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ULTRASOUND OBSERVATION APPARATUS,
METHOD OF OPERATING ULTRASOUND
OBSERVATION APPARATUS, AND
COMPUTER READABLE RECORDING
MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of PCT interna-
tional application Ser. No. PCT/JP2017/003973, filed on
Feb. 3, 2017 which designates the United States, incorpo-
rated herein by reference, and which claims the benefit of
priority from Japanese Patent Applications No. 2016-
025217, filed on Feb. 12, 2016, incorporated herein by
reference.

BACKGROUND

[0002] The present disclosure relates to an ultrasound
observation apparatus of observing a tissue of an observa-
tion object using an ultrasound wave, an operation method
of an ultrasound observation apparatus, and a computer-
readable recording medium.

[0003] An ultrasound elastography is known as a technol-
ogy for diagnosing an observation object using an ultra-
sound wave (for example, see Japanese Patent No.
5465671). The ultrasound elastography is a technique that
uses the fact that hardness of a cancer or tumor tissue in a
living body is different depending on a progress condition of
disease or the living body. In this technology, an average
value of displaced amounts of a biological tissue in a
predetermined region of interest (ROI) is colored as a
reference value, thereby generating an elastic image in
which information on the hardness of the biological tissue is
imaged.

[0004] In the ultrasound elastography, a user sets the
region of interest according to observation contents. In the
ultrasound elastography, it is common that only the region of
interest set by the user is colored.

SUMMARY

[0005] In some embodiments, an ultrasound observation
apparatus according to one aspect of the present disclosure
is an ultrasound observation apparatus performing an obser-
vation based on an ultrasound wave signal. The ultrasound
observation apparatus includes: an ultrasound image gen-
erator configured to generate data of an ultrasound image
based on the ultrasound wave signal; a region of interest
setting unit configured to set a first region of interest set in
advance within the ultrasound image and a plurality of
second regions of interest including at least the first region
of interest; a reference value calculating unit configured to
calculate reference values according to ultrasound wave
signals of the first region of interest and the plurality of
second regions of interest, respectively; and an elastic image
generator configured to set a display region of interest in
which the reference value of the first region of interest and
the reference values of the second regions of interest have a
predetermined correlation and the second regions of interest
are maximized, and generate data of an elastic image having
a display mode according to hardness of the display region
of interest.

[0006] An operation method of an ultrasound observation
apparatus according to one aspect of the present disclosure
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is an operation method of an ultrasound observation appa-
ratus performing an observation based on an ultrasound
wave signal. The operation method includes: setting, by a
region of interest setting unit, a first region of interest set in
advance within an ultrasound image generated based on the
ultrasound wave signal and a plurality of second regions of
interest including at least the first region of interest; calcu-
lating, by a reference value calculating unit, reference values
according to ultrasound wave signals of the first region of
interest and the plurality of second regions of interest,
respectively; and setting, by an elastic image generator, a
display region of interest in which the reference value of the
first region of interest and the reference values of the second
regions of interest have a predetermined correlation and the
second regions of interest are maximized, and generating
data of an elastic image having a display mode according to
hardness of the display region of interest.

[0007] A non-transitory computer-readable recording
medium according to one aspect of the present disclosure is
a non-transitory computer-readable recording medium with
an executable program stored thereon. The program causes
a processor to execute: setting, by a region of interest setting
unit, a first region of interest set in advance within an
ultrasound image generated based on the ultrasound wave
signal and a plurality of second regions of interest including
at least the first region of interest; calculating, by a reference
value calculating unit, reference values according to ultra-
sound wave signals of the first region of interest and the
plurality of second regions of interest, respectively; and
setting, by an elastic image generator, a display region of
interest in which the reference value of the first region of
interest and the reference values of the second regions of
interest have a predetermined correlation and the second
regions of interest are maximized, and generating data of an
elastic image having a display mode according to hardness
of the display region of interest.

[0008] The above and other features, advantages and tech-
nical and industrial significance of this disclosure will be
better understood by reading the following detailed descrip-
tion of presently preferred embodiments of the disclosure,
when considered in connection with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a diagram schematically illustrating a
configuration of an ultrasound diagnostic system including
an ultrasound observation apparatus according to a first
embodiment.

[0010] FIG. 2 is a flowchart illustrating an outline of
processing performed by the ultrasound observation appa-
ratus according to the first embodiment.

[0011] FIG. 3 is a diagram illustrating an example in
which an elastic image within a first ROl is displayed on a
display device.

[0012] FIG. 4 is a diagram illustrating displaced amounts
of each pixel.
[0013] FIG. 5 is a diagram illustrating an example of a

method for setting second ROIs.
[0014] FIG. 6 is a diagram illustrating an example of a
method for setting second ROIs.
[0015] FIG. 7 is a diagram illustrating an example of a
method for setting second ROIs.
[0016] FIG. 8 is a diagram illustrating an example of a
method for setting second ROIs.
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[0017] FIG. 9 is a diagram illustrating an example in
which an elastic image within a display region of interest is
displayed on the display device.

[0018] FIG. 10 is a diagram schematically illustrating a
configuration of an ultrasound diagnostic system including
an ultrasound observation apparatus according to a second
embodiment.

[0019] FIG. 11 is a flowchart illustrating an outline of
processing performed by the ultrasound observation appa-
ratus according to the second embodiment.

