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ULTRASOUND OBSERVATION DEVICE,
OPERATION METHOD OF ULTRASOUND
OBSERVATION DEVICE, AND
COMPUTER-READABLE RECORDING
MEDIUM

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] This application is a continuation of PCT interna-
tional application Ser. No. PCT/JP2016/086950 filed on
Dec. 12, 2016 which designates the United States, incorpo-
rated herein by reference, and which claims the benefit of
priority from Japanese Patent Applications No. 2015-
247567, filed on Dec. 18, 2015, incorporated herein by
reference.

BACKGROUND

1. Technical Field

[0002] The present disclosure relates to an ultrasound
observation device that observes tissue of an observation
target using ultrasound, an operation method of the ultra-
sound observation device, and a computer-readable record-
ing medium.

2. Related Art

[0003] In the related art, ultrasound elastography is known
as a technique for diagnosing an observation target using
ultrasound (for example, see Japanese Patent No. 5465671).
The ultrasound elastography is a technique that utilizes the
fact that the stiffness of cancer and tumor tissue in a living
body varies according to advancement of disease and the
living body. In this technique, an elastic image in which
information on the stiffness of biological tissue is formed
into an image is generated, by adding colors on the basis of
an average value of the displacement amount of the biologi-
cal tissue in a predetermined region of interest (ROI).

SUMMARY

[0004] In some embodiments, an ultrasound observation
device includes a controller. The controller is configured to:
generate data on an ultrasound image based on an ultrasound
signal; automatically set a second region of interest that is
relatively stiff in a first region of interest preset within the
ultrasound image; and generate data on first and second
elastic images each having a display mode according to
stiffness of the corresponding first and second regions of
interest.

[0005] In some embodiments, provided is an operation
method of an ultrasound observation device. The operation
method includes: generating, by a controller, data on a first
elastic image having a display mode according to stiffness of
a first region of interest preset within an ultrasound image
that is generated based on an ultrasound signal; setting, by
the controller, a second region of interest that is relatively
stiff in the first region of interest; and generating, by the
controller, data on a second elastic image having a display
mode according to stiffness of the second region of interest.
[0006] Insome embodiments, provided is a non-transitory
computer-readable recording medium with an executable
program stored thereon. The program is a program operating
an ultrasound observation device. The program causes the
ultrasound observation device to execute: generating, by a
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controller, data on a first elastic image having a display
mode according to stiffness of a first region of interest preset
within an ultrasound image that is generated based on an
ultrasound signal; setting, by the controller, a second region
of interest that is relatively stiff in the first region of interest;
and generating, by the controller, data on a second elastic
image having a display mode according to stiffness of the
second region of interest.

[0007] 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

[0008] FIG. 11is a schematic diagram of a configuration of
an ultrasound diagnostic system provided with an ultrasound
observation device according to a first embodiment of the
disclosure;

[0009] FIG. 2 is a flowchart illustrating the outline of
processing performed by the ultrasound observation device
according to the first embodiment of the disclosure;

[0010] FIG. 3 is a diagram illustrating a display example
of an elastic image of a first region of interest on a display
device;

[0011] FIG. 4 is a diagram illustrating a display example
of an elastic image of a second region of interest on the
display device;

[0012] FIG. 5 is a diagram illustrating a display example
of an elastic image of the second ROI on the display device
generated by an ultrasound observation device according to
a modification 1-1 of the first embodiment of the disclosure;
[0013] FIG. 6 is a flowchart illustrating the outline of
processing performed by an ultrasound observation device
according to a modification 1-2 of the first embodiment of
the disclosure;

[0014] FIG. 7 is a schematic diagram of a configuration of
an ultrasound diagnostic system provided with an ultrasound
observation device according to a second embodiment of the
disclosure;

[0015] FIG. 8 is a flowchart illustrating the outline of
processing performed by the ultrasound observation device
according to the second embodiment of the disclosure;
[0016] FIG. 9 is a flowchart illustrating the outline of
processing performed by an ultrasound observation device
according to a modification 2-1 in the second embodiment of
the disclosure; and

[0017] FIG. 10 is a diagram illustrating a display example
of an elastic image of a second region of interest on the
display device in the other embodiment of the disclosure.

DETAILED DESCRIPTION

[0018] Hereinafter, modes for carrying out the disclosure
(hereinafter, referred to as “embodiments™) will be described
in detail with reference to the accompanying drawings.

FIRST EMBODIMENT

[0019] FIG. 11is a schematic diagram of a configuration of
an ultrasound diagnostic system provided with an ultrasound
observation device according to a first embodiment of the
disclosure. An ultrasound diagnostic system 1 illustrated in
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FIG. 1 includes an ultrasound endoscope 2, an ultrasound
observation device 3, and a display device 4.

