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ULTRASOUND IMAGE EVALUATION
APPARATUS, ULTRASOUND IMAGE
EVALUATION METHOD, AND
COMPUTER-READABLE NON-TRANSITORY
RECORDING MEDIUM STORING
ULTRASOUND IMAGE EVALUATION
PROGRAM

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The entire disclosure of Japanese Patent Applica-
tion No. 2018-187516 filed on Oct. 2, 2018 is incorporated
herein by reference in its entirety.

BACKGROUND

Technological Field

[0002] The present invention relates to an ultrasound
image evaluation apparatus, an ultrasound image evaluation
method, and a computer-readable non-transitory recording
medium storing an ultrasound image evaluation program.

Description of Related Art

[0003] An ultrasound diagnostic apparatus emits ultra-
sounds generated from an oscillating element internally
included in an ultrasound probe, receives a reflection echo
generated by a difference in acoustic impedance of tissue,
and collects biological information (for example, see Japa-
nese Patent Application Laid-Open No. S63-77436).
According to an ultrasound diagnostic apparatus in recent
years that can electronically control an ultrasound transmis-
sion and reception direction, and an ultrasound focused
point, by controlling drive signals to be supplied to multiple
oscillating elements, and delay times of received signals
obtained from the oscillating elements, the inside of a body
can be observed in real time in a non-invasive manner
through images, and the apparatus is widely used for shape
diagnosis and functional diagnosis of living organs.

[0004] Incidentally, orthopedics, rehabilitation and the
like have cases of observing tissue adhesions in order to
verify treatment effects. The observation is performed, for
example, by moving the affected site (muscles and tendons)
and visually identifying movement displayed on the ultra-
sound diagnostic apparatus.

[0005] Since such observation of the motion of muscles,
tendons and the like using the conventional ultrasound
diagnostic apparatus is visually performed, quantitative
grasping cannot be made. Accordingly, conventionally,
while an ultrasound probe (probe) is brought into contact
with the body surface and the tissue is moved, determination
is performed on the basis of subjective verification results
(for example, presence or absence of adhesions, and the
degrees of adhesions). That is, there is a problem of lacking
quantitativity for evaluating tissue adhesions.

SUMMARY

[0006] An object of the present invention is to provide an
ultrasound image evaluation apparatus, an ultrasound image
evaluation method, and a computer-readable non-transitory
recording medium storing an ultrasound image evaluation
program that can quantitatively measure tissue adhesions.

[0007] To achieve at least one of the abovementioned
objects, according to an aspect of the present invention, an

Apr. 2,2020

ultrasound image evaluator reflecting one aspect of the
present invention comprises: an image obtainer that obtains
a first ultrasound image generated based on ultrasounds, and
a second ultrasound image generated before the first ultra-
sound image; an evaluator that evaluates a distribution of
motions at a part of tissue in the first ultrasound image, and
a corresponding part of the tissue in the second ultrasound
image; and an output controller that performs control of
outputting an evaluation result of the evaluator.

[0008] To achieve at least one of the abovementioned
objects, according to an aspect of the present invention, an
ultrasound image evaluation method reflecting one aspect of
the present invention comprises: obtaining a first ultrasound
image generated based on ultrasounds, and a second ultra-
sound image generated before the first ultrasound image;
evaluating a distribution of motions at a part of tissue in the
first ultrasound image, and a corresponding part of the tissue
in the second ultrasound image; and outputting an evaluation
result.

[0009] To achieve at least one of the abovementioned
objects, according to an aspect of the present invention, a
computer-readable non-transitory recording medium reflect-
ing one aspect of the present invention is a medium storing
an ultrasound image evaluation program for causing a
computer to execute: a process of obtaining a first ultrasound
image generated based on ultrasounds, and a second ultra-
sound image generated before the first ultrasound image; a
process of evaluating a distribution of motions at a part of
tissue in the first ultrasound image, and a corresponding part
of the tissue in the second ultrasound image; and a process
of outputting an evaluation result.

BRIEF DESCRIPTION OF DRAWINGS

[0010] The advantages and features provided by one or
more embodiments of the invention will become more fully
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:

[0011] FIG. 1 is a block diagram schematically depicting
an overall configuration of an ultrasound diagnostic appa-
ratus according to this embodiment;

[0012] FIGS. 2A and 2B illustrate a difference in motion
according to presence or absence of an adhesion between
different pieces of tissue;

[0013] FIG. 3 schematically depicts a display mode of an
ultrasound image, an evaluation region and the like in this
embodiment;

[0014] FIGS. 4A and 4B depict another display mode of an
ultrasound image, an evaluation region and the like;
[0015] FIG. 5 schematically depicts histograms displayed
as evaluation results;

[0016] FIG. 6 a flowchart illustrating an example of pro-
cesses of evaluating a distribution of motions in the ultra-
sound diagnostic apparatus of this embodiment;

[0017] FIG. 7 is a flowchart depicting another example
pertaining to processes of evaluating a distribution of
motions in the ultrasound diagnostic apparatus of this
embodiment; and

[0018] FIG. 8 depicts a display example in a case of
displaying a first ultrasound image and the like generated
previously, and a second ultrasound image and the like
currently being measured, side by side, on a display section.
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DETAILED DESCRIPTION OF EMBODIMENTS

[0019] Hereinafter, one or more embodiments of the pres-
ent invention will be described with reference to the draw-
ings. However, the scope of the invention is not limited to
the disclosed embodiments.

[0020] FIG. 1 is a block diagram depicting main functions
of ultrasound diagnostic apparatus 1 according to this
embodiment. For the sake of simplicity, in FIG. 1, illustra-
tion of publicly known parts, such as an ultrasound probe
(hereinafter, simply called a probe) and an image generating
unit, is omitted.

[0021] As shown in FIG. 1, ultrasound diagnostic appa-
ratus 1 includes moving image obtaining section 10, region-
of-interest setting section 20, motion vector calculation
section 30, motion detection section 40, motion similarity
calculation section 50, smoothing section 60, display control
section 70, display section 80, and storage section 90.
[0022] Moving image obtaining section 10 has a function
as an image obtaining section that obtains an ultrasound
image generated based on ultrasounds emitted to an obser-
vation target.

