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Description
Field

[0001] The present invention relates to an ultrasound
observation apparatus for observing a tissue of an ob-
servation object using an ultrasound wave, an operation
method for an ultrasound observation apparatus, and an
operation program for an ultrasound observation appa-
ratus. Background

[0002] Conventionally, ultrasound elastography is
known as a technology for diagnosing an observation
objectusing an ultrasound wave (for example, see Patent
Literature 1). The ultrasound elastography is a technique
that uses the fact that hardness of a cancer or tumor
tissueinalliving 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 color-
ed as a reference value, thereby generating an elastic
image in which information on the hardness of the bio-
logical tissue is imaged.

[0003] In the ultrasound elastography, a user sets the
region of interest according to observation contents. In
the conventional ultrasound elastography, it is common
that only the region of interest set by the user is colored.

Citation List
Patent Literature

[0004] Patent Literature 1: Japanese Patent No.
5465671 Summary

Technical Problem

[0005] Also, itis preferable to be able to know informa-
tion on the hardness of the biological tissue in an area
as wide as possible when a user such as a doctor exe-
cutes a diagnosis using the ultrasound elastography.
However, when the area to be colored is expanded from
the region of interest to a wider area, the reference value
that is the average value of the displaced amounts in the
area is changed. As a result, there is a problem that it is
difficult for a user to observe a change in a color tone of
the entire elastic image.

[0006] An object of the present invention is to provide
an ultrasound observation apparatus capable of expand-
ing a colored area of an elastic image while suppressing
an influence on a color tone of an elastic image within a
region of interest set by a user, in ultrasound elastogra-
phy, an operation method for an ultrasound observation
apparatus, and an operation program for an ultrasound
observation apparatus.

Solution to Problem

[0007] To solve the problem described above and to
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achieve the object, an ultrasound observation apparatus
according to one aspect of the present invention is an
ultrasound observation apparatus performing an obser-
vation based on an ultrasound wave signal acquired by
an ultrasound probe including an ultrasound transducer
transmitting an ultrasound wave to an observation object
and receiving the ultrasound wave reflected from the ob-
servation object. The ultrasound observation apparatus
includes: an ultrasound image generator configured to
generate data of an ultrasound image based on the ul-
trasound 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 re-
gions of interest including at least the first region of in-
terest, when receiving an input of a freeze instruction
signal that sets a display on a display device as a still
image; 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 sec-
ond 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.

[0008] In the ultrasound observation apparatus ac-
cording to one aspect of the present invention, the pre-
determined correlation is a relationship 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.
[0009] In the ultrasound observation apparatus ac-
cording to one aspect of the present invention, the region
of interest setting unit is configured to successively set
the second regions of interest by excluding a part of the
second regions of interest having a maximum 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 successively 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 inter-
est, and when the reference value of the first region of
interest and the reference values of the second regions
of interest have the predetermined correlation, set the
second regions of interest at that time as the display re-
gion of interest.

[0010] In the ultrasound observation apparatus ac-
cording to one aspect of the present invention, the region
of interest setting unit is configured to set the second
regions of interest by sequentially excluding an area far-
ther from the first region of interest.

[0011] In the ultrasound observation apparatus ac-
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cording to one aspect of the present invention, the region
of interest setting unit is configured to set the second
regions of interest by sequentially excluding an area
along a sound ray of the ultrasound transducer consti-
tuting the ultrasound image and an area along a scanning
direction of the ultrasound transducer constituting the ul-
trasound image.

[0012] The ultrasound observation apparatus accord-
ing to one aspect of the presentinvention furtherincludes:
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. The region of interest setting unit is
configured to set the first region of interest and the plu-
rality of second regions of interest in the respective ul-
trasound 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 ref-
erence values of the second regions of interest in the
respective ultrasound images have the predetermined
correlation and the second regions of interest are maxi-
mized, 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 oth-
er, as the display region of interest.

[0013] In the ultrasound observation apparatus ac-
cording to one aspect of the present invention, 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 ac-
cording to a predetermined rule.

[0014] In the ultrasound observation apparatus ac-
cording to one aspect of the present invention, the pre-
determined correlation is a relationship in which a differ-
ence 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 the
elastic image generator is configured to change the pre-
determined range according to the reference value of the
first region of interest.

[0015] In the ultrasound observation apparatus ac-
cording to one aspect of the present invention, the refer-
ence value is a statistic corresponding to the ultrasound
wave signal.

