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ULTRASOUND PROBE, ULTRASOUND
DIAGNOSTIC APPARATUS, AND
TRANSMISSION VOLTAGE SETTING
METHOD

BACKGROUND

Technological Field

[0001] The present invention relates to an ultrasound
probe, an ultrasound diagnostic apparatus, and a transmis-
sion voltage setting method.

Description of the Related Art

[0002] Inultrasound diagnosis, the heart beat or the move-
ment of an unborn baby is obtained as an ultrasound image
by an easy operation of putting the ultrasound probe against
the body surface or from inside the body cavity, and fur-
thermore the patient is safe. Thus, the examination can be
performed repeatedly. There is known an ultrasound diag-
nostic apparatus used for the ultrasound diagnosis, which
has the ultrasound probe, and generates and displays the
ultrasound image.

[0003] The ultrasound diagnostic apparatus includes an
ultrasound probe which transmits and receives ultrasound
waves, and a transmitter which outputs transmission signals
(drive signals) that are electrical signals for transmitting the
ultrasound waves to the ultrasound probe. A configuration
for suppressing the influence of variation in parts of this
transmitter is known. For example, an ultrasound diagnostic
apparatus which includes an adjustment circuit that sup-
presses the property variation of FET (Field Effective Tran-
sistor) elements as a pair of output terminals of the trans-
mitter is known (see Japanese Patent Application Laid Open
Publication No. 2005-278666). By the adjustment circuit, it
is possible to eliminate switching noise with saved power in
a case where a pair of output elements have the property
variation.

[0004] The ultrasound probe includes a cable which is
connected to an ultrasound diagnostic apparatus main body.
The entire lengths of cables may vary when they are
manufactured. In the ultrasound diagnostic apparatus of
Japanese Patent Application Laid Open Publication No.
2005-278666, it is possible to suppress the property varia-
tion of two output terminals which are mounted together,
however, it is not possible to suppress the variation of
voltages (transmission voltages) of the transmission signals
based on the variation of individual properties such as the
entire lengths of the cables of the ultrasound probes. When
the transmission voltages vary, the image qualities of the
ultrasound images vary.

[0005] As for the transmission voltage, a standard value of
index for evaluating safety such as MI (Mechanical Index),
TI (Thermal Index) and Ispta. 3 is determined, and adjust-
ment of the transmission voltage is required to satisfy the
standard value. Thus, when the individual properties vary
between a plurality of ultrasound probes, the transmission
voltages need to be uniformly lowered, and a desired image
quality cannot be obtained. Especially, as the variation of
individual properties is larger, the reduction amount of
transmission voltage becomes larger, and the reduction
amount of image quality of the ultrasound image also
becomes larger.
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SUMMARY

[0006] An object of the present invention is to set an
optimum transmission voltage regardless of the individual
property of the ultrasound probe.

[0007] To achieve at least one of the abovementioned
objects, according to a first aspect of the present invention,
an ultrasound probe reflecting one aspect of the present
invention is an ultrasound probe which transmits and
receives ultrasound waves, the ultrasound probe including a
first storage in which probe type information of the ultra-
sound probe and individual property information indicating
an individual property of the ultrasound probe are stored.
[0008] According to a second aspect of the present inven-
tion, an ultrasound probe reflecting one aspect of the present
invention is an ultrasound probe which transmits and
receives ultrasound waves, the ultrasound probe including a
first storage in which individual property information indi-
cating an individual property of the ultrasound probe and
reference individual property information that is a reference
of the individual property information of the ultrasound
probe are stored.

[0009] According to a third aspect of the present inven-
tion, an ultrasound diagnostic apparatus reflecting one
aspect of the present invention is an ultrasound diagnostic
apparatus, including: an ultrasound probe which transmits
and receives ultrasound waves; an ultrasound diagnostic
apparatus main body to which the ultrasound probe is
connected; and a detector which detects individual property
information indicating an individual property of the ultra-
sound probe, wherein the ultrasound probe includes a first
storage in which probe type information of the ultrasound
probe is stored, and the ultrasound diagnostic apparatus
main body includes: a second storage in which reference
individual property information associated with the probe
type information of the ultrasound probe is stored; and a
hardware processor which obtains the probe type informa-
tion of the ultrasound probe from the first storage, obtains
the reference individual property information corresponding
to the obtained probe type information from the second
storage, calculates a correction amount of a reference trans-
mission voltage from the detected individual property infor-
mation and the obtained reference individual property infor-
mation, and corrects the reference transmission voltage with
the calculated correction amount and sets the corrected
reference transmission voltage as a transmission voltage.
[0010] According to a fourth aspect of the present inven-
tion, an ultrasound diagnostic apparatus reflecting one
aspect of the present invention is an ultrasound diagnostic
apparatus, including: an ultrasound probe which transmits
and receives ultrasound waves; an ultrasound diagnostic
apparatus main body to which the ultrasound probe is
connected; and a detector which detects individual property
information indicating an individual property of the ultra-
sound probe, wherein the ultrasound probe includes a first
storage in which reference individual property information
that is a reference of the individual property information of
the ultrasound probe is stored, and the ultrasound diagnostic
apparatus main body includes a hardware processor which
obtains the reference individual property information of the
ultrasound probe from the first storage, calculates a correc-
tion amount of a reference transmission voltage from the
detected individual property information and the obtained
reference individual property information, and corrects the
reference transmission voltage with the calculated correc-
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tion amount and sets the corrected reference transmission
voltage as a transmission voltage.

