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(57) ABSTRACT

An ultrasound observation apparatus for generating an ultra-
sound image based on an ultrasound echo acquired by an
ultrasound probe provided with an ultrasound transducer
includes: a puncture needle detection unit configured to
detect an image of a puncture needle displayed in the
ultrasound image; a motion extraction unit configured to
extract a linear motion at a point of the puncture needle
based on a history of the image of the puncture needle in the
ultrasound image; and a composite image generation unit
configured to generate a composite image by generating loci
of the linear motions extracted by the motion extraction umit
and superimposing the loci on the ultrasound image, the
composite image generation unit generating the composite
image by using the loci of the linear motions having passed
through a common section a plurality of times among the
loci of the linear motions extracted by the motion extraction
unit.
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ULTRASOUND OBSERVATION APPARATUS,
METHOD OF OPERATING ULTRASOUND
OBSERVATION APPARATUS, AND
COMPUTER READABLE RECORDING
MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of PCT interna-
tional application Ser. No. PCT/JP2016/060573, filed on
Mar. 30, 2016 which designates the United States, incorpo-
rated herein by reference, and which claims the benefit of
priority from Japanese Patent Applications No. 2015-
133871, filed on Jul. 2, 2015, incorporated herein by refer-
ence.

BACKGROUND

[0002] The present disclosure relates to an ultrasound
observation apparatus for observing a tissue to be observed,
using ultrasound waves, a method of operating an ultrasound
observation apparatus, and an ultrasound observation appa-
ratus operation program.

[0003] Needle biopsy, which is performed using a punc-
ture needle when diagnosing a tissue to be observed using
ultrasound waves, has a very narrow range of tissues that can
be collected by one puncture motion and has a small amount
of tissues that can be collected. To collect a wide range of
tissues, the needle biopsy may be performed a plurality of
times at different positions on the same cross section.
Further, to increase the collection amount of the tissues, the
puncture needle may be reciprocated a plurality of times at
the same position.

[0004] When performing the needle biopsy a plurality of
times, it is not easy to grasp the position where the needle
biopsy has been performed after the puncture needle has
been taken out from the tissue to be observed. To solve this
problem, conventionally, a technology of storing a position
that the puncture needle has reached within a tissue and
displaying the position on a monitor is disclosed (see, for
example, JP 2009-189500 A).

SUMMARY

[0005] An ultrasound observation apparatus according to
one aspect of the present disclosure generates an ultrasound
image based on an ultrasound echo acquired by an ultra-
sound probe provided with an ultrasound transducer that
transmits an ultrasound wave to an observation target and
receives an ultrasound wave reflected at the observation
target, and includes: a puncture needle detection unit con-
figured to detect an image of a puncture needle displayed in
the ultrasound image; a motion extraction unit configured to
extract a linear motion at a point of the puncture needle
based on a history of the image of the puncture needle in the
ultrasound image; and a composite image generation unit
configured to generate a composite image by generating loci
of the linear motions extracted by the motion extraction unit
and superimposing the loci on the ultrasound image, the
composite image generation unit generating the composite
image by using the loci of the linear motions having passed
through a common section a plurality of times among the
loci of the linear motions extracted by the motion extraction
unit.

Jun. 14,2018

[0006] Moreover, an ultrasound observation apparatus
according to one aspect of the present disclosure generates
an ultrasound image based on an ultrasound echo acquired
by an ultrasound probe provided with an ultrasound trans-
ducer that transmits an ultrasound wave to an observation
target and receives an ultrasound wave reflected at the
observation target, and includes: a puncture needle detection
unit configured to detect an image of a puncture needle
displayed in the ultrasound image; a motion extraction unit
configured to extract a linear motion at a point of the
puncture needle based on a history of the image of the
puncture needle in the ultrasound image; and a composite
image generation unit configured to generate a composite
image by generating loci of the linear motions extracted by
the motion extraction unit and superimposing the loci on the
ultrasound image, the composite image generation unit
generating a composite image displaying loci of the linear
motions during time from when the puncture needle detec-
tion unit detects the image of the puncture needle to when
the puncture needle detection unit stops detecting the image
of the puncture needle, and loci of the linear motions during
time from when the puncture needle detection unit detects
the image of the puncture needle again to when the puncture
needle detection unit stops detecting the image of the
puncture needle, in different display forms from each other.
[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. 1 is a diagram schematically illustrating a
configuration of an ultrasound diagnosis system including
an ultrasound observation apparatus according to a first
embodiment;

[0009] FIG. 2 is a perspective view schematically illus-
trating a configuration of a distal end portion of an insertion
portion and a distal end of a rigid portion of an ultrasound
endoscope;

[0010] FIG. 3 is a block diagram illustrating functional
configurations of the ultrasound observation apparatus
according to the first embodiment and devices connected to
the ultrasound observation apparatus;

[0011] FIG. 4 is a diagram schematically illustrating a
state in which an image of a puncture needle is displayed on
a B-mode image;

[0012] FIG. 5 is a diagram schematically illustrating a
display example of a composite image generated by a
composite image generation unit of the ultrasound observa-
tion apparatus according to the first embodiment;

[0013] FIG. 6 is a flowchart illustrating an outline of
processing performed by the ultrasound observation appa-
ratus according to the first embodiment;

[0014] FIG. 7 is a diagram schematically illustrating a
display example of a composite image in a first modification
of the first embodiment;

[0015] FIG. 8 is a diagram schematically illustrating a
display example of a composite image in a second modifi-
cation of the first embodiment;

[0016] FIG. 9 is a diagram schematically illustrating a
display example of a composite image in a third modifica-
tion of the first embodiment;
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[0017] FIG. 10 is a flowchart illustrating an outline of
processing performed by an ultrasound observation appara-
tus according to a second embodiment; and

[0018] FIG. 11 is a diagram schematically illustrating a
display example of a composite image according to the
second embodiment.

