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(54) ULTRASONIC OBSERVATION APPARATUS

(57)  An ultrasound observation apparatus 1 in-
cludes: an ultrasound probe 2 configured to change a
transmitting-receiving direction of ultrasound in a first di-
rection and a second direction to perform two-dimension-
al scanning with an ultrasound beam; a transmitting-re-
ceiving section 3 configured to control the transmitting-re-
ceiving direction of the ultrasound beam; an image
processing section 5 configured to generate volume data
of a B-mode image from a result of scanning with the
ultrasound beam in the first direction and the second di-
rection; an input section 6 configured to set, as a refer-
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ence image, an image in which the first region of interest
is clearly visualized; a storage section 8 configured to
hold the reference image; and a calculation section 4 that
corrects a scanning plane to allow an image similar to
the reference image that is set by the input section, to be
constantly displayed, in which the calculation section 4
automatically corrects a position of the second region of
interest for analysis of temporal variation of the lumi-
nance, in synchronization with movement of the first re-
gion of interest in the scanning plane.
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Description
Technical Field

[0001] The present invention relates to an ultrasound
observation apparatus, and in particular, to an ultrasound
observation apparatus that can calculate temporal vari-
ation of luminance in a region of interest.

Background Art

[0002] An ultrasound observation apparatus has been
widely used in a medical field or other fields. The ultra-
sound observation apparatus transmits and receives ul-
trasound to/from a subject to generate an ultrasound im-
age thatindicates acoustic characteristics inside the sub-
ject, and uses the ultrasound image in inspection and
diagnosis of the subject.

[0003] The ultrasound observation apparatus used in
the medical field or other fields includes an ultrasound
probe that is capable of transmitting and receiving ultra-
sound to/from the subject, and generates a B-mode im-
age that is a cross-sectional image of the subject. The
B-mode image is obtained through scanning of a prede-
termined scanning plane with an ultrasound beam.
[0004] For example, Japanese Patent No. 4801229
discloses an ultrasound observation apparatus that ac-
quires volume data of a B-mode image, and then calcu-
lates correlation in all scanning planes to constantly dis-
play an optimum scanning plane (having the highest cor-
relation) in order for continuous favorable observation of
a treatment using treatment instruments without devia-
tion from the scanning plane.

[0005] Also,suchanultrasound observation apparatus
uses TIC (time intensity curve) analysis as an objective
diagnostic approach using an ultrasound contrast agent.
In the TIC analysis, a region of interest (ROI) for TIC
analysisis setto aregion of interestin the scanning plane,
and temporal variation of contrast luminance in the ROI
is calculated.

[0006] For example, Japanese Patent Application
Laid-Open Publication No. 2011-254963 discloses an ul-
trasound diagnostic apparatus that generates luminance
time curves of at least one analysis region with, as a
scanned region, a two-dimensional region or a three-di-
mensional region including a predetermined site of a sub-
ject medicated with a contrast agent, then analyzes a
retention time period of the contrast agent in the analysis
region to display different color phase that is assigned
dependently on the retention time period.

[0007] In the existing TIC analysis, however, if the po-
sition or the direction of the probe is deviated by hand
shake or other factors, the region of interest in the scan-
ning plane is deviated to the outside of the set ROI. Thus,
itis disadvantageously difficultto accurately comprehend
(evaluate) the temporal variation of the contrast lumi-
nance in the region of interest.

[0008] The technology disclosed in Japanese Patent
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No. 4801229 can correct the deviation of the scanning
plane but not correct the deviation of the region of interest
in each scanning plane. In contrast, the technology dis-
closed in Japanese Patent Application Laid-Open Pub-
lication No. 2011-254963 can overcome deviation of the
two-dimensional imaging image because an image of a
volume of a tissue is picked up instead a single surface
when three-dimensional ultrasound imaging is used.
[0009] To perform the TIC analysis, however, it is nec-
essary to store the volume data (movies) acquired for
each case. This disadvantageously increases data ca-
pacity.

[0010] Therefore,itis anobjectofthe presentinvention
to provide an ultrasound observation apparatus that al-
lows for accurate comprehension of temporal variation
of contrast luminance even if the probe is deviated from
the region of interest, while suppressing data capacity
for the TIC analysis.

Disclosure of Invention
Means for Solving the Problem

[0011] Anultrasound observation apparatus according
to anaspect of the present invention sets a second region
of interest for analysis of temporal variation of luminance
to a first region of interest and calculates temporal vari-
ation of luminance in the second region of interest. The
ultrasound observation apparatus includes: an ultra-
sound probe configured to change a transmitting-receiv-
ing direction of ultrasound in a first direction and a second
direction to perform two-dimensional scanning with an
ultrasound beam; a transmitting-receiving section con-
figured to control the transmitting-receiving direction of
the ultrasound beam of the ultrasound probe; an image
processing section configured to generate volume data
of a B-mode image from a result of scanning with the
ultrasound beam in the first direction and the second di-
rection; an input section configured to set, as a reference
image, an image in which the first region of interest is
clearly visualized; a storage section configured to hold
thereference image; and a calculation section configured
to correct a scanning plane to allow an image similar to
the reference image that is set by the input section, to be
constantly displayed. The calculation section automati-
cally corrects a position of the second region of interest
for analysis of temporal variation of luminance, in syn-
chronization with movement of the first region of interest
in the scanning plane.