[0020] FIG. 12 is a flowchart illustrating an outline of
processing performed by an ultrasound observation appara-
tus according to a third embodiment.

[0021] FIG. 13 is a diagram illustrating an example of a
method for setting second ROIs.

[0022] FIG. 14 is a diagram illustrating an example of a
method for setting second ROIs.

[0023] FIG. 15 is a diagram illustrating an example of a
method for setting second ROIs.

[0024] FIG. 16 is a diagram illustrating an example of a
method for setting second ROIs.

DETAILED DESCRIPTION

[0025] Hereinafter, an embodiment will be described with
reference to the accompanying drawings.

First Embodiment

[0026] FIG. 1 is a diagram schematically illustrating a
configuration of an ultrasound diagnostic system including
an ultrasound observation apparatus according to a first
embodiment. An ultrasound diagnostic system 1 illustrated
in FIG. 1 includes an ultrasound endoscope 2, an ultrasound
observation apparatus 3, and a display device 4.

[0027] The ultrasound endoscope 2 has an ultrasound
transducer 21 that is provided at a distal end portion of the
ultrasound endoscope 2 and transmits an ultrasound wave to
a subject that is an observation object and receives the
ultrasound wave reflected from the subject. The ultrasound
transducer 21 converts an electrical pulse signal received
from the ultrasound observation apparatus 3 into an ultra-
sound pulse (acoustic pulses) and irradiates the subject with
the ultrasound pulse, and converts an ultrasound echo
reflected from the subject into an electrical echo signal
(ultrasound wave signal) and outputs the electrical echo
signal. The ultrasound transducer 21 may be an electronic
scanning type or a mechanical scanning type. It is known
that a type of ultrasound endoscope 2 is various according to
observation objects such as a digestive tract (esophagus,
stomach, duodenum, and large intestine) and a respiratory
system (trachea and bronchus) of the subject.

[0028] The ultrasound endoscope 2 may further include an
imaging unit that images an inside of the subject and a light
guide that guides illumination light from a light source
device, which generates the illumination light to be irradi-
ated onto the subject at the time of imaging, to the distal end
of the ultrasound endoscope 2.

[0029] The ultrasound observation apparatus 3 transmits
and receives an electrical signal to and from the ultrasound
endoscope 2 via an ultrasound cable. The ultrasound obser-
vation apparatus 3 performs predetermined processing on
the electrical echo signal received from the ultrasound
endoscope 2 to generate an ultrasound image or the like. The
ultrasound observation apparatus 3 includes a transmitting/
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receiving unit 31 that transmits and receives a signal to and
from the ultrasound transducer 21, a signal processing umit
32 that generates digital reception data based on an echo
signal received from the transmitting/receiving unit 31, an
input unit 33 that receives an input of various information
including an operation instruction signal of the ultrasound
observation apparatus 3, a region of interest setting unit 34
that sets a region of interest in an ultrasound image, a
displaced amount calculating unit 35 that calculates a dis-
placed amount between images at an observation point
(sampling point) in the region of interest, a reference value
calculating unit 36 that calculates a reference value based on
the displaced amount, an image generator 37 that generates
data of various images including an ultrasound image and an
elastic image, a control unit 38 that integrally controls the
overall operation of the ultrasound diagnostic system 1, and
a storage unit 39 that stores various information required for
the operation of the ultrasound observation apparatus 3. The
ultrasound observation apparatus 3 can set an elastography
mode in which information on relative hardness of the
observation object in the region of interest is imaged and
expressed by visual information such as color.

[0030] The transmitting/receiving unit 31 transmits a
pulse-shaped transmission drive wave signal to the ultra-
sound transducer 21 based on a predetermined waveform
and transmission timing. In addition, the transmitting/re-
ceiving unit 31 receives the electrical echo signal from the
ultrasound transducer 21. The transmitting/receiving unit 31
serves to transmit various control signals output from the
control unit 38 to the ultrasound endoscope 2 and receive
various information including an ID for identification from
the ultrasound endoscope 2 and transmit the received infor-
mation to the control unit 38.

[0031] The signal processing unit 32 performs known
processing, such as a band pass filtering, envelope detection,
and logarithmic conversion, on the echo signal to generate
received data for digital ultrasound image (hereinafter,
referred to as received data). The signal processing unit 32
is realized by using a general-purpose processor such as a
Central Processing Unit (CPU), a dedicated integrated cir-
cuit for executing a specific function such as an Application
Specific Integrated Circuit (ASIC) or a Field Programmable
Gate Array (FPGA), or the like.

[0032] The input unit 33 receives an input of a signal that
instructs setting of a first region of interest (hereinafter
referred to as a first ROI). In addition, the input unit 33
receives an input of a freeze instruction signal that sets a
display on the display device 4 as a still image. The input
unit 33 is configured by using a user interface such as a
keyboard, a mouse, and a touch panel.

[0033] The region of interest setting unit 34 sets the first
ROI based on a setting input received by the input unit 33.
In addition, if the input unit 33 receives the input of the
freeze instruction signal, the region of interest setting unit 34
sets a plurality of second regions of interest (hereinafter
referred to as a second ROI) including the first ROIL.

[0034] The displaced amount calculating unit 35 calcu-
lates a displaced amount of a tissue at an observation point
(sampling point) in the ultrasound image according to pres-
surization by a pulsation of the subject based on the received
data generated by the signal processing unit 32. The dis-
placed amount calculating unit 35 calculates the displaced
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amount by comparing, for example, the latest ultrasound
image with the ultrasound image generated one frame
before.

