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FIG.5
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FIG.6
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FIG.8
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FIG.10
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ULTRASOUND IMAGE PROCESSING
METHOD AND ULTRASOUND DIAGNOSTIC
DEVICE USING SAME

[0001] This application is based on an application No.
2014-097182 filed in Japan, the contents of which are hereby
incorporated by reference.

BACKGROUND OF DISCLOSURE

[0002] (1) Technical Field

[0003] The present disclosure pertains to an ultrasound
image processing method and to an ultrasound diagnostic
device using the ultrasound image processing method, and
particularly pertains to ultrasound image diagnostic technol-
ogy using spatial compounding.

[0004] (2) Description of the Related Art

[0005] In recent years, biological composition diagnostics
are being performed by inserting a puncture needle into the
body of a patient serving as the subject body, and taking
samples of tissue, bodily fluids, or similar for diagnostic.
Also, anesthesiologists, intensive care units, pain clinics, and
the like use puncture needles for anesthetic treatment. Such
diagnostics are realized by an operator, such as a doctor,
performing the puncture with the puncture needle by using an
ultrasound probe to acquire the position of the puncture
needle within the body in an ultrasound image. This requires
positional confirmation of the puncture needle, specifically if
atip of the puncture needle, on a monitor. Thus, an ultrasound
diagnostic device providing visibility improvements for the
puncture needle is sought.

[0006] In response, in recent years, an ultrasound puncture
system has been proposed, such as Japanese Patent Applica-
tion Publication No. 2000-107178, in which a high-bright-
ness portion is extracted from a cross-sectional ultrasound
image based on a reception signal, and color is applied to the
extracted portion for display as an overlay on the cross-sec-
tional ultrasound image. Also, Japanese Patent Application
Publication No. 2001-269339 proposes a method performed
by an ultrasound diagnostic device of applying processing to
cross-sectional ultrasound frame data that has been spatially
modified by calculating a difference over time between pieces
of cross-sectional ultrasound frame data. These documents
describe obtaining a clear image of the puncture needle in the
cross-sectional ultrasound image.

SUMMARY

Technical Problem

[0007] As it happens, the ultrasound diagnostic device
applies a method of transmitting an ultrasound beam from an
ultrasound probe into the subject body and making a reflected
ultrasound (i.e., an echo signal) visible. Accordingly, for
example, under conditions in which an angle of insertion of
the puncture needle into the subject body is acute and the
angle between the ultrasound beam and the puncture needle is
thus small, the reflected ultrasound input to the ultrasound
probe upon reflection by the puncture needle is weak, and the
puncture needle is not made sufficiently visible. Thus,
improvements are sought to the visibility of the puncture
needle under such conditions.

[0008] Particularly, for reasons of obtaining a high signal-
to-noise ratio and a wide field of view, in recent years, a
widespread ultrasound image diagnostic has used a spatial
compounding method of displaying a compound cross-sec-
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tional ultrasound image acquired from an ultrasound beam at
a plurality of steering angles. However, the above-described
phenomena are remarkable in such an ultrasound image diag-
nostic. That is, depending on the steering angle used for the
ultrasound beam, the angle between the ultrasound beam and
the puncture needle may be small. Further improvement to
the visibility of the puncture needle is sought for such cases.
[0009] In consideration of the above-described problems,
the present disclosure aims to provide an ultrasound image
processing method, and an ultrasound diagnostic device
using the method, enabling an improvement for the user to the
visibility of the puncture needle during an ultrasound image
diagnostic using spatial compounding.

Means for Solving the Problems

[0010] Inorder to resolve the above-described problem, an
ultrasound image processing method pertaining to an aspect
of the present disclosure is an ultrasound image processing
method of generating a frame reception signal by compound-
ing a plurality of sub-frame reception signals acquired from a
subject body through an ultrasound probe, the sub-frame
reception signals each being generated through one of a plu-
rality of sub-scans composing an ultrasound scan, and
between the sub-scans, a range in the subject body that is
scanned differing due to a different one of a plurality of
ultrasound beam steering angles being used, and involves
acquiring the sub-frame reception signals, creating a plurality
of sub-frame enhancement maps, each corresponding to one
of the sub-frame reception signals, the creating of each of the
sub-frame enhancement maps being performed by calculat-
ing, for a pixel region reception signal included in a corre-
sponding one of the sub-frame reception signals, an enhance-
ment amount in accordance with a characteristic value
calculated based on the pixel region reception signal, the pixel
region reception signal corresponding to a pixel region com-
posed of one or more pixels, and generating an enhancement-
applied frame reception signal by compounding pixel region
reception signals included in the sub-frame reception signals
based on pixel region positions, while taking into account the
enhancement amount included in at least one of the sub-frame
enhancement maps.

[0011] Also, an ultrasound diagnostic device pertaining to
an aspect of the present disclosure generates a frame recep-
tion signal by compounding a plurality of sub-frame recep-
tion signals acquired from a subject body through an ultra-
sound probe, the sub-frame reception signals each being
generated through one of a plurality of sub-scans composing
an ultrasound scan, and between the sub-scans, a range in the
subject body that is scanned differing due to a different one of
a plurality of ultrasound beam steering angles being used, the
ultrasound diagnostic device having a control circuit that
includes a reception signal acquirer acquiring the sub-frame
reception signals, a sub-frame enhancement map creator cre-
ating a plurality of sub-frame enhancement maps, each cor-
responding to one of the sub-frame reception signals, the
creating of each of the sub-frame enhancement maps being
performed by calculating, for a pixel region reception signal
included in a corresponding one of the sub-frame reception
signals, an enhancement amount in accordance with a char-
acteristic value calculated based on the pixel region reception
signal, the pixel region reception signal corresponding to a
pixel region composed of one or more pixels, and an enhance-
ment-applied reception signal generator generating an
enhancement-applied frame reception signal by compound-



US 2015/0320397 A1

ing pixel region reception signals included in the sub-frame
reception signals based on pixel region positions, while tak-
ing into account the enhancement amount included in at least
one of the sub-frame enhancement maps.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] These and the other objects, advantages, and fea-
tures of the disclosure will become apparent from the follow-
ing description thereof taken in conjunction with the accom-
panying drawings which illustrate a specific embodiment of
the disclosure.

[0013] In the drawings:

[0014] FIG. 1 is a functional block diagram of an ultra-
sound diagnostic device 10 pertaining to Embodiment 1;
[0015] FIG. 2 is a flowchart describing operations of the
ultrasound diagnostic device 10 pertaining to Embodiment 1;
[0016] FIG. 3 describes the operations of the ultrasound
diagnostic device 10 pertaining to Embodiment 1;

[0017] FIGS. 4A through 4E schematically describe a
puncture needle enhancement operation performed by the
ultrasound diagnostic device 10 pertaining to Embodiment 1;
[0018] FIG. 5 depicts a B-mode image with enhancement
applied to a puncture needle as obtained by the ultrasound
diagnostic device 10 pertaining to Embodiment 1;

[0019] FIG. 6 depicts a B-mode image acquired from an
ultrasound diagnostic device 10Y considered by the inventors
as a comparative example;

[0020] FIG. 7 schematically describes a puncture needle
enhancement operation performed by an ultrasound diagnos-
tic device pertaining to Variation 1 of Embodiment 1;

[0021] FIG. 8 depicts a B-mode image with enhancement
applied to the puncture needle as obtained by the ultrasound
diagnostic device pertaining to Variation 1 of Embodiment 1;
[0022] FIG. 9 schematically illustrates a frame enhance-
ment map compounding method according to a first method
employed by an ultrasound diagnostic device pertaining to
Embodiment 2;

[0023] FIG. 10 depicts a B-mode image with enhancement
applied to the puncture needle as obtained by the ultrasound
diagnostic device pertaining to Embodiment 2;

[0024] FIG. 11 schematically illustrates a frame enhance-
ment map compounding method according to a second
method employed by the ultrasound diagnostic device per-
taining to Embodiment 2;

[0025] FIG. 12 depicts a B-mode image with enhancement
applied to the puncture needle as obtained by the second
method used by the ultrasound diagnostic device pertaining to
Embodiment 2;

[0026] FIG. 13 schematically illustrates a frame enhance-
ment map compounding method according to a third method
employed by the ultrasound diagnostic device pertaining to
Embodiment 2;

[0027] FIG. 14 depicts a B-mode image with enhancement
applied to the puncture needle as obtained by the third method
used by the ultrasound diagnostic device pertaining to
Embodiment 2;

[0028] FIG. 15 schematically illustrates a frame enhance-
ment map compounding method according to a fourth
method employed by the ultrasound diagnostic device per-
taining to Embodiment 2;

[0029] FIG. 16 schematically illustrates a frame enhance-
ment map compounding method according to a fifth method
employed by the ultrasound diagnostic device pertaining to
Embodiment 2;
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[0030] FIG. 17 is a functional block diagram of an ultra-
sound diagnostic device 10A pertaining to Embodiment 3;
[0031] FIG. 18 describes the operations of the ultrasound
diagnostic device 10A pertaining to Embodiment 3;

[0032] FIG. 19 is a functional block diagram of a conven-
tional ultrasound diagnostic device 10X;

[0033] FIGS. 20A, 20B, and 20C are schematic diagrams
describing operations of the conventional ultrasound diag-
nostic device 10X

[0034] FIG. 21 depicts examples of a B-mode image result-
ing from displaying the B-mode sub-frame image signal
acquired by the conventional ultrasound diagnostic device
10X;

[0035] FIG. 22 is a functional block diagram of the ultra-
sound diagnostic device 10Y considered by the inventors;
[0036] FIG. 23 is a flowchart of the operations performed
by the ultrasound diagnostic device 10Y considered by the
inventors;

[0037] FIGS. 24A, 24B, and 24C are schematic diagrams
describing an example of a puncture needle enhancement
operation performed by the ultrasound diagnostic device 10Y
considered by the inventors;

[0038] FIGS. 25A through 25E are schematic diagrams
describing an example of another puncture needle enhance-
ment operation performed by the ultrasound diagnostic
device 10Y considered by the inventors; and

[0039] FIGS. 26A through 26E are schematic diagrams
describing another example of another puncture needle
enhancement operation performed by the ultrasound diagnos-
tic device 10Y considered by the inventors.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0040] The following describes a preferred embodiment of
the present disclosure.

Background Leading to the Embodiment of the
Disclosure

[0041] The inventors considered various approaches to
improving the visibility of a puncture needle during an ultra-
sound image diagnostic using spatial compounding.

1. Puncture Needle Visibility in B-Mode Image Using Spatial
Compounding in Conventional Ultrasound Diagnostic
Device 10X

[0042] FIG. 19 is a block diagram indicating the configu-
ration of a conventional ultrasound diagnostic device 10X.
The ultrasound diagnostic device 10X includes an ultrasound
transmitter and receiver 2X, a transmission and reception
controller 3X, a B-mode image generator 4X, a B-mode
image processor 5X, and a display controller 7X. The B-mode
image processor 5X is made up of a B-mode image acquirer
51X and a B-mode image compounder 52X. Also, in the
ultrasound diagnostic device 10X, an ultrasound probe 1X is
connectable to the ultrasound transmitter and receiver 2X,
and a display apparatus 8X is connectable to the display
controller 7X.

[0043] FIGS. 20A, 20B, and 20C are schematic diagrams
describing operations of the conventional ultrasound diag-
nostic device 10X. As illustrated in FIG. 20A, the ultrasound
diagnostic device 10X sequentially transmits and receives an
ultrasound beam from a transducer array of the ultrasound
probe 1X using, for example, a steering angle oriented in
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three directions across three stages. FIG. 20B is a schematic
diagram individually depicting the transmission and recep-
tion of the ultrasound beam oriented in three directions (here-
inafter termed sub-scan 1, sub-scan 2, and sub-scan 3 (the
sub-scans in the three directions being collectively termed
sub-scans when there is no need to distinguish between the
three directions)).

[0044] According to FIG. 19, the ultrasound transmitter
and receiver 2X performs a transmission process of supplying
an ultrasound transmission signal in pulse form in accordance
with a transmission control signal from the transmission and
reception controller 3X, causing the ultrasound probe 1X to
transmit the ultrasound beam. Here, the transmission control
signal controlling the emission direction of the ultrasound
beam in terms of the sub-scan is output from the transmission
and reception controller 3X to the ultrasound transmitter and
receiver 2X.

[0045] The ultrasound transmitter and receiver 2X also
generates an acoustic line signal by amplifying an ultrasound
signal based on a reflected ultrasound acquired from the ultra-
sound probe 1X and then performing delay-and-sum of an
AD (analog-to-digital) converted RF (radio-frequency) sig-
nal that is continuous in the depth direction, and outputs the
acoustic line signal to the B-mode image processor 5X. The
acoustic line signal is then output to the B-mode image gen-
erator 4X in sub-scan order with respect to chronology.
[0046] The B-mode image generator 4X performs a bright-
ness conversion by executing processing such as envelope
detection, logarithmic compression, and so on with the acous-
tic line signal. A B-mode image signal is generated by apply-
ing conversion into Cartesian coordinates to a resulting
brightness signal. The B-mode image signal generated by the
B-mode image generator 4X is transmitted to and stored by
the B-mode image acquirer 51X in chronological order for
every sub-scan performed. The B-mode image acquirer 51X
is a buffer storing the B-mode image signal.

