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ULTRASOUND DIAGNOSTIC DEVICE,
ULTRASOUND IMAGE PROCESSING
METHOD, AND NON-TRANSITORY
COMPUTER-READABLE RECORDING
MEDIUM

[0001] This application is based on Japanese Patent Appli-
cation No. 2013-256062 filed on Dec. 11, 2013, and Japanese
Patent Application No. 2014-247924 filed on Dec. 8, 2014,
the disclosure therein, including disclosure in the claims, the
specification, the drawings, and the abstract, is hereby incor-
porated by reference.

BACKGROUND OF THE DISCLOSURE

[0002] (1) Technical Field

[0003] Thepresent disclosure relates to an ultrasound diag-
nostic device and an ultrasound image processing method that
visualize a puncture needle with enhanced perceptibility.

[0004] (2) Description of the Related Art

[0005] In recent years, a medical test commonly called
biopsy is being performed. In biopsy, a puncture needle is
inserted into a living subject, such as the body of a patient, and
tissue samples and/or body fluid samples are removed for
examination. Further, anesthesiology, which is practiced by
anesthesiologists in intensive care units, pain clinics, etc.,
also involves the use of puncture needles. In such anesthesi-
ology, medical practitioners perform puncture needle inser-
tion while checking the position of the puncture needle in the
examination subject by viewing ultrasound images showing
the inside of the examination subject, which are obtained by
using an ultrasound probe provided to an ultrasound diagnos-
tic device. Here, in puncture needle insertion, it is necessary
for medical practitioners to be able to check the position of the
puncture needle in the examination subject, particularly the
position of the tip of the puncture needle, on an ultrasound
diagnostic device monitor.

[0006] In particular, in cases where an angle between an
ultrasound beam and a puncture needle is relatively small,
such as when a puncture needle is inserted into an examina-
tion subject with a sharp angle between the puncture needle
and the examination subject surface, ultrasound waves
reflected from the puncture needle and received by the ultra-
sound probe are weak, and thus, the puncture needle is not
sufficiently visibly perceptible. Thus, much considerationhas
been made related to a technology for improving the visual
perceptibility of puncture needles.

[0007] Japanese Patent No. 4381344 discloses one example
of such technology. Japanese Patent No. 4381344 discloses a
method of changing the transmission direction of the ultra-
sound beam so as to enlarge the angle between the ultrasound
beam and the puncture needle, to avoid having to insert the
puncture needle into the examination subject with a relatively
small angle between the puncture needle and the examination
subject surface. Japanese Patent Application Publications No.
2000-107178, No. 2001-269339, and No. 2012-120747 dis-
close another example of such technology. Japanese Patent
Application Publications No. 2000-107178, No. 2001-
269339, and No. 2012-120747 disclose a method of adding
visual emphasis to portions differing between frames, where
such portions of difference are regarded as image areas indi-
cating signal changes corresponding to the movement of the
puncture needle.
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SUMMARY

Problems to be Solved

[0008] However, when applying the method of changing
the transmission direction of the ultrasound beam, areas of the
examination subject that cannot be visualized in ultrasound
images increase. Further, when applying the method of add-
ing visual emphasis to portions differing between frames,
motions detected tend to be sparsely distributed, and thus, the
emphasis added to an image based on such motions may not
be sufficient.

[0009] Inview of such technical problems, the present dis-
closure provides an ultrasound diagnostic device and an ultra-
sound image processing method that are user-friendly and
that visualize a target object (e.g., a puncture needle) located
inside an imaging subject (e.g., an examination subject) with
high perceptibility.

Means for Solving the Problems

[0010] Oneaspect of the present disclosure is an ultrasound
diagnostic device that transmits ultrasound waves towards a
subject viaan ultrasound probe and acquires a frame signal by
receiving ultrasound waves reflected by the subject via the
ultrasound probe, the ultrasound diagnostic device including
an ultrasound image processing circuit that adds emphasis to
the frame signal and generates an ultrasound image in which
the subject appears from the frame signal. In the ultrasound
diagnostic device, the ultrasound image processing circuit
includes: a signal acquirer that acquires a plurality of frame
signals generated at different time points; a map generator
that generates, by using the frame signals, a first motion map
composed of a plurality of pixel areas each having a motion,
the motion indicating an inter-frame signal change and cal-
culated from corresponding pixel areas of the frame signals;
amap calculator that holds a second motion map and creates
athird motion map by performing a calculation using motions
in the first motion map and the second motion map; and an
emphasis adder that adds emphasis to at least one of the frame
signals by using the third motion map and generates an ultra-
sound image from said at least one of the frame signals. In the
ultrasound diagnostic device, after the calculation using
motions, the map calculator holds the third motion map in
place of the second motion map.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Theseand the other objects, advantages and features
of the present disclosure will become apparent from the fol-
lowing description thereof taken in conjunction with the
accompanying drawings which illustrate a specific embodi-
ment of the present disclosure.

[0012] In the drawings:

[0013] FIG. 1 is a block diagram illustrating an ultrasound
diagnostic device 100 pertaining to embodiment 1;

[0014] FIG. 2 is a block diagram illustrating an emphasis
map generation unit 6 pertaining to embodiment 1;

[0015] FIG. 3 is a flowchart illustrating operations of the
ultrasound diagnostic device 100 pertaining to embodiment
I,

[0016] FIG. 4A illustrates a motion map generated by a
motion calculation unit 62, FIG. 4B illustrates a B-mode
image held by a B-mode image acquisition unit 5, and FIG.
4C illustrates a motion map after a motion screening unit 63
performs screening;
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[0017] FIG.5A illustrates a weighting coefficient used by a
motion adjustment unit 64 in embodiment 1,and FIG. 5B
illustrates a weighting coeflicient used by the motion adjust-
ment unit 64 in a modification;

[0018] FIG. 6A illustrates one example of a motion map
when an ultrasound probe 1 does not move, and FIG. 6B
illustrates one example of a motion map when the ultrasound
probe 1 moves;

[0019] FIG. 7A illustrates one example of a first motion
map, FIG. 7B illustrates one example of a second motion
map, and FIG. 7C illustrates one example of a third motion
map;

[0020] FIG. 8A illustrates a B-mode image held by the
B-mode image acquisition unit 5, FIG. 8B illustrates an
emphasis map generated by an emphasis map allocation unit
68, and FIG. 8C illustrates a B-mode image after a B-mode
image emphasis adding unit 7 performs emphasis adding;
[0021] FIG. 9A illustrates a B-mode image after emphasis
is added through conventional emphasis adding, and FIG. 9B
illustrates a B-mode image after emphasis is added through
emphasis adding pertaining to embodiment 1;

[0022] FIG.101s a schematic diagram illustrating a motion
map update performed by a motion map computation unit 65;
[0023] FIG. 11 illustrates one example of a screen for
receiving input via a controller 9;

[0024] FIG.12isablock diagram illustrating an ultrasound
diagnostic device 110 pertaining to a modification of embodi-
ment 1;

[0025] FIG. 13 is a block diagram illustrating an emphasis
map generation unit 16 pertaining to the modification of
embodiment 1;

[0026] FIG. 14 is a flowchart illustrating operations of the
ultrasound diagnostic device 110 pertaining to the modifica-
tion of embodiment 1;

[0027] FIG.15isablock diagram illustrating an ultrasound
diagnostic device 100A pertaining to embodiment 2;

[0028] FIG. 16 is a flowchart illustrating operations of the
ultrasound diagnostic device 100A pertaining to embodiment
2;

[0029] FIG. 17 illustrates one example of B-mode image
emphasis adding pertaining to a modification;

[0030] FIG. 18A illustrates one example of a B-mode
image of puncture needle insertion, FIG. 18B illustrates one
example of a B-mode image of puncture needle insertion
acquired by changing ultrasound beam transmission direc-
tion, and FIG. 18C illustrates another example of a B-mode
image of puncture needle insertion acquired by changing
ultrasound beam transmission direction, each of FIGS. 18A
through 18C illustrating a B-mode image with indication of
ultrasound beam transmission direction overlaid thereon; and
[0031] FIG. 19 is a schematic diagram illustrating one
example of a distribution of motions between two successive
B-mode image frames.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

<How Inventors Arrived at Present Disclosure>

[0032] Conventionally, consideration has been made of
technology for improving visual perceptibility of puncture
needles, as described in the following.

[0033] One example of such a technology is a method of
enlarging the angle between an ultrasound beam and a punc-
ture needle. One simple form of such a method is to perform
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insertion of a puncture needle 602 with the puncture needle
602 almost parallel with skin surface as in ultrasound image
601 illustrated in FIG. 18A, whereby the angle between the
puncture needle 602 and an ultrasound beam 603 can be
enlarged. (Note that each of FIGS. 18A through 18C illus-
trates a B-mode image with indication of ultrasound beam
transmission direction overlaid thereon.) However, when
inserting the puncture needle 602 at such an angle, the dis-
tance that the puncture needle 602 travels between the skin
surface and the target body tissue of the examination subject
increases. This results in much damage being made to the
examination subject tissue. In view of such a problem, Japa-
nese Patent No. 4381344 discloses a technology of transmit-
ting an ultrasound beam 613 diagonal to the skin surface and
not perpendicular to the skin surface, as in ultrasound image
611 illustrated in F1G. 18B. This allows ensuring a large angle
between a puncture needle 612 and the ultrasound beam 613,
even when the puncture needle 612 is inserted slightly diago-
nal to the skin surface. However, when employing this tech-
nology and inserting a puncture needle 622 close to perpen-
dicular to the skin surface as in ultrasound image 621
illustrated in FIG. 18C, a necessity arises of transmitting an
ultrasound beam 623 close to parallel with the skin surface.
This results in an increase in non-visualized areas of the
examination subject. Further, it should be noted that when
using an ultrasound probe having a one-dimensional array of
elements (e.g., a linear type ultrasound probe or a convex type
ultrasound probe) and not an ultrasound probe having a two-
dimensional array of elements (e.g., a matrix type ultrasound
probe), ultrasound beam transmission direction cannot be
controlled in a direction perpendicular to the element
arrangement direction. Due to this, the above-described tech-
nology of changing the transmission direction of an ultra-
sound beam is not effective, particularly when used in com-
bination with an ultrasound probe having a one-dimensional
array of elements and when there is a need to insert a puncture
needle in a direction perpendicular to the element arrange-
ment direction.