[0035] The reference value calculating unit 36 calculates a
reference value corresponding to the displaced amount cal-
culated by the displaced amount calculating unit 35 of the
first ROI and the plurality of second ROlIs, respectively. The
reference value is, for example, an average value (statistic)
of the displaced amounts in the first ROI and the plurality of
second ROIs. However, the reference value may be a
statistic such as a maximum value, a minimum value, a
median value, and a mode value.

[0036] The image generator 37 includes an ultrasound
image generator 371 that generates data of the ultrasound
image based on the received data and an elastic image
generator 372 that generates an elastic image visually
expressing the information on the hardness of the tissue of
the observation object based on the displaced amount in the
ultrasound image.

[0037] The data of the ultrasound image generated by the
ultrasound image generator 371 is, for example, B mode
image data obtained by converting amplitude into lumi-
nance.

[0038] The elastic image generator 372 sequentially gen-
erates data of an elastic image having a display mode
corresponding to the hardness of the first ROl until the input
unit 33 receives the input of the freeze instruction signal. If
the input unit 33 receives the input of the freeze instruction
signal, the elastic image generator 372 sets the display
region of interest in which the reference value of the first
ROI and the reference values of the second ROIs have a
predetermined correlation and the second ROIs are maxi-
mized. The predetermined correlation is, for example, a
relationship in which a difference between the reference
value of the first ROI and the reference values of the second
ROIs falls within a predetermined range, but may be a
relationship having a predetermined correlation such as a
ratio, a sum, and a product of the reference value of the first
ROI and the reference values of the second ROIs. The elastic
image generator 372 generates the data of the elastic image
having the display mode corresponding to the hardness of
the display region of interest. The elastic image generated by
the elastic image generator 372 is an image obtained by
assigning visual information such as color and pattern to
each point in the display region of interest based on the
calculation result of the displaced amount calculating unit
35. Specifically, the elastic image generator 372 generates
the data of the elastic image by assigning green to a tissue
corresponding to the average hardness in the display region
of interest, color of a blue tone to a tissue harder than the
average, and color of a red tone to a tissue softer than the
average.

[0039] The control unit 38 has a display controller 381 that
controls the display on the display device 4. The display
controller 381 controls the display device 4 to display
various images generated by the image generator 37.
[0040] The control unit 38 is realized by using a general-
purpose processor such as a CPU having calculation and
control functions, or a dedicated integrated circuit such as
ASIC or FPGA. In the case where the control unit 38 is
realized by the general-purpose processor or the FPGA,
various programs or various data stored in the storage unit
39 are read from the storage unit 39 and various calculation
processings related to the operation of the ultrasound obser-

Jan. 10,2019

vation apparatus 3 are executed, thereby integrally control-
ling the ultrasound observation apparatus 3. In the case
where the control unit 38 is configured using the ASIC,
various processings may be performed independently, or
various processings may be executed by using various data
or the like that is stored in the storage unit 39. In the first
embodiment, the control unit 38, and at least a part of the
signal processing unit 32, the region of interest setting unit
34, the displaced amount calculating unit 35, the reference
value calculating unit 36, and the image generator 37 may be
configured by a common general-purpose processor, a dedi-
cated integrated circuit, or the like.

[0041] The storage unit 39 includes an ultrasound image
storage unit 391 that at least temporarily stores data of a
plurality of ultrasound images generated by the ultrasound
image generator 371, a region of interest storage unit 392
that stores information on the first ROI and the second ROIs
set for the ultrasound image, a displaced amount storage unit
393 that stores the displaced amount calculated by the
displaced amount calculating unit 35, and a reference value
storage unit 394 that stores the reference value calculated by
the reference value calculating unit 36. The number of
ultrasound images stored in the ultrasound image storage
unit 391 is preset. The displaced amount storage unit 393
stores data of the displaced amount including the amount
that is required when the displaced amount calculating unit
35 calculates the displaced amount. The reference value
storage unit 394 stores data of the reference value including
the amount that is required when the region of interest
setting unit 34 performs the comparison of the reference
value.

[0042] The storage unit 39 stores various programs includ-
ing an operation program for executing the operation
method for the ultrasound observation apparatus 3. Various
programs including the operation program can be recorded
on computer readable recording media such as a hard disk,
a flash memory, a CD-ROM, a DVD-ROM, and a flexible
disk and distributed widely. It should be noted that the
above-described various programs can also be acquired by
being downloaded via a communication network. The com-
munication network referred herein is realized by, for
example, an existing public network, a Local Area Network
(LAN), a Wide Area Network (WAN), and the like, and may
be wired or wireless.

[0043] The storage unit 39 is realized by using a Read
Only Memory (ROM) in which various programs and the
like are installed in advance, a Random Access Memory
(RAM) in which calculation parameters, data or the like of
each processing is stored, and the like.

[0044] The display device 4 is configured using liquid
crystal, organic Electro Luminescence (EL), or the like,
receives image data such as an ultrasound image and an
elastic image generated by the ultrasound observation appa-
ratus 3, and displays these images.