[0047] The B-mode image compounder 52X acquires a
B-mode sub-frame image signal acquired from the sub-scans
performed by the B-mode image acquirer 51X. As depicted in
FIG. 20C, the B-mode image compounder 52X generates a
B-mode frame image signal by compounding using a spatial
compounding approach of averaging overlapping portions of
the B-mode image signal acquired at the same location. The
resulting B-mode image obtained by spatial compounding is
displayed on the display apparatus 8X through the display
controller 7X.

[0048] FIG. 21 depicts examples of the B-mode image
resulting from displaying the B-mode sub-frame image signal
acquired by the conventional ultrasound diagnostic device
10X. The B-mode image signal includes sub-scans 1,2,and 3
as depicted in FIG. 21, which correspond to the B-mode
images from the B-mode sub-frame image signals obtained as
schematically depicted for sub-scans 1, 2, and 3 in F1G. 20B.
As indicated by the arrows in FIG. 21, the puncture needle
(labeled A in FIG. 21) is inserted from the upper right to the
lower right in terms of the image.

[0049] The ultrasound is reflected at a tissue boundary or
the like, which is an acoustic interface between different
matter. The reflection grows stronger as the angle with respect
to the interface approaches 90 degrees, which produces a
clear reflected ultrasound. Accordingly, when the angle
between the puncture needle and the ultrasound beam is
small, such as in sub-scan 1 of FIG. 21, the reflected ultra-
sound from the puncture needle is not received by the ultra-
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sound probe 1X. As such, a strong and clear reflected ultra-
sound is not obtained. As a result, the puncture needle is
barely distinguishable in the B-mode image from sub-scan 1.
[0050] In contrast, in sub-scan 2 and in sub-scan 3, the
angle between the puncture needle and the ultrasound beam is
larger, such that a strong and clear reflected ultrasound is
obtained at the interface of the puncture needle. The reflected
ultrasound is received by the ultrasound probe 1X and the
puncture needle is clearly displayed in the B-mode image.
According to experiments by the inventors, the visibility of
the puncture needle is normally extremely low when the angle
between the puncture needle and the ultrasound beam is 45
degrees or less.

[0051] Then, when the B-mode sub-frame image signal
obtained from the sub-scans 1, 2, and 3 are used to generate
the B-mode frame image signal by compounding using spa-
tial compounding, the B-mode image signal indicating the
puncture needle among the sub-frames is subject to averag-
ing. As such, the visibility of the puncture needle is lower in
the B-mode frame image than in sub-scan 2 and sub-scan 3, in
which the puncture needle is clearly displayed.

2. Puncture Needle Visibility in B-Mode Image Using Spatial
Compounding in Ultrasound Diagnostic Device 10Y
Considered by Inventors

(1) Edge Enhancement Processing

[0052] Theinventors considered improving the visibility of
the puncture needle through edge enhancement processing
applied to the B-mode image using spatial compounding.
FIG. 22 is a functional block diagram of an ultrasound diag-
nostic device 10 Y considered by the inventors. The ultra-
sound diagnostic device 10Y differs from the ultrasound
diagnostic device 10X in the addition of an enhancement
processor 6 to the configuration of the ultrasound diagnostic
device 10X, and is otherwise identical in configuration to the
ultrasound diagnostic device 10X. The enhancement proces-
sor 6Y includes an enhancement processing B-mode image
acquirer 61Y, an sub-frame enhancement map creator 62,
and a B-mode image enhancer 63Y. FIG. 23 is a flowchart
indicating the operations of the B-mode image processor 5Y
and the enhancement processor 6Y in the ultrasound diagnos-
tic device 10Y. FIGS. 24A, 24B, and 24C are schematic
diagrams describing an example of a puncture needle
enhancement operation performed by the ultrasound diagnos-
tic device 10Y considered by the inventors.

[0053] Instep S201Y of FIG. 23, the B-mode image com-
pounder 52X reads the B-mode sub-frame image signal
stored in the B-mode image acquirer 51X acting as a buffer.
Then, as indicated in FIG. 24A, the B-mode image com-
pounder 52X performs compounding by averaging overlap-
ping portions of the B-mode image signal into a B-mode
frame image signal, which is output to the enhancement pro-
cessing B-mode image acquirer 61Y.

[0054] Next, in step S202Y, the sub-frame enhancement
map creator 62Y reads the B-mode frame image signal from
the enhancement processing B-mode image acquirer 61Y
and, as illustrated in FIG. 24B, creates a frame enhancement
map using edge enhancement processing, for example. The
frame enhancement map is a signal array mapping an
enhancement amount B to a portion extracted from the
B-mode image signal, the puncture needle being present in
the extracted portion. In the B-mode image signal, the bright-
ness at the interface between the puncture needle and the
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subject body is dramatically different from the brightness of
other regions of the subject body. Thus the puncture needle is
extractable therefrom using edge enhancement or the like, for
example.

[0055] Next, in step S203Y, the B-mode image enhancer
63Y reads the B-mode frame image signal from the enhance-
ment processing B-mode image acquirer 61Y and, as
depicted in FIG. 24C, applies enhancement processing to the
B-mode frame image signal in accordance with the frame
enhancement map created in step S202Y.

[0056] Here, when enhancement amount B has been appro-
priately mapped to the portion where the puncture needle is
located in the frame enhancement map, then the enhancement
processing is applied to portion A of the B-mode image signal
where the puncture needle is located in the B-mode frame
image signal. However, as described above, in the B-mode
frame image signal (hereinafter termed B-mode frame image
signal (1+2+3)) obtained by compounding the B-mode sub-
frame image signals acquired in sub-scans 1, 2, and 3 (here-
inafter termed B-mode sub-frame image signals 1, 2, and 3)
the visibility of puncture needle A is lower in comparison to
sub-scans 2 and 3, which are clear. Thus, the enhancement
amount in the frame enhancement map created from the
B-mode frame image signal (1+2+3)1s also small. As a result,
less enhancement is applied to the B-mode frame image sig-
nal upon enhancement processing.

(2) Motion Amount-Based Enhancement Processing

[0057] The inventors then considered improving the vis-
ibility of the puncture needle through motion amount-based
enhancement processing applied to the B-mode image using
spatial compounding. FIGS. 25A through 25E are schematic
diagrams describing an example of a puncture needle
enhancement operation performed by the ultrasound diagnos-
tic device 10Y considered by the inventors. The flowchart of
operations for the B-mode image processor 5Y and the
enhancement processor 6Y is identical to FIG. 23.

[0058] Instep S201Y, the B-mode image compounder 52X
reads the B-mode sub-frame image signals obtained through
the sub-scans from the B-mode image acquirer 51X. Then,
the B-mode image compounder 52X performs compounding
by averaging overlapping portions of the B-mode image sig-
nal, thus generating a B-mode frame image signal, which is
output to the enhancement processing B-mode image
acquirer 61Y. The generation of the B-mode frame image
signal is performed for each sub-scan. For example, as indi-
cated in FIG. 25A, the B-mode frame image signal (1+2+3) is
generated in accordance with the B-mode sub-frame image
signals 1, 2, and 3 acquired during respective sub-scans 1, 2,
and 3. the sub-scans 1, 2, and 3 having been performed in
stages. Also, as indicated in FIG. 25B, sub-scan 4 is per-
formed in an additional stage, and the B-mode frame image
signal (2+3+4) is generated in accordance with the B-mode
sub-frame image signals from three sub-frames acquired dur-
ing respective sub-scans 2, 3 and 4. These B-mode frame
image signals are sequentially output to the enhancement
processing B-mode image acquirer 61Y and accumulated
therein.

[0059] Next, in step S202Y, the sub-frame enhancement
map creator 62Y reads two or more B-mode frame image
signals including a current frame from the enhancement pro-
cessing B-mode image acquirer 61Y, and computes a frame
difference. The frame difference is the difference between the
B-mode frame image signal of the current frame and the
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B-mode frame image signal of an earlier frame acquired at the
same position on the subject body. When a pixel region
includes a plurality of pixels, an average brightness of the
pixels is usable to calculate the difference in brightness
between pixel regions. Also, when three or more B-mode
frame image signals are used to compute the frame differ-
ence, then for example, an average value or variance of a
plurality of frame differences each calculated between two
frames may be used. The frame enhancement map is created
under conditions such that the greater the frame difference,
the greater the enhancement amount with respect to the
B-mode image signal. Using the above-described frame dif-
ference enables a portion of the B-mode image signal that
indicates the displacement of the puncture needle to be
extracted. As indicated in FIG. 25D, the frame enhancement
map (4-1) is created based on the results of this frame differ-
ence and output to the enhancement processing B-mode
image acquirer 61Y.

[0060] Next, in step S203Y, and as depicted in FIG. 25E,
the B-mode image enhancer 63Y reads B-mode frame image
signal (4+5+6) from the enhancement processing B-mode
image acquirer 61Y, applies enhancement processing in
accordance with the frame enhancement map (4-1) created in
step S202Y, and thus generates B-mode frame image signal
(445+6).

[0061] Here, when the enhancement amount has been
appropriately mapped to the portion where the puncture
needle is located in the frame enhancement map, then the
enhancement processing is applied to the B-mode image sig-
nal at the portion where the puncture needle is mainly located
in the B-mode frame image signal. However, as indicated in
FIG. 25C, the frame difference between the B-mode frame
image signal (1+2+3) obtained from sub-scans 1, 2, and 3 and
the B-mode frame image signal (2+3+4) obtained from sub-
scans 2, 3, and 4 is substantially equal to the frame difference
between B-mode sub-frame image signal 4 (hereinafter
termed B-mode sub-frame image signal 4) obtained from
sub-scan 4 and B-mode sub-frame image signal 1 obtained
from sub-scan 1, as depicted in FIG. 25C. B-mode sub-frame
image signals 4 and 1 are obtained under conditions in which
the angle between the puncture needle and the ultrasound
beam is small, such that the puncture needle is not clearly
depicted, and the puncture needle is thus barely noticeable.
As such, the puncture needle remains difficult to detect
despite calculating the motion amount between B-mode sub-
frame image signals 4 and 1, and very little enhancement is
produced in the frame enhancement map created according to
the frame difference therebetween. As a result, and as indi-
cated in FIG. 25F, very little enhancement is produced in
B-mode frame image signal (4+5+6) after the enhancement
processing.

[0062] FIGS. 26A through 26E are schematic diagrams
describing an example of a puncture needle enhancement
operation performed by the ultrasound diagnostic device 10Y.
Here, sub-scan 5 has been added to the conditions depicted in
FIG. 25B.

[0063] As indicated in FIG. 26A, B-mode frame image
signal (2+3+4) is generated in accordance with the B-mode
sub-frame image signals 2, 3 and 4 acquired during respective
sub-scans 2, 3, and 4, with the sub-scans 2, 3, and 4 having
been performed. Also, as indicated in FIG. 26B, sub-scan 5 is
additionally performed, and B-mode frame image signal
(3+4+5) 1s generated in accordance with the B-mode sub-



US 2015/0320397 A1

frame image signals 3, 4, and 5 from three sub-frames
acquired during respective sub-scans 3, 4, and 5.

[0064] Next, the frame difference between B-mode frame
image signal (3+4+5) and B-mode frame image signal (2+3+
4) is computed, producing frame enhancement map (5-2) as
indicated in FIG. 26D.

[0065] Here, as indicated in FIG. 26C, the frame difference
is substantially equal to the frame difference between B-mode
sub-frame image signal 5 and B-mode sub-frame image sig-
nal 2. B-mode sub-frame image signals 5 and 2 are obtained
under conditions in which the angle between the puncture
needle and the ultrasound beam is large, such that the punc-
ture needle is clearly indicated. Thus, the puncture needle is
detectable in accordance with the motion amount detected
from the frame difference. As indicated in FIG. 25D, a great
enhancement amount is produced in frame enhancement map
(5-2). As a result, and as indicated in FIG. 25E, a great
enhancement amount is produced in B-mode frame image
signal (3+4+5) after the enhancement processing.

[0066] Accordingly, when enhancing the puncture needle
in the B-mode image obtained through spatial compounding
by using a frame enhancement map created from the frame
difference between B-mode frame image signals, there are
cases where the enhancement amount for the puncture needle
is extremely low in each cycle of sub-scan steering angle
change.

[0067] As such, the inventors arrived at an ultrasound
image processing method in which detection is performed
using a frame enhancement map creation method that
involves appropriately mapping enhancement to the puncture
needle in puncture needle enhancement processing pet-
formed on a B-mode image using spatial compounding, and
an ultrasound diagnostic device using the ultrasound image
processing method pertaining to the Embodiments of the
disclosure.

[0068] Theultrasound image processing method pertaining
to the Embodiment and an ultrasound diagnostic device using
the ultrasound image processing method are described below,
with reference to the accompanying drawings.