[0011] According to a fourth aspect of the present inven-
tion, a transmission voltage setting method reflecting one
aspect of the present invention is a transmission voltage
setting method, including: obtaining of probe type informa-
tion and individual property information of an ultrasound
probe from a first storage, the ultrasound probe including the
first storage in which the probe type information of the
ultrasound probe and the individual property information
indicating an individual property of the ultrasound probe are
stored; calculating that includes obtainment of reference
individual property information corresponding to the
obtained probe type information from a second storage in
which the reference individual property information associ-
ated with the probe type information of the ultrasound probe
is stored, and that includes calculation of a correction
amount of a reference transmission voltage from the indi-
vidual property information and the reference individual
property information which are obtained; and setting that
includes correction of the reference transmission voltage
with the calculated correction amount and includes setting of
the corrected reference transmission voltage as a transmis-
sion voltage.

[0012] According to a fourth aspect of the present inven-
tion, a transmission voltage setting method reflecting one
aspect of the present invention is a transmission voltage
setting method, including: obtaining of probe type informa-
tion of an ultrasound probe from a first storage, the ultra-
sound probe including the first storage in which the probe
type information of the ultrasound probe is stored; detecting
of individual property information indicating an individual
property of the ultrasound probe; calculating that includes
obtainment of reference individual property information
corresponding to the obtained probe type information from
a second storage in which the reference individual property
information associated with the probe type information of
the ultrasound probe is stored, and that includes calculation
of a correction amount of a reference transmission voltage
from the detected individual property information and the
obtained reference individual property information; and
setting that includes correction of the reference transmission
voltage with the calculated correction amount and includes
setting of the corrected reference transmission voltage as a
transmission voltage.

[0013] According to a fourth aspect of the present inven-
tion, a transmission voltage setting method reflecting one
aspect of the present invention is a transmission voltage
setting method, including: detecting of individual property
information of an ultrasound probe that includes a first
storage in which reference individual property information
that is a reference of the individual property information is
stored, the individual property information indicating an
individual property of the ultrasound probe; calculating
which includes obtainment of the reference individual prop-
erty information of the ultrasound probe from the first
storage, and includes calculation of a correction amount of
a reference transmission voltage from the detected indi-
vidual property information and the obtained reference
individual property information; and setting which includes
correction of the reference transmission voltage with the
calculated correction amount and includes setting of the
corrected reference transmission voltage as a transmission
voltage.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The advantages and features provided by one or
more embodiments of the invention will become more fully
understood from the detailed description given hereinafter
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, and wherein:

[0015] FIG. 1 is a schematic outer view of an ultrasound
diagnostic apparatus in a first embodiment of the present
invention;

[0016] FIG. 2 is a block diagram showing the functional
configuration of the ultrasound diagnostic apparatus in the
first embodiment;

[0017] FIG. 3 is a view showing the configuration of a
reference transmission voltage table in the first embodiment;
[0018] FIG. 4 is a flowchart showing first transmission
voltage setting processing;

[0019] FIG. 5 is a block diagram showing the functional
configuration of an ultrasound diagnostic apparatus in a
second embodiment;

[0020] FIG. 6 is a view showing the configuration of a
reference transmission voltage table in the second embodi-
ment; and

[0021] FIG. 7 is a flowchart showing second transmission
voltage setting processing.

DETAILED DESCRIPTION OF EMBODIMENTS

[0022] 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.

[0023] The first and second embodiments of the present
invention will be described in order in detail with reference
to the accompanying drawings.

First Embodiment

[0024] With reference to FIGS. 1 to 4, an embodiment of
the present invention will be described. First, the entire
apparatus configuration of an ultrasound diagnostic appara-
tus 100 in the embodiment will be described with reference
to FIGS. 1 and 2. FIG. 1 is a schematic outer view of the
ultrasound diagnostic apparatus 100 in the embodiment.
FIG. 2 is a block diagram showing the functional configu-
ration of the ultrasound diagnostic apparatus 100.

[0025] The ultrasound diagnostic apparatus 100 in the
embodiment is an apparatus which is used to perform
ultrasound diagnosis by an operator such as a doctor and a
technician at a medical facility such as a hospital. As shown
in FIGS. 1 and 2, the ultrasound diagnostic apparatus 100
includes an ultrasound probe 2 and an ultrasound diagnostic
apparatus main body 1. The ultrasound probe 2 transmits
ultrasound waves (transmission ultrasound waves) to a sub-
ject such as a living body of a patient not shown in the
drawings, and receives reflected waves of the ultrasound
waves (reflected ultrasound waves: echoes) which were
reflected in the subject. The ultrasound diagnostic apparatus
main body 1 is connected to the ultrasound probe 2 via a
cable 3, causes the ultrasound probe 2 to transmit the
transmission ultrasound waves to the subject by transmitting
transmission signals (drive signals) of electrical signals to
the ultrasound probe 2, and performs imaging of the internal
state of the subject as an ultrasound image on the basis of the
reception signals which are electrical signals generated in
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the ultrasound probe 2 according to the reflected ultrasound
waves from inside the subject received by the ultrasound
probe 2.

[0026] The ultrasound probe 2 can be attached to and
detached from (connected to and released from) the ultra-
sound diagnostic apparatus main body 1. That is, different
types of ultrasound probes 2 can be connected to the
ultrasound diagnostic apparatus main body 1. The ultra-
sound probe 2 includes a head 210, a cable 3, and a
connector 220. The head 210 is a main body of the ultra-
sound probe 2 and includes oscillators 2a. The cable 3 is a
cable which is connected to the head 210 and the connector
220. The connector 220 is a connector which is connected to
the ultrasound diagnostic apparatus main body 1.