[0016] An operation method for an ultrasound obser-
vation apparatus according to one aspect of the present
invention is an operation method for an ultrasound ob-
servation apparatus performing an observation based on
an ultrasound wave signal acquired by an ultrasound
probe including an ultrasound transducer transmitting an
ultrasound wave to an observation object and receiving
the ultrasound wave reflected from the observation ob-
ject. The operation method includes: a region of interest
setting step of setting, by a region of interest setting unit,
a first region of interest set in advance within an ultra-
sound image generated based on the ultrasound wave
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signal and a plurality of second regions of interest includ-
ing at least the first region of interest, when an input of a
freeze instruction signal that sets a display on a display
device as a stillimage is received; a reference value cal-
culation step of calculating, by a reference value calcu-
lating unit, 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 generation step of setting, by an elastic image
generator, a display region of interest in which the refer-
ence value of the first region of interest and the reference
values of the second regions of interest have a predeter-
mined correlation and the second regions of interest are
maximized, and generating data of an elastic image hav-
ing a display mode according to hardness of the display
region of interest.

[0017] An operation program for an ultrasound obser-
vation apparatus according to one aspect of the present
invention is an operation program for an ultrasound ob-
servation apparatus causing the ultrasound observation
apparatus performing an observation based on an ultra-
sound wave signal acquired by an ultrasound probe in-
cluding an ultrasound transducer transmitting an ultra-
sound wave to an observation object and receiving the
ultrasound wave reflected from the observation object to
execute the following steps: a region of interest setting
step of 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, when an input of a freeze
instruction signal that sets a display on a display device
as a stillimage is received; a reference value calculation
step of calculating, 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 an elastic image
generation step of setting, by an elasticimage 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 cor-
relation and the second regions of interest are maxi-
mized, and generating data of an elastic image having a
display mode according to hardness of the display region
of interest.

Advantageous Effects of Invention

[0018] According to the presentinvention, itis possible
to realize the ultrasound observation apparatus capable
of expanding the colored area of the elastic image while
suppressing the influence on the color tone of the elastic
image within the region of interest set by the user, in the
ultrasound elastography, the operation method for an ul-
trasound observation apparatus, and the operation pro-
gram for an ultrasound observation apparatus.



5 EP 3 415 096 A1 6

Brief Description of Drawings
[0019]

FIG. 1 is a diagram schematically illustrating a con-
figuration of an ultrasound diagnostic system includ-
ing an ultrasound observation apparatus according
to a first embodiment of the present invention.

FIG. 2is aflowchartillustrating an outline of process-
ing performed by the ultrasound observation appa-
ratus according to the first embodiment of the
present invention.

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

FIG. 4 is a diagram illustrating displaced amounts of
each pixel.

FIG. 5is a diagramillustrating an example of a meth-
od for setting second ROls.

FIG. 6is a diagramillustrating an example of a meth-
od for setting second ROls.

FIG. 7 is a diagramillustrating an example of a meth-
od for setting second ROls.

FIG. 8is a diagramillustrating an example of a meth-
od for setting second ROls.

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.

FIG. 10 is a diagram schematically illustrating a con-
figuration of an ultrasound diagnostic system includ-
ing an ultrasound observation apparatus according
to a second embodiment of the present invention.
FIG. 11 is a flowchart illustrating an outline of
processing performed by the ultrasound observation
apparatus according to the second embodiment of
the present invention.

FIG. 12 is a flowchart illustrating an outline of
processing performed by an ultrasound observation
apparatus according to a third embodiment of the
present invention.

FIG. 13 is a diagram illustrating an example of a
method for setting second ROls.

FIG. 14 is a diagram illustrating an example of a
method for setting second ROls.

FIG. 15 is a diagram illustrating an example of a
method for setting second ROls.

FIG. 16 is a diagram illustrating an example of a
method for setting second ROls.

Description of Embodiments

[0020] Hereinafter, a mode (hereinafter referred to as
"embodiment") for carrying out the present invention will
be described with reference to the accompanying draw-
ings.
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(First Embodiment)

[0021] FIG. 1 is a diagram schematically illustrating a
configuration of an ultrasound diagnostic system includ-
ing an ultrasound observation apparatus according to a
first embodiment of the present invention. An ultrasound
diagnostic system 1 illustrated in FIG. 1 includes an ul-
trasound endoscope 2, an ultrasound observation appa-
ratus 3, and a display device 4.