OVERVIEW OF ASPECTS OF THE DISCLOSURE

[0069] An ultrasound image processing method pertaining
to one aspect involves generating a frame reception signal by
compounding a plurality of sub-frame reception signals
acquired from a subject body through an ultrasound probe,
the sub-frame reception signals each being generated through
one of a plurality of sub-scans composing an ultrasound scan,
and between the sub-scans, a range in the subject body that is
scanned differing due to a different one of a plurality of
ultrasound beam steering angles being used, the ultrasound
image processing method involving acquiring the sub-frame
reception signals, creating a plurality of sub-frame enhance-
ment maps, each corresponding to one of the sub-frame
reception signals, the creating of each of the sub-frame
enhancement maps being performed by calculating, for a
pixel region reception signal included in a corresponding one
of the sub-frame reception signals, an enhancement amount
in accordance with a characteristic value calculated based on
the pixel region reception signal, the pixel region reception
signal corresponding to a pixel region composed of one or
more pixels, and generating an enhancement-applied frame
reception signal by compounding pixel region reception sig-
nals included in the sub-frame reception signals based on
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pixel region positions, while taking into account the enhance-
ment amount included in at least one of the sub-frame
enhancement maps.

[0070] In another aspect, the generating of the enhance-
ment-applied frame reception signal involves creating a
frame enhancement map by averaging the sub-frame
enhancement maps, generating a frame reception signal by
compounding the sub-frame reception signals, and applying
enhancement to the frame reception signal by applying, with
respect to each pixel region reception signal included in the
frame reception signal, an enhancement amount, included in
the frame enhancement map, for a corresponding pixel region
reception signal.

[0071] In a further aspect, the creating of the frame
enhancement map comprises amplifying the frame enhance-
ment map so that an enhancement amount included in the
frame enhancement map that is equal to or greater than a
predetermined value is amplified to reach or approach an
upper limit.

[0072] In an additional aspect, the predetermined value is
determined in accordance with a quantity of sub-frames to be
compounded, the predetermined value increasing as the
quantity of the sub-frames increases.

[0073] Inyetanotheraspect, the generating of the enhance-
ment-applied frame reception signal involves creating a
frame enhancement map by compounding the sub-frame
enhancement maps, in accordance with a correction condi-
tion pertaining to the ultrasound beam steering angles respec-
tively used to acquire the sub-frame reception signals, gener-
ating a frame reception signal by compounding the sub-frame
reception signals, and applying enhancement to the frame
reception signal by applying, with respect to each pixel region
reception signal included in the frame reception signal, an
enhancement amount, included in the frame enhancement
map, for a corresponding pixel region reception signal.

[0074] In still another aspect, the correction condition is
using, as the frame enhancement map, a sub-frame enhance-
ment map including a greatest enhancement amount, among
the sub-frame enhancement maps.

[0075] In still a further aspect, the correction condition is
using, as the frame enhancement map, a sub-frame enhance-
ment maps based on a sub-scan corresponding to a steering
angle around a center, among the sub-frame enhancement
maps.

[0076] Instill an additional aspect, the correction condition
is creating the frame enhancement map by providing greater
weight to a sub-frame enhancement map based on a sub-scan
corresponding to a steering angle around a center, among the
sub-frame enhancement maps, than a sub-frame enhance-
ment map based on a sub-scan corresponding to a steering
angles not around the center, among the sub-frame enhance-
ment maps, and by compounding the sub-frame enhancement
maps, to which weights have been provided.

[0077] In a further additional aspect, the correction condi-
tion is compounding a sub-frame enhancement map based on
a sub-scan corresponding to a steering angle around a center,
among the sub-frame enhancement maps, and a sub-frame
enhancement map that is based on a sub-scan corresponding
to a steering angle not around the center and that has a rela-
tively great total enhancement amount, among the sub-frame
enhancement maps, the total enhancement amount being a
total of enhancement amounts in a sub-frame enhancement
map.
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[0078] In still a further aspect, the correction condition is
using, as the frame enhancement map, a sub-frame enhance-
ment map that is based on a sub-scan corresponding to a
steering angle not around a center and that has a relatively
great total enhancement amount, among the sub-frame
enhancement maps, the total enhancement amount being a
total of enhancement amounts in a sub-frame enhancement
map.

[0079] In yet a further aspect, the correction condition is
compounding a sub-frame enhancement map based on a sub-
scan corresponding to a steering angle around a center, among
the sub-frame enhancement maps, and a sub-frame enhance-
ment map based on a sub-scan corresponding to a predeter-
mined steering angle that is not around the center, among the
sub-frame enhancement maps.

[0080] In yet another aspect, the correction condition is
using, as the frame enhancement map, a sub-frame enhance-
ment map based on a sub-scan corresponding to a predeter-
mined steering angle that is not around the center, among the
sub-frame enhancement maps.

[0081] In still yet another aspect, the generating of the
enhancement-applied frame reception signal involves gener-
ating enhancement-applied sub-frame reception signals by
applying, with respect to each pixel region reception signal
included in each of the sub-frame reception signals, an
enhancement amount, included in the corresponding sub-
frame enhancement map, for a corresponding pixel region
reception signal, and generating the enhancement-applied
frame reception signal by averaging the enhancement-ap-
plied sub-frame reception signals.

[0082] In still a further aspect, the generating of the
enhancement-applied frame reception signal involves genet-
ating enhancement-applied sub-frame reception signals by
applying, with respect to each pixel region reception signal
included in each of the sub-frame reception signals, an
enhancement amount, included in the corresponding sub-
frame enhancement map, for a corresponding pixel region
reception signal, and compounding the enhancement-applied
sub-frame enhancement maps, in accordance with a correc-
tion condition pertaining to the ultrasound beam steering
angles respectively used to acquire the sub-frame reception
signals.

[0083] In still yet a further aspect, the characteristic value
calculated based on the pixel region reception signal is a
difference between the pixel region reception signal and a
pixel region reception signal for a same pixel region acquired
in an earlier sub-scan at an identical steering angle as the
given pixel region reception signal, the enhancement amount
increasing as the difference increases.

[0084] Inayetafurther additional aspect, the characteristic
value based on the pixel regionreception signal is a difference
between the pixel region reception signal and a pixel region
reception signal for a pixel region near the pixel region, the
enhancement amount increasing as the difference increases.

[0085] In another additional aspect, a puncture needle is
inserted into the subject body within the range in the subject
body that is scanned, and in the frame enhancement map, an
enhancement amount is mapped to a pixel region reception
signal that, in the frame reception signal, indicates the punc-
ture needle.

[0086] Inyeta further additional aspect, the applying of the
enhancement to the frame reception signal includes increas-
ing brightness indicated by a pixel region reception signal, in
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the frame reception signal, to which an enhancement amount
is mapped in the frame enhancement map.

[0087] Instill yet a further additional aspect, the applying
of the enhancement to the frame reception signal includes
changing a color indicated by a pixel region reception signal,
in the frame reception signal, to which an enhancement
amount is mapped in the frame enhancement map.

[0088] In an alternative aspect, each reception signal is
either an acoustic line signal generated in accordance with
reflected ultrasound acquired by the ultrasound probe from
the subject body, or a B-mode image signal obtained by
conversion of the acoustic line signal into Cartesian coordi-
nates.

[0089] In another alternative aspect, each reception signal
is one of a B-mode image signal and an acoustic line signal.
[0090] Inafurtheralternative aspect, a non-transitory com-
puter-readable recording medium has recorded thereon a pro-
gram causing a computer to execute the ultrasound image
processing method.

[0091] Inyetanotheralternative aspect, an ultrasound diag-
nostic device generates a frame reception signal a plurality of
sub-frame reception signals acquired from a subject body
through an ultrasound probe, the sub-frame reception signals
each being generated through one of a plurality of sub-scans
composing an ultrasound scan, and between the sub-scans, a
range in the subject body that is scanned differing due to a
different one ofa plurality of ultrasound beam steering angles
being used, the ultrasound diagnostic device having a control
circuit that includes a reception signal acquirer acquiring the
sub-frame reception signals, a sub-frame enhancement map
creator creating a plurality of sub-frame enhancement maps,
each corresponding to one of the sub-frame reception signals,
the creating of each of the sub-frame enhancement maps
being performed by calculating, for a pixel region reception
signal included in a corresponding one of the sub-frame
reception signals, an enhancement amount in accordance
with a characteristic value calculated based on the pixel
region reception signal, the pixel region reception signal cor-
responding to a pixel region composed of one or more pixels,
and an enhancement-applied reception signal generator gen-
erating an enhancement-applied frame reception signal by
compounding pixel region reception signals included in the
sub-frame reception signals based on pixel region positions,
while taking into account the enhancement amount included
in at least one of the sub-frame enhancement maps.

[0092] Inyetafurther alternative aspect, the enhancement-
applied reception signal generator includes a frame enhance-
ment map compounder creating a frame enhancement map by
averaging the sub-frame enhancement maps of the sub-frame
reception signals, a reception signal generator generating a
frame reception signal by compounding the sub-frame recep-
tion signals, and a reception signal enhancer applying
enhancement to the frame reception signal by applying, with
respect to each pixel region reception signal included in the
frame reception signal, an enhancement amount, included in
the frame enhancement map, for a corresponding pixel region
reception signal.

[0093] Instill yet a further alternative aspect, the enhance-
ment-applied reception signal generator includes a frame
enhancement map compounder creating a frame enhance-
ment map by compounding the sub-frame enhancement
maps, in accordance with a correction condition pertaining to
the ultrasound beam steering angles respectively used to
acquire the sub-frame reception signals, a reception signal
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compounder generating a frame reception signal by com-
pounding the sub-frame reception signals, and a reception
signal enhancer applying enhancement to the frame reception
signal by applying, with respect to each pixel region reception
signalincluded in the frame reception signal, an enhancement
amount, included in the frame enhancement map, for a cor-
responding pixel region reception signal.

Embodiment 1

[0094] An ultrasound diagnostic device pertaining to
Embodiment 1 is described below, with reference to the
accompanying drawings.

<Qverall Configuration>

1. Ultrasound Diagnostic Device

[0095] FIG. 1 is a functional block diagram of an ultra-
sound diagnostic device 10 pertaining to Embodiment 1. The
ultrasound diagnostic device 10 is configured from a control
circuit 100 that includes an ultrasound transmitter and
receiver 2, a transmission and reception controller 3, a
B-mode image generator 4, a B-mode image processor 5, an
enhancement processor 6, and a display controller 7. The
components of the control circuit 100 are each realized as a
hardware circuit such as, for example, a field programmable
gate array (hereinafter, FPGA), an application specific inte-
grated circuit (hereinafter, ASIC), or the like. Alternatively,
the components may be realized by a central processing unit
(hereinafter, CPU), a general-purpose computing on graphics
processing unit (GPGPU), or similar in combination with a
programmable device, such as a processor, and software. All
of these components may be realized as a single circuit unit,
or may be realized as a plurality of circuit units. Also, a
plurality of components may be combined into a single circuit
unit, or may be combined into a plurality of circuit units. Also,
in the ultrasound diagnostic device 10, an ultrasound probe 1
is connectable to the ultrasound transmitter and receiver 2 and
a display apparatus 8 is connectable to the display controller
7. The ultrasound diagnostic device 10 is depicted in FIG. 1
with the ultrasound probe 1 and the display apparatus 8 being
connected.

[0096] Similarly to the conventional ultrasound diagnostic
device 10X depicted in FIG. 204, the ultrasound diagnostic
device 10 sequentially transmits and receives an ultrasound
beam from a transducer array of the ultrasound probe 1 using,
for example, a steering angle oriented in three directions
across three stages, the transmitting and receiving being per-
formed in accordance with spatial compounding. In addition,
and similarly to the example depicted in F1G. 20B, the trans-
mission and reception of the ultrasound beam oriented in
three directions includes sub-scan 1, sub-scan 2, and sub-scan
3 (the sub-scans in the three directions being collectively
termed sub-scans when there is no need to distinguish
between the three directions). A single ultrasound scan
includes sub-scans 1, 2, and 3.

[0097] The components connected to the ultrasound diag-
nostic device 10 are described next.

2. Ultrasound Probe 1

[0098] The ultrasound probe 1 includes, for example, a
plurality of transducers (undepicted) arranged in a mono-
directional array (hereinafter termed the transducer array
direction). The ultrasound probe 1 converts an electronic
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signal (hereinafter termed an ultrasound transmission signal)
supplied in pulse form from the later-described ultrasound
transmitter and receiver 2 into a pulse-form ultrasound. The
ultrasound probe 1 is arranged such that an outer transducer
surface of the ultrasound probe 1 is placed in contact with a
skin surface of a subject body, and transmits the ultrasound
beam, made up of a plurality of ultrasounds emitted by the
plurality of transducers, toward a measuring target. The ultra-
sound probe 1 then receives a plurality of reflected ultrasound
waves from the subject body. The transducers convert each of
these reflected ultrasounds into an electronic signal (herein-
after termed an ultrasound signal). The ultrasound probe 1
supplies the ultrasound signals to the ultrasound transmitter
and receiver 2.

[0099] Also, in Embodiment 1, the ultrasound probe 1 is
described as including a plurality of transducers arranged into
a mono-directional array. However, no such limitation is
intended to the ultrasound probe 1 usable by the present
Embodiment. For instance, a two-dimensional transducer
array in which the transducers are arranged in two dimensions
may apply, as well as an oscillatory ultrasound probe acquir-
ing cross-sectional images in three dimensions by dynamic
oscillation of a plurality of transducers arranged in a mono-
dimensional array. Adjustments may be applied in accor-
dance with the measurement performed.