[0020] The ultrasound endoscope 2 includes an ultrasound
transducer 21 that is provided at the distal end of the
ultrasound endoscope 2, transmits ultrasound to the subject
that is the observation target, and receives the ultrasound
reflected by the subject. The ultrasound transducer 21 con-
verts an electric pulse signal received from the ultrasound
observation device 3 to an ultrasonic pulse (acoustic pulse),
and emits the ultrasonic pulse to the subject. The ultrasound
transducer 21 also converts an ultrasound echo reflected by
the subject to an electric echo signal (ultrasound signal) to
output. The ultrasound transducer 21 may be an electron
scanning type or a mechanical scanning type. For example,
various types of the ultrasound endoscopes 2 are known
depending on the observation target such as digestive canals
(esophagus, stomach, duodenum, and large intestine) and
respiratory organs (trachea and bronchi) of the subject.
[0021] The ultrasound endoscope 2 may also include an
imaging unit that captures an image inside the subject, and
a light guide that guides illumination light from a light
source device for generating illumination light emitted to the
subject to the distal end of the ultrasound endoscope 2 when
the image is captured.

[0022] The ultrasound observation device 3 receives and
transmits electric signals from and to the ultrasound endo-
scope 2 via an ultrasound cable. The ultrasound observation
device 3 generates an ultrasound image and the like by
performing a predetermined process on an electric echo
signal received from the ultrasound endoscope 2. The ultra-
sound observation device 3 includes a transmission and
reception unit 31, a signal processing unit 32, an input unit
33, a region of interest setting unit 34, a displacement
amount calculation unit 35, an image generation unit 36, a
control unit 37, and a storage unit 38. The transmission and
reception unit 31 transmits and receives signals to and from
the ultrasound transducer 21. The signal processing unit 32
generates digital reception data on the basis of the echo
signal received from the transmission and reception unit 31.
The input unit 33 receives an input of various types of
information including an operation instruction signal of the
ultrasound observation device 3. The region of interest
setting unit 34 sets a region of interest within an ultrasound
image. The displacement amount calculation unit 35 calcu-
lates a displacement amount between images at an obser-
vation point (sampling point) within the region of interest.
The image generation unit 36 generates data on various
types of images including an ultrasound image and an elastic
image. The control unit 37 integrally controls the entire
operation of the ultrasound diagnostic system 1. The storage
unit 38 stores therein various types of information required
for operating the ultrasound observation device 3. The
ultrasound observation device 3 can set an elastography
mode that expresses information on relative stiffness of the
observation target in a region of interest by forming an
image of the information using visual information such as
colors.

[0023] The transmission and reception unit 31 transmits
pulse-like transmission drive wave signals to the ultrasound
transducer 21 on the basis of a predetermined waveform and
transmission timing. The transmission and reception unit 31
also receives an electric echo signal from the ultrasound
transducer 21. The transmission and reception unit 31 has a
function of transmitting various types of control signals
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output from the control unit 37 to the ultrasound endoscope
2, receiving various types of information including an iden-
tification ID from the ultrasound endoscope 2, and trans-
mitting the various types of information to the control unit
37.

[0024] The signal processing unit 32 performs a known
process such as bandpass filtering, envelope-detection, and
logarithmic conversion on an echo signal, and generates
digital reception data for an ultrasound image (hereinafter,
referred to as reception data). The signal processing unit 32
is implemented by using a general processor such as a
central processing unit (CPU), a dedicated integrated circuit
that executes a specific function such as an application
specific integrated circuit (ASIC) or a field programmable
gate array (FPGA), or the like.

[0025] The input unit 33 receives an input of a signal
instructing to set a first region of interest (hereinafter,
referred to as a first ROI). The input unit 33 is configured
using a user interface such as a keyboard, a mouse, and a
touch panel.

[0026] The region of interest setting unit 34 sets the first
ROI on the basis of the setting input received by the input
unit 33. Moreover, the region of interest setting unit 34 sets
a region relatively stiff’ within the first ROI as a second
region of interest (hereinafter, referred to as a second ROI),
on the basis of the calculation result of the displacement
amount calculation unit 35, which will be described below.
[0027] The displacement amount calculation unit 35 cal-
culates the displacement amount of tissue at the observation
point (sampling point) within the region of interest accord-
ing to the pressure applied to the subject by the heartbeat, on
the basis of data on the ultrasound image generated by an
ultrasound image generation unit 361 of the image genera-
tion unit 36, which will be described below. For example,
the displacement amount calculation unit 35 calculates the
displacement amount by comparing the latest ultrasound
image with the ultrasound image generated in the preceding
frame.

[0028] The image generation unit 36 includes the ultra-
sound image generation unit 361 and an elastic image
generation unit 362. The ultrasound image generation umt
361 generates data on the ultrasound image on the basis of
reception data. The elastic image generation unit 362 gen-
erates an elastic image that visually expresses information
on the stiffness of tissue of the observation target on the basis
of the displacement amount within the region of interest.
[0029] For example, the data on the ultrasound image
generated by the ultrasound image generation unit 361 is
B-mode image data in which the amplitude is converted to
luminance.