[0045] FIG. 2 is a flowchart illustrating an outline of
processing performed by the ultrasound observation appa-
ratus according to the first embodiment. The flowchart
illustrated in FIG. 2 illustrates processing in the case in
which the ultrasound diagnostic system 1 is set in the
elastography mode, the transmitting/receiving unit 31 starts
to transmit the transmission drive wave, the ultrasound
transducer 21 starts to transmit the ultrasound wave and then
the setting of the first ROI in the ultrasound image is
completed.
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[0046] First, the transmitting/receiving unit 31 receives
the echo signal that is the measurement result of the obset-
vation object by the ultrasound transducer 21 from the
ultrasound endoscope 2 (step S1).

[0047] Subsequently, the signal processing unit 32 gener-
ates received data by performing predetermined reception
processing on the echo signal received from the ultrasound
transducer 21 (step S2). Specifically, the transmitting/receiv-
ing unit 31 amplifies the echo signal (STC correction), and
then performs processings such as filtering and A/D con-
version.

[0048] Thereafter, the ultrasound image generator 371
generates the data of the ultrasound image using the received
data generated by the signal processing unit 32, stores the
generated data in the ultrasound image storage unit 391, and
outputs the data to the display device 4 under the control of
the display controller 381 (step S3).

[0049] Subsequently, the displaced amount calculating
unit 35 calculates the displaced amount at the observation
point in the first ROI stored in the region of interest storage
unit 392 (step S4). At this time, the displaced amount
calculating unit 35 calculates a displaced amount at each
observation point by using data of the latest ultrasound
image and data of the past ultrasound image stored in the
ultrasound image storage unit 391.

[0050] Thereafter, the elastic image generator 372 gener-
ates the data of the elastic image within the first ROI using
the calculation results of the displaced amounts at each
observation point in step S4, and outputs the generated data
to the display device 4 (step S5). FIG. 3 is a diagram
illustrating the example in which the elastic image within the
first ROl is displayed on the display device. An elastic image
100 illustrated in FIG. 3 is displayed by identifiably imaging
hardness of each tissue within a first ROI 101 by color. In
FIG. 3, color differences are schematically represented by
patterns. A color scale 102 which represents color used in the
elastic image 100 is displayed on the right side of the first
ROI101. The color scale 102 corresponds to a state in which
a tissue is hardened according to an upper color. In FIG. 3,
only a part of the color scale 102 is schematically illustrated.
An area 103 illustrated in FIG. 3 is an area in which the
displaced amount is average. On the other hand, an area 104
is the relatively softest area, and an area 105 is the relatively
hardest area. The display device 4 displays the elastic image
100 in parallel with a B mode image. The display device 4
may display the elastic image 100 by superimposing the
elastic image 100 on the B mode image. In this case, the
image generator 37 generates data of an image in which the
elastic image 100 1s superimposed on the B mode image, and
outputs the data of the image to the display device 4 under
the control of the display controller 381.

[0051] In this case, the control unit 38 determines whether
the input unit 33 receives the instruction input of the freeze
instruction signal (step S6). As the determination result,
when the instruction input of the freeze instruction signal is
received (step S6: Yes), the processing proceeds to step S7.
On the other hand, as the determination result, when the
instruction input of the freeze instruction signal is not
received (step S6: No), the processing returns to step S1, and
the processings of steps S1 to S5 are repeatedly performed.
[0052] Instep S7, the region of interest setting unit 34 sets
the second ROIs. FIG. 4 is a diagram illustrating the
displaced amounts of each pixel. In FIG. 4, a pixel 106
arranged in a two-dimensional shape and displaced amounts
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107 of the pixel 106 are schematically illustrated. An area
surrounded by a broken line in a center of FIG. 4 corre-
sponds to the first ROI 101. In this case, the method for
setting second ROIs based on the displaced amounts 107 of
each pixel 106 is described, but the second ROTs may be set
based on the average, the sum or the like of the displaced
amounts 107 of a plurality of pixel groups. FIG. 5 is a
diagram illustrating an example of the method for setting
second ROIs. First, as illustrated in FIG. 5, the region of
interest setting unit 34 sets an area A101, which includes all
the pixels 106 illustrated in FIG. 4, in the second ROIs so
that the second ROIs are maximized.

[0053] Subsequently, the reference value calculating unit
36 calculates the average value of the displaced amounts 107
in the first ROI 101 and the second ROIs (step S8). Spe-
cifically, the reference value calculating unit 36 calculates
7.33 as an average value by dividing a sum (66) of the
displaced amounts 107 in the first ROI 101 by the number
(9) of pixels included in the first ROI 101. In addition, the
reference value calculating unit 36 calculates 6.47 as an
average value by dividing a sum (194) of the displaced
amounts 107 in the second ROIs as the area A101 by the
number (30) of pixels included in the first ROI 101.
[0054] Thereafter, the elastic image generator 372 deter-
mines whether the difference between the average value of
the displaced amounts 107 in the first ROI 101 and the
average value of the displaced amounts 107 in the second
ROIs falls within a predetermined range under the control of
the display controller 381 (step S9). Specifically, for
example, it is determined whether the difference between the
average value of the displaced amounts 107 in the first ROI
101 and the average value of the displaced amounts 107 in
the second ROIs falls within a range of -0.01 to 0.01. In this
case, since the difference (0.87) between the average value
of the displaced amounts 107 in the first ROI 101 and the
average value of the displaced amounts 107 in the second
ROIs is greater than 0.01 (step S9: No), the processing
returns to step S7 to set new second ROIs.