[0023] In a specific example, moving image obtaining
section 10 is connected to an image generating unit, not
depicted, which generates a moving image (a set of frames)
from ultrasound reflection echos received from a probe for
transmitting and receiving ultrasounds to and from the
observation target and obtains a moving image from such an
image generating unit. Moving image obtaining section 10
receives a moving image from such an image generating
unit. Moving image obtaining section 10 outputs the
obtained moving image to motion vector calculation section
30 on a frame-by-frame basis according to an instruction of
motion vector calculation section 30.

[0024] Moving image obtaining section 10 outputs the
obtained moving image as a real-time image to display
control section 70 according to an instruction from display
control section 70.

[0025] Region-of-interest setting section 20 has a function
of selecting a region to be measured among ultrasound
images displayed on after-mentioned display section 80, and
sets the region. In this embodiment, to measure the presence
or absence and the degree of a tissue adhesion, region-of-
interest setting section 20 plays a role of extracting and
selecting a region (an affected site, an area around the
affected site and the like) to be measured for the presence or
absence and the degree of tissue adhesion from among all
the regions of ultrasound images displayed on display sec-
tion 80, on the basis of an operation by a user.

[0026] In a specific example, region-of-interest setting
section 20 encircles a part of an ultrasound image displayed
on display section 80 with a rectangular frame by an
operation through an operation input section (trackball or the
like), not depicted, thereby setting a region in such a frame
as a region of interest.

[0027] Region-of-interest setting section 20 is an optional
configuration element, and may be omitted. However, by
providing region-of-interest setting section 20, a region of
interest can be extracted by narrowing down, and be quan-
tified. Accordingly, correctness of evaluating a taken image
in the region of interest, that is, a tissue adhesion can be
improved.

[0028] Motion vector calculation section 30 calculates the
motion vector of each pixel or each small region (corre-
sponding to “part” or “part of tissue” of the present inven-
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tion) in the region of interest set (extracted) by region-of-
interest setting section 20, from the ultrasound image output
from moving image obtaining section 10. Specifically,
motion vector calculation section 30 calculates the motion
vector (the motion direction and the amount of motion) of
each small region including a corresponding pixel or mul-
tiple pixels in the region of interest, in units of pixels or
small regions, based on a publicly known tracking tech-
nique.

[0029] Motion vector calculation section 30 outputs the
motion vectors detected from consecutive two frames as
motion information, to metion detection section 40 and
motion similarity calculation section 50 (see FIG. 1). After
suich an output process, motion vector calculation section 30
obtains an ultrasound image of the next one frame from
moving image obtaining section 10, and calculates the
motion vector of each pixel or each small region of the
region of interest in an analogous manner.

[0030] Motion detection section 40 detects the amount of
motion that is the maximum vector length among the lengths
of motion vectors in units of pixels or small regions obtained
from motion vector calculation section 30, and outputs the
detected amount of motion to smoothing section 60.

[0031] Motion detection section 40 is an optional configu-
ration element, and may be omitted. On the other hand, by
providing motion detection section 40, an advantage is
achieved that can exclude frames that should not be included
as evaluation targets in principle, from analysis targets for
smoothing section 60. Such a process of exclusion from
analysis targets is described later.

[0032] Motion similarity calculation section 50 calculates
the similarity of the motion vector in units of pixels or small
regions obtained from motion vector calculation section 30
every time obtaining the motion information from motion
vector calculation section 30, and outputs a calculation
result as similarity information to smoothing section 60.

[0033] Smoothing section 60 analyzes the motion of the
region of interest in a time series manner, based on the
amount of motion obtained from motion detection section 40
and on pieces of similarity information successively
obtained from motion similarity calculation section 50,
performs overall evaluation, and outputs such an evaluation
result to storage section 90. In this embodiment, smoothing
section 60 smooths the similarity values successively
obtained from motion similarity calculation section 50, and
provides display control section 70 with a value obtained by
the smoothing (smoothed value), through storage section 90.

[0034] Smoothing section 60 generates additional infor-
mation on the ultrasound image to be displayed on display
section 80, based on the aforementioned evaluation result
(for example, an mean value or a weighted mean value), and
outputs the generated additional information to storage
section 90, which is a data storing medium, such as an HDD.
Here, the additional information includes any or both of
information indicating presence or absence of an adhesion,
and information indicating the degree of the adhesion. In a
specific example, various numerical values and a graph that
pertain to the motion of an affected site, a color image to be
superimposed on an ultrasound image or the like is gener-
ated as additional information, by smoothing section 60. The
additional information may be displayed to be superimposed
on the ultrasound image, or displayed outside of a display
area for the ultrasound image.
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[0035] Display control section 70 is connected to storage
section 90, and performs a process of reading the ultrasound
image and various pieces of additional information that are
to be displayed on display section 80 from the storage
section 90, and of displaying them on display section 80, as
required. Furthermore, display control section 70 performs a
process of displaying, on display section 80, a moving image
(real-time image) supplied from moving image obtaining
section 10, as required.

[0036] Display section 80 is connected to display control
section 70, and displays, in real time, a moving image output
from an image generating unit, not depicted, via display
control section 70 and moving image obtaining section 10.
Display section 80 displays an image of the additional
information output from display control section 70, with the
moving image.

[0037] Ina specific example, a touch panel display is used
as display section 80. In this case, the display can have both
the functions of display section 80 and the operation input
section (including region-of-interest setting section 20
described above).

[0038] Among the blocks described above, motion vector
calculation section 30, motion detection section 40, motion
similarity calculation section 50, and smoothing section 60
correspond to “evaluating section” of the present invention.
Meanwhile, display control section 70 corresponds to “out-
put control section” of the present invention. Motion vector
calculation section 30, motion detection section 40, motion
similarity calculation section 50, smoothing section 60, and
display control section 70 may be made of a single processor
(a CPU, an MPU or the like; this applies also to the
description hereafter). Alternatively, these blocks may be
appropriately made of a dedicated processor.

[0039] Storage section 90 may be disposed at a remote
site. For example, a large capacity storage medium of a
server (not depicted) that integrally manages data on many
patients, hospitals and the like via a network may be used as
storage section 90.

