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ULTRASONIC IMAGE DIAGNOSTIC
DEVICE, ULTRASONIC IMAGE
PROCESSING METHOD, AND ULTRASONIC
IMAGE PROCESSING PROGRAM

[0001] The entire disclosure of Japanese Patent Applica-
tion No. 2015-163479 filed on Aug. 21, 2015 including
description, claims, drawings, and abstract are incorporated
herein by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002]

[0003] The present invention relates to an ultrasonic image
diagnostic device, an ultrasonic image processing method,
and an ultrasonic image processing program.

[0004] Description of the Related Art

[0005] In ultrasonic diagnosis, when applying an ultra-
sonic probe on a body surface of a subject to capture an
in-vivo ultrasonic image, there is a case of making a
puncture for removing body fluid accumulated in an in-vivo
imaging area or injecting medical solution to the area. At
that time, positional relationship between a puncture needle
and an organ in the body is confirmed by using the ultrasonic
image displayed on a screen.

[0006] Conventionally, it is suggested to process the ultra-
sonic image such that the puncture needle in the display
image becomes clear. For example, the conventional ultra-
sonic diagnostic device disclosed in JP 2001-269339 A
generates a variation image between two B-mode ultrasonic
tomographic image frame data adjacent to each other in a
time direction in a B-mode ultrasonic tomographic image
frame data group accumulated in the device and adds the
variation image data to currently obtained ultrasonic tomo-
graphic image frame data, thereby displaying a B-mode
ultrasonic image in which visibility of the puncture needle is
improved.

[0007] Meanwhile, in the ultrasonic image, an object
which moves in the body such as not only the puncture
needle but also the heart often becomes the subject. In a case
in which an object which does not move itself in the body
is an object to be observed also, a position of the objet to be
observed might relatively move by scanning by a probe.
Therefore, the ultrasonic image in which positional change
of the object to be observed in the generated image may be
easily specified is required.

[0008] A frame rate of the ultrasonic images might vary by
a factor such as device operation setting; when the frame rate
varies, a time interval between the two adjacent B-mode
ultrasonic image frame data used for generating the variation
image in the above-described conventional technology also
varies. A moving distance differs between a case in which
the time interval between the frame data is short and a case
in which this is long even when a moving speed of a moving
body is the same, so that a comparison result represented by
a comparison image, that is to say, variation differs. Suppose
that the variation is represented by difference, for example,
and the difference is reflected in highlighting of the moving
body on the display image, for example, a highlighting
degree of the moving body on the display image changes
according to a degree of difference. In other words, even
when the moving body actually moves in the same manner,
the highlighting degree changes depending on the factor
such as the device operation setting. Therefore, there is

Field of the Invention
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certain limitation in improvement of reliability of motion
evaluation of the moving body in the ultrasonic image.

SUMMARY OF THE INVENTION

[0009] An object of the present invention is to provide an
ultrasonic image diagnostic device, an ultrasonic image
processing method, and an ultrasonic image processing
program capable of improving the reliability of a motion
evaluation of a moving body in an ultrasonic image.
[0010] To achieve the abovementioned object, according
to an aspect, an ultrasonic image diagnostic device reflecting
one aspect of the present invention comprises: an ultrasonic
transmitting/receiving unit which repeatedly transmits an
ultrasonic wave to a subject and receives an ultrasonic echo
from the subject; an image processor which generates a
plurality of ultrasonic images illustrating an in-vivo state of
the subject based on ultrasonic echoes sequentially received
from the subject; and a motion evaluating unit which per-
forms motion evaluation of a moving body in the plurality
of generated ultrasonic images, wherein the motion evalu-
ating unit includes an interval setting unit which sets an
interval between the ultrasonic images which should be
compared with each other for the motion evaluation so as to
be variable in increments of the number of frames based on
a frame rate of the plurality of generated ultrasonic images.
[0011] To achieve the abovementioned object, according
to an aspect, an ultrasonic image processing method
executed in an ultrasonic image diagnostic device compris-
ing: an ultrasonic transmitting/receiving unit which repeat-
edly transmits an ultrasonic wave to a subject and receives
an ultrasonic echo from the subject; an image processor
which generates a plurality of ultrasonic images illustrating
an in-vivo state of the subject based on ultrasonic echoes
sequentially received from the subject; and a motion evalu-
ating unit which performs motion evaluation of a moving
body in the plurality of generated ultrasonic images, reflect-
ing one aspect of the present invention comprises setting an
interval between the ultrasonic images which should be
compared with each other for the motion evaluation so as to
be variable in increments of the number of frames based on
a frame rate of the plurality of generated ultrasonic images.
[0012] To achieve the abovementioned object, according
to an aspect, a non-transitory recording medium storing a
computer readable ultrasonic image processing program
reflecting one aspect of the present invention causes a
computer of an ultrasonic image diagnostic device compris-
ing: an ultrasonic transmitting/receiving unit which repeat-
edly transmits an ultrasonic wave to a subject and receives
an ultrasonic echo from the subject; an image processor
which generates a plurality of ultrasonic images illustrating
an in-vivo state of the subject based on ultrasonic echoes
sequentially received from the subject; and a motion evalu-
ating unit which performs motion evaluation of a moving
body in the plurality of generated ultrasonic images to
realize an interval setting function to set an interval between
the ultrasonic images which should be compared with each
other for the motion evaluation so as to be variable in
increments of the number of frames based on a frame rate of
the plurality of generated ultrasonic images.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The above and other objects, advantages and fea-
tures of the present invention will become more fully
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understood from the detailed description given hereinbelow
and the appended drawings which are given by way of
illustration only, and thus are not intended as a definition of
the limits of the present invention, and wherein:

[0014] FIG. 1is a perspective view illustrating an appear-
ance of an ultrasonic image diagnostic device according to
one embodiment of the present invention;

[0015] FIG. 2 is a block diagram illustrating a schematic
configuration of the ultrasonic image diagnostic device
according to this embodiment;