DETAILED DESCRIPTION

[0019] Hereinafter, embodiments will be described with
reference to the accompanying drawings.

First Embodiment

[0020] FIG. 1 is a diagram schematically illustrating a
configuration of an ultrasound diagnosis system including
an ultrasound observation apparatus according to a first
embodiment. An ultrasound diagnosis system 1 illustrated in
FIG. 1 includes an ultrasound endoscope 2, an ultrasound
observation apparatus 3, a camera control unit (CCU) 4, a
display device 5, and a light source device 6.

[0021] The ultrasound endoscope 2 transmits ultrasound
waves to a subject that is an observation target and receives
the ultrasound waves reflected at the subject. The ultrasound
endoscope 2 includes a tubular insertion portion 21 that is
inserted into the subject, an operating unit 22 provided to a
proximal end portion of the insertion portion 21 and which
is held by a user and receives an operation input from the
user, an universal cord 23 extending from the operating unit
22 and including a plurality of signal cables, an optical fiber
that transmits illumination light generated by the light
source device 6, and the like, and a connector 24 provided
on an end portion of the universal cord 23 on an opposite
side of the operating unit 22. For example, the ultrasound
endoscope 2 observes digestive tract (esophagus, stomach,
duodenum, or large intestine) and respiratory tract (trachea
or bronchus) of the subject, as the observation target, and
various types are known depending on the observation
target.

[0022] The insertion portion 21 includes a distal end
portion 211 in which an ultrasound transducer is provided,
a rigid portion 212 externally covered with a rigid member
connected to a proximal end side of the distal end portion
211, a bend portion 213 provided to a proximal end side of
the rigid portion 212 and bendable according to the opera-
tion input received by the operating unit 22, and a flexible
tube portion 214 provided to a proximal end side of the bend
portion 213 and externally covered with a member having
flexibility. A treatment tool channel 215 that is an insertion
passage into which a treatment tool including a puncture
needle is inserted is formed inside the insertion portion 21
(the treatment instrument channel is illustrated by the broken
line in FIG. 1). Further, a light guide that transmits the
illumination light supplied from the light source device 6
and a plurality of signal cables that transmits various signals
are provided inside the insertion portion 21 (not illustrated).
[0023] FIG. 2 is a perspective view schematically illus-
trating a configuration of the distal end portion 211 of the
insertion portion 21 and a distal end of the rigid portion 212.
The distal end portion 211 includes a convex ultrasound
transducer 211a. The ultrasound transducer 211a may be an
electronic scanning-type transducer or a mechanical scan-
ning-type transducer. A treatment tool opening portion 212a
communicating with the treatment tool channel 215, an
imaging opening portion 2124 collecting light from an
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outside and guiding the light to an imaging optical system,
an illumination opening portion 212¢ located at a distal end
side of the light guide and which emits the illumination light,
and an air and water feed nozzle 2124 are provided in a distal
end of the rigid portion 212. The treatment tool opening
portion 212« is provided with a rising base 212e that allows
the treatment tool to be placed thereon in a manner that a
protruding direction of the instrument tool to an outside is
changeable. The rising base 212e is capable of changing a
rising angle by an operation input of the operating unit 22.
An objective lens is attached to the imaging opening portion
212b and an illumination lens is attached to the illumination
opening portion 212¢.

[0024] FIG. 2 illustrates a state in which a puncture needle
100, which is a kind of the treatment tool, protrudes from the
treatment tool opening portion 212a. The puncture needle
100 is inserted into the treatment tool channel 215 via a
treatment tool insertion port 221 (see FIG. 1) formed in the
operating unit 22, and protrudes to an outside through the
treatment tool opening portion 212a.

[0025] The configuration of the ultrasound diagnosis sys-
tem 1 is continuously described with reference to FIG. 1.
The connector 24 connects the ultrasound observation appa-
ratus 3, the camera control unit 4, and the light source device
6. From the connector 24, an ultrasound cable that transmits
and receives a signal to and from the ultrasound observation
apparatus 3, an electrical cable that transmits and receives a
signal to and from the camera control unit 4, and the light
guide that transmits the illumination light generated by the
light source device 6 extend. An ultrasound connector con-
nected to the ultrasound observation apparatus 3 is provided
in a distal end of the ultrasound cable. An electrical con-
nector connected to the camera control unit 4 is provided in
a distal end of the electrical cable.

[0026] The ultrasound observation apparatus 3 transmits
and receives an electrical signal to and from the ultrasound
endoscope 2 via the ultrasound cable. The ultrasound obser-
vation apparatus 3 applies predetermined processing to an
electrical echo signal received from the ultrasound endo-
scope 2 to generate an ultrasound image or the like. Details
of the function and configuration of the ultrasound obser-
vation apparatus 3 will be described below with reference to
the block diagram of FIG. 3.

[0027] The camera control unit 4 applies predetermined
processing to an image signal received from the ultrasound
endoscope 2 through the electrical cable to generate an
endoscope image.

[0028] The display device 5 is configured using liquid
crystal, organic electro luminescence (EL), or the like, and
receives data of the ultrasound image generated by the
ultrasound observation apparatus 3, the endoscope image
generated by the camera control unit 4, and the like and
displays the images.

[0029] The light source device 6 generates the illumina-
tion light for illuminating an inside of the subject and
supplies the illumination light to the ultrasound endoscope 2
via the light guide. The light source device 6 also incorpo-
rates a pump for sending water and air.

