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(57) ABSTRACT

An ultrasound diagnosis apparatus includes: a hardware
processor which performs control of causing a display to
display an ultrasound image subjected to attenuation cor-
rection, based on a received signal and setting of the
attenuation correction, the attenuation correction correcting
strength of the received signal lowered due to attenuation of
ultrasound waves inside a subject based on a correction
amount according to a reflection depth of the ultrasound
waves inside the subject; and an input receiver which
receives an input operation that designates an adjustment
amount, wherein the hardware processor changes the setting
of the attenuation correction based on the adjustment
amount, and in the changing the setting of the attenuation
correction, sets the correction amount, for each of different
reflection depths, to an amount according to a product of the
adjustment amount and a predetermined weighting factor,
the predetermined weighting factor being set correspond-
ingly to each of the reflection depths.
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ULTRASOUND DIAGNOSIS APPARATTUS,
STORAGE MEDIUM, AND METHOD FOR
SETTING OF ATTENUATION CORRECTION

BACKGROUND

Technical Field

[0001] The present invention relates to an ultrasound
diagnosis apparatus, a storage medium, and a method for
setting of attenuation correction.

Description of the Related Art

[0002] Conventionally, there is an ultrasound diagnosis
apparatus which transmits ultrasound waves from an ultra-
sound probe into a subject, receives reflected waves of the
ultrasound waves, generates an ultrasound image reflecting
the internal structure of the subject by processing a received
signal obtained from the reflected waves, and causes a
display to display the ultrasound image. Such ultrasound
diagnosis apparatuses are used for human medical care as
noninvasive diagnosis apparatuses.

[0003] Ultrasound waves transmitted from an ultrasound
probe attenuate as the ultrasound waves go deeper into a
subject. Accordingly, the strength of a received signal
obtained by receiving reflected waves of the ultrasound
waves becomes lower as reflection depth, where the ultra-
sound waves are reflected, becomes greater (deeper). There-
fore, from an vltrasound image in B mode, in which the
strength of a received signal is converted into brightness for
display, it is difficult to make an accurate diagnosis due to
lowered visibility because the brightness is lower at portions
where reflection depth is greater.

[0004] On the other hand, an attenuation correction tech-
nology is known, which corrects the strength of a received
signal lowered due to attenuation of ultrasound waves by
making the gain of the received signal larger as the reflection
depth of ultrasound waves is greater (that is, time passing
from transmission until reception is longer), so as to uniform
brightness in an ultrasound image. This technology is also
referred to as TGC (Time Gain Compensation), STC (Sen-
sitivity Time Control), or the like.

[0005] Among such ultrasound diagnosis apparatuses
capable of attenuation correction, some are configured to
enable a user to individually adjust a gain in each depth
segment when an ultrasound image is segmented in a depth
direction into a plurality of depth segments. Common inter-
faces for such gain adjustment are a plurality of operation
keys, such as slide switches or rotation input keys, for gain
adjustment provided for the depth segments, respectively,
which are operated individually. An ultrasound diagnosis
apparatus provided with a touch panel on a display in place
of such physical operation keys is also known. In such
ultrasound diagnosis apparatus, a user can adjust a gain in
each depth segment by carrying out a touch operation on an
operation image for gain adjustment displayed on the dis-
play. For example, Japanese Patent Laid-Open No. 2006-
296978 discloses a technology which causes a screen to
display a coordinate area with a horizontal axis representing
gain and a vertical axis representing reflection depth, and
sets a gain in each depth segment based on the coordinates
of a locus of touch drawn by using a finger or the like in the
coordinate area.
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[0006] However, setting of attenuation correction by using
a plurality of physical operation keys is complicated for
users because it is necessary to individually operate the
operation keys for a plurality of depth segments, respec-
tively. In the technology disclosed in Japanese Patent Laid-
Open No. 2006-296978, although setting of attenuation
correction can be completed through a single touch opera-
tion that draws a locus of touch, it is not easy to draw a locus
of touch in such a manner that a gain corresponding to each
depth segment is accurately set as intended. If unintended
setting is made, a touch operation is required again, which
takes time and trouble.

[0007] As described above, the conventional technologies
have the problem that it is difficult to easily make desired
setting of attenuation correction.

[0008] Objects of the present invention are to provide an
ultrasound diagnosis apparatus which makes it possible to
more easily make desired setting of attenuation correction,
as well as to provide a storage medium and a method for
setting of attenuation correction.

[0009] To achieve at least one of the above-mentioned
objects, an ultrasound diagnosis apparatus reflecting an
aspect of the present invention is an ultrasound diagnosis
apparatus which causes a display to display an ultrasound
image based on a received signal, received by an ultrasound
probe, of ultrasound waves that are transmitted by the
ultrasound probe into a subject and reflected inside the
subject, including:

[0010] ahardware processor which performs control of
causing the display to display the ultrasound image
subjected to attenuation correction, based on the
received signal and setting of the attenuation correc-
tion, the attenuation correction correcting strength of
the received signal lowered due to attenuation of the
ultrasound waves inside the subject based on a correc-
tion amount according to a reflection depth of the
ultrasound waves inside the subject; and

[0011] an input receiver which receives an input opera-
tion that designates an adjustment amount related to the
setting of the attenuation correction,

[0012] wherein the hardware processor

[0013] changes the setting of the attenuation correction
based on the adjustment amount designated by the
input operation, and

[0014] in the changing the setting of the attenuation
correction, sets the correction amount, for each of a
plurality of the reflection depths that differ from each
other, to an amount according to a product of the
adjustment amount and a predetermined weighting
factor, the predetermined weighting factor being set
correspondingly to each of the plurality of reflection
depths.

[0015] To achieve at least one of the above-mentioned
objects, a non-transitory computer readable storage medium
reflecting another aspect of the present invention stores a
program causing a computer provided to an ultrasound
diagnosis apparatus which causes a display to display an
ultrasound image based on a received signal, received by an
ultrasound probe, of ultrasound waves that are transmitted
by the ultrasound probe into a subject and reflected inside
the subject, to perform:

[0016] control of causing the display to display the
ultrasound image subjected to attenuation correction,
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based on the received signal and setting of the attenu-
ation correction, the attenuation correction correcting
strength of the received signal lowered due to attenu-
ation of the ultrasound waves inside the subject based
on a correction amount according to a reflection depth
of the ultrasound waves inside the subject;

[0017] changing the setting of the attenuation correction
based on an adjustment amount related to the setting of
the attenuation correction, the adjustment amount being
designated by an input operation carried out on an input
receiver; and

[0018] in the changing the setting of the attenuation
correction, setting the correction amount, for each of a
plurality of the reflection depths that differ from each
other, to an amount according to a product of the
adjustment amount and a predetermined weighting
factor, the predetermined weighting factor being set
correspondingly to each of the plurality of reflection
depths.

[0019] To achieve at least one of the above-mentioned
objects, a method for setting of attenuation correction
reflecting still another aspect of the present invention is a
method for setting of attenuation correction in an ultrasound
diagnosis apparatus which causes a display to display an
ultrasound image based on a received signal, received by an
ultrasound probe, of ultrasound waves that are transmitted
by the ultrasound probe into a subject and reflected inside
the subject, including:

[0020] causing the display to display the ultrasound
image subjected to attenuation correction, based on the
received signal and setting of the attenuation correc-
tion, the attenuation correction correcting strength of
the received signal lowered due to attenuation of the
ultrasound waves inside the subject based on a correc-
tion amount according to a reflection depth of the
ultrasound waves inside the subject;

[0021] changing the setting of the attenuation correction
based on an adjustment amount related to the setting of
the attenuation correction, the adjustment amount being
designated by an input operation carried out on an input
receiver; and

[0022] in the changing the setting of the attenuation
correction, setting the correction amount, for each of a
plurality of the reflection depths that differ from each
other, to an amount according to a product of the
adjustment amount and a predetermined weighting
factor, the predetermined weighting factor being set
correspondingly to each of the plurality of reflection
depths.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The advantages and features provided by one or
more embodiments of the present invention will become
more fully understood from the detailed description of
embodiments given hereinbelow and the appended draw-
ings, which are not intended as a definition of the limits of
the present invention, wherein:

[0024] FIG. 1 shows a schematic configuration of an
ultrasound diagnosis apparatus;

[0025] FIG. 2 is a block diagram showing main functional
components of the ultrasound diagnosis apparatus;

[0026] FIG. 3 shows an example of an attenuation correc-
tion setting screen and an input receiver used for setting;
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[0027] FIG. 4A shows a state of setting of attenuation
correction when a first rotation input key is rotated;

[0028] FIG. 4B shows a state of setting of attenuation
correction when a second rotation input key is rotated;

[0029] FIG. 5 shows an example of the contents of weight-
ing factor data;
[0030] FIG. 6 shows another example of the contents of

the weighting factor data;
[0031] FIG. 7 is a flowchart showing a control procedure
of attenuation correction setting processing;

[0032] FIG. 8 shows a rotation input key according to
modification 1;
[0033] FIG. 9 shows an example of an attenuvation correc-

tion setting screen and an input receiver used for setting
according to modification 2;

[0034] FIG. 10 shows an example of an attenuation cor-
rection setting screen and an input receiver used for setting
according to modification 3;

[0035] FIG. 11 shows an example of the contents of
weighting factor data according to the modification 3;
[0036] FIG. 12 shows an example of an attenuation cor-
rection setting screen according to modification 4; and
[0037] FIG. 13 shows another example of the attenuation
correction sefting screen according to the modification 4.