[0016] FIG. 3 is a block diagram illustrating a schematic
configuration of a motion evaluating unit of this embodi-
ment;

[0017] FIG. 4 is a view schematically illustrating genera-
tion of a difference image and a motion evaluation value
image when an interval of the number of frames is set to
“one” by the motion evaluating unit of this embodiment;
[0018] FIG.51isa view illustrating actual difference image
and motion evaluation value image when the interval of the
number of frames is set to “one” by the motion evaluating
unit of this embodiment;

[0019] FIG. 6 is a view schematically illustrating the
generation of the difference image and the motion evaluation
value image when the interval of the number of frames is set
to “two” by the motion evaluating unit of this embodiment;
[0020] FIG. 7 is a view schematically illustrating the
generation of the difference image and the motion evaluation
value image when the interval of the number of frames is set
to “three” by the motion evaluating unit of this embodiment;
[0021] FIG. 8 is a view illustrating an example of the
motion evaluation value image before and after a process of
extracting a motion evaluation value of a moving body by
the motion evaluation value extracting unit of this embodi-
ment;

[0022] FIG. 9 is a view illustrating an example of the
motion evaluation value image generated by a motion evalu-
ation value image generating unit of this embodiment;
[0023] FIG. 10 is a view schematically illustrating a
display highlighting process by an image processor of this
embodiment; and

[0024] FIG. 11 is a flowchart for illustrating operation of
the ultrasonic image diagnostic device according to this
embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0025] Hereinafter, an embodiment of the present inven-
tion will be described in detail with reference to the draw-
ings. However, the scope of the invention is not limited to
the illustrated examples.

[0026] FIG. 1is a perspective view illustrating an appear-
ance of an ultrasonic image diagnostic device 1 according to
one embodiment of the present invention. FIG. 2 is a block
diagram illustrating a schematic configuration of the ultra-
sonic image diagnostic device 1 according to this embodi-
ment. As illustrated in FIG. 1, the ultrasonic image diag-
nostic device 1 according to this embodiment is provided
with a device main body 2, a display unit 3, three types of
probes 4a, 4b, and 4c¢ (hereinafter, collectively represented
by “4”), and an operation input unit 11. The display unit 3
being a display in which a liquid crystal panel is used, for
example, is mainly used for displaying an ultrasonic image.
The probe 4 is combination of the three types of probes: an
electronic linear probe which emits a beam in a perpendicu-
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lar direction, a convex probe which emits a beam radially,
and an electronic sector probe which emits a beam radially
as with the convex probe, for example. The electronic linear
probe is mainly used for a thyroid/blood vessel examination.
The convex probe is mainly used for an abdominal exami-
nation. The electronic sector probe is mainly used for a
cardiac examination. The operation input unit 11 formed of
input devices such as an operation button, a trackball, and a
keyboard which a doctor or a laboratory technician who
operates the ultrasonic image diagnostic device 1 may
operate inputs characters and signs to be displayed on the
display unit 3 and various commands for a controller 12 to
be described later.

[0027] As illustrated in FIG. 2, the ultrasonic image diag-
nostic device 1 is provided with the controller 12, a trans-
mitting unit 13, a receiving unit 14, an image processor 16,
and a motion evaluating unit 17 embedded in the device
main body 2 in addition to the above-described display unit
3, probe 4, and operation input unit 11. The controller 12 is
formed of a CPU (central processing unit), a ROM (read
only memory), and a RAM (random access memory) not
illustrated. A program executed by the CPU is stored in the
ROM. The RAM is used in operation of the CPU. Mean-
while, a processor such as a DSP (digital signal processor)
may also be used in place of the CPU. The controller 12
performs a signal process for totally controlling operation
control of each unit of the ultrasonic image diagnostic
device 1, a data inputting/outputting process to/from other
units, a data arithmetic process, and a data storing process.
The controller 12 sets a highlight mode on the image
processor 16 and the motion evaluating unit 17 when there
is an operation input to highlight a moving body such as a
puncture needle from the operation input unit 11.

[0028] Combination of the probe 4, the transmitting unit
13, and the receiving unit 14 forms an ultrasonic transmit-
ting/receiving unit 15. The ultrasonic transmitting/receiving
unit 15 repeatedly transmits an ultrasonic wave to a subject
and receives an ultrasonic echo from the subject to output
the ultrasonic echo sequentially received from the subject to
the image processor 16 under the control of the controller
12. The image processor 16 is formed of a DSP, a cache, or
a RAM (random access memory) not illustrated. The image
processor 16 generates a plurality of B-mode ultrasonic
images (hereinafter, simply referred to as “ultrasonic
images”) illustrating an in-vivo state of the subject based on
the ultrasonic echoes sequentially received from the subject
under the control of the controller 12. The image processor
16 temporarily stores the generated ultrasonic image in the
above-described cache or RAM. When the highlight mode is
set by the controller 12, the image processor 16 displays the
ultrasonic image in which the moving body is highlighted
(highlighted image) on the display unit 3. Display luminance
is increased or a display color for a highlighted portion is
made deeper, for example, for highlighting the moving body.
Meanwhile, the term “moving body” used in this embodi-
ment includes an object which might move in the body by
a procedure during diagnosis such as a medical tool such as
the puncture needle and an object which moves in the body
such as the heart; this further includes an object to be
observed a position of which relatively moves during scan-
ning by the probe even if the object itself does not move in
the body.

[0029] The motion evaluating unit 17 is formed of a CPU,
a ROM, and a RAM not illustrated. A program for control-
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ling the CPU is stored in the ROM. The RAM is used in
operation of the CPU. Meanwhile, a processor such as a DSP
may also be used in place of the CPU. The motion evaluating
unit 17 operates only when the highlight mode is set by the
controller 12. The motion evaluating unit 17 evaluates the
motion of the moving body in a plurality of ultrasonic
images generated by the image processor 16 to output
information including a motion evaluation value of the
moving body under the control of the controller 12.