[0030] FIG. 3 is a block diagram illustrating functional
configurations of the ultrasound observation apparatus
according to the first embodiment and devices connected to
the ultrasound observation apparatus. The ultrasound obser-
vation apparatus 3 includes a transmitting and receiving unit
31 that transmits and receives a signal to and from the
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ultrasound transducer 211a, a signal processing unit 32 that
generates digital reception data based on an echo signal
received from the transmitting and receiving unit 31, an
input unit 33 realized using a user interface of a keyboard,
a mouse, and a touch panel, and which receives inputs of
various types of information including a motion instruction
signal of the ultrasound observation apparatus 3, a puncture
needle detection unit 34 that detects the puncture needle
included in the ultrasound image, a motion extraction unit 35
that extracts a linear motion of the puncture needle based on
a history of a position of a point of an image of the puncture
needle in the ultrasound image, an image generation unit 36
that generates data of various types of images including the
ultrasound image, using information of the reception data
generated by the signal processing unit 32, a control unit 37
that collectively controls the operation of the entire ultra-
sound diagnosis system 1, and a storage unit 38 that stores
various types of information necessary for the operation of
the ultrasound observation apparatus 3.

[0031] The transmitting and receiving unit 31 transmits a
pulse transmission drive wave signal to the ultrasound
transducer 211a based on a predetermined waveform and
transmission timing. Further, the transmitting and receiving
unit 31 receives an electrical echo signal from the ultrasound
transducer 211a. The transmitting and receiving unit 31 also
has functions to transmit various control signals outputted
by the control unit 37 to the ultrasound endoscope 2, and
receive various types of information including an ID for
identification from the ultrasound endoscope 2 and transmit
the information to the control unit 37.

[0032] The signal processing unit 32 applies known pro-
cessing such as band-pass filter, envelope detection, and
logarithmic conversion to the echo signal to generate digital
ultrasound image reception data, and outputs the generated
data. The signal processing unit 32 is realized using a
general-purpose processor such as a central processing unit
(CPU) or a dedicated integrated circuit or the like that
executes a specific function such as application specific
integrated circuit (ASIC) or field programmable gate array
(FPGA).

[0033] The puncture needle detection unit 34 detects the
puncture needle displayed in the ultrasound image by image
processing, and writes and stores coordinates of the position
of the point of the detected puncture needle in the ultrasound
image together with information of detection time to a
puncture needle information storage unit 381 included in the
storage unit 38. The puncture needle detection unit 34
detects, for example, a region having a large luminance
value as the puncture needle by analyzing the luminance of
pixels of the ultrasound image. Note that the puncture needle
detection unit 34 may detect the puncture needle by per-
forming pattern matching using the ultrasound image of the
puncture needle stored in advance by the storage unit 38.
[0034] The motion extraction unit 35 extracts a motion
that forms a linear locus in the ultrasound image based on
the puncture needle information stored in the puncture
needle information storage unit 381. At this time, the motion
extraction unit 35 extracts movement of the puncture needle
from the start to the end in the same direction as a single
motion. By extracting the motion that forms a linear locus by
the motion extraction unit 35 in this way, a locus of when
changing a direction to puncture by the puncture needle 100
by changing the rising angle of the rising base 212e is
deleted, for example. Note that “linear” referred to here
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includes not only the case where the point of the puncture
needle is moved on one straight line in the ultrasound image
but also a case where the point of the puncture needle is
moved in a long and narrow rectangular region having a
small width set in advance in a direction orthogonal to a
moving direction along the straight line.

[0035] The image generation unit 36 includes an ultra-
sound image generation unit 361 that generates ultrasound
image data based on the reception data, and a composite
image generation unit 362 that generates a composite image
by generating the locus of the linear motion of the puncture
needle extracted by the motion extraction unit 35 and
superimposing the locus on the ultrasound image.

[0036] The ultrasound image generated by the ultrasound
image generation unit 361 is a B-mode image obtained by
converting amplitude into luminance. FIG. 4 is a diagram
schematically illustrating a state in which an image of a
puncture needle is displayed in a B-mode image. In a B
mode image 101 illustrated in FIG. 4, a puncture needle
image 111 linearly extending from an upper right part
toward a central part of a screen is displayed. Note that, in
FIG. 4, concrete display of the ultrasound image other than
the puncture needle image 111 is omitted. The omission of
concrete image of the ultrasound image other than the
puncture needle image 111 is similarly applied to the com-
posite image to be referred to below.

[0037] The composite image generation unit 362 gener-
ates a composite image by superimposing the locus of the
linear motion extracted by the motion extraction unit 35 on
the ultrasound image. FIG. 5 is a diagram schematically
illustrating a display example of a composite image gener-
ated by the composite image generation unit 362. In a
composite image 102 illustrated in FIG. 5, a locus group 121
composed of a plurality of straight lines is displayed. In the
first embodiment, the composite image generation unit 362
generates a composite image after the puncture needle image
becomes undetected for the first time after the puncture
needle detection unit 34 starts detecting the image of the
puncture needle. That is, in the first embodiment, the com-
posite image generation unit 362 generates the composite
image after the puncture needle detection unit 34 stops
detecting the image of the puncture needle due to taking out
of the puncture needle from the ultrasound endoscope 2 after
termination of the first needle biopsy.

[0038] The composite image generation unit 362 gener-
ates the composite image by arranging lines representing the
locus of the linear motion extracted by the motion extraction
unit 35 while adjusting a display area of the image of the
puncture needle in accordance with change of the position of
the observation target, of each frame, displayed in the
B-mode image.