DETAILED DESCRIPTION OF EMBODIMENTS

[0038] Hereinafter, one or more embodiments of an ultra-
sound diagnosis apparatus, a storage medium, and a method
for setting of attenuation correction according to the present
invention will be described with reference to the drawings.
However, the scope of the present invention is not limited to
the disclosed embodiments.

First Embodiment

[0039] FIG. 1 shows a schematic configuration of an
ultrasound diagnosis apparatus 1, which is a first embodi-
ment of the present invention.

[0040] FIG. 2 is a block diagram showing main functional
components of the ultrasound diagnosis apparatus 1.
[0041] As shown in FIG. 1, the ultrasound diagnosis
apparatus 1 includes an ultrasound diagnosis apparatus main
body 10 and an ultrasound probe 20 connected to the
ultrasound diagnosis apparatus main body 10 through a
cable 30. The ultrasound diagnosis apparatus main body 10
includes a hardware processor 100 (computer), an operation
input 18 including an operation table, an operation display
19 including a display 194 and a touch panel 194, and the
like. Among them, the operation input 18 and the touch
panel 195 are included in an “input receiver”.

[0042] The ultrasound diagnosis apparatus 1, under con-
trol of the hardware processor 100, outputs a drive signal to
the ultrasound probe 20 to cause the ultrasound probe 20 to
output ultrasound waves, based on an input operation carried
out by an operator on an input device, such as a push button,
a rotation input key, a slide switch, a toggle switch, a track
ball, a keyboard, or a mouse, provided to the operation input
18, or based on a touch operation carried out by an operator
on the touch panel 19 of the operation display 19. The
ultrasound diagnosis apparatus 1 also acquires a received
signal resulting from reception of ultrasound waves from the
ultrasound probe 20, performs various types of processing,
and causes the display 19a to display an ultrasound image or
the like based on the received signal.
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[0043] As shown in FIG. 2, the ultrasound diagnosis
apparatus main body 10 includes a controller 11, a trans-
mitter 12, a receiver 13, a transmission/reception switch 14,
a signal processor 15, a storage 16, an image processor 17,
the operation input 18, the operation display 19, and the like.
Among them, the controller 11, the signal processor 15, and
the image processor 17 are included in the “hardware
processor which performs control”, and the controller 11 is
included in the “hardware processor which changes the
setting”. Moreover, the controller 11, the transmitter 12, the
receiver 13, the transmission/reception switch 14, the signal
processor 15, the storage 16, and the image processor 17 are
included in the hardware processor 100.

[0044] The controller 11 includes a CPU 111 (Central
Processing Unit), a RAM 112 (Random Access Memory), an
HDD 113 (Hard Disk Drive) (non-transitory computer read-
able storage medium), and the like.

[0045] The CPU 111 reads a program 113a stored in the
HDD 113, develops the program 113« in the RAM 112, and
performs overall control of operations of each component of
the ultrasound diagnosis apparatus 1 in accordance with the
developed program 113a.

[0046] The RAM 112, which is a volatile memory such as
an SRAM or a DRAM, provides a work space on the
memory for the CPU 111 and stores transitory data.
[0047] The HDD 113 stores various types of setting data
and image files generated by the ultrasound diagnosis appa-
ratus 1, in addition to the above-mentioned program 113a.
The setting data includes information on setting of attenu-
ation correction, which will be described later, and weight-
ing factor data 1135 used to change the setting of attenuation
correction. Note that any of other various publicly known
data-writable storage devices, such as an SSD (Solid State
Drive), may be used in place of the HDD 113 (or in addition
to the HDD 113).

[0048] The transmitter 12 outputs a pulse signal (drive
signal) to be supplied to the ultrasound probe 20 in accor-
dance with a control signal input from the controller 11, and
causes the ultrasound probe 20 to generate ultrasound
waves. The transmitter 12 includes, for example, a clock
generation circuit, a pulse generation circuit, a pulse width
setter, and a delay circuit. The clock generation circuit is a
circuit which generates a clock signal that determines a
transmission timing and a transmission frequency of the
pulse signal. The pulse generation circuit is a circuit which
generates a bipolar rectangular-wave pulse with a preset
voltage amplitude at a predetermined cycle. The pulse width
setter sets a pulse width of the rectangular-wave pulse output
from the pulse generation circuit. Each rectangular-wave
pulse generated by the pulse generation circuit is branched
into different interconnection paths for individual oscillators
21 of the ultrasound probe 20 before or after the rectangular-
wave pulse is input to the pulse width setter. The delay
circuit is a circuit which delays outputting the generated
rectangular-wave pulse by a delay time period, which is set
for each of the interconnection paths, according to a timing
of transmitting to each oscillator 21.

[0049] The receiver 13, in accordance with control by the
controller 11, acquires a received signal input from the
ultrasound probe 20 and generates sound ray data (acoustic
ray data) based on the received signal. Here, the sound ray
data is data that is generated based on the received signal of
a series of reflected waves generated as a result of a one-time
transmission of ultrasound waves. Accordingly, the sound
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ray data includes information on reflection intensity (the
strength of the received signal) at each location in a depth
direction of a subject.

[0050] The receiver 13 includes, for example, an amplifier,
an A/D conversion circuit, and a phasing addition circuit.
The amplifier is a circuit which amplifies the received signal
corresponding to the ultrasound waves received by each
oscillator 21 of the ultrasound probe 20 at a predetermined
amplification factor, which is preset. The A/D conversion
circuit is a circuit which converts the amplified received
signal into digital data at a predetermined sampling fre-
quency. The phasing addition circuit is a circuit which
adjusts the time phase of the A/D converted received signal
by giving a delay time for each interconnection path corre-
sponding to each oscillator 21, respectively, and generates
the sound ray data by adding the adjusted time phases
(phasing addition).

[0051] The transmission/reception switch 14, based on
control by the controller 11, performs switching operation to
cause the transmitter 12 to transmit a drive signal to the
oscillators 21 when causing the oscillators 21 to oscillate
ultrasound waves, and to output the received signal to the
receiver 13 when acquiring a signal related to the ultrasound
waves emitted by the oscillators 21.

[0052] The signal processor 15 performs various types of
data processing on the sound ray data of the ultrasound
waves, for purposes of compressing a data amount, adjusting
the image quality of an ultrasound image, and the like. For
example, when an ultrasound image is displayed in B mode
or M mode, in which the strength of a received signal is
represented by brightness, the signal processor 15 performs
envelope detection processing, log compression processing,
and the like on the sound ray data, and converts the sound
ray data into data representing brightness values by per-
forming gain adjustment, dynamic range adjustment, and the
like. The sound ray data subjected to such processing
(hereinafter, also referred to as the processed sound ray data)
is output to the storage 16 and the image processor 17.
[0053] The storage 16 includes, for example, a volatile
memory such as a DRAM (Dynamic Random Access
Memory). Alternatively, any of various high-speed rewrit-
able non-volatile memories may be used in place of the
volatile memory (or in addition to the volatile memory).
[0054] The storage 16 stores the processed sound ray data
output from the signal processor 15 in units of frames of an
ultrasound image. The processed sound ray data stored in the
storage 16 is data for reproduction that is used in control for
reproducing and displaying part of ultrasound images dis-
played as a live moving picture, as a reproduced image. The
data for reproduction stored in the storage 16 is read and
output to the image processor 17 when necessary in accor-
dance with control by the controller 11.