[0034] Another example of a technology for improving
visual perceptibility of puncture needles is adding emphasis
to portions differing between frames, regarding such image
portions as image areas indicating signal changes corre-
sponding to the movement of the puncture needle. Japanese
Patent Application Publications No. 2000-107178, No. 2001-
269339, and No. 2012-120747 disclose technologies of add-
ing emphasis to inter-frame differences in the form of color-
ing. However, when employing such technology, the inter-
frame differences (motions) detected tend to be sparsely
distributed, as illustrated in motion map 701 illustrated in
FIG. 19, due to successive frames being captured at close time
points. This results in the emphasis added to the puncture
needle being insufficient. Further, another problem with such
atechnology is that emphasis is not added when the puncture
needle does not move. In addition, yet another problem with
such a technology is that emphasis is added to all image areas
when the ultrasound probe moves, due to inter-frame differ-
ences being detected at all areas.

[0035] In view of such technical problems, the present
inventors considered enabling visualizing puncture needles
with high perceptibility by adding emphasis to signal changes
corresponding to the movement of a puncture needle at higher
spatial density and while causing the emphasis added to be
visualized over time. It is through such consideration that the
present inventors arrived at the ultrasound diagnostic devices,
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the ultrasound image processing methods, and the ultrasound
image processing programs pertaining to the embodiments
and the modifications.

[0036] The following describes in detail the ultrasound
diagnostic devices, the ultrasound image processing meth-
ods, and the ultrasound image processing programs pertain-
ing to the embodiments and the modifications, with reference
to the accompanying drawings.

<<Overview of Aspects>>

[0037] Oneaspect ofthe present disclosureis an ultrasound
diagnostic device that transmits ultrasound waves towards a
subject via an ultrasound probe and acquires a frame signal by
receiving ultrasound waves reflected by the subject via the
ultrasound probe, the ultrasound diagnostic device including
an ultrasound image processing circuit that adds emphasis to
the frame signal and generates an ultrasound image in which
the subject appears from the frame signal. In the ultrasound
diagnostic device, the ultrasound image processing circuit
includes: a signal acquirer that acquires a plurality of frame
signals generated at different time points; a map generator
that generates, by using the frame signals, a first motion map
composed of a plurality of pixel areas each having a motion,
the motion indicating an inter-frame signal change and cal-
culated from corresponding pixel areas of the frame signals;
a map calculator that holds a second motion map and creates
athird motion map by performing a calculation using motions
in the first motion map and the second motion map; and an
emphasis adder that adds emphasis to at least one of the frame
signals by using the third motion map and generates an ultra-
sound image from said at least one of the frame signals. In the
ultrasound diagnostic device, after the calculation using
motions, the map calculator holds the third motion map in
place of the second motion map.

[0038] Inthe ultrasound diagnostic device pertaining to one
aspect of the present disclosure, in the creation of the third
motion map, the map calculator may set, as a motion for each
pixel area of the third motion map, a greater one of (i) a value
obtained by attenuating a motion of a corresponding pixel
area in the second motion map based on a predetermined
attenuation factor and (i) amotion of a corresponding pixel in
the first motion map.

[0039] Inthe ultrasound diagnostic device pertaining to one
aspect of the present disclosure, the predetermined attenua-
tion factor may be set according to a frame rate of the frame
signals.

[0040] The ultrasound diagnostic device pertaining to one
aspect of the present disclosure may further include a con-
troller for receiving input of the predetermined attenuation
factor.

[0041] Inthe ultrasound diagnostic device pertaining to one
aspect of the present disclosure, the calculation using motions
may be alpha-blending the second motion map and the first
motion map.

[0042] Inthe ultrasound diagnostic device pertaining to one
aspect of the present disclosure, an alpha value used in the
alpha blending may be set according to a frame rate of the
frame signals.

[0043] The ultrasound diagnostic device pertaining to one
aspect of the present disclosure may further include a con-
troller for receiving input of an alpha value to be used in the
alpha blending.

[0044] Inthe ultrasound diagnostic device pertaining to one
aspect of the present disclosure, the ultrasound image pro-
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cessing circuit may further include a weight provider that
provides a weight to each motion in the first motion map
based on a luminance value of a corresponding pixel area of
one or more of the frame signals, and outputs the first motion
map, whose motions have been weighted, to the map calcu-
lator.

[0045] Inthe ultrasound diagnostic device pertaining to one
aspect of the present disclosure, the weight provider, when
the luminance value of the corresponding pixel area is lower
than a predetermined value, may provide a weight to the
motion in the first motion map by using zero as a weighting
coefficient, so that after weighting by the weighting unit,
among the pixel areas in the first motion map, only one or
more pixel areas corresponding to a puncture needle have
motions, the one or more pixel areas corresponding to one or
more pixel areas of said at least one of the frame signals
having luminance values greater than the predetermined
value.

[0046] Inthe ultrasound diagnostic device pertaining to one
aspect of the present disclosure, the ultrasound image pro-
cessing circuit may further include an emphasis adjuster that,
when a movement of the ultrasound probe in a direction along
a surface of the subject occurs, detects a signal change indi-
cating the movement of the ultrasound probe, adjusts motions
in the third motion map based on the signal change indicating
the movement of the ultrasound probe by using a non-increas-
ing function, and outputs the third motion map, whose
motions have been adjusted, to the emphasis adder.

[0047] Inthe ultrasound diagnostic device pertaining to one
aspect of the present disclosure, the emphasis adjuster may
calculate the signal change indicating the movement of the
ultrasound probe by using the first motion map.

[0048] Inthe ultrasound diagnostic device pertaining to one
aspect of the present disclosure, the ultrasound probe may
include a sensor that detects either a position of the ultrasound
probe or an orientation of the ultrasound probe, and the
emphasis adjuster may use a value output by the sensor as the
signal change indicating the movement of the ultrasound
probe.

[0049] Inthe ultrasound diagnostic device pertaining to one
aspect of the present disclosure, the ultrasound image pro-
cessing circuit may further include an emphasis adjuster that,
when a movement of the ultrasound probe in a direction along
a surface of the subject occurs, detects a signal change indi-
cating the movement of the ultrasound probe, adjusts the
motions in the first motion map based on the signal change
indicating the movement of the ultrasound probe by using a
non-increasing function, and outputs the first motion map,
whose motions have been adjusted, to the map calculator.

[0050] Inthe ultrasound diagnostic device pertaining to one
aspect of the present disclosure, the emphasis adjuster may
calculate the signal change indicating the movement of the
ultrasound probe by using the first motion map.

[0051] Inthe ultrasound diagnostic device pertaining to one
aspect of the present disclosure, the ultrasound probe may
include a sensor that detects either a position of the ultrasound
probe or an orientation of the ultrasound probe, and the
emphasis adjuster may use a value output by the sensor as the
signal change indicating the movement of the ultrasound
probe.

[0052] Inthe ultrasound diagnostic device pertaining to one
aspect of the present disclosure, the emphasis adder may
change a pixel value of a pixel area of said at least one of the
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frame signals based on a motion at a corresponding pixel area
in the third motion map by using a non-decreasing function.
[0053] Inthe ultrasound diagnostic device pertaining to one
aspect of the present disclosure, the emphasis adder may add
emphasis to one or more pixel areas of said at least one of the
frame signals corresponding to one or more pixel areas in the
third motion map having a motion greater than a predeter-
mined threshold value.

[0054] Inthe ultrasound diagnostic device pertaining to one
aspect of the present disclosure, the emphasis adder may add
emphasis to one or more pixel areas of said at least one of the
frame signals corresponding to one or more pixel areas in the
third motion map having a motion greater than a predeter-
mined threshold value, the adding of emphasis performed by
overlaying an icon and changing a pixel value.

[0055] Inthe ultrasound diagnostic device pertaining to one
aspect of the present disclosure, the emphasis adder may add
emphasis to one pixel area of said at least one of the frame
signals corresponding to one pixel area in the third motion
map having a greatest motion, the adding of emphasis per-
formed by overlaying an icon and changing a pixel value.
[0056] The ultrasound diagnostic device pertaining to one
aspect of the present disclosure may further include a storage
medium for storing the second motion map, and the map
calculator may hold the second motion map by writing the
second motion map to the storage medium.

[0057] Oneaspect of the present disclosureis an ultrasound
image processing method for adding emphasis to a frame
signal and generating an ultrasound image from the frame
signal, the frame signal acquired by receiving ultrasound
waves reflected by a subject via an ultrasound probe when the
ultrasound probe transmits ultrasound waves towards the sub-
ject, the ultrasound image processing method including:
acquiring a plurality of frame signals generated at different
time points; generating, by using the frame signals, a first
motion map composed of a plurality of pixel areas each
having a motion, the motion indicating an inter-frame signal
change and calculated from corresponding pixel areas of the
frame signals; holding a second motion map and creating a
third motion map by performing a calculation using motions
in the first motion map and the second motion map; and
adding emphasis to at least one of the frame signals by using
the third motion map and generating an ultrasound image
from said at least one of the frame signals. In the ultrasound
image processing method pertaining to one aspect of the
present disclosure, after the calculation using motions, the
third motion map is held in place of the second motion map.
[0058] One aspect of the present invention is a non-transi-
tory computer-readable recording medium storing thereon a
program that causes a processor of an ultrasound diagnostic
device to execute image processing for adding emphasis to
frame signals and generating ultrasound images from the
frame signals, the ultrasound diagnostic device acquiring the
frame signals by receiving ultrasound waves reflected by a
subject via an ultrasound probe when the ultrasound probe
transmits ultrasound waves towards the subject, the image
processing including: acquiring a plurality of frame signals
generated at different time points; generating, by using the
frame signals, a first motion map composed of a plurality of
pixel areas each having a motion, the motion indicating an
inter-frame signal change and calculated from corresponding
pixel areas ofthe frame signals; holding a second motion map
and creating a third motion map by performing a calculation
using motions in the first motion map and the second motion
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map; and adding emphasis to at least one of the frame signals
by using the third motion map and generating an ultrasound
image from said at least one of the frame signals. In the
non-transitory computer-readable recording medium pertain-
ing to one aspect of the present disclosure, after the calcula-
tion using motions, the third motion map is held in place of the
second motion map.

Embodiment 1

[0059] The following describes an ultrasound diagnostic
device pertaining to embodiment 1, with reference to the
accompanying drawings.

<Structure>

<Ultrasound Diagnostic Device 100>

[0060] FIG. 1isablock diagram illustrating the structure of
an ultrasound diagnostic device 100 pertaining to embodi-
ment 1. The ultrasound diagnostic device 100 includes an
ultrasound image processing circuit 11. The ultrasound image
processing circuit 11 includes: an ultrasound transmission/
reception unit 2; a transmission/reception control unit 3; a
B-mode image generation unit4; a B-mode image acquisition
unit 5; an emphasis map generation unit 6; a B-mode image
emphasis adding unit 7; and a display control unit 8. An
ultrasound probe 1 is connectable to the ultrasound transmis-
sion/reception unit 2. A controller 9 is connectable to the
emphasis map generation unit 6 via an undepicted control
unit. A display 10 is connectable to the display control unit §.
FIG. 1 illustrates a state of the ultrasound diagnostic device
100 where the ultrasound probe 1, the controller 9, and the
display 10 are connected thereto.