[0055] FIGS. 6 to 8 are diagrams illustrating an example
of the method for setting second ROIs. As illustrated in
FIGS. 6 to 8, the region of interest setting unit 34 succes-
sively sets the second ROIs by excluding a part of the area
from the area A101 of FIG. 5 that is the second ROIs having
the largest area within the ultrasound image according to a
predetermined rule. Specifically, the region of interest set-
ting unit 34 sets the second ROTs by sequentially excluding
an area along a sound ray direction (corresponding to a
vertical direction in FIGS. 6 to 8) of the ultrasound trans-
ducer 21 constituting the ultrasound image and an area along
a scanning direction (corresponding to a horizontal direction
in FIGS. 6 to 8) of the ultrasound transducer 21 constituting
the ultrasound image.

[0056] An area A102 to an area A105 in FIG. 6 are areas
in which one pixel is excluded from the area A101 in any one
of up, down, left, and right directions. An area A106 to an
area A111 in FIG. 7 are areas in which one pixel is excluded
from the area A101 in two of up, down, left, and right
directions. An area A112 and an area Al113 in FIG. 8 are
areas in which one pixel is excluded from the area A101 in
three of up, down, left, and right directions. In this way, the
region of interest setting unit 34 successively sets the areas
A102 to A113 in the second ROIs.

[0057] In step S8, the reference value calculating unit 36
successively calculates the average value of the displaced
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amounts 107 in the second ROTs set by the region of interest
setting unit 34. In addition, in step S9, the elastic image
generator 372 determines whether the difference between
the average value of the displaced amounts 107 in the first
ROI 101 and the average value of the displaced amounts 107
in the second ROIs falls within a predetermined range under
the control of the display controller 381. In this case, when
the second ROIs are an area A102 to an arca All12, the
difference between the average value of the displaced
amounts 107 in the first ROI 101 and the average value of
the displaced amounts 107 in the second ROIs are out of a
predetermined range (-0.01 to 0.01), such that the process-
ings of steps S7 to S9 are successively and repeatedly
performed. On the other hand, when the second ROI is an
area A113, the difference (0) between the average value
(7.33) of the displaced amounts 107 in the first ROI 101 and
the average value (7.33) of the displaced amounts 107 in the
second ROIs falls within a predetermined range (-0.01 to
0.01) (step S9: Yes), such that the region of interest setting
unit 34 sets the area A113, which is the second ROI at that
time, as the display region of interest (step S10).

[0058] In addition, the elastic image generator 372 gen-
erates the data of the elastic image within the display region
of interest (step S11), and outputs the data to the display
device 4. After step S11, the ultrasound observation appa-
ratus 3 ends a series of processings.

[0059] FIG. 9 is a diagram illustrating an example in
which the elastic image within the display region of interest
is displayed on the display device. In an elastic image 200
illustrated in F1G. 9, an area in which coloring is performed
on an image and the hardness of each internal tissue can be
visually recognized is expanded from the first ROI 101
indicated by a broken line to a display region of interest 201.
An area 203 illustrated in FIG. 9 is an area in which the
displaced amount is average. On the other hand, an area 204
is the relatively softest area, and an area 205 is the relatively
hardest area.

[0060] In this case, when the elastic image generator 372
generates the elastic image, the average value of the dis-
placed amounts in the area in which the elastic image is
created is set as a reference value, and the difference
between the reference value and the displaced amounts of
each pixel 106 becomes large, such that the color of the pixel
106 is determined. As described above, the difference
between the average value of the displaced amounts in the
first ROI 101 and the average value of the displaced amounts
in the display region of interest 201 falls within a predeter-
mined range and is sufficiently small. As a result, the color
tone of the first ROI 101 and the area corresponding to the
first ROI 101 within the display region of interest 201
remains almost unchanged. Therefore, the ultrasound obser-
vation apparatus 3 according to the first embodiment is an
ultrasound observation apparatus that can expand the col-
ored area of the elastic image while suppressing the influ-
ence on the color tone of the elastic image within the region
of interest set by the user in the ultrasound elastography.
[0061] It is preferable that the region of interest setting
unit 34 sequentially excludes areas farther from the first ROI
101 in order to set the second ROI. There are many cases in
which the farther area from the first ROI 101, the larger the
deviation of the displaced amount from the reference value
that is the average value of the displaced amounts in the first
ROI 101, and the display region of interest can be found
earlier by preferentially excluding the area.
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[0062] In addition, above-described first embodiment
describes the case of using the ultrasound endoscope 2
including the linear ultrasound transducer 21 in which the
sound ray direction is a direction along the vertical direction
of the display device 4 and the scanning direction is a
direction along the horizontal direction of the display device
4, but is not limited thereto. The ultrasound transducer of the
ultrasound endoscope may be a convex type or a radial type,
and is not particularly limited as long as it is configured to
be able to generate an ultrasound image.

[0063] In addition, the predetermined range compared
with the difference between the reference value of the first
ROI and the reference values of the second ROIs may be
determined according to the reference value of the first ROL.
For example, the larger the reference value of the first RO,
the wider the predetermined range is set.

[0064] In addition, the above-described first embodiment
describes the configuration in which the data of the elastic
image within the display region of interest are automatically
displayed on the display device 4 when the user inputs the
freeze instruction signal from the input unit 33, but is not
limited thereto. For example, when the user inputs the freeze
instruction signal from the input unit 33, a message for
allowing the user to select which one of the first ROI and the
display region of interest is displayed on the display device
4, and the elastic image generator 372 may be configured to
generate the data of the elastic image according to the user
selection.