[0100] The ultrasound probe 1 may also be provided such
that a portion of the functions of the later-described ultra-
sound transmitter and receiver 2 are performed by the ultra-
sound probe. For example, an electronic transmission signal
may be generated within the ultrasound probe 1 in accordance
with a control signal for generating the electronic transmis-
sion signal (hereinafter termed a transmission control signal)
output from the ultrasound transmitter and receiver 2, and the
ultrasound probe may be provided with functionality for con-
verting the electronic transmission signal into ultrasound.
Also, the ultrasound probe may be provided with functional-
ity for converting the reflected ultrasound, upon receipt, into
an electronic reception signal, and generating a later-de-
scribed reception signal in accordance with the electronic
reception signal.

3. Display Apparatus 8

[0101] Thedisplay apparatus 81is adisplay device forimage
display, displaying an image output by the later-described
display controller 7 on a display screen. The display appara-
tus 8 may use a liquid-crystal display, a cathode ray tube
(hereinafter, CRT), an organic electroluminescence display,
and so on.

<Component Configurations>

[0102] The configurations of the blocks in the ultrasound
diagnostic device 10 are described next.

1. Ultrasound Transmitter and Receiver 2

[0103] The ultrasound transmitter and receiver 2 is con-
nected to the ultrasound probe 1. The ultrasound transmitter
and receiver 2 is a circuit performing a transmission process
of supplying an ultrasound transmission signal in pulse form
in accordance with a transmission control signal from the
transmission and reception controller 3, for causing the ultra-
sound probe 1 to transmit the ultrasound beam. Specifically,
the ultrasound transmitter and receiver 2 is equipped with, for
example, a clock generation circuit, a pulse generation cit-
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cuit, and a delay circuit. The clock generation circuit is a
circuit producing a clock signal that determines the transmis-
sion timing of the ultrasound beam. The pulse generation
circuit is a circuit for producing a pulse signal driving the
transducers. The delay circuit is a circuit for setting a delay
time for the ultrasound beam transmission timing of each of
the transducers, and for focusing and steering the ultrasound
beam by delaying transmission by the delay interval.

[0104] Inthe present Embodiment, theultrasound transmit-
ter and receiver 2 generates a transmission delay profile signal
controlling the steering angle that determines the emission
direction of the ultrasound beam for the sub-scan, in accor-
dance with the transmission control signal produced by the
transmission and reception controller 3 and indicating the
direction of the sub-scan. The transmission delay profile sig-
nal is transmission delay profile information indicating the
timing at which the transducers in the transducer array cor-
responding to the ultrasound beam formed by the ultrasound
transmission signal are to be driven. The transducers in the
transducer array are driven at the timing indicated by the
transmission delay profile signal, determined in accordance
with the steering angle for the sub-scan. Thus, the ultrasound
beam is emitted at the appropriate steering angle.

[0105] The ultrasound transmitter and receiver 2 also gen-
erates an acoustic line signal that is continuous in the depth
direction, by amplifying ultrasound signals based on reflected
ultrasound waves acquired from the ultrasound probe 1 and
then performing delay-and-sum of AD (analog to digital)
converted RF (radio frequency) signals. A reception process
is performed by outputting acoustic line signals for each
sub-scan to the B-mode image generator 4 in sub-scan order
with respect to chronology.

[0106] The RF signals are, for example, made up of a plu-
rality of RF signals in the transducer array direction, each
being a signal in a direction orthogonal to the transducer array
direction, which is the direction of ultrasound transmission.
Each RF signal is obtained by performing A/D conversion on
an electronic signal obtained by converting the amplitude ofa
reflected ultrasounds wave.

[0107] The acoustic line signal is data continuous in the
depth direction, made up of the RF signals after the delay-
and-sum process. The depth direction is the direction in
which the ultrasound transmission signal advances into the
body from the surface of the subject body. A plurality of the
acoustic line signals in the transducer array direction, each
being a signal in the direction orthogonal to the transducer
array direction, or that is, the transmission direction of the
ultrasound, constructs a frame. The acoustic line signals
acquired in each single sub-scan is termed sub-frame acoustic
line signals.

[0108] Theultrasound transmitter and receiver 2 repeatedly
and continuously performs the transmission process and the
reception process.

2. Transmission and Reception Controller 3

[0109] The transmission and reception controller 3 is a
circuit generating a transmission control signal and a recep-
tion control signal, and outputting these signals to the ultra-
sound transmitter and receiver 2. In the present Embodiment,
the transmission control signal and the reception control sig-
nal are output to the ultrasound transmitter and receiver 2
along with information indicating the steering angle for the
ultrasound beam in each sub-scan, in addition to the timing of
transmission and reception and so on.
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3. B-Mode Image Generator 4

[0110] The B-mode image generator 4 is a circuit generat-
ing a B-mode sub-frame image signal by converting each
acoustic line signal within a sub-frame into a brightness sig-
nal corresponding to the intensity of the acoustic line signal,
and converting the brightness signals into Cartesian coordi-
nates. The B-mode image generator 4 consecutively performs
this process for each sub-frame, and outputs cross-sectional
images generated as a result to the B-mode image acquirer 51
of the B-mode image processor 5. Specifically, the B-mode
image generator 4 performs the brightness conversion by
executing processing such as envelope detection, logarithmic
compression, and so or on an acoustic line signal. A B-mode
image signal is generated by converting the resulting bright-
ness signal into Cartesian coordinates. That is, the B-mode
image signal represents the intensity of ultrasound reception
signals as brightness.

[0111] The B-mode sub-frame image signals generated by
the B-mode image generator 4 is transmitted to the B-mode
image acquirer 51 in chronological order for every sub-scan
performed.

4. B-Mode Image Processor 5

[0112] The B-mode image processor 5 is made up of a
B-mode image acquirer 51 and a B-mode image compounder
52.

(4.1) B-Mode Image Acquirer 51

[0113] TheB-mode image acquirer 51 is a circuit equipped
with a buffer storing a B-mode sub-frame image signal trans-
mitted chronologically for each sub-scan performed, taking
the B-mode image signal generated by the B-mode image
generator 4 as input.

(4.2) B-Mode Image Compounder 52

[0114] The B-mode image compounder 52 is a circuit gen-
erating a B-mode frame image signal resulting from spatial
compounding by reading the B-mode sub-frame image sig-
nals from the B-mode image acquirer 51 acquired through
sub-scans, and by compounding the B-mode sub-frame
image signals by using a method of averaging overlapping
portions of B-mode image signals acquired from the same
position of the subject body, similarly to the depiction pro-
vided in FIG. 20C for the conventional ultrasound diagnostic
device 10X. The B-mode frame image signal resulting from
spatial compounding is output to the enhancement processor
6.

[0115] Here, the term frame refers to a unit of signal in
which one unit of required information for constructing one
cross-sectional image is collected. In the present Embodi-
ment, a frame indicates a unit of acoustic line signal into
which one unit of required information for constructing one
cross-sectional image is collected, or a unit of B-mode image
signal that has been processed to construct a B-mode image
based on the acoustic line signal into which the one unit is
collected, or to one B-mode image constructed in accordance
with the B-mode image signal into which the one unit is
collected.

[0116] Also, the relationship between a frame and a sub-
frame is such that a plurality of B-mode sub-frame image
signals are obtained from the sub-scans at different steering
angles, and the B-mode sub-frame image signals are com-
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pounded into one B-mode frame image signal covering all
steering angle using spatial compounding.

[0117] Additionally, in the present document, the term
reception signal (or ultrasound reception signal) may refer to
the B-mode image signal or the acoustic line signal, each of
which serving as the basis for generating the B-mode image
signal.

5. Enhancement Processor 6

[0118] The enhancement processor 6 includes a sub-frame
enhancement map creator 62, a B-mode image enhancer 63, a
sub-frame enhancement map buffer 64, and a frame enhance-
ment map compounder 65.

(5.1) Sub-Frame Enhancement Map Creator 62

[0119] The sub-frame enhancement map creator 62 is a
circuit that detects a motion amount of the subject body in the
B-mode sub-frame image signal using a frame difference
between B-mode sub-frame image signals, creates a sub-
frame enhancement map such that a greater enhancement
amount is applied to a greater motion amount in the B-mode
image signal, and outputs the resulting map to the sub-frame
enhancement map buffer 64.

[0120] Specifically, the sub-frame enhancement map cre-
ator 62 computes a frame difference by reading at least two
B-mode sub-frame image signals from the B-mode image
acquirer 51, including a current sub-frame and a sub-frame
acquired prior to the current sub-frame. The frame enhance-
ment map is created such that the greater the frame difference,
the greater the enhancement amount applied to a pixel region
identical to the current B-mode sub-frame image signal.
[0121] The sub-frame enhancement map created by the
sub-frame enhancement map creator 62 is transmitted to the
sub-frame enhancement map buffer 64 chronologically each
time the sub-scan is performed.

(5.2) Sub-Frame Enhancement Map Buffer 64

[0122] The sub-frame enhancement map buffer 64 is a cir-
cuit equipped with a buffer storing the sub-frame enhance-
ment map transmitted chronologically for every sub-scan,
taking the sub-frame enhancement map generated by the
sub-frame enhancement map creator 62 as input.

(5.3) Frame Enhancement Map Compounder 65

[0123] The frame enhancement map compounder 65 is a
circuit using spatial compounding to perform compounding
of the sub-frame enhancement maps making up a frame, thus
creating a frame enhancement map. Specifically, the frame
enhancement map compounder 65 acquires the sub-frame
enhancement map obtained in each sub-scan from the sub-
frame enhancement map buffer 64, generates the frame
enhancement map by performing compounding using avet-
aging of the overlapping portions of the sub-frame enhance-
ment maps, and outputs the resulting map to the B-mode
image enhancer 63. The frame enhancement map generation
is performed for each ultrasound scan.

(5.4) B-Mode Image Enhancer 63

[0124] The B-mode image enhancer 63 is a circuit acquir-
ing the B-mode frame image signal from the B-mode image
compounder 52, acquiring the frame enhancement map from
the frame enhancement map compounder 65, and applying
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enhancement processing to the B-mode frame image signal in
accordance with the frame enhancement map. Here, the
B-mode image enhancer 63 applies the enhancement process-
ing to the B-mode image signal so that a greater enhancement
amount amplifies the brightness of a reception signal from a
pixel region (a pixel region reception signal). The enhance-
ment-applied B-mode frame image signal is then output to the
display controller 7.

6. Display Controller 7

[0125] The display controller 7 is a circuit displaying the
B-mode image on the display apparatus 8, which is connected
externally, in accordance with the enhancement-applied
B-mode frame image signal, which is obtained by spatial
compounding.

[0126] According to the above-described configuration, the
B-mode image compounder 52, the frame enhancement map
compounder 65, and the B-mode image enhancer 63 form an
enhancement-applied B-mode image generator S.

<Operations™>

[0127] The operations of the ultrasound diagnostic device
10, configured as described above, are described next. F1G. 2
is a flowchart describing the operations of the ultrasound
diagnostic device 10 pertaining to Embodiment 1.

1. Step S201

[0128] In step S201, a plurality (n) of B-mode sub-frame
image signals are acquired by transmission and reception
performed at predetermined steering angles. Specifically, the
ultrasound probe 1 is disposed at the subject body skin sur-
face. The ultrasound transmitter and receiver 2 then generates
the acoustic line signal by performing a transmission process
of transmitting an ultrasound into the subject body from the
ultrasound probe 1, and a reception process based on the
reflected ultrasound received from the subject body via the
ultrasound probe 1. One sub-frame made up of a plurality of
acoustic line signals is constructed by performing a sub-scan,
including the transmission process and the reception process,
being repeatedly performed in a quantity corresponding to the
quantity of transducers in the ultrasound probe 1 or the like.
The acoustic line signals for the sub-frame constructed for
each sub-scan is then output to the B-mode image generator 4.
The B-mode image generator 4 takes the acoustic line signals
for the sub-frame as input, generates a B-mode sub-frame
image signal, and outputs the signal to the B-mode image
acquirer 51 in chronological order for each sub-scan.

[0129] FIG. 3 describes the operations of the ultrasound
diagnostic device 10. As indicated by FIG. 3, reading from the
top, sub-scans 1, 2, and 3 are sequentially performed during
ultrasound scan 1, and B-mode sub-frame images signals 1, 2,
and 3 are obtained in the stated order. Also, subsequently,
sub-scans 4, 5, and 6 are sequentially performed during ultra-
sound scan 2, and B-mode sub-frame images signals 4, 5, and
6 are obtained in the stated order.

2. Step S202

[0130] Instep S202, a sub-frame enhancement map is cre-
ated from the plurality (n) of B-mode sub-frame image sig-
nals. The sub-frame enhancement map is created by detecting
amotion amount of the subject body in a B-mode sub-frame
image signal using a frame difference between B-mode sub-
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frame image signals, such that a greater enhancement amount
is applied to the B-mode sub-frame image signal for a greater
motion amount.

[0131] Specifically, the sub-frame enhancement map cre-
ator 62 computes a frame difference by reading at least two
B-mode sub-frame image signals from the B-mode image
acquirer 51, including a current sub-frame and a sub-frame
acquired prior to the current sub-frame. Here, the B-mode
sub-frame image signal acquired prior to the current sub-
frame is a B-mode sub-frame image signal acquired earlier
than the acquisition of the current B-mode sub-frame image
signal at the same steering angle as the current B-mode sub-
frame image signal. The frame difference is a difference
between pixel regions, made up of one or more pixels,
acquired at the same position on the subject body in the
current B-mode sub-frame image signal and the B-mode sub-
frame image signal acquired prior to the current sub-frame.
The frame enhancement map is created such that the greater
the difference, the greater the enhancement amount applied to
the identical pixel region identical in the B-mode sub-frame
image signal of the current sub-frame.

