the operation type. In
other words, constraints on the maximum pulse repetition
frequency defining the Doppler observation frequency band
are different for each operation type. For example, the B
mode is carried out alternately with the PW Doppler mode
in the cooperation type of the B mode and the PW Doppler
mode (see FIG. 5B), so that the maximum pulse repetition
frequency of the PW Doppler mode is constrained by the
time of carrying out the B mode.

[0105] At this time, switching-frequency setting section
104 sets the switching frequency depending on a sample
gate depth in consideration that the maximum pulse repeti-
tion frequency is different depending on the sample gate
depth. In other words, the maximum pulse repetition fre-
quency is limited by a round-trip time of an ultrasound
pulse, that is, by a sample gate depth. For example, the
maximum pulse repetition frequency is high (for example, 8
kHz) during detection at a shallow position, and is low (for
example, 4 kHz) during detection at a deep position.
[0106] In this way, switching-frequency setting section
104 sets the switching frequency to satisfy the following
Expressions 2 and 3, for example, in consideration of the
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maximum pulse repetition frequency to be determined
depending on a sample gate depth and an operation type:

n*FswFref-(Y2)Fprfin (Expression 2)

Fref+(V2)Fprfm=(n+1)*Fsw (Expression 3)

wherein “n” denotes a positive integer, “Fref” denotes the
transmission frequency (reference-wave frequency), “Fsw”
denotes the switching frequency, and “Fprfm” denotes the
maximum pulse repetition frequency determined depending
on a sample gate depth and an operation type.

[0107] In the above-mentioned Expressions 2 and 3, a
pulse repetition frequency is set to the maximum value, so
that the observable flow velocity range of the blood flow
velocity is expanded to the maximum range. In this way, in
the case of the operation of the independent type, for
example, a switching frequency is set such that a flow
velocity range is expanded (for example, the pulse repetition
frequency is set to the maximum value), and a region where
a frequency component of a switching noise is superimposed
on a Doppler observation frequency band is reduced
(switching noise is reduced). It is, however, sufficient to
consider regulation conditions against a pulse repetition
frequency that depends on the operation type to set the pulse
repetition frequency, and the pulse repetition frequency does
not have to be set to the maximum value.

[0108] It is more desirable, in this case, that, on the basis
of the supposition that switching noises appear in frequency
widths including higher and lower frequencies than the
fundamental wave frequency or its harmonics of the switch-
ing signal as described above, switching-frequency setting
section 104 sets the switching frequency such that such
frequency widths are not further included in the Doppler
observation frequency band. Switching-frequency setting
section 104 sets the switching frequency to satisfy the
following Expressions 4 and 5, for example, in consideration
of the frequency widths (a frequency width that is substan-
tially 1 to 10 times greater than pulse repetition frequency
Fprfm is supposed here as a margin):

n*FswsFref-(Y2)Fprfin*km (Expression 4)

Fref+(Y2)Fprfin*km=(mn+1)*Fsw (Expression 5)

wherein “n” denotes a positive integer, “Fref” denotes the
transmission frequency (reference-wave frequency), “Fsw”
denotes the switching frequency, “Fprfm” denotes the maxi-
mum pulse repetition frequency determined depending on a
sample gate depth and an operation type, and “km” denotes
a margin coeflicient (from 1 to 10 inclusive).

[0109] FIGS. 10 to 12 are flowcharts which illustrate an
example of operation of control device 10 during determi-
nation of switching frequency Fsw using the above-men-
tioned Expressions 2 and 3. Note that the processing in the
flowcharts of FIGS. 10 to 12 is to be performed by control
device 10 in accordance with a computer program, for
example.

[0110] FIG. 10 illustrates an example of a process for
determining switching frequency Fsw in the case where the
operation in the PW Doppler mode of the independent type
(corresponding to FIG. 5A) is performed in the combined
operation mode of the B mode and the PW Doppler mode.
[0111] To begin with, control device 10 sets transmission
frequency (reference wave frequency) Fref of an ultrasound
pulse (step S1).
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[0112] Next, control device 10 (operation-mode setting
section 105) sets an operation mode (step S2). By way of
example, the combined operation mode of the B mode and
the PW Doppler mode is set here by an operator’s operation.
[0113] Next, control device 10 (operation-type setting
section 10c) sets an operation type (step S3). By way of
example, the independent type in the PW Doppler mode is
set here by an operator’s operation.