[0022] 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 re-
ceives the ultrasound wave reflected from the subject.
The ultrasound transducer 21 converts an electrical pulse
signal received from the ultrasound observation appara-
tus 3 into an ultrasound pulse (acoustic pulses) and irra-
diates the subject with the ultrasound pulse, and converts
an ultrasound echo reflected from the subject into an
electrical echo signal (ultrasound wave signal) and out-
puts 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 en-
doscope 2 is various according to observation objects
such as a digestive tract (esophagus, stomach, duode-
num, and large intestine) and a respiratory system (tra-
chea and bronchus) of the subject.

[0023] The ultrasound endoscope 2 may further in-
clude animaging unit thatimages 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 irradiated onto the subject at the time of imaging, to
the distal end of the ultrasound endoscope 2.

[0024] The ultrasound observation apparatus 3 trans-
mits and receives an electrical signal to and from the
ultrasound endoscope 2 via an ultrasound cable. The
ultrasound observation apparatus 3 performs predeter-
mined processing on the electrical echo signal received
from the ultrasound endoscope 2 to generate an ultra-
sound image or the like. The ultrasound observation ap-
paratus 3 includes a transmitting/receiving unit 31 that
transmits and receives a signal to and from the ultrasound
transducer 21, a signal processing unit 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 displaced
amount between images at an observation point (sam-
pling 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 ultra-
sound 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
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various information required for the operation of the ul-
trasound observation apparatus 3. The ultrasound ob-
servation apparatus 3 can set an elastography mode in
which information onrelative hardness of the observation
object in the region of interest is imaged and expressed
by visual information such as color.

[0025] The transmitting/receiving unit 31 transmits a
pulse-shaped transmission drive wave signal to the ul-
trasound transducer 21 based on a predetermined wave-
form and transmission timing. In addition, the transmit-
ting/receiving unit 31 receives the electrical echo signal
from the ultrasound transducer 21. The transmitting/re-
ceiving unit 31 serves to transmit various control signals
output from the control unit 38 to the ultrasound endo-
scope 2 and receive various information including an ID
for identification from the ultrasound endoscope 2 and
transmit the received information to the control unit 38.
[0026] The signal processing unit 32 performs known
processing, such as a band pass filtering, envelope de-
tection, 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 circuit for executing a specific func-
tion such as an application specific integrated circuit
(ASIC) or a field programmable gate array (FPGA), or
the like.

[0027] The input unit 33 receives an input of a signal
that instructs setting of a first region of interest (herein-
after 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.
[0028] The region of interest setting unit 34 sets the
first ROl 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 set-
ting unit 34 sets a plurality of second regions of interest
(hereinafter referred to as a second ROI) including the
first ROI.

[0029] The displaced amount calculating unit 35 cal-
culates a displaced amount of a tissue at an observation
point (sampling point) in the ultrasound image according
to pressurization by a pulsation of the subject based on
the received data generated by the signal processing unit
32. The displaced amount calculating unit 35 calculates
the displaced amount by comparing, for example, the
latest ultrasound image with the ultrasound image gen-
erated one frame before.

[0030] The reference value calculating unit 36 calcu-
lates a reference value corresponding to the displaced
amount calculated by the displaced amount calculating
unit 35 of the first ROI and the plurality of second ROls,
respectively. The reference value is, for example, an av-
erage value (statistic) of the displaced amounts in the
first ROl and the plurality of second ROls. However, the
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reference value may be a statistic such as a maximum
value, a minimum value, a median value, and a mode
value.

[0031] Theimage generator 37 includes an ultrasound
image generator 371 that generates data of the ultra-
sound image based on the received data and an elastic
image generator 372 that generates an elasticimage vis-
ually expressing the information on the hardness of the
tissue of the observation object based on the displaced
amount in the ultrasound image.

[0032] 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
luminance.

[0033] The elastic image generator 372 sequentially
generates data of an elasticimage 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 ROl and the reference values of the second
ROls have a predetermined correlation and the second
ROls are maximized. The predetermined correlation is,
forexample, a relationship in which a difference between
the reference value of the first ROl and the reference
values of the second ROls 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 ROl and the reference values
of the second ROls. The elastic image generator 372
generates the data of the elasticimage having the display
mode corresponding to the hardness ofthe 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. Spe-
cifically, 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.

[0034] 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 genera-
tor 37.