[0027] The plurality of oscillators 2a are arranged in
one-dimensional array in a direction (scanning direction
(lateral direction) or vertical direction (elevation direction)),
for example. In the embodiment, the ultrasound probe 2
including n (for example, n=192) oscillators 2« is used. The
oscillators 2a may be arranged in the two-dimensional array.
The number of the oscillators 2a¢ may be arbitrarily
designed. Though a linear electronic scanning probe is
adopted for the ultrasound probe 2 in the embodiment, either
of the electronic scanning type and the machine scanning
type may be adopted. Any type of the linear scanning type,
sector scanning type and convex scanning type may be
adopted.

[0028] The connector 220 includes a probe storage 221 as
a first storage which stores information regarding the ultra-
sound probe 2. The probe storage 221 is configured by a
nonvolatile memory, and stores the probe type of the ultra-
sound probe 2, and the cable length showing the entire
length of the cable 3. As the cable length stored in the probe
storage 221, a cable length which was measured in advance
when the ultrasound probe 2 was manufactured is stored, for
example. The head 210 may have the probe storage 221.
[0029] As shown in FIG. 2, the ultrasound diagnostic
apparatus main body 1 includes, for example, an operation
inputter 11, a transmitter 12, a receiver 13, a signal processor
14, a transmitter power source voltage controller 15, a power
supplier 16, a display 17, a controller 18 as an obtainer, a
calculator and a setter, and a main body storage 19 as a
second storage.

[0030] The operation inputter 11 includes, for example,
various switches, buttons, a track ball, a mouse, a keyboard
and the like for performing a command instructing start of
diagnosis and for inputting data such as personal informa-
tion of the subject. The operation inputter 11 outputs the
operation signal to the controller 18.

[0031] The transmitter 12 is a circuit which causes the
ultrasound probe 2 to generate transmission ultrasound
waves by generating transmission signals which are electri-
cal signals and supplying the transmission signals to the
ultrasound probe 2, by using the power source voltage
supplied from the power supplier 16, in accordance with
control by the controller 18. The transmitter 12 includes, for
example, a clock generation circuit, a delay circuit and a
pulse generation circuit. The clock generation circuit is a
circuit for generating clock signals for determining the
transmission timing of the transmission signals and trans-
mission frequency. The delay circuit is a circuit for setting
the delay time for each individual path corresponding to the
oscillator 2a for the transmission timing of the transmission
signals and delaying the transmission of the transmission
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signals by the set delay time to focus the transmission beams
formed of the transmission ultrasound waves. The pulse
generation circuit is a circuit for generating pulse signals as
transmission signals at predetermined periods.

[0032] The controller 18 inputs the transmission condi-
tions (image mode, transmission frequency) of transmission
signals and transmission voltage to the transmitter 12, and
causes the transmitter 12 to generate the transmission signals
corresponding to the transmission conditions and transmis-
sion voltage.

[0033] The receiver 13 is a circuit which receives recep-
tion signals which are electrical signals via the cable 3 from
the ultrasound probe 2 in accordance with the control by the
controller 18. The receiver 13 includes, for example, an
amplifier, an A/D converting circuit and a phasing addition
circuit. The amplifier is a circuit for amplifying the reception
signals at a preset amplifying rate for each individual path
corresponding to the oscillator 2a. The A/D converting
circuit is a circuit for performing A/D conversion of the
amplified reception signals. The phasing addition circuit is a
circuit for aligning the time phases by providing the delay
times to the reception signals, to which the A/D conversion
was performed, for the respective individual paths corre-
sponding to the respective oscillators, and adding the
aligned time phases (phasing addition) to generate sound ray
data.

[0034] The signal processor 14 generates B-mode image
data of the B (Brightness) mode by performing envelop
detection processing, log amplification and gain adjustment
to the sound ray data from the receiver 13 and converting the
intensity of the reception signal indicated by the sound ray
data into a brightness value, in accordance with control by
the controller 18. The signal processor 14 may generate
ultrasound image data of image modes other than the
B-mode such as a color Doppler mode.

[0035] In accordance with control by the controller 18, the
signal processor 14 stores the generated B-mode image data
in an image memory (not shown in the drawings) inside by
the unit of frame. The image data by the unit of frame may
be referred to as ultrasound image data or frame image data.
The signal processor 14 reads out the ultrasound image data
stored in the image memory as needed. The image memory
is configured by including a semiconductor memory such as
a DRAM (Dynamic Random Access Memory), for example.
[0036] In accordance with control by the controller 18, the
signal processor 14 performs a coordinate conversion or the
like to the read frame image data to convert the data into an
image signal and outputs the image signal to the display 17.
[0037] The transmitter power source voltage controller 15
is a circuit which performs control of power source voltage
that is output by the power supplier 16, in accordance with
the control by the controller 18. The power supplier 16
includes a transmitter power source 161. In accordance with
the control by the transmitter power source voltage control-
ler 15, the power supplier 16 causes the transmitter power
source 161 to generate the power source voltage for the
transmitter 12 on the basis of the power supply from a
commercial power source or a battery which is not shown in
the drawings. The transmitter power source 161 can be
configured by including a regulator, for example.

[0038] As the display 17, there can be applied a display
device such as an LCD (Liquid Crystal Display), a CRT
(Cathode-Ray Tube) display, an organic EL (Electronic
Luminescence) display, an inorganic EL display and plasma
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display. The display 17 performs display of an image on the
display screen in accordance with the image signal output
from the signal processor 14.