[0039] In a case where the puncture needle detection unit
34 again detects the image of the puncture needle after the
composite image generation unit 362 generates the compos-
ite image, the composite image generation unit 362 stops
generation of the composite image. In this case, the B-mode
image is displayed on the display device 5. In this case, the
composite image generation unit 362 may generate a com-
posite image displaying a locus in a form not disturbing the
visibility of the puncture needle. Examples of the form not
disturbing the visibility of the puncture needle include
displaying the locus by a broken line and displaying the
locus in a less visible color.
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[0040] In acase where a freeze button of the operating unit
22 receives an operation input after the composite image
generation unit 362 generates the composite image, the
composite image generation unit 362 may stop generation of
the composite image. In this case, when canceling the freeze
upon receipt of an operation input again by the freeze button,
the composite image generation unit 362 may resume the
generation of the composite image.

[0041] The control unit 37 includes a display controller
371 that controls display of the display device 5. The display
controller 371 causes the display device 5 to display the
various images generated by the image generation unit 36.
[0042] The control unit 37 is realized using a general-
purpose processor such as a CPU having arithmetic and
control functions, or a dedicated integrated circuit such as
ASIC or FPGA. In the case where the control unit 37 is
realized by the general-purpose processor or the FPGA, the
control unit 37 reads various programs and data stored in the
storage unit 38 from the storage unit 38, and executes
various types of arithmetic processing related to the opera-
tion of the ultrasound observation apparatus 3 to collectively
control the ultrasound observation apparatus 3. In the case
where the control unit 37 is configured from the ASIC, the
control unit 37 may independently execute various types of
processing, or may execute the various types of processing
using various data stored in the storage unit 38. In the first
embodiment, the control unit 37 and part of the signal
processing unit 32, the puncture needle detection unit 34, the
motion extraction unit 35, and the image generation unit 36
can be configured from a common general-purpose proces-
sor, a dedicated integrated circuit, or the like.

[0043] The storage unit 38 includes the puncture needle
information storage unit 381 that stores information of the
point position of the image of the puncture needle detected
by the puncture needle detection unit 34 together with the
information of the detection time of the image of the
puncture needle and the like, as puncture needle informa-
tion. The puncture needle information stored in the puncture
needle information storage unit 381 is deleted under control
of the control unit 37 when the puncture needle detection
unit 34 starts detecting the image of the puncture needle
again after having stopped detecting the image of the
puncture needle.

[0044] The storage unit 38 stores various programs includ-
ing an operation program for executing an operation method
of the ultrasound observation apparatus 3. The various
programs including an operation program can also be
recorded on a computer readable recording medium such as
a hard disk, a flash memory, a CD-ROM, a DVD-ROM, or
a flexible disk and widely distributed. Note that the above-
described various programs can also be acquired by being
downloaded via a communication network. The communi-
cation network referred to here is realized by, for example,
an existing public line network, a local area network (LAN),
or a wide area network (WAN), and may be a wired or
wireless network.

[0045] The storage unit 38 is realized using a read only
memory (ROM) in which the various programs and the like
are installed in advance, a random access memory (RAM) in
which arithmetic parameters and data of processing, and the
like are stored, and the like.

[0046] FIG. 6 is a flowchart illustrating an outline of
processing performed by the ultrasound observation appa-
ratus 3. The flowchart illustrated in FIG. 6 illustrates pro-
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cessing after the transmitting and receiving unit 31 starts
transmission of a transmission drive wave according to an
observation mode, and the ultrasound transducer 211a starts
transmission of an ultrasound wave.

[0047] First, the transmitting and receiving unit 31
receives an echo signal that is a measurement result of an
observation target by the ultrasound transducer 211a from
the ultrasound endoscope 2 (Step S1).

[0048] Next, the transmitting and receiving unit 31 applies
predetermined reception processing to the echo signal
received from the ultrasound transducer 211a (Step S2). To
be specific, the transmitting and receiving unit 31 amplifies
(STC correction) the echo signal and then applies processing
such as filtering or A/D conversion to the amplified signal.
[0049] After that, the ultrasound image generation unit
361 generates a B-mode image, using the echo signal
processed by the transmitting and receiving unit 31, and
outputs data of the B-mode image to the display device 5
(Step S3).

[0050] The puncture needle detection unit 34 performs
processing of detecting the image of the puncture needle
displayed in the B-mode image, using the generated B-mode
image (Step S4). When the puncture needle detection unit 34
detects the image of the puncture needle in the B mode
image (Step S4: Yes), and when the composite image
generation unit 362 has generated a composite image in a
previous frame (Step S5: Yes), the ultrasound observation
apparatus 3 proceeds to Step S6.

[0051] In Step S6, the display controller 371 deletes
(non-displays) the locus or changes the display method (Step
S6). The puncture needle detection unit 34 writes and stores
the information of the point position of the image of the
detected puncture needle together with the information of
detection time and the like to the puncture needle informa-
tion storage unit 381 (Step S7). The information of the point
position of the image of the puncture needle is represented
by coordinates in the B-mode image, for example. Step S6
corresponds to a situation in which the puncture needle is
newly inserted while the display device 5 is displaying the
composite image. In Step S6, the locus of the previous
puncture needle may be deleted, or the display method may
be changed so that the locus can be identified as the previous
locus.

[0052] Next, the display controller 371 performs control to
cause the display device 5 to display the B-mode image
(Step S8).

[0053] After that, when the input unit 33 receives an input
of a signal instructing termination (Step S9: Yes), the
ultrasound observation apparatus 3 terminates the series of
processing. On the other hand, when the input unit 33 does
not receive the input of a signal instructing termination (Step
S9: No), the ultrasound observation apparatus 3 returns to
Step S1.