[0035] The control unit 38 is realized by using a gen-
eral-purpose processor such as a CPU having calcula-
tion and control functions, or a dedicated integrated cir-
cuit 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 observation apparatus 3 are executed,
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thereby integrally controlling the ultrasound observation
apparatus 3. In the case where the control unit 38 is con-
figured using the ASIC, various processings may be per-
formed 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 calculat-
ing unit 36, and the image generator 37 may be config-
ured by a common general-purpose processor, a dedi-
cated integrated circuit, or the like.

[0036] The storage unit 39 includes an ultrasound im-
age storage unit 391 that at least temporarily stores data
of a plurality of ultrasound images generated by the ul-
trasound image generator 371, a region of interest stor-
age unit 392 that stores information on the first ROl and
the second ROlIs set for the ultrasound image, a dis-
placed amount storage unit 393 that stores the displaced
amount calculated by the displaced amount calculating
unit 35, and areference 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 re-
quired when the displaced amount calculating unit 35
calculates the displaced amount. The reference value
storage unit 394 stores data of the reference value in-
cluding the amount that is required when the region of
interest setting unit 34 performs the comparison of the
reference value.

[0037] The storage unit 39 stores various programs
including an operation program for executing the opera-
tion 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 communi-
cation network. The communication network referred
herein is realized by, for example, an existing public net-
work, a local area network (LAN), a wide area network
(WAN), and the like, and may be wired or wireless.
[0038] 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.

[0039] 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 elasticimage generated by the ultrasound observation
apparatus 3, and displays these images.

[0040] FIG. 2 is a flowchart illustrating an outline of
processing performed by the ultrasound observation ap-
paratus according to the first embodiment of the present
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invention. 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 transmit-
ting/receiving unit 31 starts to transmit the transmission
drive wave, the ultrasound transducer 21 starts to trans-
mit the ultrasound wave and then the setting of the first
ROl in the ultrasound image is completed.

[0041] First, the transmitting/receiving unit 31 receives
the echo signal that is the measurement result of the
observation object by the ultrasound transducer 21 from
the ultrasound endoscope 2 (step S1).

[0042] Subsequently, the signal processing unit 32
generates received data by performing predetermined
reception processing on the echo signal received from
the ultrasound transducer 21 (step S2). Specifically, the
transmitting/receiving unit 31 amplifies the echo signal
(STC correction), and then performs processings such
as filtering and A/D conversion.

[0043] Thereatfter, 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 de-
vice 4 under the control of the display controller 381 (step
S3).

[0044] Subsequently, the displaced amount calculat-
ing unit 35 calculates the displaced amount at the obser-
vation point in the first ROl 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 ul-
trasound image and data of the past ultrasound image
stored in the ultrasound image storage unit 391.

[0045] Thereafter, the elastic image generator 372
generates 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 out-
puts 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 dis-
play 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 elasticimage 100
is displayed on the right side of the first ROl 101. 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 amountis 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 im-
age. In this case, the image generator 37 generates data
of an image in which the elastic image 100 is superim-
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posed 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.

[0046] 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 determi-
nation result, when the instruction input of the freeze in-
struction signalisreceived (step S6: Yes), the processing
proceeds to step S7. On the other hand, as the determi-
nation result, when the instruction input of the freeze in-
struction signalis notreceived (step S6: No), the process-
ing returns to step S1, and the processings of steps S1
to S5 are repeatedly performed.

[0047] In step S7, the region of interest setting unit 34
sets the second ROls. 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 107 of the pixel 106 are schematically illustrat-
ed. An area surrounded by a broken line in a center of
FIG. 4 corresponds to the first ROI 101. In this case, the
method for setting second ROls based on the displaced
amounts 107 of each pixel 106 is described, but the sec-
ond ROIs 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 ROls
are maximized.

[0048] Subsequently, the reference value calculating
unit 36 calculates the average value of the displaced
amounts 107 in the first ROl 101 and the second ROIs
(step S8). Specifically, 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 ROls
as the area A101 by the number (30) of pixels included
in the first ROl 101.