[0030] The elastic image generation unit 362 generates
data on first and second elastic images that each have a
display mode according to the stiffness of the corresponding
first and second regions of interest. The elastic image
generated by the elastic image generation unit 362 is an
image obtained by applying visual information such as color
and pattern on each point within the region of interest on the
basis of the calculation result of the displacement amount
calculation unit 35. More specifically, the elastic image
generation unit 362 generates data on an elastic image by
applying green to the tissue corresponding to the average
stiffness within the region of interest, bluish color to the
tissue stiffer than the average, and reddish color to the tissue
softer than the average.
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[0031] The control unit 37 includes a display control unit
371 that controls display performed by the display device 4.
The display control unit 371 controls the display device 4 so
as to display various types of images generated by the image
generation unit 36.

[0032] The control unit 37 is implemented by using a
general processor such as the CPU having calculation and
control functions, or a dedicated integrated circuit such as
the ASIC or the FPGA. When the control unit 37 is imple-
mented by the general processor or the FPGA, the control
unit 37 integrally controls the ultrasound observation device
3 by reading out various computer programs and various
types of data stored in the storage unit 38 from the storage
unit 38, and executing various arithmetic processes relating
to the operation of the ultrasound observation device 3.
When the control unit 37 is configured using the ASIC, the
control unit 37 may execute various processes indepen-
dently, or may execute the various processes by using the
various types of data stored in the storage unit 38. In the
present first embodiment, the control unit 37 and at least a
part of the signal processing unit 32, the region of interest
setting unit 34, the displacement amount calculation unit 35,
and the image generation unit 36 may be configured using a
common general processor, a dedicated integrated circuit, or
the like.

[0033] The storage unit 38 includes an ultrasound image
storage unit 381, a region of interest storage unit 382, and a
displacement amount storage unit 383. The ultrasound
image storage unit 381 temporarily stores therein at least
data on a plurality of the ultrasound images generated by the
ultrasound image generation unit 361. The region of interest
storage unit 382 stores therein information on the first ROI
set for the ultrasound image. The displacement amount
storage unit 383 stores therein the displacement amount
calculated by the displacement amount calculation unit 35.
The number of pieces of ultrasound images to be stored in
the ultrasound image storage unit 381 is set in advance. The
displacement amount storage unit 383 stores therein data on
the displacement amount as much as the displacement
amount calculation unit 35 requires for calculating the
displacement amount.

[0034] The storage unit 38 stores therein various computer
programs including an operation program for executing the
operation method of the ultrasound observation device 3.
The various computer programs including the operation
program may be stored in a computer readable medium such
as a hard disk, a flash memory, a compact disc-read only
memory (CD-ROM), a digital versatile disc-read only
memory (DVD-ROM) and a flexible disk to be distributed
widely. The various computer programs described above
may also be obtained by downloading via a communication
network. For example, the communication network
described above is implemented by the existing public
network, a local area network (LAN), a wide area network
(WAN), and the like, and may be either wired or wireless.

[0035] The storage unit 38 is implemented by a read only
memory (ROM) in which various computer programs and
the like are installed in advance, a random access memory
(RAM) that stores therein operation parameter and data of
various processes, and the like.

[0036] The display device 4 is constituted of liquid crystal,
organic electro luminescence (EL), or the like. The display
device 4 receives image data such as an ultrasound image
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and an elastic image generated by the ultrasound observation
device 3, and displays the images.

[0037] FIG. 2 is a flowchart illustrating the outline of
processing performed by the ultrasound observation device
3. The flowchart illustrated in FIG. 2 is a process in which
the ultrasound diagnostic system 1 is set to the elastography
mode, and the setting of the first ROl in the ultrasound image
is completed after the transmission and reception unit 31
starts transmitting transmission drive wave signals, and the
ultrasound transducer 21 starts transmitting ultrasound.
[0038] First, the transmission and reception unit 31
receives an echo signal that is the measurement result of the
observation target by the ultrasound transducer 21 from the
ultrasound endoscope 2 (step S1).

[0039] Next, the signal processing unit 32 generates recep-
tion data by performing a predetermined reception process
on the echo signal received from the ultrasound transducer
21 (step S2). More specifically, the transmission and recep-
tion unit 31 performs a process such as filtering and analog-
to-digital (AD) conversion, after amplifying (sensitivity
time control (STC) correcting) the echo signal.

[0040] The ultrasound image generation unit 361 then
generates data on the ultrasound image using the reception
data generated by the signal processing unit 32, stores the
generated data in the ultrasound image storage unit 381, and
outputs the data to the display device 4 under the control of
the display control unit 371 (step S3).