[0054] When the puncture needle detection unit 34 detects
the image of the puncture needle in the B-mode image (Step
S4: Yes), and when the composite image generation unit 362
has not generated the composite image in the previous frame
(Step S5: No), the ultrasound observation apparatus 3 pro-
ceeds to Step S7.

[0055] The case in which the puncture needle detection
unit 34 does not detect the image of the puncture needle in
the B-mode image (Step S4: No) in Step S4 will be
described. In this case, when the composite image genera-
tion unit 362 has not generated the composite image in the
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previous frame (Step S10: No), the ultrasound observation
apparatus 3 proceeds to Step S11. This situation corresponds
to a situation in which the puncture needle detection unit 34
has never detected the puncture needle, or a situation in
which the puncture needle detection unit 34 has continued to
detect the image of the puncture needle up to one previous
frame and stops detecting the image of the puncture needle
at this frame.

[0056] In Step S11, when the puncture needle information
storage unit 381 stores detection data of the puncture needle
(Step S11: Yes), that is, when the puncture needle informa-
tion storage unit 381 has stored the information of the point
position of the image of the puncture needle in a plurality of
frames up to the previous frame in succession, the motion
extraction unit 35 extracts the linear motion at the point of
the puncture needle based on the history of the point position
of the image of the puncture needle (Step S12).

[0057] In Step S11, when the puncture needle information
storage unit 381 does not store the detection data of the
puncture needle (Step S11: No), the ultrasound observation
apparatus 3 proceeds to Step S8 described above. This
situation corresponds to a situation in which the puncture
needle detection unit 34 has never detected the puncture
needle.

[0058] After that, the composite image generation unit 362
generates the locus of the linear motion extracted by the
motion extraction unit 35, and superimposes the locus on the
B-mode image to generate a composite image (Step S13). At
this time, the composite image generation unit 362 generates
the composite image by performing correction to hold a
relative positional relationship between the locus of the
linear motion at the point of the puncture needle and the
observation target of the B-mode image.

[0059] When the composite image generation unit 362
generates the locus in this frame (Step S14: Yes), the control
unit 37 deletes the detection data of the puncture needle
stored in the puncture needle information storage unit 381
(Step S15).

[0060] Next, the display controller 371 performs control to
cause the display device 5 to display the composite image
generated by the composite image generation unit 362 (Step
S16). The composite image displayed by the display device
5 is, for example, the composite image 102 illustrated in
FIG. 5.

[0061] After Step S16, the ultrasound observation appa-
ratus 3 proceeds to Step S9 described above.

[0062] In Step S10, when the composite image generation
unit 362 has generated the composite image in the previous
frame (Step S10: Yes), the ultrasound observation apparatus
3 proceeds to Step S13. This situation corresponds to a
situation in which undetected state of the image of the
puncture needle continues from at least one previous frame.
In this situation, in Step S13, the composite image genera-
tion unit 362 generates the composite image, using the
newly generated B-mode image and the locus generated in
one previous frame.

[0063] In Step S14, when the composite image generation
unit 362 has not generated the locus in this frame (Step S14:
No), that is, when the composite image generation unit 362
has generated the locus in a frame prior to the present frame,
the ultrasound observation apparatus 3 proceeds to Step S16.
[0064] According to the first embodiment described
above, the composite image is generated by extracting the
linear motion at the point of the puncture needle based on the
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history of the image of the puncture needle in the ultrasound
image, and generating the locus of the extracted linear
motion and superimposing the locus on the ultrasound
image. Therefore, the position where the puncture needle
has been moved a plurality of times in the subject can be
accurately grasped.

[0065] In the first embodiment, when the puncture needle
detection unit 34 stops detecting the image of the puncture
needle, the composite image generation unit 362 starts
generation of the composite image, and after that, when the
puncture needle detection unit 34 detects the image of the
puncture needle again, the composite image generation unit
362 stops generation of the composite image. Therefore,
according to the first embodiment, the user can confirm the
history of the first needle biopsy during time from when the
puncture needle is taken out once to when the second needle
biopsy is performed, and can more accurately grasp the
position where a tissue is to be collected in the second needle
biopsy.

[0066] First Modification

[0067] FIG. 7 is a diagram schematically illustrating a
display example of a composite image in a first modification
of the first embodiment. In the first modification, the com-
posite image generation unit 362 generates a composite
image, using only loci that have passed through a common
section a plurality of times, of linear motions extracted by
the motion extraction unit 35. A composite image 103
illustrated in FIG. 7 is an image generated based on the same
puncture needle information as the composite image 102
illustrated in FIG. 5. A locus group 131 displayed in the
composite image 103 illustrates only the loci that have
passed through a common section a plurality of times.
Therefore, the number of loci is smaller than that of the locus
group 121 displayed on the composite image 102 generated
based on the same puncture needle information.

[0068] According to the first modification described
above, only the loci including an overlapping portion in a
plurality of motions are displayed. Therefore, a portion
having a high possibility of collecting a tissue can be
displayed. Therefore, a user can more reliably specify a
place having a high possibility of collecting a tissue.

[0069] Note that, in the first modification, loci up to a
predetermined place in descending order of the number of
times of overlap may be displayed.

[0070] Second Modification

[0071] FIG. 8 is a diagram schematically illustrating a
display example of a composite image in a second modifi-
cation of the first embodiment. In the second modification,
a composite image generation unit 362 adds the numbers of
times of overlap near loci, in addition to generation of a
composite image, using only the loci having passed through
a common section a plurality of times, of linear motions
extracted by a motion extraction unit 35, similarly to the first
modification. The composite image 104 illustrated in FIG. 8
is an image generated based on the same puncture needle
information as the composite image 102 illustrated in FIG.
5. A locus group 141 displayed in the composite image 104
displays the same loci as the locus group 131 of the
composite image 103 and the number of times of overlap is
displayed near each locus.