Brief Description of the Drawings

[0012]
Fig. 1 is a block diagram illustrating an entire config-
uration of an ultrasound observation apparatus ac-

cording to a first embodiment;
Fig. 2 is a flowchart for explaining an example flow
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of processing in a case where TIC analysis is not
performed;

Fig. 3 is a flowchart for explaining an example flow
of processing in a case where TIC analysis is per-
formed;

Fig. 4 is a flowchart for explaining an example flow
of optimization process of a scanning plane in steps
S4 and S15;

Fig. 5 is a block diagram illustrating an entire config-
uration of an ultrasound observation apparatus ac-
cording to a second embodiment;

Fig. 6A is a diagram for explaining automatic correc-
tion of a position of a ROI for TIC analysis;

Fig. 6B is a diagram for explaining the automatic cor-
rection of the position of the ROl for TIC analysis; and
Fig. 6C is a diagram for explaining the automatic
correction of the position of the ROl for TIC analysis.

Best Mode for Carrying Out the Invention

[0013] Hereinafter, embodiments of the presentinven-
tion are described with reference to drawings.

(First Embodiment)

[0014] First, a configuration of an ultrasound observa-
tion apparatus according to a first embodiment is de-
scribed with reference to Fig. 1. Fig. 1 is a block diagram
illustrating an entire configuration of an ultrasound ob-
servation apparatus according to the first embodiment.
An ultrasound observation apparatus 1 illustrated in Fig.
1 is an apparatus used to observe a subject with use of
ultrasound.

[0015] The ultrasound observation apparatus 1 in-
cludes: an ultrasound probe 2 that outputs an ultrasound
pulse to the subject and receives an ultrasound echo
reflected by the subject; a transmitting-receiving section
3 that transmits and receives an electric signal to/from
the ultrasound probe 2; a calculation section 4 that per-
forms predetermined calculation on an electric echo sig-
nal that is converted from the ultrasound echo; an image
processing section 5 that generates image data corre-
sponding to the electric echo signal converted from the
ultrasound echo; an input section 6 that is configured of
interfaces such as a keyboard, a mouse, and a touch
panel, and receives input of various kinds of information;
a display section 7 that is configured of a display panel
formed of a liquid crystal, an organic EL or the like, and
displays various kinds of information including the image
that is generated by the image processing section 5; a
storage section 8 that holds various kinds of information
including an image and a movie acquired from the sub-
ject; and a control section 9 that controls entire operation
of the ultrasound observation apparatus 1.

[0016] The ultrasound probe 2 is configured to perform
two-dimensional scanning with an ultrasound beam by
changing a transmitting-receiving direction in a first di-
rection and a second direction with use of an ultrasound
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transducers that are two-dimensionally arranged. The ul-
trasound probe 2 converts an electric pulse signal re-
ceived from the transmitting-receiving section 3, into an
ultrasound pulse, and converts an ultrasound echo that
is reflected by an outside subject, into an electric echo
signal again.

[0017] The transmitting-receiving section 3 is electri-
cally connected with the ultrasound probe 2, and trans-
mits the pulse signal to the ultrasound probe 2 and re-
ceives the echo signal from the ultrasound probe 2. More
specifically, the transmitting-receiving section 3 gener-
ates the pulse signal based on a preset waveform and
preset transmission timing, and transmits the generated
pulse signal to the ultrasound probe 2. Also, the trans-
mitting-receiving section 3 performs processing such as
amplification and filtering on the received echo signal,
and then performs A/D conversion, thereby generating
a digital signal to provide the digital signal to the control
section 9.

[0018] The input section 6 includes a reference image
instruction section 10 that sets, as a reference image, an
image in which a region of interest is clearly visualized,
in order to perform TIC (time intensity curve) analysis.
The reference image is previously fabricated by a user
according to the size of the region of interest, clarity of a
contour of the region of interest, and the like. Note that
the setting of the reference image is not limited to the
reference image instruction section 10, and for example,
areference image setting button may be provided, or the
setting of the reference image may be linked to an unil-
lustrated movie recording button.