Second Embodiment

[0065] FIG. 10 is a diagram schematically illustrating a
configuration of an ultrasound diagnostic system including
an ultrasound observation apparatus according to a second
embodiment. An ultrasound diagnostic system 1A illustrated
in FIG. 10 includes an ultrasound endoscope 2, an ultra-
sound observation apparatus 3A, and a display device 4. A
configuration of the ultrasound diagnostic system 1A other
than the ultrasound observation apparatus 3A is the same as
that of the ultrasound diagnostic system 1 described in the
first embodiment.

[0066] The ultrasound observation apparatus 3A is differ-
ent from the ultrasound observation apparatus 3 described in
the first embodiment in a configuration of an image genera-
tor. An image generator 37A included in the ultrasound
observation apparatus 3A includes an average image gen-
erator 373A in addition to an ultrasound image generator
371 and an elastic image generator 372.

[0067] In a case in which a freeze instruction signal that
sets a display on the display device 4 as a still image is input
from an input unit 33, when an average instruction signal is
further input from the input unit 33, the average image
generator 373A adds up and averages pixel values of each
pixel in a plurality of ultrasound images composed of
designated ultrasound images in the average instruction
signal, thereby generating data of an average image. The
input unit 33 receives a selective input of an image to be
added up and averaged. Specifically, when the input unit 33
receives the input of the average instruction signal, the
display controller 381 displays the past ultrasound images to
be added up and averaged on the display device 4. In this
case, the display controller 381 may display ultrasound
images on the display device 4 by one sheet or may display
the ultrasound images by several sheets. The average image
generator 373 A generates average image data using a plu-
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rality of ultrasound images selected from the ultrasound
images displayed on the display device 4.

[0068] The region of interest setting unit 34 sets a first ROI
and a plurality of second ROTs in the respective ultrasound
images of the plurality of ultrasound images selected. The
elastic image generator 372 sets an area, in which the
reference value of the first ROI in the respective ultrasound
images and the reference values of the second ROIs in the
respective ultrasound images have a predetermined correla-
tion and the second ROIs are maximized, in a third region
of interest (hereinafter, referred to as a third ROI). In
addition, the region of interest setting unit 34 sets an area in
an average image corresponding to an area in which each
third ROI overlaps with each other as the display region of
interest.

[0069] FIG. 11 is a flowchart illustrating an outline of
processing performed by the ultrasound observation appa-
ratus according to the second embodiment. Even the flow-
chart illustrated in FIG. 11 illustrates processing in the case
in which the ultrasound diagnostic system 1A is set in the
elastography mode, the transmitting/receiving unit 31 starts
to transmit the transmission drive wave, the ultrasound
transducer 21 starts to transmit the ultrasound wave and then
the setting of the first ROI in the ultrasound image is
completed. Further, it is assumed that the average instruction
signal is input in advance from the input unit 33. The
processings of steps S21 to S26 sequentially correspond to
the processings of steps S1 to S6 described in the first
embodiment.

[0070] After step S26, the average image generator 373A
generates the data of the average image by adding up and
averaging pixel values of each pixel in the plurality of
ultrasound images composed of the ultrasound images des-
ignated in the average instruction signal (step S27). The
processings of steps S28 to S30 sequentially correspond to
the processings of steps S7 to S9 described in the first
embodiment, but these processings are each performed on
the respective ultrasound images of the plurality of ultra-
sound images designated in the averaging instruction signal.
As a result, in the respective ultrasound images, the area in
which the reference value of the first ROI and the reference
values of the second ROIs have a predetermined correlation
and the second ROIs are maximized is set in the third ROI
(step S31).

[0071] Subsequently, the region of interest setting unit 34
extracts the area in which the third ROIs in the respective
ultrasound images overlap with each other, and sets the
extracted area in the average image as the display region of
interest (step S32).

[0072] Thereafter, the elastic image generator 372 gener-
ates the data of the elastic image within the display region
of interest in the average image (step S33), and outputs the
data to the display device 4. After step S33, the ultrasound
observation apparatus 3 ends a series of processings.

[0073] According to the second embodiment described
above, it is possible to expand the colored area of the elastic
image while suppressing the influence on the color tone of
the elastic image in the average image.

[0074] It should be noted that the input of the average
instruction signal to the input unit 33 may be performed at
the time of starting a diagnosis by the ultrasound elastog-
raphy in advance as described above or after the freeze
instruction signal is input to the input unit 33.
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[0075] In addition, in the second embodiment described
above, the region of interest setting unit 34 is configured to
reliably suppress the influence on the color tone of the elastic
image by extracting the area in which the third ROIs in the
respective ultrasound images overlap with each other and
setting the display region of interest, but is not limited
thereto. For example, the region of interest setting unit 34
may also set the area within the average image correspond-
ing to the area set in the third ROI in any of the ultrasound
images as the display region of interest. As a result, the
display region of interest can be set as a wider area.
[0076] Inaddition, the elastic image generator 372 may set
the area, in which the reference value of the first ROI and the
reference value of the second ROIs have the predetermined
correlation and the second ROIs are maximized, as the
display region of interest.