[0030] FIG. 3 is a block diagram illustrating a schematic
configuration illustrating an example of the motion evalu-
ating unit 17 of the vltrasonic image diagnostic device 1
according to this embodiment. In the drawing, the motion
evaluating unit 17 is provided with an interval setting umt
171, a difference image generating unit 172, a motion
evaluation value image generating unit 173, a motion evalu-
ation value extracting unit 174, an image correcting unit
175, and a motion evaluation result output unit 176.
[0031] The interval setting unit 171 sets an interval
between the ultrasonic images which should be compared
with each other for motion evaluation so as to be variable in
increments of the number of frames based on a frame rate of
a plurality of ultrasonic images generated by the image
processor 16. Herein, the frame rate of the ultrasonic images
varies by a factor such as device operation setting listed
below.

[0032] (1) Scan Depth

[0033] For example, in a case in which a scan depth when
capturing an ultrasonic image is changed during the ultra-
sonic diagnosis, an ultrasonic transmission interval becomes
longer as time required for obtaining an ultrasonic echo
signal of a deepest portion becomes longer, so that time
required for imaging each frame of the ultrasonic image
becomes longer, and as a result, an input time interval of an
ultrasonic tomographic image frame data group becomes
longer and a display frame rate of the ultrasonic images
becomes lower.

[0034] (2) Probe Type (Number of Vibrating Elements of
Probe)
[0035] Regarding the number of vibrating elements of the

ultrasonic probe, the larger the number of vibrating ele-
ments, the larger the required number of repetition times of
ultrasonic transmission/reception, so that there is a case in
which the time required for capturing each frame of the
ultrasonic image becomes longer and the display frame rate
of the ultrasonic images becomes lower. The numbers of
vibrating elements of the three types of probes 4 provided on
the ultrasonic image diagnostic device 1 of this embodiment
might differ from one another because of different forms
thereof. Therefore, when the probe used in the ultrasonic
diagnosis is changed, the frame rate of the ultrasonic images
might be changed according to this.

[0036] (3) Compound Number

[0037] Furthermore, regarding a compound number in a
space compounding process for obtaining one ultrasonic
image obtained by reducing noises and artifacts by synthe-
sizing a plurality of ultrasonic images obtained by ultrasonic
beams from a plurality of directions, the larger the com-
pound number, the larger the number of images to be
combined, so that the time required for capturing the ultra-
sonic image becomes longer. Therefore, an increase in the
compound number might lead to a decrease in the display
frame rate of the ultrasonic images. From another point of
view, it may also be said that there is a case in which an input
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frame rate of the image group in the same direction becomes
lower because the input time interval of the image group
obtained by the ultrasonic beams in the same direction
becomes longer.

[0038] (4) Presence of Imaging Based on Harmonic during
Ultrasonic Image Capturing

[0039] The frame rate differs depending on whether imag-
ing is performed based on a harmonic (harmonic imaging) or
not (fundamental imaging). More specifically, in the har-
monic imaging, the display frame rate might be lower than
that in the fundamental imaging.

[0040] As described above, when the frame rate changes,
the time interval between the two ultrasonic image frame
data to be compared with each other changes. A moving
distance differs between a case in which the time interval
between the frame data is short and a case in which this is
long even when a moving speed of the moving body is the
same, so that a comparison result represented by a variation
image, that is to say, variation differs. Suppose that the
variation is represented by difference and the difference is
reflected in highlighting of the moving body on the display
image, for example, a highlighting degree of the moving
body on the display image changes according to a degree of
difference. Therefore, in this embodiment, the interval set-
ting unit 171 sets a generation interval of the variation image
of the ultrasonic images (for example, the difference image
being the image illustrating the difference between the
ultrasonic images as the comparison result of a plurality of
ultrasonic images) so as to be variable in increments of the
number of frames based on the frame rate of the ultrasonic
images or the above-described information having an effect
on the variation of the frame rate (hereinafter, they are
collectively referred to as “frame rate information”).
[0041] Herein, a variation value between the ultrasonic
images may also be a correlation value and an absolute value
of a motion vector in addition to the difference exemplified
above. Although a case in which the difference image is
generated as the variation image is described as an example
in this embodiment, this is merely an example; the variation
image illustrating the variation value of the type other than
the difference may also be generated. That is to say, the
difference image generating unit 172 to be hereinafter
described in detail is an example of a variation image
generating unit of the present invention.

[0042] The difference image generating unit 172 generates
the difference image illustrating the difference between a
pair of ultrasonic images having the interval of the number
of frames set by the interval setting unit 171. The motion
evaluation value image generating unit 173 integrates a
plurality of difference images each of which illustrates the
difference between a pair of ultrasonic images having the
interval of the number of frames set by the interval setting
unit 171, thereby generating the motion evaluation value
image having the motion evaluation value of the ultrasonic
image group including a plurality of pairs of ultrasonic
images.

[0043] FIG. 4 is a view schematically illustrating genera-
tion of a difference image ID and a motion evaluation value
image IM when the interval of the number of frames is set
to “one” (that is to say, when the interval setting unit 171 sets
the interval between the ultrasonic images to “one”). As
illustrated in the drawing, when the interval of the number
of frames is set to “one”, the difference image generating
unit 172 generates a first difference image ID1 from a first
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pair of ultrasonic images including an ultrasonic image I, (t
is a variable an initial value of which is 0 incremented by
“one” as a new ultrasonic image is generated) and an
ultrasonic image 1, ;. The difference image generating unit
172 generates a second difference image ID2 from a second
pair of ultrasonic images including the ultrasonic image I, |
and an ultrasonic image 1, ,. Herein, the ultrasonic image I,
is the newest image, the ultrasonic image I, | is the ultrasonic
image one frame before the ultrasonic image 1,, and the
ultrasonic image I,, is the ultrasonic image two frames
before the ultrasonic image I, When the first and second
difference images ID1 and ID2 are generated, the motion
evaluation value image generating unit 173 generates a
motion evaluation value image IM1 having the motion
evaluation value of the ultrasonic image group including the
first pair of ultrasonic images I, and I, | and the second pair
of ultrasonic images I, ; and 1, , from the generated first and
second difference images 1D1 and 1ID2.