[0072] According to the second modification described
above, only the loci including an overlapping portion in a
plurality of motions is displayed together with the numbers
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of times of overlap. Therefore, the user can more easily
grasp a portion having a high possibility of collecting a
tissue.

[0073] Note that, in the second modification, a composite
image that displays colors and types of lines of the loci in
different forms according to the number of times of overlap
may be generated instead of displaying the number of times
of overlap. Further, in the second modification, loci up to a
predetermined place in descending order of the number of
times of overlap may be displayed, similarly to the first
modification.

[0074] Third Modification

[0075] FIG. 9 is a diagram schematically illustrating a
display example of a composite image in a third modifica-
tion of the first embodiment. In the third modification, the
composite image generation unit 362 generates a composite
image by superimposing a region indicating a range where
an image of a puncture needle has performed linear motions
on a B-mode image during time from when the puncture
needle detection unit 34 starts detecting the image of the
puncture needle to when the puncture needle detection unit
34 stops detecting the image of the puncture needle. A
composite image 105 illustrated in FIG. 9 is an image
generated based on the same puncture needle information as
the composite image 102 illustrated in FIG. 5. An approxi-
mately elliptical region 151 illustrated in the composite
image 105 is the region indicating a range of linear motions
of the puncture needle. For example, the region 151 may be
set as an outermost contour of all the linear loci or may be
set as an envelope surrounding all the linear loci.

[0076] According to the third modification, in a case
where a user wants to puncture another region in the next
biopsy motion, the user can easily grasp the region to be
newly punctured.

[0077] Note that, in a case where a puncture needle
detection unit 34 detects an image of a puncture needle again
after a composite image generation unit 362 generates a
composite image displaying loci, as described in the first
embodiment and first and second modifications, the com-
posite image generation unit 362 may start generation of a
composite image with contour display described in the third
modification. In this case, when the composite image gen-
eration unit 362 resumes generation of the composite image
displaying loci when the puncture needle detection unit 34
stops detecting the image of the puncture needle. The
composite image generation unit 362 may start generation of
the composite image with contour display when receiving an
operation input of a freeze button of an operating unit 22,
and may resume generation of the composite image display-
ing loci when receiving a re-operation input of the freeze
buttor.

Second Embodiment

[0078] A second embodiment is characterized in display-
ing a locus of an image of a puncture needle in an ultrasound
image substantially in real time. A configuration of an
ultrasound observation apparatus according to the second
embodiment is similar to that of the ultrasound observation
apparatus 3 described in the first embodiment.

[0079] FIG. 10 is a flowchart illustrating an outline of
processing performed by an ultrasound observation appara-
tus 3 according to the second embodiment. Processing of
Steps S21 to S23 sequentially corresponds to the processing
of Steps S1 to S3 described in the first embodiment.
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[0080] Following Step S23, a puncture needle detection
unit 34 performs processing of detecting an image of a
puncture needle displayed in a B-mode image using the
generated B-mode image (Step S24). When the puncture
needle detection unit 34 detects the image of the puncture
needle in the B-mode image (Step S24: Yes), the puncture
needle detection unit 34 writes and stores information of a
point position of the image of the detected puncture needle
together with information of detection time and the like to a
puncture needle information storage unit 381 (Step S25).

[0081] After that, when the puncture needle information
storage unit 381 stores detection data of the puncture needle
(Step S26: Yes), that is, when the puncture needle informa-
tion storage unit 381 has stored the image of the point
position of the image of the puncture needle in a plurality of
frames up to a previous frame in succession, a motion
extraction unit 35 extracts a linear motion at the point of the
puncture needle based on a history of the point position of
the image of the puncture needle (Step S27). Meanwhile,
when the puncture needle information storage unit 381 does
not store the puncture needle information (Step S26: No),
the ultrasound observation apparatus 3 proceeds to Step S30
described below.

[0082] After Step S27, a composite image generation unit
362 generates a composite image by superimposing the
locus of the linear motion extracted by the motion extraction
unit 35 on an ultrasound image (Step S28).

[0083] Next, a display controller 371 performs control to
cause a display device 5 to display the composite image
generated by the composite image generation unit 362 (Step
S29). FIG. 11 is a diagram schematically illustrating a
display example of a composite image displayed by the
display device 5. A composite image 106 illustrated in FIG.
11 is displayed in a manner that a puncture needle image 111
and a locus 161 of a point position of the puncture needle
image 111 can be identified. FIG. 11 illustrates a case where
the locus 161 is displayed by a broken line. However, the
locus 161 may be displayed in a color different from the
puncture needle image 111 or may be displayed with a
different thickness from the puncture needle image 111.

[0084] After that, when an input unit 33 receives an input
of a signal instructing termination (Step S30: Yes), the
ultrasound observation apparatus 3 terminates the series of
processing. On the other hand, when the input unit 33 does
not receive the input of a signal instructing termination (Step
S30: No), the ultrasound observation apparatus 3 returns to
Step S21.

[0085] A case in which the puncture needle detection unit
34 does not detect the image of the puncture needle in the
B-mode image (Step S24: No) will be described. In this case,
when the ultrasound observation apparatus 3 generates the
composite image in one previous frame (Step S31: Yes), the
control unit 37 deletes detection data of the puncture needle
stored in the puncture needle information storage unit 381
(Step S32).