[0041] Subsequently. the displacement amount calculation
unit 35 calculates the displacement amount at the observa-
tion point within the first ROI stored in the region of interest
storage unit 382 (step S4). In this process, the displacement
amount calculation unit 35 calculates the displacement
amount at each observation point, by using the latest data on
the ultrasound image and the past data on the ultrasound
image stored in the ultrasound image storage unit 381.
[0042] The elastic image generation unit 362 then gener-
ates data on the elastic image of the first ROI (first elastic
image) using the calculation result of the displacement
amount at each observation point at step S4, and outputs the
data to the display device 4 (step S5). FIG. 3 is a diagram
illustrating a display example of an elastic image of the first
ROI on the display device 4. An elastic image 100 illustrated
in FIG. 3 is displayed as an image in which the stiffness of
each tissue inside a first ROI 101 is identifiable by color. In
FIG. 3, the differences in colors are schematically expressed
by patterns. A color scale 102 indicating the colors to be used
in the elastic image 100 is displayed at the right side of the
first ROI 101. For example, the tissue becomes stiffer in
descending order from top to bottom in the color scale 102.
In FIG. 3, only a part of the color scale 102 is schematically
illustrated. The displacement amount of a region 111 in FIG.
3 is average. Alternatively, a region 121 is a softest region,
and a region 131 is a stiffest region. The display device 4
displays a B mode image and the elastic image 100 side by
side. The display device 4 may also display the elastic image
100 on the B mode image in an overlapping manner. In this
case, the image generation unit 36 generates data on an
image in which the elastic image 100 is overlapped with the
B mode image, and outputs the data on the image to the
display device 4 under the control of the display control unit
371.

[0043] Subsequently. the region of interest setting unit 34
extracts a region in which the displacement amount is equal
to or less than a threshold within the first ROI (step S6). For
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example, the threshold in this case is set as a value the
displacement amount of which is smaller than a reference
value as much as a predetermined amount, on the basis of the
average of the displacement amount within the first ROIL.
Moreover, the threshold may be the average value of the
displacement amount within the first ROIL The reference
value may also be a statistical amount such as the center
value or the most frequent value of the displacement amount
within the first ROL

[0044] Then, the region of interest setting unit 34 deter-
mines whether the minimum unit region (pixel or block) is
continued for a predetermined number of times or more in
the extracted region (step S7). In this example, for example,
the predetermined number of times is the number corre-
sponding to the size that a user can view the continuous
region on the screen. As a result of determination, when the
minimum unit region is continued for a predetermined
number of times or more (Yes at step S7), the region of
interest setting unit 34 determines whether the continuous
region is continuously equal to or less than the threshold for
a predetermined time, by referring to a plurality of the past
displacement amounts stored in the displacement amount
storage unit 383 (step S8). As a result of determination,
when the continuous region is continuously equal to or less
than the threshold for a predetermined time (Yes at step S8),
the region of interest setting unit 34 sets the region as the
second ROI (step S9). In this example, for example, the
predetermined time is about the same time as the heartbeat
cycle of the subject.

[0045]  After step S9, the elastic image generation unit 362
generates data on an elastic image of the second ROI
(second elastic image), and outputs the data to the display
device 4 under the control of the display control unit 371
(step S10). FIG. 4 is a diagram illustrating a display example
of an elastic image of the second ROI on the display device
4. An elastic image 200 illustrated in FIG. 4 is displayed as
an image in which the stiffness of each tissue inside a second
ROI 201 is identifiable by color. Similar to FIG. 3, in FIG.
4 also, the differences in colors are schematically expressed
by patterns. The displacement amount of a region 211 in the
elastic image 200 is average. Alternatively, a region 221 is
a relatively soft region, and a region 231 is a stiffest region.
The display device displays the elastic image 200 and the
elastic image 100 side by side. Similar to the elastic image
100, the display device 4 may also display the elastic image
200 on the B mode image in an overlapping manner. In this
case, the image generation unit 36 generates data on an
image in which the elastic image 200 is overlapped with the
B mode image, and outputs the data on the image to the
display device 4 under the control of the display control unit
371. After step S10, the ultrasound observation device 3
finishes the series of processes.

[0046] When the minimum unit region is not continued for
a predetermined number of times or more at step S7 (No at
step S7), or when the continuous region is not continuously
equal to or less than the threshold for a predetermined time
at step S8 (No at step S8), the ultrasound observation device
3 finishes the series of processes.

[0047] While being set to the elastography mode, the
ultrasound observation device 3 performs the processes from
step S1 to step S10 every time an echo signal is received.

[0048] The first embodiment of the disclosure as described
above can eliminate the need of setting the second ROI,
because the second ROI that is relatively stiff within the first
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ROI is automatically set while the elastic image of the first
ROI is displayed in real time, and the elastic image of the
second ROI is generated. Consequently, it is possible to
easily perform both observations on screening and careful
examination in the ultrasound elastography without taking
trouble.

[0049] With the present first embodiment, when a region
in which the displacement amount is smaller than the
threshold within the first ROI is spatially continued, and the
continuous region is continued for a predetermined time, the
region is set as the second ROI. Consequently, it is possible
to accurately set a region in which the displacement amount
does not change continuously over a plurality of frames
(region where the displacement amount is not changed over
time) as the second ROI, even when the ultrasound elastog-
raphy is performed by using the heartbeat of a living body
that is the observation target, as the ultrasound endoscope.