[0055] Note that the storage 16 may be included in hard-
ware shared with the RAM 112. That is, the RAM 112 may
have the function of the storage 16. Moreover, part of the
above-mentioned data stored in the storage 16 may be stored
in the HDD 113.

[0056] The image processor 17 generates image data in a
format according to a display method of the display 19a by
performing predetermined image processing on the pro-
cessed sound ray data output from the signal processor 15 or
the storage 16.

[0057] The image processor 17 includes a DSC (Digital
Signal Converter), an image synthesizer, and the like.
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[0058] The DSC performs coordinate transformation,
pixel interpolation, frame rate adjustment, and the like on
frame data of the processed sound ray data, thereby con-
verting the frame data conforming to a coordinate system of
the received signal into frame data (image data) conforming
to a display coordinate system of the display 19a.

[0059] The image synthesizer combines image data of an
operation button, a body mark, and a scale to be displayed
on an ultrasound diagnosis screen including an ultrasound
image, with the image data of the ultrasound image, thereby
generating the synthesized image data.

[0060] Part or all of the functions of the controller 11, the
transmitter 12, the receiver 13, the transmission/reception
switch 14, the signal processor 15, the storage 16, and the
image processor 17 included in the hardware processor 100
as described above can be implemented by using hardware
circuits (integrated circuits) such as an ASIC (Application
Specific Integrated Circuit), an FPGA (Field Programmable
Gate Array), and a DSP (Digital Signal Processor). Two or
more of the functions of these components may be incor-
porated into a shared integrated circuit.

[0061] The operation input 18 includes physical operation
parts such as a push button, a rotation input key, a slide
switch, a toggle switch, a track ball, a keyboard, and a
mouse, and converts an input operation carried out by an
operator on any of the physical operation parts into an
operation signal and outputs the operation signal to the
controller 11.

[0062] The display 19a of the operation display 19
includes a display screen using any one of various display
methods such as an LCD (Liquid Crystal Display), an
organic EL (Flectro-Luminescence) display, an inorganic
EL display, a plasma display, and a CRT (Cathode Ray Tube)
display, and a driver of the display screen. The display 19a
generates a drive signal for the display screen (each display
pixel) according to a control signal output from the control-
ler 11 or image data generated by the image processor 17,
and displays on the display screen a menu and a status
related to ultrasound diagnosis, an operation button repre-
senting an object of a touch operation that is received
through the touch panel 195, and measurement data such as
an ultrasound image based on received ultrasound waves.

[0063] The touch panel 195 of the operation display 19 is
a capacitive touch panel overlaid on the display screen of the
display 19a. The touch panel 195 senses a touch (touch
operation) based on a change in capacitance between an
internal conductive layer and a surface that is caused by the
surface being touched by a fingertip or the like of an
operator, and outputs a signal indicating a location (coordi-
nates) where the touch is sensed, as an operation signal, to
the controller 11. Note that the method used for the touch
panel 195 is not limited to capacitive sensing, and any of
other methods such as resistive touch and electromagnetic
induction touch may also be used.

[0064] The operation input 18 and the operation display 19
may be provided on a housing of the ultrasound diagnosis
apparatus main body 10 in an integrated manner, or may be
provided externally and attached to the ultrasound diagnosis
apparatus main body 10 through a cable or the like. If an
operation input terminal and a display output terminal are
provided to the ultrasound diagnosis apparatus main body
10, conventional peripheral equipment for operation and for
display may be connected to such terminals and used.
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[0065] 1In FIG. 1, the operation input 18 and the operation
display 19 are provided separately. However, the operation
input 18 and the operation display 19 may be configured as
a single unit. For example, the various operation button,
track ball, and the like of the operation input 18 may be
provided on a housing of the operation display 19 including
the display 19a and the touch panel 195.

[0066] The ultrasound probe 20 oscillates ultrasound
waves (here, at approximately 1 to 30 MHz) and transmits
(emits) the ultrasound waves to a subject such as a living
body, and also functions as an acoustic sensor which
receives reflected waves (echoes) that are reflected ones of
the transmitted ultrasound waves inside the subject. The
ultrasound probe 20 includes an oscillator array 210 that is
an array of the plurality of oscillators 21 which transmit and
receive the ultrasound waves.

[0067] The oscillator array 210 is an array of the plurality
of oscillators 21, each of which includes a piezoelectric
device. The piezoelectric device includes a piezoelectric
material and electrodes provided at both ends of the piezo-
electric material, and electric charge occurs at the electrodes
due to deformation (expansion and contraction) of the
piezoelectric material. By supplying a voltage pulse (pulse
signal) to the oscillators 21, each piezoelectric material
deforms depending on an electric field occurring in each
piezoelectric material, whereby ultrasound waves are oscil-
lated. When ultrasound waves of a predetermined frequency
band enter the oscillators 21, a caused sound pressure
changes (oscillates) the thickness of each piezoelectric mate-
rial, whereby electric charge according to the changed
amount occurs at both ends of the piezoelectric material in
a thickness direction thereof, and electric charge in an
amount according to the occurring electric charge is induced
at the electrodes at both ends of the piezoelectric device. For
the piezoelectric material, a ferroelectric material is used
here.

[0068] In the ultrasound probe 20 in the present embodi-
ment, the oscillator array 210 includes 192 oscillators 21 that
are one-dimensionally arrayed in a predetermined oscillator
array direction. Alternatively, the oscillators 21 may be
two-dimensionally arrayed in such a manner that some are
arrayed also in a direction orthogonal to the oscillator array
direction. The number of the oscillators 21 can be set
arbitrarily. The ultrasound probe 20 in the present embodi-
ment transmits ultrasound waves from a set of consecutive
oscillators 21 (for example, 64 oscillators 21) of the 192
oscillators 21 based on a pulse signal from the transmitter
12. Fach time ultrasound waves are generated, a set of
oscillators 21 to transmit ultrasound waves is shifted by a
predetermined number of oscillators 21 in the oscillator
array direction, whereby scanning is performed in a scan-
ning direction SD parallel to the oscillator array direction.
Moreover, the ultrasound probe 20 used in the present
embodiment is of a convex electronic scanning type, in
which the range in a transmission direction of the ultrasound
waves transmitted at different timings forms a fan-like
shape. Note that for the ultrasound probe 20, any of various
electronic scanning methods, such as linear electronic scan-
ning and sector electronic scanning, and various mechanical
scanning methods, such as linear scanning, sector scanning,
arc scanning, and radial scanning, may be adopted. The
bandwidth of a received frequency of ultrasound waves at
the ultrasound probe 20 can be set arbitrarily.
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[0069] The ultrasound diagnosis apparatus 1 can be con-
figured such that any of a plurality of different ultrasound
probes 20 can be connected to the ultrasound diagnosis
apparatus main body 10 and used, depending on a subject of
diagnosis.

[0070] The cable 30 includes, at one end thereof, a con-
nector (not shown) to connect to the ultrasound diagnosis
apparatus main body 10. The ultrasound probe 20 is con-
figured to be attachable to and detachable from the ultra-
sound diagnosis apparatus main body 10 through the cable
30.

[0071] Next, a description will be given of various opera-
tions related to setting of attenuation correction performed
by the ultrasound diagnosis apparatus 1 of the present
embodiment.

[0072] As described above, ultrasound waves transmitted
from the ultrasound probe attenuate as the ultrasound waves
go deeper into a subject. The strength of a received signal
obtained by receiving reflected waves of the ultrasound
waves becomes lower as the depth of a location where the
ultrasound waves are reflected (reflection depth) inside the
subject becomes greater (deeper). Therefore, from an ultra-
sound image in B mode, in which the strength of a received
signal is converted into brightness for display, it is difficult
to make an accurate diagnosis due to lowered visibility
because the brightness is lower at portions where reflection
depth inside a subject is greater.