[0039] The controller 18 includes, for example, a CPU
(Central Processing Unit), a ROM (Read Only Memory) and
a RAM (Random Access Memory), reads out various pro-
cessing programs such as a system program or the like stored
in the ROM and loads them onto the RAM, and controls the
sections of the ultrasound diagnostic apparatus 100 in accor-
dance with the loaded programs. The ROM is formed of a
nonvolatile memory or the like such as a semiconductor, and
stores a system program corresponding to the ultrasound
diagnostic apparatus 100, various processing programs
executable on the system program, and various types of data
such as a gamma table. The ROM especially stores an
ultrasound image display program for executing ultrasound
image display processing of generating and displaying the
ultrasound image data, and a first transmission voltage
setting program for executing first transmission voltage
setting processing to be described later. These programs are
stored in a form of computer readable program code, and the
CPU sequentially executes the operation according to the
program code. The RAM forms a working area for tempo-
rarily storing various programs executed by the CPU and
data according to these programs.

[0040] The main body storage 19 is a storage which is
configured by a nonvolatile memory and stores information
such as a reference transmission voltage table 40 to be
described later and reference transmission voltages corre-
sponding to the various transmission conditions.

[0041] A part or all of the functions of the respective
functional sections included in the ultrasound diagnostic
apparatus 100 can be achieved as a hardware circuit such as
an integrated circuit. The integrated circuit is an LSI (Large
Scale Integration), for example, and the LSI is also called as
an IC (Integrated Circuit), a system LSI, a super LS], or an
ultra LSI, according to the difference in integration degree.
The method of making an integrated circuit is not limited to
LSI, and the integrated circuit may be achieved by a
dedicated circuit or a general-purpose processor. A recon-
figurable processor which can reconfigure the connection or
setting of the circuit cell inside the LSI and a FPGA (Field
Programmable Gate Array) may be used. A part or all of the
functions of the respective functional blocks may be
achieved by software. In this case, this software is stored in
one or more storage medium such as a ROM, an optical disk,
a hard click or the like, and the software is executed by an
arithmetic processot.

[0042] Next, with reference to FIG. 3, information stored
in the ultrasound diagnostic apparatus 100 will be described.
FIG. 3 is a view showing the configuration of a reference
transmission voltage table 40.

[0043] The probe storage 221 which is provided in the
connector 220 of the ultrasound probe 2 stores the probe
type and the cable length of the cable 3 of the ultrasound
probe as individual property information indicating the
individual property of the ultrasound probe. The probe type
is identification information of the type of the ultrasound
probe 2, and the information includes information on the
scanning type such as convex. The cable length is the entire
length of the cable 3, and cable lengths for a same probe type
are different in some cases due to the variation when the
cables 3 were manufactured.
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[0044] The main body storage 19 which is provided in the
ultrasound diagnostic apparatus main body 1 stores a refer-
ence transmission voltage table 40 shown in FIG. 3. The
reference transmission voltage table 40 has fields of the
probe type 41, the reference cable length 42 as reference
individual property information indicating the reference of
the individual property of the probe, the image mode 43 and
the transmission frequency 44 as the transmission condi-
tions, and the reference transmission voltage 45. The probe
type 41 is the probe type of at least one type of ultrasound
probe which can be connected to the ultrasound diagnostic
apparatus main body 1. The reference cable length 42 is the
entire length which is a reference of the cable 3 of the
ultrasound probe corresponding to the probe type 41. As the
reference cable length 42, for example, the average value of
the entire lengths of cables 3 of a plurality of ultrasound
probes which are the same probe type 41, or the design value
of the entire length of the cable 3 of the ultrasound type 41
is set.

[0045] The image mode 43 is a diagnosis mode which is
used for obtaining and diagnosing the ultrasound image. The
image mode 43 is B mode, color Doppler mode, or the like.
In the embodiment, the image mode 43 can be set in the
ultrasound image display processing. Some of the image
modes combine ultrasound image data of two types of image
modes and display the combined data. For example, when
the image mode to be displayed is set to a color Doppler
mode, the color blood flow image data of the color Doppler
mode and the b mode image data are combined and dis-
played. In this case, the image mode 43 represents the image
modes of the ultrasound images before the combination.
[0046] The transmission frequency 44 is a frequency of
the transmission signal which can be set in the ultrasound
image display processing. The transmission frequency 44 is
represented by the numerical value and/or the waveform of
the frequency of the transmission signal. The image mode 43
and the transmission frequency 44 are the transmission
conditions other than the transmission voltage for generating
and outputting the transmission signals, and the transmission
conditions are not limited to them.

[0047] The reference transmission voltage 45 is a trans-
mission voltage which is a reference corresponding to the
probe type 41, the reference cable length 42, the image mode
43, the transmission frequency 44, and the like. The refer-
ence transmission voltage 45 is a voltage which corresponds
to the reference cable length 42 and satisfies a standard value
satisfying the safety index such as MI, TI and Ispta. 3, and
which is a highest possible transmission voltage.

[0048] Next, with reference to FIG. 4, the operation of the
ultrasound diagnostic apparatus 100 will be described. FIG.
4 is a flowchart showing first transmission voltage setting
processing.

[0049] The ultrasound diagnostic apparatus 100 executes
as needed ultrasound image display processing of generating
the transmission signal and inputting the transmission signal
to the ultrasound probe 2 according to the transmission
conditions such as the image mode and the transmission
frequency and the transmission voltage, causing the ultra-
sound probe 2 to transmit and receive the ultrasound waves,
and generating the ultrasound image data and displaying the
ultrasound image data on the display 17. The controller 18
executes the first transmission voltage setting processing
according to the first transmission voltage setting program
which is stored in the ROM, in response to a trigger of start
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to execute the ultrasound image display processing, change
of the connected ultrasound probe 2 in the ultrasound image
display processing which is currently executed, or input to
change the transmission condition performed from the
operator via the operation inputter 11, in the ultrasound
diagnostic apparatus 100.