Modification 1-1

[0050] FIG. 5 is a diagram illustrating a display example
of an elastic image of the second ROI on the display device
4 generated by an ultrasound observation device according
to a modification 1-1 of the present first embodiment. In an
elastic image 300 illustrated in FIG. 5, a region excluding a
second ROI 201" from the first ROI 101 and the second ROI
201" corresponding to the excluded region are displayed in
a single image in different color scales. Consequently, in the
elastic image 300, a color scale 301 of the elastic image of
the second ROI 201" in addition to the color scale 102 of the
elastic image of the first ROI 101 are displayed side by side.
For comparison convenience, the elastic image 300 in FIG.
5 is assumed to observe the same tissue as that of the
corresponding elastic images 100 and 200 illustrated in FIG.
3 and FIG. 4. Consequently, regions 211', 221", 231' respec-
tively correspond to the regions 211, 221, and 231 illustrated
in FIG. 4.

[0051] In the elastic image 300, the same color as that of
the region 121 in FIG. 3 is applied to a boundary portion B
between the second ROI 201" and the first ROI 101 on the
basis of the color scale 102 of the first ROI 101. In this
manner, by displaying the first ROI 101 and the second ROI
201" in an identifiable display mode, the user can easily
identify the boundary between the first ROI 101 and the
second ROI 201'. In the present modification 1-1, at least the
color scales of the first ROI 101 and the second ROI 201’
may be different, and the boundary portion B may not be
displayed.

[0052] Modification 1-2

[0053] FIG. 6 is a flowchart illustrating the outline of
processing performed by an ultrasound observation device
according to a modification 1-2 of the present first embodi-
ment. The flowchart illustrated in FIG. 6 is also a process in
which the ultrasound diagnostic system 1 is set to the
elastography mode, and the setting of the first ROI in the
ultrasound image is completed, after the transmission and
reception unit 31 starts transmitting transmission drive wave
signals, and the ultrasound transducer 21 starts transmitting
ultrasound. Processes from step S21 to step S26 sequentially
correspond to the processes from step S1 to step S6
described in the first embodiment.

[0054] At step S27, the region of interest setting unit 34
performs a contour extraction (edge extraction) process on
the B mode image (step S27). For example, the region of
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interest setting unit 34 extracts contour by applying a known
filter such as Sobel or Laplacian.

[0055] When a region in which the displacement amount
is equal to or less than a threshold is present within the
region of the contour that is extracted (Yes at step S28), the
region of interest setting unit 34 sets a closed region
bounded by the outline as the second ROI (step S29). In this
example also, based on the average value of the displace-
ment amount within the first ROI, the threshold is set as a
value the displacement amount of which is smaller than the
reference value as much as a predetermined amount.
[0056] Then, the elastic image generation unit 362 gener-
ates data on the elastic image of the second ROI, and outputs
the data to the display device 4 (step S30).

[0057] At step S28, when a region in which the displace-
ment amount i3 equal to or less than a threshold is not
present within the region of the contour that is extracted (No
at step S28), the ultrasound observation device 3 finishes the
series of processes.

[0058] With the present modification 1-2 described above,
it is possible to accurately set the relatively stiff region as the
second RO, because the contour of the observation target on
the ultrasound image is extracted, and the closed region
bounded by the extracted contour is set as the second region
of interest, among the regions in which the displacement
amount at each observation point within the first region of
interest is smaller than a predetermined threshold.

SECOND EMBODIMENT

[0059] FIG. 7 is a schematic diagram of a configuration of
an ultrasound diagnostic system provided with an ultrasound
observation device according to a second embodiment of the
disclosure. An ultrasound diagnostic system 5 illustrated in
FIG. 7 includes the ultrasound endoscope 2, an ultrasound
observation device 6, and the display device 4. The con-
figuration of the ultrasound diagnostic system 5 other than
the ultrasound observation device 6 is the same as that of the
ultrasound diagnostic system 1 described in the first embodi-
ment.

[0060] The configuration of an image generation unit in
the ultrasound observation device 6 is different from that in
the ultrasound observation device 3 described in the first
embodiment. An image generation unit 61 provided in the
ultrasound observation device 6 includes an average image
generation unit 611 in addition to the ultrasound image
generation unit 361 and the elastic image generation umit
362.

[0061] When a freeze instruction signal that makes the
display on the display device 4 into a still image is input
from the input unit 33, and when an average instruction
signal is further input from the input unit 33, the average
image generation unit 611 generates data on the average
image by adding and averaging pixel values of pixels of a
plurality of the ultrasound images that are formed of the
ultrasound images specified by the average instruction sig-
nal. The input unit 33 receives an input of selecting the
images to be added and averaged. More specifically, when
the input unit 33 receives an input of an average instruction
signal, the display control unit 371 causes the display device
4 to display the past ultrasound image to be added and
averaged. In this process, the display control unit 371 may
cause the display device 4 to display a single ultrasound
image at a time, or may cause the display device 4 to display
several pieces of ultrasound images at a time. The average
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image generation unit 611 generates data on the average
image using the ultrasound images selected from the ultra-
sound images displayed on the display device 4.

[0062] The region of interest setting unit 34 sets the
second ROI relative to the average image, on the basis of the
data on the average image generated by the average image
generation unit 611. The elastic image generation unit 362
automatically generates data on the elastic image of the
second RO in the average image.