[0049] Thereafter, the elasticimage generator 372 de-
termines whether the difference between the average
value of the displaced amounts 107 in the first ROl 101
and the average value of the displaced amounts 107 in
the second ROls falls within a predetermined range un-
der 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 ROl 101 and the average value
of the displaced amounts 107 in the second ROlIs falls
within a range of -0.01 to 0.01. In this case, since the
difference (0.87) between the average value of the dis-
placed 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 ROls.
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[0050] FIGS. 6 to 8 are diagrams illustrating an exam-
ple of the method for setting second ROls. As illustrated
in FIGS. 6 to 8, the region of interest setting unit 34 suc-
cessively 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 re-
gion of interest setting unit 34 sets the second ROlIs by
sequentially excluding an area along a sound ray direc-
tion (corresponding to a vertical direction in FIGS. 6 to
8) of the ultrasound transducer 21 constituting the ultra-
sound image and an area along a scanning direction (cor-
responding to a horizontal direction in FIGS. 6 to 8) of
the ultrasound transducer 21 constituting the ultrasound
image.

[0051] 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 anarea A113
in FIG. 8 are areas in which one pixel is excluded from
the area A101 in three of up, down, left, and right direc-
tions. In this way, the region of interest setting unit 34
successively sets the areas A102 to A113 in the second
ROls.

[0052] In step S8, the reference value calculating unit
36 successively calculates the average value of the dis-
placed amounts 107 in the second ROls set by the region
of interest setting unit 34. In addition, in step S9, the elas-
tic image generator 372 determines whether the differ-
ence between the average value of the displaced
amounts 107 in the first ROl 101 and the average value
of the displaced amounts 107 in the second ROls falls
within a predetermined range under the control of the
display controller 381. In this case, when the second
ROls are an area A102 to an area A112, the difference
between the average value of the displaced amounts 107
inthe first ROI 101 and the average value of the displaced
amounts 107 in the second ROIs are out of a predeter-
mined range (-0.01 to 0.01), such that the processings
of steps S7 to S9 are successively and repeatedly per-
formed. On the other hand, when the second ROl is an
area A113, the difference (0) between the average value
(7.33) of the displaced amounts 107 in the first ROl 101
and the average value (7.33) of the displaced amounts
107 in the second ROls 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 in-
terest (step S10).

[0053] In addition, the elastic image generator 372
generates 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 obser-
vation apparatus 3 ends a series of processings.
[0054] FIG. 9 is a diagram illustrating an example in
which the elastic image within the display region of inter-
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estis displayed on the display device. In an elasticimage
200 illustrated in FIG. 9, an area in which coloring is per-
formed on an image and the hardness of each internal
tissue can be visually recognized is expanded from the
first ROl 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.

[0055] In this case, when the elastic image generator
372 generates the elastic image, the average value of
the displaced 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 dis-
placed amounts in the first ROl 101 and the average val-
ue of the displaced amounts in the display region of in-
terest 201 falls within a predetermined range and is suf-
ficiently small. As a result, the color tone of the first ROI
101 and the area corresponding to the first ROl 101 within
the display region of interest 201 remains almost un-
changed. Therefore, the ultrasound observation appara-
tus 3 according to the first embodiment is an ultrasound
observation apparatus that can expand the colored area
of the elastic image while suppressing the influence on
the color tone of the elastic image within the region of
interest set by the user in the ultrasound elastography.
[0056] Itis 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 ROl 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 ROl 101, and the display region of
interest can be found earlier by preferentially excluding
the area.

[0057] 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 direc-
tion 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 trans-
ducer 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 im-
age.

[0058] In addition, the predetermined range compared
with the difference between the reference value of the
first ROl and the reference values of the second ROls
may be determined according to the reference value of
the first ROI. For example, the larger the reference value
of the first ROI, the wider the predetermined range is set.
[0059] In addition, the above-described first embodi-
ment describes the configuration in which the data of the
elastic image within the display region of interest are au-
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tomatically 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 ROl 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)

[0060] FIG. 10 is a diagram schematically illustrating
a configuration of an ultrasound diagnostic system in-
cluding an ultrasound observation apparatus according
to a second embodiment of the present invention. An
ultrasound diagnostic system 1A illustrated in FIG. 10
includes an ultrasound endoscope 2, an ultrasound ob-
servation apparatus 3A, and a display device 4. A con-
figuration of the ultrasound diagnostic system 1A other
than the ultrasound observation apparatus 3A is the
same as that of the ultrasound diagnostic system 1 de-
scribed in the first embodiment.