[0086] After that, the display controller 371 performs
control to cause the display device 5 to display the B-mode
image generated in Step S23 (Step S33). As described
above, in the second embodiment, the locus of the puncture
needle is not displayed when the image of the puncture
needle is not included in the B-mode image. After Step S33,
the ultrasound observation apparatus 3 proceeds to Step S30.
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[0087] 1In Step S31, when the ultrasound observation appa-
ratus 3 has not generated a composite image in one previous
frame (Step S31: No), the ultrasound observation apparatus
3 proceeds to Sep S33.

[0088] Note that the display controller 371 may cause the
display device 5 to display the composite image in Step S33
without performing the processing of Step S32. In that case,
when the puncture needle is newly detected, the display
controller 371 deletes and non-displays the locus or changes
the display method.

[0089] According to the second embodiment described
above, the composite image is generated by extracting the
linear motion at the point of the puncture needle based on the
history of the image of the puncture needle in the ultrasound
image, and generating the locus of the extracted linear
motion and superimposing the locus on the ultrasound
image. Therefore, the position where the puncture needle
has been moved a plurality of times in the subject can be
accurately grasped.

[0090] Further, according to the second embodiment, the
linear locus of the image of the puncture needle can be
grasped substantially in real time. Therefore, a position
where a tissue is to be collected next can be specified in
one-time needle biopsy.

[0091] The embodiments for carrying out the present
disclosure have been described. However, the present dis-
closure should not be limited only by the above-described
first and second embodiments. For example, in the first and
second embodiments, when the puncture needle detection
unit 34 starts detecting the image of the puncture needle
again after stopping detecting the image of the puncture
needle, the puncture needle information storage unit 381
may continuously provide and store information to be newly
stored and identifiable additional information to the infor-
mation of the point position of the image of the puncture
needle stored in the puncture needle information storage unit
381 so far. In this case, the composite image generation unit
362 may generate a composite image displaying loci of the
puncture needle respectively corresponding to the old and
new information, that is, loci of the puncture needle in
different needle biopsies in an identifiable manner.

[0092] Further, as an ultrasound probe, an extracorporeal
ultrasound probe that irradiates a body surface of a subject
with ultrasound waves may be applied. The extracorporeal
ultrasound probe is usually used for observing abdominal
organs (liver, gall bladder, and bladder), breast (especially
mammary gland), and thyroid gland.

[0093] 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.

1. An ultrasound observation apparatus for generating an
ultrasound image based on an ultrasound echo acquired by
an ultrasound probe provided with an ultrasound transducer
that transmits an ultrasound wave to an observation target
and receives an ultrasound wave reflected at the observation
target, the ultrasound observation apparatus comprising:

a puncture needle detection unit configured to detect an

image of a puncture needle displayed in the ultrasound
image;
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a motion extraction unit configured to extract a linear
motion at a point of the puncture needle based on a
history of the image of the puncture needle in the
ultrasound image; and

a composite image generation unit configured to generate
a composite image by generating loci of the linear
motions extracted by the motion extraction unit and
superimposing the loci on the ultrasound image, the
composite image generation unit generating the com-
posite image by using the loci of the linear motions
having passed through a common section a plurality of
times among the loci of the linear motions extracted by
the motion extraction unit.

2. The ultrasound observation apparatus according to

claim 1, further comprising:

a puncture needle information storage unit configured to
store information of a point position of the image of the
puncture needle detected by the puncture needle detec-
tion unit, wherein

the motion extraction unit extracts the linear motion by
acquiring a history of the point position of the image of
the puncture needle from the puncture needle informa-
tion storage unit.

3. The ultrasound observation apparatus according to
claim 1, wherein the composite image generation unit gen-
erates the composite image by generating at least a part of
the loci of the linear motions extracted by the motion
extraction unit and superimposing the part on the ultrasound
image.

4. The ultrasound observation apparatus according to
claim 1, wherein the composite image generation unit
changes a display form of the loci of the linear motions in
the composite image according to number of times of
passage in the common section.

5. The ultrasound observation apparatus according to
claim 1, wherein the composite image generation unit gen-
erates the composite image in which information of number
of times of passage in the common section is added and
displayed to the loci of the corresponding linear motions.

6. The ultrasound observation apparatus according to
claim 1, wherein the composite image generation unit supet-
imposes, on the ultrasound image, a region indicating a
range of the linear motions performed during time from
when the puncture needle detection unit starts detecting the
image of the puncture needle to when the puncture needle
detection unit stops detecting the image of the puncture
needle.

7. The ultrasound observation apparatus according to
claim 1, wherein the composite image generation unit gen-
erates the composite image while holding a relative posi-
tional relationship between the observation target displayed
in the ultrasound image and the locus of the puncture needle.

8. The ultrasound observation apparatus according to
claim 1, wherein the composite image generation unit starts
generation of the composite image when the puncture needle
detection unit stops detecting the image of the puncture
needle after a state in which the puncture needle detection
unit is detecting the image of the puncture needle is con-
tinued.

9. The ultrasound observation apparatus according to
claim 8, wherein the composite image generation unit stops
generation of the composite image when the puncture needle
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detection unit detects the image of the puncture needle in a
case where the composite image generation unit has genet-
ated the composite image.

10. An ultrasound observation apparatus for generating an
ultrasound image based on an ultrasound echo acquired by
an ultrasound probe provided with an ultrasound transducer
that transmits an ultrasound wave to an observation target
and receives an ultrasound wave reflected at the observation
target, the ultrasound observation apparatus comprising:

a puncture needle detection unit configured to detect an
image of a puncture needle displayed in the ultrasound
image;

a motion extraction unit configured to extract a linear
motion at a point of the puncture needle based on a
history of the image of the puncture needle in the
ultrasound image; and

a composite image generation unit configured to generate
a composite image by generating loci of the linear
motions extracted by the motion extraction unit and
superimposing the loci on the ultrasound image, the
composite image generation unit generating a compos-
ite image displaying loci of the linear motions during
time from when the puncture needle detection unit
detects the image of the puncture needle to when the
puncture needle detection unit stops detecting the
image of the puncture needle, and loci of the linear
motions during time from when the puncture needle
detection unit detects the image of the puncture needle
again to when the puncture needle detection unit stops
detecting the image of the puncture needle, in different
display forms from each other.