[0063] FIG. 8 is a flowchart illustrating the outline of
processing performed by the ultrasound observation device
6. The flowchart illustrated in FIG. 8 is also a process in
which the ultrasound diagnostic system 5 is set to the
elastography mode, and the setting of the first ROI in the
ultrasound image is completed after the transmission and
reception unit 31 starts transmitting transmission drive wave
signals, and the ultrasound transducer 21 starts transmitting
ultrasound. Processes from step S41 to step S45 sequentially
correspond to the processes from step S1 to step S5
described in the first embodiment.

[0064] After step S45, when the input unit 33 receives an
input of a freeze instruction signal (Yes at step S46), the
process proceeds to step S47. Alternatively, after step S45,
when the input unit 33 does not receive the freeze instruction
signal (No at step S46), the ultrasound observation device 6
finishes the series of processes.

[0065] At step S47, when the input unit 33 receives an
input of the average instruction signal (Yes at step S47), the
image generation unit 36 generates data on the average
image by adding and averaging the pixel values of the pixels
of the ultrasound images that are formed of the ultrasound
images specified by the average instruction signal (step
S48).

[0066] The displacement amount calculation unit 35 then
calculates the displacement amount at each observation
point within the first ROI in the average image (step S49).
The displacement amount calculation unit 35 reads out the
displacement amount at each observation point in the ultra-
sound images that form the average image from the dis-
placement amount storage unit 383, and calculates the
average of the displacement amount at each observation
point. The average will be the displacement amount at each
observation point of the average image.

[0067] Subsequently. the region of interest setting unit 34
extracts a region in which the displacement amount is equal
to or less than a threshold within the first ROI in the average
image (step S50). This threshold is set as a value the
displacement amount of which is smaller than a reference
value as much as the predetermined amount, assuming that
the average obtained when the displacement amount at each
observation point within the first ROT in the average image
is population is the reference value. The reference value may
also be the threshold. The statistical amount such as the
center value or the most frequent value may be applied as the
reference value, instead of the average.

[0068] The region of interest setting unit 34 then deter-
mines whether the minimum unit region (pixel or block) in
the extracted region is continued for a predetermined num-
ber of times or more (step S51). The predetermined number
is the same as the number described at step S7 in the first
embodiment. When determination reveals that the minimum
unit region in the extracted region is continued for a prede-
termined number of times or more (Yes at step S51), the
region of interest setting unit 34 sets the region as the second
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ROI (step S52). On the other hand, when the minimum unit
region in the extracted region is not continued for a prede-
termined number of times or more (No at step S51), the
ultrasound observation device 6 finishes the series of pro-
cesses.

[0069] After step S52, the elastic image generation unit
362 generates data on an elastic image of the second ROI
(second elastic image) set in the average image, and outputs
the data to the display device 4 under the control of the
display control unit 371 (step S53). After step S53, the
ultrasound observation device 6 finishes the series of pro-
cesses. The display device 4 displays the average image and
the elastic image of the second ROI side by side. The display
device 4 may also display the average image and the elastic
image of the second ROI in an overlapping manner.
[0070] The following describes a case when the input unit
33 does not receive the average instruction signal at step S47
(No at step S47). In this case, the region of interest setting
unit 34 extracts a region in which the displacement amount
is equal to or less than a threshold within the first ROI (step
S54). The threshold in this process is the same as the
threshold at step S6 described in the first embodiment. The
ultrasound observation device 6 then proceeds the process to
step S51.

[0071] The elastic image generation unit 362 may also
generate data on the elastic image of the first ROl in the
average image and output the data to the display device 4.
In this case, the display device 4 displays the average image
and the elastic images of the first and second ROI.

[0072] The second embodiment of the disclosure
described above can eliminates the need of sefting the
second ROI, because the freeze operation is performed while
the elastic image of the first ROl is displayed, the data on the
average image of a predetermined number of ultrasound
images is generated when the average instruction operation
is performed, the relatively stiff second ROI is automatically
set within the first ROI in the average image, and the elastic
image relative to the second ROI is generated. Conse-
quently, it is possible to easily perform both observations on
screening and careful examination in the ultrasound elas-
tography without taking trouble.

[0073] Moreover, with the present second embodiment,
when a region in which the displacement amount is smaller
than the threshold within the first ROI is spatially continued,
the region is set as the second ROI. Consequently, it is
possible to accurately set the second ROI as the region in
which the displacement amount does not change continu-
ously over a plurality of frames, even when the ultrasound
elastography is performed by using the heartbeat of a living
body that is the observation target, as the ultrasound endo-
scope.