[0073] Accordingly, the ultrasound diagnosis apparatus 1
of the present embodiment displays an ultrasound image
after performing attenuation correction (TGC or STC) that
corrects the strength of a received signal lowered due to
attenuation of ultrasound waves by making the gain (cor-
rection amount) of a received signal larger as the reflection
depth of ultrasound waves is greater (that is, time passing
from transmission until reception is longer), so as to uniform
brightness in the ultrasound image.

[0074] Specifically, in the ultrasound diagnosis apparatus
1, as setting of attenuation correction, a gain of a received
signal is set for each of a plurality of depth segments D (for
example, depth segments D1 to D8 in FIG. 3), which are
obtained by segmenting an ultrasound image in the depth
direction. When an ultrasound image is displayed, the signal
processor 15 performs processing for amplifying each part
of sound ray data by using the gains based on the above-
mentioned setting of attenuation correction. That is, the
signal processor 15 generates processed sound ray data by
amplifying each part of sound ray data output from the
receiver 13 by using one of the gains corresponding to a
reflection depth of the ultrasound waves corresponding to
the part (that is, by correcting each part with a correction
amount according to a reflection depth). The processed
sound ray data is converted into image data by the image
processor 17, and an ultrasound image is displayed, whereby
the ultrasound image subjected to appropriate attenuation
correction can be displayed.

[0075] In the ultrasound diagnosis apparatus 1 of the
present embodiment, the setting of attenuation correction
can be changed by a user. Hereinafter, operations related to
such changing of the setting of attenuation correction will be
described.

[0076] FIG. 3 shows an example of an attenuation correc-
tion setting screen and an input receiver used for setting.
FIG. 3 depicts an attenuation correction setting screen,
which is displayed on the display 19a. and a first rotation
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input key 51 (first input operation receiver) and a second
rotation input key 52 (second input operation receiver) of the
operation input 18, which are used for setting of attenuation
correction. The setting screen is displayed when a predeter-
mined input operation that requests a change in the setting
of attenuation correction is carried out by a user on the
operation input 18 or the touch panel 195.

[0077] Inthe setting screen shown in FIG. 3, an ultrasound
image 41, slider bars 42a to 42/ (correction amount images)
(hereinafter, also referred to as the slider bars 42 if no
distinction is made from each other), and a gain distribution
image 43.

[0078] The ultrasound image 41 may be a live moving
picture, in which ultrasound images are sequentially updated
based on new received signals while scanning with ultra-
sound waves is performed, or may be a still image obtained
by freezing (stopping) a live moving picture. In the follow-
ing description, eight segments obtained by dividing the
ultrasound image 41 into eight equal parts in the depth
direction will be referred to as the depth segments D1 to D8
in order starting from a shallowest one.

[0079] The slider bars 42a to 42/ are displayed at loca-
tions corresponding to the depth segments D1 to D8, respec-
tively. On each slider bar 42, a knob 421 is moved rightward
or leftward along a rail 422 in a state where a user keeps a
touch operation with a finger or the like on the knob 421, and
the touch operation is stopped at a desired location, whereby
an adjustment amount corresponding to the location of the
moved knob 421 can be input. Here, when an operation is
carried out on any one of the slider bars 42, a gain in a depth
segment D corresponding to the operated slider bar 42 is
changed according to the operation. That is, it is possible to
individually adjust a gain in a specified depth segment D
through a slider bar 42.

[0080] The gainin each depth segment D set by using each
slider bar 42 is a gain at a representative reflection depth in
the depth segment D, which can be, for example, a gain at
a middle of the depth segment D in the depth direction. A
gain at each reflection depth other than the representative
reflection depth in each depth segment D can be set by
calculation through linear interpolation or curve approxima-
tion.

[0081] In the gain distribution image 43, a gain distribu-
tion graph is displayed, with a vertical axis representing
reflection depth and a horizontal axis representing the gain
of a received signal. In FIG. 3, since gains in the depth
segments D1 to D8 are not adjusted, a graph with uniform
gains at all the reflection depths is shown.

[0082] The ultrasound diagnosis apparatus 1 of the present
embodiment is configured such that, in addition to indi-
vidual detailed gain adjustment in each depth segments D
performed by using the slider bars 42, rough gain adjustment
across two or more of the depth segments D can be per-
formed by using the first rotation input key 51 and the
second rotation input key 52.

[0083] FIG. 4A shows a state of setting of attenuation
correction when the first rotation input key 51 is rotated from
the state shown in FIG. 3.

[0084] As shown in FIG. 4A, the knobs 421 of the slider
bars 42a to 42g move rightward in conjunction with a
clockwise rotation of the first rotation input key 51, whereby
settings of gains at reflection depths corresponding to the
multiple adjacent depth segments D1 to D7 are changed at
a time. In accordance with the changes in the gains, the gain
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distribution graph in the gain distribution image 43 is
updated. If a live moving picture is displayed in the ultra-
sound image 41, a live moving picture is displayed using
ultrasound images subjected to attenuation correction based
on the changed gains.

[0085] Here, the amounts of the changes in the gains in the
depth segments D1 to D7 (the amounts of the movements of
the knobs 421 of the slider bars 424 to 42¢) according to the
rotation of the first rotation input key 51 have a largest
amount in the shallowest depth segment D1 (first depth
segment), gradually decrease as the depth becomes greater,
and have a smallest amount in the depth segment D7. Note
that a gain in the depth segment D8 is not changed by a
rotation of the first rotation input key 51.

[0086] FIG. 4B shows a state of setting of attenuation
correction when the second rotation input key 52 is rotated
from the state shown in FIG. 3.

[0087] As shown in FIG. 4B, the knobs 421 of the slider
bars 425 to 42/ move rightward in conjunction with a
clockwise rotation of the second rotation input key 52,
whereby settings of gains at reflection depths corresponding
to the multiple adjacent depth segments D2 to D8 are
changed at a time. In accordance with the changes in the
gains, the gain distribution graph in the gain distribution
image 43 is updated.

[0088] Here, the amounts of the changes in the gains in the
depth segments D2 to D8 (the amounts of the movements of
the knobs 421 of the slider bars 425 to 42%) according to the
rotation of the second rotation input key 52 have a largest
amount in the deepest depth segment D8 (second depth
segment), gradually decrease as the depth becomes less, and
have a smallest amount in the depth segment D2. A gain in
the depth segment D1 is not changed by a rotation of the
second rotation input key 52.

[0089] Processing for changing gains with weights
according to reflection depths as described above is per-
formed as follows. That is, when an input operation of
rotating the first rotation input key 51 or the second rotation
input key 52 is carried out, an adjustment amount for setting
of attenuation correction is input (designated) depending on
the amount of the rotation. When the adjustment amount is
designated, a gain in each of the multiple depth segments D
is individually set to an amount according to a product of the
designated adjustment amount and a weighting factor cor-
responding to a reflection depth corresponding to the depth
segment D. The content of each slider bar 42 is changed to
a content indicating the corresponding correction amount set
according to the above-mentioned input operation.

[0090] FIG. 5 shows an example of the contents of the
weighting factor data 1135, which is used to change gains
through the first rotation input key 51 and the second
rotation input key 52.

[0091] In the weighting factor data 1135, a combination of
weighting factors (weighting factor information In) corre-
sponding to the depth segments D1 to D8, respectively, is set
for each of the first rotation input key 51 and the second
rotation input key 52. Of the weighting factor data 1135 in
FIG. 5, data related to the weighting factors associated with
the first rotation input key 51 is included in first weighting
factor information, and data related to the weighting factors
associated with the second rotation input key 52 is included
in second weighting factor information.

[0092] When an input operation of rotating the first rota-
tion input key 51 or the second rotation input key 52 is
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carried out, an adjustment amount designated by the amount
of the rotation is multiplied by the above-mentioned weight-
ing factors, whereby a changed gain in each depth segment
D is calculated and set. The respective displayed contents of
the slider bars 42a to 42/ are changed based on values of the
calculated gains, and the gain distribution graph in the gain
distribution image 43 is updated.

[0093] Note that the amount of a change in each gain may
be a resultant of multiplying a product of the adjustment
amount based on the rotation input and a corresponding
weighting factor by a predetermined constant. That is, the
weighting factors may be values proportional to the amounts
of changes in gains.