[0061] The ultrasound probe 1, for example, includes a
plurality of transducers (undepicted) arranged to form a line
extending in one direction. The direction along which the
transducers are disposed is referred to in the following as a
transducer arrangement direction. Each transducer is made of
lead zirconate titanate (PZT), for example. The ultrasound
probe 1 converts pulsed electric signals (referred to in the
following as ultrasound transmission signals) generated by
the ultrasound transmission/reception unit 2 into pulsed ultra-
sound waves. The ultrasound probe 1, or more specifically, a
transducer-side outer surface of the ultrasound probe 1, is put
in contact with a surface of an imaging subject. In this state,
the ultrasound probe 1 transmits an ultrasound beam toward a
measurement target. Here, the imaging subject may be an
examination subject, and the surface of the imaging subject
may be a skin surface of the examination subject. Further, the
ultrasound beam is composed of the ultrasound waves emit-
ted from the transducers. The ultrasound probe 1 receives
reflected ultrasound waves. The reflected ultrasound waves
are ultrasound waves that are reflected from the imaging
subject. The transducers in the ultrasound probe 1 converts
the reflected ultrasound waves into electric signals (referred
to in the following as ultrasound reception signals). The ultra-
sound probe 1 supplies the ultrasound reception signals to the
ultrasound transmission/reception unit 2.

[0062] The ultrasound transmission/reception unit 2 per-
forms transmission based on a transmission control signal
that the transmission/reception control unit 3 transmits
thereto. The ultrasound transmission/reception unit 2, when
executing the transmission, supplies the ultrasound probe 1
with the pulsed ultrasound transmission signals, which cause
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the ultrasound probe 1 to transmit the ultrasound beam. More
specifically, the ultrasound transmission/reception unit 2
includes circuits such as: a clock generation circuit; a pulse
generation circuit; and a delay circuit. The clock generation
circuit generates a clock signal used for determining trans-
mission timing of the ultrasound beam. The pulse generation
circuit generates a pulsed signal for driving the transducers.
The delay circuit sets a delay time with respect to each trans-
ducer, and delays the transmission of the ultrasound waves
from the transducers by the respective delay times. Thus, the
delay circuit realizes beam-focusing, beam-steering, etc., of
the ultrasound beam.

[0063] Further, the ultrasound transmission/reception unit
2 acquires the ultrasound reception signals from the ultra-
sound probe 1. As already described above, the ultrasound
reception signals are yielded from the reflected ultrasound
waves. The ultrasound transmission/reception unit 2 ampli-
fies the ultrasound reception signals, and performs A/D con-
version with respect to the amplified signals to obtain RF
signals. Further, the ultrasound transmission/reception unit 2
performs delay-and-sum on the RF signals to generate a plu-
rality of echo signals. The delay-and-sum is performed by
using a reception control signal. As discussed in detail in the
following, the echo signals so generated are signals having
signal components corresponding to continuous depth areas.
Further, the ultrasound transmission/reception unit 2 pet-
forms reception. The ultrasound transmission/reception unit
2, when executing the reception, outputs the echo signals to
the B-mode image generation unit 4 in chronological order, in
the order from those obtained upstream in the sub-scanning
direction to those obtained downstream in the sub-scanning
direction.

[0064] For example, the RF signals are signals along the
direction in which the ultrasound waves travel, which is per-
pendicular to the transducer arrangement direction. Each of
the RF signals is a digital signal yielded by A/D-converting an
electrical signal that is yielded by converting an amplitude of
a reflected ultrasound wave.

[0065] Each of the echo signals is data having components
corresponding to continuous depth direction areas. The echo
signals compose the delay-and-summed

[0066] REF signals. Here, the depth direction is the direction
in which transmitted ultrasound waves travel from the body
surface of the examination subject towards the inside of the
examination subject’s body. The echo signals compose one
frame. Thus, one frame is composed of a plurality of signals
along the direction in which ultrasound waves are transmit-
ted, which is perpendicular to the transducer arrangement
direction. Note that in the present disclosure, a set of echo
signals acquired through a single ultrasound scan is referred
to as a frame echo signal. Further, in the present disclosure,
the term “frame” refers to a unit of signals necessary in order
to construct one cross-sectional image.

[0067] The ultrasound transmission/reception unit 2 per-
forms transmission and reception in this order repeatedly.
[0068] The transmission/reception control unit 3 generates
the transmission control signal and the reception control sig-
nal, and outputs such signals to the ultrasound transmission/
reception unit 2. Note that in the present embodiment, the
transmission control signal includes information indicating
transmission timing, and the reception control signals include
information indicating reception timing.

[0069] The B-mode image generation unit 4 converts each
one of the echo signals composing one frame into aluminance
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signal having a luminance value corresponding to the inten-
sity of the echo signal. Further, the B-mode image generation
unit 4 performs coordinate conversion on the luminance sig-
nals to acquire a signal based on an orthogonal coordinate
system. Thus, the B-mode image generation unit 4 generates
a B-mode image signal. The B-mode image generation unit 4
generates a B-mode image for each frame, and outputs the
B-mode images so generated to the B-mode image acquisi-
tion unit 5. In specific, the B-mode image generation unit 4
generates a B-mode image signal by performing processing
such as envelope detection and logarithmic compression on
echo signals composing one frame (i.e., the frame echo sig-
nal) to convert the echo signals into luminance signals, and
performing coordinate conversion on the luminance signals
to obtain a signal based on an orthogonal coordinate system.
As such, the B-mode image signal carries luminance values
indicating the intensity of the ultrasound reception signals.
The B-mode image generation unit 4 transmits the B-mode
image so generated to the B-mode image acquisition unit 5
each time an ultrasound scan is performed.

[0070] The B-mode image acquisitionunit 5 is a buffer that
stores the B-mode image signal that is transmitted each time
an ultrasound scan is performed. For example, the B-mode
image acquisition unit 5 is implemented by using a RAM, a
flash memory, or a hard disk drive.

[0071] Further, in the present disclosure, the term reception
signal (ultrasound reception signal) is used to refer to one
B-mode image signal or a frame echo signal (i.e., echo signal
composing one frame), based on which one B-mode image
signal is generated.

[0072] The emphasis map generation unit 6 receives, as
input, a B-mode image signal stored in the B-mode image
acquisition unit 5 and parameters input via the controller 9.
The parameters include “intensity”, “image lag”, and
“emphasize with color”. The emphasis map generation unit 6
generates an emphasis map, and outputs the emphasis map to
the B-mode image emphasis adding unit 7. The emphasis map
is a map used when adding emphasis to motions correspond-
ing to puncture needle insertion. In specific, the emphasis
map is a map indicating the amount of emphasis to be added
to pixel areas (i.e., pixels) of the B-mode image signal.
Details of the specific structure of the emphasis map genera-
tion unit 6 are described later in the present disclosure.

[0073] TheB-mode image emphasis adding unit 7 acquires
a B-mode image signal from the B-mode image acquisition
unit 5 and acquires an emphasis map from the emphasis map
generation unit 6. Further, the B-mode image emphasis add-
ing unit 7 adds emphasis to pixel areas of the B-mode image
signal. The B-mode image emphasis adding unit 7 adds
emphasis to the B-mode image signal, which is the reception
signal, such that a pixel area emphasized with a greater
emphasis has greater luminance. The B-mode image empha-
sis adding unit 7 outputs the B-mode image signal with
respect to which emphasis adding has been performed to the
display control unit 8.

[0074] The display control unit 8 causes the display 10
connected thereto to display the emphasis-added B-mode

image signal.
[0075] The controller 9 is an interface with which the
parameters “intensity”, “image lag”, and “emphasize with
color” can be input to the emphasis map generation unit 6. For
example, the controller 9 is a pointing device such as a track-

ball or a mouse.
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[0076] The display 10 is an image display device connect-
able to the display control unit 8, and for example, is a liquid
crystal display or an organic EL display. Note that the display
10 and the controller 9 may be implemented by using a single
device such as a touch panel.

[0077] Note that the ultrasound image processing circuit 11
is, for example, implemented by using hardware such as a
field programmable gate array (FPGA) or an application-
specific integrated circuit (ASIC). Further, the ultrasound
transmission/reception unit 2, the transmission/reception
control unit 3, the B-mode image generation unit 4, the
B-mode image emphasis adding unit 7, and the display con-
trol unit 8 are implemented as functional blocks of the ultra-
sound image processing circuit 11.

<Emphasis Map Generation Unit>

[0078] The following describes the structure of the empha-
sis map generation unit 6.

[0079] FIG. 2 s a block diagram illustrating the emphasis
map generation unit 6. The emphasis map generation unit 6
includes: a motion map generation unit 61; a motion map
computation unit 65; and an emphasis allocation unit 68.
[0080] The motion map generation unit 61 generates a
motion map based on two B-mode images stored in the
B-mode image acquisition unit 5. The motion map is genet-
ated by calculating the difference between the two B-mode
images, and indicates the motion for each pixel area. In the
present disclosure, a motion is a value indicating a signal
change corresponding to the movement of a target object
between B-mode image signals. More specifically, in the
present embodiment, a motion is the difference between the
squares of the luminance values of the same pixel area in two
B-mode images. Further, in the present disclosure, a pixel
area is an area composed of at least one pixel, and is the
minimum unit with respect to which processing such as pro-
cessing of the emphasis map and B-mode image emphasis
adding is performed. In the present embodiment in particular,
one pixel area corresponds to one pixel. As such, performing
processing with respect to pixel areas substantially equals
performing processing with respect to pixels.

[0081] The motion map generation unit 61 includes a
motion calculation unit 62; a motion screening unit 63; and a
motion adjustment unit 64.

[0082] The motion calculation unit 62, when the B-mode
image acquisition unit 5 acquires a B-mode image signal,
generates a motion map by using the difference between the
B-mode image signal obtained by the B-mode image acqui-
sitionunit 5 (i.e., the B-mode image signal of the latest frame)
and a B-mode image signal of a previous frame.

[0083] Themotionscreening unit 63 acquires a motion map
from the motion calculation unit 62 and acquires a B-mode
image signal of the latest frame from the B-mode image
acquisition unit 5. Further, the motion screening unit 63 per-
forms weighting with respect to the motion map by using
luminance values of the B-mode image signal. In specific, the
motion screening unit 63 performs weighting with respect to
pixels of the motion map. In specific, the weighting here is
performed such that the higher the luminance value of a
corresponding pixel of the B-mode image signal, the greater
the amount by which the motion of a pixel of the motion map
is increased in the weighting. Weighting is performed in such
a manner because a puncture needle typically corresponds to
pixels (pixel areas) in a B-mode image signal having high
luminance values, and by performing weighting in such a
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manner, pixels areas in the motion map that are likely to
correspond to the puncture needle can be provided with rela-
tively great motions.