Third Embodiment

[0077] A configuration of an ultrasound diagnostic system
including an ultrasound observation apparatus according to
a third embodiment is the same as the configuration of the
ultrasound diagnostic system 1 described in the first embodi-
ment, but is different from the first embodiment in the
processing performed by the ultrasound observation appa-
ratus 3.

[0078] FIG. 12 is a flowchart illustrating an outline of
processing performed by the ultrasound observation appa-
ratus according to the third embodiment. Even the flowchart
illustrated in FIG. 12 illustrates processing in the case in
which the ultrasound diagnostic system 1 is set in the
elastography mode, the transmitting/receiving unit 31 starts
to transmit the transmission drive wave, the ultrasound
transducer 21 starts to transmit the ultrasound wave and then
the setting of the first ROI in the ultrasound image is
completed. Processings of steps S41 to S46 sequentially
correspond to the processings of steps S1 to S6 described in
the first embodiment.

[0079] After step S46, the region of interest setting unit 34
sets the second ROIs (step S47). FIGS. 13 to 16 are diagrams
illustrating an example of the method for setting a second
ROIL As illustrated in FIGS. 13 to 16, the region of interest
setting unit 34 expands a part of the area from the first ROI
according to a predetermined rule to set the second ROI.
Specifically, the region of interest setting unit 34 first sets an
area A301, which is obtained by expanding the first ROI
upward by one pixel, in the second ROL

[0080] Subsequently, the reference value calculating unit
36 calculates the average value of the displaced amounts in
the first ROI and the second ROIs (step S48).

[0081] Thereafter, the elastic image generator 372 deter-
mines whether the difference between the average value of
the displaced amounts in the first ROI and the average value
of the displaced amounts in the second ROIs falls within a
predetermined range under the control of the display con-
troller 381 (step S49). Specifically, it is determined whether
the difference between the average value of the displaced
amounts in the first ROI and the average value of the
displaced amounts in the second ROI as the area A301 falls
within a range of -0.01 to 0.01. When the difference
between the average value of the displaced amounts in the
first ROT and the average value of the displaced amounts in
the second ROIs is larger than 0.01 (step S49: No), the
processing proceeds to step S50.



US 2019/0008483 A1l

[0082] 1In step 50, it is determined whether or not the area
set in the second ROI is the maximum area. As the deter-
mination result, when the area set in the second ROI is not
the maximum area (step S50: No), the processing returns to
step S47 to set new second ROTs. As illustrated in FIG. 13,
the new second ROIs are an area A302 and an area 303
obtained by expanding the first ROI to the right side and the
lower side, respectively, by one pixel.

[0083] InstepS49, when the area A303 is set in the second
RO, it is determined that the difference between the average
value of the displaced amounts in the first ROI and the
average value of the displaced amounts in the second ROIs
falls within a range of =0.01 to 0.01 (step S49: Yes). At this
time, the region of interest setting unit 34 sets the arca A303
in a fourth region of interest (hereinafter, referred to as a
fourth ROI) (step S51).

[0084] Thereafter, the region of interest setting unit 34 sets
the second ROI to expand the area from the fourth ROI.
Specifically, as illustrated in FIG. 14, the region of interest
setting unit 34 sequentially sets an area A304, an area A305,
and an area A306, which are regions obtained by expanding
the fourth ROI as the area A303 in up, right, and down
directions by one pixel, in the second ROI.

[0085] In addition, in step S49, when the area A306 is set
in the second ROI, it is determined that the difference
between the average value of the displaced amounts in the
first ROI and the average value of the displaced amounts in
the second ROIs falls within a range of —=0.01 to 0.01 (step
S49: Yes). At this time, the region of interest setting unit 34
sets the area A306 in a new fourth ROI. Thereafter, as
illustrated in FIGS. 15 and 16, the region of interest setting
unit 34 sets areas A307 to A313 in the second ROIs so as to
expand the area from the fourth ROL

[0086] Thereafter, in step S50, when an area A313 is set in
the second ROI, it is determined that the area set in the
second ROI is the maximum region (step S50: Yes), and the
region of interest setting unit 34 sets the area A306, which
is the fourth ROI at that time, as the display region of interest
(step S52).

[0087] In addition, the elastic image generator 372 gen-
erates the data of the elastic image within the display region
of interest (step S53), and outputs the data to the display
device 4. After step S53, the ultrasound observation appa-
ratus 3 ends a series of processings.

[0088] According to the third embodiment described
above, the region of interest setting unit 34 sets the second
ROI so that the area is expanded from the first ROI and
sequentially sets the fourth ROI that is larger so that the
display region of interest can be found earlier.

[0089] In the above-described embodiment, the region of
interest setting unit 34 sets the display region of interest
while narrowing the second ROI (first embodiment and
second embodiment), or sets the display region of interest
while expanding the second ROI (third embodiment), but is
not limited thereto. For example, the region of interest
setting unit 34 may set the second ROIs so as to cover the
patterns of all the areas including the first ROI. As a result,
the display region of interest is reliably set to be the
maximum region.

[0090] As an ultrasound probe, for example, a small-
diameter ultrasound miniature probe without an optical
system may be applied. Ultrasound miniature probes are
usually inserted into a biliary tract, a bile duct, a pancreatic
duct, a trachea, a bronchus, a urethra, and a ureter, and are
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used for observing organs (pancreas, lung, prostate, bladder,
lymph nodes, and the like) therearound. Further, as the
ultrasound probe, an extracorporeal ultrasound probe that is
to be irradiated with ultrasound waves from a body surface
of the subject may be applied. The extracorporeal ultrasound
probe is usually used for observing abdominal organs (liver,
gall bladder, and bladder), breast (especially mammary
gland), thyroid gland, and the like.