[0094] In the foregoing, an example is described in a case
where the first rotation input key 51 and the second rotation
input key 52 are rotated clockwise. However, when the first
rotation input key 51 and the second rotation input key 52
are rotated counterclockwise, the knobs 421 of the slider
bars 42a to 42 move leftward by respective amounts
corresponding to the above-mentioned weighting factors
corresponding to the reflection depths, and in response, a
gain in each depth segment D is changed to decrease.
[0095] As described above, gains mainly in depth seg-
ments D with smaller reflection depths can be changed at a
time by using the first rotation input key 51, and gains
mainly in depth segments D with greater reflection depths
can be changed at a time by using the second rotation input
key 52. Moreover, gain adjustment using the first rotation
input key 51 and gain adjustment using the second rotation
input key 52 can be combined. After gain adjustment is
performed by using the first rotation input key 51 and the
second rotation input key 52, individual gain adjustment can
also be performed for each depth segment D by using the
slider bars 42a to 42h.

[0096] A plurality of sets of the weighting factor informa-
tion In associated with the first rotation input key 51 and a
plurality of sets of the weighting factor information In
associated with the second rotation input key 52 may be
prepared correspondingly to various types of diagnosis
settings of the ultrasound diagnosis apparatus 1, and weight-
ing factor information In corresponding to a current diag-
nosis setting may be selected and used for setting of attenu-
ation correction.

[0097] Forexample, as shown in FIG. 6, a plurality of sets
of weighting factor information In may be prepared before-
hand correspondingly to depth settings of an ultrasound
image (that is, settings of the range, in the depth direction,
of parts of a subject to be displayed as an ultrasound image,
which are shown as depth settings A, B, and C in FIG. 6),
and setting of attenuation correction may be changed based
on weighting factor information In corresponding to the
depth setting of a ultrasound image to be displayed.
[0098] In the depth settings shown in FIG. 6, it is assumed
that a greatest reflection depth included in an ultrasound
image in the depth setting B is greater than that of the depth
setting A, and that a greatest reflection depth included in an
ultrasound image in the depth setting C is greater than that
of the depth setting B. In this case, the number of depth
segments D in which gains are adjusted according to a
rotation of the first rotation input key 51 is reduced in the
order of the depth settings A, B, C as shown in FIG. 6,
whereby when depth settings are changed, gain settings in a
same diagnosis area of a subject can avoid greatly varying.
For example, in a case where an affected part displayed in
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the depth segment D7 in the depth setting A is displayed in
the depth segment D6 in the depth setting B and is displayed
in the depth segment D5 in the depth setting C, a weighting
factor corresponding to the depth segment D7 in the depth
setting A, a weighting factor corresponding to the depth
segment D6 in the depth setting B, and a weighting factor
corresponding to the depth segment D5 in the depth setting
C are uniformly set to “1” as shown in FIG. 6, whereby even
if depth settings are changed, the sensitivity of gain adjust-
ment at the location of the affected part according to a
rotation operation on the first rotation input key 51 can be
made constant. Thus, a gain at a diagnosis site can be
adjusted to a desired state through an intuitional input
operation.

[0099] Similarly, a plurality of sets of weighting factor
information In may be generated beforehand correspond-
ingly to a plurality of ultrasound probes 20 of different types,
and setting of attenuation correction may be changed based
on weighting factor information In corresponding to the type
of an ultrasound probe 20 currently used.

[0100] A plurality of sets of weighting factor information
In may also be generated beforehand correspondingly to a
plurality of different diagnosis sites (finger, elbow, shoulder,
knee, ankle, toe, head, neck, abdomen, mammary gland,
thyroid gland, heart, fetus, and the like) of a subject, and
setting of attenuation correction may be changed based on
weighting factor information In corresponding to a diagnosis
site to be diagnosed.

[0101] Next, a description will be given of a control
procedure performed by the controller 11. of processing
related to setting of attenuation correction.

[0102] FIG. 7 is a flowchart showing a control procedure
of attenuation correction setting processing.

[0103] When the attenuation correction setting processing
is started, the hardware processor 100 acquires weighting
factor information In corresponding to a current diagnosis
setting of the ultrasound diagnosis apparatus 1 from the
weighting factor data 1135 (step S101).

[0104] Subsequently, the hardware processor 100 deter-
mines whether or not an input operation of rotating the first
rotation input key 51 or the second rotation input key 52 is
carried out (step S102). When determining that such an input
operation is carried out (“YES” in step S102), the hardware
processor 100 calculates a corrected gain for each of the
depth segments D1 to D8 by multiplying an adjustment
amount designated by the input operation by the weighting
factors acquired in step S101 (step S103). The hardware
processor 100 updates setting of attenuation correction
based on the values of the corrected gains and stores the
setting of attenuation correction in the HDD 113.

[0105] When the processing in step S103 is completed, or
when it is determined in step S102 that an input operation of
rotating the first rotation input key 51 or the second rotation
input key 52 is not carried out (“NO” in step S102), the
hardware processor 100 determines whether or not a touch
operation on any of the slider bars 42 is carried out (step
S104). When such a touch operation is carried out (“YES”
in step S104), the hardware processor 100 changes a gain
setting in a corresponding depth segment D according to the
indication of the touch operation (step S105).

[0106] When the processing in step S105 is completed, or
when it is determined in step S104 that a touch operation on
any of the slider bars 42 is not carried out (“NO” in step
S104), the hardware processor 100 determines whether or
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not a predetermined operation to complete setting of attenu-
ation correction is cartied out (step S106). When determin-
ing that such an operation is not carried out (“NO” in step
S106), the hardware processor 100 moves processing to step
S102. When determining that such an input operation is
carried out (“YES” in step S106), the hardware processor
100 terminates the attenuation correction setting processing.

[0107] Next, various modifications of the above-described
embodiment will be described. The modifications are related
to variations of the input receiver used to input adjustment
values in setting of attenuation correction, and the others are
similar to those of the above-described embodiment. Here-
inafter, differences from the above-described embodiment
will be described.

Modification 1

[0108] Modification 1 is different from the above-de-
scribed embodiment in that the functions of the first rotation
input key 51 and the second rotation input key 52 are
implemented with a single rotation input key 50.

[0109] FIG. 8 shows the rotation input key 50 according to
the modification 1.

[0110] The amount of protrusion of the rotation input key
50 from an operation plane of the operation input 18 can be
adjusted to two states. The rotation input key 50 is a push
and rotate key on which a rotation operation can be carried
out in each one of the states. That is, by pushing down a
circular upper portion of the rotation input key 50 in a first
state in FIG. 8, the rotation input key 50 can be shifted to a
second state in which the amount of protrusion from the
operation plane is relatively small. Moreover, by pushing
down the upper portion of the rotation input key 50 in the
second state, an internal lock defining the height of the
rotation input key 50 in the second state is released, and the
rotation input key 50 can be shifted to the first state.

[0111] The rotation input key 50 in the first state operates
in a first input mode, and the rotation input key 50 in the
second state operates in a second input mode. Here, the
rotation input key 50 in the first input mode has the same
function as the first rotation input key 51 in the above-
described embodiment, and the rotation input key 50 in the
second input mode has the same function as the second
rotation input key 52 in the above-described embodiment.
That is, by bringing the rotation input key 50 in the first state
and carrying out a rotation operation thereon, gains mainly
in depth segments D with smaller reflection depths can be
changed at a time, and by bringing the rotation input key 50
in the second state and carrying out a rotation operation
thereon, gains mainly in depth segments D with greater
reflection depths can be changed at a time.

[0112] Note that in FIG. 8, a description is given by using
an example in which the input modes of the rotation input
key 50 are changed in two stages, the first state and the
second state. However, the example is not intended as
limitation. Input modes can be changed in three or more
stages depending on a pushed amount. For example, a
rotation input key 50 may be used, which can be changed to
a third state (third input mode) in which the height of the
rotation input key 50 is lower than in the second state, in
addition to the first state (first input mode) and the second
state (second input mode), and is configured to circulate
among the three states in such a manner as to be changed to
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the first state, the second state, the third state, the first state,
and so on each time the rotation input key 50 is pushed
down.

[0113] In the rotation input key 50 of the present modifi-
cation, an operation of pushing the rotation input key 50 to
shift the rotation input key 50 between the first state and the
second state corresponds to an input mode designation
operation that designates an input mode, and an input
operation of rotating the rotation input key 50 corresponds
to an input operation that designates an adjustment amount
for setting of attenuation correction.