[0044] The motion evaluation value image generating unit
173 integrates the first and second difference images ID1 and
1D2 by obtaining the product or the sum of the differences
in the first and second difference images ID1 and ID2. When
the product of the differences in the first and second differ-
ence images [D1 and ID2 is obtained, there is an advantage
that sensitivity to instantaneous motion of the moving body
is higher than that when the sum is obtained and an effect of
the noise may be reduced. On the other hand, when the sum
of the differences in the first and second difference images
ID1 and ID2 is obtained, there is an advantage that the
sensitivity to continuous motion of the moving body is high.
It is possible to arbitrarily select between the product and the
sum of the differences in the first and second difference
images ID1 and ID2 by using the operation input unit 11.

[0045] Meanwhile, FIG. 5 is a view illustrating actual
difference image ID and motion evaluation value image IM
when the interval of the number of frames is set to “one”. In
the drawing, a moving body (herein, a punctual needle) 300
and a difference display object 300¢ and a motion evaluation
value display object 3005 corresponding to the moving body
300 are seen in a plurality of ultrasonic images 1,, I,.;, and
1, ,, the difference images 1D1 and ID2, and the motion
evaluation value image IM1, respectively; the motion evalu-
ation value display object 3005 illustrated in the motion
evaluation value image IM1 is especially clear.

[0046] FIG. 6 is a view schematically illustrating the
generation of the difference image ID and the motion
evaluation value image IM when the interval of the number
of frames is set to “two” (that is to say, when the interval
setting unit 171 sets the interval between the ultrasonic
images to “two”). As illustrated in the drawing, when the
interval of the number of frames is set to “two”, the
difference image generating unit 172 generates the first
difference image ID1 from the first pair of ultrasonic images
including the ultrasonic image I, being a current frame and
the ultrasonic image 1, , two frames before the same. The
difference image generating unit 172 generates the second
difference image 1D2 from the second pair of ultrasonic
images including the ultrasonic image I, , and an ultrasonic
image I, ;. When the first and second difference images ID1
and ID2 are generated, the motion evaluation value image
generating unit 173 generates the motion evaluation value
image IM1 having the motion evaluation value of the
ultrasonic image group including the first pair of ultrasonic
images I, and I, , and the second pair of ultrasonic images I, |
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and I, ; from the first and second difference images ID1 and
ID2. At this time also, the product or the sum of the
differences in the first and second difference images ID1 and
1D2 is obtained to integrate the first and second difference
images D1 and ID2.

[0047] FIG. 7 is a view schematically illustrating the
generation of the difference image ID and the motion
evaluation value image IM when the interval of the number
of frames is set to “three” (that is to say, when the interval
setting unit 171 sets the interval between the ultrasonic
images to “three”). As illustrated in the drawing, when the
interval of the number of frames is set to “three”, the
difference image generating unit 172 generates the first
difference image ID1 from the first pair of ultrasonic images
including the ultrasonic image I, being the current frame and
the ultrasonic image 1, ; three frames before the same. The
difference image generating unit 172 generates the second
difference image 1D2 from the second pair of ultrasonic
images including the ultrasonic image I, | and an ultrasonic
image I, ,. When the first and second difference images ID1
and ID2 are generated, the motion evaluation value image
generating unit 173 generates the motion evaluation value
image IM1 having the motion evaluation value of the
ultrasonic image group including the first pair of ultrasonic
images 1, and I, ; and the second pair of ultrasonic images I,
and I, , from the first and second difference images ID1 and
ID2. At this time also, the product or the sum of the
differences in the first and second difference images ID1 and
ID2 is obtained to integrate the first and second difference
images ID1 and ID2.

[0048] When FIGS. 4, 6, and 7 are compared with one
another, the interval between the ultrasonic images com-
pared with each other for obtaining the difference image
varies. It goes without saying that the interval of the number
of frames “one” illustrated in the example in FIG. 4 is the
narrowest and the interval of the number of frames “three”
illustrated in the example in FIG. 7 is the widest to be three
times the interval of the number of frames illustrated in the
example in FIG. 4. Therefore, when the frame rate varies and
the varied frame rate becomes three times the frame rate
before the variation, for example, switching the setting of
the interval of the number of frames from “one” to “three”
makes the interval between the ultrasonic images compared
with each other for obtaining the difference image invariable
in actual time. In this manner, by widening the interval of the
number of frames when generating the difference image as
the frame rate becomes higher, in other words, by narrowing
the interval of the number of frames when generating the
difference image as the frame rate becomes lower, it is
possible to stabilize the generation interval of the difference
image in actual time.

[0049] With reference to FIG. 3 again, the motion evalu-
ation value extracting unit 174 extracts the motion evalua-
tion value of the moving body from the motion evaluation
values included in the motion evaluation value image gen-
erated by the motion evaluation value image generating umt
173. That is to say, the motion evaluation value extracting
unit 174 extracts the motion evaluation value of the moving
body from the motion evaluation values included in the
motion evaluation value image generated by the motion
evaluation value image generating unit 173. FIG. 8 is a view
illustrating an example of the motion evaluation value image
IM before and after a process of extracting the motion
evaluation value of the moving body by the motion evalu-
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ation value extracting unit 174. The motion evaluation value
image IM before the process of extracting the motion
evaluation value of the moving body is illustrated on a left
side of the drawing and a motion evaluation value image IM'
after the process of extracting the motion evaluation value of
the moving body is illustrated on a right side of the drawing.
A large number of motion evaluation values 200 are
included in the motion evaluation value image IM before the
process of extracting the motion evaluation value of the
moving body and the motion evaluation value image IM' is
obtained by extracting the motion evaluation value 200 of
the moving body therefrom.