[0084] The motion adjustment unit 64 acquires the motion
map with respect to which the motion screening unit 63 has
performed weighting, and performs weighting with respect to
the motion map based on the total of the motions in the motion
map. In specific, the motion adjustment unit 64 calculates a
total motion, which is the sum of the motions of every pixel of
the motion map. Subsequently, the motion adjustment unit
64, based on a non-increasing function such as that illustrated
in FIG. 5A, performs weighting uniformly with respect to
every pixel in the motion map by using a weighting coeffi-
cient corresponding to the total motion. In specific, the
weighting here is performed such that the greater the total
motion, the greater the amount by which the motions of the
pixels of the motion map are decreased in the weighting. The
weighting here is performed in such a manner because when
movement of the ultrasound probe 1 occurs, a motion is
detected for most pixels, and the total motion of the motion
map becomes greater compared to when movement of the
ultrasound probe 1 does not occur. By performing weighting
in such a manner, a situation is prevented where emphasis is
added to the entire B-mode image signal to movement of the
ultrasound probe 1.

[0085] The motion map computation unit 65 includes a
motion holding unit 66 and a motion attenuation unit 67.
[0086] The motion holding unit 66, or more specifically, a
storage medium included in the motion holding unit 66, holds
amotion map (referred to in the following as a second motion
map) differing from the motion map generated by the motion
map generation unit 61 (referred to in the following as a first
motion map). The motion holding unit 66 acquires the first
motion map from the motion map generation unit 61, and by
using the first motion map and the second motion map, gen-
erates a new motion map (referred to as a third motion map in
the following). In specific, the motion holding unit 66 com-
pares, pixel-by-pixel, the motion in the first motion map and
the motion in the second motion map, and thereby determines
the greater one of such motions. Further, by using such
motions, the motion holding unit 66 generates the third
motion map. The motion holding unit 66 outputs the third
motion map to the motion attenuation unit 67 and the empha-
sis allocation unit 68.

[0087] The motion attenuation unit 67 acquires a third
motion map from the motion holding unit 66 and attenuates
the motions in the third motion map. In specific, the motion
attenuation unit 67 causes the motion of each pixel in the third
motion to attenuate by multiplying the motion by an attenu-
ation factor that is greater than zero and smaller than one.
Here, the smaller the attenuation factor, the greater the attenu-
ation, and the greater the attenuation factor, the smaller the
attenuation. The attenuation factor is set according to the
image lag time (the amount of time during which image lag
persists) input via the controller 9 and the frame rate of the
B-mode image signal. In specific, the shorter the image lag
time, the smaller the attenuation factor, and the lower the
frame rate, the smaller the attenuation factor. For example,
when the image lag time is four seconds and the frame rate is
30 frames per second, the attenuation factor is set to 0.989 so
that added emphasis decreases by around 50% within two
seconds. The motion attenuation unit 67 outputs the third
motion map whose motions have been attenuated to the
motion holding unit 66. The motion holding unit 66 holds the
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attenuated third motion map in the storage medium. Thus, the
motion holding unit 66 is able to use the attenuated third
motion map as a second motion map when generating a third
motion map for a subsequent frame.

[0088] The emphasis allocation unit 68 acquires a third
motion map from the motion map computation unit 65. The
empbhasis allocation unit 68 converts the motions in the third
motion map into emphasis, and thereby creates an emphasis
map. An emphasis allocated to a given pixel of the emphasis
map is determined according to the motion of the correspond-
ing pixel of the third motion map, and in addition, the “inten-
sity” and “emphasize with color” parameters input via the
controller 9.

[0089] Further, the motion calculation unit 62, the motion
screening unit 63, the motion adjustment unit 64, the motion
holding unit 66, the motion attenuation unit 67, and the
emphasis allocation unit 68 are implemented as functional
blocks of the motion map generation unit 61. Further, note
that the motion holding unit 66 has a storage medium that may
be implemented, for example, by using a RAM, a flash
memory, and/or a hard disk drive.

<Operations>
[0090] First, the ultrasound diagnostic device 100 receives
configuration of “intensity”, “image lag”, and “emphasize
with color”. In specific, the ultrasound diagnostic device 100
displays a configuration screen such as that illustrated in FIG.
11 on the display 10, and allows the operator to perform input
via the controller 9. In specific, the operator configures
“Intensity” by using a slider bar 401, configures “image lag”
by using a slider bar 402, and configures “emphasize with
color” by using option buttons 403, 404. When “intensity” is
configured, the intensity of the emphasis added changes.
When “image lag” is configured, the time for which added
emphasis visually persists changes. When “emphasize with
color” is configured, a choice is made of whether or notto add
emphasis in color. Note that when the operator does not
perform any input with respect to one or more of such param-
eters, values that are preset to the ultrasound diagnostic
device 100 are used.

[0091] The following describes the operations that the
ultrasound diagnostic device 100 performs with respect to
each reception signal. FIG. 3 is a flowchart illustrating opera-
tions that the ultrasound diagnostic device 100 performs for
one reception signal (i.e., one frame).

[0092] First, the ultrasound diagnostic device 100 acquires
a reception signal (Step S101). In specific, the ultrasound
transmission/reception unit 2 performs transmission with the
ultrasound probe 1 in contact with the surface of the imaging
subject, whereby the ultrasound probe 1 transmits an ultra-
sound wave with respect to the inside of the imaging subject.
Further, the ultrasound transmission/reception unit 2 pet-
forms reception based on the reflected ultrasound wave
reflected from the imaging subject, which are received via the
ultrasound probe 1, whereby an echo signal is generated.
Note that the ultrasound transmission/reception unit 2 per-
forms such transmission and reception for a number of times
in accordance with the number of transducers provided to the
ultrasound probe 1. Thus, a single ultrasound scan is com-
pleted, and one frame composed of a plurality of echo signals
is formed. Thus, each time an ultrasound scan is performed,
one frame echo signal is composed, and the frame echo signal
is output to the B-mode image generation unit 4. The B-mode
image generation unit 4 receives the frame echo signal as
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input, and generates a B-mode image signal therefrom. Each
time an ultrasound scan is performed, the B-mode image
generation unit 4 outputs a B-mode image signal to the
B-mode image acquisition unit 5.

[0093] Subsequently. the motion calculation unit 62 gener-
ates a motion map (Step S102). In specific, the motion calcu-
lation unit 62 reads the B-mode image signal acquired by the
B-mode image acquisition unit 5, which corresponds to the
latest frame, and a B-mode image signal corresponding to the
previous frame, and generates a motion map by calculating a
motion for each pixel area.

[0094] Next, the motion screening unit 63 performs screen-
ing of motions (Step S103). In specific, the motion screening
unit 63 acquires the motion map from the motion calculation
unit 62 and acquires the B-mode image signal corresponding
to the latest frame from the B-mode image acquisition unit 5.
The motion screening unit 63 performs weighting with
respect to the motion map by using the luminance values of
the B-mode image signal. FIG. 4A illustrates one example of
a motion map, and FIG. 4B illustrates one example of a
B-mode image signal. FIG. 4B illustrates a puncture needle
200, which has a tip portion 200¢ and a tubular potion 2005.
In the B-mode image, the tip portion 200¢ has higher lumi-
nance than the tubular potion 2005. Note that in FIG. 4B and
in other drawings illustrating B-mode image signals, pixel
areas with high luminance values are illustrated in black and
pixel areas with low luminance values are illustrated in white,
with the exception of FIGS. 9A and 9B. FIG. 4A illustrates a
dashed line 200a, which indicates the actual position of the
puncture needle. Further, FIG. 4A illustrates areas 302 and
303 where motions exist (motions are not zero). Each area
302 corresponds to a part of the puncture needle, whereas
areas 303 do not correspond to parts of the puncture needle.
FIG. 4C illustrates the result of the weighting performed with
respect to the motion map illustrated in FIG. 4A. As illus-
trated in FIG. 4C, as a result of the weighting, the motions in
area 311 at the tip portion 200¢ (corresponding to area 301 in
FIG. 4A) and areas 312 along the tubular potion 2005 (cor-
responding to areas 302 in FIG. 4A) remain high after the
weighting, whereas the motions in areas 313 not correspond-
ing to parts of the puncture needle (corresponding to areas
303 in FIG. 4A) are lower after the weighting compared to
before the weighting, due to the low luminance that pixel
areas of the B-mode image signal corresponding to such areas
have. As a result, motions are screened such that in the
weighted B-mode image signal, motions exist only at those
pixel areas that are assumed as corresponding to the puncture
needle.

[0095] Subsequently, the motion adjustment unit 64 per-
forms the adjustment of motions (Step S104). In specific, the
motion adjustment unit 64 first calculates a total motion by
summing the motions for every pixel in the motion map.
Subsequently, the motion adjustment unit 64, based on a
non-increasing function such as that illustrated in FIG. 5A,
performs weighting with respect to every pixel in the motion
map by using a weighting coefficient corresponding to the
total motion. Note that when there is no change in the position
or orientation of the ultrasound probe 1 between the B-mode
image signal for the latest frame and the B-mode image signal
for the previous frame, in the motion map with respect to the
motion screening unit 63 has performed screening, only pixel
areas corresponding to and around the puncture needle would
have relatively great motions, as illustrated in FIG. 6A. In
contrast, when there is a change in the position and/or orien-
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tation of the ultrasound probe 1 between the B-mode image
signal for the latest frame and the B-mode image signal for the
previous frame, in the motion map with respect to the motion
screening unit 63 has performed screening, motions would
exists almost at an entirety of pixel areas 321 other than pixels
areas corresponding to and around the puncture needle, as
illustrated in FIG. 6B. In other words, motions are detected at
almost all pixel areas ofthe motion map. Seen in another way,
the total motion calculated by the motion adjustment unit 64
indicates the amount of movement of the ultrasound probe 1.
Thus, by performing weighting such that motions in the
motion map are reduced in accordance with the total motion,
a situation is prevented where emphasis is added to an entire
B-mode image signal due to movement of the ultrasound
probe 1.