[0040] As described with reference to FIG. 3, a configu-
ration may be adopted that displays, on display section 80,
the motion vector (motion information) detected by motion
vector calculation section 30, without use of similarity
calculation by motion similarity calculation section 50 and
the smoothing function by smoothing section 60. In this
case, the calculation result of motion vector calculation
section 30 may be directly output to storage section 90, or
be output to storage section 90 via motion similarity calcu-
lation section 50 and smoothing section 60. In this case,
motion vector calculation section 30 may generate addi-
tional information (a pattern of colored arrows or the like).
[0041] Next, referring to FIGS. 2A and 2B and thereafter,
a method and the like that calculate the motion of tissue, the
similarity of motion and the like from the obtained ultra-
sound images are described. FIGS. 2A and 2B depict the
motions of different two types of tissue according to pres-
ence or absence of a tissue adhesion in a simplified manner
for the sake of convenience of illustration. FIGS. 2A and 2B
assume cases where two different pieces of tissue are taken
in ultrasound images obtained by moving image obtaining
section 10. In this example, fascia F is displayed below the
region of interest, and muscle M is displayed above the
region of interest.

[0042] In aspecific example, when a motion of moving an
affected site (for example, a motion of bending a wrist or a
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finger) is performed in a case where a tissue adhesion is
checked based on ultrasound images, the following proce-
dures are required.

[0043] Procedure 1: the probe is preliminarily fixed on the
body surface (an arm in this embodiment).

[0044] Procedure 2: a measurement start button (not
depicted) is turned ON to start to obtain an ultrasound image
(see time t, in FIGS. 2A and 2B).

[0045] Procedure 3: in response to an instruction by a
measurer, a motion for measurement (for example, a wrist
bending motion) is started (see time t, in FIGS. 2A and 2B).

[0046] Here, in FIGS. 2A and 2B, sites indicated by white
circles “O” indicate sites of fascia F and muscle M that face
each other at time t,, When a wrist or the like of a patient is
moved in a predetermined direction for observation from
this state, the motion directions of the facing sites are
different between the case depicted in FIG. 2A and the case
depicted in FIG. 2B.

[0047] Specifically, in the example depicted in FIG. 2A,
the facing sites (white circles “O” in the diagram) of fascia
F and muscle M between times t, to t, move in the same
direction. Accordingly, it can be determined that fascia F and
muscle M adhere to each other. On the contrary, in the
example depicted in FIG. 2B, between t, to t,, fascia F and
muscle M move in different directions. Accordingly, it can
be determined that fascia F and muscle M do not adhere to
each other.

[0048] The examples depicted in FIGS. 2A and 2B assume
cases of tracking the motion of a part (a point) of tissue over
multiple frames from time t, to time t;.

[0049] A current ultrasound diagnostic apparatus mainly
uses a probe for obtaining a two-dimensional ultrasound
image. Accordingly, there is a problem in that when tissue
moves in a three-dimensional direction (depth direction),
tracking cannot be performed.

[0050] In addition, observation is performed while tissue
is being moved. Accordingly, there is a problem in that
relative positional deviation between the probe and the body
surface easily occurs. Consequently, for example, when
ultrasound images of ten frames are obtained from time t, to
time t, in the cases depicted in FIGS. 2A and 2B, a case can
occur where a part of a living body that can be plotted with
awhite circle “O” in the first frame is not in the fifth to tenth
frames and tracking cannot be performed accordingly.

[0051] As described above, it is difficult to continuously
track the motion of tissue from the obtained ultrasound
images. On the other hand, an apparatus capable of digitiz-
ing presence or absence and the degree of an adhesion is
desired.

[0052] On the contrary, the present inventors performed
various experiments while moving locomotor apparatuses,
such as muscles and tendons. As a result, a knowledge can
be obtained that even when tissue is moved in a complicated
manner, substantially identical tissue can be grasped only in
a short time period (typically, temporally consecutive two
frames).

[0053] Based on such a knowledge, in this embodiment,
presence or absence of an adhesion of pieces of tissue
different from each other, the gliding ability, and the degree
of adhesion can be quantitatively evaluated by measuring
the motions of tissue closed in consecutive two frames that
are temporally close to each other, and by averaging the
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measured motions in a time-series manner, without tempo-
rally tracking the motion of tissue in the living body over
multiple frames.

[0054] To address the case of occurrence of three-dimen-
sional motion of tissue described above, the present inven-
tors achieve evaluation of the degree of adhesion by ana-
lyzing the motion in the region of interest, without tracking
only a part (a point) of tissue in the living body.

[0055] FIG. 3 schematically depicts content displayed on
display section 80 as a result of the present inventors’
actually prototyping an apparatus according to this embodi-
ment, imaging tissue, and performing measurement. In FIG.
3, fascia F is imaged at a substantially center in the vertical
direction on the display screen of display section 80, and
muscles M are imaged above and below fascia F (see also
FIG. 4A). In the example depicted in FIG. 3, region of
interest A is set so as to include multiple different pieces of
tissue that are observation targets of presence or absence of
an adhesion.

[0056] In this embodiment, display section 80 is a touch
panel display. The user touches any point on the display
screen, thereby allowing region of interest A to be automati-
cally set; region of interest A has a predetermined shape (a
rectangle in FIG. 3) including a region apart by a predeter-
mined distance in the vertical and lateral directions from the
touched point. The position, size and the like of automati-
cally set region of interest A can be appropriately correct by
an operation on the touch panel or an input operation
through a trackball, not depicted, or the like.

[0057] Thus, determined region of interest A is fixed
during execution of processes pertaining to evaluation in this
apparatus (steps S10 to S80 in FIG. 6 and steps S100 to S220
in FIG. 7, described later). Meanwhile, since observation is
performed while tissue is being moved, there is a possibility
that positional deviation of region of interest A occurs.
Accordingly, in a specific example, it is desirable that based
on calculation results of motion vector calculation section 30
and motion detection section 40, a process of correcting the
positional deviation of region of interest A be performed.
The correction target of positional deviation is a motion
having a low contribution to a motion in interest. For
example, if there is an interest in motion in the horizontal
direction, only positional deviation in the depth direction is
corrected.