[0050] As shown in FIG. 4, first, the controller 18 obtains
the image mode and the transmission frequency which are
currently set (or which were changed immediately before the
processing) (step S11). The controller 18 reads out the probe
type and the cable length of the ultrasound probe 2 which is
currently connected from the probe storage 221 (step S12).
[0051] The controller 18 then refers to the reference
transmission voltage table 40 stored in the main body
storage 19, and reads out the reference cable length 42 and
the reference transmission voltage 45 corresponding to the
probe type 41 which was read out in step S12, and corre-
sponding to the image mode 43 and the transmission fre-
quency 44 which were read out in step S11 (step S13). The
controller 18 calculates the correction amount of the refer-
ence transmission voltage 45 which was read out in step S13
by using the cable length of the cable 3 which was read out
in step S12 and the reference cable length which was read
out in step S13 (step S14). If the cable length is shorter than
the reference cable length, the impedance of the cable 3 is
also lower. Thus, in step S14, for example, the correction
amount of the reference transmission voltage 45 is calcu-
lated from the ratio of the cable length to the reference cable
length 42.

[0052] The controller 18 corrects the reference transmis-
sion voltage 45 which was read out in step S13 with the
correction amount which was calculated in step S14, and
sets the corrected reference transmission voltage as the
transmission voltage for the transmitter 12 (step S15), and
ends the first transmission voltage setting processing.
[0053] In the first transmission voltage setting processing,
in a case where the image mode of the ultrasound image
display processing requires combination of two types of
ultrasound image data, steps S11 to S15 are executed for the
two image modes before the combination.

[0054] As described above, according to the embodiment,
the ultrasound probe 2 which transmits and receives the
ultrasound waves to and from the subject includes the probe
storage 221 which stores the probe type of the ultrasound
probe 2 and the individual property information indicating
the individual property of the ultrasound probe 2. Thus, by
using the individual property information of the ultrasound
probe 2 and correcting the reference transmission voltage, it
is possible to set the optimum transmission voltage and
improve the image quality of the ultrasound image regard-
less of the individual property of the ultrasound probe 2.
[0055] The ultrasound diagnostic apparatus 100 includes
an ultrasound probe 2 and an ultrasound diagnostic appara-
tus main body 1 which is connected to the ultrasound probe
2. In the ultrasound diagnostic apparatus main body 1, the
main body storage 19 stores the reference individual prop-
erty information associated with the probe type of the
ultrasound probe, the probe type and the individual property
information of the ultrasound probe 2 are obtained from the
probe storage 221, the reference individual property infor-
mation corresponding to the obtained probe type informa-
tion is obtained from the main body storage 19, the correc-
tion amount of the reference transmission voltage is
calculated from the obtained individual property informa-
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tion and the reference individual property information, and
the reference transmission voltage is corrected with the
calculated correction amount and the corrected voltage is set
as the transmission voltage. Thus, the optimum transmission
voltage can be set regardless of the individual property of the
ultrasound probe 2.

[0056] The main body storage 19 stores the reference
individual property information which is associated with the
probe type of the ultrasound probe and the transmission
conditions (image mode, transmission frequency). The ultra-
sound diagnostic apparatus main body 1 obtains the probe
type and the individual property information of the ultra-
sound probe 2 from the probe storage 221, obtains the image
mode and the transmission frequency which are set, and
obtains the reference individual property information corre-
sponding to the obtained probe type and the transmission
conditions from the main body storage 19. Thus, it is
possible to set a more optimum transmission voltage match-
ing the transmission conditions, regardless of the individual
property of the ultrasound probe 2.

[0057] The ultrasound probe 2 includes a cable 3 for
connection to the ultrasound diagnostic apparatus main body
1. The individual property information is the cable length of
the cable 3. Thus, it is possible to set the optimum trans-
mission voltage regardless of the variation of the cable
length of the cable 3 of the ultrasound probe 2.

[0058] In the embodiment, the cable length of the cable 3
is used as the individual property information of the ultra-
sound probe causing the variation of the transmission volt-
age, and the correction amount of the transmission voltage
is calculated to correct the transmission voltage. However,
the present invention is not limited to this. Other information
such as impedance of the ultrasound probe 2 and the end
voltage applied to both ends of the oscillator 2a may be used
as the individual property information. In the configuration
of using the impedance of the ultrasound probe 2 including
the cable 3 as the individual property information, the probe
type and the impedance of the ultrasound probe 2 which was
measured in advance are stored in the probe storage 221, the
reference impedance which is a reference of the impedance
of the ultrasound probe is stored in the reference transmis-
sion voltage table 40 instead of the reference cable length
42. For example, considering that the impedance is higher as
the cable length of the cable 3 is longer, the correction
amount of the reference transmission voltage is calculated
from the impedance of the ultrasound probe 2 and the
reference impedance. Thus, the optimum transmission volt-
age can be set regardless of the variation of the impedance
of the ultrasound probe 2.

[0059] In the configuration of using the end voltage as the
individual property information, the probe storage 221
stores the probe type, the end voltage which was measured
in advance for each image mode and transmission frequency,
and the reference end voltage which is a reference of the end
voltage is stored instead of the reference cable length 42 in
the reference transmission voltage table 40. The correction
amount of the transmission voltage is calculated from the
reference end voltage and the end voltage corresponding to
the image mode and the transmission frequency set in the
ultrasound image display processing. Thus, it is possible to
set the optimum transmission voltage regardless of the
variation of the end voltage based on the cable length or the
like of the ultrasound probe 2.
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[0060] In the embodiment, the reference transmission
voltage table 40 is stored in the main body storage 19.
However, the present invention is not limited to this. The
reference transmission voltage table 40 may be stored in the
probe storage 221. In this configuration, information regard-
ing only the ultrasound probe 2 which has the probe storage
221 to store the reference transmission voltage table 40 is
stored. The probe type 41 may not be necessary. For
example, the ultrasound probe 2 includes the probe storage
221 which stores individual property information (cable
length of cable 3, end voltage of the oscillator 2a or
impedance of ultrasound probe 2) indicating the individual
property of the ultrasound probe 2, the reference individual
property information which is a reference of the individual
property information of the ultrasound probe 2, and the
reference transmission voltage which is a reference of the
transmission voltage of the ultrasound probe 2. Thus, it is
possible to set the optimum transmission voltage regardless
of the individual property of the ultrasound probe 2, by using
the individual property information and the reference indi-
vidual property information of the ultrasound probe 2 and
correcting the reference transmission voltage stored in the
ultrasound probe 2.