[0091] Additional advantages and modifications will read-
ily occur to those skilled in the art. Therefore, the disclosure
in its broader aspects is not limited to the specific details and
representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What is claimed is:

1. An ultrasound observation apparatus performing an
observation based on an ultrasound wave signal, the ultra-
sound observation apparatus comprising:

an ultrasound image generator configured to generate data
of an ultrasound image based on the ultrasound wave
signal;

a region of interest setting unit configured to set a first
region of interest set in advance within the ultrasound
image and a plurality of second regions of interest
including at least the first region of interest;

a reference value calculating unit configured to calculate
reference values according to ultrasound wave signals
of the first region of interest and the plurality of second
regions of interest, respectively; and

an elastic image generator configured to set a display
region of interest in which the reference value of the
first region of interest and the reference values of the
second regions of interest have a predetermined corre-
lation and the second regions of interest are maximized,
and generate data of an elastic image having a display
mode according to hardness of the display region of
interest.

2. The ultrasound observation apparatus according to
claim 1, wherein the predetermined correlation is a relation-
ship in which a ratio or a difference between the reference
value of the first region of interest and the reference values
of the second regions of interest falls within a predetermined
range.

3. The ultrasound observation apparatus according to
claim 1, wherein

the region of interest setting unit is configured to succes-
sively set the second regions of interest by excluding a
part of the second regions of interest having a maxi-
mum area within the ultrasound image from the second
regions of interest having the maximum area within the
ultrasound image according to a predetermined rule,

the reference value calculating unit is configured to suc-
cessively calculate the reference values of the second
regions of interest that the region of interest setting unit
has set, and

the elastic image generator is configured to successively
compare the reference value of the first region of
interest with the reference values of the second regions
of interest, and when the reference value of the first
region of interest and the reference values of the second
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regions of interest have the predetermined correlation,
set the second regions of interest at that time as the
display region of interest.

4. The ultrasound observation apparatus according to
claim 3, wherein the region of interest setting unit is
configured to set the second regions of interest by sequen-
tially excluding an area farther from the first region of
interest.

5. The ultrasound observation apparatus according to
claim 3, wherein the region of interest setting unit is
configured to set the second regions of interest by sequen-
tially excluding an area along a sound ray of the ultrasound
transducer constituting the ultrasound image and an area
along a scanning direction of the ultrasound transducer
constituting the ultrasound image.

6. The ultrasound observation apparatus according to
claim 1, further comprising:

an average image generator configured to generate, when

receiving an input of an average instruction signal for
generating an average image obtained by adding up and
averaging a plurality of ultrasound images, data of the
average image,

wherein the region of interest setting unit is configured to

set the first region of interest and the plurality of second
regions of interest in the respective ultrasound images
of the plurality of ultrasound images, and

the elastic image generator is configured to set an area, in

which the reference value of the first region of interest
in the respective ultrasound images and the reference
values of the second regions of interest in the respective
ultrasound images have the predetermined correlation
and the second regions of interest are maximized, as
third regions of interest, and set an area within the
average image corresponding to an area in which the
respective third regions of interest overlap with each
other, as the display region of interest.

7. The ultrasound observation apparatus according to
claim 1, wherein the region of interest setting unit is
configured to set the second regions of interest obtained by
expanding a part of the first region of interest from the first
region of interest according to a predetermined rule.

8. The ultrasound observation apparatus according to
claim 1, wherein

the predetermined correlation is a relationship in which a

difference between the reference value of the first
region of interest and the reference values of the second
regions of interest falls within a predetermined range,
and
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the elastic image generator is configured to change the
predetermined range according to the reference value
of the first region of interest.

9. The ultrasound observation apparatus according to
claim 1, wherein the reference value is a statistic corre-
sponding to the ultrasound wave signal.

10. An operation method of an ultrasound observation
apparatus performing an observation based on an ultrasound
wave signal, the operation method comprising:

setting, by a region of interest setting unit, a first region

of interest set in advance within an ultrasound image
generated based on the ultrasound wave signal and a
plurality of second regions of interest including at least
the first region of interest;

calculating, by a reference value calculating unit, refer-

ence values according to ultrasound wave signals of the
first region of interest and the plurality of second
regions of interest, respectively; and

setting, by an elastic image generator, a display region of

interest in which the reference value of the first region
of interest and the reference values of the second
regions of interest have a predetermined correlation and
the second regions of interest are maximized, and
generating data of an elastic image having a display
mode according to hardness of the display region of
interest.

11. A non-transitory computer-readable recording
medium with an executable program stored thereon, the
program causing a processor to execute:

setting, by a region of interest setting unit, a first region

of interest set in advance within an ultrasound image
generated based on the ultrasound wave signal and a
plurality of second regions of interest including at least
the first region of interest;

calculating, by a reference value calculating unit, refer-

ence values according to ultrasound wave signals of the
first region of interest and the plurality of second
regions of interest, respectively; and

setting, by an elastic image generator, a display region of

interest in which the reference value of the first region
of interest and the reference values of the second
regions of interest have a predetermined correlation and
the second regions of interest are maximized, and
generating data of an elastic image having a display
mode according to hardness of the display region of
interest.
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