[0019] The image processing section 5 includes: a B-
mode image data generation section 17 that generates
B-mode image data; and a contrast image data genera-
tion section 18 that generates contrast image data with
use of a signal reflected by a contrast agent flowing into
the subject. The B-mode image data displays luminance
that is converted from an amplitude of the echo signal.
[0020] The data generated by the B-mode image data
generation section 17 is volume data. Note that ultra-
sound power (an Ml value) in acquisition of the volume
data may be controlled to minimize destruction of the
contrast agent.

[0021] The storage section 8 includes: a movie storage
section 15 that holds the contrast image data (a movie);
and a reference image storage section 16 that holds the
reference image set by the reference image instruction
section 10. The contrast image data is acquired with use
of a signal from the contrast agent that is administered
to and flows into the subject.

[0022] The movie storage section 15 holds a movie of
an optional plane of the volume data in which the region
of interest is displayed, in order to suppress data capac-
ity. The volume data of the B-mode image generated by
the B-mode image data generation section 17 is not
stored in the movie storage section 15 and is used only
for calculation to correct the position of the scanning
plane.



5 EP 3165172 A1 6

[0023] The calculation section 4 includes: a TIC anal-
ysis section 11 that performs TIC analysis; a first position
correction section 12 that corrects deviation of the scan-
ning plane with respect to movement of the region of
interest for TIC analysis; a second position correction
section 13 that performs contour extraction of the region
of interest in the scanning plane to automatically correct
the position of a ROI for the TIC analysis, in synchroni-
zation with the movement of the region of interest in the
scanning plane; and a correlation calculation section 14
that calculates a correlation value between the volume
data of the B-mode image generated by the B-mode im-
age data generation section 17 and the reference image
held by the reference image storage section 16.

[0024] The first position correction section 12 calcu-
lates the correlation between the acquired volume data
and the reference image, and moves the scanning plane
in the second direction of the transmitting-receiving sec-
tion 3 in order to display, on the display section 7, the
scanning plane having the largest correlation value. More
specifically, the first position correction section 12 cor-
rects the scanning plane such that an image similar to
the reference image set by the input section 6 is con-
stantly displayed. A method of determining the optimum
scanning plane is described later.

[0025] To calculate the correlation between the ac-
quired volume data and the reference image, image
processing so-called pattern matching is performed on
the generated B-mode image with use of the reference
image as a template, and calculates similarity between
the echo pattern in the B-mode image and the reference
image. The image processing may be, for example, pat-
tern matching of the contour of the region of interest, or
pattern matching of adjacent organs displayed on the
image. The correlation value becomes high as the simi-
larity between the echo pattern in the B-mode image and
the reference image is higher. Note that the detailed de-
scription of the pattern matching is omitted because the
pattern matching is a well-known technology.

[0026] Note that, when the ultrasound power (the MI
value) is suppressed in order to minimize destruction of
the contrast agent in acquisition of the volume data, the
ultrasound is applied to the optimum plane (the scanning
plane having the largest correlation) with the ultrasound
power that is the same as the ultrasound power in acqui-
sition of the normal B-mode image and the contrast im-
aging mode image.

[0027] The second position correction section 13 uses,
as the template, the region of interest in the scanning
plane image determined by the first position correction
section 12, and uses the above-described pattern match-
ing processing, thereby automatically correcting the po-
sition of the ROI for TIC analysis, in synchronization with
the movement of the region of interest.

[0028] Next, operation of the ultrasound observation
apparatus 1 having the above-described configuration is
described. First, the operation in a case where the TIC
analysis is not performed is described. Fig. 2 is a flow-
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chart for explaining an example flow of the processing in
the case where the TIC analysis is not performed.
[0029] When operation of releasing a frozen state is
inputted through the input section 6, the ultrasound echo
is transmitted and received by the ultrasound probe 2,
and measurement is accordingly started. First, the mode
is switched over to the contrast imaging mode (step S1),
and recording of anormal movie is started (step S2) when
operation of starting the movie recording is inputted
through the input section 6.

[0030] The volume data of the B-mode image is gen-
erated from the ultrasound echo that is received by the
ultrasound probe 2, by the image processing section 5
(step S3). Note that the ultrasound power (the Ml value)
in acquisition of the volume data may be controlled to
minimize destruction of the contrast agent.

[0031] Next, optimization of the scanning plane is per-
formed by the first position correction section 12 (step
S4). In the process in step S4, the correlation between
the volume data and the reference image is calculated,
the scanning plane having the highest correlation is set
to the optimum scanning plane, and the image of the set
scanning plane is continuously displayed.

[0032] The scanning for contrast imaging mode is per-
formed on the optimum scanning plane (step S5). In other
words, in the process in step S5, the ultrasound echo to
acquire the B-mode image and the contrast imaging
mode image is transmitted only to the optimum scanning
plane. Next, the B-mode image and the contrast image
are generated from the ultrasound echo by the image
processing section 5 (step S6).