Second Embodiment

[0061] With reference to FIGS. 5 to 7, a second embodi-
ment of the present invention will be described. First, with
reference to FIG. 5, the apparatus configuration of the
embodiment will be described. However, as for the same
parts as those of the ultrasound diagnostic apparatus 100 of
the first embodiment in the apparatus configuration of the
second embodiment, the explanation is omitted by providing
same reference numerals. FIG. 5 is a block diagram showing
the functional configuration of an ultrasound diagnostic
apparatus 100A in the second embodiment.

[0062] As shown in FIG. 5, the ultrasound diagnostic
apparatus 100A in the embodiment includes an ultrasound
probe 2A and an ultrasound diagnostic apparatus main body
1A. The ultrasound probe 2A includes a head 210A, a cable
3, and a connector 220A.

[0063] The head 210A includes an oscillator 2¢ and a
voltage detector 211A. The voltage detector 211A is con-
figured by including a same detection circuit as the imped-
ance analyzer, and detects the end voltage applied to the
oscillator 2a, for example.

[0064] The connector 220A includes the probe storage
221A. The probe storage 221A is similar to the probe storage
221 in the first embodiment, but stores the probe type of the
ultrasound probe 2A.

[0065] The ultrasound diagnostic apparatus main body 1A
includes, for example, an operation inputter 11, a transmitter
12, a receiver 13, a signal processor 14, a transmitter power
source voltage controller 15, a power supplier 16, a display
17, a controller 18A, and a main body storage 19A.
[0066] The controller 18A is similar to the controller 18 in
the first embodiment, but stores an ultrasound image display
program, a second transmission voltage setting program for
executing second transmission voltage setting processing to
be described later, and the like in the ROM inside the
controller 18A.

[0067] The main body storage 19A is similar to the main
body storage 19 in the first embodiment, but a reference
transmission voltage table 50 to be described later is stored.
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[0068] Next, information stored in the ultrasound diagnos-
tic apparatus 100A will be described with reference to FIG.
6. FIG. 6 is a view showing the configuration of the
reference transmission voltage table 50.

[0069] The probe type as identification information of the
type of the ultrasound probe 2A is stored in the probe storage
221A which is included in the connector 220A of the
ultrasound probe 2A.

[0070] The reference transmission voltage table 50 is
stored in the main body storage 19A included in the ultra-
sound diagnostic apparatus main body 1A. The reference
transmission voltage table 50 has fields of the probe type 51,
the image mode 52 and the transmission frequency 53 as the
transmission conditions, the reference end voltage 54 as the
individual property information, and the reference transmis-
sion voltage 55. The probe type 51 is the probe type of at
least one type of the ultrasound probe which can be con-
nected to the ultrasound diagnostic apparatus main body 1A.
The image mode 52 is an image mode such as a B-mode and
a color Doppler mode which can be set in the ultrasound
image display processing. In a case where the ultrasound
image data of two types of image modes is combined, the
image mode 52 is the image modes before combination. The
transmission frequency 53 is the frequency of the transmis-
sion signal which can be set in the ultrasound image display
processing.

[0071] The reference end voltage 54 is the end voltage
which is a reference corresponding to the probe type 51, the
image mode 52 and the transmission frequency 53, and
applied to both ends of the oscillator 2a of the ultrasound
probe 2A. The actual end voltage applied to both ends of the
oscillator 2a is changed due to the variation of cable length
of the cable 3 or impedance of ultrasound probe 2A, time
degradation and the like even for the same probe type 51,
image mode 52, and transmission frequency 53. The refer-
ence end voltage 54 is the end voltage which is correspond-
ing to the reference cable length of the cable 3 or the
reference impedance of the ultrasound probe 2A and which
is a reference when the time degradation is not generated.
The reference transmission voltage 55 is a transmission
voltage which is corresponding to the probe type 51, the
image mode 52 and the transmission frequency 53, and
corresponding to the reference cable length of the cable 3 or
the reference impedance of the ultrasound probe 2A, and
which is a reference when the time degradation is not
generated. The reference transmission voltage 55 is a volt-
age which satisfies the standard value satisfying the safety
index such as MI, TI, and Ispta. 3, and is a highest possible
transmission voltage.

[0072] Next, with reference to FIG. 7. the operation of the
ultrasound diagnostic apparatus 100A will be described.
FIG. 7 is a flowchart showing second transmission voltage
setting processing.

[0073] Similarly to the first embodiment, the ultrasound
diagnostic apparatus 100A executes as needed the ultra-
sound image display processing. The controller 18A
executes the second transmission voltage setting processing
according to the second transmission voltage setting pro-
gram which is stored in the ROM, in response to a trigger of
start to execute the ultrasound image display processing,
change of the connected ultrasound probe 2 in the ultrasound
image display processing which is currently executed, or
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input to change the transmission condition performed from
the operator via the operation inputter 11, in the ultrasound
diagnostic apparatus 100A.