[0114] Next, control device 10 sets maximum pulse rep-
etition frequency Fprfm corresponding to a sample gate
depth (step S4).

[0115] Note in this case that control device 10 sets, as the
maximum pulse repetition frequency, a maximum frequency
which can be set in the system (analyzable limits and the like
of FFT analysis section 12g), when maximum pulse repeti-
tion frequency Fprfm is greater than the maximum fre-
quency which can be set in the system.

[0116] Control device 10 sets a Doppler observation fre-
quency band with reference to transmission frequency (ref-
erence wave frequency) Fref of the ultrasound pulse and
maximum pulse repetition frequency Fprfm set as described
above, and sets switching frequency Fsw such that Expres-
sions 2 and 3 are satisfied (step S5).

[0117] FIG. 11 illustrates an example of a process for
determining switching frequency Fsw in the case where the
B mode and the PW Doppler mode of the cooperation type
are carried out in the combined operation mode (correspond-
ing to FIG. 5B).

[0118] Inthe process of FIG. 11, similarly as in the process
of FIG. 10, control device 10 sets transmission frequency
(reference wave frequency) Fref of an ultrasound pulse (step
S11), an operation mode (the combined operation mode of
the B mode and the PW Doppler mode in this case) (step
S12), an operation type (the cooperation type of the B mode
and the PW Doppler mode in this case) (step S13), and
maximum pulse repetition frequency Fprfm (steps S14 and
S15).

[0119] In the case where the PW Doppler mode and the B
mode of the cooperation type are carried out, however, the
pulse repetition frequency is limited by the repetition time
for carrying out the B mode. Accordingly, maximum pulse
repetition frequency Fprfm in this case is computed based on
repetition time PRT1 for carrying out the B mode that
depends on a detection depth, and repetition time PRT2 for
carrying out the PW Doppler mode that depends on a sample
gate depth, maximum pulse repetition frequency Fprfm
being computed, for example, using the following Expres-
sion 6:

Fprfm=1/(PRT1+PRT2) (Expression 6)

wherein “Fprfim” denotes the maximum pulse repetition
frequency, “PRT1” denotes the repetition time for carrying
out the B mode that depends on a detection depth, and
“PRT2” denotes the repetition time for carrying out the PW
Doppler mode that depends on the sample gate depth.
[0120] Control device 10 refers to transmission frequency
(reference wave frequency) Fref of the ultrasound pulse and
maximum pulse repetition frequency Fprfin set as described
above, so as to set switching frequency Fsw such that
Expressions 2 and 3 are satisfied, in the same manner as
described above (step S15).

[0121] FIG. 12 illustrates an example of a process for
determining switching frequency Fsw in the case where the
B mode, the PW Doppler mode, and the color flow mode of

May 10, 2018

the cooperation type are carried out in the combined opera-
tion mode (corresponding to FIG. 6A).

[0122] In the process of FIG. 12, similarly as in the
process of FIG. 10, control device 10 sets transmission
frequency (reference wave frequency) Fref of an ultrasound
pulse (step S21), an operation mode (the combined opera-
tion mode of the B mode, the PW Doppler mode, and the
color flow mode in this case) (step S22), an operation type
(the cooperation type of the B mode, the PW Doppler mode,
and the color flow mode in this case) (step S23), and
maximum pulse repetition frequency Fprfm (steps S24 and
S25).