[0132] In the example depicted in FIG. 3, as read from the
top, once sub-scan 4 is performed during ultrasound scan 2,
the frame difference (indicated as (4-1) in F1G. 3) is computed
between B-mode sub-frame image signal 4 and B-mode sub-
frame image signal 1, acquired from sub-scan 1 during ultra-
sound scan 1. The motion amount in B-mode sub-frame
image signal 4 relative to B-mode sub-frame image signal 1 is
calculated in accordance with this frame difference. Then, a
sub-frame enhancement map (indicated in FIG. 3 and other
drawings as sub-frame enhancement map (4-1)) such that the
greater the motion amount, the greater the enhancement
amount applied to the identical pixel region in the B-mode
sub-frame image signal 4.

[0133] Similarly, once sub-scan 5 is performed, the frame
difference is computed between B-mode sub-frame image
signal 5 and B-mode sub-frame image signal 2, acquired from
sub-scan 2 during ultrasound scan 1, and a sub-frame
enhancement map (5-2) corresponding to B-mode sub-frame
image signal 5 is created based on that frame difference.
[0134] Further, once sub-scan 6 is performed, the frame
difference is computed between B-mode sub-frame image
signal 6 and B-mode sub-frame image signal 3, acquired from
sub-scan 3 during ultrasound scan 1, and a sub-frame
enhancement map (6-3) corresponding to B-mode sub-frame
image signal 6 is created based on that frame difference.
[0135] These sub-frame enhancement maps are then output
to the sub-frame enhancement map buffer 64.

[0136] The frame difference is not computed for the sub-
scans during ultrasound scan 1 given that no prior sub-frame
exists therefor, and the sub-frame enhancement map is thus
not created.

3. Step S203

[0137] In step S203, a determination is made regarding
whether or not the generation of the sub-frame enhancement
map is complete for the plurality (n) of B-mode sub-frame
image signals pertaining to all steering angles. When the
process is complete for all steering angles, the process
advances to the next step.

4. Enhancement-Applied B-Mode Image Generation Step
S204

[0138] The enhancement-applied B-mode image genera-
tion step S204 includes sub-steps S2041, S2042, and S2043.
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(4.1) Sub-Step S2041

[0139] In sub-step S2041, the frame enhancement map is
created by spatial compounding of the sub-frame enhance-
ment maps. Specifically, the frame enhancement map com-
pounder 65 acquires the plurality (n) of sub-frame enhance-
ment maps obtained in the sub-scans for all steering angles
from the sub-frame enhancement map buffer 64, generates
the frame enhancement map by averaging the overlapping
portions of the sub-frame enhancement maps, and outputs the
resulting map to the B-mode image enhancer 63. The frame
enhancement map generation is performed once for each
ultrasound scan.

[0140] In the example indicated in FIG. 3, the frame
enhancement map (indicated as frame enhancement map
(4+5+6-1-2-3) in FIG. 3 and other drawings) is generated by
compounding three sub-frame enhancement maps (4-1),
(5-2), and (6-3), once sub-scan 6 has been completed during
ultrasound scan 2. The frame enhancement map is created as
ultrasound scans 3 and 4 are performed, subsequently, in
descending order in FIG. 3.

(4.2) Sub-Step 2042

[0141] In sub-step S2042, a frame reception signal is gen-
erated by spatial compounding of the B-mode sub-frame
image signals. Specifically, the B-mode image compounder
52 acquires the B-mode sub-frame image signals from the
B-mode image acquirer 51 and generates a B-mode frame
image signal by averaging the overlapping portions of the
B-mode image signals acquired at the same position on the
subject body. This B-mode frame image signal is output to the
enhancement processor 6.

[0142] In the example depicted in FIG. 3, B-mode frame
image signal (4+5+6) is generated by compounding B-mode
sub-frame image signals 4, 5, and 6, once sub-scan 6 has been
performed during ultrasound scan 2. The frame enhancement
map is created as ultrasound scans 3 and 4 are performed,
subsequently, in descending order in FIG. 3.

(4.3) Sub-Step S2043

[0143] In sub-step S2043, enhancement is applied to the
B-mode frame image signal in accordance with the frame
enhancement map. Specifically, the B-mode image enhancer
63 acquires the B-mode frame image signal from the B-mode
image compounder 52, acquires the frame enhancement map
from the frame enhancement map compounder 65, and
applies enhancement processing to the B-mode frame image
signal in accordance with the frame enhancement map. Here,
the B-mode image enhancer 63 applies the enhancement pro-
cessing to the B-mode image signal so that a greater enhance-
ment amount amplifies the brightness of a corresponding
pixel region reception signal. For example, the B-mode image
enhancer 63 may multiply or add an enhancement amount in
the frame enhancement map corresponding to a pixel region
reception signal to with the pixel region reception signal in
the frame reception signal, thereby applying enhancement to
the frame image signal pixel region by pixel region.

[0144] Inthe example of FIG. 3, enhancement is applied to
B-mode frame image signal (4+5+6), acquired once sub-scan
6 has been performed during ultrasound scan 2, in accordance
with frame enhancement map (4+5+6-1-2-3). An enhance-
ment-applied B-mode frame image signal (4+5+6)x(k) is
created as ultrasound scans 3 and 4 are performed, subse-
quently, in descending order in FIG. 3.



US 2015/0320397 A1

[0145] The enhancement-applied B-mode image genera-
tion step S204 is completed by performing the above-de-
scribed sub-steps S2041, S2042, and S2043.

[0146] The enhancement-applied B-mode frame image
signal is output to the display controller 7, and a B-mode
image based on the enhancement-applied B-mode frame
image signal is displayed by the display apparatus 8. A dis-
play process is then performed by updating the B-mode
image for each ultrasound scan that occurs.

<Puncture Needle Visibility>

[0147] Theeffect of improving the visibility of the puncture
needle provided by the ultrasound diagnostic device 10 per-
taining to Embodiment 1 is described next, with reference to
the drawings. FIGS. 4A through 4E schematically describe a
puncture needle enhancement operation performed by the
ultrasound diagnostic device 10 pertaining to Embodiment 1.
FIG. 4A schematically represents B-mode sub-frame image
signals 1, 2, and 3 acquired from sub-scans 1, 2, and 3 of FIG.
3, and B-mode frame image signal (1+2+3) generated by
performing compounding thereof. FIG. 4B schematically
represents B-mode sub-frame image signals 4, 5, and 6
acquired from sub-scans 4, 5, and 6 of FIG. 3, and B-mode
frame image signal (4+5+6) generated by performing com-
pounding thereof. Again, the puncture needle (labeled A in
FIG. 21) is inserted from the upper right to the lower right in
the drawings, similar to the example indicated by the arrows
in FIG. 21,

[0148] As such, in sub-scan 1, the angle between the ultra-
sound beam emission direction and the puncture needle is
small. This results in low visibility of the puncture needle,
which is barely noticeable in B-mode sub-frame image signal
1. Conversely, in B-mode sub-frame image signals 2 and 3,
respectively obtained from sub-scan 2 and sub-scan 3, the
puncture needle is clearly indicated. Then, in the B-mode
frame image signal obtained through compounding by aver-
aging B-mode sub-frame image signals 1, 2, and 3, the vis-
ibility of the puncture needle is relatively low in comparison
to B-mode sub-frame image signals 2 and 3. Likewise, in
B-mode frame image signal (4+5+6), the visibility of the
puncture needle is relatively low in comparison to B-mode
sub-frame image signals 5 and 6.

[0149] FIG. 4C schematically represents the mapping of
motion amounts that are obtained by computing the frame
difference between B-mode sub-frame image signals4, 5, and
6 and B-mode sub-frame image signals 1, 2, and 3, respec-
tively. FIG. 4D schematically represents the sub-frame
enhancement maps calculated from the motion amounts such
that the greater the motion amount, the greater the enhance-
ment amount, and the frame enhancement map obtained by
performing compounding thereof.

[0150] B-mode sub-frame image signals 4 and 1 are both
obtained under conditions in which the angle between the
puncture needle and the ultrasound beam is small, such that
the puncture needle is not clearly indicated and the puncture
needle is thus barely noticeable. As such, the puncture needle
is barely detected using the motion amount obtained from the
frame difference between B-mode sub-frame image signals 4
and 1. Enhancement amount B applied to the puncture needle
in sub-frame enhancement map (4-1) based on this frame
difference is thus extremely small.

[0151] Conversely, enhancement amount B applied to the
puncture needle is comparatively great in sub-frame enhance-
ment map (5-2), obtained by detecting the position of the
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puncture needle from the motion amount derived from the
frame difference between B-mode sub-frame image signals 5
and 2 and creating the enhancement map based on the frame
difference. The same applies to sub-frame enhancement map
(6-3), created from B-mode sub-frame image signals 6 and 3.
[0152] As such, in frame enhancement map (4+5+6-1-2-
3), compounded by averaging the three sub-frame enhance-
ment maps, enhancement amount B applied to the puncture
needle is small in comparison to sub-frame enhancement
maps (5-2) and (6-3), but greater than sub-frame enhance-
ment map (4-1). As a result, and as depicted in FIG. 4E, the
degree of enhancement on the puncture needle in the
enhancement-applied B-mode frame image signal (4+5+6) is
the average of the enhancement levels of the sub-frame
enhancement maps.

[0153] The inventors evaluated the effect of puncture
needle enhancement performed by the ultrasound diagnostic
device 10 pertaining to Embodiment 1 using the B-mode
images. FIG. 5 depicts a B-mode image with enhancement
applied to the puncture needle as obtained by the ultrasound
diagnostic device 10 pertaining to Embodiment 1. As illus-
trated by FIG. 5, in the enhancement-applied B-mode frame
image signal, puncture needle A is sufficiently visible, with a
top thereof being particularly enhanced.

[0154] As described above, the puncture needle enhance-
ment processing applied to the B-mode image compounded
using spatial compounding by the ultrasound diagnostic
device 10Y considered by the inventors may produce an
extremely small enhancement amount for the puncture needle
in each cycle of sub-scan steering angle change when the
frame enhancement map is created using the frame difference
between B-mode frame image signals. FIG. 6 depicts a
B-mode image acquired from the above-described ultrasound
diagnostic device 10Y considered by the inventors as a com-
parative example. Here, puncture needle A is barely notice-
able in the B-mode frame image signal.

[0155] 1Incontrast, the ultrasound diagnostic device 10 per-
taining to the present Embodiment produces, as illustrated by
FIG. 5, sufficient visibility for puncture needle A with the tip
thereof being enhanced in the enhancement-applied B-mode
frame image signal that is generated, regardless of the steer-
ing angle in the sub-scans used for spatial compounding.

(Conclusion)

[0156] As Described Above, the Ultrasound Diagnostic
Device Pertaining to Embodiment 1 generates a frame recep-
tion signal by compounding a plurality of sub-frame recep-
tion signals acquired from a subject body through an ultra-
sound probe. The sub-frame reception signals are each
generated through one of a plurality of sub-scans composing
an ultrasound scar, and between the sub-scans, a range in the
subject body that is scanned differs due to a different one ofa
plurality of ultrasound beam steering angles being used. The
ultrasound diagnostic device has a control circuit, the control
circuit including: a reception signal acquirer acquiring the
sub-frame reception signals; a sub-frame enhancement map
creator creating a plurality of sub-frame enhancement maps,
each corresponding to one of the sub-frame reception signals,
the creating of each of the sub-frame enhancement maps
being performed by calculating, for a pixel region reception
signal included in a corresponding one of the sub-frame
reception signals, an enhancement amount in accordance
with a characteristic value calculated based on the pixel
region reception signal, the pixel region reception signal cor-
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responding to a pixel region composed of one or more pixels;
and an enhancement-applied reception signal generator gen-
erating an enhancement-applied frame reception signal by
compounding pixel region reception signals included in the
sub-frame reception signals based on pixel region positions,
while taking into account the enhancement amount included
in at least one of the sub-frame enhancement maps.

[0157] According to this configuration, the ultrasound
diagnostic device 10 improves the visibility of the puncture
needle during an ultrasound image diagnostic using spatial
compounding. Thus, a more user-friendly ultrasound image
processing method and an ultrasound diagnostic device using
the method are provided.

(Variation 1)

[0158] In Embodiment 1, the frame enhancement map
compounder 65 creates the frame enhancement map by aver-
aging the sub-frame enhancement maps from a plurality of
sub-frame reception signals. However, the frame enhance-
ment map compounder may also change the method of com-
pounding the frame enhancement map as appropriate, pro-
vided that a frame enhancement map is created by
compounding the sub-frame enhancement maps from the
sub-frame reception signals.

[0159] The ultrasound diagnostic device pertaining to the
present Variation further amplifies the enhancement amount
such that the enhancement amount obtained by averaging the
sub-frame enhancement maps for the sub-frame reception
signals reaches or approaches an upper limit when equal to or
greater than a predetermined value. Here, the enhancement
amount is said to approach the upper limit when the enhance-
ment amount is equal to or greater than a predetermined value
and thus is increased to be asymptotic to an upper limit value.