Modification 2

[0114] FIG. 9 shows an example of an attenuation correc-
tion setting screen and an input receiver used for setting
according to modification 2.

[0115] In the present modification, in addition to the first
rotation input key 51 and the second rotation input key 52,
a third rotation input key 53 (third input operation receiver)
is provided to the operation input 18. FIG. 9 shows a state
of setting of attenuation correction in a case where the third
rotation input key 53 is rotated from a state where gains in
all the depth segments D are unadjusted. In weighting factor
information In (third weighting factor information) (not
shown) associated with the third rotation input key 53,
weighting factors are set such that weighting factors corre-
sponding to the depth segments D4 and D5 (third depth
segment) are largest, and the weighting factors decrease
from the depth segment D4 toward the depth segment D1
and also decrease from the depth segment D5 toward the
depth segment D8. Weighting factors corresponding to the
depth segments D1, D2, D7, and D8 are negative values.
Accordingly, as shown in the gain distribution image 43 in
FIG. 9, when the third rotation input key 53 is rotated, gains
in the depth segments D3 to D6 increase, while gains in the
depth segments D1, D2, D7, and D8 decrease.

[0116] By combining the third rotation input key 53 as
described above with the first rotation input key 51 and the
second rotation input key 52, setting of attenuation correc-
tion can be adjusted more flexibly.

Modification 3

[0117] FIG. 10 shows an example of an attenuation cor-
rection setting screen and an input receiver used for setting
according to modification 3. As shown in FIG. 10, rotation
input keys 541 to 548 (input operation receivers) corre-
sponding to the depth segments D1 to D8, respectively, are
provided to the operation input 18 in the present modifica-
tion.

[0118] FIG. 11 shows an example of the contents of
weighting factor data according to the modification 3. As
shown in FIG. 11, in weighting factor information In asso-
ciated with each of the rotation input keys 541 to 548, a
largest weighting factor (10) is assigned to a depth segment
D corresponding to the rotation input key. The rotation input
keys 541 to 548 are provided in this manner, whereby while
a gain in a target depth segment D is mainly adjusted, gains
in multiple depth segments D adjacent to the target depth
segment D can also be adjusted conjunctionally. Accord-
ingly, desired setting of attenuation correction can be made
more easily.

Jul. 18,2019

Modification 4

[0119] FIGS. 12 and 13 show examples of an attenuation
correction setting screen according to modification 4. In the
setting screen shown in FIG. 12, in addition to the contents
of the setting screen shown in FIG. 3, a first slider bar 441
and a second slider bar 442 (operation object images) are
displayed. By carrying out a touch operation on the first
slider bar 441 of these slider bars, an adjustment value to
change gains mainly in depth segments D with smaller
reflection depths at a time can be input, similarly to the first
rotation input key 51 in the above-described embodiment.
By carrying out a touch operation on the second slider bar
442, an adjustment value to change gains mainly in depth
segments D with greater reflection depths at a time can be
input, similarly to the second rotation input key 52. Accord-
ingly, in the example shown in FIG. 12, setting of attenua-
tion correction as in above-described embodiment can be
performed, without using the physical operation parts pro-
vided to the operation input 18.

[0120] In the setting screen shown in FIG. 13, in place of
the first slider bar 441 and the second slider bar 442, a single
slider bar 443 (operation object image) and a changing
switch 444 for changing functions (input modes) of the
slider bar 443 are displayed.

[0121] As shown in FIG. 13, the slider bar 443 operates
with the same function as the first slider bar 441 in FIG. 12
(that is, the same function as the first rotation input key 51)
in a state where the changing switch 444 is turned to a
smaller-depth side (toward the top of the figure). On the
other hand, the slider bar 443 operates with the same
function as the second slider bar 442 in FIG. 12 (that is, the
same function as the second rotation input key 52) in a state
where the changing switch 444 is turned to a greater-depth
side (toward the bottom of the figure). With the configura-
tion of the operation buttons as described above, setting of
attenuation correction similar to that shown in FIG. 12 can
be performed.

[0122] Note that it is also possible that an adjustment key
having the same function as the push and rotate key shown
in the modification 1 (FIG. 8) is displayed on the display
screen, and touch operations on the touch panel 196 are
received as input operations corresponding to a push and a
rotation of the push and rotate key.

[0123] As described above, the ultrasound diagnosis appa-
ratus 1 according to the present embodiment is an ultrasound
diagnosis apparatus 1 which causes the display 19a to
display the ultrasound image 41 based on a received signal,
received by the ultrasound probe 20, of ultrasound waves
that are transmitted by the ultrasound probe 20 into a subject
and reflected inside the subject, including: the hardware
processor 100 which performs control of causing the display
19a to display the ultrasound image 41 subjected to attenu-
ation correction, based on the received signal and setting of
the attenuation correction, the attenuation correction cor-
recting strength of the received signal lowered due to
attenuation of the ultrasound waves inside the subject based
on a gain (correction amount) according to a reflection depth
of the ultrasound waves inside the subject; and the first
rotation input key 51 and the second rotation input key 52 as
an input receiver which receive an input operation that
designates an adjustment amount related to the setting of the
attenuation correction, wherein the hardware processor 100
changes the setting of the attenuation correction based on the
adjustment amount designated by the input operation, and in
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the changing the setting of the attenuation correction, sets
the correction amount for each of a plurality of the reflection
depths that differ from each other, to an amount according to
a product of the adjustment amount and a predetermined
weighting factor, the predetermined weighting factor being
set correspondingly to each of the plurality of reflection
depths.

[0124] According to such a configuration, gains at the
plurality of reflection depths can be changed at a time with
weights according to the reflection depths, through simple
input operations of rotating the first rotation input key 51 and
the second rotation input key 52. By appropriately setting a
weighting factor corresponding to each of the reflection
depths, the sensitivity of a change in the gain at each of the
plurality of reflection depths can be adjusted to desired
sensitivity when the first rotation input key 51 and the
second rotation input key 52 are rotated. Hence, according
to the above-mentioned configuration, it is possible to more
easily make desired setting of attenuation correction.

[0125] The hardware processor 100 sets the correction
amount for the reflection depth in each of two or more
adjacent ones of the plurality of depth segments D obtained
by segmenting the ultrasound image 41 in a depth direction,
based on weighting factor information In in which the
weighting factors are set and associated with the plurality of
depth segments D, respectively. Thus, gains in two or more
depth segments D can be changed at a time with weights
according to the reflection depths of the depth segments D,
through simple input operations of rotating the first rotation
input key 51 and the second rotation input key 52. Accord-
ingly, in comparison with conventional technologies that
adjust a gain in each depth segment D by using different
slide switches or the like, it is possible to more easily make
desired setting of attenuation correction.

[0126] The input receiver includes the first rotation input
key 51 and the second rotation input key 52, each of which
individually receives the input operation that designates the
adjustment amount, and the hardware processor 100 sets the
correction amount based on the weighting factor information
In corresponding to one of the rotation input keys that
receives the input operation, among sets of the weighting
factor information In that differ from each other and are
associated with the first rotation input key 51 and the second
rotation input key 52, respectively. Thus, gains in the
plurality of depth segments D can be changed at a time by
using each of the first rotation input key 51 and the second
rotation input key 52, to render different gain distributions.
Accordingly, it is possible to more flexibly adjust a gain in
each of the depth segments D.

[0127] The input receiver includes: the first rotation input
key 51 (first input operation receiver) associated with first
weighting factor information In, in which the weighing
factor corresponding to the depth segment D1 (first depth
segment) is set to be largest, and the second rotation input
key 52 (second input operation receiver) associated with
second weighting factor information In, in which the weigh-
ing factor corresponding to the depth segment D8 (second
depth segment) that is deeper than the depth segment D1 is
set to be largest. Thus, gains mainly in depth segments D
with smaller reflection depths can be changed at a time by
using the first rotation input key 51, and gains mainly in
depth segments D with greater reflection depths can be
changed at a time by using the second rotation input key 52.
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[0128] In the ultrasound diagnosis apparatus 1 according
to the modification 2, the input receiver further includes the
third rotation input key 53 (third input operation receiver)
associated with third weighting factor information In, in
which the weighting factors corresponding to the depth
segments D4 and D5 (third depth segment) that are deeper
than the depth segment D1 and shallower than the depth
segment D8 are set to be largest. Thus, gains mainly in depth
segments D corresponding to middle reflection depths can
be changed at a time by using the third rotation input key 53.
Accordingly, it is possible to more flexibly adjust a gain in
each of the depth segments D.