[0074] As shown in FIG. 7, first, step S21 is similar to step
S11 of first transmission voltage setting processing in FIG.
4. The controller 18A reads out the probe type of the
ultrasound probe 2A which is currently connected from the
probe storage 221 (step S22).

[0075] The controller 18A detects the end voltage applied
to both ends of the oscillator 2a by the voltage detector 211A
(step S23). The controller 18A refers to the reference trans-
mission voltage table 50 stored in the main body storage 19,
and reads out the reference end voltage 54 corresponding to
the probe type 51 which was read out in step S22, and the
image mode 52 and the transmission frequency 53 which
were obtained in step S21 (step S24).

[0076] The controller 18A calculates the correction
amount of the reference transmission voltage by using the
end voltage which was detected in step S23 and the refer-
ence end voltage which was read in step S24 (step S25).
Even if the transmission voltage is set to the value corre-
sponding to the reference end voltage, there is a concern that
the end voltage cannot be the reference end voltage due to
the variation of the cable length of the cable 3 or the
impedance of the ultrasound probe 2A, the time degradation,
and the like. Thus, in step S25, the correction amount of the
reference transmission voltage for setting the end voltage
applied to both ends of the oscillator to the reference end
voltage is calculated from the ratio of the end voltage to the
reference end voltage, for example.

[0077] The controller 18A corrects the reference transmis-
sion voltage, which was read out in step S24, with the
correction amount which was calculated in step S25, sets the
corrected reference transmission voltage as the transmission
voltage for the transmitter 12 (step S26). and ends the
second transmission voltage setting processing. In the sec-
ond transmission voltage setting processing, in a case where
the image mode requires combination of two types of
ultrasound image data, steps S21 to S26 are executed for the
two image modes before the combination.

[0078] As described above, according to the embodiment,
the ultrasound diagnostic apparatus 100A includes: an ultra-
sound probe 2A which transmits and receives ultrasound
waves to and from the subject; and an ultrasound diagnostic
apparatus main body 1A which is connected to the ultra-
sound probe 2A. The ultrasound probe 2A includes: a probe
storage 221A which stores the probe type of the ultrasound
probe 2A; and a voltage detector 211A which detects indi-
vidual property information indicating the individual prop-
erty of the ultrasound probe 2A. The ultrasound diagnostic
apparatus main body 1A includes a main body storage 19A
which stores the reference individual property information
associated with the probe type of the ultrasound probe. The
probe type of the ultrasound probe 2A is obtained from the
probe storage 221A, the reference individual property infor-
mation corresponding to the obtained probe type is obtained
from the main body storage 19A, the correction amount of
the reference transmission voltage is calculated from the
detected individual property information and the obtained
reference individual property information, and the reference
transmission voltage is corrected with the calculated correc-
tion amount and the corrected voltage is set as the trans-
mission voltage. Thus, by detecting the individual property
information of the ultrasound probe 2A and feeding back the
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detected information, the optimum transmission voltage can
be set and the image quality of the ultrasound image can be
improved regardless of the individual property of the ultra-
sound probe 2A.

[0079] The individual property information is the end
voltage applied to the oscillator 2a. Thus, it is possible to set
the optimum transmission voltage regardless of the variation
of the end voltage of the ultrasound probe 2A at the time of
manufacturing or the variation of the end voltage based on
the time degradation, and the like.

[0080] In the embodiment, the correction amount of the
transmission voltage is calculated to perform correction of
the transmission voltage, by using the end voltage applied to
both ends of the oscillator 2a as the detection target of the
ultrasound probe 2A. However, the present invention is not
limited to this. As the detection target of the ultrasound
probe 2A, the impedance of the ultrasound probe 2A includ-
ing the cable 3 may be used. In the configuration of detecting
the impedance of the ultrasound probe 2A, for example, the
ultrasound diagnostic apparatus main body 1A or the ultra-
sound probe 2A includes an impedance detector similar to
the detection circuit of the impedance analyzer, and the
impedance of the ultrasound probe 2A is detected by the
impedance detector. The correction amount of the reference
transmission voltage is calculated from the detected imped-
ance of the ultrasound probe 2A and the reference imped-
ance of the ultrasound probe 2A. Thus, the optimum trans-
mission voltage can be set regardless of the variation of the
impedance of the ultrasound probe 2A at the time of manu-
facturing and the variation of the impedance of the ultra-
sound probe 2A based on the time degradation and the like.
[0081] In the embodiment, the reference transmission
voltage table 50 has the reference end voltage 54. However,
the present invention is not limited to this. The reference
transmission voltage table 50 may not have the reference
end voltage 54 by assuming that the end voltage is equal to
the transmission voltage. In this configuration, in step S25 of
the second transmission voltage setting processing in FIG. 7,
the correction amount of the reference transmission voltage
is calculated from the end voltage which was detected in step
S23, and the reference transmission voltage which was read
out in step S24. For example, the correction amount of the
reference transmission voltage is calculated from the ratio of
the end voltage to the reference transmission voltage.
[0082] In the embodiment, the reference transmission
voltage table 50 is stored in the main body storage 19A. The
present invention is not limited to this. The reference trans-
mission voltage table 50 may be stored in the probe storage
221A. In this configuration, information regarding only the
ultrasound probe 2A which has the probe storage 221A to
store the reference transmission voltage table 50 is stored.
The probe type 51 may not be necessary. For example, the
ultrasound probe 2A of the ultrasound diagnostic apparatus
100A includes: the voltage detector 211A which detects the
individual property information (end voltage of oscillator
2a) indicating the individual property of the ultrasound
probe 2A; and the probe storage 221 A which stores, as the
reference transmission voltage table 50, the reference indi-
vidual property information that is a reference of the indi-
vidual property information of the ultrasound probe 2A, and
the reference transmission voltage. The ultrasound diagnos-
tic apparatus main body 1A obtains the reference individual
property information of the ultrasound probe 2A from the
probe storage 221A, calculates the correction amount of the
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reference transmission voltage from the detected individual
property information and the obtained reference individual
property information, corrects the reference transmission
voltage 55 with the calculated correction amount and sets
the corrected voltage as the transmission voltage. The indi-
vidual property information may be the impedance of the
ultrasound probe 2A. Thus, it is possible to set the optimum
transmission voltage regardless of the variation of the indi-
vidual property information of the ultrasound probe 2A at
the time of manufacturing and the variation of the individual
property information based on the time degradation and the
like.