[0050] Herein, a threshold process is described as an
example of the process of extracting the motion evaluation
value 200 of the moving body. The threshold process is a
process of extracting the motion evaluation value 200 a
comparison result with a threshold of which satisfies a
predetermined reference (for example, the value larger than
the threshold) out of the motion evaluation values 200
included in the generated motion evaluation value image IM
as the motion evaluation value 200 of the moving body.

[0051] Meanwhile, there also is a weighting process in
addition to the above-described threshold process as a
method of extracting the motion evaluation value of the
moving body from the motion evaluation values 200
included in the motion evaluation value image IM. The
weighting process is a process of extracting a value obtained
by weighting the motion evaluation value 200 included in
the generated motion evaluation value image IM based on
luminance values of the ultrasonic image group serving as a
base of the motion evaluation value image IM as the motion
evaluation value 200 of the moving body. In a specific
example hereinafter described, suppose a case in which the
motion evaluation value 200 of the moving body is extracted
from the motion evaluation value image (motion evaluation
value image IM1 derived from the ultrasonic images I,, I, ,,
and 1, , in the example illustrated in FIG. 5, for example)
based on the three ultrasonic images (the ultrasonic images
I, I, and I,, in the example illustrated in FIG. 5, for
example).

[0052] First, the luminance values of all the pixels are
compared with one another among the three ultrasonic
images and the luminance value having the highest value
(largest luminance value) is selected for each pixel. The
largest luminance value selected for each pixel in this
manner is used as a weighting coefficient in the weighting
process. That is to say, each motion evaluation value 200 in
the motion evaluation value image IM is multiplied by the
largest luminance value in each corresponding pixel to
weight each motion evaluation value 200.

[0053] Meanwhile, as the process of extracting the motion
evaluation value of the moving body, any one of or both the
threshold process and the weighting process may be per-
formed. This may be arbitrarily selected by using the opera-
tion input unit 11. The process of extracting the motion
evaluation value of the moving body described above is
preferable as a process of detecting a tip end position of the
puncture needle which often has a significantly high lumi-
nance value in the ultrasonic image, for example. In the
following description, the motion evaluation value image
IM' obtained after the above-described extracting process is
applied is referred to as a “moving body extraction image
M™.
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[0054] With reference to FIG. 3 again, the image correct-
ing unit 175 corrects the moving body extraction image IM'
obtained by the motion evaluation value extracting unit 174
based on distribution or the sum total of the motion evalu-
ation values 200 included in the motion evaluation value
image IM generated by the motion evaluation value image
generating unit 173.

[0055] FIG. 9 is a view illustrating an example of the
moving body extraction image IM' in which a large number
of motion evaluation values 200 are generated. For example,
when the probe 4 in use (used probe) is moved, change in
luminance occurs in an entire generated ultrasonic image,
and a large number of motion evaluation values 200 might
be generated across an entire moving body extraction image
IM' as illustrated in some cases. However, the motion
evaluation value which should be originally generated is
only that caused by the motion of the moving body in the
body, therefore, those caused by the motion of the used
probe are preferably removed as the noises. Therefore, the
image correcting unit 175 autonomously multiplies a cor-
rection coefficient according to the distribution or the sum
total of the motion evaluation values 200 in the moving body
extraction image IM' by the motion evaluation values 200 in
the entire image to make the values of all the motion
evaluation values 200 small. By correcting the moving body
extraction image IM' in this manner, it becomes possible to
reduce an effect of the motion of the used probe on an image
quality of the entire display image. In this case, the larger the
sum total of the motion evaluation values 200, the smaller
the correction coefficient used. Also, the larger the distribu-
tion of the motion evaluation values 200, the smaller the
correction coefficient used.

[0056] Meanwhile, it is also possible to perform both the
correction based on the distribution of the motion evaluation
values 200 and the correction based on the sum total of the
motion evaluation values 200. In this case, it is also possible
to perform the corrections independently or to correct by
using one correction coeflicient obtained in consideration of
both the distribution and the sum total of the motion evalu-
ation values 200. In the following description, the moving
body extraction image IM' obtained after the above-de-
scribed correcting process is applied is referred to as a
“moving body extraction image IM"”.

[0057] The correcting process may also be performed on
the motion evaluation value image IM generated by the
motion evaluation value image generating unit 173. That is
to say, the order of the process by the motion evaluation
value extracting unit 174 and the process by the image
correcting unit 175 may be reversed. When the order is
reversed, the image correcting unit 175 corrects the motion
evaluation value image IM generated by the motion evalu-
ation value image generating unit 173 based on the distri-
bution or the sum total of the motion evaluation values 200
included in the motion evaluation value image IM.

[0058] The ultrasonic image diagnostic device 1 provided
with the image correcting unit 175 is advantageous in that
this may correct the variation by the motion of the probe 4
when the object to be observed itself is the moving body
which moves. On the other hand, when it is intended to
generate relative motion of the object to be observed by the
motion of the probe 4 and detect the same, the configuration
of the image correcting unit 175 is not required. That is to
say, the configuration of the image correcting unit 175 is not
necessarily indispensable and this might be omitted.



US 2017/0049420 Al

[0059] The motion evaluation result output unit 176 out-
puts information including the motion evaluation value 200
extracted by the motion evaluation value extracting unit 174
to the image processor 16. In this embodiment, the infor-
mation including the motion evaluation value extracted by
the motion evaluation value extracting unit 174 is the
moving body extraction image IM".