[0033] Next, itis determined whether operation of ter-
minating the movie recording has been performed
through the input section 6 (step S7). When it is deter-
mined that the operation of terminating the movie record-
ing has not been performed (No in step S7), the process
returns to step S4, and the similar process is repeated.
On the other hand, when it is determined that the oper-
ation of terminating the movie recording has been per-
formed (Yes in step S7), the movie recording is terminat-
ed, the movie is stored (step S9), and the process is
completed.

[0034] Next, the operation in a case where the TIC
analysis is performed is described. Fig. 3 is a flowchart
for explaining an example flow of the processing in the
case where the TIC analysis is performed.

[0035] When the operationofreleasingthe frozen state
is inputted through the input section 6, the ultrasound
probe 2 transmits and receives the ultrasound echo,
thereby starting the measurement. First, the mode is
switched over to the contrast imaging mode (step S11),
and the reference image is set (step S12). When the TIC
analysis is performed, the image in which the region of
interest, temporal variation of the contrast luminance of
which is desired to be known, is clearly visualized is pre-
viously set by the reference image instruction section 10.
Note that the process in step S12 may be performed in
conjunction with the movie recording in step S13. The
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setreference image is stored in the reference image stor-
age section 16.

[0036] When operation of starting the movie recording
is inputted through the input section 6, recording of the
movie is started (step S 13). The volume data of the B
mode image is generated, by the image processing sec-
tion 5, from the ultrasound echo that has been received
by the ultrasound probe 2 (step S14). Note that the ul-
trasound power (the Ml value) in acquisition of the volume
data may be controlled in order to minimize destruction
of the contrast agent.

[0037] Optimization of the scanning plane is performed
by the first position correction section 12 (step S15). In
the process in step S15, the correlation between the vol-
ume data and the reference image is calculated, the
scanning plane having the highest correlation is set to
the optimum scanning plane, and the image of the set
scanning plane is continuously displayed.

[0038] The ultrasound echo to acquire the B-mode im-
age and the contrast image is transmitted only to the
optimum scanning plane (step S16). The ultrasound echo
to be transmitted is applied with the ultrasound power
(the Ml value) that is the same as the ultrasound power
in acquisition of the normal B-mode image and the con-
trast imaging mode image.

[0039] The B-mode image and the contrast image are
generated from the ultrasound echo by the image
processing section 5 (step S17). ltis determined whether
the operation of terminating the movie recording has
been performed through the input section 6 (step S18).
When it is determined that the operation of terminating
the movie recording has not been performed (No in step
S18), the process returns to step S 15, and the similar
process is repeated. On the other hand, when it is deter-
mined that the operation of terminating the movie record-
ing has been performed (Yes in step S18), the movie
recording is terminated and the movie is stored (step S
19).

[0040] Next, when the TIC analysis is performed, the
recorded movie is read (step S20), and the ROI for TIC
analysisis settotheregion of interest from the read movie
(step S21). When the operation of starting the TIC anal-
ysis is inputted through the input section 6, the TIC anal-
ysis is started, and the positional deviation of the ROI for
TIC analysis is automatically corrected by the second
position correction section 13 (step S22).

[0041] In the process in step S22, the contour of the
region of interest in the scanning plane is extracted, and
the position of the ROI for TIC analysis is automatically
corrected in synchronization with the movement of the
region of interest. Finally, the temporal variation of the
contrast luminance in the ROI for TIC analysis is calcu-
lated, and the calculated temporal variation of the con-
trast luminance is displayed with, for example, a graph
(step S23). Thus, the process is completed.

[0042] Here, the optimization process of the scanning
plane in steps S4 and S 15 is described with reference
to Fig. 4. Fig. 4 is a flowchart for explaining an example
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flow of the optimization process of the scanning plane in
steps S4 and S 15.

[0043] First, the scanning plane is set to one end (N =
1) of the scanning range in a second direction of the ul-
trasound probe 2 (step S31). Next, the scanning is per-
formed in the first direction (step S32), and the B-mode
image is generated by the B-mode image data generation
section 17 (step S33). Next, a correlation value between
the generated B-mode image and the reference image
held by the reference image storage section 16 is calcu-
lated by the correlation calculation section 14 (step S34).
[0044] Next, it is determined whether the scanning
range has been scanned at all positions (N = Nmax) in
the second direction (step S35). When the scanning
range has not been scanned at all positions (N = Nmax)
in the second direction (No in step S35), the scanning
plane is moved toward the other end in the second di-
rection of the ultrasound probe 2 by a predetermined val-
ue (N = N+1) and set (step S36). Then, the process re-
turns to step S32, and the similar process is repeated to
calculate the correlation value between the B-mode im-
age and the reference image.