[0096] Subsequently, the motion holding unit 66 generates
a third motion map (Step S105). In specific, the motion hold-
ing unit 66 compares the motion at a given mapping position
(i.e., apixel area indicated by a given set of coordinates) in the
first motion map and the motion at the corresponding map-
ping position (i.e., a pixel area indicated by the same set of
coordinates) in the second motion map, and thereby deter-
mines the greater one of such motions as the motion of a pixel
area indicated by the same set of coordinates in the third
motion map. The motion holding unit 66 performs such pro-
cessing with respect to all pixel areas, and thereby generates
the third motion map. FIGS. 7A, 7B, and 7C illustrate the
first, second, and third motion maps, respectively. In each of
FIGS. 7A through 7C, the area surrounded by the dashed line
indicates the actual position of the puncture needle. Here, say
the areas 330 in the first motion map have greater motions
than the areas 340 in the second motion map. In such a case,
motions in the third motion map (FIG. 7C) are calculated as
follows. Motions in the third motion map at pixel areas cor-
responding to the area 330 in the first motion map are calcu-
lated to be the respective motions at the areas 330. Further,
motions in the third motion map at pixel areas that do not
correspond to the area 330 in the first motion map but corre-
spond to the area 340 in the second motion map are calculated
to be the respective motions at the areas 340. Finally, motions
in the third motion map that correspond neither to the area 330
in the first motion map nor the area 340 in the second motion
map are calculated to have the value zero. When motions are
detected by merely calculating differences between two
B-mode images, the detected motions tend to be sparsely
distributed as illustrated in FIG. 9A. In contrast, according to
the present embodiment, the detected motions can be accu-
mulated over time, and thus can be visualized in a densely
distributed manner as illustrated in FIG. 9B. Further, since
motions can be accumulated, motions calculated in the past
can be visualized in the form of image lags.

[0097] Next, the emphasis allocation unit 68 generates an
emphasis map based on the third motion map (Step S106). In
specific, the emphasis amount allocation unit 68 generates the
emphasis map by converting motions of pixels of the third
motion map into emphasis based on the parameters “inten-
sity” and “emphasize with color”. The conversion of motions
in the third motion map into emphasis is performed as fol-
lows. When the “emphasize with color” parameter indicates
that a configuration is made to add emphasis with color, each
motion is converted into a value by using a non-decreasing
function, and the values so yielded are converted into empha-
sis indicating color by using the value of the “intensity”
parameter. Meanwhile, when the “emphasize with color”
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parameter indicates that a configuration is made not to add
emphasis with color, each motion is converted into a value by
using a non-decreasing function, and the values so yielded are
converted into emphasis influencing luminance by using the
value of the “intensity” parameter.

[0098] Then, the B-mode image emphasis adding unit 7
performs emphasis adding according to the emphasis map
(Step S107). FIG. 8C illustrates a B-mode image that is
vielded by adding emphasis to the B-mode image signal
illustrated in FIG. 8A by using the emphasis map illustrated in
FIG. 8B. The B-mode image so generated is displayed on the
display 10 by the display control unit 8.

[0099] Finally, the motion attenuation unit 67 performs
attenuation of the third motion map (Step S108). In specific,
the motion attenuation unit 67 attenuates motions of pixel
areas of the third motion map based on an attenuation factor.
As already described above, the attenuation factor is set
according to the “image lag” parameter and frame rate. The
attenuated third motion map is stored to the storage medium
included in the motion holding unit 66, and is used as the
second motion map in the processing performed with respect
to a subsequent frame. FIG. 10 is a schematic diagram illus-
trating the relationship between the first, second, and third
motion maps. A third motion map 3a that is created based on
a first motion map la and a second motion map 2a is stored to
the storage medium included in the motion holding unit 66
after motions therein are attenuated by the motion attenuation
unit 67. The attenuated third motion map 3a stored in the
storage medium is used as a second motion map 25 in pro-
cessing performed with respect to a subsequent frame in
combination with a first motion map 15, for generating a third
motion map 3b. The third motion map 35 is also stored to the
storage medium after motions therein are attenuated by the
motion attenuation unit 67. The attenuated third motion map
3bis used as a second motion map 2¢ in processing performed
with respect to a subsequent frame in combination with a first
motion map le, for generating a third motion map 3c. Here,
note that the third motion map 3@ becomes the second motion
map 2b through attenuation of motions, and similarly, the
third motion map 34 becomes the second motion map 2¢
through attenuation of motions. Due to this, the influence that
the motions in the first motion map 1a has on the third motion
map decreases, each time the third motion map is updated.
That is, the influence that the motions in the first motion map
la is greatest in the creation of the third motion map 3¢,
becomes smaller in the creation of the third motion map 34,
and becomes even smaller in the creation of the third motion
map 3c. It is due to the attenuation of motions being per-
formed as described above that emphasis added continues to
be displayed during the time set to “image lag”.

Summary

[0100] The structure described above provides the third
motion map, in which signal changes corresponding to the
movement of a puncture needle are accumulated. Thus, the
present embodiment achieves adding emphasis to signal
changes corresponding to the movement of a puncture needle
athigher spatial density than conventionally possible, thereby
improving the visual perceptibility of puncture needles.
Meanwhile, each time the processing target frame changes,
motions in the second motion map that reflect motions in past
first motion maps are attenuated. Thus, while added emphasis
continues to be displayed for a certain period of time as an
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image lag and thus does not disappear immediately, added
emphasis does not persist to be displayed over an undesirably
long period of time.

[0101] Inaddition, when movementofthe ultrasound probe
occurs, adjustment of motions is performed so that adding of
emphasis is suppressed. Due to this, the situation is prevented
where emphasis is added over the entire screen due to move-
ment of the ultrasound probe. Further, even when movement
of the ultrasound probe occurs, there is no need to for the
operator to perform operations for suspending the adding of
emphasis.

Modification of Embodiment 1

<Structure>

[0102] FIG. 12 is a block diagram illustrating a ultrasound
diagnostic device 110 pertaining to a modification of embodi-
ment 1. Note that in FIG. 11, components already illustrated
in FIG. 1 are indicated by using the same reference signs.
Further, such components are not described in detail in the
following.

[0103] Theultrasound diagnostic device 110 has a structure
similar to that of the ultrasound diagnostic device 100, dif-
fering from the ultrasound diagnostic device 100 only for
including an ultrasound image processing circuit 21 includ-
ing an emphasis map generation unit 16, instead of the ultra-
sound image processing circuit 11 including the emphasis
map generation unit 6.

[0104] FIG. 13 is a block diagram illustrating the emphasis
map generation unit 16. Note that in FIG. 13, components
already illustrated in FIG. 2 are indicated by using the same
reference signs. Further, such components are not described
in detail in the following.

[0105] Theemphasis map generation unit 16 has a structure
similar to that of the emphasis map generation unit 6, differ-
ing from the emphasis map generation unit 6 only in that the
motion map computation unit 65 is replaced with a motion
map computation unit 165. The motion map computation unit
165 includes an alpha blending unit 166 and a motion map
holding unit 167.

[0106] The alpha blending unit 166 generates a third
motion map by using a first motion map generated by the
motion map generation unit 61 and amotion map stored in the
motion map holding unit 167 (referred to in the following as
a fourth motion map). In specific, the alpha blending unit 166
regards the motions in each of the first motion map and the
fourth motion map as pixel values, and performs alpha blend-
ing of the first motion map and the fourth motion map. Thus,
the first motion map and the fourth motion map are compos-
ited into a single motion map (third motion map). Alpha-
blending refers to pixel-by-pixel processing where a pixel
value (motion) of a given pixel in the first motion map and a
pixel value (motion) of a corresponding pixel in the fourth
motion map are linearly combined at a ratio of (1-a):at
(where a represents a predetermined alpha value satisfying
0<a<1), and the value obtained through the linear combina-
tion is set as a pixel value (motion) of a corresponding pixel in
the third motionmap. That is, given V,; denoting the motion of
apixel ata given set of coordinates in the first motion map, V.,
denoting the motion of a pixel at the same set of coordinates
in the fourth motion map, and V; denoting the motion of a
pixel at the same set of coordinates in the third motion map,
V., V,, and V; satisfy: V,=(1-c)xV +axV,. The value o
changes depending upon the image lag time set via the con-
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troller 9 and the frame rate of the B-mode image signal.
Similar to the above-described attenuation factor, the shorter
the image lag time, the smaller the value ¢, and the lower the
frame rate, the smaller the value .. For example, when the
image lag time is one second and the frame rate is 20 frames
per second, the value o is set to 0.93 so that added emphasis
decreases by around 50% in 0.5 seconds.

[0107] The motion map holding unit 167 is a storage
medium storing the fourth motion map. In specific, the
motion map holding unit 167, when the alpha blending unit
166 generates a third motion map, stores the third motion map
as-is as a fourth motion map, and outputs the fourth motion
map to the alpha blending unit 166 in the processing per-
formed with respect to a subsequent frame.

<Operations>

[0108] First, the ultrasound diagnostic device 110 receives
configuration of “intensity”, “image lag”, and “emphasize
with color”. Since the processing here is similar to that in
embodiment 1, detailed description thereof is not provided in
the following.

[0109] The following describes the operations that the
ultrasound diagnostic device 110 performs with respect to
each reception signal. FIG. 14 is a flowchart illustrating
operations that the ultrasound diagnostic device 110 performs
for one reception signal (one frame).

Note that the same reference signs in FIGS. 3 and 14 indicate
the same processing, and thus, detailed description thereof'is
not provided in the following.

[0110] First, the ultrasound diagnostic device 110 acquires
a reception signal (Step S101).

[0111] Subsequently, the motion calculation unit 62 gener-
ates a motion map (Step S102).

[0112] Next, the motion screening unit 63 performs screen-
ing of motions (Step S103).

[0113] Then, the motion adjustment unit 64 performs
adjustment of motions (Step S104).

[0114] Following this, the alpha blending unit 166 gener-
ates a third motion map (Step S205). In specific, the alpha
blending unit 166 performs pixel-by-pixel processing where
a motion of a given pixel in a first motion map generated by
the motion map generation unit 61, and a motion of a corre-
sponding pixel in the fourth motion map being held by the
motion map holding unit 167, are linearly combined at a ratio
of (1-a):c, and the value obtained through the linear combi-
nation is set as a motion of a corresponding pixel in the third
motion map. Thus, emphasis is added to areas of a process-
ing-target B-mode image where signal changes correspond-
ing to movement are detected continuously over time, while
the adding of emphasis to areas where signal changes corre-
sponding to movement are sparsely detected over time is
suppressed.

[0115] Next, the emphasis allocation unit 68 generates an
emphasis map based on the third motion map (Step S106).
[0116] Then, the B-mode image emphasis adding unit 7
performs emphasis adding according to the emphasis map
(Step S107).

[0117] Finally, the motion map holding unit 167 stores the
third motion map as a fourth motion map (Step S208).