[0074] Modification 2-1

[0075] FIG. 9 is a flowchart illustrating the outline of
processing performed by an ultrasound observation device
according to a modification 2-1 in the present second
embodiment. The flowchart illustrated in FIG. 9 is also a
process in which the ultrasound diagnostic system 5 is set to
the elastography mode, and the setting of the first ROI in the
ultrasound image is completed after the transmission and
reception unit 31 starts transmitting transmission drive wave
signals, and the ultrasound transducer 21 starts transmitting
ultrasound. Processes from step S61 to step S67 sequentially
correspond to the processes from step S41 to step S47
described in the second embodiment.
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[0076] At step S67, when the input unit 33 receives an
input of an average instruction signal (Yes at step S67), the
region of interest setting unit 34 refers to the displacement
amount storage unit 383, and extracts the region in which the
displacement amount is equal to or less than a threshold
within the first ROI in the selected ultrasound image (step
S68). This threshold is set similarly to that in the second
embodiment.

[0077] Subsequently, the region of interest setting unit 34
determines whether there are matching regions equal to or
less than a threshold in a predetermined number of ultra-
sound images or more (step S69). When determination
reveals that matching regions equal to or less than the
threshold are in the predetermined number of ultrasound
images or more (Yes at step S69), the region of interest
setting unit 34 sets the corresponding regions as the second
ROI (step S70). Alternatively, when matching regions equal
to or less than the threshold are not in the predetermined
number of ultrasound images or more (No at step $69), the
ultrasound observation device 6 finishes the series of pro-
cesses.

[0078] After step S70, the average image generation unit
611 generates data on the average image and the elastic
image generation unit 362 generates data on the elastic
image of the second ROI to output (step S71). The generated
data on the average image and the elastic image of the
second ROI are output to the display device 4 under the
control of the display control unit 371. The ultrasound
observation device 6 then finishes the series of processes.
The process of the average image generation unit 611 may
also be performed in parallel with the processes from step
S68 to step S70 described above.

[0079] The following describes a case when the input unit
33 does not receive the average instruction signal (No at step
S67) at step S67. In this case, the region of interest setting
unit 34 extracts a region in which the displacement amount
is equal to or less than a threshold within the first ROI (step
S72). This threshold is also the same as the threshold at step
S6 described in the first embodiment.

[0080] Processes from step S73 to step S75 performed
after step S72 respectively correspond to the processes from
step S51 to step S53 described in the second embodiment.
After step S75, the ultrasound observation device 6 finishes
the series of processes.

[0081] The present modification 2-1 described above can
accurately set the relatively stiff region as the second ROI,
because the displacement amount at each observation point
of each of the ultrasound images stored in the displacement
amount storage unit is referred to, and when matching
regions the displacement amount of which is smaller than
the threshold are in the predetermined number of ultrasound
images or more in the ultrasound images, the regions are set
as the second ROL.

OTHER EMBODIMENTS

[0082] The modes for carrying out the disclosure have
been described. However, the disclosure is not only limited
to the first and second embodiments described above. For
example, the second ROI may be set by a predetermined
shape. FIG. 10 is a diagram illustrating a display example of
an elastic image of the second ROI having a predetermined
shape on the display device 4. In an elastic image 400
illustrated in FIG. 10, the shape of a second ROI 401 is
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substantially similar to that of the first ROI 101, and the
position of gravity is the same as that of the first ROI 101.
[0083] For example, an ultrasound miniature probe with-
out an optical system and that has a small diameter may also
be applied as an ultrasound probe. In general, the ultrasound
miniature probe is inserted into biliary tract, bile duct,
pancreatic duct, trachea, bronchus, urethra, and urinary duct,
and is used for observing the surrounding organs (pancreas,
lung, prostate, urinary bladder, lymph node, and the like).
The ultrasound probe may also be an extracorporeal ultra-
sound probe that emits ultrasound from the body surface of
the subject. In general, the extracorporeal ultrasound probe
is used for observing abdominal organs (liver, gallbladder,
and urinary bladder), breasts (particularly mammary gland),
thyroid gland, and the like.
[0084] The disclosure enables a user to easily perform
both observations on screening and careful examination in
ultrasound elastography without taking trouble.
[0085] 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 device comprising a con-
troller, wherein
the controller is configured to:
generate data on an ultrasound image based on an
ultrasound signal;
automatically set a second region of interest that is
relatively stiff in a first region of interest preset
within the ultrasound image; and
generate data on first and second elastic images each
having a display mode according to stiffness of the
corresponding first and second regions of interest.
2. The ultrasound observation device according to claim
1, wherein
the controller is further configured to:
calculate a displacement amount of an observation
target in the first and second regions of interest;
set the second region of interest based on the calculated
displacement amount; and
generate data on the first and second elastic images
each having a display mode according to the dis-
placement amount in the corresponding first and
second regions of interest as the display mode
according to the stiffness of the corresponding first
and second regions of interest.
3. The ultrasound observation device according to claim
2, wherein the controller is configured to compare a dis-
placement amount at each observation point in the first
region of interest with a predetermined threshold, and set a
region in which the displacement amount is smaller than the
threshold as the second region of interest.
4. The ultrasound observation device according to claim
3, wherein when the region in which the displacement in the
first region of interest amount is smaller than the threshold
is spatially continued for a predetermined number of times
or more, and the region that is continuous is continued for
a predetermined period time, the controller is configured to
set the region as the second region of interest.
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5. The ultrasound observation device according to claim
2, wherein

the controller is configured to:
extract a contour of the observation target on the
ultrasound image; and
when a region in which the displacement amount at an
observation point in the first region of interest is
smaller than a predetermined threshold is present
within a region of the extracted contour, set a closed
region bounded by the contour as the second region
of interest.
6. The ultrasound observation device according to claim
2, wherein

the controller is further configured to:

generate data on an average image when an input of an
average instruction signal for generating the average
image obtained by adding and averaging a plurality
of ultrasound images is received in a case where an
input of a freeze instruction signal that causes a
display on a display device to be a still image is
received; and

set a region in which the displacement amount at each
observation point in the first region of interest in the
average image is smaller than a predetermined
threshold as the second region of interest.