[0045] These processes are repeated until scanning
of the scanning range at all positions (N = Nmax) in the
second directionis completed. When itis determined that
the scanning range has been scanned at all positions (N
= Nmax) in the second direction (Yes in step S35), the
scanning plane is moved, by the first position correction
section 12, to a position having the highest calculated
correlation value (step S37). When the process in step
S37 is competed and the optimum scanning plane is de-
termined, the process returns to step S5 in Fig. 2 or step
S16 in Fig. 3, and the scanning is performed on the op-
timum scanning plane.

[0046] Even if the region of interest is deviated, due to
pulsation, hand shake, or other factors, from the region
of interest desired to be subjected to the TIC analysis,
the above-described processes make it possible to au-
tomatically correct the region of interest desired to be
subjected to the TIC analysis according to the deviation
of the region of interest. In addition, the volume data of
the B-mode image generated by the B-mode image data
generation section 17 is not stored in the movie storage
section 15 and is used only for the position correction of
the scanning plane. As a result, the ultrasound observa-
tion apparatus 1 makes it possible to three-dimensionally
correct the deviation of the region of interest due to pul-
sation, hand shake, or other factors while suppressing
the data capacity, which allows for accurate observation
of the region of interest and accurate comprehension of
the calculation results of TIC analysis.

[0047] Therefore, the ultrasound observation appara-
tus of the present embodiment allows for accurate com-
prehension of the temporal variation of the contrast lu-
minance even if the probe is deviated from the region of
interest, while suppressing the data capacity for the TIC
analysis.
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(Second Embodiment)

[0048] Next, a second embodiment is described.
[0049] Fig. 5 is a block diagram illustrating an entire
configuration of an ultrasound observation apparatus ac-
cording to a second embodiment. Note that, in Fig. 5,
components similar to components of Fig. 1 are denoted
by the same reference numerals and description of the
components is omitted.

[0050] As illustrated in Fig. 5, an ultrasound observa-
tion apparatus 1a includes an ultrasound probe 2a, a
calculation section 4a, and a storage section 8a, in place
of the ultrasound probe 2, the calculation section 4, and
the storage section 8, respectively, of the ultrasound ob-
servation apparatus 1 in Fig. 1.

[0051] The ultrasound probe 2a is configured by add-
ing a signal conversion section 21 and a sensor section
22 to the ultrasound probe 2 in Fig. 1. Also, in the calcu-
lation section 4a, a first position correction section 12a
and a second position correction section 13a are provid-
ed in place of the first position correction section 12 and
the second position correction section 13, respectively,
of the calculation section 4 in Fig. 1, and the correlation
calculation section 14 in Fig. 1 is removed. Further, the
storage section 8a is configured by adding a positional
information storage section 23 to the storage section 8
in Fig. 1.

[0052] The signal conversion section 21 converts the
electric pulse signal thatis received from the transmitting-
receiving section 3, into the ultrasound pulse, and con-
verts the ultrasound echo that is reflected by the outside
subject, into the electric echo signal again.

[0053] The sensor section 22 may be configured of,
for example, a gyro sensor or a magnetic sensor, and
detects information of the position and the direction of
the ultrasound probe 2a. The information of the position
and the direction of the ultrasound probe 2a detected by
the sensor section 22 is provided to the storage section
8a through the control section 9.

[0054] The positional information storage section 23
of the storage section 8a holds positional information in
acquisition of the reference image, and holds the infor-
mation of the position and the direction of the ultrasound
probe 2a detected by the sensor section 22 as needed.
[0055] Thefirstposition correction section 12a corrects
deviation of the scanning plane with respect to movement
of the region of interest for TIC analysis. At this time, the
first position correction section 12a moves the scanning
plane based on the information of the position and the
direction of the ultrasound probe 2a that is held by the
positional information storage section 23.

[0056] Also, the second position correction section 13a
automatically corrects the position of the ROI for TIC
analysis in synchronization with the movement of the re-
gion of interest in the scanning plane. At this time, the
second position correction section 13a automatically cor-
rects the position of the ROl in the scanning plane, based
on the information of the position and the direction of the
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ultrasound probe 2a that is held by the positional infor-
mation storage section 23. The other components are
similar to components of the first embodiment.

[0057] Next, the operation of the ultrasound observa-
tion apparatus 1a having such a configuration is de-
scribed. The process when the TIC analysis is not per-
formed and the process when the TIC analysis is per-
formed are substantially similar to those in Fig. 2 to Fig.
4, and only different processes are described.

[0058] In the second embodiment, the optimization
process of the scanning plane in step S4 of Fig. 2 and in
step S 15 of Fig. 3 is different from that of the first em-
bodiment. In the second embodiment, the position and
the direction of the ultrasound probe 2a are acquired by
the sensor section 22 provided in the ultrasound probe
2a. Then, the first position correction section 12a detects
movement degree and a movement direction of the ref-
erence image, from the acquired position and the ac-
quired direction of the ultrasound probe 2, thereby cor-
recting the scanning plane from the volume data, based
on the detected information, to continuously display the
reference image.