Summary

[0118] In this modification, a fourth motion map for the
latest frame corresponds to a third motion map for a previous
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frame. Thus, the fourth motion map is similar to the second
motion map, differing from the second motion map only in
that the fourth motion map is yielded without attenuating the
motions in the third motion map with the motion attenuation
unit 67. The attenuation by the motion attenuation unit 67 is
unnecessary since the alpha value used by the alpha blending
unit 166 has the same effects as the attenuation factor used by
the motion attenuation unit 67. More specifically, in embodi-
ment 1, the calculation of motions in a third motion map for a
latest frame is influenced by motions in a second motion map
for the latest frame (i.e., yielded by multiplying motions in a
third motion map for a previous frame with the attenuation
factor). Meanwhile, in the present modification, the calcula-
tion of motions in a third motion map for a latest frame is
performed by multiplying motions in a fourth motion map for
the latest frame (i.e., corresponding to a third motion map for
a previous frame) with the alpha value. The use of the alpha
value brings about the same effects as the use of the attenua-
tion factor, because the influence that the third motion map for
the previous frame (i.e., the fourth motion map for the latest
frame) has on the creation of the third motion map for the
latest frame is attenuated by the alpha value.

[0119] Thus, the generation of the third motion map by the
alpha blending unit 166 in the present embodiment corre-
sponds to the combination, in embodiment 1, of the attenua-
tion of motions by the motion attenuation unit 67 and the
generation of the third motion map by the motion holding unit
66.

Embodiment 2

<Structure>

[0120] FIG. 15 is a block diagram illustrating a ultrasound
diagnostic device 100A pertaining to embodiment 2. Note
that in FIG. 15, components already illustrated in FIG. 1 are
indicated by using the same reference signs. Further, such
components are not described in detail in the following.
[0121] The ultrasound diagnostic device 100A is similar to
the ultrasound diagnostic device 100, differing from the ultra-
sound diagnostic device 100 only in that the ultrasound diag-
nostic device 100A includes an ultrasound image processing
circuit 11A in place of the ultrasound image processing cit-
cuit 11. The ultrasound image processing circuit 11A is char-
acterized in that an emphasis map is generated with respect to
a frame echo signal and emphasis is added to the frame echo
signal by using the emphasis map, before the frame echo
signal is converted into a B-mode image.

[0122] The ultrasound image processing circuit 11A
includes an echo signal acquisition unit 5A. The echo signal
acquisition unit is a buffer that stores a frame echo signal. As
already described above, one frame echo signal is generated
for each ultrasound scan performed.

[0123] The ultrasound image processing circuit 11A
includes an emphasis map generation unit 6A and an echo
signal emphasis adding unit 7A. The emphasis map genera-
tion unit 6A receives, as input, frame echo signals stored in
the echo signal acquisition unit 5A and the parameters “inten-
sity”, “image lag”, and “emphasize with color” input via the
controller 9. The emphasis map generation unit 6A generates
an emphasis map, and outputs the emphasis map to the echo
signal emphasis adding unit 7A. The emphasis map is a map
that causes emphasis to be added to motions corresponding to
puncture needle insertion. The operations of the emphasis
map generation unit 6A are similar to those of the emphasis
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map generation unit 6, differing from the operations of the
emphasis map generationunit 6 only in that the emphasis map
generation unit 6A generates an emphasis map based on
frame echo signals and not B-mode image signals.

[0124] Theecho signal emphasis adding unit 7A acquires a
frame echo signal stored in the echo signal acquisition unit SA
and acquires the emphasis map from the emphasis map gen-
eration unit 6A. Further, the echo signal emphasis adding unit
7A adds emphasis to pixel areas of the frame echo signal. The
operations of the echo signal emphasis adding unit 7A are
similar to those ofthe B-mode image emphasis adding unit 7,
differing from the operations of the B-mode image emphasis
adding unit 7 only in that the echo signal emphasis adding unit
7A adds emphasis to a frame echo signal and not a B-mode
image signal.

[0125] The ultrasound diagnostic device 100A includes a
B-mode image generation unit 4A. The B-mode image gen-
eration unit 4A converts each one of the echo signals with
respect to which the echo signal emphasis adding unit 7A has
added emphasis into a luminance signal having a luminance
value corresponding to the intensity of the emphasis-added
echo signal. Further, the B-mode image generation unit 4A
performs coordinate conversion on the luminance signals to
obtain a signal based on an orthogonal coordinate system.
Thus, the B-mode image generation unit 4A generates a
B-mode image signal. The B-mode image generation unit 4A
performs operations similar to those of the B-mode image
generation unit 4, differing from the operations of the B-mode
image generation unit 4 only in that the B-mode image gen-
eration unit 4A converts, into a B-mode image, the emphasis-
added echo signals obtained by the echo signal emphasis
adding unit 7A performing emphasis adding, and not the echo
signals generated by the ultrasound transmission/reception
unit 2.

<Operations>

[0126] First, the ultrasound diagnostic device 100A
receives configuration of “intensity”, “image lag”, and
“emphasize with color”. Since the operations here are similar
to those in embodiment 1, detailed description thereof is not
provided in the following.

[0127] The following describes the operations that the
ultrasound diagnostic device 100A performs with respect to
each reception signal. FIG. 16 is a flowchart illustrating
operations that the ultrasound diagnostic device 100A per-
forms for one reception signal (i.e., one frame). Note that the
same reference signs in FIGS. 3 and 16 indicate the same
processing, and thus, detailed description thereof is not pro-
vided in the following.

[0128] First, the ultrasound diagnostic device 100A
acquires a reception signal (Step S301). In specific, the ultra-
sound transmission/reception unit 2 performs transmission
with the ultrasound probe 1 in contact with the surface of the
imaging subject, whereby the ultrasound probe 1 transmits an
ultrasound wave with respect to the inside of the imaging
subject. Further, the ultrasound transmission/reception unit 2
performs reception based on the reflected ultrasound wave
reflected from the imaging subject, which is received via the
ultrasound probe 1, whereby an echo signal is generated.
Note that the ultrasound transmission/reception unit 2 per-
forms such transmission and reception for a number of times
in accordance with the number of transducers provided to the
ultrasound probe 1. Thus, a single ultrasound scan is com-
pleted, and one frame composed of a plurality of echo signals
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is formed. Thus, each time an ultrasound scan is performed,
one frame echo signal is formed, and the frame echo signal is
output to the echo signal acquisition unit 5A.

[0129] Subsequently, the emphasis map generation unit 6A
generates a motion map (Step S302). In specific, the emphasis
map generation unit 6A generates a motion map by reading
the frame echo signal acquired by the echo signal acquisition
unit 5A and a previous frame echo signal. The processing in
Step S302 differs from the processing in Step S102 only in
that frame echo signals are used in place of B-mode image
signals. Thus, detailed description thereof is not provided in
the following.

[0130] Next, the emphasis map generation unit 6A per-
forms screening of motions (Step S303). The processing in
Step S303 differs from the processing in Step S103 only in
that a motion map based on frame echo signals are used in
place of a motion map based on B-mode image signals, and
intensity values of a frame echo signal is used in place of
luminance values in a B-mode image signal. Thus, detailed
description thereof is not provided in the following.

[0131] Subsequently, the emphasis map generation unit 6A
performs the adjustment of motions (Step S304). The pro-
cessing in Step S304 differs from the processing in Step S104
only in that a motion map based on frame echo signals are
used in place of a motion map based on B-mode image sig-
nals. Thus, detailed description thereof is not provided in the
following.

[0132] Subsequently, the emphasis map generation unit 6A
generates a third motion map (Step S105).

[0133] Next, the emphasis map generation unit 6A gener-
ates an emphasis map by using the third motion map (Step
S106).

[0134] Then, the echo signal emphasis adding unit 7A per-
forms emphasis adding according to the emphasis map (Step
S307). The processing in Step S307 differs from the process-
ing in Step S107 only in that emphasis is added to a frame
echo signal and not a B-mode image signal. Thus, detailed
description thereof is not provided in the following.

[0135] Subsequently, the B-mode image generation unit
4A converts the frame echo signal into a B-mode image signal
(Step S308). In specific, the B-mode image generation unit
4A converts each of the echo signals in the frame echo signal
with respect to which the echo signal emphasis adding unit
7A has added emphasis into a luminance signal having an
intensity value corresponding to the intensity of the empha-
sis-added echo signal. Further, the B-mode image generation
unit 4A performs coordinate conversion on the luminance
signals to obtain a signal based on an orthogonal coordinate
system. Thus, the B-mode image generation unit 4A gener-
ates a B-mode image signal.

[0136] Finally, the emphasis map generation unit 6A per-
forms attenuation with respect to the third motion map (Step
S108).

Summary

[0137] Inembodiment 2, emphasis is added to echo signals,
which are later converted into a B-mode image signal. This
enables adding emphasis to a puncture needle even when, for
example, the B-mode image generation unit 4A and the dis-
play control unit 8 are external units not included in the
ultrasound diagnostic device 100A.
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Other Modifications pertaining to Embodiments and
Modification

[0138] (1) In embodiment 1, modification of embodiment
1, and embodiment 2, the emphasis allocation unit 68 con-
verts motions of pixels of the third motion map into emphasis
by using a non-decreasing function and the value of the
“intensity parameter”, such that when the “emphasize with
color” parameter indicates that a configuration is made to add
emphasis with color, emphasis indicating color is yielded,
and when the “emphasize with color” parameter indicates
that a configuration is made not to add emphasis with color,
emphasis influencing luminance is yielded. However, the
emphasis allocation unit 68 need not perform the allocation of
emphasis to pixels in such a manner. For example, a modifi-
cation may be made such that the emphasis allocation unit 68
allocates emphasis indicating color or emphasis influencing
luminance values to only pixel areas having motions equal to
or greater than a predetermined threshold value. Alterna-
tively, a modification may be made such that when the
“emphasize with color” parameter indicates that a configura-
tion is made to add emphasis with color, the emphasis allo-
cation unit 68 allocates to each pixel area both an emphasis
indicating color and an emphasis influencing luminance.
Alternatively, a modification may be made such that the
emphasis allocation unit 68 allocates, to pixel areas having
motions equal to or greater than a predetermined threshold
value, emphasis indicating that icons are to be overlaid onto
such pixel areas. FIG. 17 illustrates an example where a
circular icon 503 has been overlaid onto a tip of a puncture
needle 502, which corresponds to a pixel area having a motion
greater than or equal to a predetermined threshold value.
Alternatively, a modification may be made such that the
emphasis allocation unit 68 allocates, to a pixel area having
the greatest motion, an emphasis indicating that an icon is to
be overlaid onto such pixel areas. Alternatively, a modifica-
tion may be made such that the emphasis allocation unit 68
allocates, when taking a given pixel area for example, a com-
bination of an emphasis indicating that an icon is to be over-
laid to the pixel area, and one of an emphasis indicating color
tone and an emphasis influencing the luminance value of the
pixel area.