[0129] In the ultrasound diagnosis apparatus 1 according
to modification 3, the input receiver includes the rotation
input keys 541 to 548 that correspond to the depth segments
D1 to D8, respectively, and in the weighting factor infor-
mation In associated with each of the rotation input keys 541
to 548, a largest weighting factor is associated with the depth
segment D corresponding to each rotation input key. Thus,
while a gain in a target depth segment D is mainly adjusted,
gains in a plurality of depth segments D adjacent to the target
depth segment D can also be adjusted conjunctionally.
Accordingly, it is possible to more easily and more flexibly
make desired setting of the attenuation correction.

[0130] In the ultrasound diagnosis apparatus 1 according
to the modification 1, the rotation input key 50 as the input
receiver operates in a plurality of input modes, in each of
which the rotation input key 50 receives the input operation
that designates the adjustment amount, and receives a push
operation (input mode designation operation) that designates
any one of the plurality of input modes and a rotation
operation (input operation) that designates the adjustment
amount in the designated input mode, and the hardware
processor 100 sets the correction amount based on the
weighting factor information In corresponding to the input
mode in which the input operation is received, among sets
of the weighting factor information In that differ from each
other and are associated with the plurality of input modes,
respectively. Thus, gains in the plurality of depth segments
D can be changed according to an input operation in each of
the input modes, to render different gain distributions.
Accordingly, it is possible to more flexibly adjust a gain in
each of the depth segments D.

[0131] The rotation input key 50 is configured as a push
and rotate key which receives the input mode designation
operation depending on a pushed amount, and receives the
input operation depending on a rotated amount, whereby 1t
is possible to receive both of the input mode designation
operation and the input operation by using a single operation
key. Thus, since the number of operation keys of the
operation input 18 can be reduced, it is possible to downsize
the operation input 18 and to achieve lower cost.

[0132] Thehardware processor 100 causes the display 19a
to display the plurality of slider bars 42 that correspond to
the plurality of depth segments D, respectively, and show the
correction amount in each of the plurality of depth segments
D, respectively, and when the input operation is carried out,
changes the plurality of slider bars 42 to have contents
indicating correction amounts set according to the input
operation. Thus, it is possible to easily and visually grasp the
contents of at-a-time changes in gains made through the
input operations on the first rotation input key 51 and the
second rotation input key 52.
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[0133] When an operation is carried out on any of the
plurality of slider bars 42 on the display 19, the hardware
processor 100 changes the correction amount in the depth
segment D corresponding to the slider bar 42 on which the
operation is carried out, according to the operation. Thus, it
is possible to easily make fine adjustment to each of gains
after at-a-time changes made through the input operations on
the first rotation input key 51 and the second rotation input
key 52, for each depth segment D.

[0134] The hardware processor 100 changes the setting of
the attenuation correction, based on the weighting factor
information In corresponding to one of depth settings of the
ultrasound image 41 to be displayed, among a plurality of
sets of the weighting factor information In that are generated
beforehand correspondingly to the depth settings of the
ultrasound image 41, respectively. Thus, gains in the plu-
rality of depth segments D can be changed at a time with
optimal weights for the depth setting of the ultrasound image
41. For example, when depth settings are changed, gain
settings in a same diagnosis area of a subject can avoid
greatly varying. It is possible to adjust a gain in a diagnosis
site to a desired state through an intuitional input operation.
[0135] The hardware processor 100 changes the setting of
the attenuation correction, based on the weighting factor
information In corresponding to a type of the ultrasound
probe 20 currently used, among a plurality of sets of the
weighting factor information In that are generated before-
hand correspondingly to a plurality of the ultrasound probes
20 of different types, respectively. Thus, gains in the plu-
rality of depth segments D can be changed at a time with
optimal weights for the ultrasound probe 20 currently used.
[0136] The hardware processor 100 changes the setting of
the attenuation correction, based on the weighting factor
information In corresponding to a diagnosis site to be
diagnosed, among a plurality of sets of the weighting factor
information In that are generated beforehand correspond-
ingly to a plurality of different diagnosis sites of a subject,
respectively. Thus, gains in the plurality of depth segments
D can be changed at a time with optimal weights for the
diagnosis site to be diagnosed.

[0137] In the ultrasound diagnosis apparatus 1 according
to modification 4, the hardware processor 100 causes the
display 19a to display a first slider bar 441 and a second
slider bar 442 (operation object images) that represent
objects of the input operation, and the input receiver receives
an operation carried out on any of the first slider bar 441 and
the second slider bar 442 on the display 19a as the input
operation. Thus, it is possible to easily make the above-
mentioned setting of the attenuation correction without
averting a line of vision from the display 19a.

[0138] Moreover, the HDD 113 as a non-transitory com-
puter readable storage medium in the above-described
embodiment stores a program causing the hardware proces-
sor 100 (computer) provided to the ultrasound diagnosis
apparatus 1, to perform: control to cause the display 194 to
display the ultrasound image 41 subjected to attenuation
correction, based on a received signal and setting of the
attenuation correction, the attenuation correction correcting
strength of the received signal lowered due to attenuation of
ultrasound waves inside a subject based on a gain (correc-
tion amount) corresponding to a reflection depth of the
ultrasound waves inside the subject; changing the setting of
the attenuation correction based on an adjustment amount
related to the setting of the attenuation correction, the
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adjustment amount being designated by an input operation
carried out on an input receiver; and in the changing the
setting of the attenuation correction, setting the correction
amount, for each of a plurality of the reflection depths that
differ from each other, to an amount according to a product
of the adjustment amount and a predetermined weighting
factor, the predetermined weighting factor being set corre-
spondingly to each of the plurality of reflection depths. With
the program causing the ultrasound diagnosis apparatus 1 to
operate as described above, it is possible to more simply
make desired setting of the attenuation correction.

[0139] A method for setting of attenuation correction in
the above-described embodiment is a method for setting of
attenuation correction in the ultrasound diagnosis apparatus
1, including: causing the display 19a to display the ultra-
sound image 41 subjected to attenuation correction, based
on a received signal and setting of the attenuation correction,
the attenuation correction correcting strength of the received
signal lowered due to attenuation of ultrasound waves inside
a subject based on a gain (correction amount) corresponding
to a reflection depth of the ultrasound waves inside the
subject; changing the setting of the attenuation correction
based on an adjustment amount related to the setting of the
attenuation correction, the adjustment amount being desig-
nated by an input operation carried out on an input receiver;
and in the changing the setting of the attenuation correction,
setting the correction amount, for each of a plurality of the
reflection depths that differ from each other, to an amount
according to a product of the adjustment amount and a
predetermined weighting factor, the predetermined weight-
ing factor being set correspondingly to each of the plurality
of reflection depths. According to the method as described
above, it is possible to more simply make desired setting of
the atteruation correction.

[0140] Note that the present invention is not limited to the
above-described embodiments and each modification, and
various changes can be made.

[0141] For example, in the attenuation correction setting
screen shown in FIG. 3 or the like, display of the ultrasound
image 41 and the gain distribution image 43 may be omitted.
[0142] In the above-described embodiments and each
modification, a description is given by using examples in
which a plurality of input operation receivers (the first
rotation input key 51 and the like) for changing gains across
a plurality of depth segments D at a time are provided.
However, the number of such input operation receivers may
be one.

[0143] The slider bars 424 to 42/ for individually adjust-
ing a gain in each depth segment D may be provided as
physical operation parts (slide switches) of the operation
input 18, in place of the aspect causing the display 19a to
display the slider bars 42a to 42k as objects of a touch
operation through the touch panel 195.

[0144] Setting of attenuation correction may be performed
by using only the input operation receivers for changing gain
settings across the plurality of depth segments D at a time,
without providing the slider bars 42a to 425.