[0160] FIG. 7 schematically describes a puncture needle
enhancement operation performed by the ultrasound diagnos-
tic device pertaining to Variation 1 of Embodiment 1. As
indicated in FIG. 7, the frame enhancement map compounder
65 of the ultrasound diagnostic device pertaining to Variation
1 performs a predetermined amplification process on the
enhancement amount, taken as input after spatial compound-
ing, and outputs the result to the B-mode image enhancer 63.
When the enhancement amount is equal to or greater than the
predetermined value, then the value of the upper limit is
output instead of the enhancement amount after the enhance-
ment processing, even in cases where the enhancement
amount input after spatial compounding is greater. Here, the
processing applied near the upper limit may be any process-
ing smoothly causing enhancement amounts to approach the
upper limit, for example logarithmic conversion.

[0161] FIG. 8 depicts a B-mode image with enhancement
applied to the puncture needle as obtained by the ultrasound
diagnostic device pertaining to Variation 1 of Embodiment 1.
In comparison to the B-mode image pertaining to Embodi-
ment 1 using the averaging process as illustrated in FIG. 5,
Variation 1 clearly displays the tip of the puncture needle
through amplification.

[0162] According to this configuration, even when the
enhancement amount in one or more of the sub-frame
enhancement maps is small, a predetermined amplification
process is applicable to the enhancement amount of the frame
enhancement map, which increasing the enhancement
amount on the puncture needle in the frame enhancement
map. Amplifying the enhancement amount in the frame
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enhancement map is effective in cases where the puncture
needle is not clearly indicated in one or more of the B-mode
sub-frame image signals.

[0163] In the above-described Variation 1, the aforemen-
tioned predetermined value, which is the threshold for
increasing the enhancement amount to reach or approach the
upper limit, may be determined according to the quantity of
sub-frames. Also, the predetermined value may increase as
the quantity of sub-frames used in compounding increases.
The quantity of sub-frames used in compounding determines
the ratio of sub-frame enhancement maps created with a small
enhancement amount on the puncture needle to total sub-
frame enhancement maps. Setting the predetermined value
according to this ratio thus enables greater enhancement
results.

Embodiment 2

[0164] In Embodiment 1, the frame enhancement map
compounder 65 creates the frame enhancement map by aver-
aging the sub-frame enhancement maps from a plurality of
sub-frame reception signals, with equal weighting for all of
the sub-frame enhancement maps. Embodiment 2 differs
from Embodiment in that the frame enhancement map com-
pounder 65 creates the frame enhancement map by com-
pounding the sub-frame enhancement maps in accordance
with a correction condition pertaining to the steering angle for
the sub-scan in which each sub-frame reception signal is
acquired. Aside from the frame enhancement map com-
pounder 65, the configuration of the components are identical
to those of Embodiment 1, and explanations thereof are there-
fore omitted.

(Configuration)

1. Method 1

[0165] FIG. 9 schematically illustrates a frame enhance-
ment map compounding method according to a first method
employed by the ultrasound diagnostic device pertaining to
Embodiment 2. As indicated in FIG. 9, according to the first
method, the frame enhancement map compounder 65 creates
the frame enhancement map by compounding the sub-frame
enhancement maps in accordance with a correction condition
of using, as the frame enhancement map, a sub-frame
enhancement map including a greatest enhancement value,
among the sub-frame enhancement maps. The greatest
enhancement amount is an enhancement amount applied to a
pixel region, which includes one or more pixels. That is, the
frame enhancement map compounder 65 selects, as the frame
enhancement map, one sub-frame enhancement map in
which a greatest enhancement amount B is applied to the
pixel region among the sub-frame enhancement maps in
which the enhancement amount B is applied to the pixel
region. According to this configuration, the effect of any
sub-frame enhancement map in which a small enhancement
amount B is applied to the puncture needle is removed. This
enables the enhancement amount in the frame enhancement
map to be increased by creating the frame enhancement map
only from a sub-frame enhancement map in which a great
enhancement amount B is applied to the puncture needle.

[0166] FIG. 10 depicts a B-mode image with enhancement
applied to the puncture needle as obtained using the first
method. According to the first method, due to a maximum
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value being selected, the tip of the puncture needle is dis-
played more clearly in comparison to the example depicted in
FIG. 5 for Embodiment 1.

2. Method 2

[0167] FIG. 11 schematically illustrates a frame enhance-
ment map compounding method according to a second
method. As depicted in FIG. 11, according to the second
method, the frame enhancement map compounder 65 creates
the frame enhancement map by compounding the sub-frame
enhancement maps according to a correction condition of
using, as the frame enhancement map, a sub-frame enhance-
ment maps based on a sub-scan corresponding to a steering
angle around a center, among the sub-frame enhancement
maps. In many cases, the B-mode sub-frame image acquired
from the sub-scan performed with a steering angle around the
center among the sub-scans displays the puncture needle with
a clarity that is the average value across all steering angles.
According to this configuration, creating the frame enhance-
ment map from a sub-frame enhancement map having the
average enhancement amount B applied to the puncture
needle enables the enhancement amount in the frame
enhancement map to be raised to the average.

[0168] FIG. 12 depicts a B-mode image with enhancement
applied to the puncture needle as obtained using the second
method. Although less clarity is provided than the first
method, the tip of the puncture needle is displayed more
clearly in comparison to the example depicted in FIG. 5 for
Embodiment 1.

3. Method 3

[0169] FIG. 13 schematically illustrates a frame enhance-
ment map compounding method according to a third method.
As depicted in FIG. 13, according to the third method, the
frame enhancement map compounder 65 creates the frame
enhancement map in accordance with a correction condition
of providing greater weight to a sub-frame enhancement map
based on a sub-scan corresponding to a steering angle around
a center, among the sub-frame enhancement maps, than a
sub-frame enhancement map based on a sub-scan corre-
sponding to a steering angles not around the center, among the
sub-frame enhancement maps, and the weighting of the sub-
frame enhancement maps is reflected by addition or multipli-
cation. As described above, in many cases, the B-mode sub-
frame image acquired from the sub-scan performed with a
steering angle around the center among the sub-scans dis-
plays the puncture needle with a clarity that is the average
across all steering angles. Thus, this configuration allows
increasing the enhancement amount B of the frame enhance-
ment map by increasing the weighting of the sub-frame
enhancement map acquired from the sub-scan around the
center, while maintaining consideration of the sub-frame
enhancement maps acquired from the sub-scans performed at
other steering angles.

[0170] FIG. 14 depicts a B-mode image with enhancement
applied to the puncture needle as obtained using the third
method. A similar amount of clarity as the second method is
provided for the puncture needle, and the tip of the puncture
needle is displayed more clearly in comparison to the
example depicted in FIG. 5 for Embodiment 1.

4. Method 4

[0171] FIG. 15 schematically illustrates a frame enhance-
ment map compounding method according to a fourth
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method. As depicted in FIG. 15, according to the fourth
method, the frame enhancement map compounder 65 creates
the frame enhancement map in accordance with a correction
condition of compounding a sub-frame enhancement map
based on a sub-scan corresponding to a steering angle around
a center, among the sub-frame enhancement maps, and a
sub-frame enhancement map that is based on a sub-scan
corresponding to a steering angle not around the center and
that has a relatively great total enhancement value, among the
sub-frame enhancement maps, the total enhancement value
being a total of enhancement values in a sub-frame enhance-
ment map. According to this configuration, the frame
enhancement map is compounded from a sub-frame enhance-
ment map in which the total enhancement amount applied to
the puncture needle is relatively great, and the sub-frame
enhancement map from a steering angle around the center
among the steering angles. This enables the enhancement
amount B in the frame enhancement map to be more reliably
increased.

[0172] Also, in the above method, the sub-frame enhance-
ment map based on the sub-scan from a steering angle around
the center among the steering angles may be omitted from
compounding. Instead, at least one sub-frame enhancement
map among sub-frame enhancement maps based on a sub-
scan other than the sub-scan from the steering angle around
the center among the steering angles in which the total
enhancement amount applied to the pixel region therein is
relatively great may be used as the frame enhancement map.
This approach also enables the enhancement amount in the
frame enhancement map to be reliably increased.

5. Method 5

[0173] FIG. 16 schematically illustrates a frame enhance-
ment map compounding method according to a fifth method.
As depicted in FIG. 16, according to the fifth method, the
frame enhancement map compounder 65 creates the frame
enhancement map in accordance with a correction condition
of compounding a sub-frame enhancement map based on a
sub-scan corresponding to a steering angle around a center,
among the sub-frame enhancement maps, and a sub-frame
enhancement map based on a sub-scan corresponding to a
predetermined steering angle that is not around the center,
among the sub-frame enhancement maps.

[0174] In many cases, the puncture needle punctures the
subject body through a guide in a puncture adapter affixed to
the ultrasound probe. As such, the puncture direction of the
puncture needle into the subject body relative to the trans-
ducer array direction of the ultrasound probe is known in
advance. Accordingly, at least one sub-frame enhancement
map acquired from a sub-scan performed at a steering angle
that is nearly perpendicular to the angle between the puncture
needle and the ultrasound beam is definable in advance.
Using such a sub-frame enhancement map in compounding
the frame enhancement map enables the enhancement
amount in the frame enhancement map to be increased simply
and reliably. Also, creating the frame enhancement map by
compounding with the sub-frame enhancement map based on
the sub-scan from the steering angle around the center among
the steering angles enables the enhancement amount in the
frame enhancement map to be more reliably increased.
[0175] Also, in the above method, the sub-frame enhance-
ment map based on the sub-scan based on the steering angle
around the center among the steering angles may be omitted
from compounding. Instead, at least one sub-frame enhance-
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ment map among sub-frame enhancement maps based on a
sub-scan other than the sub-scan based on the steering angle
around the center among the steering angles and taken at a
predetermined steering angle a may be used as the frame
enhancement map. This approach also enables the enhance-
ment amount in the frame enhancement map to be reliably
increased.

(Conclusion)

[0176] As described above, the ultrasound diagnostic
device pertaining to Embodiment 2 has the frame enhance-
ment map compounder 65 create the frame enhancement map
by compounding the sub-frame enhancement maps in accor-
dance with a correction condition pertaining to the steering
angle for the sub-scan in which each sub-frame reception
signal is acquired. According to this configuration, the
enhancement amount applied to the puncture needle is
increased in the frame enhancement map, thus enabling
increased visibility for the puncture needle during an ultra-
sound image diagnostic using spatial compounding.

Embodiment 3

[0177] In Embodiment 1, enhancement is applied to the
B-mode frame image signal by creating a plurality of sub-
frame enhancement maps for a plurality of B-mode sub-
frame image signals, each obtained by calculating an
enhancement amount for a B-mode image signal of a pixel
region in accordance with a motion amount calculated from a
corresponding pixel region reception signal in each of the
B-mode sub-frame image signals.

[0178] However, the sub-frame enhancement maps need
only have enhancement amounts mapped with respect to the
sub-frame image signals, each obtained by calculating an
enhancement amount for an image signal of a pixel region in
accordance with a characteristic value calculated from a cor-
responding pixel region reception signal in the sub-frame
reception signals. The method of compounding the frame
enhancement map may be adjusted as appropriate.

[0179] An uvltrasound diagnostic device 10A pertaining to
Embodiment 3 calculates an enhancement amount for an
acoustic line signal of a pixel region, creates a plurality of
sub-frame enhancement maps, each corresponding to one of
a plurality of sub-frame acoustic line signals, and applies
enhancement to a frame acoustic line signal. The enhance-
ment amount for the acoustic line signal of the pixel region is
calculated by using a difference (an amount of change)
between the acoustic line signal of the pixel region and an
acoustic line signal of a pixel region near the pixel region as
a characteristic value calculated from the acoustic line signal
of the pixel region, which is composed of one or more pixels.

(Configuration)

[0180] The configuration of the ultrasound diagnostic
device 10A is described below. FIG. 17 is a functional block
diagram ofthe ultrasound diagnostic device 10A pertaining to
Embodiment 3. The ultrasound diagnostic device 10A is con-
figured from a control circuit 100A that includes an ultra-
sound transmitter and receiver 2, a transmission and reception
controller 3, a B-mode image generator 4, an acoustic line
signal image processor SA, an enhancement processor 6A,
and a display controller 7. Among these, with the exception of
the configurations of the acoustic line signal processor SA
and the enhancement processor 6A, all components are iden-
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tical to those of the ultrasound diagnostic device 10 pertaining
to Embodiment 1, and explanations thereof are omitted.

1. Acoustic Line Signal Processor 5A

[0181] The acoustic line signal processor 5A includes an
acoustic line signal acquirer 51A and an acoustic line signal
compounder 52A.

[0182] The acoustic line signal acquirer 51A is a circuit
taking the acoustic line signals generated by the ultrasound
transmitter and receiver 2 as input, and equipped with a buffer
storing sub-frame acoustic line signals transmitted in chro-
nological sequence as the sub-scans are performed.

[0183] Theacoustic line signal compounder 52A isa circuit
that reads a sub-frame acoustic line signals acquired in each
sub-scan from the acoustic line signal acquirer S1A and,
similarly to ultrasound diagnostic device 10, generates a
frame acoustic line signal by compounding using an averag-
ing method on overlapping portions of the acoustic line sig-
nals at the same position on the subject body. This frame
acoustic line signal is output to the enhancement processor
6A.