[0139] (2) In embodiment 1, modification of embodiment
1, and embodiment 2, the motion adjustment unit 64 adjusts
motions in a motion map based on a total of the motions in the
motion map by using the non-increasing function illustrated
in FIG. 5A. However, the motion adjustment unit 64 need not
adjust motions in a motion map in such a manner. For
example, a modification may be made such that the motion
adjustment unit 64 adjusts motions in a motion map by using
the non-increasing function illustrated in FIG. 5B. When the
non-increasing function illustrated in FIG. 5B is used,
motions do not decrease through weighting when the total
motion is lower than or equal to a predetermined value.
Accordingly, when the non-increasing function illustrated in
FIG. 5B is used, motions in a motion map are not reduced
when signal changes corresponding to movement that does
not derive from the movement of the ultrasound probe 1 is
detected in the form of motions. Here, movement that does
not derive from the movement of the ultrasound probe 1 may
be, for example, movement of the puncture needle or move-
ment inside the examination subject’s body brought about by
breathing, pulsation, etc., of the examination subject.

[0140] Here, note that non-increasing functions other than
those illustrated in FIGS. 5A and 5B may be used in the
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adjustment of motions in a motion map. However, the non-
increasing function to be used in the adjustment of motions
needs to satisfy the three following conditions: (i) when the
total motion (motion of the ultrasound probe 1) is small to an
extent that it can be regarded that movement of the ultrasound
probe 1 hasnot occurred, the motions are decreased by a small
amount and (ii) when the total motion (motion of the ultra-
sound probe 1) is great to an extent that it can be regarded that
movement of the ultrasound probe 1 has occurred, the
motions are decreased by a great amount.

[0141] Alternatively, a modification may be made such that
the ultrasound probe 1 is provided with a sensor that detects
position of the ultrasound probe 1 or an angle sensor that
detects orientation of the ultrasound probe 1, the movement
of the ultrasound probe 1 is detected by using such sensors,
and the adjustment of motions is performed such that the
greater the movement of the ultrasound probe 1, the smaller
the motions after the adjustment.

[0142] (3) In embodiment 1, modification of embodiment
1, and embodiment 2, the motion screening unit 63 acquires a
motion map from the motion calculation unit 62 and acquires
a B-mode image for the latest frame from the B-mode image
acquisition unit 5, and provides weights to the motion map
based on the luminance values of the B-mode image signal.
However, the motion screening unit 63 need not screen
motions in a motion map in such a manner. For example, a
modification may be made such that the motion screening
unit 63 provides weight to pixel areas in a motion map based
on luminance values of the pixel areas by using anon-increas-
ing function. Alternatively, for example, a modification may
be made such that the motion screening unit 63 performs
screening such that a pixel area whose luminance value is
smaller than a predetermine value has a motion of zero after
the screening. By performing screening in such a manner,
motions in a motion map are screened such that only motions
of pixel areas having high luminance values remain after the
screening.

[0143] (4) In embodiment 1, modification of embodiment
1, and embodiment 2, the motion screening unit 63 performs
the screening of motions and the motion adjustment unit 64
performs the adjustment of motions in the process of gener-
ating a first motion map. However, screening and adjustment
of motions need not be performed in such a manner. For
example, amodification may be made such that the screening
and the adjustment of motions are performed with respect to
athird motion map generated by the motion holding unit 66 or
the alpha blending unit 166. Alternatively, for example, a
modification may be made such that, in place of such screen-
ing and adjustment of motions, screening of emphasis is
performed with respect to an emphasis map generated by the
emphasis allocation unit 68, and adjusting of emphasis is
performed by using a total emphasis in the emphasis map.
[0144] (5) In embodiments 1 and 2, the motion attenuation
unit 67 attenuates motions in a third motion map, the motion
holding unit 66 stores, as a second motion map, the third
motion map whose motions have been attenuated to a storage
medium, and the second motion map stored in the storage
medium is used in the generation of a third motion map for a
subsequent frame. However, the holding/storing of the sec-
ond motion map need not be performed in such a manner. For
example, a modification may be made such that (i) the process
of attenuating motions in a third motion map created for a
given frame and (ii) the process of storing and reading a
motion map for processing a subsequent frame are performed
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in the opposite order. That is, for example, the motion holding
unit 66 may store a third motion map for a given frame as-is
in a storage medium, before the motion attenuation unit 67,
when acquiring a first motion map for a subsequent frame,
reads the third motion map for the previous frame stored in
the storage medium, performs attenuation of motions, and
outputs the third motion map whose motions have been
attenuated as a second motion map for the subsequent frame
to the motion holding unit 66.

[0145] Alternatively, for example, a modification may be
made such that the motion attenuation unit 67, and not the
motion holding unit 66, has a storage medium, and the motion
attenuation unit 67 stores the third motion map whose
motions have been attenuated as the second motion map.
Alternatively, for example, a modification may be made such
that the motion attenuation unit 67 includes a delay circuit
capable of generating a delay corresponding to one frame,
and the motion attenuation unit 67, at a time point later by a
time period corresponding to one frame from the acquisition
of the third motion map from the motion holding unit 66,
outputs the third motion map whose motions have been
attenuated to the motion holding unit 66 as the second motion
map. When making such a modification, the motion map
computation unit 65 is implementable without the use of a
storage medium.

[0146] (6)Inembodiments 1 and 2, the motion holding unit
66, for each pixel, determines the greater one of a motion in
the first motion map and a motion in the second motion map,
and generates the third motion map by using the greater
motions so determined. However, the generation of the third
motion map need not be performed in such a manner. For
example, a modification may be made such that the motion
holding unit 66 generates the third motion map by performing
linear combination of the motions in the first motion map and
the motions in the second motion map. That is, given V,
denoting the motion of a pixel at a given set of coordinates in
the first motion map, V, denoting the motion of a pixel at the
same set of coordinates in the second motion map, and V,
denoting the motion of a pixel at the same set of coordinates
in the third motion map, V,, V,, and V; satisfy: V,=f,xV,+
B,xV,. In this expression, when for example {3, equals one
and p, isa value obtained by subtracting the attenuation factor
of the motion attenuation unit 67 from one, the processing by
the motion holding unit 66 becomes equivalent to the alpha
blending described above. However, the values for 3, and f3,
are not limited to such values, and any value greater than zero
and no greater than one may be setto 3, and {3,.

[0147] (7) In embodiment 1, modification of embodiment
1, and embodiment 2, the motion calculation unit 62 calcu-
lates, as a motion for a given pixel area of a motion map, the
difference between the squares of the luminance values of the
pixel area in two B-mode images. However, the calculation of
the motions need not be performed in such a manner. For
example, a modification may be made such that motions are
calculated by using a predetermined lookup table. Alterna-
tively, for example, a modification may be made such that a
distance between corresponding points in two B-mode
images (i.e., the magnitude of a motion vector) is determined
as a motion.

[0148] (8) In embodiment 1, modification of embodiment
1, and embodiment 2, the configuration of the parameters
“Intensity”, “image lag”, and “emphasize with color” is
received in the beginning of processing, and when such
parameters are not configured, values preset to the ultrasound
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diagnostic device are used. However, the setting of such
parameters need not be performed in such a manner. For
example, a modification may be made such that at any point
following reception of a predetermined input operation via
the controller 9, the configuration of the parameters can be
made. Alternatively, a modification may be made such that
when an operator does not perform any configuration with
respect to one or more of the parameters, the values previ-
ously set to the parameters are used.

[0149] (9) In embodiment 2, the generation of the third
motion map is performed in the same way as in embodiment
1. Alternatively, a modification may be made to embodiment
2 such that the third motion map is generated through alpha
blending, which is similar to the generation of the third
motion map in the modification of embodiment 1.

[0150] (10) In embodiment 2, emphasis adding is per-
formed with respect to a frame echo signal. However, the
emphasis-adding need not be performed with respect to a
frame echo signal in embodiment 2. For example, a modifi-
cation may be made such that emphasis-adding is performed
with respect to reception signals obtained based on echo
signals and a B-mode image signal is generated by perform-
ing coordinate conversion on the emphasis-added reception
signals to obtain a signal based on an orthogonal coordinate
system. Here, the reception signals are signals obtained by
performing processing such as envelope detection and loga-
rithmic compression with respect to echo signals to convert
the echo signals into luminance signals. Alternatively, for
example, a modification may be made such that emphasis-
adding is performed with respect to a reception signal
obtained based on echo signals and a B-mode image signal is
generated by performing processing such as envelope detec-
tion and logarithmic compression with respect to the empha-
sis-added reception signal to convert the emphasis-added
reception signal into a luminance signal. Here, the reception
signal is a signal obtained by performing coordinate conver-
sion on echo signals to obtain a signal based on an orthogonal
coordinate system. That is, the emphasis-adding may be per-
formed with respect to a reception signal at any point before
the reception signal, which originally is a frame echo signal,
is converted into a B-mode image signal, and the emphasis-
added reception signal may be converted into a B-mode
image signal.

[0151] Alternatively, a modification may be made such that
aB-mode image signal is generated after an emphasis map for
a frame echo signal is generated, and the emphasis-adding is
performed with respect to the B-mode image so generated by
using the emphasis map. When making such a modification,
emphasis-adding, such as the changing of color tone and/or
the overlaying oficons, can be readily performed with respect
to B-mode image signals. Alternatively, a modification may
be made such that an emphasis map is generated with respect
to areception signal at any stage, and the emphasis-adding by
using the emphasis map is performed with respect to a
B-mode image signal after the B-mode image signal is
obtained through conversion of the reception signal.

[0152] (11)Inembodiment 1, modification of embodiment
1, and embodiment 2, one pixel area corresponds to one pixel.
However, each pixel area need not correspond to one pixel.
For example, a modification may be made such that one pixel
area is an area composed of two-by-two pixels, i.e., a total of
four pixels. Providing pixels areas with such a size reduces
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the amount of processing required in the generation and
updating of motion maps, the creation of an emphasis map,
and the emphasis adding.

[0153] (12) In embodiment 1, modification of embodiment
1, and embodiment 2, the ultrasound probe 1, the controller 9,
and the display 10 are external devices connected to the
ultrasound diagnostic device. However, the ultrasound diag-
nostic device may have a different structure. For example, a
modification may be made such that the ultrasound diagnostic
device includes at least one of the ultrasound probe 1, the
controller 9, and the display 10. Alternatively, a modification
may be made such that the ultrasound diagnostic device does
not include the ultrasound probe 1, the ultrasound transmis-
sion/reception unit 2, the transmission/reception control unit
3, nor the B-mode image generation unit 4, and directly
acquires B-mode images from an external source.

[0154] (13) All structural elements of the ultrasound diag-
nostic devices pertaining to the embodiments and the modi-
fications above are implemented by using an integrated cir-
cuit of one. Alternatively, some of the structural elements of
the ultrasound diagnostic devices may be implemented by
using an integrated circuit of one or multiple chips, by using
a computer program, or in any other form. For example, the
emphasis map generation unit may be implemented by using
one chip, and the rest of the structural elements, such as the
display controller, may be implemented by using another
chip.