[0145] Operations on the above-mentioned operation
object images may be carried out on the screen through a
pointer or the like, responding to an input operation on input
receivers such as a mouse and a track ball, in place of the
aspect in which operations are carried out on operation
object images such as the slider bars 42 and 441 to 443
through a touch on the touch panel 194.
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[0146] In the above-described embodiments and each
modification, a description is given by using examples in
which the present invention is applied to the ultrasound
diagnosis apparatus 1 including the operation display 19 and
the ultrasound probe 20. However, the present invention is
not limited to these examples. The present invention may be
applied to an ultrasound diagnosis apparatus including the
ultrasound diagnosis apparatus main body 10 with a con-
figuration in which one or both of the operation display 19
and the ultrasound probe 20 are attachable to and detachable
from the ultrasound diagnosis apparatus main body 10.
[0147] Although embodiments of the present invention
have been described, the scope of the present invention is
not limited to the above-described embodiments and incor-
porates the scope of the inventions according to claims and
the scope of equivalences thereof.

[0148] The entire disclosure of Japanese Patent Applica-
tion No. 2018-006065, filed on Jan. 18, 2018, is incorporated
herein by reference in its entirety.

What is claimed is:

1. An ultrasound diagnosis apparatus which causes a
display to display an ultrasound image based on a received
signal, received by an ultrasound probe, of ultrasound waves
that are transmitted by the ultrasound probe into a subject
and reflected inside the subject, comprising:

a hardware processor which performs control of causing
the display to display the ultrasound image subjected to
attenuation correction, based on the received signal and
setting of the attenuation correction, the attenuation
correction correcting strength of the received signal
lowered due to attenuation of the ultrasound waves
inside the subject based on a correction amount accord-
ing to a reflection depth of the ultrasound waves inside
the subject; and

an input receiver which receives an input operation that
designates an adjustment amount related to the setting
of the attenuation correction,

wherein the hardware processor

changes the setting of the attenuation correction based on
the adjustment amount designated by the input opera-
tion, and

in the changing the setting of the attenuation correction,
sets the correction amount, for each of a plurality of the
reflection depths that differ from each other, to an
amount according to a product of the adjustment
amount and a predetermined weighting factor, the
predetermined weighting factor being set correspond-
ingly to each of the plurality of reflection depths.

2. The ultrasound diagnosis apparatus according to claim

1, wherein the hardware processor sets the correction
amount for the reflection depth in each of two or more
adjacent ones of a plurality of depth segments obtained by
segmenting the ultrasound image in a depth direction, based
on weighting factor information in which the weighting
factors are set and associated with the plurality of depth
segments, respectively.

3. The ultrasound diagnosis apparatus according to claim
2, wherein the input receiver includes a plurality of input
operation receivers, each of which individually receives the
input operation that designates the adjustment amount, and

the hardware processor sets the correction amount based
on the weighting factor information associated with one
of the input operation receivers that receives the input
operation, among sets of the weighting factor informa-
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tion that differ from each other and are associated with
the plurality of input operation receivers, respectively.

4. The ultrasound diagnosis apparatus according to claim
3, wherein the input receiver includes:

a first input operation receiver associated with first
weighting factor information, in which the weighing
factor corresponding to a first depth segment is set to be
largest, and

a second input operation receiver associated with second
weighting factor information, in which the weighing
factor corresponding to a second depth segment that is
deeper than the first depth segment is set to be largest.

5. The ultrasound diagnosis apparatus according to claim
4, wherein the input receiver further includes a third input
operation receiver associated with third weighting factor
information, in which the weighting factor corresponding to
a third depth segment that is deeper than the first depth
segment and shallower than the second depth segment is set
to be largest.

6. The ultrasound diagnosis apparatus according to claim
3, wherein the input receiver includes the input operation
receivers that correspond to the plurality of depth segments,
respectively,

wherein in the weighting factor information associated
with each of the plurality of input operation receivers,
a largest weighting factor is associated with one of the
depth segments corresponding to each of the input
operation receivers.

7. The ultrasound diagnosis apparatus according to claim
2, wherein the input receiver operates in a plurality of input
modes, in each of which the input receiver receives the input
operation that designates the adjustment amount, and
receives an input mode designation operation that designates
any one of the plurality of input modes and the input
operation that designates the adjustment amount in the
designated input mode, and

the hardware processor sets the correction amount based
on the weighting factor information corresponding to
the input mode in which the input operation is received,
among sets of the weighting factor information that
differ from each other and are associated with the
plurality of input modes, respectively.

8. The ultrasound diagnosis apparatus according to claim

7, wherein the input receiver includes a push and rotate key
which receives the input mode designation operation
depending on a pushed amount, and receives the input
operation depending on a rotated amount.

9. The ultrasound diagnosis apparatus according to claim
2, wherein the hardware processor causes the display to
display a plurality of correction amount images that corre-
spond to the plurality of depth segments, respectively, and
that show the correction amount in each of the plurality of
depth segments, respectively, and when the input operation
is carried out, changes the plurality of correction amount
images to have contents indicating correction amounts set
according to the input operation.

10. The ultrasound diagnosis apparatus according to claim
9, wherein when an operation is carried out on any of the
plurality of correction amount images on the display, the
hardware processor changes the correction amount in one of
the depth segments corresponding to the correction amount
image on which the operation is carried out, according to the
operation.
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11. The ultrasound diagnosis apparatus according to claim
1, wherein the hardware processor changes the setting of the
attenuation correction, based on the weighting factor infor-
mation corresponding to one of depth settings of the ultra-
sound image to be displayed, among a plurality of sets of the
weighting factor information that are generated beforehand
correspondingly to the depth settings of the ultrasound
image, respectively.

12. The ultrasound diagnosis apparatus according to claim
1, wherein the hardware processor changes the setting of the
attenuation correction, based on the weighting factor infor-
mation corresponding to a type of the ultrasound probe
currently used, among a plurality of sets of the weighting
factor information that are generated beforehand corre-
spondingly to a plurality of the ultrasound probes of different
types, respectively.

13. The ultrasound diagnosis apparatus according to claim
1, wherein the hardware processor changes the setting of the
attenuation correction, based on the weighting factor infor-
mation corresponding to a diagnosis site to be diagnosed,
among a plurality of sets of the weighting factor information
that are generated beforehand correspondingly to a plurality
of different diagnosis sites of a subject, respectively.

14. The ultrasound diagnosis apparatus according to claim
1, wherein the hardware processor causes the display to
display an operation object image that represents an object
of the input operation, and

the input receiver receives an operation carried out on the

operation object image on the display as the input
operation.

15. A non-transitory computer readable storage medium
storing a program causing a computer provided to an ultra-
sound diagnosis apparatus which causes a display to display
an ultrasound image based on a received signal, received by
an ultrasound probe, of ultrasound waves that are transmit-
ted by the ultrasound probe into a subject and reflected
inside the subject, to perform:

control of causing the display to display the ultrasound

image subjected to attenuation correction, based on the
received signal and setting of the attenuation correc-
tion, the attenuation correction correcting strength of
the received signal lowered due to attenuation of the
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ultrasound waves inside the subject based on a correc-
tion amount according to a reflection depth of the
ultrasound waves inside the subject;

changing the setting of the attenuation correction based on

an adjustment amount related to the setting of the
attenuation correction, the adjustment amount being
designated by an input operation carried out on an input
receiver; and

in the changing the setting of the attenuation correction,

setting the correction amount, for each of a plurality of
the reflection depths that differ from each other, to an
amount according to a product of the adjustment
amount and a predetermined weighting factor, the
predetermined weighting factor being set correspond-
ingly to each of the plurality of reflection depths.

16. A method for setting of attenuation correction in an
ultrasound diagnosis apparatus which causes a display to
display an ultrasound image based on a received signal,
received by an ultrasound probe, of ultrasound waves that
are transmitted by the ultrasound probe into a subject and
reflected inside the subject, comprising:

causing the display to display the ultrasound image sub-

jected to attenuation correction, based on the received
signal and setting of the attenuation correction, the
attenuation correction correcting strength of the
received signal lowered due to attenuation of the ultra-
sound waves inside the subject based on a correction
amount according to a reflection depth of the ultra-
sound waves inside the subject;

changing the setting of the attenuation correction based on

an adjustment amount related to the setting of the
attenuation correction, the adjustment amount being
designated by an input operation carried out on an input
receiver; and

in the changing the setting of the attenuation correction,

setting the correction amount, for each of a plurality of
the reflection depths that differ from each other, to an
amount according to a product of the adjustment
amount and a predetermined weighting factor, the
predetermined weighting factor being set correspond-
ingly to each of the plurality of reflection depths.
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