[0184] Also, the relationship between the frame and the
sub-frame is such that a plurality of sub-frame acoustic line
signals are obtained from each sub-scan at a different steering
angle, and the sub-frame acoustic line signals are com-
pounded into one frame acoustic line signal covering all
steering angles using spatial compounding.

2. Enhancement Processor 6 A

[0185] The enhancement processor 6A includes a sub-
frame enhancement map creator 62A, an acoustic line signal
enhancer 63A, a sub-frame enhancement map buffer 64A,
and a frame enhancement map compounder 65A.

[0186] The sub-frame enhancement map creator 62A is a
circuit that detects intensity of an acoustic line signal of a
pixel region within the sub-frame from the sub-frame acous-
tic line signal and calculates a difference in intensity between
the acoustic line signal of the pixel region and the acoustic
line signal of another pixel region in the vicinity of the pixel
region. The sub-frame enhancement map creator 62A creates
the sub-frame enhancement map under a condition such that
the greater the difference, the greater the enhancement
amount for the acoustic line signal of the pixel region, and
outputs the sub-frame enhancement map to the sub-frame
enhancement map buffer 64A.

[0187] The sub-frame enhancement map buffer 64A is a
circuit equipped with a buffer storing the sub-frame enhance-
ment map transmitted chronologically for every sub-scan.
[0188] The frame enhancement map compounder 65A is a
circuit creating a frame enhancement map each time an ultra-
sound scan is performed, and outputting the frame enhance-
ment map to the acoustic line signal enhancer 63A. The frame
enhancement map compounder 65A creates the frame
enhancement map by compounding the sub-frame enhance-
ment maps through spatial compounding of averaging over-
lapping portions.

[0189] The acoustic line signal enhancer 63A is a circuit
applying enhancement to the frame acoustic line signal in
accordance with the frame enhancement map and outputting
an enhancement-applied frame acoustic line signal to the
B-mode image generator 4. The B-mode image generator 4
performs a brightness conversion by executing processing
such as envelope detection, logarithmic compression, and so
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on the acoustic line signal. A B-mode image signal is gener-
ated by applying a conversion into Cartesian coordinates to a
resulting brightness signal. The B-mode image generator 4
outputs the resulting B-mode image signal to the display
controller 7.

[0190] According to the above-described configuration, the
acoustic line signal compounder 52A, the frame enhance-
ment map compounder 65A, and the acoustic line signal
enhancer 63A serve as an enhancement-applied acoustic line
signal generator SA.

<Operations>

[0191] The operations of the ultrasound diagnostic device
10A, configured as described above, are described next. The
operations are similar to the previously-described flowchart
of FIG. 2, with the exception that the B-mode image signal is
replaced by the acoustic line signal. FIG. 3 describes the
operations of the ultrasound diagnostic device 10A.

[0192] As indicated in FIG. 3, as read from the top, per-
forming sub-scans 1, 2, and 3 during ultrasound scan 1 results
in sub-frame acoustic line signals 1, 2 and 3 being sequen-
tially obtained in accordance with the acquired acoustic line
signals. Then, a frame acoustic line signal (1+2+3) is gener-
ated by compounding these results.

[0193] Also, sub-frame enhancement maps are created in
accordance with the sub-frame acoustic line signals, and a
frame enhancement map (1+2+3) is generated by compound-
ing the sub-frame enhancement maps. In this example, a
sub-frame enhancement map is created each time a sub-scan
is performed. However, the process may also occur at any
desired time during ultrasound scan 1.

[0194] Enhancement is then applied to the frame acoustic
line signal (1+2+43) in accordance with the frame enhance-
ment map (1+2+3) to generate enhancement-applied frame
acoustic line signal (1+2+3)x(k), which is output to the dis-
play controller 7.

[0195] Subsequently, as read in descending order in FIG. 3,
ultrasound scans 2, 3, and 4 are performed. Each time, a frame
acoustic line signal is created through compounding, a frame
enhancement map is created through compounding, and an
enhancement-applied frame acoustic line signal is generated.
This group of processing is performed each time a new sub-
scan is performed, by replacing an old sub-frame acoustic line
signal with a newly-obtained sub-frame acoustic line signal.
As such, the enhancement-applied frame acoustic line signal
is output for each sub-scan, enabling smooth display.

(Conclusion)

[0196] Theultrasound diagnostic device 10A configured as
described above produces the following effects, in addition to
the effects of the ultrasound diagnostic device 10 pertaining
to Embodiment 1.

[0197] Theultrasound diagnostic device 10A creates a sub-
frame enhancement map for an acoustic line signal of a pixel
region in accordance with a characteristic value calculated
from the acoustic line signal of the pixel region. Accordingly,
enhancement processing is performed on an acoustic line
signal and not on a B-mode image signal, which enables
determining the enhancement amount for the puncture needle
based on the acoustic line signal and thus removing the influ-
ence of operator-specific picture adjustment reflected in the
generation of a B-mode image. This enables the enhancement
amount to be determined independently of the operator-spe-
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cific adjustment. Also, the enhancement amount for the
acoustic line signal of the pixel region is calculated in accor-
dance with the characteristic value, which is the difference
(amount of change) between the acoustic line signal for the
pixel region and the acoustic line signal for a pixel region near
the pixel region, in the sub-frame acoustic line signal.
Accordingly, the sub-frame enhancement map is created
without calculating the frame difference between sub-frame
acoustic line signals. This enables the enhancement amount
to be calculated independently ofthe operator-specific adjust-
ment. Further, each time a sub-scan is performed, a new
enhancement-applied frame acoustic line signal is output to
the display controller 7, thus enabling smooth image display.

<Other Variations>

[0198] The ultrasound diagnostic device has been
described above in terms of the Embodiments. However, the
present disclosure is not particularly limited to the Embodi-
ments, and is also modifiable as appropriate in accordance
therewith.

[0199] Embodiment 1, as described above, involves step
S204 of generating the enhancement-applied reception signal
by performing sub-step S2041 of creating the frame enhance-
ment map by averaging the sub-frame enhancement maps
corresponding to a plurality of sub-frame reception signals,
sub-step S2042 of generating a frame reception signal by
compounding the sub-frame reception signals, and sub-step
S2043 of applying enhancement to the frame reception signal
by applying, to each pixel region reception signal included in
the frame reception signal, an enhancement amount, included
in the frame enhancement map, for a corresponding pixel
region reception signal. However, step S204 of generating the
enhancement-applied reception signal may be adjusted as
appropriate, provided that the enhancement-applied recep-
tion signal is generated by compounding pixel region recep-
tion signals included in the sub-frame reception signals based
on pixel region positions, while taking into account the
enhancement amount included in at least one of the sub-frame
enhancement maps. For example, step S204 of generating the
enhancement-applied reception signal may include a sub-step
of enhancement-applied sub-frame reception signals by
applying, with respect to each pixel region reception signal
included in each of the sub-frame reception signals, an
enhancement amount, included in the corresponding sub-
frame enhancement map, for a corresponding pixel region
reception signal; and, and a sub-step of the enhancement-
applied frame reception signal by averaging the enhance-
ment-applied sub-frame reception signals. This results in
similar results to those of the ultrasound diagnostic device 10
described above for Embodiment 1.

[0200] Also, in the above-described Embodiment, the
B-mode image enhancer 63 applies the enhancement process-
ing to the B-mode image signal so that a greater enhancement
amount amplifies the brightness of a corresponding pixel
region reception signal. However, no such limitation to the
enhancement amount is intended. Appropriate adjustment
may be made. For example, the B-mode image enhancer 63
may also apply the enhancement processing to the B-mode
image signal so that a pixel region reception signal is dis-
played on the display apparatus in a different color, depend-
ing upon the enhancement amount. Also, the B-mode image
enhancer 63 may apply the enhancement processing to the
B-mode image signal such that a greater enhancement
amount applied to a pixel region reception signal increases
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the amount of time for which the enhancement effect for the
pixel region reception signal endures. This allows the
enhancement effect to stand out when displayed.

[0201] Also, for example, in the above-described Embodi-
ment, the ultrasound probe is an ultrasound probe in which a
plurality of piezoelectric elements are arranged unidirection-
ally. However, the configuration of the ultrasound probe is not
limited in this manner. For example, an ultrasound probe in
which a plurality of piezoelectric transducers are arranged
two-dimensionally may also be used. When such an ultra-
sound probe is used, the ultrasound beam that is transmitted
may be controlled in terms of irradiation position and direc-
tion by individually altering the voltage and the timing of
voltage application for the piezoelectric transducers.

[0202] Also, the ultrasound probe may include a functional
portion of the ultrasound transmitter and receiver. For
example, the ultrasound probe may internally generate an
electronic transmission signal in accordance with a control
signal output by the ultrasound transmitter and receiver for
generating the electronic transmission signal, and convert the
electronic transmission signal into the ultrasound. Corre-
spondingly, the ultrasound probe may internally convert an
electronic reception signal received as the reflected ultra-
sound and acquire the reception signal in accordance with the
electric reception signal.

[0203] Also, the various processing of the ultrasound diag-
nostic device pertaining to the Embodiments may be realized
by a large-scale integration (hereinafter, LSI), which is a
typical integrated circuit. The components may be individu-
ally provided on single chips, or one or more components
may be provided on a single chip.

[0204] Also, in the Embodiments, the blocks are described
as independent hardware configurations. However, the blocks
of the ultrasound diagnostic device need not necessarily be
realized as independent hardware. For example, the various
blocks may be combined as needed and the functions thereof
may be realized by a central processing unit (CPU) and soft-
ware.

[0205] Also, the functions of the functional blocks of the
ultrasound diagnostic device may be realized in whole or in
part by the LSI, which is a typical integrated circuit. The
components may be individually provided on single chips, or
one or more components may be provided on a single chip.
Also, depending on the degree of integration, the LSI may be
appropriately termed an integrated circuit (IC), a system LSI,
a super LSI, or an ultra LSI.

[0206] Also, the integrated circuit method is not limited to
LSI. A dedicated circuit or a general-purpose processor may
also be used. After LSI manufacture, a Field Programmable
Gate Array (FPGA) or re-configurable processor may also be
used.

[0207] Furthermore, further advances in semiconductor
technology and newly-appearing technology may replace
LSIas integrated circuit technology, in which case such tech-
nology is, of course, usable for the integration of the func-
tional blocks.

[0208] Also, the functions of the ultrasound diagnostic
device pertaining to the Embodiments may, in whole or in

part, be realized by a program executed by a processor in a
CPU or similar.

[0209] Furthermore, the present disclosure may be a pro-
gram as mentioned above, and the program may be recorded
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on a non-temporary computer-readable recording medium.
Of course, the program may be distributed through a delivery
medium such as the Internet.

[0210] Also, the division of functional blocks in the block
diagrams is merely an example. A plurality of functional
blocks may be regrouped into one functional block, one func-
tional block may be subdivided into a plurality of functional
blocks, and the functions of one functional block may be
transferred to another functional block. In addition, a plural-
ity of functional blocks having similar functions may be
realized by parallel processing or time-division processing on
common hardware or software.

[0211] Also, the execution order of the steps described
above is merely an example given for explanatory purposes.
Other ordering is also applicable. Also, the above-described
steps may be partially performed simultaneously (in parallel).
[0212] Furthermore, the ultrasound diagnostic device per-
taining to the Embodiments and the Variations thereof may be
at least partially combined.

[0213] Inaddition, further variations on the present disclo-
sure within the scope of consideration for those skilled in the
art are included within the scope of the disclosure.

<Summary>

[0214] Asdescribed above, an ultrasound image processing
method pertaining to the Embodiments generates a frame
reception signal by compounding a plurality of sub-frame
reception signals acquired from a subject body through an
ultrasound probe. The sub-frame reception signals are each
generated through one of a plurality of sub-scans composing
an ultrasound scar, and between the sub-scans, a range in the
subject body that is scanned differs due to a different one ofa
plurality of ultrasound beam steering angles being used. The
ultrasound image processing method includes: acquiring the
sub-frame reception signals (S201); creating a plurality of
sub-frame enhancement maps, each corresponding to one of
the sub-frame reception signals, the creating of each of the
sub-frame enhancement maps being performed by calculat-
ing, for a pixel region reception signal included in a corre-
sponding one of the sub-frame reception signals, an enhance-
ment amount in accordance with a characteristic value
calculated based on the pixel region reception signal, the pixel
region reception signal corresponding to a pixel region com-
posed of one or more pixels (S202); and generating an
enhancement-applied frame reception signal by compound-
ing pixel region reception signals included in the sub-frame
reception signals based on pixel region positions, while tak-
ing into account the enhancement amount included in at least
one of the sub-frame enhancement maps (S204).