[0123] Inthe case where the PW Doppler mode operation,
the B-mode operation, and the color flow mode operation are
performed in the cooperation type, however, maximum
pulse repetition frequency Fprfm is limited by the repetition
time for performing the B-mode operation and the color flow
mode operation. Accordingly, maximum pulse repetition
frequency Fprfm in this case is computed, for example,
using the following Expression 7, based on repetition time
PRT1 for performing the B-mode operation that depends on
a detection depth, and repetition time PRT2 for performing
the PW Doppler mode operation that depends on a sample
gate depth, and repetition time PRT3 for performing the
color flow mode operation:

Fprfm=1/(PRT1+PRT2+PRT3 *Nc) (Expression 7)

wherein “Fprfm” denotes the maximum pulse repetition
frequency, “PRT1” denotes the repetition time for perform-
ing the B-mode operation that depends on a detection depth,
“PRT2” denotes the repetition time for performing the PW
Doppler mode operation that depends on a sample gate
depth, “PRT3” denotes the repetition time for performing the
color Doppler mode operation that depends on a sample gate
depth, and “Nc” denotes the number of times of the con-
secutive color-Doppler-mode operations.

[0124] Control device 10 refers to transmission frequency
(reference wave frequency) Fref of the ultrasound pulse and
maximum pulse repetition frequency Fprfim set as described
above, so as to set switching frequency Fsw such that
Expressions 2 and 3 are satisfied, in the same manner as
described above (step S25).

[0125] As stated above, according to control device 10 of
ultrasound diagnostic apparatus A according to the present
embodiment, it is possible to set a switching frequency in
consideration that the Doppler observation frequency band
is different for each of the operation types in the combined
operation mode. In this way, it is possible to set a switching
frequency suitable for each operation type in the combined
operation mode, and to reduce a switching noise superim-
posed on a detection result of a Doppler shift frequency. That
is, the switching noise caused by a switching power supply
can be prevented from being mixed into the detection result
of the Doppler shift frequency.

[0126] To be specific, in the combined operation mode,
there is a trade-off between the switching noise superimpo-
sition and the operation type. For example, when the opera-
tion of the independent type is performed, it is desired that
the flow velocity range of the velocity pattern (Doppler
observation frequency) is expanded even if superimposition
of a switching noise is somewhat caused. In contrast, when
the operation of the cooperation type is performed, it is
desired to reduce the switching noise and the positional
displacement in the pulsed Doppler mode. In this respect,
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according to control device 10 of ultrasound diagnostic
apparatus A according to the present embodiment, a Doppler
observation frequency band can be set depending of the
operation type to satisfy these desires and a switching
frequency can be set such that a switching noise to be
superimposed on the Doppler observation frequency band
can be reduced.

Other Embodiments

[0127] The present invention is not limited to the above-
described embodiment, and various modified modes may be
derived from the above-described embodiment.

[0128] Although a blood flow has been illustrated as an
example of a target for detection of a Doppler shift fre-
quency by ultrasound diagnostic apparatus A in the above-
described embodiment, other moving tissues may be
employed as the detection target.

[0129] In addition, a mode in which a switching frequency
is set based on a Doppler observation frequency band in the
PW Doppler mode has been illustrated as an example of the
operation of control device 10 (switching-frequency setting
section 104) of ultrasound diagnostic apparatus A in the
above-described embodiment.

[0130] Inthe case where the B mode and the color Doppler
mode are carried out in the combined operation mode,
however, a switching frequency may be set on the basis of
a Doppler observation frequency band in the color Doppler
mode.

[0131] In addition, although a control device in which
functions of controlling section 10a, operation-mode setting
section 105, operation-type setting section 10c¢, and switch-
ing-frequency setting section 104 are implemented by a
single computer has been illustrated as an example of
control device 10 of ultrasound diagnostic apparatus A in the
above-described embodiment, the functions may also be
implemented by a plurality of computers. For example,
controlling section 10a and switching-frequency setting
section 104 may be implemented by separate computers.
[0132] In addition, although a control device in which
processes of operation-mode setting section 105, operation-
type setting section 10c¢, and switching-frequency setting
section 104 are serially performed has been illustrated as an
example of control device 10 of ultrasound diagnostic
apparatus A in the above-described embodiment, the pro-
cesses may also be partly performed in parallel.