[0058] Furthermore, in FIG. 3, the motions of parts that
are fascia F and muscles M in region of interest A calculated
by motion vector calculation section 30 (each motion direc-
tion between consecutive two frames) are indicated by
arrows. Specifically, motion vector calculation section 30
calculates the motion direction and the motion amount of
each pixel or each small region about tissue in region of
interest A between consecutive two frames output from
moving image obtaining section 10, using the publicly
known tracking technique (the optical flow technique in this
example). In the case depicted in FIG. 3, fascia F and
muscles M in region of interest A move in directions
identical to each other (the right direction in this example).
Accordingly, it can be determined that an adhesion occurs
between these pieces of tissue.

[0059] FIG. 3 indicates the motion directions of parts in
region of interest A calculated by motion vector calculation
section 30 are indicated by arrows. Alternatively, a configu-
ration may be adopted where the motion directions of the
parts in region of interest A may be displayed as colored
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pixels. That is, a configuration may be adopted where
display is performed with different colors according to the
motion directions; for example, a site moving in the right
direction is red pixels, a site moving in the left direction is
blue pixels, a site moving in the upper right direction is
orange pixels, a site moving in the lower right direction is
yellow pixels, and a site stopping or moving in the depth
direction is green pixels. Such display allows the motion of
each part of tissue to be easily visually identified. Alterna-
tively, a configuration may be adopted where the motion
directions are indicated by colored arrows.

[0060] FIGS. 4A and 4B depict another display mode of an
ultrasound image, an evaluation region and the like. A
calculation result of the similarity by motion similarity
calculation section 50, or a calculation result of smoothing
section 60, described later, is displayed as additional infor-
mation, at the right of region of interest A.

[0061] In this embodiment, motion similarity calculation
section 50 calculates the mean vector (mvmean) of motions
of pixels or small regions in region of interest A calculated
by motion vector calculation section 30, according to fol-
lowing Expression 1.

[Expression 1]

mvmean=2mv,/»

[0062] Expression (1) is an expression for obtaining the
mean value of n motion vectors (the motion directions and
the amounts of motions), in a case where the n motion
vectors are in region of interest A.

[0063] Accordingly, motion similarity calculation section
50 calculates the cosine similarity (cossim) (or simply, the
inner product value) between the mean vector calculated
according to Expression (1) and the motion vector of each
pixel or each small region in region of interest A, according
to following Expression (2).

Expression (1)

[Expression 2]

ajby +azby Expression (2)

cossim= ————
i +d 5+ 63

[0064] In Expression (2), vector a (a,, a,) is a motion
vector (planar vector) of a pixel or a small region specified
in region of interest A, and vector b (b, b,) is the mean
vector of n motion vectors calculated by Expression (1).
Motion similarity calculation section 50 calculates the
cosine similarity (cossim) of each of n motion vectors in
region of interest A, according to Expression (2).

[0065] Furthermore, motion similarity calculation section
50 calculates the mean value (cossimmean) of the cosine
similarities of the n motion vectors in region of interest A,
according to following Expression (3), and outputs such a
calculated value, as the similarity value, to smoothing sec-
tion 60.

[Expression 3]

cossimmean=2,cossim,/»

[0066] The case depicted in FIG. 4A is a case correspond-
ing or similar to the case described with reference to FIG. 3,
and assumes that all the motion vectors of tissue detected in
region of interest A (that is, the motion direction and the

Expression (3)
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amount of motion of each sites of fascia F and muscles M)
are aligned. In this case, 100/100 is displayed as the simi-
larity.

[0067] On the other hand, FIG. 4B depicts the case where
the motion vectors of tissue in region of interest A are not
aligned. A low value (in this case 24/100) is displayed as the
similarity.

[0068] As described above, the similarity of the distribu-
tion of motion vectors in region of interest A is displayed as
a numerical value, which facilitates to semiquantitatively
evaluate the motion of entire tissue imaged in region of
interest A, in turn, presence or absence and the degree of an
adhesion.

[0069] Motion vector calculation section 30 and motion
similarity calculation section 50 calculate the motion vectors
and their similarities in region of interest A using two frames
consecutively output from moving image obtaining section
10, and each output calculated values. Here, the calculated
values of motion vector calculation section 30 and motion
similarity calculation section 50 can vary every time the
frames are changed. Consequently, if such calculated values
are displayed on display section 80, there is a possibility that
visual identification by the user becomes difficult, and
determination of the gliding ability becomes difficult.

[0070] Accordingly, in this embodiment, as depicted in
FIG. 1, a configuration is adopted where smoothing section
60 is provided subsequent to motion similarity calculation
section 50, and smoothing section 60 smooths the similarity
values successively obtained from motion similarity calcu-
lation section 50, and displays the smoothed similarity value
(see FIG. 4B and the like).

[0071] As for the display modes in FIGS. 4A and 4B, it is
preferable to adopt a configuration where a predetermined
one color is added to all the regions in region of interest A,
according to the level of the calculated similarity (or the
smoothed value, which is applied hereafter). In a specific
example, in the case of FIG. 4A having a high similarity,
region of interest A is displayed entirely in blue. In the case
of FIG. 4B having a low similarity, region of interest A is
displayed entirely in yellow.

[0072] In this embodiment, when the similarity increases
(for example, 25/100 to 50/100), region of interest A is
displayed entirely in green. When the similarity further
increases (for example, 51/100 to 75/100), region of interest
A is displayed entirely in purple. When the similarity is
equal to or higher than 76/100, region of interest A is
displayed entirely in blue as with FIG. 4A. Such display
facilitates visual identification of presence or absence and
the degree of an adhesion of tissue that is an observation
target.

[0073] According to another additional or alternative
example, motion similarity calculation section 50 may pet-
form statistical analysis on the extent of the distribution of
motion vectors, and output such an analytical value (a
histogram or the like), as the similarity value, to smoothing
section 60.