[0060] The image processor 16 generates a highlighted
image I', (refer to FIG. 10) in which the moving body in the
ultrasonic image I, is highlighted and visibility thereof is
improved by adding the newest ultrasonic image I, to the
moving body extraction image IM" derived from the ultra-
sonic image group including the ultrasonic image I, (display
highlighting process). There are two methods of highlight-
ing by addition, for example. One is the method of increas-
ing the display luminance of a corresponding portion of the
ultrasonic image I, according to the motion evaluation value
200 included in the moving body extraction image IM". The
other is the method of assigning a color different from a
display color of the ultrasonic image 1, (for example, blue
color if the ultrasonic image 1, is a monochrome image) as
the display color for highlighting the moving body and
making the moving body display color in the ultrasonic
image I, deeper according to the motion evaluation value
200 included in the moving body extraction image IM". The
image processor 16 displays the highlighted image I,
obtained in this manner on the display unit 3.

[0061] The configuration of the ultrasonic image diagnos-
tic device 1 is described above.

[0062] Meanwhile, as for each functional block such as
the controller 12, the transmitting unit 13, the receiving unit
14, the image processor 16, and the motion evaluating unit
17 (the interval setting unit 171, the difference image
generating unit 172, the motion evaluation value image
generating unit 173, the motion evaluation value extracting
unit 174, the image correcting unit 175, and the motion
evaluation result output unit 176) provided in the ultrasonic
image diagnostic device 1, a part of or all the functions of
each functional block may be realized as a hardware circuit
such as an integrated circuit. The integrated circuit is an LSI,
for example; the LSI is sometimes referred to as an IC, a
system LSI, a super LSI, and an ultra LSI depending on an
integration degree. A method of realizing the integrated
circuit is not limited to the LSI; this may also be realized by
a dedicated circuit or a general-purpose processor, and a
FPGA (field programmable gate array) and a reconfigurable
processor capable of reconfiguring connection and setting of
a circuit cell in the LSI may also be used. A part of or all the
functions of each functional block may also be executed by
software. In this case, the software is stored in one or more
of storage media such as a ROM, an optical disk, or a hard
disk, and the software is executed by an arithmetic proces-
SOr.

[0063] Operation of the ultrasonic image diagnostic
device 1 according to this embodiment is next described.
FIG. 11 is a flowchart for illustrating the operation of the
ultrasonic image diagnostic device 1 according to this
embodiment. In the drawing, the image processor 16 reads
the ultrasonic echo sequentially received by the receiving
unit 14 to generate the ultrasonic image illustrating in-vivo
information of the subject based on the ultrasonic echo (step
S10). The image processor 16 temporarily stores the gener-
ated ultrasonic image. The controller 12 determines whether
the highlight mode is turned on while the ultrasonic image
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is generated (step S11), and when this determines that the
highlight mode is not turned on (that is to say, “No” at step
S11), the image processor 16 displays the ultrasonic image
as-is on the display unit 3 (step S12). Then, a process flow
shifts to step S20 described later.

[0064] Meanwhile, although the highlight mode is turned
on/off by the operation input by using the operation input
unit 11, it is also possible to configure such that the highlight
mode is not turned on unless the number of frames of the
ultrasonic images reaches a reference number even when
there is the operation input to turn on the highlight mode.
Herein, the reference number of the frames is the number of
frames of the ultrasonic images sufficient for executing the
highlighting. For example, when the interval of the number
of frames may be set up to “three” as illustrated in FIGS. 4,
6, and 7 in this embodiment, the number of frames of the
ultrasonic images sufficient for executing the highlighting is
five, so that it is also possible to inhibit the highlight mode
from being turned on until the number of stored frames of
the ultrasonic images reaches five.

[0065] When it is determined that the highlight mode is
turned on (that is to say, “Yes” at step S11), the motion
evaluating unit 17 reads the ultrasonic image temporarily
stored in the image processor 16 from the image processor
16 and obtains the frame rate information (step S13). The
motion evaluating unit 17 sets a difference interval (that is
to say. the above-described interval of the number of frames)
based on the obtained frame rate information after obtaining
the frame rate information (step S14). The interval setting
unit 171 of the motion evaluating unit 17 obtains the frame
rate information and sets the difference interval.

[0066] The motion evaluating unit 17 generates the dif-
ference image after setting the difference interval (step S15).
That is to say, the motion evaluating unit 17 generates the
difference image illustrating the difference between a pair of
ultrasonic images having the set interval of the number of
frames. The difference image generating unit 172 of the
motion evaluating unit 17 generates the difference image.
The motion evaluating unit 17 generates the motion evalu-
ation value image after generating the difference image (step
S16). The motion evaluation value image generating unit
173 of the motion evaluating unit 17 generates the motion
evaluation value image. The motion evaluating unit 17
extracts the motion evaluation value of the moving body
from the motion evaluation values included in the generated
motion evaluation value image after generating the motion
evaluation value image (step S17). The motion evaluation
value extracting unit 174 of the motion evaluating unit 17
extracts the motion evaluation value of the moving body.
[0067] The motion evaluating unit 17 corrects the moving
body extraction image illustrating the extracted motion
evaluation value of the moving body after extracting the
motion evaluation value of the moving body (step S18). The
image correcting unit 175 of the motion evaluating unit 17
corrects the moving body extraction image. After the mov-
ing body extraction image is corrected, the moving body
extraction image is output to the image processor 16, and the
image processor 16 generates and displays the highlighted
image (step S19). That is to say, the image processor 16
obtains the ultrasonic image in which the visibility of the
moving body is improved (highlighted image) by adding the
corrected moving body extraction image to the newest
ultrasonic image and displays the highlighted image on the
display unit 3. When the image processor 16 displays the
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highlighted image, the controller 12 determines whether to
continue the process; when this determines to continue the
process (that is to say, “Yes” at step S20), the process flow
returns to step S10, and when this determines not to continue
the process (that is to say, “No” at step S20), the process flow
is finished. It is possible to determine whether to continue
the process based on whether a freeze button (not illustrated)
which stops imaging (that is to say, generating the ultrasonic
image) is pressed, for example.