[0061] The ultrasound observation apparatus 3A is dif-
ferent from the ultrasound observation apparatus 3 de-
scribed in the first embodiment in a configuration of an
image generator. An image generator 37A included in
the ultrasound observation apparatus 3A includes an av-
erage image generator 373A in addition to an ultrasound
image generator 371 and an elasticimage generator 372.
[0062] In a case in which a freeze instruction signal
that sets a display on the display device 4 as a stillimage
is input from an inputunit 33, when an average instruction
signal is further input from the input unit 33, the average
image generator 373A adds up and averages pixel val-
ues of each pixel in a plurality of ultrasound images com-
posed 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 instruc-
tion 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 373A gen-
erates average image data using a plurality of ultrasound
images selected from the ultrasound images displayed
on the display device 4.

[0063] The region of interest setting unit 34 sets a first
ROI and a plurality of second ROls in the respective ul-
trasound images of the plurality of ultrasound images se-
lected. The elastic image generator 372 sets an area, in
which the reference value of the first ROl in the respective
ultrasound images and the reference values of the sec-
ond ROls in the respective ultrasound images have a
predetermined correlation and the second ROls are max-
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imized, in a third region of interest (hereinafter, referred
to as athird 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.

[0064] FIG. 11 is a flowchart illustrating an outline of
processing performed by the ultrasound observation ap-
paratus according to the second embodiment of the
present invention. Even the flowchart illustrated in FIG.
11 illustrates processing in the case in which the ultra-
sound 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 ROl in the ultrasound image is com-
pleted. Further, itis 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.

[0065] 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
designated in the average instruction signal (step S27).
The processings of steps S28 to S30 sequentially corre-
spond 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 ultrasound images designated in the averag-
ing instruction signal. As a result, in the respective ultra-
sound images, the area in which the reference value of
the first ROl and the reference values of the second ROIs
have a predetermined correlation and the second ROls
are maximized is set in the third ROI (step S31).

[0066] Subsequently, the region of interest setting unit
34 extracts the area in which the third ROls in the re-
spective ultrasound images overlap with each other, and
sets the extracted area in the average image as the dis-
play region of interest (step S32).

[0067] Thereafter, the elastic image generator 372
generates 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.

[0068] According to the second embodiment of the
present invention described above, it is possible to ex-
pand the colored area of the elastic image while sup-
pressing the influence on the color tone of the elastic
image in the average image.

[0069] 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 elas-
tography in advance as described above or after the
freeze instruction signal is input to the input unit 33.
[0070] In addition, in the second embodiment de-
scribed above, the region of interest setting unit 34 is
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configured to reliably suppress the influence on the color
tone of the elastic image by extracting the area in which
the third ROls in the respective ultrasound images over-
lap with each other and setting the display region of in-
terest, but is not limited thereto. For example, the region
of interest setting unit 34 may also set the area within the
average image corresponding to the area set in the third
ROl 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.

[0071] Inaddition, the elasticimage 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 ROls are max-
imized, as the display region of interest.

(Third Embodiment)

[0072] A configuration of an ultrasound diagnostic sys-
tem including an ultrasound observation apparatus ac-
cording to a third embodiment is the same as the config-
uration of the ultrasound diagnostic system 1 described
in the first embodiment, but is different from the first em-
bodiment in the processing performed by the ultrasound
observation apparatus 3.

[0073] FIG. 12 is a flowchart illustrating an outline of
processing performed by the ultrasound observation ap-
paratus according to the third embodiment of the present
invention. Even the flowchart illustrated in FIG. 12 illus-
trates processing in the case in which the ultrasound di-
agnostic system 1 is set in the elastography mode, the
transmitting/receiving unit 31 starts to transmit the trans-
mission 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.

[0074] After step S46, the region of interest setting unit
34 sets the second ROls (step S47). FIGS. 13 to 16 are
diagramsillustrating an example of the method for setting
asecond ROI. As illustrated in FIGS. 13 to 16, the region
of interest setting unit 34 expands a part of the area from
the first ROl 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 ex-
panding the first ROl upward by one pixel, in the second
ROI.

[0075] Subsequently, the reference value calculating
unit 36 calculates the average value of the displaced
amounts in the first ROl and the second ROls (step S48).
[0076] Thereafter, the elasticimage generator 372 de-
termines whether the difference between the average
value of the displaced amounts in the first ROl and the
average value of the displaced amounts in the second
ROls falls within a predetermined range under the control
of the display controller 381 (step S49). Specifically, it is
determined whether the difference between the average
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value of the displaced amounts in the first ROl and the
average value of the displaced amounts in the second
ROl as the area A301 falls within a range of -0.01 t0 0.01.
When the difference between the average value of the
displaced amounts in the first ROl and the average value
of the displaced amounts in the second ROls is larger
than 0.01 (step S49: No), the processing proceeds to
step S50.