[0074] FIG. 5 depicts histograms (H1 and H2) as statisti-
cal values of motion vectors. In the example of FIG. 5, the
abscissa axis indicates the difference from the mean value
(mean vector) of motion vectors (for example, the reciprocal
of the aforementioned cosine similarity or inner product
value), and the ordinate axis indicates the frequency. Com-
parison between the two histograms H1 and H2 depicted in
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FIG. 5 shows that histogram H1 has a higher the motion
vector similarity than histogram H2 has.

[0075] That is, in histogram H1, the frequency of motion
vectors having small differences from the mean vector (in
other words, motions in directions identical or similar to
each other) is higher, and the frequency of motion vectors
having large differences from the mean vector (motions in
different directions) is lower. On the other hand, histogram
H2 has a frequency distribution inverted from that of his-
togram H1. Consequently, in view of “tissue adhesion
degree,” it is identified that the adhesion is weaker (the
gliding ability is high) in histogram H2.

[0076] The display content described with reference to
FIGS. 3 to 5 can be stored (temporarily stored or stored in
long term) in storage section 90 automatically, or appropri-
ately based on the user’s setting operation. As required, the
display content may be output on a sheet by a color printer
or the like, not depicted.

[0077] Next, referring to FIGS. 6 and 7, a specific example
of a process of evaluating the distribution of motions of
tissue in ultrasound diagnostic apparatus 1 is described.
Here, FIG. 6 is a processing flow corresponding to the
display example described above with reference to FIG. 3.
For the sake of simplicity, the configuration is assumed that
the calculation result of motion vector calculation section 30
is directly output to storage section 90 (see FIG. 1). On the
other hand, FIG. 7 is a processing flow in a case of using all
the blocks depicted in FIG. 1. In a specific example, the
processes depicted in FIGS. 6 and 7 are performed by a
single processor in ultrasound diagnostic apparatus 1 read-
ing and executing a program stored in a RAM.

[0078] Before starting the processes depicted in FIG. 6 or
7, the user brings (fixes) the probe, not depicted, of ultra-
sound diagnostic apparatus 1 into contact with the body
surface, and causes display section 80 to display an ultra-
sound image of the tissue (fascia F and muscles M described
above). To measure presence or absence or the like of an
adhesion, a region of measurement target tissue (for
example, the boundaries between fascia F and muscles M)
in tissue displayed on display section 80 is designated as
region of interest A, and display section 80 is caused to
display the region. Furthermore, immediately before the
tissue is moved, the user performs an input operation for
starting measurement to thereby start the processes depicted
in FIG. 6 or 7.

[0079] In step S10 in FIG. 6, moving image obtaining
section 10 obtains a moving image (consecutive frames
where still images are recorded) from the image generating
unit described above, and outputs consecutive two frames of
images (for the sake of convenience of description, called
frame 1 and frame 2) to motion vector calculation section
30.

[0080] To filter noise and clarify a structure, a spatial
compound technique of generating multiple images with
varying ultrasound transmission and reception directions,
and of combining these images is sometimes used, by a
processing section (processor) in the image generating unit.
That is, the processing section in the image generating unit
performs the spatial compound processing by using an
ultrasound image obtained by transmitting ultrasounds in a
first direction, and an ultrasound image obtained by trans-
mitting ultrasounds in a second direction different from the
first direction.
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[0081] Meanwhile, in a case where multiple images are
combined into a single frame by the spatial compound
processing, there is a possibility that the sensitivity of
detecting motion vectors in motion vector calculation sec-
tion 30 is lowered owing to a smoothing operation in in the
temporal direction. Accordingly, in the case of using the
spatial compound technique, “two frames” described above
are images that are ultrasound images to which the spatial
compound processing has not been applied by the process-
ing section, that is, images having been obtained by trans-
mission and reception of ultrasounds in the same direction
(for example, in the right directions, or the left directions)
but having not been subjected to the spatial compound. On
the other hand, in a case without use of the spatial compound
technique, temporally consecutive two frames are used.

[0082] Subsequently, as for the obtained two frames (1 and
2), motion vector calculation section 30 calculates the
motion vectors in units of pixels in region of interest A
according to a publicly known tracking technique (steps S20
and S40).

[0083] Specifically, in step S20, with respect to each pixel
of tissue in region of interest A in frame 1, motion vector
calculation section 30 detects n pixels (for example, pixels
having similar luminances) of corresponding tissue in region
of interest A in frame 2. Such a process associates a site of
tissue in each small region in region of interest A between
two frames.

[0084] In subsequent step S40, motion vector calculation
section 30 calculates the motion vectors (the motion direc-
tions and the amounts of motion) of the detected n pixels on
a pixel-by-pixel basis. Here, the motion direction is calcu-
lated from the directions and angle between the coordinate
position of the pixel on the two-dimensional plane (XY
coordinates) of frame 1, and the coordinate position of the
corresponding pixel on the two-dimensional plane of frame
2. The amount of motion is calculated from the distance
between the coordinate positions of the corresponding pixels
in frames 1 and 2. Furthermore, motion vector calculation
section 30 generates n patterns of colors or arrows according
to the motion direction of each pixel, as an evaluation result
(here, additional information to be superimposed on ultra-
sound images) (step S50). The generated additional infor-
mation is output from motion vector calculation section 30
to storage section 90 and stored.

[0085] 1Instep S70, display control section 70 monitors an
input signal of the operation input section (the trackball or
the like) described above, and determines whether a display
instruction for the calculation result by motion vector cal-
culation section 30 has been input or not. If it is determined
that such a display instruction has not been input (NO in step
S70), display control section 70 returns the processing to
step S10, and repeats the processes in steps S10 to S70
described above. On the other hand, if it is determined that
the display instruction has been input (YES in step S70),
display control section 70 causes the processing to transition
to step S80.

[0086] Ifthe processing returns to step S10, moving image
obtaining section 10 appropriately obtains a moving image
(a new frame) from the image generating unit described
above, and outputs the image of the next one frame (here,
frame 3) to motion vector calculation section 30. As for the
next two frames (obtained frame 3 and immediate previous
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frame 2), motion vector calculation section 30 calculates the
motion vectors in units of pixels in region of interest A (steps
S20 and S40).