[0155] When implementing the ultrasound diagnostic
device by using an integrated circuit, a large scale integration
(LSI) is typically used. Here, an LSI may variously be
referred to as an IC, system LSI, super LSI, or ultra LSI,
depending on the degree of integration.

[0156] Further, circuit integration need not be achieved in
the form of an L.SI, and may be achieved by a dedicated circuit
or a general-purpose processor. That is, the circuit integration
may be achieved by using field programmable gate arrays
(FPGAs) or reconfigurable processors. An FPGA is an LSI
that can be programmed after the manufacturing thereof. A
reconfigurable processor is an LSI having internal circuits
cells whose connection and settings can be reconfigured after
the manufacturing thereof.

[0157] Furthermore, if circuit integration technology to
replace LSI arises due to progress in semiconductor technol-
ogy and other derivative technologies, such technology may
of course be used to perform integration of function blocks.

[0158] Further, the ultrasound diagnostic device pertaining
to the embodiments and the modifications above may be
implemented by using a combination of a program stored on
a storage medium and a computer including a memory and a
programmable device, such as a central processing unit
(CPU) and/or a graphics processing unit (GPU), that reads
and executes the program. Here, the storage medium may be
any kind of storage medium, such as a memory card, CD-
ROM. etc. Further, the ultrasound diagnostic device pertain-
ing to the embodiments and the modifications may be imple-
mented by using a program downloadable via a network and
a computer capable of downloading the program via the net-
work and executing the program.

[0159] (12) The embodiments described above merely
illustrate preferred examples of embodiment of the present
disclosure. The numerical values, shapes, materials, struc-
tural elements, the arrangement and connection of the struc-
tural elements, steps, the processing order of the steps, etc.,
shown in the embodiments are mere examples, and therefore
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do not limit the spirit and scope of the present disclosure. Also
note that among the structural elements and steps described in
the embodiments, structural elements and steps that are not
included in the independent claims, which indicate a general
concept of the present disclosure, are optional structural ele-
ments and steps that are included in order to explain preferred
embodiments of the present disclosure.

[0160] In order to facilitate understanding, structural ele-
ments are not necessarily illustrated to scale in the drawings
referred to in the embodiments. The present disclosure is of
course not limited by contents of the embodiments and vari-
ous modifications may be made so long as such modifications
do not deviate from the intended scope of the present disclo-
sure.

[0161] In an ultrasound diagnostic apparatus, circuit com-
ponents, leads, and the like are mounted on a substrate. Elec-
trical wiring and circuits can be implemented in various dif-
ferent configurations based on common knowledge in the
relevant technical field. However, as such configurations are
not directly relevant to explanation of the present disclosure,
explanation thereof is omitted. Also note that each of the
drawings is a schematic drawing and thus does not necessar-
ily provide a strictly accurate illustration of the matter
included therein.

[0162] Although the technology pertaining to the present
disclosure has been fully described by way of examples with
reference to the accompanying drawings, it is to be noted that
various changes and modifications will be apparent to those
skilled in the art. Therefore, unless such changes and modi-
fications depart from the scope of the present disclosure, they
should be construed as being included therein.

What is claimed is:

1. An ultrasound diagnostic device that transmits ultra-
sound waves towards a subject via an ultrasound probe and
acquires a frame signal by receiving ultrasound waves
reflected by the subject via the ultrasound probe, the ultra-
sound diagnostic device comprising

an ultrasound image processing circuit that adds emphasis
to the frame signal and generates an ultrasound image in
which the subject appears from the frame signal,
wherein

the ultrasound image processing circuit includes:

a signal acquirer that acquires a plurality of frame signals
generated at different time points;

amap generator that generates, by using the frame signals,
a first motion map composed of a plurality of pixel areas
each having a motion, the motion indicating an inter-
frame signal change and calculated from corresponding
pixel areas of the frame signals;

a map calculator that holds a second motion map and
creates a third motion map by performing a calculation
using motions in the first motion map and the second
motion map; and

an emphasis adder that adds emphasis to at least one of the
frame signals by using the third motion map and gener-
ates an ultrasound image from said at least one of the
frame signals, wherein

after the calculation using motions, the map calculator
holds the third motion map in place ofthe second motion
map.

2. The ultrasound diagnostic device of claim 1, wherein

in the creation of the third motion map, the map calculator
sets, as a motion for each pixel area of the third motion
map, a greater one of (1) a value obtained by attenuating

Jun. 11, 2015

a motion of a corresponding pixel area in the second
motion map based on a predetermined attenuation factor
and (ii) a motion of a corresponding pixel in the first
motion map.

3. The ultrasound diagnostic device of claim 2, wherein

the predetermined attenuation factor is set according to a
frame rate of the frame signals.

4. The ultrasound diagnostic device of claim 2 further

comprising

a controller for receiving input of the predetermined
attenuation factor.

5. The ultrasound diagnostic device of claim 1, wherein

the calculation using motions comprises alpha-blending
the second motion map and the first motion map.

6. The ultrasound diagnostic device of claim 5, wherein

an alpha value used in the alpha blending is set according to
a frame rate of the frame signals.

7. The ultrasound diagnostic device of claim 5 further

comprising

a controller for receiving input of an alpha value to be used
in the alpha blending.

8. The ultrasound diagnostic device of claim 1, wherein

the ultrasound image processing circuit further includes

a weight provider that provides a weight to each motion in
the first motion map based on a luminance value of a
corresponding pixel area of one or more of the frame
signals, and outputs the first motion map, whose motions
have been weighted, to the map calculator.

9. The ultrasound diagnostic device of claim 8, wherein

the weight provider, when the luminance value of the cor-
responding pixel area is lower than a predetermined
value, provides a weight to the motion in the first motion
map by using zero as a weighting coefficient, so that
after weighting by the weighting unit, among the pixel
areas in the first motion map, only one or more pixel
areas corresponding to a puncture needle have motions,
the one or more pixel areas corresponding to one or more
pixel areas of said at least one of the frame signals having
luminance values greater than the predetermined value.

10. The ultrasound diagnostic device of claim 1, wherein

the ultrasound image processing circuit further includes

an emphasis adjuster that, when a movement of the ultra-
sound probe in a direction along a surface of the subject
occurs, detects a signal change indicating the movement
of the ultrasound probe, adjusts motions in the third
motion map based on the signal change indicating the
movement of the ultrasound probe by using a non-in-
creasing function, and outputs the third motion map,
whose motions have been adjusted, to the emphasis
adder.

11. The ultrasound diagnostic device of claim 10, wherein

the emphasis adjuster calculates the signal change indicat-
ing the movement of the ultrasound probe by using the
first motion map.

12. The ultrasound diagnostic device of claim 10, wherein

the ultrasound probe includes a sensor that detects either a
position of the ultrasound probe or an orientation of the
ultrasound probe, and

the emphasis adjuster uses a value output by the sensor as
the signal change indicating the movement of the ultra-
sound probe.
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13. The ultrasound diagnostic device of claim 1, wherein

the ultrasound image processing circuit further includes

an emphasis adjuster that, when a movement of the ultra-
sound probe in a direction along a surface of the subject
occurs, detects a signal change indicating the movement
of the ultrasound probe, adjusts the motions in the first
motion map based on the signal change indicating the
movement of the ultrasound probe by using a non-in-
creasing function, and outputs the first motion map,
whose motions have been adjusted, to the map calcula-
tor.

14. The ultrasound diagnostic device of claim 13, wherein

the emphasis adjuster calculates the signal change indicat-
ing the movement of the ultrasound probe by using the
first motion map.

15. The ultrasound diagnostic device of claim 13, wherein

the ultrasound probe includes a sensor that detects either a
position of the ultrasound probe or an orientation of the
ultrasound probe, and

the emphasis adjuster uses a value output by the sensor as
the signal change indicating the movement of the ultra-
sound probe.

16. The ultrasound diagnostic device of claim 1, wherein

the emphasis adder changes a pixel value of a pixel area of
said at least one of the frame signals based on a motion
at a corresponding pixel area in the third motion map by
using a non-decreasing function.

17. The ultrasound diagnostic device of claim 1, wherein

the emphasis adder adds emphasis to one or more pixel
areas of said at least one of the frame signals correspond-
ing to one or more pixel areas in the third motion map
having a motion greater than a predetermined threshold
value.

18. The ultrasound diagnostic device of claim 1, wherein

the emphasis adder adds emphasis to one or more pixel
areas of said at least one of the frame signals correspond-
ing to one or more pixel areas in the third motion map
having a motion greater than a predetermined threshold
value, the adding of emphasis performed by overlaying
an icon and changing a pixel value.

19. The ultrasound diagnostic device of claim 1, wherein

the emphasis adder adds emphasis to one pixel area of said
at least one of the frame signals corresponding to one
pixel area in the third motion map having a greatest
motion, the adding of emphasis performed by overlay-
ing an icon and changing a pixel value.

20. The ultrasound diagnostic device of claim 1 further

comprising

a storage medium for storing the second motion map,

wherein

15
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the map calculator holds the second motion map by writing

the second motion map to the storage medium.

21. An ultrasound image processing method for adding
emphasis to a frame signal and generating an ultrasound
image from the frame signal, the frame signal acquired by
receiving ultrasound waves reflected by a subject viaan ultra-
sound probe when the ultrasound probe transmits ultrasound
waves towards the subject, the ultrasound image processing
method comprising:

acquiring a plurality of frame signals generated at different

time points;
generating, by using the frame signals, a first motion map
composed of a plurality of pixel areas each having a
motion, the motion indicating an inter-frame signal
change and calculated from corresponding pixel areas of
the frame signals;
holding a second motion map and creating a third motion
map by performing a calculation using motions in the
first motion map and the second motion map; and

adding emphasis to at least one of the frame signals by
using the third motion map and generating an ultrasound
image from said at least one of the frame signals,
wherein

after the calculation using motions, the third motion map is

held in place of the second motion map.

22. A non-transitory computer-readable recording medium
storing thereon a program that causes a processor of an ultra-
sound diagnostic device to execute image processing for add-
ing emphasis to frame signals and generating ultrasound
images from the frame signals, the ultrasound diagnostic
device acquiring the frame signals by receiving ultrasound
waves reflected by a subject via an ultrasound probe when the
ultrasound probe transmits ultrasound waves towards the sub-
ject, the image processing comprising:

acquiring a plurality of frame signals generated at different

time points;
generating, by using the frame signals, a first motion map
composed of a plurality of pixel areas each having a
motion, the motion indicating an inter-frame signal
change and calculated from corresponding pixel areas of
the frame signals;
holding a second motion map and creating a third motion
map by performing a calculation using motions in the
first motion map and the second motion map; and

adding emphasis to at least one of the frame signals by
using the third motion map and generating an ultrasound
image from said at least one of the frame signals,
wherein

after the calculation using motions, the third motion map is

held in place of the second motion map.
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