7. The ultrasound observation device according to claim
6, wherein when a region in which a statistical amount in the
first region of interest is smaller than the threshold is
spatially continued for a predetermined number of times or
more, the controller is configured to set the region as the
second region of interest.

8. The ultrasound observation device according to claim
2, further comprising a memory configured to store therein
a displacement amount at each observation point in the first
region of interest, wherein

the controller is configured to:

refer to the displacement amount at each observation
point in the ultrasound image stored in the memory
when an input of an average instruction signal for
generating an average image obtained by adding and
averaging a plurality of ultrasound images is
received in a case where an input of a freeze instruc-
tion signal that causes a display on a display device
to be a still image is received; and

when matching regions the displacement amount of
which is smaller than a predetermined threshold are
in a predetermined number of ultrasound images or
more among the ultrasound images, set the regions
as the second region of interest.

9. The ultrasound observation device according to claim
1, wherein the controller is further configured to cause a
display to display an elastic image of a region excluding the
second region of interest from the first region of interest and
an elastic image of the second region of interest as a single
image having an identifiable display mode.

10. The ultrasound observation device according to claim
1, wherein the controller is further configured to cause a
display to display an elastic image of the first region of
interest and an elastic image of the second region of interest
side by side.

11. The ultrasound observation device according to claim
1, wherein the display mode according to the stiffness of the
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first region of interest is a color or pattern, and the display
mode according to the stiffness of the second region of
interest is a color or pattern.

12. The ultrasound observation device according to claim
1, wherein the first elastic image is an image that represents
a distribution of stiffness within the first region of interest,
and the second elastic image is an image that represents a
distribution of stiffness within the second region of interest.

13. An operation method of an ultrasound observation
device, the operation method comprising:

generating, by a controller, data on a first elastic image

having a display mode according to stiffness of a first
region of interest preset within an ultrasound image that
is generated based on an ultrasound signal;
setting, by the controller, a second region of interest that
is relatively stiff in the first region of interest; and

generating, by the controller, data on a second elastic
image having a display mode according to stiffness of
the second region of interest.

14. The operation method according to claim 13, further
comprising calculating, by the controller, a displacement
amount of an observation target in the first and second
regions of interest, wherein

the setting of the second region of interest includes setting

the second region of interest based on the calculated
displacement amount,
the generating of data on the first elastic image includes
generating data on the first elastic image having a
display mode according to the displacement amount in
the first region of interest as the display mode accord-
ing to the stiffness of the first region of interest; and

the generating of data on the second elastic image
includes generating data on the second elastic image
having a display mode according to the displacement
amount in the second region of interest as the display
mode according to the stiffness of the second region of
interest.

15. The operation method according to claim 14, wherein

the setting of the second region of interest includes:

comparing a displacement amount at each observation
point in the first region of interest with a predeter-
mined threshold; and

setting a region in which the displacement amount is
smaller than the threshold as the second region of
interest.
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16. A non-transitory computer-readable recording
medium with an executable program stored thereon, the
program operating an ultrasound observation device, the
program causing the ultrasound observation device to
execute:

generating, by a controller, data on a first elastic image

having a display mode according to stiffness of a first
region of interest preset within an ultrasound image that
is generated based on an ultrasound signal;
setting, by the controller, a second region of interest that
is relatively stiff in the first region of interest; and

generating, by the controller, data on a second elastic
image having a display mode according to stiffness of
the second region of interest.

17. The non-transitory computer-readable recording
medium according to claim 16, wherein

the program causes the ultrasound observation device to

further execute calculating, by the controller, a dis-
placement amount of an observation target in the first
and second regions of interest,

the setting of the second region of interest includes setting

the second region of interest based on the calculated
displacement amount,
the generating of data on the first elastic image includes
generating data on the first elastic image having a
display mode according to the displacement amount in
the first region of interest as the display mode accord-
ing to the stiffness of the first region of interest; and

the generating of data on the second elastic image
includes generating data on the second elastic image
having a display mode according to the displacement
amount in the second region of interest as the display
mode according to the stiffness of the second region of
interest.

18. The non-transitory computer-readable recording
medium according to claim 17, wherein

the setting of the second region of interest includes:

comparing a displacement amount at each observation
point in the first region of interest with a predeter-
mined threshold; and

setting a region in which the displacement amount is
smaller than the threshold as the second region of
interest.
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