[0087] In step S80, display control section 70 reads the
additional information described above from storage section
90, and causes display section 80 to display the pattern of
colors or arrows that indicates the motion of each of the
pixels identified in region of interest A (see FIG. 3). At this
time, display control section 70 displays the pattern of colors
or arrows that indicates the motions of pixels in region of
interest A in a time series manner (that is, in an order of
frames) according to an operation of the operation input
section (the trackball or the like).

[0088] By performing the processes described above, the
motion of each small region in tissue in region of interest A
is displayed in a manner of time-series of frames. Accord-
ingly, presence or absence of an adhesion between pieces of
tissue different from each other, and the degrees of the
gliding ability and adhesion can be easily intuitively and
quantitatively evaluated.

[0089] Next, referring to FIG. 7, a specific example of
processes in the case of using each block in FIG. 1 is
described.

[0090] Step S100 is analogous to step S10 illustrated in
FIG. 6. That is, moving image obtaining section 10 obtains
amoving image from the image generating unit, and outputs
the images of consecutive two frames (frame 1 and frame 2)
to motion vector calculation section 30 (step S100).

[0091] Subsequently. as for the obtained two frames (1 and
2), motion vector calculation section 30 calculates the
motion vectors in units of pixels in region of interest A
according to a publicly known tracking technique (step
S120). Such a calculation process is analogous to the pro-
cesses described with reference to steps S20 and S40 in FIG.
6. On the other hand, motion vector calculation section 30
outputs the calculated n motion vectors as motion informa-
tion, to motion detection section 40 and motion similarity
calculation section 50 (see FIG. 1). At this time, motion
detection section 40 detects the motion vector having the
largest size among the n motion vectors received from
motion vector calculation section 30, and outputs it as the
amount of motion to smoothing section 60.

[0092] In subsequent step S140, smoothing section 60
determines whether the amount of motion detected by
motion detection section 40 exceeds a predetermined pre-
scribed value or not. If smoothing section 60 determines that
the amount of motion detected in motion detection section
40 exceeds the prescribed value (YES in step S140), the
processing transitions to step S160.

[0093] On the other hand, if smoothing section 60 deter-
mines that such an amount of motion does not exceed the
prescribed value (NO in step S140), the processing returns
to step S100. Such a process excludes frames having an
amount of motion that does not exceed the prescribed value
(frame 1 and frame 2 in this example) from smoothing
targets.

[0094] Such a process can evaluate only ultrasound
images after start of operations for measurement, instead of
adopting, as evaluation targets, ultrasound images in a state
where tissue is in a stationary state or in a substantially not
moving state (for example, states before and after measure-
ment). Consequently, the reliability of the value calculated
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by the process of evaluation in a time series manner in
smoothing section 60 (step S200), described later, is
secured.

[0095] According to another processing example, if
smoothing section 60 determines that the amount of motion
detected in motion detection section 40 does not exceed the
predetermined prescribed value (NO in step S140), smooth-
ing section 60 may perform setting of reducing the weight of
the frame having an amount that does not exceed the
prescribed value and cause the processing to transition to
step S160.

[0096] In step S160, a process of evaluating the similari-
ties of motion vectors in region of interest A is executed by
motion similarity calculation section 50 and smoothing
section 60.

[0097] Specifically, in step S160, motion similarity calcu-
lation section 50 calculates the similarity of the motion
vector in each pixel or each small region obtained from
motion vector calculation section 30. Such a calculation
method is as described above. Motion similarity calculation
section 50 outputs the calculated value of similarity (cos-
simmean) to smoothing section 60.

[0098] In subsequent step S180, smoothing section 60
determines whether the number of calculated frames for
similarity that have been obtained from motion similarity
calculation section 50 and adopted as smoothing targets as
described above reaches a predetermined prescribed number
or not.

[0099] Here, if smoothing section 60 determines that the
number reaches the prescribed number (YES in step S180),
smoothing section 60 causes the processing to transition to
step S200 and starts to calculate the evaluation value in a
time series manner. In a specific example, smoothing section
60 performs a process of smoothing the similarity values
obtained from motion similarity calculation section 50, and
outputs the smoothed value to display control section 70.

[0100] On the other hand, if smoothing section 60 deter-
mines that the number does not reach the prescribed number
(NO in step S180), smoothing section 60 temporarily stores
the similarity value obtained from motion similarity calcu-
lation section 50 and returns the processing to step S100.
That is, the smoothed value described above cannot be
calculated only with a single similarity value obtained.
Accordingly, when the number of adopted similarity values
serving as smoothing targets reaches the predetermined
number (for example, five), smoothing section 60 causes the
processing to transition to step S200.

[0101] If the processing returns to step S100, moving
image obtaining section 10 appropriately obtains a moving
image (a new frame) from the image generating umt
described above, and outputs the image of the next one
frame (here, frame 3) to motion vector calculation section
30. In step S120, motion vector calculation section 30
obtains the motion vectors of the next two frames (obtained
frame 3 and immediate previous frame 2). The processes in
step S140 and thereafter are analogous to those described
above. The description thereof is omitted.

[0102] Thus, when the processes in steps S100 to S180 are
repeated and the number of similarity values serving as
smoothing targets reaches the prescribed number (YES in
step S180), smoothing section 60 causes the processing to
transition to step S200. In step S200, smoothing section 60
smooths the similarity values obtained from motion simi-
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larity calculation section 50, and outputs the smoothed value
as an evaluation result to display control section 70.
[0103] In subsequent step S220, display control section 70
generates additional information about the ultrasound image
to be displayed on display section 80, on the basis of the
evaluation result (smoothed value) obtained from smoothing
section 60, and controls display section 80 to display the
generated additional information with the ultrasound image.
[0104] In a specific example, as described with reference
to FIGS. 4A and 4B, display control section 70 displays the
obtained smoothed value at a predetermined position (on the
right side of region of interest A in the examples of FIG. 4A),
and displays all the regions in region of interest A in colors
in conformity with the level of the smoothed value (simi-
larity).