[0077] In step 50, it is determined whether or not the
area set in the second ROl is the maximum area. As the
determination result, when the area set in the second
ROl is notthe maximum area (step S50: No), the process-
ing returns to step S47 to set new second ROls. As illus-
trated in FIG. 13, the new second ROls are an area A302
and an area 303 obtained by expanding the first ROl to
the right side and the lower side, respectively, by one
pixel.

[0078] In step S49, 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 ROls 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 A303 in a fourth region of interest (here-
inafter, referred to as a fourth ROI) (step S51).

[0079] 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 ob-
tained by expanding the fourth ROI as the area A303 in
up, right, and down directions by one pixel, in the second
ROI.

[0080] In addition, in step S49, when the area A306 is
setin the second RO, it is determined that the difference
between the average value of the displaced amounts in
the first ROl and the average value of the displaced
amounts in the second ROls falls within a range of -0.01
t0 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
ROI.

[0081] Thereafter, in step S50, when an area A313 is
set in the second ROI, it is determined that the area set
inthe second ROl 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).

[0082] In addition, the elastic image generator 372
generates 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 obser-
vation apparatus 3 ends a series of processings.
[0083] According to the third embodiment of the
present invention described above, the region of interest
setting unit 34 sets the second ROI so that the area is
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expanded from the first ROl and sequentially sets the
fourth ROI that is larger so that the display region of in-
terest can be found earlier.

[0084] Inthe above-described embodiment, the region
of interestsetting unit 34 sets the display region of interest
while narrowing the second ROI (first embodiment and
second embodiment), or sets the display region of inter-
est while expanding the second ROI (third embodiment),
but is not limited thereto. For example, the region of in-
terest setting unit 34 may set the second ROlIs 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.

[0085] 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 pancre-
atic duct, a trachea, a bronchus, a urethra, and a ureter,
and are used for observing organs (pancreas, lung, pros-
tate, bladder, lymph nodes, and the like) therearound.
Further, as the ultrasound probe, an extracorporeal ul-
trasound 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.

[0086] Further effects and variations can be easily de-
rived by those skilled in the art. As a result, the broader
aspects of the present invention are not limited to the
specific details and representative embodiments shown
and described as above. Accordingly, various modifica-
tions are possible without departing from the spirit or
scope of the general inventive concept as defined by the
appended claims and their equivalents.

Reference Signs List
[0087]

1, 1A ULTRASOUND DIAGNOSTIC SYSTEM

2 ULTRASOUND ENDOSCOPE

3, 3A ULTRASOUND OBSERVATION APPARA-
TUS

4 DISPLAY DEVICE

21 ULTRASOUND TRANSDUCER

31 TRANSMITTING/RECEIVING UNIT

32 SIGNAL PROCESSING UNIT

33 INPUT UNIT

34 REGION OF INTEREST SETTING UNIT

35 DISPLACED AMOUNT CALCULATING UNIT
36 REFERENCE VALUE CALCULATING UNIT
37, 37A IMAGE GENERATOR

38 CONTROL UNIT

39 STORAGE UNIT

100, 200 ELASTIC IMAGE

101 FIRST ROl

102 COLOR SCALE
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103, 104, 105, 203, 204, 205 AREA

106 PIXEL

107 DISPLACED AMOUNT

201 DISPLAY REGION OF INTEREST

371 ULTRASOUND IMAGE GENERATOR

372 ELASTIC IMAGE GENERATOR

373A AVERAGE IMAGE GENERATOR

381 DISPLAY CONTROLLER

391 ULTRASOUND IMAGE STORAGE UNIT

392 REGION OF INTEREST STORAGE UNIT
393 DISPLACED AMOUNT STORAGE UNIT

394 REFERENCE VALUE STORAGE UNIT

A101, A102, A103, A104, A105, A106, A107, A108,
A109, A110, A111, A112, A113, A301, A302, A303,
A304, A305, A306, A307, A308, A309, A310, A311,
A312, A313 AREA

Claims

An ultrasound observation apparatus performing an
observation based on an ultrasound wave signal ac-
quired by an ultrasound probe including an ultra-
sound transducer transmitting an ultrasound wave
to an observation object and receiving the ultrasound
wave reflected from the observation object, the ul-
trasound 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
afirst region of interest set in advance within the
ultrasound image and a plurality of second re-
gions of interestincluding at least the firstregion
of interest, when receiving an input of a freeze
instruction signal that sets a display on a display
device as a still image;

a reference value calculating unit configured to
calculate reference values according to ultra-
sound 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 refer-
ence values of the second regions of interest
have a predetermined correlation and the sec-
ond regions of interest are maximized, and gen-
erate data of an elastic image having a display
mode according to hardness of the display re-
gion of interest.