[0059] Also, in the second embodiment, the process
of automatically correcting the ROI for TIC analysis in
step S22 of Fig. 3 is different from process of the first
embodiment. In the second embodiment, the information
of the position and the direction that is detected by the
sensor section 22 provided in the ultrasound probe 2a is
read out from the positional information storage section
23, and the second position correction section 13a auto-
matically corrects the position of the ROl for TIC analysis,
based on the read information of the position and the
direction. Other processes are similar to processes in
Fig. 2 to Fig. 4.

[0060] Here, the automatic correction of the position
of the ROI for TIC analysis is described with reference
to Fig. 6A to Fig. 6C. Fig. 6A to Fig. 6C are diagrams for
explaining the automatic correction of the position of the
ROI for TIC analysis.

[0061] First, as illustrated in Fig. 6A, the ROI for TIC
analysis is setto aregion of interest in the scanning plane.
If the position or the direction of the probe is deviated
due to hand shake or other factors, the region of interest
is deviated to the outside of the ROI for TIC analysis, as
illustrated in Fig. 6B.

[0062] Inthis case, asillustrated in Fig. 6C, the second
position correction section 13a automatically corrects the
position of the ROI for TIC analysis, based on the infor-
mation of the position and the direction of the ultrasound
probe 2a that is detected by the sensor section 22 and
is held by the positional information storage section 23.
[0063] As mentioned above, the ultrasound observa-
tion apparatus 1a according to the present embodiment
is different in the method of optimizing the scanning plane
and the method of automatically correcting the position
of the ROI for TIC analysis from the first embodiment. In
the ultrasound observation apparatus 1a according to
the present embodiment, the sensor section 22 is pro-
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vided in the ultrasound probe 2a to acquire the informa-
tion of the position and the direction of the ultrasound
probe 2a, and the scanning plane is optimized and the
position of the ROI for TIC analysis is automatically cor-
rected based on the information.

[0064] Other components and operation are similar to
the components and the operation of the first embodi-
ment. Therefore, the ultrasound observation apparatus
1a of the present embodiment allows for accurate com-
prehension of the temporal variation of the contrast lu-
minance even if the probe is deviated from the region of
interest, while suppressing the data capacity for the TIC
analysis, as with the first embodiment.

(Third Embodiment)

[0065] Next, a third embodiment is described.

[0066] The display section 7 displays the various kinds
of information including the image generated by the im-
age processing section 5. The image displayed on the
display section 7 is a live image that is being observed.
An image that has the highest correlation value with the
reference image (the movie for TIC analysis) is stored in
the apparatus (for example, stored in the movie storage
section 15), and is read out and used in the TIC analysis.
Other components are similar to components of the first
or second embodiment.

(Fourth Embodiment)

[0067] Next, a fourth embodiment is described.
[0068] The display section 7 displays the various kinds
of information including the image generated by the im-
age processing section 5. The image displayed on the
display section 7 is an image (a movie for TIC analysis)
that has the highest correlation value with the reference
image, calculated by the correlation calculation section
14. Note that the display section 7 may display the image
that has the highest correlation value with the reference
image and the live image being observed at a time. At
this time, only the image that has the highest correlation
value with the reference image by the correlation calcu-
lation section 14 is stored in the apparatus as the movie
for TIC analysis. Other components are similar to com-
ponents of the first or second embodiment.

[0069] Note thatin the third embodiment and the fourth
embodiment, the volume data of the B-mode image that
is generated for the correlation calculation by the B-mode
image data generation section 17 may be displayed on
the display section 7, together with the image that has
the highest correlation value with the reference image
and/or the live image being observed, at a time.

[0070] Note that the respective steps in the respective
flowcharts in the present specification may be changed
in execution order, executed together at a time, or exe-
cuted in different order in each execution, unless contrary
to the nature of the steps.

[0071] The present invention is not limited to the
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above-described embodiments, and other various mod-
ifications and alternations may occur within the scope of
the present invention.

[0072] The present application is based upon and
claims the benefit of priority of Japanese Patent Applica-
tion No. 2014-211786 filed in Japan on October 16,2014,
and the above-described disclosure is incorporated by
reference in the specification, claims, and drawings of
the present application.

Claims

1. Anultrasound observation apparatus that sets asec-
ond region of interest for analysis of temporal varia-
tion of luminance to a first region of interest and cal-
culates temporal variation of luminance in the sec-
ond region of interest, the ultrasound observation
apparatus comprising:

an ultrasound probe configured to change a
transmitting-receiving direction of ultrasound in
afirstdirection and a second direction to perform
two-dimensional scanning with an ultrasound
beam;

a transmitting-receiving section configured to
control the transmitting-receiving direction of the
ultrasound beam of the ultrasound probe;

an image processing section configured to gen-
erate volume data of a B-mode image from a
result of scanning with the ultrasound beam in
the first direction and the second direction;

an input section configured to set, as areference
image, an image in which the first region of in-
terest is clearly visualized;

a storage section configured to hold the refer-
ence image; and

a calculation section configured to correct a
scanning plane to allow an image similar to the
reference image that is set by the input section,
to be constantly displayed, wherein

the calculation section automatically corrects a
position of the second region of interest for anal-
ysis of temporal variation of luminance, in syn-
chronization with movement of the first region
of interest in the scanning plane.