[0105] According to this embodiment that performs such
processes, the gliding ability (adhesion) of tissue displayed
as the ultrasound image can be quantitatively measured.
[0106] In this embodiment, in the display state on display
section 80 in step S220 described above, the user can
perform a process of storing data by operating the operation
input section. In this case, display control section 70 makes
a file of the ultrasound image of tissue and the evaluation
result by each section (30 to 60), which are displayed on
display section 80, and of the patient ID of the patient, and
stores the file in storage section 90.

[0107] By performing such a process of storing data, for
example, measurement results in various states, such as
states before and after a treatment and rehabilitation are
stored every time the state comes, and transition of the states
of tissue can be grasped.

[0108] FIG. 8 depicts an example where a previous mea-
surement result stored in storage section 90 is displayed as
measured image 1 on the left side of display section 80, and
a result of being measured this time (currently) is displayed
as measured image 2 on the right side of display section 80,
side by side. For example, in a case where an operation of
inputting the patient ID is performed together before execu-
tion of step S100 described above, such display is performed
by display control section 70 reading the file pertaining to
measured image 1 associated with the patient 1D from
storage section 90.

[0109] In the example depicted in FIG. 8, an image
measured before a treatment is displayed as measured image
1 on the left side of the display screen of display section 80,
and an image measured after such a treatment is displayed
as measured image 2 on the right side of the display screen.

[0110] At this time, display control section 70 reads the
file pertaining to measured image 1 from storage section 90,
and controls display section 80 to display the image of one
frame used for measurement and the evaluation result
(evaluation value or the like) on the left side of the display
screen. Display control section 70 controls display section
80 to display a moving image (real-time image) input from
moving image obtaining section 10, as measured image 2,
side by side, on the right side of measured image 1.

[0111] By performing such processes, the user can easily
align the probe in the same condition as that during mea-
surement last time (measured image 1) (that is, the same
position, the same angle and the like of tissue), with refer-
ence to the image of measured image 1 displayed on the left
side of the display screen during measurement this time
(measured image 2).
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[0112] In addition, in this embodiment, to match the
measurement condition between the measurement last time
and the measurement this time as much as possible and
improve reproducibility, a configuration is adopted that
displays the image similarity between measured image 1 and
measured image 2 (the similarity of images in region of
interest A in this example) in a region between measured
image 1 and measured image 2 on the display screen.
Processes pertaining to such display are performed as
described below, for example.

[0113] Before starting the processes depicted in F1G. 7 for
measured image 2, the user adjusts the position of the probe
and the like such that the image (real-time image) displayed
as measured image 2 on the right side of the display screen
of display section 80 can coincide with the image of mea-
sured image 1 displayed on the left side as much as possible,
and sets region of interest A. At this time, display control
section 70 inputs the image in region of interest A in
measured image 2 and the image in region of interest A in
measured image 1 into any block (motion similarity calcu-
lation section 50 in an example) constituting the evaluating
section, and outputs an instruction for calculating the simi-
larity between the two images. Here, motion similarity
calculation section 50 calculates the value of similarity
between the two images, by a publicly known pattern
matching technique, for example. Display control section 70
controls display section 80 to display the similarity value
calculated by motion similarity calculation section 50 at the
lower center of the display screen, for example (see F1G. 8).
[0114] By performing such processes, the reproducibility
of the imaging condition of the tissue in a case of performing
ultrasound observation of tissue multiple times can be
improved.

[0115] FIG. 8 depicts the state of display on display
section 80 through execution of each process described with
reference to FIG. 7 after the preprocess described above.
Here, measured image 1 and measured image 2 have dif-
ferent evaluation values (smoothed values) calculated by
smoothing section 60. According to such a difference, the
colors added to region of interest A are different (such a
difference in color is represented as a difference in hatching
in FIG. 8).

[0116] In the example depicted in FIG. 8, the difference
value (68/100 in this example) between the evaluation value
(16/100) of measured image 1 and the evaluation value
(84/100) of measured image 2 is displayed in a region
between measured images 1 and 2 on the display screen.
Processes pertaining to such display are performed as
described below, for example.

[0117] That is, in step S200 described above, smoothing
section 60 calculates the evaluation value (smoothed value)
of measured image 2, and outputs such a calculated value
(84/100 in this example) as the evaluation result of measured
image 2 to display control section 70. Furthermore, smooth-
ing section 60 calculates the difference between the calcu-
lated value (84/100) and the evaluation value (16/100) of
measured image 1, and outputs the calculated value, as the
difference between the evaluation values of measured
images 1 and 2, to display control section 70.

[0118] According to the evaluation value and the value of
the difference depicted in FIG. 8, it can be easily grasped
that the gliding ability of tissue (tissue in region of interest
A; this also applied hereafter) before the treatment (mea-
sured image 1), but the gliding ability of tissue is degraded
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and an adhesion occurs after the treatment (measured image
2). Subsequently, rehabilitation for restoring the gliding
ability of tissue may be performed, then measurement may
be performed again to generate and store measured image 3,
and measured images 1 to 3, and their evaluation values and
values of differences may be displayed on the display screen
of display section 80.

[0119] In this embodiment described above, the configu-
ration is adopted that smoothing section 60 selects frames of
ultrasound images serving as targets to be evaluated by the
evaluating section (motion vector calculation section 30 and
the like), on the basis of the detection result of motion
detection section 40.

[0120] Alternatively, another configuration may be
adopted that allows each user to select frames of ultrasound
images serving as targets to be evaluated by the evaluating
section (hereinafter, called evaluation target frames).

[0121] In a specific example, the evaluation target frames
may be frames generated after the user performs a prede-
termined operation and until immediately before the screen
is largely switched. Here, “predetermined operation” may
be, for example, any of various modes of operations that
include pressing a predetermined button of the operation
input section, pressing a start button on a touch panel,
operating a trackball, and setting region of interest A.
Furthermore, “screen is largely switched” is that the mea-
surement target tissue in the ultrasound image displayed on
display section 80 comes into a state of not being displayed.
Such large switching (transition) of the screen can be
determined from the detection result of motion detection
section 40. Alternatively, with a certain type of probe to be
used, the determination can be made from a detection signal
of the probe.

[0122] According to another specific example, the evalu-
ation target frames may be frames in a predetermined time
range until immediately before the screen is largely
switched. It is herein preferred that the user can freely preset
“predetermined time range” according to a time period in
which tissue is moved for measurement.