[0068] The ultrasonic image diagnostic device 1 of this
embodiment configured in this manner sets the generation
interval of the difference image of the ultrasonic images so
as to be variable in increments of the number of frames
based on the frame rate information of the ultrasonic images,
so that it is possible to stabilize a generation time interval of
the difference image, that is to say, the time interval between
the ultrasonic images compared with each other for obtain-
ing the difference image and inhibit an effect of the frame
rate variation on the motion evaluation result of the moving
body 300 in the ultrasonic images. According to this, reli-
ability of the motion evaluation of the moving body 300 in
the ultrasonic images may be improved.

[0069] The ultrasonic image diagnostic device 1 of this
embodiment generates the motion evaluation value image
having the motion evaluation values of the ultrasonic image
group including a plurality of pairs of ultrasonic images by
integrating a plurality of variation images generated from a
plurality of pairs of ultrasonic images each having the set
interval of the number of frames, extracts the motion evalu-
ation value of the moving body 300 from the motion
evaluation values included in the generated motion evalua-
tion value image, and outputs the information including the
extracted motion evaluation value. That is to say, this obtains
the motion evaluation image obtained by integrating a
plurality of variation images, so that this may output the
information in which the presence of the moving body 300
or the motion thereof is further highlighted.

[0070] The ultrasonic image diagnostic device 1 of this
embodiment integrates a plurality of variation images by
obtaining the product of the variation values in a plurality of
variation images, so that this may improve the sensitivity to
instantaneous motion of the moving body 300.

[0071] The ultrasonic image diagnostic device 1 of this
embodiment integrates a plurality of variation images by
obtaining the sum of the variation values in a plurality of
variation images, so that this may thoroughly capture con-
tinuous motion of the moving body 300.

[0072] The ultrasonic image diagnostic device 1 of this
embodiment corrects the generated motion evaluation value
image or the moving body extraction image illustrating the
extracted motion evaluation value based on the distribution
or the sum total of the motion evaluation values included in
the generated motion evaluation value image, so that this
may reduce the effect of the motion of the probe on the
image quality especially when imaging while moving the
probe.

[0073] The ultrasonic image diagnostic device 1 of this
embodiment executes at least one of the extracting process
of extracting the motion evaluation value the comparison
result with the threshold of which satisfies a predetermined
reference out of the motion evaluation values included in the
generated motion evaluation value image as the motion
evaluation value of the moving body 300, and the weighting
process of extracting the value obtained by weighting the
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motion evaluation value included in the generated motion
evaluation value image based on the luminance values of the
ultrasonic images corresponding to the generated motion
evaluation value image as the motion evaluation value of the
moving body 300, so that this may correctly extract the
motion evaluation value of the moving body 300.

[0074] The ultrasonic image diagnostic device 1 of this
embodiment displays the ultrasonic image in which the
moving body 300 is highlighted by increasing the display
luminance or making the display color deeper according to
the extracted motion evaluation value included in the output
information on the display unit 3, so that this may improve
the visibility of the moving body 300 in the display image.
[0075] In the ultrasonic image diagnostic device 1 of this
embodiment, the frame rate of the plurality of generated
ultrasonic images varies depending on an ultrasonic trans-
mission depth of the ultrasonic transmitting/receiving unit
15, the probe type of the ultrasonic transmitting/receiving
unit 15, the compound number in the ultrasonic image
generation by the image processor 16, or the presence of the
imaging based on the harmonic in the ultrasonic image
generation by the image processor 16, so that it is possible
to appropriately adjust the generation interval of the varia-
tion image according to the factors.

[0076] Meanwhile, the above-described embodiment
merely describes an example of substantiation when carry-
ing out the present invention, and the technical scope of the
present invention cannot be interpreted in a limited manner
by the same. That is to say, the present invention may be
variously carried out without departing from the gist or the
main characteristics thereof.

[0077] Forexample, although the motion evaluation result
is utilized when highlighting the moving body 300 on the
display image in the ultrasonic image diagnostic device 1 of
this embodiment, a user (doctor or laboratory technician)
may be notified of the moving body 300 not only by display
but also by sound and the like.

[0078] It is also possible to utilize the motion evaluation
result not only for notifying the user of the information but
also for controlling the transmission of the ultrasonic wave.
For example, it is also to possible to control a parameter such
as intensity, the depth, and the direction of the ultrasonic
transmission in consideration of ultrasonic reflection char-
acteristics of the punctuation needle based on the motion
evaluation result.

[0079] Although the motion evaluation value image is
generated by the integration of a plurality of difference
images generated from the ultrasonic image group to be
added to an original image (for example, the newest ultra-
sonic image) in the ultrasonic image diagnostic device 1 of
this embodiment, it is also possible to use each difference
image as-is as the motion evaluation value image without
integrating the difference images. That is to say, the con-
figuration of the motion evaluation value image generating
unit 173 is not necessarily indispensable and may be omit-
ted.

[0080] Although the image processor 16 and the motion
evaluating unit 17 are separated in the ultrasonic image
diagnostic device 1 of this embodiment, the motion evalu-
ating unit 17 may also be included in the image processor 16.
In this manner, semiconductor devices such as the CPUs
used in both the image processor 16 and the motion evalu-
ating unit 17 may be reduced to realize a decrease in cost.



US 2017/0049420 Al

[0081] Although the present invention has been described
and illustrated in detail, it is clearly understood that the same
is by way of illustrated and example only and is not to be
taken by way of limitation, the scope of the present inven-
tion being interpreted by terms of the appended claims.

1. An ultrasonic image diagnostic device comprising;

an ultrasonic transmitting/receiving unit which repeatedly
transmits an ultrasonic wave to a subject and receives
an ultrasonic echo from the subject;

an image processor which generates a plurality of ultra-
sonic images illustrating an in-vivo state of the subject
based on ultrasonic echoes sequentially received from
the subject; and

a motion evaluating unit which performs motion evalua-
tion of a moving body in the plurality of generated
ultrasonic images, wherein

the motion evaluating unit includes an interval setting unit
which sets an interval between the ultrasonic images
which should be compared with each other for the
motion evaluation so as to be variable in increments of
the number of frames based on a frame rate of the
plurality of generated ultrasonic images.