2. The ultrasound observation apparatus according to
claim 1, wherein
the calculation section calculates a correlation value
between the volume data and the reference image
held by the storage section, and
the transmitting-receiving section moves the scan-
ning plane in the second direction to maximize the
correlation value.

3. The ultrasound observation apparatus according to
claim 1, further comprising a TIC analysis section
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configured to calculate temporal variation of contrast
luminance in the second region of interest that is set
to the first region of interest, wherein

the calculation section automatically corrects the po-
sition of the second region of interest for TIC analy-
sis, in synchronization with the movement of the first
region of interest.

The ultrasound observation apparatus according to
claim 1, wherein the calculation section performs
contour extraction of the first region of interest to
automatically correct the position of the second re-
gion of interest, in synchronization with the move-
ment of the first region of interest.

The ultrasound observation apparatus according to
claim 1, wherein

the ultrasound probe includes a sensor that detects
a position and a direction of the ultrasound probe,
the storage section holds information of the position
and the direction detected by the sensor, and

the calculation section corrects, based on the infor-
mation of the position and the direction, the scanning
plane to allow the reference image held by the stor-
age section to be constantly displayed.

The ultrasound observation apparatus according to
claim 5, wherein the calculation section reads, from
the storage section, the information of the position
and the direction detected by the sensor, and auto-
matically corrects the position of the second region
of interest, based on the read information of the po-
sition and the direction.

The ultrasound observation apparatus according to
claim 5, wherein the sensor is a gyro sensor or a
magnetic sensor.
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FIG. 2
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FIG. 3
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FIG. 4

(OPTIMIZATION OF SCANNING PLANE )
f83 1

SET SCANNING PLANE TO
N=1 IN SECOND DIRECTION

s

| 532
PERFORM SCANNING IN FIRST DIRECTION
533 £536

GENERATE B-MODE IMAGE SET SCANNING PLANE TO

N=N+1 IN SECOND DIRECTION
' /834 :

|CALCULATE CORRELATION VALUE BETWEEN
B-MODE IMAGE AND REFERENGE IMAGE

~535
IS

SECOND DIRECTION
it N=Nmax? '

YES

NO

f337

MOVE SCANNING PLANE TO POSITION
(IN SECOND DIRECTION)
WITH HIGHEST CORRELATION VALUE

C RETiURN )

12



EP 3165172 A1

NOILO3S

gLt NOILJ3S NOILYHINID AV1dSIa
| VL1va 39V LSYHLNOD S
; 1L[NoLLO3S NoILV:aNgD L
V1va I9YWI J00N-4

NOILO3S o7_|[ NOILOZS VHOLS

S~ oNss300ud IoVME | | NOLLYWONI TYNOLLISOd
9 L~ NOLL3S 30WHOLS 0¥ J0NEMEL3 |
S 1 —HNOILO3S FOVHOLS JINON
6— NOLLD3S TOYLNOD
2 | H{NOILJ3 NOLLO36H00 NOLLSOd G09S | NOILO3S 39VHOLS
B2 | | NOLLOZS NOLLY3H09 NOLLISOG L5HH | mww 22— NOILO3S HOSN3S |

| L+ NOILO3S SISATYNY DIL 1 2—+{NOLLO3S NOISHIANDD TWNOS)|

NOILO3S NOLLO3S

NOLLYINOVO [ = ONAZOTU-DNILLINGNwyL [T ] 390Hd NNOSvaLN
ey & eZ
o1 NOLLO3S NoLLonYLSNI
IOV JONIHISN
NOLLO3S LNdNI
el w
9

G "Old

13



EP 3165172 A1

FIG' 6A D[] NAME] | Dooo/xo/xx xx:xx |
] — —
—| |/ REGIONOF \| /~ REGIONOF >
B INTEREST lNTEBEST
2 <
B ROI POSITION FOR
TIC ANALYSIS
CONTRAST IMAGIN
B-MODE IMAGE MODE IMAGE °
[(TIITIL] —# [TT]
F Gn 6B [D::j NAME| i |xxxx/xx/xx XXZXX!
:
- REGION OF \ REGION OF
] lNTEBEST INTEREST
B ROI POSITION FOR
TIC ANALYSIS
CONTRAST IMAGING
B-MODE IMAGE MODE IMAGE
[TTTTIT] —# LIT]
: G" 6C D[ ] NAME] 1 oo/ xx/xx_xx:xx |