[0133] Although embodiments of the present invention
have been described and illustrated in detail, it is clearly
understood that the same is by way 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. A control device of an ultrasound diagnostic apparatus,
the ultrasound diagnostic apparatus having a switching
power supply that produces an operational voltage, the
ultrasound diagnostic apparatus being configured to transmit
an ultrasound pulse repeatedly and to be capable of detecting
a Doppler shift frequency from an ultrasound echo reflected
from an inside of a subject, the control device comprising a
hardware processor that:

sets, from among a plurality of operation modes in which

pulse waveforms of ultrasound pulses to be transmitted
are different from one operation mode to another, at
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least first and second operation modes for which obser-
vation results are to be simultaneously displayed on a
screer;

sets at least one operation type that defines transmission
timing of ultrasound pulses in each of the first and the
second operation modes; and

sets a switching frequency of a switching signal used for
driving the switching power supply, such that neither a
fundamental frequency nor a harmonic of the switching
signal is included in a Doppler observation frequency
band to be determined based on the first and the second
operation modes and on the operation type.

2. The control device according to claim 1, wherein:

the plurality of operation modes at least include a pulsed
Doppler mode, a B mode, and a color flow mode; and

the first and the second operation modes at least include
a combination of the pulsed Doppler mode and the B
mode.

3. The control device according to claim 2, wherein:

a plurality of the operation types at least include a first
operation type in which only ultrasound pulses related
to the pulsed Doppler mode are successively transmit-
ted, and a second operation type in which, while
ultrasound pulses related to the pulsed Doppler mode
are transmitted, an ultrasound pulse related to another
operation mode is transmitted between transmission of
at least some of the ultrasound pulses related to the
pulsed Doppler mode.

4. The control device according to claim 2, wherein:

the switching frequency is set to satisfy at least the
following Expressions 1 and 2, based on a transmission
frequency for transmission of the ultrasound pulses,
and on a maximum pulse repetition frequency in the
pulsed Doppler mode to be determined depending on a
sample gate depth and the at least one operation type:

n*FswsFref-(Y2)Fprfin (Expression 1)

Fref+(Y2)Fprfins(n+1)*Fsw (Expression 2)

wherein “n” denotes a positive integer, “Fref” denotes the
transmission frequency of ultrasound pulses, “Fsw”
denotes the switching frequency, and “Fprfm” denotes
the maximum pulse repetition frequency to be deter-
mined depending on the sample gate depth and the at
least one operation type.

5. The control device according to claim 2, wherein:

the switching frequency is set to satisfy at least the
following Expressions 3 and 4, based on a transmission
frequency for transmission of the ultrasound pulses,
and on a maximum pulse repetition frequency in the
pulsed Doppler mode to be determined depending on a
sample gate depth and the at least one operation type:

n*FsweFref-(Y2)Fprfin*km (Expression 3)

Fref+(Y2)Fprfin*kms(n+1)*Fsw (Expression 4)

wherein “n” denotes a positive integer, “Fref” denotes the
transmission frequency of ultrasound pulses, “Fsw”
denotes the switching frequency, “Fprfim” denotes the
maximum pulse repetition frequency to be determined
depending on the sample gate depth and the at least one
operation type, and “km” denotes a margin coefficient
(from 1 to 10 inclusive).
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6. The control device according to claim 1, wherein:

the switching power supply is a DC/DC converter of a

switching drive system.

7. The control device according to claim 1, wherein:

the harmonic of the switching signal is any of a second to

a fifth harmonics of the switching frequency.

8. An ultrasound diagnostic apparatus including the con-
trol device according to claim 1.

9. A control method for an ultrasound diagnostic appara-
tus, the ultrasound diagnostic apparatus having a switching
power supply that produces an operational voltage, the
ultrasound diagnostic apparatus being configured to transmit
an ultrasound pulse repeatedly and to be capable of detecting
a Doppler shift frequency from an ultrasound echo reflected
from an inside of a subject, the control method comprising:

setting, from among a plurality of operation modes in

which pulse waveforms of ultrasound pulses to be
transmitted are different from one operation mode to
another, at least first and second operation modes for
which observation results are to be simultaneously
displayed on a screen;

setting at least one operation type that defines transmis-

sion timing of ultrasound pulses in each of the first and
the second operation modes; and

setting a switching frequency such that neither a funda-

mental frequency nor a harmonic of the switching
signal used for driving the switching power supply is
included in a Doppler observation frequency band to be
determined based on the first and the second operation
modes and on the operation types.
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