[0083] The description of the above embodiments are
examples of the preferred ultrasound probe and the ultra-
sound diagnostic apparatus according to the present inven-
tion, and the present invention is not limited to this. For
example, all or a part of the above embodiments may be
combined as needed.

[0084] As for the detailed configurations and detailed
operations of the sections forming the ultrasound diagnostic
apparatuses 100, 100A in the embodiments, modifications
can be made as needed within the scope of the present
invention.

[0085] 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.

[0086] The entire disclosure of Japanese patent Applica-
tion No. 2018-136290, filed on 20, Jul. 2018, including
description, claims, drawings and abstract is incorporated
herein by reference in its entirety.

1. An ultrasound probe which transmits and receives
ultrasound waves, the ultrasound probe comprising a first
storage in which probe type information of the ultrasound
probe and individual property information indicating an
individual property of the ultrasound probe are stored.

2. The ultrasound probe according to claim 1, comprising
a cable for connection to an ultrasound diagnostic apparatus
main body which causes the ultrasound probe to transmit
and receive the ultrasound waves, wherein the individual
property information is a length of the cable.

3. The ultrasound probe according to claim 1, wherein the
individual property information is an impedance of the
ultrasound probe.

4. The ultrasound probe according to claim 1, comprising
an oscillator which transmits and receives the ultrasound
waves, wherein the individual property information is an
end voltage applied to the oscillator.

5. An ultrasound probe which transmits and receives
ultrasound waves, the ultrasound probe comprising a first
storage in which individual property information indicating
an individual property of the ultrasound probe and reference
individual property information that is a reference of the
individual property information of the ultrasound probe are
stored.

6. An ultrasound diagnostic apparatus, comprising:
the ultrasound probe according to claim 1; and

an ultrasound diagnostic apparatus main body to which
the ultrasound probe is connected, wherein
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the ultrasound diagnostic apparatus main body includes:
a second storage in which reference individual property
information associated with the probe type informa-
tion of the ultrasound probe is stored; and
a hardware processor which obtains the probe type
information and the individual property information
of the ultrasound probe from the first storage, obtains
the reference individual property information corre-
sponding to the obtained probe type information
from the second storage, calculates a correction
amount of a reference transmission voltage from the
individual property information and the reference
individual property information that are obtained,
and corrects the reference transmission voltage with
the calculated correction amount and sets the cor-
rected reference transmission voltage as a transmis-
sion voltage.

7. An ultrasound diagnostic apparatus, comprising;

an ultrasound probe which transmits and receives ultra-

sound waves;

an ultrasound diagnostic apparatus main body to which

the ultrasound probe is connected; and

a detector which detects individual property information

indicating an individual property of the ultrasound
probe, wherein

the ultrasound probe includes a first storage in which

probe type information of the ultrasound probe is
stored, and

the ultrasound diagnostic apparatus main body includes:

a second storage in which reference individual property
information associated with the probe type informa-
tion of the ultrasound probe is stored; and

a hardware processor which obtains the probe type infor-

mation of the ultrasound probe from the first storage,
obtains the reference individual property information
corresponding to the obtained probe type information
from the second storage, calculates a correction amount
of a reference transmission voltage from the detected
individual property information and the obtained ref-
erence individual property information, and corrects
the reference transmission voltage with the calculated
correction amount and sets the corrected reference
transmission voltage as a transmission voltage.

8. The ultrasound diagnostic apparatus according to claim
7, wherein the individual property information is an imped-
ance of the ultrasound probe.

9. The ultrasound diagnostic apparatus according to claim
7, wherein

the ultrasound probe includes an oscillator which trans-

mits and receives ultrasound waves, and

the individual property information is an end voltage

applied to the oscillator.

10. The ultrasound diagnostic apparatus according to
claim 6, wherein

the reference individual property information associated

with the probe type information of the ultrasound probe
and a transmission condition is stored in the second
storage, and

the hardware processor obtains the transmission condition

which is set, and obtains, from the second storage, the
reference individual property information correspond-
ing to the probe type information and the transmission
condition which are obtained.
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11. The ultrasound diagnostic apparatus according to
claim 10, wherein a transmission frequency is stored as the
transmission condition in the second storage.

12. An ultrasound diagnostic apparatus, comprising:

an ultrasound probe which transmits and receives ultra-

sound waves;

an ultrasound diagnostic apparatus main body to which

the ultrasound probe is connected; and

a detector which detects individual property information

indicating an individual property of the ultrasound
probe, wherein

the ultrasound probe includes a first storage in which

reference individual property information that is a
reference of the individual property information of the
ultrasound probe is stored, and

the ultrasound diagnostic apparatus main body includes a

hardware processor which obtains the reference indi-
vidual property information of the ultrasound probe
from the first storage, calculates a correction amount of
a reference transmission voltage from the detected
individual property information and the obtained ref-
erence individual property information, and corrects
the reference transmission voltage with the calculated
correction amount and sets the corrected reference
transmission voltage as a transmission voltage.

13. (canceled)

14. (canceled)

15. (canceled)
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