/' REGION OF
7 INTEREST

S
L4 ~
U
? ]
+ ‘

-
S
PSS
—

B-MODE IMAGE

REGION OF
/" INTEREST "\

ROI POSITION FOR
TIC ANALYSIS

CONTRAST IMAGING
MODE IMAGE

LCITTTTT]

14



10

15

20

25

30

35

40

45

50

55

EP 3165172 A1

INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2015/075328

A. CLASSIFICATION OF SUBJECT MATTER
A61B8/14(2006.01)1

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

A61B8/14

Minimum documentation searched (classification system followed by classification symbols)

1922-1996
1971-2015

Jitsuyo Shinan Koho
Kokai Jitsuyo Shinan Koho

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Jitsuyo Shinan Toroku Koho
Toroku Jitsuyo Shinan Koho

1996-2015
1994-2015

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

& CN 103179907 A

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y JP 2003-61959 A (Toshiba Corp.), 1-7
04 March 2003 (04.03.2003),
paragraph [0090]
& US 2004/0159155 Al
paragraph [0118]
& CN 1555246 A
Y JP 2013-81764 A (Toshiba Corp.), 1-7
09 May 2013 (09.05.2013),
paragraph [0046]
& US 2013/0096430 A1
paragraph [0059]

Further documents are listed in the continuation of Box C.

|:| See patent family annex.

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered to
be of particular relevance

“E”  earlier application or patent but published on or after the international filing
date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O”  document referring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than the
priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y”  document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search
19 November 2015 (19.11.15)

Date of mailing of the international search report
01 December 2015 (01.12.15)

Name and mailing address of the ISA/
Japan Patent Office
3-4-3,Kasumigaseki, Chiyoda-ku,

Tokyo 100-8915, Japan

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (July 2009)

15




10

15

20

25

30

35

40

45

50

55

EP 3165172 A1

INTERNATIONAL SEARCH REPORT International application No.

PCT/JP2015/075328

C (Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

JP 2007-330764 A (Toshiba Corp.),
27 December 2007 (27.12.2007),
paragraphs [0158] to [0163]

& US 2008/0262354 Al

paragraphs [0189] to [0194]

& CN 101309647 A

JP 2011-194228 A (Siemens Medical Solutions
USA, Inc.),

06 October 2011 (06.10.2011),

abstract

& US 2011/0230765 Al

abstract

& DE 102011014301 A & KR 10-2011-0104917 A
& CN 102274044 A

1-7

Form PCT/ISA/210 (continuation of second sheet) (July 2009)

16




EP 3 165172 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

. JP 4801229 B [0004] [0008] .« JP 2014211786 A [0072]
«  JP 2011254963 A [0006] [0008]

17



THMBW(EF)

B ERAY 85
EP3165172A1 K (2E)R
EP2015851011 iR

HRIFRE(ERR)A(GE) BRMBHKN S
B (T M) A(F) OLYMPUS CORPORATION

LETEHIB(ERR)A(E) OLYMPUS CORPORATION

[#RI &8 A NAKATSUJI TOMOHIRO
KREBA NAKATSUJI TOMOHIRO
IPCHE& A61B8/14
CPCH¥%k=
/5276 A61B8/54
i £ 2014211786 2014-10-16 JP
H 2T SR EP3165172B1
EP3165172A4
ShER4EE Espacenet
MWE(F)

BAERMNEEIDE  BERRK2, HEENEE—FEAME-F@
L REEE R R - BT E |, AR SR RT3, 0K -
BEEHS3 , MEENEHBEFERRIKE - s EEELERSS5
WEENNEFE-—AEME =G E EFABHRRABNE RERBER
B EBIERAI D6 , WE BN FE —BNBXEFMH A L E &
RENSZRGEETSS, ATRESERG H EUTEST4RELHE
FHUATERARIRENSERELLUNEG , AP iIHEH2483)
REF-BABXENMENRTONEEEFEPHE - BNBXE
MEBERS N TERN B,

2017-05-10

2015-09-07

patsnap

A61B8/14 A61B8/4254 A61B8/463 A61B8/469 A61B8/481 A61B8/483 A61B8/5207 A61B8/5269 A61B8

D] | NAME]

| leoodor oo

/RGN OF
INTEREST

I N O 0 ) B

/REGONOFN
NTEREST \

N

§ §
i
¥

ROIPOSITION FOR

TIC ANALYSIS

CONTRAST IMAGING

B-MODEIMAGE | woDEIMAGE
EEEEEREE. EEE



https://share-analytics.zhihuiya.com/view/ae5d2993-d9b5-4349-984e-90ff1a4e8253
https://worldwide.espacenet.com/patent/search/family/055746461/publication/EP3165172A1?q=EP3165172A1