The ultrasound observation apparatus according to
claim 1, wherein the predetermined correlation is a
relationship in which a ratio or a difference between
the reference value of the first region of interest and
the reference values of the secondregions of interest
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1"

falls within a predetermined range.

The ultrasound observation apparatus according to
claim 1 or 2, wherein

the region of interest setting unit is configured to suc-
cessively set the second regions of interest by ex-
cluding a part of the second regions of interest having
a maximum area within the ultrasound image from
the second regions of interest having the maximum
area within the ultrasound image according to a pre-
determined rule,

the reference value calculating unit is configured to
successively 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 succes-
sively 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 regions of interest have the predeter-
mined correlation, set the second regions of interest
at that time as the display region of interest.

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
sequentially excluding an area farther from the first
region of interest.

The ultrasound observation apparatus according to
claim 3 or 4, wherein the region of interest setting
unitis configured to setthe second regions of interest
by sequentially excluding an area along a sound ray
of the ultrasound transducer constituting the ultra-
sound image and an area along a scanning direction
of the ultrasound transducer constituting the ultra-
sound image.

The ultrasound observation apparatus according to
any one of claims 1 to 5, further comprising:

an average image generator configured to gen-
erate, when receiving an input of an average
instruction signal for generating an average im-
age obtained by adding up and averaging a plu-
rality of ultrasound images, data of the average
image,

wherein the region of interest setting unit is con-
figured to set the first region of interest and the
plurality of second regions of interest in the re-
spective ultrasound images of the plurality of ul-
trasound 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
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images have the predetermined correlation and
the second regions of interest are maximized,
asthirdregions 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.

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

The ultrasound observation apparatus according to
any one of claims 1 to 7, 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 pre-
determined range, and

the elastic image generator is configured to change
the predetermined range according to the reference
value of the first region of interest.

The ultrasound observation apparatus according to
any one of claims 1 to 8, wherein the reference value
is a statistic corresponding to the ultrasound wave
signal.

An operation method for an ultrasound observation
apparatus performing an observation based on an
ultrasound wave signal acquired by an ultrasound
probe including an ultrasound transducer transmit-
ting an ultrasound wave to an observation object and
receiving the ultrasound wave reflected from the ob-
servation object, the operation method comprising:

a region of interest setting step of setting, by a
region of interest setting unit, a first region of
interest set in advance within an ultrasound im-
age generated based on the ultrasound wave
signal and a plurality of second regions of inter-
est including at least the first region of interest,
when an input of a freeze instruction signal that
sets a display on a display device as a stillimage
is received;

areference value calculation step of calculating,
by a reference value calculating unit, reference
values according to ultrasound wave signals of
the first region of interest and the plurality of sec-
ond regions of interest, respectively; and

an elastic image generation step of 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 predeter-
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mined correlation and the second regions of in-
terest are maximized, and generating data of an
elastic image having a display mode according
to hardness of the display region of interest.

11. An operation program for an ultrasound observation

apparatus causing the ultrasound observation appa-
ratus performing an observation based on an ultra-
sound wave signal acquired by an ultrasound probe
including an ultrasound transducer transmitting an
ultrasound wave to an observation object and receiv-
ing the ultrasound wave reflected from the observa-
tion object to execute the following steps:

a region of interest setting step of setting, by a
region of interest setting unit, a first region of
interest set in advance within an ultrasound im-
age generated based on the ultrasound wave
signal and a plurality of second regions of inter-
est including at least the first region of interest,
when an input of a freeze instruction signal that
sets a display on adisplay device as a stillimage
is received;

areference value calculation step of calculating,
by a reference value calculating unit, reference
values according to ultrasound wave signals of
the firstregion of interest and the plurality of sec-
ond regions of interest, respectively; and

an elastic image generation step of 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 predeter-
mined correlation and the second regions of in-
terest 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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