[0215] An ultrasound diagnostic device pertaining to the
Embodiments generates a frame reception signal by com-
pounding a plurality of sub-frame reception signals acquired
from a subject body through an ultrasound probe. The sub-
frame reception signals are each generated through one of a
plurality of sub-scans composing an ultrasound scan, and
between the sub-scans, a range in the subject body that is
scanned differs due to a different one of a plurality of ultra-
sound beam steering angles being used. The ultrasound diag-
nostic device includes a control circuit. The control circuit
includes: a reception signal acquirer (51) acquiring the sub-
frame reception signals; a sub-frame enhancement map cre-
ator (62) creating a plurality of sub-frame enhancement maps,
each corresponding to one of the sub-frame reception signals,
the creating of each of the sub-frame enhancement maps
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being performed by calculating, for a pixel region reception
signal included in a corresponding one of the sub-frame
reception signals, an enhancement amount in accordance
with a characteristic value calculated based on the pixel
region reception signal, the pixel region reception signal cor-
responding to a pixel region composed of one or more pixels;
and an enhancement-applied reception signal generator (S)
generating an enhancement-applied frame reception signal
by compounding pixel region reception signals included in
the sub-frame reception signals based on pixel region posi-
tions, while taking into account the enhancement amount
included in at least one of the sub-frame enhancement maps.
[0216] Also, in another aspect, the enhancement-applied
reception signal generator (S) includes: a frame enhancement
map compounder (65) creating a frame enhancement map by
compounding the sub-frame enhancement maps, in accor-
dance with a correction condition pertaining to the ultrasound
beam steering angles respectively used to acquire the sub-
frame reception signals; a reception signal compounder (52)
generating a frame reception signal by compounding the sub-
frame reception signals; and a reception signal enhancer (63)
applying enhancement to the frame reception signal by apply-
ing, with respect to each pixel region reception signal
included in the frame reception signal, an enhancement
amount, included in the frame enhancement map, for a cor-
responding pixel region reception signal.

[0217] According to the ultrasound image processing
method of the present disclosure and the ultrasound diagnos-
tic device using the method, the above-described configura-
tion enables a frame enhancement map to be created by map-
ping an appropriate enhancement amount to a puncture
needle, thus increasing visibility of the puncture needle in an
ultrasound image diagnostic using spatial compounding.
Thus, improvements to ultrasound diagnostic device usability
are provided to the operator. Accordingly, the ultrasound
image processing method and the ultrasound diagnostic
device using the method are widely applicable.

<Supplement>

[0218] The above-described Embodiments each describe a
specific beneficial example of the disclosure. The numerical
values, shapes, materials, components, compornent positions
and connectivity, steps, ordering of steps, and so on men-
tioned in the Embodiments are examples and are not intended
to limit the disclosure. Also, any steps not described in an
independent aspect representing a top-level concept of the
disclosure are described as optional beneficial components,
among the components of the Embodiments.

[0219] Also, for ease of understanding, the component
dimensions in the drawings illustrating the Embodiments
may differ from reality. No limitation to the disclosure is
intended by the Embodiments. Appropriate variations are
applicable provided that these do not exceed the scope of the
disclosure.

[0220] Furthermore, lead lines are present as materials on
the circuit components provided on a substrate in the ultra-
sound diagnostic device. However, various arrangements of
such electronic lines and electronic circuits are possible in
accordance with common technical knowledge in the relevant
fields. Explanations thereof are thus omitted given the lack of
direct relevance to the disclosure. Also, the various drawings
are schematics and may not closely represent reality.

[0221] Although the present disclosure has been fully
described by way of examples with reference to the accom-
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panying 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 modifications depart
from the scope of the present disclosure, they should be
construed as being included therein.

What is claimed is:

1. An ultrasound image processing method of generating a
frame reception signal by compounding a plurality of sub-
frame reception signals acquired from a subject body through
an ultrasound probe, wherein the sub-frame reception signals
are each generated through one of a plurality of sub-scans
composing an ultrasound scan, and between the sub-scans, a
range in the subject body that is scanned differs due to a
different one ofa plurality of ultrasound beam steering angles
being used, the ultrasound image processing method com-
prising:

acquiring the sub-frame reception signals;

creating a plurality of sub-frame enhancement maps, each

corresponding to one of the sub-frame reception signals,
the creating of each of the sub-frame enhancement maps
being performed by calculating, for a pixel region recep-
tion signal included in a corresponding one of the sub-
frame reception signals, an enhancement amount in
accordance with a characteristic value calculated based
on the pixel region reception signal, the pixel region
reception signal corresponding to a pixel region com-
posed of one or more pixels; and

generating an enhancement-applied frame reception signal

by compounding pixel region reception signals included
in the sub-frame reception signals based on pixel region
positions, while taking into account the enhancement
amount included in at least one of the sub-frame
enhancement maps.

2. The ultrasound image processing method of claim 1,
wherein

the generating of the enhancement-applied frame reception

signal comprises:

creating a frame enhancement map by averaging the
sub-frame enhancement maps;

generating a frame reception signal by compounding the
sub-frame reception signals; and

applying enhancement to the frame reception signal by
applying, with respect to each pixel region reception
signal included in the frame reception signal, an
enhancement amount, included in the frame enhance-
ment map, for a corresponding pixel region reception
signal.

3. The ultrasound image processing method of claim 2,
wherein

the creating of the frame enhancement map comprises

amplifying the frame enhancement map so that an
enhancement amount included in the frame enhance-
ment map that is equal to or greater than a predetermined
value is amplified to reach or approach an upper limit.

4. The ultrasound image processing method of claim 3,
wherein

the predetermined value is determined in accordance with

a quantity of sub-frames to be compounded, the prede-
termined value increasing as the quantity of the sub-
frames increases.

5. The ultrasound image processing method of claim 1,
wherein

the generating of the enhancement-applied frame reception

signal comprises:
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creating a frame enhancement map by compounding the
sub-frame enhancement maps, in accordance with a
correction condition pertaining to the ultrasound
beam steering angles respectively used to acquire the
sub-frame reception signals;
generating a frame reception signal by compounding the
sub-frame reception signals; and
applying enhancement to the frame reception signal by
applying, with respect to each pixel region reception
signal included in the frame reception signal, an
enhancement amount, included in the frame enhance-
ment map, for a corresponding pixel region reception
signal.
6. The ultrasound image processing method of claim 5,
wherein
the correction condition is using, as the frame enhancement
map, a sub-frame enhancement map including a greatest
enhancement amount, among the sub-frame enhance-
ment maps.
7. The ultrasound image processing method of claim 5,
wherein
the correction condition is using, as the frame enhancement
map, a sub-frame enhancement maps based on a sub-
scan corresponding to a steering angle around a center,
among the sub-frame enhancement maps.
8. The ultrasound image processing method of claim 5,
wherein
the correction condition is creating the frame enhancement
map by providing greater weight to a sub-frame
enhancement map based on a sub-scan corresponding to
a steering angle around a center, among the sub-frame
enhancement maps, than a sub-frame enhancement map
based on a sub-scan corresponding to a steering angles
not around the center, among the sub-frame enhance-
ment maps, and by compounding the sub-frame
enhancement maps, to which weights have been pro-
vided.
9. The ultrasound image processing method of claim 5,
wherein
the correction condition is compounding a sub-frame
enhancement map based on a sub-scan corresponding to
a steering angle around a center, among the sub-frame
enhancement maps, and a sub-frame enhancement map
that is based on a sub-scan corresponding to a steering
angle not around the center and that has a relatively great
total enhancement amount, among the sub-frame
enhancement maps, the total enhancement amount
being a total of enhancement amounts in a sub-frame
enhancement map.
10. The ultrasound image processing method of claim 5,
wherein
the correction condition is using, as the frame enhancement
map, a sub-frame enhancement map that is based on a
sub-scan corresponding to a steering angle not around a
center and that has a relatively great total enhancement
amount, among the sub-frame enhancement maps, the
total enhancement amount being a total of enhancement
amounts in a sub-frame enhancement map.
11. The ulirasound image processing method of claim 5,
wherein
the correction condition is compounding a sub-frame
enhancement map based on a sub-scan corresponding to
a steering angle around a center, among the sub-frame
enhancement maps, and a sub-frame enhancement map
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based on a sub-scan corresponding to a predetermined
steering angle that is not around the center, among the
sub-frame enhancement maps.
12. The ultrasound image processing method of claim 5,
wherein
the correction condition is using, as the frame enhancement
map, a sub-frame enhancement map based ona sub-scan
corresponding to a predetermined steering angle that is
not around the center, among the sub-frame enhance-
ment maps.
13. The ultrasound image processing method of claim 1,
wherein
the generating of the enhancement-applied frame reception
signal comprises:
generating enhancement-applied sub-frame reception
signals by applying, with respect to each pixel region
reception signal included in each of the sub-frame
reception signals, an enhancement amount, included
in the corresponding sub-frame enhancement map,
for a corresponding pixel region reception signal; and
generating the enhancement-applied frame reception
signal by averaging the enhancement-applied sub-
frame reception signals.
14. The ultrasound image processing method of claim 1,
wherein
the generating of the enhancement-applied frame reception
signal comprises:
generating enhancement-applied sub-frame reception
signals by applying, with respect to each pixel region
reception signal included in each of the sub-frame
reception signals, an enhancement amount, included
in the corresponding sub-frame enhancement map,
for a corresponding pixel region reception signal; and
compounding the enhancement-applied sub-frame
enhancement maps, in accordance with a correction
condition pertaining to the ultrasound beam steering
angles respectively used to acquire the sub-frame
reception signals.
15. The ultrasound image processing method of claim 13,
wherein
the characteristic value calculated based on the pixel region
reception signal is a difference between the pixel region
reception signal and a pixel region reception signal fora
same pixel region acquired in an earlier sub-scan at an
identical steering angle as the given pixel region recep-
tion signal, the enhancement amount increasing as the
difference increases.
16. The ultrasound image processing method of claim 13,
wherein
the characteristic value based on the pixel region reception
signal is a difference between the pixel region reception
signal and a pixel region reception signal for a pixel
region near the pixel region, the enhancement amount
increasing as the difference increases.
17. The ultrasound image processing method of claim 13,
wherein
a puncture needle is inserted into the subject body within
the range in the subject body that is scanned, and
in the frame enhancement map, an enhancement amount is
mapped to a pixel region reception signal that, in the
frame reception signal, indicates the puncture needle.
18. The ultrasound image processing method of claim 2,
wherein
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the applying of the enhancement to the frame reception

signal comprises

increasing brightness indicated by a pixel region recep-
tion signal, in the frame reception signal, to which an
enhancement amount is mapped in the frame
enhancement map.

19. The ultrasound image processing method of claim 2,
wherein

the applying of the enhancement to the frame reception

signal comprises

changing a color indicated by a pixel region reception
signal, in the frame reception signal, to which an
enhancement amount is mapped in the frame
enhancement map.

20. The ultrasound image processing method of claim 1,
wherein

each reception signal is either an acoustic line signal gen-

erated in accordance with reflected ultrasound acquired

by the ultrasound probe from the subject body, or a

B-mode image signal obtained by conversion of the

acoustic line signal into Cartesian coordinates.

21. A non-transitory computer-readable recording medium
having recorded thereon a program causing a computer to
execute the ultrasound image processing method of claim 1.

22. An ultrasound diagnostic device generating a frame
reception signal by compounding a plurality of sub-frame
reception signals acquired from a subject body through an
ultrasound probe, wherein the sub-frame reception signals
are each generated through one of a plurality of sub-scans
composing an ultrasound scan, and between the sub-scans, a
range in the subject body that is scanned differs due to a
different one ofa plurality of ultrasound beam steering angles
being used, the ultrasound diagnostic device comprising

a control circuit, the control circuit including:

a reception signal acquirer acquiring the sub-frame
reception signals;

a sub-frame enhancement map creator creating a plural-
ity of sub-frame enhancement maps, each corre-
sponding to one of the sub-frame reception signals,
the creating of each of the sub-frame enhancement
maps being performed by calculating, for a pixel
region reception signal included in a corresponding
one of the sub-frame reception signals, an enhance-
ment amount in accordance with a characteristic
value calculated based on the pixel region reception
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signal, the pixel region reception signal correspond-
ing to a pixel region composed of one or more pixels;
and

an enhancement-applied reception signal generator gen-
erating an enhancement-applied frame reception sig-
nal by compounding pixel region reception signals
included in the sub-frame reception signals based on
pixel region positions, while taking into account the
enhancement amount included in at least one of the
sub-frame enhancement maps.

23. The ultrasound diagnostic device of claim 22, wherein
the enhancement-applied reception signal generator
includes:

a frame enhancement map compounder creating a frame
enhancement map by averaging the sub-frame
enhancement maps of the sub-frame reception sig-
nals;

a reception signal generator generating a frame recep-
tion signal by compounding the sub-frame reception
signals; and

areception signal enhancer applying enhancement to the
frame reception signal by applying, with respect to
each pixel region reception signal included in the
frame reception signal, an enhancement amount,
included in the frame enhancement map, for a corre-
sponding pixel region reception signal.

24. The ultrasound diagnostic device of claim 22, wherein
the enhancement-applied reception signal generator
includes:

a frame enhancement map compounder creating a frame
enhancement map by compounding the sub-frame
enhancement maps, in accordance with a correction
condition pertaining to the ultrasound beam steering
angles respectively used to acquire the sub-frame
reception signals;

a reception signal compounder generating a frame
reception signal by compounding the sub-frame
reception signals; and

areception signal enhancer applying enhancement to the
frame reception signal by applying, with respect to
each pixel region reception signal included in the
frame reception signal, an enhancement amount,
included in the frame enhancement map, for a corre-
sponding pixel region reception signal.
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