2. The ultrasonic image diagnostic device according to
claim 1, wherein the motion evaluating unit further includes
a variation image generating unit which generates a varia-
tion image illustrating variation between a pair of ultrasonic
images having the set interval of the number of frames.

3. The ultrasonic image diagnostic device according to
claim 2, wherein the motion evaluating unit includes:

a motion evaluation value image generating unit which
generates a motion evaluation value image having a
motion evaluation value of an ultrasonic image group
including a plurality of pairs of ultrasonic images by
integrating a plurality of variation images generated
from the plurality of pairs of ultrasonic images each
having the set interval of the number of frames;

a motion evaluation value extracting unit which extracts
the motion evaluation value of the moving body from
motion evaluation values included in the generated
motion evaluation value image; and

a motion evaluation result output unit which outputs
information including the extracted motion evaluation
value.

4. The ultrasonic image diagnostic device according to
claim 3, wherein the motion evaluation value image gener-
ating unit integrates first and second difference images by
obtaining the product or the sum of variation values in a
plurality of difference images.

5. The ultrasonic image diagnostic device according to
claim 3, wherein the motion evaluating unit further includes
an image correcting unit which corrects a generated motion
evaluation value image or a moving body extraction image
illustrating an extracted motion evaluation value based on
distribution or the sum total of motion evaluation values
included in the generated motion evaluation value image.

6. The ultrasonic image diagnostic device according to
claim 3, wherein the motion evaluation value extracting unit
executes at least one of

a threshold process of extracting a motion evaluation
value a comparison result with a threshold of which
satisfies a predetermined reference out of motion evalu-
ation values included in a generated motion evaluation
value image as the motion evaluation value of the
moving body, and
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a weighting process of extracting a value obtained by
weighting the motion evaluation value included in the
generated motion evaluation value image based on
luminance values of the ultrasonic images correspond-
ing to the generated motion evaluation value image as
the motion evaluation value of the moving body.

7. (canceled)

8. The ultrasonic image diagnostic device according to
claim 1, wherein a frame rate of the plurality of generated
ultrasonic images varies according to an ultrasonic trans-
mitting depth of the ultrasonic transmitting/receiving unit, a
probe type of the ultrasonic transmitting/receiving unit, a
compound number in ultrasonic image generation by the
image processor, or presence of imaging based on a har-
monic in the ultrasonic image generation by the image
processor.

9. An ultrasonic image processing method executed in an
ultrasonic image diagnostic device comprising:

an ultrasonic transmitting/receiving unit which repeatedly
transmits an ultrasonic wave to a subject and receives
an ultrasonic echo from the subject;

an image processor which generates a plurality of ultra-
sonic images illustrating an in-vivo state of the subject
based on ultrasonic echoes sequentially received from
the subject; and

a motion evaluating unit which performs motion evalua-
tion of a moving body in the plurality of generated
ultrasonic images, the ultrasonic image processing
method comprising

setting an interval between the ultrasonic images which
should be compared with each other for the motion
evaluation so as to be variable in increments of the
number of frames based on a frame rate of the plurality
of generated ultrasonic images.

10. A non-transitory recording medium storing a com-
puter readable ultrasonic image processing program for
causing a computer of an ultrasonic image diagnostic device
comprising:

an ultrasonic transmitting/receiving unit which repeatedly
transmits an ultrasonic wave to a subject and receives
an ultrasonic echo from the subject;

an image processor which generates a plurality of ultra-
sonic images illustrating an in-vivo state of the subject
based on ultrasonic echoes sequentially received from
the subject; and

a motion evaluating unit which performs motion evalua-
tion of a moving body in the plurality of generated
ultrasonic images

to realize an interval setting function to set an interval
between the ultrasonic images which should be com-
pared with each other for the motion evaluation so as to
be variable in increments of the number of frames
based on a frame rate of the plurality of generated
ultrasonic images.

11. The ultrasonic image diagnostic device according to
claim 3, wherein the image processor generates an image in
which the moving body is highlighted by adding an ultra-
sonic image to a moving body extraction image illustrating
an extracted motion evaluation value.

12. The ultrasonic image diagnostic device according to
claim 5, wherein the image correcting unit makes the values
of the motion evaluation values small by multiplying a
correction coefficient based on the distribution or the sum
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total of the motion evaluation values included in the gener-
ated motion evaluation value image by the motion evalua-
tion value.

13. The ultrasonic image diagnostic device according to
claim 6, wherein the threshold process extracts the motion
evaluation value larger than the threshold out of the motion
evaluation values included in the generated motion evalua-
tion value image as the motion evaluation value of the
moving body.

14. The ultrasonic image diagnostic device according to
claim 6, wherein the weighting process compares the lumi-
nance value of each pixel with one another among the
plurality of ultrasonic images and selects the largest lumi-
nance value for each pixel, and the largest luminance value
is used as a weighting coeflicient in the weighting.

15. The ultrasonic image diagnostic device according to
claim 11, wherein the image processor generates an image in
which the moving body is highlighted by increasing display
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luminance of the ultrasonic image according to the motion
evaluation value included in the moving body extraction
image.

16. The ultrasonic image diagnostic device according to
claim 11, wherein the image processor generates an image in
which the moving body is highlighted by assigning a dif-
ferent color to the ultrasonic image and the moving body as
a display color and making the moving body display color
in the ultrasonic image deeper according to the motion
evaluation value included in the moving body extraction
image in the ultrasonic image.

17. The ultrasonic image processing method according to
claim 9, further comprising widening the interval between
the ultrasonic images compared with each other for the
motion evaluation as the frame rate of the plurality of
ultrasonic images becomes higher and narrowing the inter-
val as the frame rate becomes lower.
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