[0123] As described in detail, according to this embodi-
ment, the configuration that evaluates the distribution of
motions of tissue in consecutive two frames of obtained
ultrasound images and outputs an evaluation result is pro-
vided, which can achieve quantitative measurement on tis-
sue.

[0124] In the embodiment described above, the configu-
ration has been described that uses, as an output control
section, display control section 70 that controls display
section 80, and displays information about the ultrasound
images and the evaluation result on the display screen of
display section 80. According to another alternative or
additional example of the output control section, a configu-
ration may be adopted that performs a control of printing
(that is, printing out) the information about the ultrasound
images and the evaluation result, or a control of outputting
the evaluation result (a numerical value or the like) as a
sound.

[0125] Although embodiments of the present invention
have been described and illustrated in detail, the disclosed
embodiments are made for purpose of illustration and
example only and not limitation. The scope of the present
invention should be interpreted by terms of the appended
claims.
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What is claimed is:

1. An ultrasound image evaluator, comprising;

an image obtainer that obtains a first ultrasound image

generated based on ultrasounds, and a second ultra-
sound image generated before the first ultrasound
image;

an evaluator that evaluates a distribution of motions at a

part of tissue in the first ultrasound image, and a
corresponding part of the tissue in the second ultra-
sound image; and

an output controller that performs control of outputting an

evaluation result of the evaluator.

2. The ultrasound image evaluator according to claim 1,

wherein the evaluator evaluates the distribution of

motions, based on motion directions of the part of the
tissue and the corresponding part of the tissue.

3. The ultrasound image evaluator according to claim 2,

wherein the evaluator evaluates the distribution of

motions, based on directions of motions of a plurality
of parts of the tissue in the first ultrasound image, and
a plurality of corresponding parts of the tissue in the
second ultrasound image.

4. The ultrasound image evaluator according to claim 2,
wherein the evaluator generates a pattern of colors or arrows
according to the motion directions, as the evaluation result.

5. The ultrasound image evaluator according to claim 1,

wherein the evaluator generates, as the evaluation result,

an evaluation value obtained by digitizing the distri-
bution of motions.

6. The ultrasound image evaluator according to claim 1,

wherein the first ultrasound image and the second ultra-

sound image are two frames that are consecutive in a
time-series manner.

7. The ultrasound image evaluator according to claim 1,
further comprising

a processor that performs spatial compound processing by

using an ultrasound image obtained by transmitting
ultrasounds in a first direction, and an ultrasound image
obtained by transmitting ultrasounds in a second direc-
tion different from the first direction,

wherein the first ultrasound image and the second ultra-

sound image are ultrasound images to which the spatial
compound processing has not been applied by the
processor.

8. The ultrasound image evaluator according to claim 5,

wherein the evaluator generates the evaluation value,

based on motion vectors in a region including one or
more pixels in the first ultrasound image and the second
ultrasound image.

9. The ultrasound image evaluator according to claim 5,

wherein the evaluator generates the evaluation value,

based on an extent of a distribution of motion vectors,
when evaluating the distribution of motions.

10. The ultrasound image evaluator according to claim 1,

wherein the evaluator evaluates distributions of motions

of at least two pieces of tissue in a region of interest set
in the ultrasound images.

11. The ultrasound image evaluator according to claim 1,

wherein the output controller comprises a display con-

troller that controls a display displaying the ultrasound
images to display the ultrasound images, with the
evaluation result of the evaluator being added to the
ultrasound images
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12. The ultrasound image evaluator according to claim 11,

wherein the display controller changes a color of region of
interest in the ultrasound images displayed on the
display, according to the evaluation result of the evalu-
ator.

13. The ultrasound image evaluator according to claim 12,

wherein the evaluator evaluates the distribution of
motions, based on a first evaluation value for the
ultrasound image obtained by the image obtainer in a
first time period, and a second evaluation value for the
ultrasound image obtained by the image obtainer in a
second time period.

14. The ultrasound image evaluator according to claim 13,

wherein the evaluator evaluates the distribution of
motions, based on a difference between the first evalu-
ation value and the second evaluation value.

15. The ultrasound image evaluator according to claim 13,

wherein the display controller causes the display to dis-
play the first evaluation value and the corresponding
ultrasound image, and the second evaluation value and
the corresponding ultrasound image.

16. The ultrasound image evaluator according to claim 13,

wherein the evaluator calculates an image similarity

between the ultrasound image corresponding to the first
evaluation value and the ultrasound image correspond-
ing to the second evaluation value, and

the display controller causes the display to display the

calculated similarity.

17. The ultrasound image evaluator according to claim 13,
further comprising a storage that stores the ultrasound
images, and evaluation results of the evaluator that corre-
spond to the respective ultrasound images,

wherein the display controller reads, from the storage, the

first evaluation value and the corresponding ultrasound
image, and displays the value and image on the display,
before calculation of the second evaluation value.

18. The ultrasound image evaluator according to claim 1,

wherein a target frame to be evaluated by the evaluator is

set according to selection by a user.

19. The ultrasound image evaluator according to claim 16,

wherein the evaluator determines whether to exclude a

value of the similarity pertaining to frames according to
amounts of motion of the ultrasound images or not.

20. The ultrasound image evaluator according to claim 1,

wherein the image obtainer obtains the ultrasound images

where two or more different types of tissue are taken.

21. An ultrasound image evaluation method, comprising:

obtaining a first ultrasound image generated based on

ultrasounds, and a second ultrasound image generated
before the first ultrasound image;

evaluating a distribution of motions at a part of tissue in

the first ultrasound image, and a corresponding part of
the tissue in the second ultrasound image; and
outputting an evaluation result.

22. A computer-readable non-transitory recording
medium storing an ultrasound image evaluation program for
causing a computer to execute:

a process of obtaining a first ultrasound image generated

based on ultrasounds, and a second ultrasound image
generated before the first ultrasound image;
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aprocess of evaluating a distribution of motions at a part
of tissue in the first ultrasound image, and a corre-
sponding part of the tissue in the second ultrasound
image; and

a process of outputting an evaluation result.
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