11. The ultrasound observation apparatus according to
claim 1, wherein the composite image generation unit gen-
erates the composite image during when the puncture needle
detection unit is detecting the image of the puncture needle.

12. A method of operating an ultrasound observation
apparatus for generating an ultrasound image based on an
ultrasound echo acquired by an ultrasound probe provided
with an ultrasound transducer that transmits an ultrasound
wave to an observation target and receives an ultrasound
wave reflected at the observation target, the method com-
prising:

detecting, by a puncture needle detection unit, an image of
a puncture needle displayed in the ultrasound image;

extracting, by a motion extraction unit, a linear motion at
a point of the puncture needle based on a history of the
image of the puncture needle in the ultrasound image;
and

generating, by a composite image generation unit, a
composite image by generating loci of the extracted
linear motion and superimposing the loci on the ultra-
sound image by using only the loci of the linear
motions having passed through a common section a
plurality of times among the loci of the linear motions
extracted by the motion extraction unit.

13. A method of operating an ultrasound observation
apparatus for generating an ultrasound image based on an
ultrasound echo acquired by an ultrasound probe provided
with an ultrasound transducer that transmits an ultrasound
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wave to an observation target and receives an ultrasound
wave reflected at the observation target, the method com-
prising:
detecting, by a puncture needle detection unit, an image of
a puncture needle displayed in the ultrasound image;

extracting, by a motion extraction unit, a linear motion at
a point of the puncture needle based on a history of the
image of the puncture needle in the ultrasound image;
and
generating, by a composite image generation unit, a
composite image by generating loci of the extracted
linear motion and superimposing the loci on the ultra-
sound image such that loci of the linear motions during
time from when the puncture needle detection unit
detects the image of the puncture needle to when the
puncture needle detection unit stops detecting the
image of the puncture needle, and loci of the linear
motions during time from when the puncture needle
detection unit detects the image of the puncture needle
again to when the puncture needle detection unit stops
detecting the image of the puncture needle are dis-
played in different display forms from each other.
14. A non-transitory computer-readable recording
medium on which an executable program is recorded, the
program instructing a processor to execute:
detecting, by a puncture needle detection unit, an image of
a puncture needle displayed in the ultrasound image;

extracting, by a motion extraction unit, a linear motion at
a point of the puncture needle based on a history of the
image of the puncture needle in the ultrasound image;
and
generating, by a composite image generation unit, a
composite image by generating loci of the extracted
linear motion and superimposing the loci on the ultra-
sound image by using the loci of the linear motions
having passed through a common section a plurality of
times among the loci of the linear motions extracted by
the motion extraction unit.
15. A non-transitory computer-readable recording
medium on which an executable program is recorded, the
program instructing a processor to execute:
detecting, by a puncture needle detection unit, an image of
a puncture needle displayed in the ultrasound image;

extracting, by a motion extraction unit, a linear motion at
a point of the puncture needle based on a history of the
image of the puncture needle in the ultrasound image;
and

generating, by a composite image generation unit, a

composite image by generating loci of the extracted
linear motion and superimposing the loci on the ultra-
sound image such that loci of the linear motions during
time from when the puncture needle detection unit
detects the image of the puncture needle to when the
puncture needle detection unit stops detecting the
image of the puncture needle, and loci of the linear
motions during time from when the puncture needle
detection unit detects the image of the puncture needle
again to when the puncture needle detection unit stops
detecting the image of the puncture needle are dis-
played in different display forms from each other.

* #* * #* #®



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

patsnap

BERARKE  BEEFRAREEN T ENITEN TRERNR

US20180161063A1 AFF(AE)A 2018-06-14
US15/841582 HiE A 2017-12-14
BB 2t

OLYMPUS CORPORATION

OLYMPUS CORPORATION

[#RI &8 A MIYAKE TATSUYA

KREBA MIYAKE, TATSUYA

IPCHE& A61B17/34 A61B8/08 A61B34/20

CPCH¥%k= A61B17/3403 A61B8/0841 A61B34/20 A61B8/5207 A61B2017/3413 A61B8/12

R 2015133871 2015-07-02 JP

SAEBEE Espacenet USPTO

BEGF) 1 )

—MEFRANEE  BTETHREFESRIRERNEFRRKIR .

R R EUR SR AE BB AR E & , ZEERRARESRE | FRER
MNExT, ATRNEEFKEGYERNFRTNWEGZENET ,
WEENETEF RGO ZRE B GN LRI R R
SMEDUREREGERET , EREENBETERKEMRIZZ)RE
B IR ENAY PR 4 05 30 B B R TR U & N PR B A B AR £ 3R
ERERE B, RS B E &4 B2 T B A TR 4t B B PR B
BRERFRERE G , ©EERIZZIRENE TR L& M4E 3 89 B ' 2
PERBY LRSS NIEE,.

24

CONNECTOR €=~

ULTRASOUND
OBSERVATION
APPARATUS

DISPLAY
DEVICE
5

ccu

LIGHT SOURCE
DEVICE



https://share-analytics.zhihuiya.com/view/826f7289-de0b-478f-8a24-49c59f213076
https://worldwide.espacenet.com/patent/search/family/057608042/publication/US2018161063A1?q=US2018161063A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220180161063%22.PGNR.&OS=DN/20180161063&RS=DN/20180161063

